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Institute for Information Transmission Problems

GENERAL INFORMATION

The Institute for Information Transmission Problems of the Russian Academy of
Sciences (lITP) was founded on the initiative of Professor A. A. Kharkevich (1909-
1965), full member of the USSR Academy of Sciences. It was designed to solve
problems bearing upon the progress of information theory and its applications, upon
the development of principles of integrated systems of information transmission and
distribution (the structures of communication networks and switching centers, the
problems of control, the teletraffic theory), and upon automatic pattern recognition
(reading machines, recognition of images, speech recognition). The formal birthday
of the Institute is December 29, 1961, the date when the decision of the Presidium of
the USSR Academy of Sciences entitled "On the reorganization of the Laboratory of
Information Transmission Systems into the Institute for Information Transmission
Problems" was issued. By the same decision, academician A. A. Kharkevitch was
nominated director of the Institute.

The first principal fields of research, initiated in the newly founded Institute, were
studies in the fundamentals of information and coding theory; formulation and devel-
opment of the concept of an integrated automated communication network; new ap-
proaches in pattern recognition theory; and new approaches in picture processing.
1963 saw the commencement of studies on information processes in living nature
after the laboratory of vision biophysics headed by Professor N. D. Nyberg (1899-
1967) was transferred to this Institute from the Institute of Biophysics of the USSR
Academy of Sciences.

After the decease of academician A. A. Kharkevitch, Professor V. |. Siforov, corre-
sponding member of the USSR Academy of Sciences, became the director of the In-
stitute and held this position since 1966 till 1989. Over these years a number of new
laboratories were organized — those of complicated information systems, digital
methods of information processing, digital optics, learning systems of behavior or-
ganization, computer linguistics, and communication networks.

At present the IITP's basic directions of research are the information theory and
applied mathematics, computer and communication sciences in technology, man-
agement, language, and living systems. Among the most important topics studied by
the Institute are problems of the theory of nonlinear analysis of complex systems,
multicomponent homogeneous random systems, information transmission, queuing
theory, coding and cryptography, pattern recognition and artificial intelligence, infor-
mation distribution and computer networks, the theory of linguistic communication
and linguistic processes (including machine translation), statistical methods of infor-
mation processing and control, the theory and methods of image processing (includ-
ing data compression), intellectual partner computing and information systems, in-
formation transmission and processing in living objects, sensory systems, motion
control in living systems and robotics.

The Institute is proud to have a stable staff of highly trained specialists and young
researchers, including mathematicians, physicists, biologists, linguists, programmers,
and engineers. In 2002, the Institute employed 322 staff members. Three of them are
full members of the Russian Academy of Sciences and 253 are research officers, in-
cluding 74 doctors of science (PhD habil.) and 134 candidates of science (PhD).
Some of our employees are honorary members of foreign academies, laureates of
Russian State Awards and international awards.
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In 2002, the Institute included 15 laboratories, 7 sectors, a scientific-organization
department, a Committee for Scientific Terminology in the Area of Fundamental Sci-
ences of RAS, and a number of auxiliary departments as well as the administration
department.

The financing sources in 2002 were: State budget (through The Russian Academy
of Sciences), grants from Russian State Programs (through The Russian Ministry of
Industry, Science, and Technology) and other funds (Russian Foundation for Basic
Research, International Association for the Promotion of Cooperation with Scientists
from the Independent States of the Former Soviet Union, INTAS, etc.), some applied
agreements.

The Institute offers post-graduate and post-doctoral courses for Russian and foreign
young researchers. A Research and Educational Association "Svyaz' — Informatika
(Communication and Informatics)" and V. V. Kalashnikov Educational and Research
Center for Controlling Information Processes are affiliated with the Institute. In 2002 nine
researchers won PhD and PhD habil. degrees.

The Institute's scientific potential was instrumental in giving rise to its collaboration
with the well-known universities and scientific centers of such countries as Australia,
Austria, Bulgaria, Canada, Czech Republic, Denmark, Finland, France, Germany,
Great Britain, Hungary, ltaly, Israel, Korea, The Netherlands, Slovak Republic, Swe-
den, Switzerland, USA, etc., in all more than 30 Agreements and contracts in 2002.

The Institute has founded and publishes two academic periodicals: "Problems of
Information Transmission" and "Automation and Remote Control", which circulate in
Russia and abroad. Since October 2000 the Institute was founded the electronic sci-
entific journal "Information Processes".

The Institute hosts nationwide and international conferences and workshops. In
2002 we organized the 8" International Workshop on Algebraic and Combinatorial
Coding Theory "ACCT-2002" (8-14 September 2002, Tsarskoe Selo, Russia); the In-
ternational Seminar on Applied Stochastic Models and Information Processes" (a
memorial seminar dedicated to the 60" anniversary of Vladimir V. Kalashnikov, 8-13
September 2002, Petrozavodsk, Russia); and the meeting devoted to the memory of
the corresponded member of the Russian Academy of Sciences A. L. Byzov (12 Feb-
ruary 2002, Moscow, IITP RAS).

On the basis of the Institute therewere formed The Information Theory Chapter of
IEEE in Russia and two scientific departments of The World Laboratory.

It is hoped that this annual report introducing the scientific activities and results of
the Institute in 2002 will assist other organizations to better understand the Institute
and also promote exchanges between our Institute and research institutions over-
seas.

IITP'S DIRECTIONS OF ACTIVITY AND RESULTS IN 2002

The directions of activity and results of 2002 (some abstracts and main publica-
tions) are presented according to the IITP's basic scientific structure (through labora-
tories).
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AWARDS IN 2002:

1. IITP RAS was awarded a Diploma of the 2"* Moscow International Salon of In-
novations and Investments for constructing a set of ophtnalmological tools, "Ameliya"
(Moscow, All Russian Exhibition Center, 6-9 February 2002).

2. IITP RAS was awarded a Gold Medal of the 2" Moscow International Salon of In-
novation and Investments for the development of the method of dipole electrocardio-
topography "DECARTO" (Moscow, All Russian Exhibition Center, 6-9 February 2002).

3. IITP RAS was awarded a Participant’s Diploma at the International Universal
Exhibition "Resources, Ideas and Technology — a Look at EXPO-2010" (Moscow, All
Russian Exhibition Center, 22-25 October 2002).

4. |ITP RAS was awarded a Diploma for the participation in the 1%' annual Exhibi-
tion "Medicine, Diagnostics, Prophylaxis, Treatment" (Moscow, 1-5 November 2002).
5. IITP RAS was awarded a Diploma of the All Russian Exhibition Center for the
development and implementation of the devices "KChSM-D" n "Raduga-3" designed
for diagnostics and prophylaxis of eye diseases on the basis of the Flicker Fusion
principles method (Moscow, All-Russian Exhibition Center, 1 November 2002).

6. IITP RAS and K.V. Golubtsov was awarded a Diploma and a Gold Medal of the
5th International Salon of Industrial Property, "Archimedes-2002" (Moscow, 27-31
March 2002) for constructing a device for optic nerve diagnostics, "Ameliya".

7. K.V. Golubtsov was awarded a Diploma and a Prize at the competition "Tech-
nology, the chariot of progress" organized by the editorial board of the "Inventor and
rationalizer" journal (Moscow, 28 January 2002).

8. E.A-l. Aidu., K. V. Golubtsov, O. Yu. Orlov, and V. G. Trunov were awarded a
Diploma of respect and acknowledgment for their activity in the organization and run-
ning of the 5™ International Salon of Industrial Property "Archimedes-2002" (Moscow,
27-31 March 2002).

9. K. V. Golubtsov with co-authors was awarded a Diploma for active participation in fo-
rums and a Medal for the device "Raduga-3" in the 1st Russian — Cypriot forum "Inventions
and scientific discoveries in the XXI century" (Cyprus, Nicosia, 24 May — 2 June 2002).

10. K. V. Golubtsov won a prize of the International universal exhibition "Resources,
ideas and technology — a look at EXPO-2010" (Moscow, All Russian Exhibition Center,
22-25 October 2002).

11. K. V. Golubtsov with co-authors were awarded two Gold medals in the 51st World
Exhibition of Inventions, Research and New Technology "Brussels-Eureka 2002" (Bel-
gium, Brussels, 3-11 November 2002) for the construction of a device of blood pressure
correction "Raduga-3" and an apparatus for diagnosing peritonitis.

12. K. V. Golubtsov was awarded a Gold medal and a Diploma of the International
Festival of Innovation, Knowledge, and Creation "Tesla fest 2002" (Yugoslavia, Novy
Sad, October 2002) for the construction of the "Raduga-3" device.

13. K. V. Golubtsov won a Silver Medal for constructing the "Raduga-3" in the Seoul In-
ternational Invention Fair 2002 — "SIIF 2002" (Korea, Seoul, 4-8 December 2002).
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LABORATORY 1

Laboratory of Information Transmission and Control Theory
Head of Laboratory — Full member of the Russian Academy of Sciences,
Dr.Sc. (Technology), Prof. Nikolai Kuznetsov

Tel.: (095) 209-42-25, (095) 299-83-54; E-mail: director@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Math.) M. Burnashev Dr.Sc. (Techn.) K. Zigangirov
Dr.Sc. (Math.) G. Golubev Dr.Sc. (Math.) V. Zinovjev
Dr.Sc. (Math.) R. Khasminsky Dr. E. Asarin
Dr.Sc. (Math.) A. Krasnosel'skii Dr. V. Chepyzhov
Dr.Sc. (Math.) V. Kozyakin Dr. V. Chernorutskii
Dr.Sc. (Math.) M. Malyutov Dr. R. Izmailov
Dr.Sc. (Math.) M. Pinsker Dr. M. Klepzina
Dr.Sc. (Math.) A. Pokrovskii Dr. G. Martynov
Dr.Sc. (Math.) D. Rachinskii Dr. A. Sheverdyaev
Dr.Sc. (Techn.) Yu. Sagalovich Dr. A. Skorobogatov
Dr.Sc. (Techn.) Yu. Shtarkov Dr. A. Vladimirov
Dr.Sc. (Math.) M. Vishik Dr. l. Vladimirov

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.

GRANTS FROM:

¢ Russian Foundation of Basic Research (No. 00-15-96116): program "Lead-
ing research schools", school by N. A. Kuznetsov.

¢ Russian Foundation of Basic Research (No. 00-01-00571): "Mathematical
methods of investigation and information stability of computer simulation of complex
nonlinear systems".

e Russian Foundation of Basic Research (No. 00-01-00266): "Probabilistic
methods in problems of transmission, protection and processing of information".

¢ Russian Foundation of Basic Research (No. 01-01-00146): "Periodic oscilla-
tions in control systems".

¢ Russian Foundation of Basic Research (Ne 02-01-00227): "Global attractors
for systems of equations of mathematical physics, theory of perturbation and averag-

ing".
¢ Russian Foundation of Basic Research (Ne 02-01-06577): grant for support
of young scholar.
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e NSF Grant (DMS-9971608): "Cooperative research in statistical estimation and
asymptotic analysis", in 1999-2002.

e Grant PRTLI-3: "Parallel and distributed computation techniques for modeling
and control of complex dynamical systems".

e Grant SC2000/138: "Mountain pass algorithm in analysis of complex nonlinear
systems".

e Grant RFBR et CNRS 00-01-22000a: "Homogenization and averaging of dif-
ferential operators and random processes in random media and the other asymptotic
problems with microstructure".

e Grant INTAS 99-00559 "Stochastic analysis and related topics".

e Grant INTAS 00-899 "Attractors for equations of mathematical physics".

e Grant CDFR 2343 "Attractors of evolution equations; their approximation and
homogenization".

¢ Australian Research Council Grant A 1002 7063: "Anisotropy-based meth-
ods for filtering and control in stochastic systems".

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.
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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.

16. Asarin E., Pace G., Schneider G., Yovine S. SPeeDI — a Verification Tool for
Polygonal Hybrid Systems // In: CAV'2002. LNCS 2404. Proceedings of Computer-
Aided Verification. Copenhagen, Denmark. Springer. 2002. P. 354-358.

17. Asarin E., Dang T., Maler O. The d/dt Tool for Verification of Hybrid Systems //
In: CAV'2002. LNCS 2404, Proceedings of Computer-Aided Verification. Copenha-
gen, Denmark. Springer. 2002. P. 365-370.

