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DIRECTIONS OF ACTIVITY:

o the development of the mathematical models, methods and algorithms for the
protection of the information networks;

o the development methods of the algebra and information theory for the
construction of the diagnostic built-in system;

e the study of limit behavior of solutions of non-autonomous non-linear evolution
equations, investigations of trajectory;

e attractors of partial differential equations, their structure and dependence on
parameters, constructions of integral manifolds with exponential tracing;

e source coding and data compression;

e the problem of asymptotically optimal universal coding to relative redundancy
creation;

e nonparametric estimation: adaptive estimation in partial linear models, statisti-
cal approach to some inverse boundary problems for partial differential equations,
applications of wavelets in nonparametric estimation;

e algorithmic information theory;

e codes with iterative decoding, code division multiple access (CDMA) systems;

¢ the development of asymptotic theory nonparametric statistic;

e analysis of systems with complex non-linearities (hysteresis, delays, round-off
and discretization effects);

e asynchronous systems;

e hybrid systems;

¢ oscillation theory, Hopf bifurcations, stability;

e network optimization.
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MAIN RESULTS

Combinatorial properties of block codes. The binary extended nonlinear perfect
codes of length 16, which can be obtained by generalized concatenated construction,
were considered and classified. All together there are exactly 285 non-equivalent
such codes. In particular, there is one such linear code with rank 11. There are 12
such Vasiliev's codes with rank 12, and there are 272 such codes with rank 13.

The coset weight distribution of arbitrary Goethals-like codes are considered. The
coset weight distribution is Found for cosets of weight 1, 2, 3, 5, and 6. The case of
cosets of the weight 4 is open. The weight distribution of such cosets is uniquely de-
fined by the number of words of weight 4.

The exact expressions for the number of code words of weight four of cosets of
weight four for Z_4-linear Goethals codes are obtained in terms of Kloosterman
sums. This gives some new results for Kloosterman sums over finite fields of charac-
teristic 2. In particular, several new identities for Kloosterman sums are obtained.

The Z_4-linear Preparata-like and Kerdock-like are investigated. The ranks and
the kernels of all these codes are found.

New classes of polynomials over finite fields are found for which the Module of the
trigonometric sum has maximal possible value. In particular, Some new classes of
polynomials are found for which the classical Weyl bounmd is exact.

The purpose of this work is to compute a character of a specific representation of
PGL(4) over a p-adic field. We relate it to the character of a representation of the
twisted endoscopic group GL(2)xGL(2) of PGL(4). This verifies a new and non-trivial
case of the Langlands program.

Global and trajectory attractors for non-autonomous evolution equations of
mathematical physics with rapidly oscillating terms were studied. Explicit estimates
were found for the deviation of the global attractor of equations with rapidly oscillating
terms from the global attractors of the corresponding averaged equations. Great et-
tantion was given to the cases when the averaged equation has the global attractor
of a simple structure, for example, it is a finite dimensional torus in the infinite dimen-
sional phase space. The obtained technique were applied to the study of global at-
tractors of 2D Navier-Stokes system with rapidly oscillating external force and to dis-
sipative hyperbolic wave equations.

The asymptotics of the epsilon-entropy of ellipsoids in the Hamming space is ob-
tained as the dimension of the space grows and some optimization problem con-
nected with such a problem is solved.

Necessary and sufficient conditions for the linear detector to be asymptotically op-
timal are given. In particular, it is shown that finding the asymptotically best linear de-
tector and the largest asymptotic efficiency represents a standard problem of convex
analysis in Euclidean space — finding the distance from a point to a convex set.

An effect of a very slow convergence rate in parameter estimation problems was
discovered (when Fisher information matrix degenerates).

The experimental results demonstrate that the probability of appearance of new
symbol (during the process of sequential encoding) depend on file to be encoded and
on the context. Therefore the implementation of the "fixed" expression for this prob-
ability can not be very successful. It means that it is reasonable to use the adaptive
estimation of the probability of appearance of new symbol. The adaptive approach is
well matched with the proposed matrix coding. It was noted that the joint matrix and
multialphabet coding with binary decomposition is the most promising.
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Exact analytical expression for decoding error probability of memory m=2 convolu-
tional (7, 5) code was derived. The result will be used for calculation of iterative limits
for turbo codes using as component codes convolutional (7, 5) codes.

Low rate superorthogonal turbo codes were studied. The iterative limits of these
codes was calculated and decoding simulation was done. It was shown that these
codes are effective in code division multiple access systems.

New method of downlink transmission from base station to mobile in CDMA sys-
tem is suggested. The method, called user coordination, increases number of users
two times.

The method of diagnosis of tree-like processor net is constructed with assumption
the probability of error extension is not equal to one.

