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OPENING TALK

Life and Activities of David Gordeziani

George Jaiani & Temur Jangveladze
I.Vekua Institute of Applied Mathematics
of I. Javakhishvili Tbilisi State University, Georgia

David Gordeziani was born in Tbilisi on December 9, 1937. Since 1945 he

David Gordeziani

had been studying at Male Gymna-
sium No 1 (later known as Secondary
School No 1 and currently Tbilisi Cla-
ssical Gymnasium), which he gradua-
ted with the gold medal in 1956. The
same year he became a student of the
faculty of Mechanics and Mathema-
tics at Iv. Javakhishvili Tbilisi State
University (TSU).

In his student years he actively
participated in student activities. At

the student conference in 1961 he gave the talk [1]. After graduating TSU with
honors in 1961 he continued his education as a post graduate student at the

Chair of Approximate Analysis and Computational Technics of the same

university where he had been working under the supervision of the outstanding
Y

Georgian  scientist, Academician
Shalva Mikeladze. In 1966 he defen-
ded PhD thesis in Computational
mathematics at the Academic
Council of A. Razmadze Institute of
Mathematics of the Georgian Acade-
my of Sciences (Head of the Council
- Academiciam N. I. Muskhelishvili).
The title of the thesis was: "About
Numerical solution of some Parabo-
lic Differential Equations of the

Parents: Natalia Kireulishvili
and George Gordeziani

Second and Higher Order" (under supervision of Academician Sh. Mikeladze).



David Gordeziani began his scientific work at the Institute of Mathematics
in 1964.

In 1968 he moved to TSU Scientific-Research Laboratory, which later
became the Institute of Applied Mathematics
(VIAM). Since 1970 he had been heading the
department of Numerical Analysis of this
institute. From 1979 till 1985 he was Deputy
Director for science. By that time the institute
was already named after Academician Ilia
Vekua. From 1986 till the end of 2006 he was
a Director of Ilia Vekua Institute of Applied
Mathematics. From 1984 till 2006 David
Gordeziani was also head of the Chair of
Computational Mathematics and Informatics
at the faculty of Mechanics and Mathematics
of TSU. From 2006 till September 2009 he
was Full Professor, and from 2009 till the end
of his life he was Professor Emeritus at TSU and the head of the scientific
direction “Mathematical Modeling and Numerical Analysis” of VIAM. He was
Invited Professor at Sokhumi State University and St. Andrew the First Called
Georgian University of Patriarchate of Georgia correspondingly in 1996-2006
and in 2008-2015.

David Gordeziani is a famous specialist in Computational and Applied
Mathematics, who has made a conside-

Academician Sh. Mikeladze

rable contribution to the development of =
science. His works are dedicated to such |
problems of modern mathematics as
development and justification of numeri-
cal methods for resolving linear and
nonlinear problems of Mathematical Phy-
sics, namely, by investigating mathe-
matical models for [.Vekua plates and

shells, studying correctness of nonlocal Academician N. Muskhelishvili,

. Academician I.Vekua.
boundary value problems and developing
methods of their discretization research of problems for computer realization of
mathematical models of physics, chemistry, engineering mechanics, gasifica-
tion, landslide, etc.



Scientific topics of Professor David Gordeziani mainly deal with:

e Development and investi-
gation of economic finite-
difference algorithms;

o Justification and develop-
ment of the theory of plates
and shells of I. Vekua;

e Investigation of some
problems of mathematical
physics;

e Research of nonlocal ini-
tial-boundary and bounda-
ry value problems for par-
tial differential equations.

In his earlier works David Gorde-
ziani has constructed and studied the
finite-difference schemes (having high
precision of approximations) in va-
rious types of grids (right-angled, diamond type) for some non-stationary linear
and nonlinear parabolic equations [2-7].

In those works Professor Gordeziani has shown convergence of constructed
finite-difference schemes, studied

With his wife Nanuli Turdzeladze

stability and precision issues.
Those researches present
enhancement of results obtained by
Academician Shalva Mikeladze for
heat-conductivity equations.
During the same period David
Gordeziani has begun his studies in
economic  difference  schemes

(locally one-dimensional methods).
His paper published in 1965, With Prof. G. Jaiani

which was devoted to the

investigation of locally one-dimensional schemes for 2m-order parabolic equa-

tions, was practically first among this type of works. In this paper the author has

shown that for rather general high order equations the solution of a special one-

dimensional system (additive model) in grid-points coincide with the solution of



a multi-dimensional problem. The same paper studies stability issues of locally
one-dimensional schemes for 2m-order equations [2].

The mentioned paper has attracted attention of many researchers, who have
qualified it as of high importance (A.A. Samarskii, N.N. Janenko). The work
has got large amount of citations in other scientific works and monographs.

It should be noted that
the first works of David
Gordeziani became the ba-
sis for the development of
such an important modern
direction of Computational
Mathematics in Georgia as
investigation of economic
algorithms for the problems
of Mathematical Physics
(locally  one-dimensional
method, fractional step me-
thod, decomposition me-
thod, split methods, method of variable directions, etc.) [2-7]. Theoretical basis
of these methods was given in the papers of scientists from USA and USSR (J.
Douglas, G. Reckford, D. Peacman, N. N. Janenko, A. A. Samarskii, G.I. Mar-
chuk, etc.) at the end of 50th and beginning of 60th of the last century.

In 1968-72 David Gordeziani constructed new economic algorithms for the
resolution of non-stationary problems of mathematical physics [5-7, 9, 10]. He
called those algorithms “averaged” models. Applying those algorithms the
parallel calculation were built and studied. The mentioned results were partially
presented at the International Congress of Mathematicians held in Nice in 1970
(talk by A.A. Samarskii “On Works about Solution of Finite-Difference
Schemes”). Part of the results was published during the period when David
Gordeziani worked under the supervision of J.-L. Lions at the Laboratory of
Numerical Analysis of the University Paris VI, France, in 1971-72. Those works
have many citations (J.-L. Lions, R. Temam, V.L. Makarov, etc.). Averaged

With Academician A.N. Tikhonov

models (algorithms of parallel calculation) gained special attention after creation
of computers with parallel processors. They are widely used for solution of
certain applied problems of the theory of elasticity, plates and shell theory,
magnetic hydrodynamics, etc.



In the next works of that cycle, David Gordeziani has constructed and
investigated various types of locally one-dimensional and split schemes for non-
stationary linear partial differential equations with variable coefficients in multi-
dimensional cases as well, moreover, for nonlinear parabolic and hyperbolic
equations. One important fact, characterizing David Gordeziani’s works, should
be noted here: investigation of
algorithms is carried out on an abstract
level, applying modern methods of
functional analysis. In addition, results
obtained are of a specific as well as
applicable character. Later on, David
Gordeziani has involved young
scientists in studying the above
mentioned problems. On their part, the
young scientists have managed to
develop some modern problems of
numerical analysis and mathematical
modeling.

He continued to study these prob-
lems intensively with his followers
[11-14, 16-19, 23, 25-29, 32, 35, 36,
46, 68,71, 75,77, 83, 113, 120, 123, 133, 136].

In 1971-1972 David Gordeziani took internship course at the laboratory
of Numerical Analysis in University Paris VI and in Grenoble Institute of
Applied Mathematics in France. His internship was supervised by the greatest
contemporary mathematician, engineer and informatician, academician Jacque-

Academician Jacques-Louis Lions

Luis Lions.

During his stay in Paris, he devoted two interesting works to the
construction and investigation of the difference schemes [13, 14].

One of the methods of constructing two-dimensional models of linearly
elastic homogeneous plates with variable thickness, which are also called
prismatic shells, was suggested by Ilia Vekua. Two-dimensional mathematical
models for elastic plates and shells were constructed and studied by 1. Vekua
only in the spaces of classical smooth functions and the relationships between
the original three-dimensional model and the obtained hierarchies of two-
dimensional models were not investigated. The static two-dimensional models
constructed by 1. Vekua for general thin shallow shells in Sobolev spaces first



were investigated by David Gordeziani in [20] and the existence and uniqueness
of solution was proved. In the case of homogeneous isotropic linearly elastic
plate with constant thickness the rate of approximation of the exact solution of
the three-dimensional static problem by vector-functions of three space
variables restored from the solutions of the constructed two-dimensional
problems corresponding to 1. Vekua's model in the spaces of classical smooth
enough functions was estimated in [21].

The next stage of the investigation of dimensional reduction method
suggested by I. Vekua and corresponding mathematical models of elastic
structures begins with the works of Mariam Avalishvili and David Gordeziani,
who noticed that Vekua's dimensional reduction method is a particular case of
general methodology, which is based on approximation of the original spaces
corresponding to three-dimensional problem by sequences of subspaces with
special ~ structure, which define a hierarchy of lower-dimensional
models. Applying Vekua's dimensional reduction method two-dimensional
dynamical [88, 96] as well as static [89] models were constructed and
investigated for homogeneous isotropic linearly elastic prismatic shells. In
papers [88, 96], variational formulation of three-dimensional initial-boundary
value problem corresponding to prismatic shell with surface forces given along
the upper and the power face surfaces and one part of the lateral boundary is
considered, and the remaining part of the boundary is clamped. In order to
construct a hierarchy of dynamical two-dimensional models of prismatic shell a
sequences of subspaces of the spaces corresponding to the original three-
dimensional problem is constructed, whose vector-functions are polynomials

with respect to the variable x; of plate thickness. Considering the original

problem on the introduced subspaces a hierarchy of dynamical two-dimensional
models is obtained, which in the spaces of smooth enough functions is
equivalent to Vekua's dynamical two-dimensional models. The two-dimensional
initial-boundary value problems are investigated in corresponding spaces of
vector-valued distributions with values in Sobolev spaces defined on two-
dimensional space domain and the existence, uniqueness of solution and energy
equality is proved, which implies continuous dependence on the given data.
Moreover, in this paper convergence result on relationship of the original three-
dimensional problem were first obtained and reduced to two-dimensional ones
in the case of dynamical problem. It was proved that the sequence of vector-
functions restored from the solutions of the two-dimensional models converges



in suitable spaces pointwise with respect to the time variable and under
additional regularity conditions the rate of convergence is estimated.

The results obtained in [88, 89, 96] and approach presented therein were
developed and extended for various models of continuum mechanics. In [98,
99] dynamical and statical two-dimensional hierarchical models of multilayer
elastic prismatic shells were constructed and investigated. In the latter papers
the convergence of the sequence of vector-functions restored from the solutions
of the reduced two-dimensional problems to the solution of the original three-
dimensional problem is proved as the order of the model tends to the infinity or
the minimum of the thickness of layers tends to zero and under additional
conditions the rate of convergence is estimated by the order of the model and
the minimum of the thickness of layers. The rate of convergence with respect to
the order of the model obtained in [98, 99] improve the corresponding results of
the previous papers. In [105] the extension of Vekua's method was used to
construct dimensional reduction algorithm for general second order linear
elliptic system, coinciding, in particular, with the linear system of the theory of
elasticity, given on 7 -dimensional Lipschitz domain of cylindrical shape with
thickness, which may wvanish on a part of the boundary. The
constructed n —1 dimensional problem is investigated in suitable weighted
Sobolev spaces, that is caused by thickness degeneration, convergence of the
approximate solutions restored from the reduced problems to the solution of the
original problem is proved and under suitable conditions the rate of convergence
is estimated.

In [111, 119] static and dynamical linear three-dimensional models for
homogeneous isotropic elastic general shells were considered, with thickness
vanishing on a part of the lateral boundary. Applying variational formulation
and approximation of corresponding spaces by suitable subspaces, consisting of
polynomials with respect to the variable of shell thickness, hierarchies of two-
dimensional static and dynamical models were constructed. Note that the two-
dimensional models were obtained for the shell in curvilinear defined by

arbitrary C* diffeomorphism, that is more general than linear with respect to
shell thickness variable x; diffeomorphisms, which are usually used for general

shells. The two-dimensional models of shells are obtained without any
assumption of thinness or shallowness and hence are more exact than two-
dimensional models of the shell obtained by I.Vekua. The constructed two-
dimensional models were investigated in suitable weighted Sobolev spaces. The



convergence of the sequences of vector-functions of three space variables
restored from the solutions of the reduced two-dimensional problems to the
exact solutions of the original problems is proved and under additional
conditions the rates of convergence are estimated. Applying the above
mentioned approach and the obtained results dynamical hierarchical two-
dimensional models were constructed and investigated for prismatic shells
consisting of elastic mixtures in [108, 112], for prismatic shells consisting of
solid and fluid parts in [135], and static two-dimensional models for
thermoelastic prismatic shells with microtemperatures were obtained and
studied in [153].