18. Asarin E., Schneider G. Widening the boundary between decidable and unde-
cidable hybrid systems // In: CONCUR'2002. LNCS 2421. Proceedings of Interna-
tional Conference on Concurrency Theory (CONCUR). Brno, Czech Republic.
Springer. 2002. P. 193-208.

19. Asarin E., Dima C. Balanced timed regular expressions // In: MTCS'2002. ENTCS
68. Models for Time-Critical Systems (MTCS). Brno, Czech Republic. 2002. No. 2.

20. Niebert P., Mahfoudh M., Asarin E., Bozga M., Jain N., Maler O. Verification of
Timed Automata via Satisfiability Checking. // In: FTRTFT'2002. LNCS 2469. Pro-
ceedings of Formal Techniques in Real-Time and Fault Tolerant Systems (FTRTFT).
Oldenburg, Germany. Springer. 2002. P. 225-244.

21. Diamond P., Vladimirov |. Set-valued Markov chains and negative semitrajecto-
ries of discretized dynamical systems // Journal of Nonlinear Science. 2002. V. 12.
No. 2. P. 113-141.

22. Diamond P., Kloeden P., Vladimirov |I. Mean anisotropy of homogeneous
Gaussian random fields and anisotropic norms of linear translation invariant opera-
tors on multidimensional integer lattices // CADSMAP Research Report 02-02. The
University of Queensland, Australia. 2002. (downloadable from
http://www.maths.uqg.edu.au/research/research centres/cadsmap/reports.html). P. 25.
23. Izmailov R., Ganguly S., Wang T., Suemura Y., Maeno Y., Araki S. Hybrid Hi-
erarchical Optical Networks // IEEE Communications Magazine. 2002. V. 40. No. 11.
P. 88-95.

24. Jak E., Vladimirov |I. Computing the distribution of polyanionic chains in binary
silicate melts on a basis of a random forest model // CADSMAP Research Report 02-
01. The University of Queensland, Australia. 2002. (downloadable from
http://www.maths.uqg.edu.au/research/research _centres/cadsmap/reports.html). P. 13.
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25. Kleptsyna M.L., Le Breton A. A Cameron-Martin type formula for general
Gaussian processes — A filtering approach // Stochastics and Stochastics Reports.
2002. V. 72. No. 3-4. P. 229-250.

26. Kleptsyna M.L., Le Breton A. Statistical analysis of the fractional Ornstein—
Uhlenbeck type process // Statistical Inference for Stochastic Processes. 2002. V. 5.
No. 3. P. 229-248.

27. Kleptsyna M.L., Le Breton A. Extension of the Kalman-Bucy filter to elementary
linear systems with fractional Brownian noises // Statistical Inference for Stochastic
Processes. 2002. V. 5. No. 3. P. 249-271.

28. Krasnosel'skii A.M., Mennicken R., Rachinskii D.l. Small periodic solutions gen-
erated by sublinear terms // Journal of Differential Equations. 2002. V. 179. P. 97-132.
29. Krasnosel'skii A.M., Rachnskii D.I. On a bifurcation governed by hysteresis
nonlinearity // Nonlinear Differential Equations and Applications. 2002. No. 9. P. 93-115.
30. Krasnosel'skii A.M., Mennicken R., Rachinskii D.I. Cycle stability for Hopf bifur-
cation generated by sublinear terms // Mathematische Nachrichten. 2002. V. 233-
234. P. 171-195.

31.  KpacHocenbckun A.M., PaunHckun [0.N. O cywecTtBOBaHMM LMKIOB B aBTO-
HOMHbIX cuctemax // Joknagbl PAH. 2002. T. 384. Ne 2. C. 161-166.

32. Krasnosel'skii A.M., Kuznetsov N.A., Rachinskii D.l. On resonant differential
equations with unbounded nonlinearities // Journal of Applied Analysis. 2002. V. 21.
No. 3. P. 639-668.

33. Vladimirov I., Diamond P. Justification of a uniform white-noise model for fixed-
point round off errors in digital systems // Automation and Remote Control. 2002. V.
63. No. 5. P. 753-765.

34. KysHneuoB H.A., Kynbba B.B., KoBanesckun C.C., KocsuyeHko C.A. Metoabl
aHanusa un cMHTe3a MoAyrbHbIX MHHPOPMALMOHHO-YNpaBnaoWwmx cuctem. — M.: duns-
matnut, 2002. 797 c.

35. KysHeuoB H.A., JTiobeukun B.A., YepHascknin A.B. K Bonpocy O NOHATUM WH-
dopmauunoHHoro B3ammopencteus, 3: PeueBon uHtennekt // Tpyabl IV MexayHa-
pogHon koHgepeHunn "lMpobremsl ynpaBrneHuss 1 MOLENUPOBaHUSA B CIOXHbIX CUC-
Temax" (r. Camapa, 17-23 ntonsa 2002 r.). C. 7-17.

36. bypkos B.H., Ky3Heuos H.A., Hosukos [.A. MexaHn3mbl yrnpaBneHusa B ceTe-
BbIX CTPYKTypax // ABToMaTtuka n tenemexanmka. 2002. Ne 12. C. 96-115.

In print

1. Borges J., Rifa J., Phelps K., Zinoviev V.A. On the rank and kernel of Z 4-
linear Preparata-like and Kerdock-like codes // IEEE Trans. on Information Theory.

2. Helleseth T., Zinoviev V.A. New Kloosterman Sum Identities over the Fields
GF(2*m) for all m // Finite Fields and Applications.

3. Helleseth T., Zinoviev V.A. On a new identity for Kloosterman sums and nonlin-
ear system of equations over finite fields of characteristic 2 // Discrete Mathematics.

4. 3uHoBbeB B.A., Xennecet T. O BecoBOM pacnpeneneHmm CMeXHbIX KnaccoB
kopoB Tuna Netanca // Npo6nembl nepegayn nHopmaumn.

5.  Flicker Y.Z., Zinoviev D. On the symmetrick square. Unstable Twisted Charac-
ters // Israel Journal of Mathematics.

6. Bwuwwnk M.U., YenbirkoB B.B. Konimoroposckasi ancunoH-aHTponNus B 3agavax o
rnobanbHbIX aTTpakTopax 3BOSIIOLMOHHBIX YpPaBHEHWUA MaTtemaTtuyeckon usmkn //
Mpobnembl nepegayn nHpopmaumm.
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7. bypHawes M.B. O6 onTumarnbHbIX fNMHENHbIX AEeTEeKTopax, acUMMNTOTUYECKOM
adpdpekTnBHocTn 1 HekoTopbix CDMA 3agavax // Npobnembl nepegayn nHdopmauun.
8. Awmapu W., bypHawes M.B. O HEKOTOPbIX CUHIYNSPHOCTAX B 3aavax OLEHKU
napametpa // Npobnemsbl nepegayn NHpopmaumn.

9. 3uraHrupos K.LU. Teopusi cBA3N C KOOOBbIM pa3fgeneHneM MHOXEeCTBEHHOro
poctyna // John Wiley-IEEE Press (MmoHorpadwus).
10. Khasminskii R., Liptser R. Tracking of a smooth regression function // Theory
Probab. and Applications.
11.  Khasminskii R., Yin G. On Averaging Principles: An Asymptotic Expansion Ap-
proach // SIAM Journal on Math. Analysis.
12. Chow P.-L., Khasminskii R., Ovseevich A. Optimal design and asymptotically
efficient estimation in some wave equations // Math. Methods in Statistics.
13. Blondel V. D., Theys J., Vladimirov A. A. An elementary counterexample to the
finiteness conjecture // SIAM Journal on Matrix Analysis.
14. Diamond Ph., Kloeden P., Vladimirov |I. Mean anisotropy of homogeneous
Gaussian random fields and anisotropic norms of linear translation invariant opera-
tors on multidimensional integer lattices // Journal of Applied Mathematics and Sto-
chastic Analysis.
15. Knenumna M.JI., MatHnukun AJ1. TNpobnema ogHOPOAHOCTM ANS CriyYanHbIX
HecTauMoHapHbIX napabonuyeckux onepatopos // Ycnexn Matematudeckux Hayk.
16. Kleptsyna M.L., Le Breton A., Viot M. New formulas around Laplace transforms
of quadratic forms for general Gaussian sequences // Journal of Applied Mathematics
and Stochastic Analysis.
17.  Kleptsyna M.L., Le Breton A., Viot M. About the linear-quadratic regulator prob-
lem under a fractional Brownian perturbation and complete observation // ESAIM P&S.
18. Kozyakin V.S., Kloeden P. Uniform nonautonomous attractors under discretiza-
tion // Discrete and Continuous Dynamical Systems.
19. Kozyakin V.S., Kloeden P. The inflation and perturbation of nonautonomous dif-
ference equations and their pullback attractors // Proceedings of ICDEA'2001. 2003.
20. Kozyakin V.S. A short introduction to asynchronous systems // Proceedings of
ICDEA'2001. 2003.
21. Krasnosel'skii A.M., Rachinskii D.l., Schneider K. Hopf bifurcations in reso-
nance 2:1. Nonlinear Analysis // Theory, Methods & Applications.
22. KpacHocenbckunn A.M., PauyuHckmin .M. O HenpepbiBHbIX BETBAX LUKMNOB B
cucTemax C HenmHeapmuayembiMu HeNMMHENHocTsMK // [loknagbl Akagemum Hayk.
23. KpacHocenbckunn A.M., PauuHckun O.. O6 ogHOM HenokanbHOM Mpu3Hake
CYyLLLECTBOBaHUSA LUKIOB CUCTEM C rmcTepesncom // ABToMaTtumka n TenemMexaHuka.
24. Krasnosel'skii A.M., Pokrovskii A.V. Remark on Rotation of Bilinear Vector
Fields // Preprint of the School of Mathematics. Applied Mathematics and Statistics.
National University of Ireland, University College. Cork, Ireland.
25. Krasnosel'skii A.M., Rachinskii D.I. On continuous branches of twice periodic
solutions of some PDE // Preprint of the School of Mathematics. Applied Mathematics
and Statistics. National University of Ireland, University College. Cork, Ireland.
26. Krasnosel'skii A.M., Rachinskii D.l. Remark on Hopf bifurcation theorem // Pre-
print of the School of Mathematics. Applied Mathematics and Statistics. National Uni-
versity of Ireland, University College. Cork, Ireland.
27. Krasnosel'skii A.M., Rachinskii D.l. On continuous branches of cycles for equa-
tions of higher order // Preprint of the School of Mathematics. Applied Mathematics
and Statistics. National University of Ireland, University College. Cork, Ireland.
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28. Krejci P., Vladimirov A. A. Polyhedral sweeping processes with oblique reflec-
tion in the space of regulated functions // Set-Valued Analysis.

29. Pokrovskii A, Rasskazov O. Method of the Topological Degree Theory in Bro-
ken Orbits Analysis // Proceedings of AMS.

30. Bondarenko V.A., Mustard T., Pokrovskii A.V. Combinatorial Problems Arising
in Chaotic Control // Mathematical Problems in Engineering.

31. Epuwos B.A., KysHeuos H.A. MynbTucepsucHble cetu. M.: nsg-so MBTY. 408 c.

Submitted

1. Flicker Y.Z., Zinoviev D. Twisted character of a small representation of PGL(4).
2. Blondel V.D., Theys J., Vladimirov A.A. Dynamical systems with eventually bal-
anced itineraries // Journal of AMS.

3. Bnaammmnpos A.A., Ocenegey B., Puibko A., XanuH K., XmeneB [1. Henunen-
Hoe 0606LeHne Teopemsbl NeppoHa // [Joknaabl AkageMmnn Hayk.

4. Cox E., Mortell M., Pokrovskii A., Rasskazov O. On chaotic and recurrent trav-
eling wave patterns in a periodically forced and extended KdV // Comm. Maths. Phys.
5. Izmailov R., Ganguly S., Kleptsyn V., Varsou A. Non-Uniform Wavebands
Hierarchy in Hybrid Optical Networks // Proceedings of IEEE INFOCOM 2003. San
Francisco.

6. Kossknn B.C. O HeonpeoennmocTn B O-MUHMMAIbHbIX CTPYKTypax KOHEYHbIX
HabopoB mMaTpuL, GECKOHEeYHbIE NPOM3BEAEHNSA KOTOPbIX CXOASATCH, pacxogaTcsa unm
OrpaHNYeHbI.