Two simple constants for the mentioned constants are obtained with the proper-
ties: wan probability transfer the constants, then the truth of diagnosis is changed
jump-like.

The new proof of some lemma in coding theory is obtained.

Library of subroutines is implemented in DSP ADSP-21160 assembly language to
support front-end (signal level) of OFDM modems.

The syntax of Harvard architecture support is revised in the maintained since 1999
cross-development system (based on Oberon-2 translators to C) for 32 bit CPU and
for 16/32 bit DSP by the Analog Devices. The libraries were redeveloped accordingly
and library modules of OOC project were adopted.

Package of subroutines is developed for identification of the linear, time-
quasiinvariant models of the systems with pregnant woman electromiogramm as in-
put/output and foetus hart-rate as output/input. An analysis technique is described
that allows to detect and time localize feedback in those systems. A preliminary (for
the lack of sufficient statistical data) research allows one to count on the reliable rec-
ognition of certain birth throes types.

The study of various problems on bifurcations of cycles was continued. Theorems
on the existence of global continuous branches of cycles (from zero to infinity) based
on the information about the linear part and sector estimates of nonlinearities were
suggested for Andronov—Hopf bifurcations. We suggested methods to study bifurca-
tions in systems without smoothness, systems with approximately known nonlineari-
ties and with nonlinearities satisfying sector estimates. Algorithms for the analysis of
resonance situations with multiply degenerate linear part (with arbitrary multiplicity)
and for the study of delayed loss of stability in systems with constant linear part in
case of slowly changing parameters were developed. Theorems on degree of map-
ping in finite dimensional spaces with weak algebraic structure were obtained.

Problems on periodic oscillations in systems with complex hysteresis nonlinearities
were analyzed. New results were obtained about natural for such systems continual
sets of periodic regimes.

The new possibilities of applicability of split-hyperbolicity techniques and topologi-
cal degree theory, with applications to qualitative and numerical analysis of systems
with strong nonlinearities were studied. The following objectives were pursued and
accomplished: adaptation of hyperbolicity theory to study systems with non-smooth
nonlinearities; analysis of relationships between properties of hyperbolicity and split-
hyperbolicity; rigorous, computer aided, studies of chaotic behavior of dynamical sys-
tems playing fundamental roles in physics and economics such as: Lang—Kobayachi
type equations of semiconductor lasers with feedback, Korteweg-de-Vries type equa-
tions in fluid dynamics, and Kaldor type models of business cycle with hysteresis; de-
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signing low-cost control algorithms, based on split-hyperbolicity properties of the
model, for stabilizing chaotic systems on prescribed periodic regimes.

Plenty of non-trivial properties of homeomorphisms of the circle are known. Some-
times, continuity of a mapping of the circle may be restrictive in applications. There-
fore, it is necessary to solve the problem on distinguishing a class of mappings of the
circle retaining as many properties of homeomorphisms as possible while being
rather broad and containing not only continuous mappings. It was shown that discon-
tinuous order preserving mappings of the circle retain the majority of symbolical
properties of homeomorphisms of the circle and the corresponding symbolical se-
quences are Sturmian. New proofs of undefinability in o-minimal structures of the
problem on convergence, divergence or boundedness of infinite products of matrices
from a finite variety are obtained.

The research of infinite products of matrices drawn from a finite set in an arbitrary
order was continued, as well as of closely related problems of one-dimensional dy-
namics of systems with a discontinuous transition map. Another direction of research
was concerned with the dynamics of fluid models of queueing systems; the main at-
tention was paid to the uniqueness of solutions. To this end, new methods were de-
veloped involving chemical kinetics models and mathematical hysteresis operators
with variable characteristics.

Theoretical concepts of entropy were being applied to problems of robust control
in linear stochastic systems. In the domain of hybrid systems, a new acceleration-
based approach was explored. A new formalism for description of timed formal lan-
guages has been developed.

The homogenization problem for the random non-stationary parabolic operator has
been studied. It is shown that a solution of Cauchy problem converges in law. We
solve the basic fractional analogue of the classical finite time horizon linear-quadratic
Gaussian regulator problem. We have investigated the optimal filtering problem in the
linear system driven by fractional Brownian motions. The asymptotic stability of the
filter is analyzed. The statistical problem of estimation of the drift and variance pa-
rameters the fractional analogue of the Ornstein-Uhlenbeck process has been inves-
tigated.
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e NSF Grant (DMS-9971608): "Cooperative research in statistical estimation and
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systems".
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ferential operators and random processes in random media and the other asymptotic
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PUBLICATIONS IN 2002
Articles

1.  3uHoBbeB B.A., 3nHoBbeB [1.B. [1BOMYHbIE pacLUMPEHHbIE COBEPLLEHHbLIE KOAbI
ANvHBlL 16, NOCTPOEHHble 0606LWEeHHON KackagHoW KOHCTpykumen // Mpobnembl ne-
penaun nHgopmaumm. 2002. T. 38. Ne 4. C. 56-84.