It should be pointed out that until the papers [129, 138] in the papers
devoted to hierarchical modeling of dynamical problems in the theory of
elasticity the temperature field was mainly neglected. Dynamical two-
dimensional hierarchical model of homogeneous isotropic thermoelastic plate
with variable thickness was constructed and investigated in the first order
Sobolev spaces in [129 ] applying the idea of Vekua's reduction method and
variational approach when temperature vanishing on the whole boundary and
with surface forces given along the upper and the lower faces of the plate. In
[138] linear dynamical model for general homogeneous anisotropic
thermoelastic plate with variable thickness and various boundary conditions for
displacement and temperature fields along the upper and the lower faces of the
plate were considered. Applying the idea of Vekua's reduction method and
variational approach the hierarchies of two-dimensional dynamical problems in
the second order Sobolev spaces were constructed and the relationship between
the obtained hierarchical models and the original three-dimensional initial-
boundary value problems was investigated. Recently, hierarchical two-
dimensional models were obtained within the framework of Lord-Shulman
model of the nonclassical theory of thermoelasticity, which depend on one
relaxation time. The investigation of the latter hierarchical models and
estimation of modeling error required further development and modification of
the existing methods used in the previous papers.

In [104] hierarchy of linear one-dimensional models for homogeneous
isotropic elastic rod with variable rectangular cross-sections the thickness and
width of which may vanish at the ends of the rod were constructed, and the
corresponding boundary value problems and the relationship between the
original and the reduced problems were investigated in suitable weighted
Sobolev spaces. One-dimensional hierarchical models for general linear elliptic
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problems were constructed and the corresponding dimensional reduction
algorithm was investigated in [132].

On the basis of results of investigation of dimensional reduction
algorithms for plates, shell and rods pluri-dimensional hierarchical models were
constructed for elastic multistructures consisting of several parts with different
geometric shapes. Statical hierarchical models of mulistructures consisting of
three-dimensional part with general shape, plate clamped in it and rod clamped
in the plate was constructed in [93]. Applying I. Vekua's dimensional reduction
method and its generalization three-dimensional model for plate was reduced to
two-dimensional one and for rod to one-dimensional model. The existence and
uniqueness of solutions of boundary value problems corresponding to the
constructed hierarchical models of multi-structure defined on the union of three-
dimensional, two-dimensional and one-dimensional domain was proved in
corresponding Sobolev spaces and the relationship between the constructed
pluri-dimensional models and the original three-dimensional one was studied.
In [155] hierarchical models of multistructures consisting of three-dimensional
part with general shape and multilayer part composed of plates with variable
thickness were constructed. A hierarchy of dynamical models defined on the
union of three-dimensional and two-dimensional domains for dynamical three-

A
Academician, Prof. A. A. Samarskii

Academician, Prof. A. Bitsadze

dimensional model for the multi-structure is constructed. The pluri-dimensional
initial-boundary value problems, defined on the union of three-dimensional and
two-dimensional domains, corresponding to the constructed hierarchical models
were investigated in suitable function spaces. The convergence of the sequence

11



of vector-functions of three space variables, restored from the solutions of the
constructed pluri-dimensional initial-boundary value problems to the solution of
the original three-dimensional problem is proved and under additional regularity
conditions the rate of convergence was estimated.

Talks around the mentioned topics were made in Paris at the Institute of
Automatics and Informatics (INRIA) in 1977.

David Gordeziani had the honor of working with Shalva Milkeladze, Ilia
Vekua, Andria Bitsadze, Alexsander Samarskii, Andrei Tikhonov, Jacque-Luis
Lions, Phillip Ciarlet. They played an important role in shaping out his future
field of research specialist of Applied Mathematics and Informatics. His very
first scientific work was carried out under the supervision of Academician
Shalva Mikeladze. Later, during his whole life he respected his supervisor and
kept great memory of this outstanding mathematician. In general, Professor
David Gordeziani always much appreciated and mentioned with love all his
teachers, who greatly contributed to his scientific career.

It is necessary to note the work that he published together with
Academician A. Samarskii [29].

It should be noted that the outstanding scientists A. Bitsadze and A.
Samarskii in 1969 published a very important article on nonlocal boundary
value problem. In 1970 D. Gordeziani devoted his note to this problem and

Academician, Prof. Jacques-Louis Lions and
Prof. D. Cioranescu

called it the Bitsadze-Samarskii problem. According to his approach this non-
classical problem can be reduced to a sequence of classical problems and it can
be simplified the algorithm for its approximate solution as well [8].

12



D. Gordeziani along with his disciples and followers devoted many works to
the study of nonlocal problems for different types of equations [15, 31, 34, 44,
45, 49, 50, 52-54, 57-62, 64, 66, 67,70, 72, 74, 78, 79, 81, 84, 86, 94, 114, 115,
140-142, 145, 148, 158, 159].

In 1981 David Gordeziani defended a thesis for a Doctor of Science degree
in speciality "Computational mathematics" at the Moscow State University at
the Academy Council of Computational Mathematics and Cybernetics (head of
Council - Academician A. N. Tikhonov); The title of thesis was "Construction
Methods of Approximate Solutions for Some Classes of Multidimensional
Problems of Mathematical Physics".

He was given a title of Professor in 1985.

Professor David Gordeziani has published about 200 scientific works,
including 4 inventions, 2 patents (USA, Denmark) and 3 monographs. He has
received a lot of research grants. He
has been supervisor of 7 scientific
doctors and 17 candidates. He has
supervised many scientific works
for Master’s Degree. During many
years he was heading various
masters and doctoral programs. He
was the author and co-author of
many interesting syllabuses. Under-
and Post-graduate and doctoral
works carried out under his
supervision have gained variety of
diplomas, certificates and prizes on
international as well as local
conferences held within the
framework of educational

. . With Prof. G. Arsenishvili, Academician
programs. 7 Of hlS puplls have won A. A. Samarskii, Prof. H. Meladze, Academician

S. P. Kurdjumov, Academician A. Bitsadze

presidential scholarship and 4 of
them - scholarship of Soros Foundation. Among his students, being under his
direct supervision are those, who successfully worked and have still been
working abroad (Prof. E. Evseev — Israel, Dr. V. Iucys — USA, Dr. T. Jioev —
Russia, Dr. 1. Janashvili — Israel, etc.).

David Gordeziani participated in numerous international and other
forums, among those are the International Congress of Mathematicians in

13



Warsaw (1983) and Zurich (1994), IUTAM Symposia, Athens Interdisciplinary
Olympiad, etc. He was many times invited to famous Universities of Paris,
Rome, Grenoble, Athens, Jena, Moscow, Kiev, Minsk and other cities to give
lectures and carry out joint scientific researches.

In 1983 at the International Congress of Mathematicians in Warsaw
David Gordeziani gave a talk on investigation of a new type nonlinear parabolic
integro-differential equation [37].

It is well known that process of electromagnetic field penetration in the
substance is described by the system of Maxwell equations. By initiative of

David Gordeziani the Maxwell model with Joule heating were reduced to the
following system of Volterra-type nonlinear integro-differential equations

ow 0
—+rot|a _[|7'OZ‘W|26ZT rotW |=0,
ot 0
where W = (W,,w,,W,) and a =a(S) is defined for S e[0,).

The existence of global solution of the initial-boundary value problem for

scalar and one-dimensional case of Volterra-type nonlinear integro-differential
equation and uniqueness for more general cases at first are studied in [38,39].

Based on this system some generalizations were proposed and the
following system of averaged type were obtained by Professor G.1. Laptev

t
w = a(j j |r0tW|2dxdz'JAW .
ot "0

These integro-differential type models are complex and have been
studied by many authors intensively since 80ies of the last century.

For a more thorough description of electromagnetic field propagation in
the medium, it is necessary to take into consideration different physical effects.
First of all, it should be heat conductivity of the medium. Professor D.
Gordeziani published works in this direction too [41,42].

Results of these research were applied in practice at 1.V. Kurchatov

Institute of Atomic Energy and Sokhumi Physical-Technical Institute.

It is worth noting that the researches carried out by David Gordeziani
together with his students and colleagues (landslide spread calculation,
calculation of flow in city gas-network and its optimization, heat facilities) have
found practical applications in technique and agriculture. Along with scientific
activity, David Gordeziani had been participating in works dealing with creation
of special building mechanisms.

One must note the role of D. Gordeziani in mathematical modeling and in
the study of practical problems of high importance.

14



Dynamics of transfer of pollutants in river water is described by the
diffusion equations

O O D D
00 _0fg 00, 01y 0P\, 0fp 0P}
ot ox\_ ~0Ox) Oy oy ) oz 0z
O D D O
2y, Xy Py K@)+ Sz,
S Ox oy oz oy
where @ is averaged in time concentration of the non-conservative dissolved
substance; ¢ is time; x, ), z are spatial co-ordinates (the axis x is horizontal

and its direction coincides with the direction of averaged current of all the
streams, the axis y 1is perpendicular to the free surface and it is directed

downwards, the axis z is directed across to the stream); K , K , K, are
coefficients of the turbulent diffusion in the direction of axes x, y, z; V_, V}

and V_ are averaged in time components of speeds on axes x, y, z; u is
hydraulic largest of particles; K(®) is the member characterizing the non-

conservativeness of pollutant (one often uses simple approximation of this
dependence K(®)=K -®, where K is the coefficient of non-

conservativeness); f(x,y,z,t) is total intensity of external sources of pollution.
In general case, the coefficients K, K , K, V.,V , V, and K (D) are the

functions of a point of space and time.
Boundary conditions in the lower end of the section can be classical or
non-classical. Classical condition looks like

0
a—(l)(t, r)| .—5 = 0; (condition of full mixing)
X

non-classical condition is
@(t,rj s =q- d)(t, rl +—5; - (not local boundary condition)
where ¢ is the coefficient of self-purification of the river on the considered

section; @ is the concentration of the pollutant dropped by pollution source in
the point x = 3.

For the first time the above nonclassical boundary condition was
considered in [69] and was after investigated in many scientific works published
together with his followers.

These equations are usually solved numerically, with the help of
difference schemes. Here arise some questions, related to the choice of methods
for solving various problems depending on the practical realizability, the
accuracy and the duration of obtaining the solution on the computer. In

15



particular: a) the analytical description of plane or spatial area for which the
equations of diffusion and boundary conditions are investigated, i.e. the
analytical description of coastal lines and a river bed; b) the analytical
description of the dependence of coefficients of the equation from spatial co-
ordinates; c) the analytical description of dependence on spatial co-ordinates and
from time of non-uniform parts of the solved equations of diffusion, i.e. powers
of pollution sources; d) the correct choice in difference scheme ratios between
spatial steps of the grid, and also between them and the step of digitization of
time.

These problems and simulation of real pollution process of rivers were
solved in some international scientific projects:

1. The project of ISTC (International Science and Technology Center) G-
047 “Identification of River Water Pollution Sources by Means of
Automated Control Systems”, 1998-2000. (http://www.istc.ru).

2. Georgia-USA (CRDF/GRDF) joint project “Development and research
of deterministic and stochastic mathematical models for control and
management of pollution level of fluvial waters and their realization by
application package”, 2002-2004. (http://www.grdf.ge).

and obtained results were published in [80, 85, 95, 109, 125-128].
The developed methods and algorithms were realized in software
packages with participation of Prof. D.Gordeziani:

1. Application package for realization of mathematical models of
pollutants transfer in rivers (Version 2.0);

2. Automatic detection of river water emergency pollution sources (Ver-
sion 2.0).

They were demonstrated at different national and international
conferences and exhibitions. Developed packages for environmental monitoring
automation and processing of experimental data have taken the first place and
were awarded the main prize at the program products exhibition, which were
developed and held in Georgia on June 1999 at the Georgian Technical
University.

The development and application of numerical regional and local scales
atmosphere chemistry transport models (CTMs) are discussed in [67, 73, 107,
131]. Motivation for the employment of these models in atmospheric science is a
strong need for application of CTMs to environmental policy and planning and
air quality forecasts as an important factor for the reduction of health risks. The
problem of pollutants transfer through the troposphere is considered in [67, 73]
based on the following mathematical model:

16
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where S is concentration of aerosol substance, u, v, w are the axial components
of wind velocity (which are defined by integration of full system of the hydro-
thermodynamic equations), K K and K. are the coefficients of turbulent

diffusion; @ is the velocity of substance concentration decomposition and
transformation, F'(x, y, z, ¢) is the internal source. Equation (1) is solved with the
following nonlocal boundary condition

S, y,z,t) = q(x,y,z,0)S(x", y", 2", t) v (x,y,z,t), )

1
where w is a given concentration, ¢(x,y,z,t)=[1—¢&(x,y,z,0)] 7™ ,

O0<e<l.

In case of two-dimensional model the existence and uniqueness of the
regular solution of the problem is proved in [67]. For numerical solution of two-
dimensional model decomposition method was used on the basis of which
averaged additive models are built up [73]. In the zonal averaged mathematical
model predesigned for the Georgian transport corridor pollution influence of
orography was taken into account in [67]. Results of numerical calculations have
shown that nonlocal boundary conditions should be used [67].

The chemistry transport model [107] consists of a set of continuity
equations for the sample of minor constituents complimented by boundary
conditions for each transported species which are usually formulated in flux
form. In [107] practical aspects of the treatment of boundary and initial
conditions and zooming or nesting methods are discussed, i.e. the use of variable
resolution and grids are discussed. The European Air Pollution Dispersion model
system (EURAD) was planning to chain with the Tbilisi Air Pollution model
(TAP) [131]. Using mathematical model (1) based on integration full system of
hydrothermal dynamics, distribution of concentration of harmful substances NOx
at the crossroad of Agmashenebeli and King Tamar Avenues and for the whole
territory adjoined to the crossroad have been studied in [131]. Taking as a basis
these experimental calculations, it was concluded that the growth of harmful
substances wholly depends on the traffic intensity as well as on the light-signal's
placement and working cycle [131].