7. Kozyakin V.S. Sturmian sequences generated by discontinuous order preserv-
ing mappings of the circle.

8. Rachinskii D.l., Schneider K.R. Delayed loss of stability in systems with
degenerate linear parts // Journal of Applied Analysis.

9. KpacHocenbckun A.M., PaunHckun .. HenpepbiBHbIE BETBU LIUKINOB ypaBHe-
HWUI Bbicero nopsaka // AndpdepeHumnanbHble ypaBHEHNS.
10.  Krasnosel'skii A.M., Rachinskii D.l. On continuous branches of twice periodic
solutions of some PDE // Functional Differential Equations.
11.  Krasnosel'skii A.M., Rachinskii D.I. A remark on Hopf bifurcation // Mathema-
tische Nachrichten.
12.  PauunHckuin .. O ecTeCTBEHHbIX KOHTUHYYMax Nepuoanyecknx peLleHnn cuc-
TeM c ructepesncom // ABTomaTuka n TenemexaHuka.

Abstracts

1.  3uHoBbeB B.A., 3nHoBbeB [.B [1BOMYHbIE pacLUMPEHHbIE COBEPLUEHHbIE KOAbI
ANMHbI 16, NOCTpOEeHHble 0600 EeHHON KackagHOW KOHCTpyKumen // Tpyabl Bocbmoro
MEeXOyHapoaHOro cMMmnosnyma no arebpanyeckon m KoMOUHATOPHOM Teopuu Koau-
poBaHus. Poccus, Llapckoe Ceno, 8-14 ceHTtabpsa 2002 r.

2. 3uHoBbeB B.A., Puda Ox., boprec K., ®enbnc K. Z 4-nuHenHble koAbl Tuna
Mpenapata n tuna Keppoka // Tpyasl BocbMoro mexayHapogHoOro cumnosuyma no
arebpanyeckon n kKombuHaTtopHoun Teopun kogmpoaHusi. Poccus, Llapckoe Ceno, 8-
14 ceHTa6psa 2002 r.

3. 3uHoBbeB B.A. Koabl 'eTanca n cymmbl KnoctepmaHa Hag KOHEYHbIMU MOMsiMU
xapaktepuctukn 2 // 2-a MexagyHapogHas koHdepeHums: "Oblian Teopusi npeobpaso-
BaHWs MHdopMaummn n kombuHatopuka". Nepmanus, benedensa, 4-9 Hos6ps 2002 r.
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4. Dumer Ll., Pinsker M.S., Prelov V.V. On the Epsilon-Entropy of an Ellipsoid in
a Hamming Space // Proc. IEEE Intern. Symp. Inform. Theory. Lausanne, Switzer-
land, June 30-July 5, 2002. P. 463.

5.  Marat V.Burnashev, H. Vincent Poor, "A New Upper Bound on the Probability of
Error in Linear Multiuser Detection", Proceedings of the 2002 IEEE International Sym-
posium on Information Theory, Lausanne, Switzerland, June 30 — July 5, 2002, p. 493.
6. Khasminskii,R. Kalman-type Filters Approach for some nonparametric estima-
tion problems, Proceedings of Workshop on Stochastic Theory and Control, Law-
rence, Kansas, 2002.

7. Suranrmpos K.LLU., JleHtmarnep M., TpyxadeB [. AHanuTU4eCcKoe BblpakeHue
TOYHOW BEPOATHOCTU OWMOKM Ha BUT ceepToyHoro (7,5) kopa // Tpyabl MexayHa-
pPOAHOro cMMMnosnyma no Teopun nHopmauuu. JlozaHHa, Leenuapus, nons 2002 .
8.  3uranrupos K.UW., JleHTmanep M., Tpyxades [1. [1Ba nogxona K aHanuay KO4oB
C MariblM YMCMOM NPOBEPOK Ha YeTHoCTb // Tpyabl MexagyHapooHOro cumnosnyma rno
Teopumn nHdopmaunn. JlosaHHa, Lsenuapus, nonb 2002 .

9.  SuraHrupos K.W., JleHtmanep M., Tpyxayes [. ACMMNTOTUYECKUIN aHanun3 cy-
NepopTOroHasbHbIX CBEPTOYHbIX koaoB // Tpyabl MexayHapogHoOro cumnosnyma no
Teopumn nHdopmaumn. JlozanHa, LiBenuapus, nonb 2002 r.
10.  3uranrmpos K.LL., JleHtmanep M., Tpyxade [. O MMHMManNbHOM pPacCTOAHUN
Typbo-kogos // Tpyabl MexgyHapogHoro cumnosmyma no teopum nHgpopmaumn. Jlo-
3aHHa, Weenuapusa, nonb 2002 .

11.  3uranrmpos K.L., JleHTmanep M., TpyxadeB [. UTepaTnuBHO agekoaupyemble
cKomnb3dWwme Koabl Ha rpadax kogos // Tpyabl BOCbMOrO MeXxayHapo4HOro CMMMo-
3Myma no arebpaunyeckon n KombnHaTopHoOW Teopun koguposaHus. Poccus, Llapckoe
Ceno, 8-14 centabps 2002 r.

12. Biswas S., Ganguly S., Izmailov R. Path Provisioning for Service Level Agree-
ments in Differentiated Services Networks // IEEE ICC 2002. New York, USA. 2002.
13.  Fujita N., Enomoto N., Iwata A., Izmailov R. Coarse-Grain Dynamic Replication Schemes
for Scalable Content Delivery Networks // IEEE GLOBECOM. Taipei, Taiwan. 2002.

14. Ganguly S., Izmailov R., Wang T., Araki S., Maeno Y. Non-Uniform Wave-
bands and Hierarchical Optical Networks // NFOEC 2002. Dallas, USA. 2002.

15. lwata A., Enomoto N., Takagi K., Umayabashi M., Hidaka Y., Izmailov R.,
Cavendish D. Global Optical Ethernet Architecture as a Cost-Effective Scalable VPN
Solution // NFOEC 2002. Dallas, USA. 2002.

16. Iwata A., Fujita N., Izmailov R. Layer 7 Integrated QoS Routing Architecture for
Content Delivery Network // Communication Networks and Distributed Systems Mod-
eling and Simulation Conference. San Antonio, USA. 2002.

17. lwata A., Fujita N., Enomoto N., Izmailov R. Global Content Aware Switching
with Dynamic Selective Replication // 18" World Telecommunications Congress.
Paris, France. 2002.

18. Izmailov R., Araki S., Suemura Y., Maeno Y., Nishioka ., Ishibashi O., Ganguly
S. GMPLS for Hierarchical and Hybrid Optical Networks // MPLS 2002 International
Conference. San Francisco, USA. 2002.

19. Izmailov R., Ganguly S., Maeno Y, Suemura Y., Nishioka I., Araki S. All-Optical
Mesh Networks: Waveband Aggregation and Transmission Impairment Routing //
COIN/PS 2002. Cheju Island, Korea. 2002.
20. Izmailov R., Ganguly S., Wang T., Araki S., Maeno Y. Switching Performance
of Non-Uniform Wavebands in Hierarchical Optical Networks // OECC 2002. Yoko-
hama, Japan. 2002.
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21. Izmailov R., Kolarov A., Fan R., Araki S. Hierarchical Optical Switching: A
Node-Level Analysis // IEEE HPSR 2002. Kobe, Japan. 2002.

22. Izmailov R., Niculescu D. Flow Splitting Approach for Path Provisioning and
Path Protection Problems // IEEE HPSR 2002. Kobe, Japan. 2002.

23. Kleptsyna M.L., Le Breton A., Viot M. About the linear-quadratic regulator prob-
lem under a fractional Brownian perturbation and complete observation // 8" Vilnuis
Conference on Probability and Statistics. Vilnuis, Litva. 2002.

24. Krasnosel'skii A.M. On continuous branches of cycles // 2nd International Con-
ference on Functional Differential Equations and Applications. Beer-Sheba, Israel.
2002.

25. Rachinskii D.l. On periodic solutions of equations with hysteresis // 2nd Interna-
tional Conference on Functional Differential Equations and Applications. Beer-Sheba,
Israel. 2002.

26. Krasnosel'skii A.M., Rachinskii D.I. Continuous branches of cycles and Hopf bi-
furcations for equations non-linearizable at equilibria // International Conference on
Differential and Functional Differential Equations. Moscow, Russia. 2002.

27. Mortell M., Cox E., Rasskazov O., Pokrovskii A. Chaotic patterns of Traveling
Waves in Forced and Extended KdV // International Workshop on Relaxation Oscilla-
tions & Hysteresis. University College. Cork, Ireland. 2002.

28. Rasskazov O., Pokrovskii A. On a Model in Economic Dynamics // International
Workshop on Relaxation Oscillations & Hysteresis. University College. Cork, Ireland. 2002.
29. Pokrovskii A. Equation with hysteresis: what does it mean and why bother? //
Irish Mathematical Society Conference IMS. Cork, Ireland. 2002.

30. Suemura Y., Nishioka I., Maeno Y., Araki S., Izmailov R., Ganguly S. Hierar-
chical Routing in Layered Ring and Mesh Optical Networks // IEEE ICC 2002. New
York, USA. 2002.

31.  Vladimirov A.A. Unique solvability of fluid models for queueing networks //
Workshop on applied probability. Edinburgh, UK. 2002.
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SECTOR 1.1

Sector of Computer Logic in Information Processes
Head of the Sector — Dr.Sc. (Mathematics), Prof. Vassily Lyubetsky
Tel.: (095) 299-83-54, (095) 413-46-43, (095) 419-40-35; E-mail: lyubetsk@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Math.) A. Chagrov Dr.Sc. (Math.) N. Vereshchagin
Dr.Sc. (Biol.) M. Gelfand Dr.Sc. (Math.) V. V'yugin
Dr.Sc. (Math.) P. Golubtsov Dr. K. Gorbunov
Dr.Sc. (Math.) V. Kanovey Dr. A. Vitreschak

DIRECTIONS OF ACTIVITY:

e Construction of algorithms of reasonable complexity (quadratic, cubic) for
analysis of regulation on the DNA and RNA levels. Search for regulatory signals and
given patterns in genomic sequences, identification of conserved and alternative
RNA structures, and, in particular, analysis of attenuation-based regulation. Analysis
of complex interacting regulatory systems in a cell.

e Construction of acceptable-complexity (quadratic, qubic) algorithms for recon-
ciliation of protein phylogenetic trees. Application of these algorithms to construction
of species trees and analysis of evolutionary events such as horizontal transfer.

e Development of the concept of information interaction and effective description
of objects based on combining the theories: model completeness, descriptive set
theory, stochastic games with discrete time, modal logic, information transformers
categories, algorithmic complexity and randomness.

MAIN RESULTS

A new algorithm for identification of horizontally transferred genes was suggested
and implemented. The algorithm computes the dissimilarity between gene and spe-
cies trees and identifies the most offending gene in the tree. The algorithm was ap-
plied to clusters of orthologous genes (COGs).

The previously suggested algorithm for tree reconciliation was improved using
normalization of branch lengths and introduction of a weighting scheme for duplica-
tions and losses. A new species tree for forty microorganisms represented in COGs
was constructed.

The algorithm for identification of conserved RNA structures based on alignment of
half-stems was improved by accounting for conservation of sequence boxes. A pro-
cedure searching for such boxes by multiple alignment of given sequences was sug-
gested. The new algorithm takes into account energy parameters, pseudoknots and
other biological details. The identified structures are merged into a consensus struc-
ture using the technique of identification of dense subgraphs. The algorithm was suc-
cessfully tested on tRNA, RFN, T-box and S-box sequences, as well as simulated
sequence fragments.

A new algorithm was developed for identification of weakly conserved signails with
the cloverleaf topology.
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The algorithms were applied to the number of problems of comparative genomics
(joint work with Integrated Genomics, Inc.). This included description of structural
properties of protein-DNA recognition, analysis of evolution of regulons in bacterial
genomes, as well as studies of regulatory systems such as bacteriocin production,
SOS-response, purine biosynthesis, biosynthesis of vitamins such as riboflavin,
thiamin, and biotin.

It was shown that biosynthesis of riboflavin and thiamin is regulated by formation
of alternative RNA secondary structures, and the same structural mechanism acts on
different functional levels, attenuation (premature termination) of transcription and
ihibition of translation initiation. This prediction was subsequently confirmed by inde-
pendent experimental data. The THI-box pattern known to be involved in regulation
of thiamin-related genes was extended and applied to identification of new thiamin
regulon members such as thiamin transporters in the Bacillus/Clostridium group.