2. Bbaccansbiro J1.A., 3nHoBbeB B.A. O MHOrouneHax Hag KOHEYHbIMU NOMAMU YeT-
HOW XapaKTepPUCTUKM C MaKCUManbHbIMU 3HAYEHUAMU MOAYNS TPUrOHOMETPUYECKOM
cyMmbl // MaTtemaTtudeckue 3ametkn. 2002. T. 71. Ne 2. C. 171-177.

3. Chepyzhov V.V, Vishik M.I. Attractors for Equations of Mathematical Physics //
Providence. R.l.: American Mathematical Society. Colloquium Publications. 2002. V.
49. 364 c.

4. Buwwuk M.W., Yenbirkos B.B. TpaektopHbIn 1 rnobanbHbin atTpaktopbl 3D cuc-
Tembl HaBbe-CT1okca // MaTtematuyeckune 3ameTkn. 2002. T. 71. Ne 2. C. 194-213.

5.  Chepyzhov V.V., Vishik M.I. Non-autonomous 2D Navier-Stokes system with a
simple global attractor and some averaging problems // ESAIM: Control, Optimisation
and Calculus of Variations. 2002. V. 8. P. 467-487.

6. Buwwnk M.WN., dugnep b. KonnyectBeHHoe ycpeaHeHne rnobanbHbIX aTTpakTo-
poOB rmnepbosiMyecknx BOSTHOBLIX YPaBHEHUN C ObICTPO OCLUNANPYHOWMMKN KO3dhdu-
uneHTamum // Yecnexn matemaTtudeckmx Hayk. 2002. T. 57. Bein. 4. C. 75-94.

7. Oywmep WU.WN., TnuHckep M.C., MNpenos B.B. OncunoH-aHTponua annuncovia B
X3MMUHroBoMm npoctpaHcTee // MNMpobnembl nepegaun nHdopmauumn. 2002. T. 38. Ne
1. C. 3-18.

8. [Oymep WU.WU., NMuuckep M.C., MNpenos B.B. OnTummnsaunoHHasn 3agada, cBs3aH-
Hasi C BbIYUCIIEHMEM 3MCUNOH-3HTPONUM INNUNCONLa B XAMMUHIOBOM MPOCTPAHCTBE
// Mpobnembl nepegayn nHpopmauymm. 2002. T. 38. Ne 2. C. 3-18.

9. bypHawes M.B., Amapu L. O6 oueHnBaHMM NIIOTHOCTM pacnpeneneHns ¢ oT-
HOCUTENbHOW 3HTPONMEN B KadecTBe KpuTepusa notepb // MNMpobnembl nepegaymn mH-
dopmaumm. 2002. T. 38. Ne 4. C. 85-112.

10



Institute for Information Transmission Problems

10. LWrapbkos KO.M. CoBMeCcTHOe MaTpuUyHOE yHUBepcalnbHOe KOoAMpOBaHWE Mo-
cnegoBaTenbHOCTEN HE3aBUCUMbIX cuMBOnoB // NMpobnembl nepegayn nHopmaumn.
2002. T. 38. Ne 2. C. 64-76.

11. Il'in A., Khasminskii R., Yin G. Asymptotic properties of solutions of parabolic
equations Arising from transient diffusions // Acta Mathematicae Applicatae Sinica.
2002. P. 115-129.

12. Araki S., Ganguly S., Izmailov R., Maeno Y., Suemura Y., Wang T. Hybrid
Cross-Connects and Hierarchical Optical Networks // NEC R&D Journal. 2002. V. 43.
No. 2. P. 133-140.

13. Araki S., Suemura Y., Nishioka |., Ishibashi O., Maeno Y., lzmailov R. Distrib-
uted Control Plane Technologies for Flexible and Reliable Optical Mesh Networks
and All-Optical Networks // NEC R&D Journal. 2002. V. 43. No. 2. P. 128-132.

14. Asarin E., Caspi P., Maler O. Timed Regular Expressions // Journal of the
ACM. 2002. V. 49. No. 2. P. 172-206.

15. Asarin E., Schneider G., Yovine S. Towards Computing Phase Portraits of-
Polygonal Differential Inclusions // In C.J. Tomlin and M.R. Greenstreet (Eds.) Hybrid
Systems: Computation and Control. LNCS 2289. Proceedings of Hybrid Systems:
Computation and Control (HSCC). Stanford, USA. Springer. 2002. P. 49-61.
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