Migration and distribution of the oil spilled in the sea is studied by the
numerical model based on the nonstationary 2D advection-diffusion equation for
nonconservative substance [149]. The change of oil concentrations owing to
different factors (evaporation, dispersion, emulsification, sedimentation,

17



microbiological decomposition, etc.) is taken into account parametrically. In this
paper the iterative procedure for reducing non-classical problems to a sequence
of classical initial-boundary value problems of Cauchy-Dirichlet is proposed.
The convergence of iterative process is proved and estimation of the speed of
convergence in certain cases is given. By the operator decomposition method of
the original problem the absolutely monotone averaged additive difference
scheme of parallel calculation is constructed and investigated. The questions of
stability, convergence and accuracy of such schemes are discussed in [149].
Numerical model describing mineral oil infiltration into the soils was elaborated
in [147]. Results, obtained by numerical calculations have both as theoretical as
practical interest for the territory of Georgia [147]. To the analysis of some
mathematical models describing a movement of subsoil waters (liquids) into the
soil having the non-homogeneous multilayer structure in the vertical direction
was devoted the paper [160]. The corresponding systems of two-dimensional
differential equations in stationary and non-stationary cases are considered in
[160]. For the first one the problem with classical and non-classical boundary
conditions is stated. For numerical solution of the problem with nonlocal
boundary conditions the iteration process is constructed, which allows one to
reduce the solution of the initial problem to the solution of a sequence of the
classical Dirichlet problems. Some results of numerical calculations for the soil
having two-layer structure are presented. These problems and simulation going
on in environment were studied in some international scientific projects (the list
of these projects is given below) and obtained results were published in
[67,73,107,131,143,147,149-151,154,160].
Scientific grants:

1. Grant of Shota Rustaveli National Scientific Foundation # 09-614-5-210 on
“Assessment of Risk Factors of Emergency Cases at Oil and Gas Pipelines

and Possible Pollution of Environment by Means of Mathematical Mode-
lling* 2010-2011.

2. Grant No. 1.01.81 of Education and Scientific Ministry of Georgia for
project proposal “Non-ordinary Hydro-meteorological Processes and
Environmental Pollution Mathematical and Numerical Modeling ” 2005.

3. Grant of Scientific and Tecnology Department of Georgia for project
proposal “Mathematical Modeling of Georgian Transport Corridor Pollution
for Risk Assessment” 2001.

4. Grant of Scientific and Tecnology Department of Georgia for project
proposal “Mathematical Modeling of Ecological Regime of Georgian
Territory” 1997- 1998.

Natural phenomena, such as earthquakes and floods, may cause occurrence
of cracks in the pipes of great diameter, and in gas and petrol tanks. Increase of
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the number and dimensions of cracks, from its part, causes to increase the
volume of leakage that will result in great ecocatastrophe. The study of boundary
value problems for the composite bodies
weakened by cracks has a great practical
significance. Equations of the antiplane
elasticity theory for composite bodies wea-
kened by cracks can be used as an initial
approximation of the mathematical model
of problems provided by the project Grant
#GNSF 09-614  5-210. In the articles
[144,150,151,154] two methods of
solution of elasticity theory antiplane
| problems for piece-wise homogeneous
- orthotropic plane weakened by cracks are
In Paris investigated by integral equations ([143,

150]) and finite-difference methods ([151],

[154]).

Professor Gordeziani has taken part in organizing and carrying out many
international and local congresses, symposia, conferences, schools in the area of
computational mathematics, mechanics, shell theory, hydrodynamics, magnetic
hydrodynamics, informatics.

Professor Gordeziani was invited as an official opponent of a Ph.D. theses

in scientific-educational centers of France, Germany, Italy, Russia, Denmark,
Poland, Greece, Ukraine, Belorussia, Uzbekistan, Azerbaijan and Moldova.
Often he was an opponent and expert in Georgia in the areas of Mathematics,
Informatics and Mechanics.

In 1993 Professor Gordeziani was elected a member of International
Academy of Computer Sciences and systems; he was a member, president, and
honorary president of Georgian Academy of Natural Sciences, the member of
Georgian Engineering Academy, one of the founders of the Georgian National
Committee of the Theoretical and Applied Mechanics. He was also a member of
Coordination Council of the USSR Academy of Sciences in Mathematical
Modeling, deputy head of Coordination Council of Georgian Academy of
Sciences in Mathematical Modelling, member of Iv. Javakhishvili Thbilisi State
University Scientific Council (1985-2006), etc.

D. Gordeziani’s work as a professor at Iv. Javakhishvili Tbilisi State
University was productive. He had been working there for decades of years: he
was a head of Chair of Informatics and Computational Mathematics and was
delivering lectures, sharing his knowledge and experience with his students; he
was carrying out joint scientific works with most successful students. The
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contents of his lectures was very diverse: Programming on Computer,
Computational Mathematics, Mathematical Modelling, Functional Analysis and
Computational Mathematics, Vekua Plates and Shell Theory, Finite-Difference
Methods for Solution of Partial Differential Equations, Decomposition Methods,
Numerical Analysis, Scientific Compating, Mathematical Modeling and
Computational Mathematics, Numerical Methods of Linear Algebra, Computer
Algebra, etc. He was a supervisor of several bachelor, master, and doctoral
programs.

Particular note should be made pertinent to David Gordeziani’s activities
at I. Vekua Institute of Applied Mathematics of Iv. Javakhishvili Thilisi State
University. There he passed the way starting from the position of a senior
researcher up to an Director of the Institute. During the last ten year he was
leading one of the main scientific directions (Mathematical Modeling and
Computational Mathematics) of the Institute.

During different time periods Professor David Gordeziani had been a
board member of Scientific Quality and Title Council; Member of the Council
on Problematic Issues at Russian Academy of Sciences in Mathematical
Modeling; Member of German Council of Informaticians; Member of Editorial
Boards of several authoritative scientific journals. He had been one of the
Founders and Chief Editor of Georgian-Spain joint scientific journal “Applied
Mathematics, Informatics and Mechanics”.

Such outstanding scientists as Acad. Ph. G. Ciarlet (France), Acad.
A.A. Samarskii (Russia), Acad. V.A. Ilyin (Russia), Acad. A.V. Bitsadze
(Russia), Acad. E. Moiseev (Russia), Professors: A.L. Skubatchevskii (Russia),
B.P. Paneyakh (Russia), M. Bernadou (France); 1. Babushka (USA),
M.Vogelius (USA), S. Iensen (USA); V.L. Makarov (Ukraine), V.I. Gulyaev
(Ukraine), V.A. Bagenov (Ukraine), P.P. Lizunov (Ukraine), P.N. Vabishevich
(Russian), P.P. Matus (Belarus), S. Abrachin (Belarus), V. Asmokil (Belarus),
N. Ionkin (Russia), S. Lapko (Ukraine), N. Chadaev (Ukraine), M. Dauge
(France), M. Lods (France), N. Long (USA), M. Sapagovas (Lithonia), A. Gu-
chin (Russia), G. Laptev (Russia), and many other Georgian and foreign
scientists have made references and quoted the works of D. Gordeziani in their
Monographies and articles.

Below one can find the list of some monographs, handbooks, reviews and
historical works, encyclopedias of well-known researchers of Computational,
Applied Mathematics, and Mechanics, where papers of Professor David Gorde-
ziani are cited (see also http://www.books.google.com/books?q=gordeziani d):
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1. Michel Bernadou. John Wiley. “Finite element methods for thin shell
problems”. 1996 (textbook);

2. Philippe Ciarlet. “The finite-element method for elliptic problems”. North-
Holland Pub. Comp. 1978 (monograph). Russian translation - ®@. Cespne
«MeTo/1 KOHEYHBIX 3JIEMEHTOB IS AJTMITHUECKUX 3amauwy». M3m. Mup, M-
1980;

3. Ph. G. Ciarlet. “Mathematical Elasticity”. Vol. I, 1997, Elsevier, 1997
(monograph);

4. Ph. G. Ciarlet. “Mathematical Elasticity”. Vol. III, 1998, Elsevier, 1998
(monograph);

5. M. Vogelius and 1. Babushka. “On a Dimensional Reduction Method”. 1, II,
I port., Math. of Comput.., 1981, vol. 37, # 156 (Review);

6. A.A. Camapckuit. ,Teopuss pasnHoctHeix cxem“. M., Hayka, 1983
(textbook);

7. IL.W. Babumesnuu, A.A. Camapckuii. ,,BeraucnurtenbHas Temuionepemada’.
Wzn. YPCC, Mocksa, 2003 (monograph);

8. MexnyHapogHass KoHdepeHIuss MareMaTnkoB B Hume, Jlokmanst
Coserckux MaremarukoB, Mocksa 1972 (Review of important results of
the scientific area);

9. A.A. Camapckuii, [1.H. Babumesuu, I1.I1. Maryc. ,,Pa3HOCTHBIE CXEMBI C
OTIEPAaTOPHBIMUA MHOKHTETAMU . MuHCK, 1998 (monograph);

10.T.FO. Xoma. ,,O600mennas Teopus obomouek“. Kues, Haykosa-IlyTka,
1986 (monograph);

11.Monique Dauge, Erwan Faou, Zohaz Yosibash. “Plates and Shells
Asymptotic Expansions and Hierarchical models”/ Encyclopedia for
Computational Mechanics, 2004, Edited by Ervin Steinm Rene de Borst
Thomas J.R. Highes (encyclopedia);

12.A.B. bunanze. ,,HexoTopsie Ki1acchl ypaBHEHHHN B YaCTHBIX ITPOU3BOIHBIX .
M. Hayka, 1981 (monograph);

13.E. Obolashvili. “Higher Order Pratial Differential Equations in Clifford
Analysis. Effective Solutions to Problems”. Progress in Mathematical
Physics, 28, Birkhauser Boston, Inc., Boston, MA, 2003 (monograph);

14.Jensen S. “Adaptive Dimensional Reduction and Divergence Stability”.
Math. Mod., v. 8, #9 (review);

15.,,Actopus oreuectBeHHO MaTemMaTuku™. 1. 4, ku. 2, CCCP, 1917-1967;
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16. Dikmen M. ,,Theory of thin elastic shells“(monograph type textbook).

He spoke fluent Russian, French and English and the knowledge of
languages facilitated his relations with foreign colleagues.

His hobby was sculpture, music and history.
Everyday life was a complete sporting life,
especially he liked Yoga.

A faithful companion and spouse of
Professor David Gordesiani, educated in
Mathematical Linguistics, Ms. Nanuli and two
daughters  Candidates of Physics and
Mathematics Nato and Eka, tried their best to
support husband and father who was in love with
mathematics, his disciples, colleagues and
family.

D. Gordeziani has published several works

With his wife Nanuli Turdzeladze -t gether with his daughters as well [47, 48, 51,
54-56, 58, 59, 62, 64, 68, 69, 71, 75, 120].

All those who had been even slightly acquainted with him, were saddened

by his death and sincerely sympathize with his family.

SELECTED PUBLICATIONS

1. Gordeziani D.: On the interpolation of analytic functions of several variables
(Georgian). XXIII Students Scientific Conference, TSU, 1961

2. Gordeziani D. G.: Application of a locally one-dimensional method to the solution
of multi-dimensional parabolic equations of the order 2m (Russian). Soobs¢. Akad.
Nauk Gruzin. SSR, 39, 1965, 535-541.

3. Gordeziani D.G.: On the numerical solution of a quasilinear equation of parabolic
type (Russian). Soobs¢.Akad Nauk Gruzin. SSR, 37, 1965, 3—10.

4.  Gordeziani D.G.: On the use of rhombic grids for the solution of the equation of
heat conduction (Russian) Soobs¢. Akad. Nauk Gruzin. SSR, 38, 1965, 15-22.

5. Gordeziani D.G.: A certain class of factored difference schemes
(Russian) Gamogeneb. Math.Inst.Sem.Mohsen. Anotacie. 1, 1969, 25-28.

6.  Gordeziani D.G., Evseev E. G.: A difference method of solving higher order
multidimensional differential equations (Russian) Sakharth. SSR, Mecn. Akad.
Moambe 54, 1969, 281-284.

7. Gordeziani D.G.;Evseev E.G.: The factorization of difference schemes
(Russian) Sakharth. SSR, Mecn. Akad. Moambe 53, 1969, 273-276.

8.  Gordeziani D.G.: A certain method of solving the Bitsadze-Samarskii boundary
value  problem  (Russian). Gamogeneb.  Math. Inst. Sem. Mohsen.
Anotacie. 2, 1970, 39-41.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Gordeziani D.G.: The regularization of nonlinear difference schemes (Russian)
Gamoqueneb. Math.Inst. Sem. Mohsen. Anotacie 2, 1970, 35-37.

Gordeziani D. G., Meladze G. V.: The modelling of multidimensional quasilinear
equations of parabolic type by one-dimensional equations (Russian) Sakharth. SSR,
Mecn.Akad.Moambe 60, 1970, 537-540

Gordeziani D.G.: A certain economical difference method for the solution of a
multidimensional equation of hyperbolic type (Russian) Gamoqeneb. Math. Inst.
Sem. Mohsen. Anotacie. 4, 1971, 11-14.