61 RFN elements were described in 49 bacterial genomes (in all taxonomic groups
excluding spirochaetes, mycoplasmas and rickettsiae); all of them occur upstream of
riboflavin biosynthesis and transport genes. Analysis of the topology and sequence
patterns of the RFN elements, together with construction of protein trees, allowed for
identification of several horizontal transfer events.

Analysis of the biotin regulon lead to identification of a regulatory signal common
to bacteria and archea; this is the first observation of this kind. We demonstrated that
conserved base pairs in regulatory signals form more contacts with recognizing pro-
teins and suggested a method for identification of amino acid residues responsible
for the specificity of recognition of DNA sites and ligands in large families of transcrip-
tion factors.

A new recognition rule for identification of T-boxes was constructed based on
comparative computer analysis of known examples. The search new T-boxes pro-
duced new biological results; this is the first attempt of complete characterization of a
global RNA-based regulatory system.

New attenuators in alpha- beta-and gamma-proteobacteria were identified using
analysis of RNA structures and other relevant features such as candidate leader pep-
tides, and relative positions of the Shine-Dalgarno boxes and start codons.

Complete analysis of the glycerol-3-phosphate regulons (GIpR repressor from the
DeoR family) in the genomes of proteobacteria leaded to identification new regulatory
signals that are palindromic in gamma-proteobacteria from the Enterobacteriaceae
and Pasteurellaceae families and tandem repeats in alpha- and beta-proteobactera.

A problem of influence of the players' knowledge level and its form on creating the
optimal strategies in games connected with stochastic dynamic systems with discrete
time (Nesh equilibrium) is studied. It was shown that additional information and fa-
vorable external conditions can have a negative impact on the game results. How-
ever, for the cooperative behavior of the players in the same situations both increase
of the knowledge and improvement of external conditions always lead to the players'
payoffs. Developed methods are implemented in computer algorithms.

The general properties of categories of information transformers (IT) were investi-
gated as a monoidal category of special kind. The key concept in construction of
such category as Kleisly category is a functor T that takes an object A to an object
TA of all "distributions on A", and a natural transformation which assigns an "inde-
pendent joint distribution" to a pair of "distributions". Necessary and sufficient condi-
tions for a derived Kleisly category to satisfy the axioms for a monoidal category of
ITs were obtained.
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There where studied measurement systems that are described by an integral
operator on a plane, which is invariant with respect to the group of motions on a
plane. The problem of construction of an optimum measurement-computer system
was studied. It was shown that adequate consideration of invariance reduces the
problem on a plane to a one-dimensional Fredholm equation on an interval.
Developed methods are implemented in computer algorithms.

Well known hypothesis: that fragments of the intuitionistic propositional logic de-
fined by limitation on the number of variables used are decidable by a polynomial al-
gorithm is refuted. This hypothesis was also formulated for standard modal logics
with PSPACE-complete problem of decidability. This hypothesis was also refuted for
modal logics, namely, it was proved that the condition of PSPACE—-completeness for
K, K4 logics are ensured by constant formulas, and for S4, Crz, GL logics — by formu-
las with one variable.

The complexity of decidability for modal logic of statements on consistency in for-
mal arithmetic (GLLin logic) with limitation on the number of variables is studied. It is
proved that its constant fragment is polynomial decidable, and one variable formulas
fragment have NP-complete problem of satisfability (unprovability).

The problem of reducibility of Borel and countably determined equivalence rela-
tions in nonstandard domains is studied. It is proved that reducibility relation between
such equivalence is determined by the relative rate of growth of confinal sequences
in initial segments which induce the monads. In particular, any two equivalence rela-
tions induced by countably confinal monads are comparable by Borel reducibility.

A generalization of Gilbert geometric form theorem on basis was obtained. The
sense of this generalization is in the replacement of the notion of "polynom" to more
general notion of "quasipolynom" from variables x4,x,...,Xx By quasipolynom we
mean a polynom from x4, xo,..., Xx and expressions F(x1), F(x2),...,F(xx), and also of
derivatives F'(x1),....F'(xi),....F”(x1),....F?(x). It is proved that for any infinite se-
quence S of quasipolynoms of x4,xa,...,Xx there exists such a number ¢ that for almost
all polynoms p=F(x) for any point a=<x4,xz,...,X,> either all polynoms in S(p) equal 0
in the point a or some polynom from S(p) having number not greater than c is not
equal to 0 in the point a (phrase “for almost all” means that for any polynom it is al-
ways possible to change its coefficients as little as possible so)

Well-known universal (for stationary ergodic sources) data compression algorithms
(for example Lempel-Ziv algorithms) have a property of asymptotic optimality. In par-
ticular, for almost every infinite data sequence generated by a source with unknown
statistics the average length of the code sequence on one bit of input sequence
tends to entropy of the source when the block-length tends to infinity. Non-
robustness property for such algorithms is proved in the case when ergodicity is vio-
lated. We used a notion of deficiency of randomness as a measure of dissimilarity
between probability distribution and data sequence. The robustness property for
more specific sources is proved: Lempel-Ziv algorithm is robust on any sequence
generated by Markov chains if the deficiency of randomness of this sequence grows
as o(n).

A theoretical ground for Minimum Description Length principle (MDL) was given.
Assume that we are given some data x (we may assume that x is a finite binary se-
quence). We want to find a best hypothesis explaining x. By definition a hypothesis is
a probability distributions on the set of all binary strings. Assume that the description
complexity of any explanation must not increase a given number a. MDL principle
suggests to define the best hypothesis as that minimizing the difference K(P)-
log_2(P(x)). It is proved (with P. Vytanyi) that this hypothesis is the best, i.e. it also
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minimizes the randomness deficiency of x with respect to P (among all hypothesis of
complexity at most a).

The a priori measure of any set is at least 2 to the power of minus complexity of its
implicit description. It is proved that an inverse inequality holds: the square of the
measure of any set is at most the same value. This was already known with the cube
in place of the square (Solovay's theorem).

The members took part as invited speakers at the conferences and schools:

— International Summer School in Functional Genomics "From Genome To Life.
Structural, Functional and Evolutionary Approaches", Cargese, Corsica, July, 2002.

— Modern Logik: theory, hystory and applications, Sankt-Petersburg, 2002.

— Fourth conference Advances in Modal Logic, Toulouse, 2002.

— Nonstandard methods and applications in mathematics. Pisa, ltaly, 10-16 June 2002.

— Logic Colloquium 2002, ASL European Summer meeting. Munster, Germany,
2002, August 3-10.

— Workshop on Descriptive Set Theory, Analysis, and Dynamical Systems. Fields
Institute, Toronto, Canada, 2002, Oktober 6-12.

— Fourth International Conference «Problems of control amd modelling in the
compex systems», Samara, 2002, June 17-23.

— The third international conference on bioinformatics of genome regulation and
structure, BGRS2002, Novosibirsk, Russia, 2002, July 14-20.

— Computational Learning Theory, Australia, Sydney, 2002, January.

International cooperation: Vuppertal (Germany), Bonn (Germany), Royal Holloway
College (London university), CWI (Amsterdam, The Netherlands), Provance univer-
sity (Marselle), Dagshtul (Germany), Vienna university (Austria), AstraZeneca (Bos-
ton), NCBI (Bethesda, USA), Int. Summer School (Cargese, France), MIT (Boston),
Lawrence Berkeley National Laboratory (Bepknu), Stanford University (CLUA).

GRANTS FROM:

e Ministry of Industry, Science and Technologies of Russian Federation
(No. 37.053.11.0061): "Models and algorithms of information interaction in genetics, lin-
guistics and colour vision". Inter-laboratories theme.
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16. Mirny L.A., Gelfand M.S. Structural analysis of conserved base-pairs in protein-
DNA complexes // Nucleic Acids Res. 2002. V. 30. No. 7. P. 1704-1711.

17. KotenbHukoBa E.A., lenbang M.C. Bbipabotka 6akTepuouuHoB [pam-
NONOXUTENBbHBIMU BaKTEPUAMN U MEXaHU3Mbl TPaAHCKPUNUMOHHOW perynsauum // Te-
HeTuka. 2002. T. 38. Ne 6. P. 758-772.

21


http://www.jip.ru/
http://www.jip.ru/

Activity Report 2002

18. Mirny L.A., Gelfand M.S. Using orthologous and paralogous proteins to identify
specificity determining residues bacterial transcription factors // J. Mol. Biol. 2002. V.
321. No. 1. P. 7-20.

19. Permina E.A., Mironov A.A, Gelfand M.S. Damage-repair error-prone poly-
merase of bacteria: association with mobile genome elements // Gene. 2002. V. 293.
No. 1-2. P. 133-140.

20. Baytalulk M.V., Gelfand M.S., Mironov A.A. Exact mapping of prokaryotic gene
starts // Briefings in Bioinformatics. 2002. V. 3. No. 2. P. 181-194.

21. bawntantok M.B., lNenbdang M.C., MupoHoB A.A. CpaBHUTENbHbIN NOAX04 K
YTOYHEHMIO HAa4an reHoB B NOJSHbIX GakTepuanbHbIx reHomax // buodmsmka. 2002. T.
47. Ne 2. C. 197-203.

22. PaBueeB [.A., lenbdang M.C, MupoHoB A.A., PaxmaHuHoBa A.B. [ypuHoBbIv
perynoH ramma-npoteobakrepuii. [letansHoe onucanune // NeHeTuka. 2002. T. 38. Ne
9. C. 1203-1214.

23. KotenbHukoBa E.A., N'enbdang M.C. Perynaumsi TpaHCKpunumMm B CUCTEME Bbipa-
6oTkM GakTepuoumHoB Streptococcus equi // FeHeTumka. 2002. T. 38. Ne 7. C. 911-915.
24. Rodionov D.A., Mironov A.A., Gelfand M.S. Conservation of the biotin regulon
and the BirA regulatory signal in eubacteria and archaea // Genome Research. 2002.
V. 12. No. 10. P. 1507-1516.

25. TllonyaktoBa E.Y., Xonbcannene C., NarapuHa E.1O., Nenbdang M.C., bpoH C.,
MposopoB A.A. Hanuuue reHetnyeckoro MobunbHoro anemeHta ISBsu2 n3 kpuntu-
Yyecko nnasmumabl B Xpomocome psaga wrammoB Bacillus subtilis // Ooknagbr PAH.
2002. T. 386. Ne 4. C. 552-554.

26. HyptauHoB P.H., MupoHoB A.A., enbdang M.C. KoHcepBaTuBeH nn anbTep-
HaTMBHbIA CMNNAWCUHI reHoB Mnekonutarowmx? // buodusmka. 2002. T. 47. Ne 4. C.
197-203.

27. Gelfand M.S., Laikova O.N. Prolegomena to the evolution of transcriptional
regulation in bacterial genomes // Functional Genomics Series, Caister Aca-
demicPress, V. 3: Frontiers in Computational Genomics, Galperin M.Y and Koonin
E.V., eds. 2003. P. 195-216.

28. Permina E.A., Gelfand M.S. Regulation of the heat-shock response of B-, y- e-
proteobacteria // Proc. RECOMB 2002, Washington DC, USA, April 2002. P. 150-151.
29. Vitreschak A.G., Panina E.M., Rodionov D.A., Mironov A.A., Gelfand M.S.
Comparative analysis of RNA regulation in bacterial genomes // 2002. Proc. Meeting
of Howard Hughes Medical Institute International Research Scholars, Palm Cove,
Australia, June 2002. P. 89.

30. Vitreschak A.G. Computer analysis of regulation of genes encoding aminoacyl-
tRNA synthetases and amino acid biosynthetic proteins in Gram-positive bacteria: T-
box RNA regulatory element. Prediction of regulation of new genes including amino
acid transporters // Proc. Int. Summer School “From Genome to Life”. Structural,
Functional and Evolutionary Approaches, Cargese, Corsica, France, July 2002. P.
57-58.

31.  Nurtdinov R.N., Artamonova I.l., Mironov A A., Gelfand M.S. Are patterns of al-
ternative splicing of mammalian genes conserved? // Proceedings of the third Inter-
national Conference on Bioinformatics of Genome Regulation and Structure,
BGRS’2002, Novosibirsk, Russia, July 14-20, 2002. V. 3. P. 36-39.