Gordeziani D.G.: A certain way of using the additivity principle for the solution of
second order evolution equations (Russian) Gamogeneb. Math. Inst. Sem. Mohsen.
Anotacie. 4, 1971, 23-26.

Gordeziani D.: Sur une methode aux difference finies pour la resolution
d’equantions aux derives partielles, Compt. Rand. Seminars d’Analyse Numerique
Univ. Paris VI, 1971-72, 1-8.

Gordeziani D.: Sur une methode economique de decompositions des operateures
pour la solution numerique de problemes a dimensions multiples, Compt. Rand.
Seminars d’ Analyse Numerique Univ. Paris VI, 1971-72, 87-97.

Gordeziani D.G., Dzioev T.Z.: The solvability of a certain boundary value problem
for a nonlinear equation of elliptic type (Russian) Sakharth. SSR, Mecn. Akad.
Moambe 68, 1972, 289-292.

Gordeziani D.G., Evseev E.G.: A certain difference approximation of a fourth order
equation (Russian) Studies of certain equations of mathematical physics, 1
(Russian), 37-40. Izdat. Tbilis. Univ., Tbilisi, 1972.

Gordeziani D.G., Komurdzisvili O.: The difference scheme for the solution of the
first boundary value problem for the equations of a prismatic shell in a curvilinear
region (Russian) Studies of certain equations of mathematical physics, 1
(Russian), 97—-104. Izdat. Tbilis. Univ., Tbilisi, 1972.

Gordeziani D.G., Komurdzi$vili O.: The numerical solution of a certain variant of
the equations of the theory of thin shells (Russian) Sakharth. SSR, Mecn. Akad.
Moambe 67, 1972, 533-536.

Gordeziani D.G., Zizova L.A., Komurdzisvili O., Meladze G.V.: Difference
methods for the calculation of a certain version of the equations of the theory of
thin shells (Russian) Studies of certain equations of mathematical physics, 1
(Russian),1972, 87-96.

Gordeziani D.G.: On the solvability of some boundary value problems for a variant
of the theory of thin shells, Dokl. Akad. Nauk SSSR, 215, 6, 1974, 1289-1292
(Russian).

Gordeziani D.G.: To the exactness of one variant of the theory of thin shells, Dokl.
Akad. Nauk SSSR, 216, 4, 1974, 751-754 (Russian).

Gordeziani D. G.: The solvability of certain boundary value problems for a variant
of the theory of thin shells (Russian) Dokl. Akad. Nauk SSSR, 215, 1974, 1289—
1292.

Gordeziani D.G., Meladze G.V.: The simulation of the third boundary value
problem for multidimensional parabolic equations in an arbitrary domain by one-
dimensional equations (Russian) Z. Vy¢&isl. Mat. i Mat. Fiz. 14, 1974, 246-250.
Gordeziani D.G.: Certain inequalities for a variant of the theory of thin shells
(Russian) Gamogeneb. Math. Inst. Sem. Mohnsen. Anotacie. Vy 10, 1975, 7-12.

23



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Gordeziani D. G., Evseev E.G.: The approximate solution of the equations of a
certain variant of the theory of cylindrical shells with mixed boundary conditions
(Russian) Sakharth. SSR, Mecn. Akad. Moambe 78, 2, 1975, 297-300.

Gordeziani D.G., Evseev E.G.: The numerical solution of a model of an arch dam
(Russian) With Georgian and English summaries. [zdat. Tbilis. Univ., Thbilisi, 1977.
89

Gordeziani D.G., Evseev E.G.: An economical difference method for the solution
of systems of hyperbolic equations (Russian) Sakharth. SSR, Mecn. Akad.
Moambe 86, 3, 1977, 557-560.

Gordeziani D.G., Komurdzhishvili O.: Numerical solution of some boundary value
problems for a variant of the theory of thin shells (Russian. With Georgian and
English summaries). Izdat. Tbilis.Univ., Thilisi, 1977, 37

Gordeziani D.G., Samarskii A.A.: Some problems of the thermoelasticity of plates
and shells, and the method of summary approximation (Russian) Complex analysis
and its applications (Russian), "Nauka", Moscow, 1978, 173—186.

Volosevi¢ P.P., Gordeziani D.G., Kurdjumov S.P., Lacabidze G.S., Levanov
E.I, Meladze G. V., Okroasvili T.G., Popov Ju. P., Skhirtladze N. M.: Problems in
fluid dynamics and in magnetic fluid dynamics with account taken of the sources
(sinks) of mass, pulse and energy.(Russian) Akad. Nauk SSSR Inst. Prikl. Mat.
Preprint No. 45, 1978, 35p.

Gordeziani D., Dgioev T.: The generalization of Bitsadze-Samarski problem with
reference to the problems of baroclinic sea's dynamics., Outlines on physics and
chemistry of the waters of the Black Sea., Moscow (Russian). 1978.

Gordeziani, D. G. A numerical solution to certain problems of thermoelasticity
(Russian). Izdat. Tbilis. Univ., Tbilisi, 1979. 52p.

Gordeziani D.: On application of the total approximation method to the solution of
some shell theory problems, Theory of Shells, Nirt-Holland Publ. Company, 1980,
323-325.

Gordeziani D. G.: Methods for solving a class of nonlocal boundary value
problems (Russian. With Georgian and English summaries). Tbilis. Gos. Univ.,
Inst. Prikl. Mat., Tbilisi, 1981. 32p.

Gordeziani D.G., Evseev E.G.: Additive averaged schemes for the numerical
solution of hyperbolic equations (Russian) Soobshch. Akad. Nauk Gruzin.
SSR, 104, 2, 1981, 277-280.

Gordeziani D.G.: An additive model for parabolic equations with mixed derivatives
(Russian) Current problems in mathematical physics and numerical mathematics,
"Nauka", Moscow, 1982, 128-137.

Gordeziani D., Jangveladze T., Korshiya T.: A class of nonlinear diffusion
equation. ICM, Warshaw, Sec. 11: part. diff. eq. [X, 1982, 1983, 17.

Gordeziani D.G., Dzhangveladze T.A., Korshiya T.K.: A class of nonlinear
parabolic equations, that arise in problems of the diffusion of an electromagnetic
field (Russian, Georgian and English summaries). Proc. I.Vekua Inst. Appl. Math.
(Thiliss. Gos. Univ. Inst. Prikl. Math. Trudy), 13, 1983, 7-35.

Gordeziani D.G., Dzhangveladze T.A., Korshiya T.K.: Existence and Uniqueness
of a Solution of Certain Nonlinear Parabolic Problems. Differential’nye
Uravnenyia, 1983, 19, 7, 1197-1207 (Russian). English translation: Differential
Equations, 19, 7, 1984, 887-895.
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Gordeziani D. G.: A class of nonlocal boundary value problems in elasticity theory
and shell theory (Russian) Theory and numerical methods of calculating plates and
shells, Vol. I (Russian) (Tbilisi, 1984), 106—127, Tbilis. Gos. Univ., Thbilisi, 1984.
Abuladze 1.0., Gordeziani D.G., Dzhangveladze T.A., Korshiya T.K.: Discrete
Models for a nonlinear magnetic-field-scattering problem with thermal
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English translation: Differential Equations, 1986, 22, 7, 769-777.

Abuladze 1.0., Gordeziani D.G., Dzhangveladze T.A., Korshiya T.K.: On the
numerical modeling of a nonlinear problem of the diffusion of a magnetic field
with regard to heat conductivity. Proc. I.Vekua Inst. Appl. Math. (Tbiliss. Gos.
Univ. Inst. Prikl. Math. Trudy), 18, 1986, 48-67 (Russian, Georgian and English
summaries).

Gordeziani D. G.; Korshiya T. K.; Lobzhanidze G. B.: Averaged schemes of
summary approximation for nonlinear parabolic equations (Russian) Tbiliss. Gos.
Univ. Inst. Prikl. Mat. Trudy 18, 1986, 68-94.

Gordeziani D. G.: A class of nonlocal boundary value problems (Russian) Current
problems in mathematical physics, Tbilis. Gos. Univ., I, 1987, 183-190.

Gordeziani D. G.: Finite-difference schemes for solving nonlocal boundary value
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Gos. Univ. Inst. Prikl. Mat. Trudy 40, 1990, 25-33.
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Thilisi Univ. Press., 108-115.
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PLENARY TALKS

Modeling Symmetric Eigenvalue Problem with
Time Dependent Equations

Ramaz Botchorishvili
Chair for Numerical Analysis and Computational Technologies
I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
ramaz.botchorishvili@tsu.ge

Symmetric eigenvalue problem is formulated as equivalent problem for
corresponding time dependent equation. Examples of application of the
developed approach are given.

Nonlinear Estimates for Surfaces in Terms
of Their Fundamental Forms, and Applications

Philippe G. Ciarlet
City University of Hong Kong
MAPGCA@cityu.edu.hk

It is well known that a surface can be recovered from its two fundamental
forms if they satisfy the Gauss and Codazzi-Mainardi compatibility equa-
tions on a simply-connected domain, in which case the surface is uniquely
determined only up to isometric equivalence. It is less known that in this
case the surface becomes a continuous function of its fundamental forms,
again up to isometric equivalence, for various topologies, such as the Frechet
topology of continuously differentiable functions, or those corresponding to
various Sobolev norms. In this talk, we will review such continuity results
obtained during the past fifteen years, with special emphasis on those that
can be derived by means of nonlinear Korn inequalities on a surface. We
will also mention potential applications of such results, such as the intrinsic
approach to nonlinear shell theory, where the unknowns are the fundamental
forms of the deformed middle surface of a shell, or the numerical reconstruc-
tion of the Earth surface by means of the knowledge of its fundamental forms
on a discrete grid.
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Few Results Concerning Non Destructive Testing of
Structures

Philippe Destuynder
Conservatoire National des Arts et Métiers, France
phdestuynder@gmail.com

The non destructive testing (NDT) consists in detecting the existence,
the shape and the position of a defect in a structure. In this talk the ul-
trasonic method is discussed in the framework of NDT. The use of a math-
ematical model is a necessity for solving this challenge . In fact, several
problems should be tackled. For instance for a given frequency, a defect can
be hidden by the ultrasonic waves used. The goal of the mathematician is to
give informations on these invisible defects in order to adjust the frequencies
used. Furthermore, only a part of a structure is equipped with sensors and
therefore a lot of the signal reflected by the defect is lost (or can be lost).
The use of a so-called harvester (based on a control method) seems to be a
promising improvement in such a technology. In addition the problem set is
an inverse one with many controllability difficulties. Finally a fast simulator
would be required in order to operate in real time. This talk is mainly ori-
ented towards a definition of the problems to be handled and partial results
are given.

Laplace-Beltrami Equation on
Hypersurfaces and I'-Convergence

Roland Duduchava
A. Razmadze Mathematical Institute & University of Georgia, Georgia
RolDud@gmail.com

Tengiz Buchukuri
A. Razmadze Mathematical Institute, Georgia
t_buchukuri@yahoo.com

George Tephnadze
University of Georgia, Georgia & Lulea University of Technology Sweden
giorgitephnadze@gmail.com

Let us consider heat conduction by an “isotropic” media, governed by
the Laplace equation with the classical Dirichlet-Neumann mixed boundary
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conditions on the boundary in the layer domain 2° := C x (—¢, ¢) of a thick-
ness 2¢. More precisely we impose zero Dirichlet and non-zero Neumann
data on the corresponding parts of the boundary

AT (z,t) = f(z,t), (z,t) € C X (—¢,¢),
TH(x,t) =0, (z,t) € OC x (—¢,¢),
+(0, )" (x, +¢) = q(x, +e), reC,

where £0; = 0, represents the normal derivative on the surfaces C x {£e}.
Here C C S is a smooth subsurface of a closed hypersurface S with smooth
nonempty boundary 9C.

The suggested approach is based on the fact that the Laplace operator
Age = 97 + 05 + 02 is represented as the sum of the Laplace-Beltrami
operator on the mid-surface and the square of the transversal derivative:

4
AqeT = ZDJZT = AcT + 0°T.
j=1
In thé report we will review what happens with the above mentioned
mixed boundary value problem when the thickness of the layer converges to
zero in the sense of I'-convergence. It is proved that the limit coincides with
the Dirichlet BVP for the Laplace-Beltrami equation, which is described
explicitly. It is shown how the Neumann boundary conditions from the
initial BVP transform during the I'-limit and wanders to the right hand
side of the limit BVP. For this we apply the variational formulation and
the calculus of Giinter’s tangential differential operators on a hypersurface
and layers, which allow global representation of basic differential operators
and of corresponding boundary value problems in terms of the standard
Euclidean coordinates of the ambient space R”.
This part of the investigation has appeared in the paper [1]. The finite
element method for the solution appeared in [2].
The final goal of the research is to derive a shell equation with the I'-
convergence, write the equations of the shell surface in Glinter’s derivatives
and work out efficient numerical solution to such equations.
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Geometry of the Space of Curves.
Application to a Problem in Endodontics

Olga Gil-Medrano
University of Valencia, Olga.Gil@Quv.es

In the first part of the talk we will review the geometry of spaces of
maps with special emphasis in the spaces of curves. The second part will be
devoted to describe an application to a problem proposed by the stomatology
researchers B. Buenrostro and L. Forner concerning the root canal curvature
of natural human teeth. We will report the results of our joint work in
progress.

On the First Eigenvalue of Free Vibrating Membrane
(of Neumann-Laplace Operator)

Vladimir Gool’dshtein
Ben Gurion University of the Negev, P.O.Box 653, Beer Sheva, 84105,
Israel, vladimir@math.bgu.ac.il

This talk is devoted to connections between geometry of bounded simply
connected domains and the Neumann eigenvalues of the Laplace and p-
Laplace operator. Main results concern to a large class of bounded non
convex domains under some additional restrictions on its geometry. In the
plane case this class includes quasi discs (images of the unit disc under
quasi conformal homeomorphism of the plane). The talk is focused on lower
estimates or the first eigenvalue into non convex domains and its dependence
on (quasi) conformal geometry. Recall that quasi discs can have fractal
boundaries.

Situation in space domains is more complicated and will be discussed
also.

This is a joint work with A.Ukhlov and V.Pchelintsev
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Lipschitz Continuity of the Fréchet Gradient in an Inverse
Coeflicient Problem for a Parabolic Equation with
Dirichlet Measured Output

Alemdar Hasanov
Kocaeli University, Turkey, alemdar.hasanoglu@gmail.com

Dedicated to Professor David Gordeziani on his 80th birthday

The inverse problem of identifying the leading coefficient k(x) in

ur(z,t) = (k(z)ug(z, 1)z,  (x,t) € Qr :=(0,1) x (0,77,
u(z,0) =0, 0<zx<l, (1)
—k(0)uz(0,t) = g(t), ux(l,t) =0, 0<t<T,

from the measured temperature f(t) at the left boundary = = 0 of a nonho-
mogeneous rod:

f(t) :=u(0,t), te€[0,T] (2)

is studied.
The main result here is the Lipschitz continuity of the Fréchet gradient
of the Tikhonov functional

1
T() = 5 160, K) = [0z, K €K

corresponding to inverse coefficient problem (1)-(2). In addition, the com-
pactness and Lipschitz continuity of the input-output operator ®[k] :=
u(w, t; k)| peot, @[] : K € HY(0,1) — H(0,T), as well as solvability of the
regularized inverse problem, the Lipschitz continuity of the Fréchet gradient
of the Tikhonov functional are proved. Furthermore, relationships between
the sufficient conditions for the Lipschitz continuity of the Fréchet gradient
and the regularity of the weak solution of the direct problem, as well as the
measured output f(¢) := u(0,¢; k) are established. In particular, it follows
from the obtained results that the Lipschitz continuity of the Fréchet gra-
dient of the Tikhonov functional requires more regular coefficient k(x) and
the measured output f(t).

One of the derived lemmas also introduces a useful application of the
Lipschitz continuity of the Fréchet gradient. This lemma shows that an im-
portant advantage of gradient methods comes when dealing with the func-
tionals of class C11(K). Specifically, this lemma asserts that if J € CH1(K)
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and {k(™} C K is the sequence of iterations obtained by the Landweber it-
eration algorithm k("1 = k(™ 4+, J'(k™), then for w, € (0,2/L,), where
L, > 0 is the Lipschitz constant, the sequence {J (™)} is monotonically
decreasing and lim,, . ||/ (™)|| = 0.
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New Trends in Function Spaces Theory
and Applications to the BVPs
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The goal of our talk is to introduce and explore new function spaces
having an ideological link with grand Lebesgue spaces), introduced by T.
Iwaniec and C. Sbordone. Our aim is to define new scale of “grand” spaces
which are more finaly turned to the application in non-linear PDEs and
various BVPs. These spaces serve the integral operators of linear and non-
linear Harmonic Analysis. We intend to present the boundedness criteria
for basic integral and differential operators in new function spaces and to
give some applications to the BVPs for analytic functions.

Anti-Unification in Description Logic EL

Temur Kutsia
RISC, Johannes Kepler University, Linz, Austria
kutsia@risc.jku.at

In unification theory, anti-unification is a process for computing general-
izations, i.e., to obtain more general objects from concrete ones. The objects
are represented as logical expressions (terms, term sequences, clauses, etc.)
and the generalization relation is specified (e.g., with respect to syntactic
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equality, equality modulo given equations, subsumption, etc.). The name
anti-unification underlines its duality with unification that essentially com-
putes common instances of the given general objects. Current research on
anti-unification is dominated by practically oriented topics. It is not sur-
prising, because generalization computation, in one form or another, is a
very important ingredient of various applications in reasoning, learning, in-
formation extraction, data compression, software development and analysis,
etc.

In this talk, we present anti-unification for the description logic EL. De-
scription logics are a family of knowledge representation languages, which
provide logical formalism for ontologies and Semantic Web. Compared to
the other description logics, EL has a limited expressive power, but it at-
tracts significant interest due to its efficient inference (subsumption problem
is polynomial) and successful application in biomedical informatics (large
biomedical ontologies are defined in EL).

We introduced the notion of least general generalization in EL, which
generalizes simultaneously the notions of least common subsumer and con-
cept matching. The idea of generalization of two concepts is to detect
maximal similarities between them, and to abstract over their differences
uniformly. We show that generalization for EL is finitary, present an anti-
unification algorithm, discuss its properties, and report on preliminary ex-
perimental evaluation.

This is a joint work with Boris Konev (University of Liverpool).
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Exact and Approximate Solutions of the Spectral
Problems for the Differential Schrodinger Operator with a

Polynomial Potential in R*, k > 2

Volodymyr Makarov
Institute of Mathematics NAS Ukraine

Spectral problems for the Schrodinger operator with polynomial poten-
tials in R*, k > 2 are considered in this paper. For the set of specifically
given potentials we found in the exact form a few first eigenvalues of the
given problem using a technique based on the combination of functional-
discrete (FD-) method and Maple computer algebra system. In the case
when the application of traditional FD-method to the given problem leads
to a divergent scheme (the power of the polynomial potential of at least one
of the independent variables exceeds 2) we propose a modification of FD-
method, which is proved to be effective for the class of the problems under
consideration. The obtained theoretical results are illustrated by numerical
examples.

Rule-Based Programming: The Mathematica Experience

Mircea Marin
Computer Science Department, West University of Timisoara, Romania
mmarin@info.uvt.ro

Rule-based programming provides a common framework to model the
two main processes of concern to computer science: Computation and De-
duction. Both of them can be expressed as sequences of transformations
that lead to a desired result or proof. Various kinds of systems of con-
ditional rewrite rules emerged as suitable formalisms for the specification
of stepwise transformations, whereas the sequences of transformations of
interest are controlled by strategies. The last two decades witnessed the
advent of powerful formalisms, such as rewriting logic and rewriting calculi,
that led to the emergence of rule-based languages and systems, like Elan,
Maude, and Stratego. Their practical applications span from computations
in various systems to deduction in theorem provers, program transforma-
tion, implementation of constraint solvers, access control policies. In this
talk I will describe our experience with the design of a calculus for rule-based
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programming called RhoLog, its implementation in Mathematica, and some
practical applications.

On Some Parallel Algorithms for Approximate Solution of
Problems of Mathematical Physics

Hamlet Meladze
N.Muskhelishvili Institute of Computational Mathematics, St.Andrew the
First Called Georgian University, Thilisi, Georgia
h_meladze@hotmail.com

‘David Gordeziani‘
[.Vekua Institute of Applied Mathematics of I. Javakhishvili Thilisi State
University, Thilisi, Georgia

Tinatin Davitashvili
I. Javakhishvili Thilisi State University, Thbilisi, Georgia
tinatin.davitashvili@tsu.ge

The present talk is devoted to the investigation of special decomposition
methods for stationary and nonstationary problems of partial differential
equations: the decomposition of the basic area or the basic operator of the
initial problem. These methods are based on the reduction of the solution of
initial problem to the solution of some more ”simple” sub-problems and open
the great possibilities in designing algorithms of parallel implementation and
creation the program products for computers. We consider also the parallel
version of the Schwarz alternating method, based on area decomposition.
The independent problem is the solution of difference problems representing
itself the system of linear or nonlinear algebraic equations. The parallel iter-
ative methods for the numerical solution of nonlinear equations and systems
of equations will be considered as well. In the talk the primary attention
will be inverted on the works, conducted in the Thilisi State University and
I.Vekua Institute of Applied Mathematics.

41



On I. Vekua’s Method of the Consistent Theory
of Elastic Shells

Tengiz Meunargia
I. Vekua Institute of Applied Mathematics
of I. Javakhishvili Thilisi State University, Thilisi, Georgia
tengizmeunargia37@gmail.com

The methods of tensor calculus, as well as those of surface theory in
tensor notation [1], are systematically employed in the talk.

Acknowledgment. This research has been supported by the Shota Rus-
taveli National Science Foundation (Grant SRNSF/FR/358/5-109/14).
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Application of Bdie Method in the Theory of Acoustic
Scattering by Inhomogeneous Anisotropic Obstacles

David Natroshvili
Georgian Technical University, Thilisi, Georgia
1. Javakhishvili Thilisi State University
I. Vekua Institute of Applied Mathematics, Thilisi, Georgia
natrosh@hotmail.com

We consider the time-harmonic acoustic wave scattering by a bounded
layered anisotropic inhomogeneity embedded in an unbounded anisotropic
homogeneous medium. The material parameters and the refractive index are
assumed to be discontinuous across the interfaces between inhomogeneous
interior and homogeneous exterior regions. The corresponding mathemati-
cal problem is formulated as a boundary-transmission problem for a second
order elliptic partial differential equation of Helmholtz type with discontin-
uous variable coefficients. We use the results obtained in [1,2] and show that
with the help of localized potentials constructed by a harmonic parametrix
the boundary-transmission problem can be reformulated as a system of local-
ized boundary-domain pseudodifferential equations (LBDIE) and prove that
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the corresponding localized boundary-domain pseudodifferential operator is
invertible in appropriate function spaces. This leads to the unique solvabil-
ity result for the original acoustic wave scattering problem with arbitrary
frequency parameter. The isotropic case has been analyzed by P.Werner [3]
and P.Martin [4].
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On the Modeling of Transport Phenomena in Continuum
and Statistical Mechanics

Paolo Podio-Guidugli
Accademia Nazionale dei Lincei, Rome, Italy
p-podioguidugli@gmail.com

The formulation of balance laws in continuum and statistical mechanics
is expounded in forms that open the way to revise and review the corre-
spondence instituted, in a manner proposed by Irving and Kirkwood and
improved by Noll, between the basic balance laws of Cauchy continua and
those of standard Hamiltonian systems of particles.
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Computation of Spectral Characteristics for Charged
Integral Equations

Paolo Emilio Ricci
International Telematic University UniNettuno, Rome, Italy
paoloemilioricci@gmail.com

The Rayleigh-Ritz and the inverse iteration methods are used in order to
compute the eigenvalues of charged Fredholm-Stieltjes integral equations, i.e.
Fredholm equations with respect to suitable Stieltjes-type measures. Some
applications are shown, including approximation of the relevant eigenfunc-
tions. Starting from the problem of a string charged by a finite number of
cursors, a survey including the extensions to the 2D and 3D dimensional
problems is presented.

Corner Calculus for Higher Singularities

Bert-Wolfgang Schulze
University of Potsdam, Germany, schulze@math.uni-potsdam.de

The results of our talk are partly obtained in joint work with Der-Chen
Chang (Georgetown University, Washington, DC) and Mahdi Hedayat Mah-
moudi (University of Potsdam). We outline recent achievements of the pro-
gram for establisheing parametrices of elliptic partial differential equations
on configurations with corner singularities in terms of pseudo-differential
algebras. Those are based on operator-valued Mellin symbols and extend
the well-established edge pseudo-differential calculus with its symbolic hier-
archies, see also a joint monograph with D. Kapanadze, Thilisi, and other
monographs of the speaker. The operators act in weighted corner Sobolev
spaces with multiple weights, formed by an iterative approach, starting with
conical and edge singularities. The spaces are modeled on Hilbert spaces,
equipped with strongly continuous group actions. We illustrate the ap-
proach for singularities of second order, where the model cone of wedges
itself is based on a compact space with edge singularities.
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On Investigation of Two Problems

Tamaz Vashakmadze
1. Vekua Institute of Applied Mathematics of 1. Javakhishvili Tbilisi State
University, Thilisi, Georgia, tamazvashakmadze@gmail.com

In this report we will be discussing some results of investigations con-
nected to the problems of Informatics and Numerical Methods of Linear
Algebra: (1) The new method of the multiplication of polynomials from one
variable is created by which we estimate the order of a number of multiply of
n-digital integers. In this way corresponding results of A.Toom-S.A.Cook [1,
ch.4, point 4.3.3] are refined; (2) The full problems of finding the eigenval-
ues with high order of accuracy for sufficient big matrices of special classes
by stability method are solved using methodologies of U.J.J. Le Verrier-
D.Faddeev, D.H.Lemer.
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20 MINUTES TALKS

Transfer of Generalized Groupoid Action
Along a Morita Equivalence

Giorgi Arabidze
Institute of Mathematics, University of Gottingen
giorgi.arabidze@stud.uni-goettingen.de

The authors define and study fibrations of topological groupoids in [2].
They interpret a groupoid fibration L — H with fibre G as an action of H
on G by groupoid equivalences. The idea is the following. An action of H
on G should give a transformation groupoid L := G x H that contains G
and comes with a continuous functor L — H. Thus defining actions of
topological groupoids on topological groupoids amounts to characterising
which chains of continuous functors G - L — H correspond to actions. We
require L — H to be a “groupoid fibration” with “fibre” G C L. This gives
the same notion of action if H is étale. So, all this give the authors of [2] a
possibility to generalise a topological groupoid action.