32. Sutormin R.A., Rakhmaninova A.B., Gelfand M.S. BATMAS30 — the amino
acid substitution matrix for alignment of bacterial transporters // Proceedings of the
third International Conference on Bioinformatics of Genome Regulation and Struc-
ture, BGRS’2002, Novosibirsk, Russia, July 14-20, 2002. V. 3. P. 90-92.

22



Institute for Information Transmission Problems

33. Kalinina O.V., Makeev V. Ju., Sutormin R.A., Gelfand M.S., Rakhmaninova
A.B. Rare residues form the chanel in transmembrane transporter proteins // Pro-
ceedings of the third International Conference on Bioinformatics of Genome Regula-
tion and Structure, BGRS’2002, Novosibirsk, Russia, July 14-20, 2002. V. 3. P. 100-
103.

34. Sadovskaya N.S., Sutormin R.A., Rakhmaninova A.B., Gelfand M.S. Bench-
marking of programs for recognition of transmembrane segments in transporter pro-
teins // Proceedings of the third International Conference on Bioinformatics of Ge-
nome Regulation and Structure, BGRS'2002, Novosibirsk, Russia, July 14-20, 2002.
V. 3. P.115-116.

35.  Novichkov P.S., Gelfand M.S., Mironov A.A. Mutation rate of ribosomal pro-
teins and the 3D structure of the small ribosomal subunit // Proceedings of the third
International Conference on Bioinformatics of Genome Regulation and Structure,
BGRS’2002, Novosibirsk, Russia, July 14-20, 2002. V. 3. P. 174-176.

36. Novichkov P.S., Gelfand M.S., Mironov A.A. Relative mutation rate of bacterial
proteins and prediction of the distance between orthologous genes // Proceedings of
the third International Conference on Bioinformatics of Genome Regulation and
Structure, BGRS’2002, Novosibirsk, Russia, July 14-20, 2002. V. 3. P. 177-180.

37. Gerasimova A.V., Rodionov D.A., Mironov A.A., Gelfand M.S. FNR/DNR/ANR-
regulon in gamma-proteobacteria // Proceedings of the third International Conference
on Bioinformatics of Genome Regulation and Structure, BGRS’2002, Novosibirsk,
Russia, July 14-20, 2002. V. 2. P. 19-20.

38. Kotelnikova E.A., Gelfand M.S. Transcriptional regulation of a novel bacterio-
cin-producing system in Streptococcus equi // Proceedings of the third International
Conference on Bioinformatics of Genome Regulation and Structure, BGRS’2002,
Novosibirsk, Russia, July 14-20, 2002. V. 2. P. 23-25.

39. Panina E.M., Vassieva O., Gelfand M.S., Overbeek R. Prediction of new en-
zyme involved in peptidoglican recycling // Proceedings of the third International Con-
ference on Bioinformatics of Genome Regulation and Structure, BGRS’2002, No-
vosibirsk, Russia, July 14-20, 2002. V. 2. P. 29-31.

40. Permina E.A., Gelfand M.S. Regulation of the heat shock response of -, y-
and e-proteobacteria // Proceedings of the third International Conference on Bioin-
formatics of Genome Regulation and Structure, BGRS'2002, Novosibirsk, Russia,
July 14-20, 2002. V. 2. P. 35-37.

41. Ravcheev D.A., Gelfand M.S., Mironov A.A., Rakhmaninova A.B. The purine
regulon of gamma-proteobacteria // Proceedings of the third International Conference
on Bioinformatics of Genome Regulation and Structure, BGRS’2002, Novosibirsk,
Russia, July 14-20, 2002. V. 2. P. 38-39.

42. Rodionov D.A., Mironov A.A., Gelfand M.S. Computational analysis of the bio-
tin regulon in bacterial genomes // Proceedings of the third International Conference
on Bioinformatics of Genome Regulation and Structure, BGRS’2002, Novosibirsk,
Russia July 14-20, 2002. V. 2. P. 40-43.

43. Kazakov A.E., Vassieva O., Gelfand M.S., Osterman A., Overbeek R. Bioin-
formatics analysis of phoH function and regulation in Actinobacteria // Proceedings of
the third International Conference on Bioinformatics of Genome Regulation and
Structure, BGRS’2002, Novosibirsk, Russia, July 14-20, 2002. V. 1. P. 20-22.

44. Favorov A., Gelfand M.S., Mironov A.A., Makeev V. Yu. Yet another digging for
DNA motifs Gibbs sampler // Proceedings of the third International Conference on
Bioinformatics of Genome Regulation and Structure, BGRS’2002, Novosibirsk, Rus-
sia, July 14-20, 2002. V. 1. P. 31-33.

23



Activity Report 2002

45. Baytaluk M.V., Gelfand M.S., Mironov A.A. Exact mapping of prokaryotic gene
starts // Proceedings of the third International Conference on Bioinformatics of Ge-
nome Regulation and Structure, BGRS’2002, Novosibirsk, Russia, July 14-20, 2002.
V.1.P.113-115.

46. Neverov A.D., Gelfand M.S., Mironov A.A. Gene prediction in genomic DNA of
Aspergillus // Proceedings of the third International Conference on Bioinformatics of
Genome Regulation and Structure, BGRS'2002, Novosibirsk, Russia, July 14-20,
2002. V. 1. P. 116-118.

47. Paskhin A.l.,, Ramensky V.E., Gelfand M.S., Makeev V.J. Identification of cod-
ing regions in genomes of lower eukaryotes by compositional segmentation of com-
plete genomes // Proceedings of the third International Conference on Bioinformatics
of Genome Regulation and Structure, BGRS2002, Novosibirsk, Russia, July 14-20,
2002. V. 1. P. 119-121.

48. Butpewak A.I'. KomnbioTepHoe npeackasaHue perynatopHbix cantoB MPHK.
AHanus perynsauum aKkcnpeccumn reHoB BUocnHTE3a aMMHOKUCIOT U FeHOB, KOOUPYHOLLMX
TPHK-cMHTEeTasbl B rpaMm-nonoxuTenbHblix 6aktepusax // QneKTPOHHbIN HayYHbIN XXyp-
Han "MHdopmaumoHHble npouecckl”. 2002. T. 2. Ne 1. C. 91-95 (http://www.jip.ru).

49. [Janunosa J1.B., lenbgaHg M.C. Tounck perynatopHbIX cCaMToB B rpyrnnax op-
TONOMMYHbIX FEHOB raMma-npoTeodakTpui // DNEKTPOHHbIN HayYHbIA XypHan "WUH-
dopmauuoHHble npouecchl”. 2002. T. 2. Ne 1. C. 59-61. (http://www.jip.ru)

50. Danilova L.V, Gelfand M.S. Search for regulatory signals in groups of ortholo-
gous genes of gamma-proteobacteria // Proceedings of the third International Con-
ference on Bioinformatics of Genome Regulation and Structure, BGRS’2002, No-
vosibirsk, Russia, July 14-20, 2002. V. 2. P. 21-22.

51. Lyubetsky V.A. First projective sets, AE-prefix and quantifiers elimination // Ab-
stracts of International conference Mathematical Logic, Algebra and Set theory dedi-
cated to the 100-th anniversary of P.S. Novikov, August 27-31 2001, Steklov Mathe-
matical Institute RAS, Moscow, 2001, P. 27.

52.  Vyugin M.V., V'yugin V.V. Predictive complexity and information //Proceedings
Fifteen International Conference on Computational Learning Theory — COLT'02, Lec-
ture Notes on Artificial Intelligence. 2002. V. 2375. P. 90-104.

53. V'yugin V.V. Does snooping help? // Theoretical Computer Science. 2002. V.
276. P. 407-415.

54. V'yugin V.V. Suboptimal measures of predictive complexity for absolute loss
function // Information and Computation. 2002. V. 175. P. 146-157.

55.  Vyugin M.V., V'yugin V.V. On complexity of easy predictable sequences // In-
formation and Computation. 2002. V. 178. P. 241-252.

56. Yarpos A.B. K Bonpocy 06 obpaTtHon matemaTnke moganbHomn noruku // Jlorn-
yeckue nccnegoBaHus, Boinyck 8. M.: Hayka, 2001. C. 224-243.

57. Yarpos A.B. [okasatenbctBo opHon Teopembl Kpunke // Tpyabl HayyHO-
nccrnenoBaTesibCkoro cemmHapa Jlormyeckoro ueHTtpa UHctutyta domnocogpum PAH.
Bein. XV. M.: 2001, C. 113-119.

58. Yarpoe A.B., Yarposa J1.A. Anroputmuyeckasa npobrnema nepBonopsiaKkoBOW
onpeaenuMoCcT UHTYUMUMOHUCTCKUX (POPMYN Ha KOHeuYHbIX wkanax Kpunke // Poc-
CUACKOM MaTeMaTuke — TpucTa net. MaTtepuanbl OMNEenHon Hayd. KOHd. TBepb:
TBep. roc. yH-1, 2002. C. 115-120.

59. Yarpos A.B. CynepuHTYMUNOHUCTCKNE NOMMKN, KOHCEPBATUBHBIE OTHOCUTESb-
HO ©e3bIMNIIMKaTUBHBIX PParMEHTOB MHTYMLMOHUCTCKOW norukun // Poccuinckon ma-
TemaTuke — TpucTa net. Matepuanel 10OMnenHon Hayd. koHo. TBepb: TBep. roc. yH-
T, 2002. C. 121-126.

24



Institute for Information Transmission Problems

60. Chagrov A.V., Chagrova A.A. Normal modal logics with (in)finite sets of non-
equivalent modalities // Poccuiickon matematuke — Tpucta net. Matepuanbi obu-
nenHon Hayd. koH®. TBepb: TBep. roc. yH-T, 2002. C. 127-1309.

61. PoibakoB M.H., YarpoB A.B. MopganbHble ¢opmynbl 6€3 nepemMeHHbIX W
PSPACE-nonHoTta // CoBpeMmeHHasa noruka: npobnembl Teopun, NCTopun U npume-
HeHna B Hayke. Matepuanbl VII Obwepoccunckon HaydHom KoHdpepeHumn. Cnb,
2002. C. 498-500.

62. Kanovei V.G., Reeken M. New Radon-Nikodym ideals // Mathematika. 2002. V.
47. P. 219- 227.

63. Kanovei V.G., Reeken M. Borel and countably determined reducibility in non-
standard domain //Front for the Mathematics Arxiv, Preprint math.LO 0202290, 34
pp. http:// front.math. ucdavis.edu/math.LO/0202290

64. Kanovei V.G. Some new results in Borel irreducibility of equivalence relations.
/ Nonstandard methods and applications in mathematics. Pisa, Italia, 2002, P. 1.

65. Kanovei V.G., Reeken M. Borel and countably determined reducibility in non-
standard domain //Logic Colloquium 2002, ASL European Summer meeting. Mun-
ster, Germany, 2002, P. 38-39.

66. Kanovei V.G. Reducibility of equivalence relations in "hyperfinite" descriptive set
theory. Abstract. // Workshop on Descriptive Set Theory, Analysis, and Dynamical Sys-
tems. Fields Institute, Toronto, Canada, 2002. http://www.fields.utoronto.ca/programs/ sci-
entific /0203/ settheory/ workshop1 / abstracts.html#kanovei.

67. Vereshchagin N. and Vitanyi P. Kolmogorov's Structure Functions with an Ap-
plication to the Foundations of Model Selection // Proc. 47th IEEE Symposium on
Foundations of Computer Science (FOCS’02), 2002, P. 751-760.

68. Chernov A.V., Skvortsov D.P., Skvortsova E.Z., Vereshchagin N.K. Variants of
Realizability for Propositional Formulas and the Logic of the Weak Law of Excluded
Middle // Proc. of the Annual Symposium on Computer Science Logic, Edinburgh,
Scotland, UK, September 22-25, 2002, P. 74-88.

69. Shen A., Vereshchagin N. Logical operations and Kolmogorov complexity //
Theoretical Computer Science. 2002. V. 271. P. 125-129.

70.  Vereshchagin N. Kolmogorov Complexity Conditional to Large Integers // Theo-
retical Computer Science. 2002. V. 271. P. 59-67.

71.  Vereshchagin N., Vyugin M. Independent minimum length programs to translate
between given strings // Theoretical Computer Science. 2002. V. 271. P. 131-143.