My result shows how can we transfer this generalized action along a
Morita equivalence. In more details, if I have two Morita equivalent topo-
logical groipoids G and K and third topological groupoid H which acts on
G, ( this means that there is a topological groupoid L and a groupoid fi-
bration L — H with fibre G ) then I can construct a topological groupoid
R and groupoid fibration R — H, such that R and L are Morita equivalent
and K is a fibre of fibration R — H. This all gives us a generalized action
of H on L.

Acknowledgment. This research is a part of my doctoral dissertation
under supervising professors Ralf Meyer and Chenchang Zhu. My doctoral
program is funded by "LEPL International Education Centre”.
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Adaptive Multischeme Refinement in the
Spatially Two Dimensional Case

Nino Bukuri
I. Javakhishvili Thbilisi state University, Georgia
nino.bukuri2014@ens.tsu.edu.ge

Ramaz Botchorishvili
I. Javakhishvili Thilisi state University, Georgia
ramaz.botchorishvili@tsu.ge
Hendrik Elbern
Juelich Research Center, Germany; h.elbern@fz-juelich.de

Multischeme is smart combination of several different numerical schemes
and space time meshes for hyperbolic conservation laws. It enjoys impor-
tant qualities such as approximation, stability, mass conservation and con-
vergence. Multischemes are implemented as C++ code. Several adaptation
strategies are discussed. Numerical tests demonstrate efficiency of the de-
veloped approach.

Investigation of a Nonlinear Dynamical System Describing
the Process of Linguistic Globalization

Temur Chilachava
Sokhumi State University
Faculty of Mathematics and Computer Sciences
Professor of Applied Mathematics, Thilisi, Georgia
temo_chilachava@yahoo.com

Recently, mathematical modeling of social processes is of special interest.
Earlier we have offered and investigated by means of computer modeling,
mathematical models of bilateral and two-level assimilation (micromodels on
the example of two powerful states with various state languages assimilating
the population of the third state formation (autonomy) with less widespread
language; the first powerful state assimilating the population of the second
less powerful state and autonomy which population, in turn, assimilates as
well the second state).

In this work the new nonlinear continuous mathematical model of lin-
guistic globalization is considered (macromodel). Two categories of the
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population of Earth are considered: interfering and promoting an ascen-
dent position of English. At positive demographic factor of the population
interfering globalization and negative demographic factor of the population
promoting globalization it is shown that the dynamic system describing this
process allows existence of two topological not equivalent phase portraits
(steady node, a limit cycle).

At some restrictions for model parameters, the theorem of absence of
periodic trajectories of dynamic system is proved and the asymptotic stable
position of balance (a limit cycle) is found, i.e. the equilibrium coexistence
of both categories.

It is proved that linguistic globalization at positive demographic factor
of the population interfering globalization and negative demographic factor
of the population promoting globalization is impossible.

In case of positive demographic factors of the population interfering and
promoting globalization it is shown that the dynamic system describing this
process allows existence of two topological not equivalent phase portraits (a
global attractor, steady node (full linguistic globalization), a limit cycle).

Thus, it is established that full linguistic globalization is impossible if
the demographic factor of category of the population of Earth promoting
domination of English isn’t positive. Full linguistic globalization is possible
only in case of positivity of demographic factor of category of the population
of Earth promoting domination of English and some restriction for the model
parameters connected with assimilation coefficient.
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Parallel Type of Decomposition Scheme for
Quasi-Linear Abstract Hyperbolic Equation

Nana Dikhaminjia
Missouri University of Science and Technology
4000 Enterprise Drive, Rolla, MO, 65401, USA

Jemal Rogava

Department of Numerical Analysis and Computational
Technologies, Faculty of Exact and Natural Sciences
1. Javakhishvili Thilisi State University, Tbilisi, Georgia

Mikheil Tsiklauri
Missouri University of Science and Technology
4000 Enterprise Drive, Rolla, MO, 65401, USA

We consider an abstract hyperbolic equation with a Lipschitz continuous
operator, where the main operator is a sum of finite number self-adjoint and
positive definite operators. Semi-discrete implicit difference schemes corre-
sponding to the summand operators are solved independently (parallelly)
on each local interval. It is proved that the weighted sum of solutions of the
semi-discrete implicit difference schemes converges to the exact solution of
the given abstract hyperbolic equation.

Optimal Observation Network Assessment for Controlling
High Dimensional Advection-Diffusion-Reaction
Equations

Hendrik Elbern
Institute for Energy and Climate Research 8, FZ Jiilich, and
Rhenish Institute for Environmental Research t the University of Cologne
h.elbern@fz-juelich.de

Geophysical reactive flow as simulated by solvers of advection-diffusion-
reaction equations are mostly formulated as an initial value problem. How-
ever, in practice the initial values (often of dimension of 107 —108, are poorly
known and and estimated by a data assimilation procedure, typically a
spatio-temporal Best Linear Unbiased Estimator (BLUE). In case of bound-
ary values being poorly known as well, the data assimilation procedure must
be generalized to a joint optimisation problem to estmate both parameter
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families in tandem, rendering the optimisation problem more ill-posed. The
presentation addresses the question, which parameters can be optimised,
given an observation network, in the context of atmospheric chemistry sim-
ulations, with emission rates as insufficiently known boundary values. The
method proposed is based on a Kalman smoother framework, identifying
singular vectors of sensitivity to observations, separately for initial values
and emission rates as boundary flow parameters. For the nonlinear reac-
tive flow maximal sensitivities are calculated by the Raleigh-quotient with
Oseledec-operator.

The One-Dimensional Modified Weyl-Berry Conjecture:
an Elementary Approach

Roland J. Etienne
Lycée Bel-Val, Belvaux, Luxemburg & University of Siegen, Siegen,
Germany
roland.etienne@education.lu

Let © be a bounded domain in R” with boundary €2 and consider the
eigenvalue problem:

—Au = Auin Q and u|sq = 0.

Its set of eigenvalues, 0 < A1 < X < ... < Ap < ... - each eigenvalue
being repeated according to (algebraic) multiplicity - is countable and we
can define the eigenvalue counting function as:

N(A) :=#{0 < A < A},

for a given positive A. The modified Weyl-Berry conjecture [1] for the asymp-
totics of the eigenvalues of the Laplacian on a bounded open subset of the
line then states that:

N(A) =771 [0l A2 + O(A2),

with |©2|; being the one-dimensional Lebesgue measure of Q and d € [0, 1]
the Minkowski dimension of the boundary. Proved in 1993 by M.L. Lapidus
and C. Pomerance [2], they incidentally discovered an interesting connection
with the Riemann hypothesis. A simplified proof may be found in [3].

Based upon techniques developed previously by the author [4, 5], it will
be shown how to obtain some of the key results on the one-dimensional
modified Weyl-Berry conjecture through elementary methods.
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Adjoint Development for Linear Advection Schemes in
ICON Model of the German Weather Service

Tamar Janelidze
I. Javakhishvili Thbilisi state University, Georgia
Juelich Research Center, Germany; takojanelidzel0@Qgmail.com

Ramaz Botchorishvili
I. Javakhishvili Thbilisi state University, Georgia;
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Among the most advanced and sophisticated methods for state analy-

sis of an atmospheric system, is 4-dimensional variational data assimilation
method (4D-var). The numerically challenging task of this approach is the
development and application of the adjoint model components. We aim at
developing adjoint solver for the linear advection equation in the German
Weather Servise’s ICON model, as a part of the variational data assimila-
tion. For the tracer accuracy of numerical schemes is vital. It is even more
important for applications in space-time variational data assimilation with
adjoint model version.
New approach for adjoint development by means of adding source term
is introduced. It has several benefits compared to the traditional adjoint
model building technique. The stability, convergence and accuracy of the
adjoint scheme is investigated. The method is successfully implemented in
the ICON model in the framework of 4d-var data assimilation. Numerical
test using both approaches are given and compared against each other.
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Asymptotic Properties of Solution and Difference Scheme
for One Nonlinear Integro-Differential Model

Temur Jangveladze

I. Vekua Institute of Applied Mathematics
of I. Javakhishvili Thilisi State University, Georgia
Georgian Technical University; tjangv@yahoo.com

Zurab Kiguradze

1. Vekua Institute of Applied Mathematics
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Georgian Technical University; zkigur@yahoo.com

The nonlinear integro-differential equations and their systems describe
various processes in physics, economics, chemistry, technology and so on. It
is doubtless that the study of qualitative and structural properties of the so-
lutions of initial-boundary value problems for those equations and systems,
construction and investigation of discrete analogues and the study of numer-
ical algorithms are very important. One type of integro-differential systems
arise, for instance, in mathematical modeling of the process of penetrating
of magnetic field into a substance. It is known that the mentioned process
is described by the system of Maxwell equations.

One nonlinear partial integro-differential model is considered in the pre-
sent study. The model is obtained by reducing of the above-mentioned
Maxwell equations to the integro-differential form. Initial-boundary value
problem with Dirichlet boundary conditions is considered. Asymptotic be-
havior as t — oo of solutions is studied. Rates of stabilization are given.
Stabilization and convergence of discrete analogs are proven. Wider classes
of nonlinearity are investigated than the ones studied earlier. Various nu-
merical experiments are carried out. Results of numerical experiments with
the corresponding graphical illustrations are given and compared to the the-
oretical ones.
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An Alternative Transient Analysis for Closed
Semi-Markov Queuing Systems

Revaz Kakubava
Georgian Technical University, Georgia, r.kakubava@gmail.com

Nino Svanidze
Batumi Shota Rustaveli State University, Georgia, n.svanize@gmail.com

In Mathematical Theory of Reliability and Queuing Theory (QT) it
is generally accepted, that the transient (time dependent) investigation of
closed Semi-Markov Queuing systems is the problem of first rate importance
[1-2].

The point is that time dependent investigation of Semi Markov systems
traditionally is considered to be a very difficult theoretical problem. Many
prominent experts have been involved in this matter although the results
are quite scarce [4].

At the same time, such investigation of the models often is very impor-
tant also for practical applications, particularly, in the problems of reliability
and dependability analysis [4, 5].

In this paper, unlike classical QT we offer a novel method for investiga-
tion of closed Semi-Markov queuing systems. To illustrate the method we
consider M/G/1/N model.

Using pure probabilistic argumentation, we prove the theorems here,
which, on one hand simplifies M/G/1/N queuing systems analysis using
supplementary variables method. On the other hand, it allows not using
partial differential equations system at all in non classical boundary value
problem of mathematical physics, and directly yields the systems solution
in terms of operational calculus.

Acknowledgment. The designated project has been fulfilled with the
financial support of the Shota Rustaveli National Science Foundation -
SRNSF (Grant # FR/312/4-150/14). Any idea in this publication is pos-
sessed by the authors and may not represent the opinion of the SRNSF
itself.
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Calculation of Plates and Shells with Ribs Rigidity by the
Finite Element Method

Gela Kipiani
Aviation University of Georgia,
Ketevan Tsamebuli Ave., 16, Thilisi, 0144, Georgia
gelakip@gmail.com

Seit Bliadze

In this talk, the development of the stages of calculating plates and shells
with stiffeners is described.It is noted that the theory of ribbed shells is one
of the most controversial and incomplete sections of the general theory of
shells.We consider shell calculations with longitudinal and transverse stiff-
eners by the finite element method. In the first embodiment, the stiffener
is considered as a beam end element. In the second case, the edges are ap-
proximated as thin-walled plates and, finally, in the third case, the edge is
represented as a three-dimensional finite element.A comparative analysis of
the theoretical and experimental results is given.

Examined is the ribbed shell of double curvature, whose dimension in
the plan is 565x 370mm, the distance between the longitudinal edges is
16 mm, the distance from the edge to the transverse rib is 120 mm, and
the distance between the transverse ribs is 340 mm. The thickness of the
longitudinal edges is 7 mm, the transverse ribs are 3.5 mm, the ribs height
is 26 mm, the thickness of the shell itself is 4.5 mm. Material: aluminum
alloy AK-4. Modulus of elasticity of material E = 7100 kgf / mm?, Poisson’s
ratiov = 0.3, the pressure on the surface of the shell is p = 0.0098 Mpa

Boundary conditions: two opposite narrow ends are fixed rigidly, and
the remaining edges are freely supported.

The shell modelFor the first case, the entire shell is modeled by six nodal
three-dimensional finite elements, in this case the maximum displacement
isw = 0.077mm, Fig.1 (In the center of the shell), and the equivalent stress
of von Mises equals1.035 kgf/mm?, Fig.2.
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Figure 1: Displacement Figure 2: Von Mises stress

In the second case, the base and ribs of the shells were modeled by 4-
node plate-like elements;Analysis showed that the maximum displacement
is in the center of the shell and is equal to w = 0 080mm (Fig.3), and the
equivalent stress of von Mises equals1.04kgf/mm?(Fig.4).

£=F S=F

Figure 3: Displacement Figure 4: Von Mises stress

In the third case, the base of the shell was modeled by 4-node plate
elements, and the edges by beam end elements. The analysis showed that
the maximum deflection is in the center of the shell and is equal to w =
0.0834mm(Fig.5),and the equivalent stress of von Mises equals1.271kgf/mm?,

(Fig.6).

re - a8y 4

Figure 5: Displacement Figure 6: Von Mises stress

For the fourth case, the shell is modeled by eight-node three-dimensional
finite elements, and the edges were modeled by beam end elements; In this
case the maximum deflection is w = 0.081mm, (In the center of the shell),and
the equivalent stress of von Mises equals1.06kgf/mm?.
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The experiments of these shells were carried out
on the basis of a certified BS EN ISO 9001 and
EN 9100 of JSC “TAM” Thilisi Aircraft Man-
ufacturing on the surface of the shell, the pres-
Figure 7: Experiment sure p=0,0098Mpa.

With the use of strain gauges, the movements in the center of the shell and
the stress at the fastening points were checked. The maximum displacement
was 0.75 mm, and the equivalent voltage was equal to 1.03 kgf / mm?.

On the Mathematical Model of Drug Treatment
of Rheumatoid Arthritis

Kakhaber Odisharia
St. Andrew Georgian University, Georgia, k.odisharia@gmail.com

Paata Tsereteli
St. Andrew Georgian University; paata.tsereteli@Qgmail.com
Vladimer Odisharia
[.Javakhishvili Thilisi State University, Georgia, vodisharia@yahoo.com
Nona Janikashvili
Thilisi State Medical University, Georgia, nonajanikashvili@Qgmail.com

The model-based investigation of diseases is a complex and evolving
field. We herein report about further development of the mathematical
model of immune mediated disorders. We improved our previously reported
model [3] by providing the treatment components. Model is implemented
for rheumatoid arthritis and toclizumab as a drug for its treatment.

Mathematical models of autoimmune diseases provide an analytic frame-
work in which we can address specific questions concerning disease immune
dynamics and the choice of treatment. Such models are actively reported in
the field of tumor immunology and immunotherapy by de Phillis et al [1, 2].
Improvement includes also estimation of model coefficients and the software
that solves the Cauchy problem for this system and visualizes the obtained
solution. Solutions can be obtained for the case of each individual patient to
decipher the disease progress and treatment effect. In our implementation
we used real data of disease progression and treatment of patients [4].
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On a Cyclically Symmetric Problem of Plate Bending
with Partially Unknown Boundary

Nana Odishelidze
1. Javakhishvili Tbilisi State University, Tbilisi, Georgia
nana.odishelidze@tsu.ge

The paper considers a problem of bending of an isotropic elastic plate,
bounded by a regular hexagon weakened with a required full-strength hole
whose symmetric axes are the regular hexagon diagonals. Rigid bars are
attached to each component of the broken line of the outer boundary of the
plate. This plate bends under the action of concentrated moments applied
to the middle points of the bars. The unknown part of the boundary is free
from external forces.

The formulas of Kolosov-Muskhelishvili [1] are used to investigate this
problem. Using the conformal mapping, the investigation of the problem is
reduced to a Riemann-Hilbert problem. The solution is written in quadra-
tures. Using the methods of complex analysis [3], the plate deflection and
required full-strength contours are determined [2]

t=w(éo), oe(—1,1) (1)

The conformal mapping function (1) is a generalization of Christoffel-
Schwarz This problem is both of mechanics and of geometry since the shape
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of a hole of a plate is required and the conformal mapping function is used
to define it.
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In the present article an anti—plane problem of the elasticity theory
for the composite (piece—wise homogeneous) orthotropic body weakened by
cracks, intersecting the interface (problem 1) or reaching it (problem 2) at
the right angle is studied. The studied problem is reduced to the singular
integral equation (when the crack reaches the interface) and system (pair)
of singular integral equations (when the crack intersects the interface) con-
taining an immovable singularity with respect to the unknown characteristic
functions of the cracks disclosure. Behavior of solutions in the neighborhood
of the crack endpoints is studied by the method of discrete singularity with
uniform division of an interval by knots. In both cases (crack intersects
and crack reaches to the interface ) the question of behavior of approximate

59



solutions are investigated. The corresponding algorithms are composed and
realized. The results of numerical investigations are presented.

A Nonlinear Equation for the Rectangular Dynamic Shell

Jemal Peradze
I. Javakhishvili Thilisi State University; Georgian Technical University,
Thilisi, Georgia, j_peradze@yahoo.com

From an initial boundary value problem for the system of nonlinear dif-
ferential equations, which describes the large deflection of a rectangular
shell, we obtain a nonlinear integro-differential equation for the transverse
displacement. This equation is analogous by its structure to the Kirchhoff
equation for a string [2], the Woinowsky-Krieger equation for a beam [4]
and the Berger equation for a plate [1], [3]. It is shown that after getting
the transverse displacement for finding the longitudinal displacements we
should solve the linear plane problem of elasticity.
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The Trial Version of the Georgian Universal Smart
Corpus, the Aims of Defence of Georgian and Abkhazian
Languages from the Danger of Digital Extinction, and the

Law of Georgia “On Official Language”

Konstantine Pkhakadze, Merab Chikvinidze, Giorgi Chichua,
David Kurtskhalia, Shalva Malidze
Scientific-Educational Center for the Georgian Language

Technology of the Georgian Technical University
gllc.ge@gmail.com, gllc.ge@gmail.com

At the presentation we will overview Georgian Intellectual web-corpus
(http://corpus.ge), which is elaborated on the basis of Pkhakadze’s Logi-
cal Grammar of Georgian Language in the Center for the Georgian Lan-
guage Technology of the Georgian Technical University and, also, we will
overview innovative Georgian language technology systems, which are al-
ready inbuilt in the corpus and already functioned in trial mode (see [2]
and, also: AR/122/4-105/14-17, geoanbani.com)

It must be also, underlined, that this already elaborated corpus, inspite
of the fact that it is only a trial version of the Georgian universal smart
corpus, is the only Georgian selfdeveloping, multimodal and multilingual
corpus, which as sub-corpus contains:

1. The largest and technologically most of all supported corpus of the
modern Georgian written language, by the existence of which the Georgian
language acquired much more safety from danger of digital extinction than
it was before when it was constructed.

2. The only was made abkhazian corpus, by the existence of which the
first important step toward defense of Abkhazian language from Danger of
digital extinction.

In addition to this, at the presentation, on the basis of the currently
existed low technological support of the Georgian Language and, also, on
the basis of the results of the research European languages in the Digital
Age done by META-NET (meta-net.eu), we will show a reality of the danger
of the digital extinction which the Georgian language is facing [1], [2]. We
will Also show that another state language of Georgia - Abkhazian language,
which is much more less technologically supported than Georgian, is under
the much more higher-level danger of the digital extinction.

Thus, the above mentioned makes clear the very high national value and
actuality of the law of Georgia “On Official Language” and, also, the oblig-
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atory necessity of its urgent activation. The thing is in the next: According
to the 37th Article of the Chapter X of this law, date of using of which is
22/07/2015, we have a state and national duty of the elaboration of the uni-
fied program of the official language, which, together with other also very
important topics, will contain also the topics, which will be related with
the problems of defend Georgian and Abkhazian languages from danger of
digital extinction in rapidly forthcoming digital age.
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Multi-Orientation Diffusion Schemes for Image
Reconstruction
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Tensor-based anisotropic diffusion has been widely used in computer
vision and image processing (see [2, 8] for overviews). It is a scale-space,
regularization, and image reconstruction technique and has been used for
many different applications including e.g. image inpainting, superresolution,
noise removal, or reduction of JPEG artifacts (see e.g. [6] and many others).

Here we construct and investigate similar tensor-based diffusion schemes
allowing to smooth along multiple orientations simultaneously. To do so, we
first look into how diffusion schemes can be derived from suitable energies or
cost functionals via calculus of variations. For anisotropic diffusion with a
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diffusion tensor as introduced by Weickert [7] no such energy is known. How-
ever, we propose an energy formulation based on a single-orientation data
model allowing to derive this type of anisotropic diffusion as a reasonable
approximation when minimizing the energy by gradient descent.

The energy term is a nice result by its own, and allows to transfer many
results derived for energy minimization methods to anisotropic diffusion.
E.g. one can use a richer set of learning methods to optimally parameterize
anisotropic diffusion, when an energy is available [1]. The energy can also
be used to give a theoretical justification for the combined optical flow and
denoising algorithm from [3]. Or one may use different solving strategies
based on the energy instead of simulating time evolutions due to diffusion.

Here, we use this energy formulation to derive novel diffusion-like schemes.
Construction of the energy is not restricted to the single orientation data
model leading to standard anisotropic diffusion, but other linear data models
may be plugged in instead. We demonstrate this using double-, and triple-
orientation models which we constructed from a single orientation model in
the same way as transparent motion models [5, 4] are constructed from single
motion or optical flow models. Exchanging the single orientation model in
our energy formulation by multi-orientation models results in diffusion-like
schemes suitable for reconstruction of multiply oriented structures.

We give examples for double- and triple-orientation diffusion including
discretizations and update schemes. Indeed, these schemes can reconstruct
richer image structures than standard anisotropic diffusion, e.g. crossing
lines or superimposed oriented patterns (cmp. the demonstration experi-
ment in Figure 1).

Experiments investigate filter kernels applied when using these schemes,
and their performance in image reconstruction applications like denoising
and image inpainting.
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Figure 8: Denoising of transparent rings. Top left: original, top right: noise
added, bottom left: reconstructed by anisotropic diffusion, bottom right:
reconstructed by double-orientation diffusion.
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Application of Symbolic Sequence Analysis to
Characterize Cyclic Variations in a Gasoline Engine
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Many systems show complex behavior like the presence of bifurcation
and deterministic chaos in their dynamics. The nonlinear dynamics of such
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system may have patterns that are predictable for short duration but not
for long duration. However, the patterns are often obscured by the noise.
The characterization of such dynamics is not possible using conventional
techniques like Fourier transformation. The present work discusses a tech-
nique which uses symbolic codes to extract information about such dynamic
system. It involves the conversion of a time series data into a series of dis-
cretized symbols, i.e., a high-resolution signal to low-resolution signal. The
raw data is partitioned into many bins, and each bin is allocated a symbol.
The short string of consecutive symbols are grouped to form a sequence
code. The length of the string in a sequence code is known as sequence
length. The sensitivity of this method to characterize experimental time se-
ries is dependent upon the length of sequence code and a number of bins into
which data is partitioned. Since the method involves coarse-graining tech-
nique, it is not affected by noise. On a symbol sequence histogram (SSH),
a stochastic signal or a signal having no temporal correlation are identified
with relative frequencies of sequence code lying close to 1/n” where n is
number of bins and L is the sequence length. The deterministic patterns
result in structured SSH with frequencies of such patterns showing spikes
on SSH.

The application of symbol sequence analysis is shown to be helpful in in-
vestigating the cyclic variability of a single cylinder gasoline engine. Cycle
dynamics is found to be stochastic at high engine loads with low cyclic vari-
ability. The frequency of deterministic patterns with close coupling between
consecutive cycles is determined to be high at low loads and lean mixtures
with high cyclic variability. The work suggests that nature of cyclic variabil-
ity ranges from completely stochastic to deterministic process superimposed
on the stochastic process; with prior-cycle or deterministic effects more no-
ticeable at low load and lean mixtures. The deterministic information in
cycle dynamics can be used to design a predictive controller, which uses the
knowledge of the current event, to predict the state of subsequent events
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On Nonlinear MEMS Statics and Dynamics
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The recent results on mathematical stability and pull-in analysis of
MEMS parallel-plate capacitors will be presented [1, 2]. Lumped-parameter
modeling with nonlinear restoring forces is used to establish some nonlinear
mass-spring systems for various cantilever beams of some nonlinear materials
subject to the standard constraints in MEMS applications. The nonlinear
materials considered are some common annealed metals and other materials
which can be modeled by the Hollomon’s nonlinear stress-strain constitutive
equations. The parameters in the corresponding nonlinear restoring forces
and the effective masses are presented based on extension of the Euler-
Bernoulli’s beam assumptions and the nonlinear stress-strain model for the
constraints.
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Facility Location for new Stone Crusher in Sarcheshmeh
Copper Mine with AHP and TOPSIS methods

Ali Bakhshian, Nima Mirzaei
Istanbul Aydin University, Florya, Istanbul, Turkey

This study offers an approach for dealing with prediction of the new
stone crusher in Sarcheshmeh copper mine. The most important property
of In-pit crusher is reducing the extraction costs. So it must be situated in
a place that operating costs of conveyor, trucks and the number of trucks
be at least. It is possible the various positions be better than others and the
factors of site selection choice are not in a direction, because the organized
and comprehensive study of possible places of In-pit crusher is necessary.
Multi-criteria decision method is used for ranking of waste in-pit crusher
site selection in Sarcheshmeh copper mine. The importance and sensitivity
of waste rock is less than ores but size distribution and the ability of load
and transport are the most important variables The main criteria in four
main groups of technical factors, costing factors, operating factors and en-
vironmental factors. Affecting parameters on In-pit crushing site selection
choice include. TOPSIS and AHP are used in this study as multi-criteria
decision making method. In ranking of crusher site selection, the west case
by 0.702 score in first rank, the south case by 0.613 as second rank, east
case as third by 0.508 score and the east as fourth rank by 0.383 score was
suggested.