72. Romashchenko A., Shen A., Vereshchagin N. Combinatorial interpretation of
Kolmogorov complexity // Theoretical Computer Science. 2002. V. 271. P. 111-123.
73. Tony6uos N.B., Ctapukoa O.B. YueT nuHBapnaHTHOCTM B 3agaye KannbpoBku
WHBapUaHTHbIX U3MEePUTENbHO-BbIYUCIIUTENbHBIX cucTem // MaTtemaTudeckoe mopge-
nuposanue. 2002. T. 14. Ne 4. C. 45-56.

74.  Golubtsov P.V., Moskaliuk S.S. Method of Additional Structures on the Objects
of a Monoidal Kleisli Category as a Background for Information Transformers. Had-
ronic Journal. 2002. V. 25. No. 2. P. 179-238.

75. Golubtsov P.V. Monoidal Kleisli Categry as a Background for Information
Transformers Theory // OneKTPOHHbLIN HayYHbIA XypHan "WHdopmaumoHHbIe
npoueccol”. 2002. T. 2. Ne 1. C. 62-84 (http://www.jip.ru).

25


http:// front.math/
http://www.fields.utoronto.ca/programs/ scientific /0203/ settheory/ workshop1
http://www.fields.utoronto.ca/programs/ scientific /0203/ settheory/ workshop1
http://www.jip.ru/

Activity Report 2002

In print

1. Tony6uos I.B., Jllobeuknn B.A. CToxacTuyeckme AnMHaAMUYECKNE UIPbl C WH-
dopmaumen pasnuyHoro Tuna // Npobnemsl nepegayn nHgpopmaumn. 2003, 32 c.

2. Bbtornn B.B., 'enbdaHg M.C., Jliobeuknn B.A. NaeHTudmkaums ropnsoHTanb-
HO MepeHeceHHbIX FTeHOB Ha OCHOBe durioreHeTndecknx aaHHblx // MonekynapHas
6uornorusa. 2003.

3. KysHeuoB H.A., Jllobeukmn B.A., YepHaBckun A.B. MHdopmaumoHHble B3au-
MOAencTBus, 1: LOMCUXMYECKUA YPOBEHb // ONEKTPOHHbIA HayudHbIA XypHan "WH-
dopmauuoHHble npoueccol”. 2003, Ne1 (http://www.jip.ru).

4. Jlobeuknn B.A., TopbyHoB K.HO. MNounck KoHCcepBaTUBHbIX BTOPUYHBLIX CTPYKTYP
PHK // OnekTpoHHbIN Hay4HbI XypHan "MIHdopMaunoHHble npouecchl”. 2003, Ne 1
(http://www. jip.ru).

5. Jlwobeukas E.B, Jleontben J1.A., JlloGeuknin B.A. NMonck anbTepHaTUBHbLIX BTO-
PUYHBIX CTPYKTYpP B Kracce ramma-npoteobaktepui // ONeKTPOHHbIA Hay4YHbIN Xyp-
Han "MHdopmaunoHHble npouecchl”. 2003, Ne1 (http://www jip.ru).

6. Lyubetsky V.A., V’yugin V.V. Method of horizontal gene transfer determination
using phylogenetic data (2) // In Silico Biology (An International Journal on Computa-
tional Molecular Biology). 2003. 25 p.

7. Danilova L.V., Lyubetsky V.A., Gelfand M.S. An algorithm for identification of
regulatory signals in unaligned DNA sequences, its testing and parallel implementa-
tion. In Silico Biology (An International Journal on Computational Molecular Biology).
2003. 9 p.

8. Kalinina O.V., Makeev V. Yu., Sutormin R.A., Gelfand M.S., Rakhmaninova
A.B. Rare residues form the channel in transmembrane transporters // In Silico Biol-
ogy (An International Journal on Computational Molecular Biology). 2003.

9. Kazakov A.E., Vassieva O., Gelfand M.S., Osterman A., Overbeek R. Bioin-
formatics classification and analysis of PhoH homologs // In Silico Biology (An Inter-
national Journal on Computational Molecular Biology). 2003.

10. [Oanunosa J1.B., Jlankosa O.H., Nenbang M.C. KomnbloTepHbIi aHanu3 pery-
nauun metabonuama rnvuepon-3-gocdarta B reHomax nporteodbakrtepun, Moneky-
napHasa 6uonorua, 2003.

11. Tony6uos IM.B., Cusapes [.B., Ctapukoa O.B. CuHTe3 onTumarnbHbIX MHBa-

PUAHTHbLIX cUCTEM POPMUPOBAHUA M300paKeHU Ha nnockoctn // BecTHuk MockoB-
ckoro YHuBepcuteTa. 2003. Cep. 3 "®usnka n actpoHommsa", 5 c.

12. KaHoBen B.I., PeekeH M. HekoTopble HOBble peaynbTatbl O Gopenesckou

HEeCBOOMMOCTU OTHoLWeHun akBuBaneHTHocTu // N3Bectnsa PAH, cep. matem. 2003.
T.67.Ne 1.

13. Kanovei V.G., Reeken M. Borel irreducibility between two large families of

Borel equivalence relations // Logic Colloquium "99, eds. J. van Eijck, V. van Oos-
trom, and A. Visser. Lecture Notes in Logic, 2003.

14. Kanovei V.G., Reeken M.A. Theorem on ROD-hypersmooth equivalence rela-
tions in the Solovay model // Math. Logic Quarterly. 2003. V. 49. No. 3.

15.  Makarychev K., Makarychev Yu., Romashchenko A., Vereshchagin N.K. New
class of non Shannon type inequalities for entropies /Communications in Information

and Systems, 2003.
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LABORATORY 2

Laboratory of Image Processing Models and Algorithms
Head of Laboratory — Dr.Sc. (Mathematics) Boris Miller
Tel.: (095) 209-47-81; E-mail: bmiller@iitp.ru

The leading researchers of the laboratory include:

Dr. P. Chochia Dr. D. Sushko
Dr. O. Milukova Dr. K. Stepanyan
Dr. A. Prosin Dr. L. Rubanov

DIRECTIONS OF ACTIVITY:

mathematical modeling of images and sequences of images;
investigation of discrete-continuous and hybrid systems;
control of stochastic and deterministic discrete-continuous systems;
e application of the theory of generalized optimization to problems of observation
control and signal processing;
methods of regularization for inverse problems;
image processing, filtering, enhancement, and compression;
interpretation and scene analysis;
recognition and identification of video data;
investigations of man-machine interaction systems for finite object area.

MAIN RESULTS

The theoretical investigation in optimal stochastic control and filtering for discrete-
continuous stochastic systems described by differential equations with measures was
continued. The problem of the optimal singular control existence was solved for sys-
tems with linear dependence on control. It was shown the relation between singular
controls and generalized solutions obtained with the aid of approximation of general-
ized control actions by the ordinary ones. The new statement of the singular control
problem with unbounded coefficients in dynamical equations was suggested. The
method of this problem reduction to the equivalent problem with bounded controls
and controlled stopping time was developed. It allows to prove the global existence
theorem and to prove the theorem concerning the approximation of the generalized
solution and the generalized control by ordinary (continuous) paths and by bounded
controls, respectively. This result is the essential generalization of the optimal singu-
lar control existence theory and gives a way to the development of the optimality
conditions.

The program of the investigation of discrete-continuous systems with phase con-
straints is performing. The main area of the applications of such systems is the me-
chanical systems with unilateral constraints. The new approach was suggested to the
description of the constraint interaction dynamics. This allows developing the contan-
sive theory for new class of dynamic systems with active constraints.
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It was shown that the impulsive action arising during the contact with elastic con-
straint could be represented in terms of some controlled shift-operator along the
paths of some auxiliary system of differential equations. This representation can be a
basis for the new optimal control problems statements where some additional control
possibilities arise during the interaction with the constraint. (B. Miller)

In the framework of the agreement between IITP and MicroSpec Technologies
Ltd., Carl Zeiss Group, Israel "Investigation of the defect detection algorithms" the
investigation of the defect detection algorithms on images captured by CCD camera
was performed. The problem of joint defect and color variation detection was investi-
gated. The correlation type algorithms modified on the basis of quasi-regular properties of
the images were suggested. Modeling programs were developed and tested on the series
of the images of quasi-regular objects. MicroSpec approved the results. (P. Chochia)

The reconstruction problem in optic-acoustic tomography (OAT) was studied. It
was obtained the parametrix for the OAT problem in the case the odd dimension of
the image space. The corresponding algorithm for OAT reconstruction in 3D space
was developed. This algorithm is based on the using of the parametrix as the recon-
struction operator. The mathematical model of 3D optical-acoustic tomography was
developed and the series of numerical experiments was performed. The results ob-
tained lead to a general conclusion: the effectiveness of the OAT reconstruction algo-
rithm is only a little less than of the standard Radon restoration algorithms. So this
algorithm can be used in practice. (D. Sushko)

In the framework of RFBR Project No. 00-07-90032, development was continued
of text-graphic database on the history of Russian science. A relational database
along with bank of images was populated to represent some personal funds of the
RAS Archive in digital form. Specifically, we processed the following funds:

— Fund no. 1916 of the academician A. P. Aleksandrov, RAS President in 1975-
1986 (inventory no. 1). The fund comprises 322 storage units regarding years 1932-
1986, included in the Archive in 1987. 87 storage units were inserted into the data-
base thus making up 600 entries.

— Fund no. 1729 of the academician M. V. Keldysh, RAS President in 1961-1975
(inventory no. 1 and 2). The fund comprises 272 storage units regarding years 1937-
1986. 184 storage units were inserted into the database thus making up 555 entries.

— Portrait gallery of Russian scientists of past time selected from Musin-Pushkin
collection, which is a part of personal fund no. 543 of the academician N. A. Morozov
(inventory no.8). The whole collection consists of 2651 storage units. 468 storage
units were inserted into the database thus making up 763 entries.

Participation in the work of Sector 1.1 on problems of computational genomic. Ef-
fective parallel algorithm was developed to search regulatory signals in bacterial ge-
nome sequences. The algorithm suits for a wide range of supercomputers supporting
MPI protocol.

— Some experiments with real data were carried out on TKS9 18-CPU cluster at
NICEVT and MBC-1000M supercomputer at the Joint Supercomputer Center of RAS,
MSU et al. That task involved up to 380 CPU’s simultaneously and has proved an-
ticipated estimations of performance including its linear dependency on the number
of processors in effect.

Performing a database administrator functions for the State registered database of
the RAS history and membership since 1724 (RAS2000) and mastering/support func-
tions for Web site http://hp.iitp.ru (L. Rubanov)
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The investigation of the image recognition on the basis of the parametric identifica-
tion of blurring operators was performed. The new approach based on the neural
networks methodology was suggested. (O. Milukova)

The observation control problems in stochastic dynamical systems with noises in
observation, depending on the state and the estimate were investigated in details.
The local optimality conditions of the observation controls were obtained in program
and feedback forms. It was shown that optimal observation control has a complicated
switching structure even within the unique observation act. The thesis "Estimation
and control in systems with noises depending on the state and estimation" was suc-
cessfully defended. (K. Stepanyan)

On the basis of stochastic model of uneven surface with using the Kirhgoff ap-
proximation in near (and far)-field region and with taking into account the radio-wave
shading by the surface elements it was performed the investigation of functions, coef-
ficients and correlation radius of scattered radio-signals, spased in the space, angle
and polarization coordinates. Time-correlation functions and Doppler’s spectra of the
signals received by uniformly moving receiver were investigated. It was determined
the class of statistical features of the irregular surfaces that can be detected by direct
remote sensing methods. (A. Prosin)

Conferences:

— IS&T/SPIE’s 14th Annual Symposium "Electronic Imaging 2002: Science and
Technology" (EI'2002), January 20-25, 2002, St-Jose, USA.

— 3rd International Conference on Bioinformatics of Genome Regulation and
Structure (BGRS’2002), July 14-20, 2002, Novosibirsk, Russia.

— 4th All-Russian Scientific Conference. "Digital libraries: advanced methods and
technologies, digital collections" (RCDL'2002), 15-17 October 2002, Dubna.

— Annual Mediterranean Conference on Automatic Control MED2002, July 2002,
Portugal.

— International Conference "Image Processing and Related Mathematics," Mos-
cow State University, The Lyapunov Institute — INRIA (France), July 1-3, 2002, Mos-
cow, Russia.

GRANTS FROM:

¢ Russian Foundation of Basic Research (No. 00-07-90032): "Development
and creation of text-graphical database on Russian fundamental sciences on the ba-
sis of the RAS archives" (jointly with Sector of Digital Optics).

¢ Russian Foundation of Basic Research (No. 00-07-90361): "Robust meth-
ods of estimation and control for stochastic processes in hybrid functional dynamic
systems".

¢ US National Science Foundation Grant No. (CMS-0000458): "Active Singu-
larity Approach to Control of Nonsmooth Mechanical and Electromechanical Systems
Using Wavelet-based and Impulsive Contol Methods".

e Cooperation program CNRS (France) — RAS (Russia). Project CNRS/RAS
cooperation Ne PECO/NET 9570: "Theory of singular control in stochastic systems".

International Project:
Collaboration agreement between IITP and MicroSpec Technologies Ltd., Carl
Zeiss Group (Israel): "Investigation of algorithms for the image defect detection".
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PUBLICATIONS IN 2002

1. Miller B.M., Pankov A.R. Theory of Stochastic Processes. — Moscow: Nauka
Fizmatlit, 2002. 316 p.

2. Miller B.M., Rubinovich E.Ya. Impulsive control in continuous and discrete-
continuous systems (Foundations of the hybrid systems theory). N.Y.: Kluwer Aca-
demic/Plenum Publishers, 2002. 457 p.

3. Dufour F., Miller B. Generalized solutions in nonlinear stochastic control prob-
lems // SIAM J. Control and Optimization. 2002. V. 40. P. 1724-1745.

4. Aizenberg |., Bregin T., Butakoff C., Karnaukhov V., Merzlyakov N. and
Milukova O. Type of Blur and Blur Parameters Identification Using Neural Network
and Its Application to Image Restoration // Lecture Notes in Computer Sciences.
Springer, 2002. V. 2415. P. 1231-1236.

5. Aizenberg |., Butakoff C., Karnaukhov V., Merzlyakov N. and Milukova O.
Blurred Image Restoration Using the Type of Blur and Blur Parameters Identification
on the Neural Network // Proc. of SPIE, 2002. V. 4667. P. 460-471.

6. Rubanov L.l., Merzlyakov N.S., Karnaukhov V.N., Osipova N.M. Strategy of
creation of digital archives accessible through the Internet // Proc. of SPIE, 2002. V.
4672. P. 181-189.

7. Istomina S.N., Rubanov L.I. Parallel algorithm to search a regulatory signal in
genomes of bacteria // Informational Processes. 2002. V. 2. No. 1. P. 85-90.

8. Lyubetsky V.A., Rubanov L.|. Parallel algorithm for searching regulatory signal
in bacterial genome // Proc. of the 3rd Intern. Conf. on Bioinformatics of genome
regulation and structure (BGRS’2002), Novosibirsk 2002, v. 1, p. 23-25.

9. Rubanov L.l.,, Merzlyakov N.S., Karnaukhov V.N. Multilevel digital archives:
strategy and experience // Proc. of 4th All-Russian Sci. Conf. "Digital libraries: ad-
vanced methods and technologies, digital collections (RCDL’2002)", Dubna, 2002, v.
2, p. 181-188.

10. Popov D.A., Sushko D.V. Parametrix in the problem of opto-acoustic tomogra-

phy // Doklady RAN. 2002. V. 382. No. 2. P. 162-164.

11.  Andreev V.G., Karabutov A.A., Oraevsky A.A., Popov D.A., Sushko D.V. Image
reconstruction in 3D optoacoustic tomography system with hemispherical transducer

array // Proc. of SPIE, 2002. Biomedical Optoacoustics Ill. Vol. 4618.

12.  Miller B.M., Stepanyan K.V. The problem of the observation control in systems
with state and estimate dependent noise // International Workshop, SICPRO’03,

Moscow, Institute of Control Sciences, 2003 (accepted).
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SECTOR 2

Sector for Digital Optics
Head of Sector — Dr. [Nikolay Merzlyakov|
Tel.: (095) 209-28-83; E-mail: victor.karnaukhov@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Math.) L. Yaroslavsky Dr. V. Kober
Dr. T. Belikova Dr. V. Lashin
Dr. |. Bockstein Dr. M. Mozerov
Dr. V. Karnaukhov

DIRECTIONS OF ACTIVITY:

development of relative databases and DBMS;

optical-digital methods of image processing and pattern recognition;
synthesis of two-dimensional digital filters;

digital image enhancement;

medical image analysis and classification;

motion estimation;

dynamic image analysis;

multimedia;

three-dimensional scene reconstruction;

digital holography.

MAIN RESULTS

An original approach for construction of watermark databases and application soft-
ware with multilanguage support was developed. Databases and application software
created in accordance with the developed approach, working under the control of a
modern DBMS (Database Management System) and supporting telecommunication
data access, guarantee the possibility of simultaneous use of information in all
supported languages. The registration in a database of an object in one of the
supported languages is organized in such a manner that the given object will be reg-
istered and in all remaining (supported) languages and, therefore, will be accessible
for the users working in any of the supported languages. All data, which are inde-
pendent from the language, are shared by all languages. Methods of data population
and usage of data, dependent on language, are determined by concrete realization of
the database and application software. Auxiliary data fields are generated, sup-
ported, and used by the developed software in order to maintain the relations be-
tween objects independently from the used language.

Given the second order statistical properties of a wide sense stationary process,
the optimal series expansion for data representation and data analysis is the well
known Karhunen-Loeve expansion which is defined as the solution of the Karhunen-
Loeve eigenvalue integral equation. An analytical solution of the Karhunen-Loeve
expansion for a practical case when the covariance function of a stationary process
is exponentially oscillating was proposed. Extensive testing using test and real im-
ages was provided.
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Simple element-wise transformations based on circular centering operation per-
formed over multi-component image before channel correlations were proposed to
improve pattern recognition of multi-component objects. The transformations reduce
a strong correlation among channel components of real-life images. Subsequent
channel correlations are performed independently in the decorrelated channels. We
investigated multichannel pattern recognition with the element-wise transformations
in terms of noise robustness and discrimination capability. Computer simulation re-
sults for noisy test four-component images and various correlation filters were pro-
vided and discussed.

Methods of digital processing of a set of fragmented watermark images aimed to
data binding and de-fragmentation of watermark images is proposed and developed.

In cooperation with the manuscript department of the State Historical Museum a
new approach for generation of databases of manuscripts and incunabula is devel-
oped. A basic structure of data fields and triggers of such databases is defined. The
relational database for chronological identification of medieval manuscripts and early
printed books is generated.

A new method for computing precise motion vector field estimates of moving ob-
jects in a sequence of images is proposed and theoretically proved. Correspondence
vectors field computation is formulated as a matching optimization problem of multi-
ple dynamic images. The proposed method is a heuristic modification of dynamic
programming applied to 2-D optimization problem. The motion vector field estimates
using real movie images demonstrate a good performance of the algorithm in terms
of dynamic motion analysis.

The research aimed to development of the text-graphic database on the history of
the Russian science was continued. A relational database along with bank of images
were populated to represent some personal funds of the RAS Archive in the digital
form. Specifically, we processed the following funds:

— Fund no.1916 of the academician A. P. Aleksandrov, RAS President in 1975-
1986 (inventory no. 1). The fund comprises 322 storage units regarding years 1932-
1986, included in the Archive in 1987. 87 storage units were inserted into the data-
base thus making up 600 entries.

— Fund no.1729 of the academician M. V. Keldysh, RAS President in 1961-1975
(inventory no. 1 and 2). The fund comprises 272 storage units regarding years 1937-
1986. 184 storage units were inserted into the database thus making up 555 entries.

— Portrait gallery of Russian scientists of past time selected from Musin-Pushkin
collection, which is a part of personal fund no.543 of the academician N. A. Morozov
(inventory no. 8). The whole collection consists of 2651 storage units. 468 storage
units were inserted into the database thus making up 763 entries.

The complex of methods is developed, which allows to reveal informative diagnos-
tically important features (specific attributes) of a half-tone picture and to reduce a
task of complex scene analysis to an estimation of values of these attributes. The
complex of methods includes: 1) creation of the initial dictionary of attributes with use
of expert domain knowledge; 2) preprocessing of images by optimum linear filtering
for improvement of diagnostic feature imaging; 3) the description of the preprocessed
images by the expert in the terms of collected attributes, and creation of a database
of image descriptions; 4) the statistical analysis of the data in the database and re-
vealing of significant attributes and their values specific to each class of images,
submitted in the database; 5) construction of decision rules for image classification.
Developed decision rules were used for the control of influence of each attribute and
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their combinations on accuracy of classification and allowed to specify the list of sig-
nificant attributes and the threshold values of each attribute necessary for the effec-
tive decision of the task of the complex scene analysis (and classifications); 6) re-
placement of the expert-made estimations of some attributes on the automated esti-
mation and measurement of the attribute values on the image. The developed com-
plex of methods was used for the analysis of complex scene on lung tomograms. It
has allowed revealing significant attributes and helped to automate the analysis of
some attributes at the analysis of complex scenes.

GRANTS FROM:

e Russian Foundation of Basic Research (No. 00-07-90032): "Development
and creation of the textual-graphical database regarding a history of Russian funda-
mental science on basis of RAS archives".

¢ Russian Foundation of Basic Research (No. 01-07-90354): "Distributed da-
tabase for chronological identification of manuscripts and incunabula".

e INTAS (00-00081): "A Distributed Database and Processing System for Wa-
termarks" in cooperation with the Commission (Institute) for Scientific Visualization of
the Austrian Academy of Sciences.

e Austrian Science Fund FWF (FWF-13289-ARS): "Wasserzeichen Klosterneub-
urger Handschriften" in cooperation with the Comission (Institute) for Paleography and
Codocology of Mediaeval Manuscripts of the Austrian Academy of Sciences.

PUBLICATIONS IN 2002

1. Aizenberg |., Bregin T., Butakoff C., Karnaukhov V., Merzlyakov N., Milukova
O. Type of Blur and Blur Parameters Identification Using Neural Network and Its Ap-
plication to Image Restoration // Lecture Notes in Computer Sciences. Springer,
2002. V. 2415. P. 1231-1236.

2.  Rubanov L., Merzlyakov N., Karnaukhov V., Osipova N. Strategy of creation of
digital archives accessible through the Internet // Proc. of SPIE, 2002. V. 4672. P.
181-189.

3.  Mozerov M., Kober V., Tchernykh A., Tae S. Choi. Motion estimation with a modi-
fied dynamic programming // Optical Engineering. 2002. V. 41. No. 10. P. 2592-2598.

4. Kober V., Mozerov M., Alvarez-Borrego J., Ovseyevich |. Multichannel pattern
recognition based on circular component centering // Pattern Recognition and Image
Analysis. 2002. V. 12. No. 2. P. 136-146.

5. Kober V., Mozerov M., Alvarez-Borrego J., Ovseyevich |. Unsharp masking us-
ing rank-order filters with spatially adaptive neighborhoods // Pattern Recognition and
Image Analysis. 2002. V. 12. No. 1. P. 46-56.

6. Mozerov M., Tae S. Choi, Ovseevich I. Color motion stereo based on improved
stereo matching // Pattern Recognition and Image Analysis. 2002. V. 13. No. 3. P.
686-692.

7. Karnaukhov A., Haidinger A., Karnaukhov V., Merzlyakov N., Oukhanova E.,
G. van Thienen, Wenger E. Application Software for Multilanguage Support of Dis-
tributed Databases // Proc. of the Fifth Conference EVA-2002, Centre PIC, STG,
Moscow 2002. P. 162-167.
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8. Karnaukhov V.N., Aizenberg |.N., Butakoff C., Karnaukhov A.V., Merzlya-
kov N.S., Milukova O.P., Zhang Y.J. Neural network identification and restoration of
blurred images // Proc. of Second International Conference on Image and Graphics
ICI1G’2002. P. 303-310.

9. Merzlyakov N.S., Rubanov L.I., Karnaukhov V.N. Multi-scale image presenta-
tion in a digital archive // Proc. of Second International Conference on Image and
Graphics ICIG’2002. P. 1067-1074.