AStudy of Algebraic Structure Involving Banach Space
through ¢-Analogue

Abdul Hakim Khan
Zakir Hussain Engineering College of Technology A.M.U., Aligarh, U.P.
INDIA, 202002, ahkhan.amu@gmail.com

The aim of the present presentation is to study the Banach Space and
Combinatorial Algebraic Structure of R.It is further aimed to study algebraic
structure of set of all g-extension of classical formula and function for 0 <
q < 1.

67



SATELLITE WORKSHOP
ON PRACTICAL AND THEORETICAL ASPECTS
OF CRYPTOGRAPHY AND INFORMATION SECURITY

Reducing Key Sizes in Rainbow: Partially
Hadamard-Rainbow
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In this talk, we propose to use partially Hadamard MDS matrices in
the invertible affine maps. Then, the key sizes of these affine maps can be
reduced significantly since we only need to store the first row of the matrix.
We call this a partially Hadamard-Rainbow.

Computing Square Roots in Prime Fields
via Singular Elliptic Curves

Sedat Akleylek
Department of Computer Engineering / Ondokuz Mayis University
akleylek@gmail.com

Barig Biilent Kirlar
Department of Mathematics / Siileyman Demirel University

barisbkirlar@gmail.com

There are many papers proposed for computing square roots in finite
fields having some applications in cryptography [1, 2, 3, 4, 5, 6, 7, 8, 9].
While the algorithms given in [6] and [8] are deterministic, the remaining
algorithms are probabilistic. In order to compute square roots in the finite
field IF,,, where p is a prime number, these algorithms use the properties
of finite fields, elliptic curves and second order linear recurrence sequence
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over F,. Compared to the most used algorithms Cipolla [2] and Tonelli-
Shanks [7], the algorithms proposed by Ozdemir [4] have higher probability
of success and efficient group operations on elliptic curves over [,

In this study, inspired by the work of Ozdemir [4], we give an example
of singular elliptic curves in the form E : y? = z(x — 5a)? over F, with
quadratic residue a to compute square roots in IF,. This is carried out by
computing 2P = (z3,y3) = (a,—4ay/a) for the non-singular point P =
(a,4a+v/a) of order 3 in E(F,). This stands for 2P = —P, and therefore P
and —P are the only points of order 3.
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On the Generalization of Linear-In-One-Argument Form
of Multivariate Polynomials for Post-Quantum
Cryptography
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In this paper, we propose efficient constructions based on multivariate
polynomials of degree d > 4 given in [1] as an open problem. The hardness
of this problem comes from the nonlinear terms in f(z +y) — f(z) — f(y).

Multivariate cryptography depends on solving systems of multivariate
quadratic (MQ) polynomials over a finite field. The system of MQ polyno-
mials is given as follows:

f(1)<$1; ey Tp) = ZZfi(jl) TTiTj o+ Zfi(l) T+ fél)

i=1 j=i i=1

f(z)(xb---;ﬂfn):ZZfi(jQ)'xixj + Zfz‘(Q)‘wi"‘f(gg)

i=1 j=i i=1

F @) = 3OS S A g,

i=1 j=i i=1

where the coefficients ( fi(f) and fi(k) for 1 < k < m) are in a finite field.
Then, the MQ problem, which is NP-hard, can be defined as follows:

Definition 1. Given m multivariate quadratic polynomials f(l)(x),...,
f™)(x) as shown in equation (1), find a vector X = (Z1,...,%,) such that

fOE) =...= f"(x)=0.

Its main security is relied on the hardness of solving nonlinear equations
over finite field [2]. The cryptosystems whose security relies on the MQ
problem are considered as quantum secure since there is no polynomial-time
algorithm that can be solved by the powerful quantum computers of the
future [3].

70



In the literature, identification scheme based on multivariate quadratic
polynomials as well as cubic ones have received interest. In [4], 3 and 5-
pass zero knowledge identification protocols based on multivariate quadratic
polynomials over a finite field were proposed. Then, in [5], these identifica-
tion schemes were improved in view of communication complexity by using
new dividing techniques with the help of bilinearity of a polar form of the
MQ function.

Let F(z) = (fi(z), fo(x), ..., fm(z)) € MQ(n,m,F,;) where n is the size
of the z and m is the number of polynomials. Then polar form G of the MQ
function is defined as G(z,y) = F(z +y) — F(x) — F(y). The function G
is bilinear since G(z,y) = Zij ay;,jTiyj + y;xj, where z,y are n—dimension
vectors. Let G : ArA — B, then, G(z + y,2) = G(z,2) + G(y, z), where
r,y € Aand z € B.

Note that this definition of polar form is defined for only M@ systems.
There is also a polar form for multivariate cubic polynomial systems. It is
difficult to control the terms in the opening because the number of terms
increases when higher-order functions are used. In this paper, we focus on
the generalization polar form for multivariate ¢-degree polynomials.

In Theorem 1, we introduce the function of degree d > 4 which is a
modified construction derived from the MQ.

Theorem 1. The generalization of linear-in-one-argument form for the
function of degree d > 4 is defined as follows: F(x +vy) = F(z) + G(z,y) +
G(y,z) + F(y), where x,y are n—dimension vectors, P is the permutation,

il ( : >P(x2—i,yi) if z is odd ;

d

z
Gloy) —a:y—i—z_: G-U (2 2—i i ( ’ ) Z—i i
=3[ 302 i P(z*"y") +zz‘:§ 5 P(x* " y")

if z is even .

and
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> i ( j > P(z%, y*~%) if 2z is odd ;

d

z
G(y,:r)—y;r:—kz G- [ = i i <Z> i i
z=3 Zi:1 i P(l’v?/ )+Zi:5 #P(‘II“JJ )

2

if z is even .

Example. Let d = 4. Then, multivariate quartic polynomials system F' is
in the following form:

F(z +y) = 30 k1 Wikt (TiTiThTe + YiYjUsle + TiljTuYe + TiTjypTe +
TiYj kTt + YiljTR Tt + TiZjYkYe + TilYThYt + TilYjYeTe + YilYj YTt + Yilj TrYe +
YijYkYe + TiYiYkYe + ViV ThTe + Yl jYkTe Yl iTrye) + D kg Oig ke (Tiyi e+
Yij T+ T Yk T YiT Yk T Yk ViV T+ T T YY) T2 Cig (i +
Yiy; + wiyj +xjys) + 2o dii(x + vi).

By using Theorem 1, the linear-in-one-argument form of F' is:

Gy =+ () P (1) Plasd) + 25 PEA. @)

P(22,y) computed in Equation 1 is the complement of P(x,%?) in view of
variables given in Equation 2, i.e., P(22,y) = P(z,y?). In a similar manner,
all permutations used in G(z,y) are selected as a complement of those used
in G(y,x).
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Internet of Things (IoT) offers a common communication paradigm for
all objects via the Internet and its protocols. It is being applied in all areas
of life, such as environmental monitoring, health-care, cities management,
industry and education. In addition, the growth of IoT and embedded and
wearable devices have widespread and beneficial effects on the way of im-
proving life quality and health-care. Powerful devices capable of sensing,
processing and exchanging data, new low-energy communication protocols,
big data and cloud systems it is obviously very important to use existing
security technologies for dealing with security issues.

On the other hand, the applications of Brainwave Computer Interface
(BCI) have the potential to improve the quality of life for disabled patients
and improvement of human thought concentration. Technology that allows
paralyzed people to use thought commands to manipulate computers already

73



exists. However, it is not practical for everyday use: the design is compli-
cated and messy, involving many wires and laboratory environments. The
Bio-Brain Signals designed for Internet of Thing is aiming to share the chal-
lenges resulting from the connectivity of both IoT and Human Bio-Signals
wirelessly, which will influence the future of everything — everywhere.

The security issue of the embedded devices with IoT are never easily pro-
vided, but with the increasing importance of security at development stages
and the use of analytics to monitor the devices and protect the network in
which the devices are located, it is necessary to prevent the attackers from
infecting low-power devices. Goals are more vital and important. The paper
will address these issues further by moving to a more systematic approach
to IoT security with more focusing on Human Interaction with IoT through
BCI.
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Cryptanalysis is the science of cracking codes and decoding secrets. It
is used to violate authentication schemes, to break cryptographic protocols,
and to find and correct weaknesses in encryption algorithms. This article
discusses modern cryptanalysis methods such as: Linear Differential Crypt-
analysis, the two most significant attacks applicable to symmetric-key block
ciphers.
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In this talk we consider the problem of cryptographic protocol verifica-
tion and analysis. Cryptographic protocol is used for secure communication
over the network by two or more agents. Cryptographic protocol verification
is a task, that determines whether the protocol is secure and can be bro-
ken by different kinds of attacks, like “men in the middle”, etc. We try to
model a cryptographic protocol in the Pplog system and show that it is not
vulnerable for attacks. We would like to mention, that it is an easier task
(decidable) to find out whether a protocol is vulnerable for attacks, than to
find an attack that breaks the protocol (not decidable in general).
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Let (, be a primitive m-th root of unity. A wv-periodic sequence a =
(ag,ai,...,ay—1,...) is an me-ary sequence if ag,a1,...,ap—1 € Epn =
{1,¢m,C2, ..., ¢™ 1} and an almost m-ary sequenceif ag = 0 and ay, . . ., Gy_1
€ En. For 0 <t < wv—1, the autocorrelation function Cgy(t) is defined by
Co(t) = Z;}:—ol a;a;1¢, where @ is the complex conjugate of a € C. An m-ary
or almost m-ary sequence a of period v is called a perfect sequence (PS) if
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Co(t) =0 forall 1 <t < wv—1. Similarly, an almost m-ary sequence a of
period v is called a nearly perfect sequence (NPS) of type « if Cy(t) =~y for
all 1 <t <wv—1. The existence cases of nearly perfect sequence of type =
for small |v| is considered in this study. Perfect sequences with small integer
~ values are used in many applications. Hence, we look for v, m and =,
for which a v periodic m ary nearly perfect sequence of type v exists. We
obtain many new nearly perfect sequences of type 7y, indeed we have some
sequences with very small |y|. Next, the relationship between a nearly per-
fect sequence and a cryptographic function is investigated. In cryptography,
secrecy is generally satisfied by using block ciphers which confuses a mes-
sage into a ciphertext via a nonlinear Boolean function. A nonlinear Boolean
function attaining the maximum nonlinearity is called a bent function. It is
known that a perfect sequence is equivalent to a cryptographic bent func-
tion. By using this equivalence, we convert a nearly perfect sequence into
a Boolean function. It is seen that one can find a highly nonlinear Boolean
function via a nearly perfect sequence of type v having very small |v| values.
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In general, there are different forms of trust to address different types of
network security problems and reduce risk in certain conditions. There are
a number of trust models applied by various cryptographic schemes, respec-
tively. This talk explores three of them: a) the web of trust employed by
Pretty Good Privacy (PGP) users using their own set of trusted public keys,
b) Kerberos, a secret key distribution scheme using a trusted third party, c)
certificates, which allow a set of trusted third parties to authenticate each
other and, by implication, each other’s users. Each of the above mentioned
trust models differs in complexity, scope, scalability and general applica-
bility. Which model of trust to apply in certain circumstances and types
of wireless networks is discussed in the given talk. It describes the major
security issues and their techniques of building trust model by monitoring
network behavior.
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Normal bases are widely used in areas such as cryptography, coding
theory and signal processing (see, for example, [1, 2]). They are practical
in implementing finite field arithmetic, especially in multiplication and ex-
ponentiation due to the structure of the finite fields. For implementation
purposes the chosen bases of the finite fields should have low complexities.
For some finite fields there exist special normal bases, optimal normal bases
and Gaussian normal bases, which have low complexities [3, 4]. But for
many others we do not have such bases.

k-normal elements were introduced in [5] by generalizing normal ele-
ments. They arise implicitly in constructing quasi-normal bases [6], which
is a class of [Fy-bases of F,» that offer efficient multiplication in finite fields.
These bases are useful when there is no optimal normal basis for a given
finite field and gaussian normal basis of this field have high complexity.

In this article, for some special values of n we give an explicit formula for
the number of k-normal elements of Fy» over F, where ¢ is a prime power.
For this case we use the properties of cyclotomic polynomials and composed
products of polynomials [1]. Note that previously this problem has been
considered for the case n = p™ for a positive integer m and a prime p [7].
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