10. Merzlyakov N.S., Rubanov L.l., Karnaukhov V.N. Multi-scale Digital Archives:
Strategy and Experience // Proc. of Fourth All-Russian Conference on Digital Librar-
ies: Advanced Methods and Technologies, Digital Collections, RCDL’2002, Dubna.
V. 2. P. 181-188 (in Russian).

11.  Kober V., Mozerov M., Alvarez-Borrego J., Ovseyevich I.A. Morphological im-
age processing with adaptive structural element // Proc. International Workshop on
Optics in Computing, Sant-Petersburg, 2002. P. 7-8.

12.  Kober V., Mozerov M., Alvarez-Borrego J., Ovseyevich |.A. Rank and morpho-
logical image processing with adaptive structural element // Proc. 6th International
Conference on Pattern Recognition and Image Analysis (PRIA-6-2002), Novgorod,
2002. P. 161-164.

13.  Mozerov M., Kober V., Choi T.S. Motion estimation with a dynamic program-
ming optimization operator // Proc. IEEE Conference ICIP, Rochester, New York,
2002. P. 269-272.

14. Kober V., Alvarez-Borrego J. An explicit solution of the eigenvalue integral with
exponentially oscillating covariance function // Proc. SPIE 4790, Annual meeting, Ap-
plications of Digital Image Processing XXV, Seattle, Washington, 2002. P. 63-70.

15. Belikova T., Palenichka R., Ilvasenko |. Computer-aided detection and segmen-
tation of objects on medical images // The 10-th International Conference in Central
Europe on Computer Graphics, Visualization and Computer Vision'2002. Journal of
WSCG. 2002. V. 10. No. 3. P. 161-173.

16. Belikova T.P., Stenina I.l., Yashunskaya N.l. Computer-aided analysis and in-
terpretation of solitary pulmonary nodules // Proc. of 12th National congress on lung
diseases, Moscow, November 11-15, 2002. M.: All-Russian scientific pulmonology
society, 2002. P. 49-50 (in Russian).

17. Belikova T.P., lvasenko |.B. Automatic detection and accurate outlining the
area with low contrast objects against the complex background // Proc. of the 3rd
Conference on Informative technologies in Medicine. Moscow, November 20-23,
2002. M.: Science and Education, 2002. P. 13-14 (in Russian).
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LABORATORY 3
Laboratory of Data Analysis, Error Correction Codes

and Cryptology
Head of Laboratory — Dr.Sci. (Technology), Prof. Victor Zyablov
Tel.: (095) 299-50-96; E-mail: zyablov@iitp.ru

The leading researchers of the laboratory include:

Dr.Sci. (Techn.) V. Gitis Dr. S. Pirogov
Dr.Sci. (Math.) V. Sorokin Dr. V. Sidorenko
Dr. V. Aphanasiev Dr. I. Stenina
Dr. A. Barg Dr. A. Trushkin
Dr. S. Bezrucov Dr. A. Weinstock
Dr. A. Davydov Dr. D. Zigangirov
Dr. E. Jurkov E. Vashenko
Dr. V. Pereverzev-Orlov M. Vitushko
Dr. E. Petrova
DIRECTIONS OF ACTIVITY:

e error control codes and information transmission;

e geoinformation technologies and systems;

e partner system design;

e theory of the speech signal.

MAIN RESULTS

ERROR CONTROL CODES AND INFORMATION TRANSMISSION

The following problems are under consideration:

e constructions, decoding and bounds for convolutional and block codes;
e combinatorial problems in vector spaces, covering codes;

e arcs, caps, and saturating sets in projective geometries over finite fields;
e graph theory.

In 2002 year as a continuation and an extension of many years works the following
researches and developments are carried out.

Researches and development of rearrangements in turbo codes and woven
convolutional codes maximizing code distance and optimizing weight distribution are
performed. Nonrandom rearrangements based on linear and cubic transformations
modulo code length are proposed. A program system permissive to research and to
choose rearrangements for turbo and woven convolutional codes efficiently is created. An
analysis of concatenated schemes based on convolutional codes is executed.

A basic version of a program system for simulating and researches of concate-
nated code constructions based on convolutional codes is developed. This system
permits to create distinct constructions from built-in sets of convolutional codes and
interleaving types, to research distance characteristics of constructions, to create dis-
tinct variants of concatenated and iterative decoders, to perform a statistical simulat-
ing for estimates probability characteristics of code constructions and decoders.
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Jointly with Lund University, Sweden, a construction of woven convolutional codes
with one tailbiting component code is developed. This construction has better pa-
rameters than a woven convolutional code with the same convolutional codes-
components but without tailbiting. Estimates of correcting properties of convolutional
and tailbiting convolutional codes based on their active distances are obtained. A
suboptimal decoding algorithm of tailbiting convolutional codes is proposed. This al-
gorithm has the same probabilistic characteristics as the optimal decoder but its im-
plementation complexity is essentially smaller. Metric characteristics of an estimate of
correcting properties for window decoding of convolutional codes are obtained.

Jointly with UIm University, Germany, researches of woven codes based on bipar-
tite graphs and hypergraphs-extenders with block codes as components are exe-
cuted. Random methods constructing codes based on bipartite graphs and hyper-
graphs-extenders with Read-Muller codes as components are developed. Program
systems for simulating are created. Simulation results show big availability of the
considered class of woven codes.

Estimates of probabilistic characteristics for decoding binary codes into a list de-
fined by code words in a sphere of a given radius are investigated. Relations be-
tween probabilities of error and rejection of decoding are obtained. For a small radius
this relations are better than known those.

Researches and program implementation of algorithms of Sudan, Sudan and Gu-
ruswami for list decoding of Reed-Solomon codes over arbitrary finite fields of characteris-
tic two are performed. A soft decoding for these approaches is investigated also. A basic
version of a program system for simulating and researches of list decoding of Reed-
Solomon codes is developed. This system includes whole and stage-by-stage implemen-
tation of the list decoding algorithm of Sudan and Guruswami with assignment of input lists
with the most probable values of symbols and forming a list of the most probable output
code words. The system permits to analyze work and complexity of all stages of the algo-
rithm. It can be used in the educational programs of high Schools on professions of tele-
communication and information protection.

The problem of symbol by symbol a posteriori probability decoding for information
symbols of nonsystematic encoded block codes is considered. An extended trellis
representation for block codes is introduced that enables the application of the known
BCJR algorithm as well as trellis based decoding in the dual code space. Complexity
properties of the extended trellis are investigated.

OFDM transmission over time varying mobile radio channels is considered. A
class of (L, R) channels is introduced. For the (L, R) channel, the duration of the im-
pulse response is upper bounded by L and the spectrum of the impulse response is
zero except for the first R components. An algorithm for maximum likelihood estima-
tion of the transfer function of the (L, R) channel is suggested.

By simulations in AWGN and fading channels it is shown that for certain conditions
suboptimal iterative multistage decoding is very close to optimal maximum likelihood
decoding and even improves it if interleaving is used.

Bounds on the covering radius of linear codes with a known dual distance, bounds
on packings of spheres in the Grassmann manifolds, a low-rate bound on the reliabil-
ity of a quantum discrete memoryless channel, some polynomials related to weight
enumerators of linear codes, and random codes are investigated. A number of re-
searches connected with error exponents are performed.

In graph theory the following problems are considered: edge isoperimetric prob-
lems for regular graphs, a new approach to Macaulay posets, a local-global principle
for vertex-isoperimetric problems.
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Jointly with Perugia University, ltaly, relations and close properties of saturating
sets in projective geometry PG(n,q) and covering codes in coding theory are investi-
gated. With using these relations upper and lower bounds, constructions, and infinite
families of codes and sets are obtained. With the help of computer many new rela-
tively small 1-saturating sets in PG(2,q) and 2-saturating sets in PG(3,q) are con-
structed. New constructions of “small” complete caps in binary projective spaces are
proposed.

During 2002 laboratory was cooperated with universities of Germany, Sweden and
Italy. The main topics of the cooperation were continuation of many years investiga-
tions in communication problems and combinatorial problems in vector spaces. With
Ulm University (Germany) woven convolutional codes based on bipartite graphs and
hypergraphs-extenders with block codes as components was investigated. With Uni-
versity of Lund (Sweden) woven convolutional codes using cyclic closed convolu-
tional codes as one of components was created and analyzed. Royal Academy of
Sweden supports these investigations. With Perugia University (Italy) arcs, caps, and
saturating sets in projective geometry over finite fields are studied.

GRANTS FROM:

¢ Ministry of Industry, Science and Technology of Russian Federation (con-
tract No. 37.053.11.0062): "Error correction and source coding: models and algo-
rithms". Head of the project V. V. Zyablov, responsible executor V. B. Afanassiev.

GEOINFORMATION TECHNOLOGIES AND SYSTEMS

Geoinformation technology of new generation is under developing. Fundamental
principles of the technology are remote access to geographical information (Gl), high
interactivity of Gl analysis, intuitive understandable interface and spatio-temporal
data mining tools.

The fundamental principles of geoinformation technology are realized in the network analyti-cal
GIS GeoProcessotof and COMPASS, problem domains of which are analysis and forecasting of
natural and social processes and phenomena. The GISs are designed in Java 1.1 in client-server
architecture (http://www.iitp.ru/projects/geo, http://borneo.gmd.de/and/geoprocessor).

GIS GeoProcessor is intended for publication and complex analysis of spatio-
temporal characteristics of geological environment and for solving of forecasting and
zonation problems in Earth sciences (natural hazard assessment, mineral and
oil/gas deposits exploration). The system supports remote access to geographical
information, interactive cartographic analysis of grid-based, vector and point data,
spatial data mining. The system helps to evaluate the environment properties on the
base of principle of analogy using the methods of multidimensional plausible reason-
ing: method of similarity on a precedent set, method of similarity on expert fuzzy
logic knowledge, method of membership function for two classes, method of non-
parametric regression.

GIS COMPASS II (Cartography Online Modeling, Presentation and Analysis System)
supports analysis of vector Gl. Friendly and interactive interface for multilayer vector Gl
cartographic representation and intuitive understandable tools for spatio-temporal data
mining based on interactive analysis of complex properties of geographical objects make
the system available for a wide range of the Internet users (non-professionals and special-
ists). Problem domains of GIS COMPASS are economy, sociology, demography, ecology,
policy, marketing research, and management control.
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Demonstration databases, which contain geological, geophysical, seismo-tectonic, social,
economic and demographic information, have been created. The total volume of the data is
about 35MB. The databases are accessible on site http:/www.iitp.ru/projects/geo for interac-
tive cartographical exploration and analysis with the help of GISs GeoProcessor and COM-
PASS. The database for GIS GeoProcessor contains the digital models of topography, geo-
physical fields, geological faults, catalogues of earthquakes and topographical elements. The
database for GIS COMPASS contains examples of social and economic information on Rus-
sian Federation and World Countries, as well as an example of census data on region of
Manchester.

Exploration of the databases by the tools of GISs GeoProcessor and COMPASS
confirms their efficiency. It allows to offer free of charge dissemination of GISs Geo-
Processor and COMPASS to publish and analyse geographical information for scien-
tific and educational centres of Russia, including the sites of the appropriate RFBR
grants.

International cooperation.

Cooperation within the framework of the 5FP IST program under the project "Spa-
tial mining for Data of Public Interest" (acronym SPIN!, contract IST-1999-10536) was
continued. The following countries participate in the Project: Germany, Italy, Great
Britain and Netherlands. Very close problems are investigated in scope of the
Agreement on scientific and technical cooperation "Spatial-Temporary Data Mining
Information Technology for Environmental and Human Dimension Applications" with
Fraunhofer AIS.SPADE institute (former name GMD, Germany). New methods of the
spatio-temporal analysis of grid-based and vector data were developed and some
methods of GIS GeoProcessor and GIS Descartes (AlS) were integrated.

The agreement on scientific and technical cooperation with Institute of seismology
of the Ministry of education and sciences of the Republic Kazakhstan "Development
and application of geoinformation technology for complex seismic hazard assess-
ment of Kazakhstan territory" was concluded.

The work with Institute of the Earthquake Prediction and Analysis of Chinese State
Seismolo-gical Bureau (CSB) was continued within the framework of the agreement
on scientific and technical cooperation between RAS and CSB (together with UIPE
RAS) "Study and physical interpretation of spatio-temporal variations of earthquake
precursors in the North-East China".

The research results were reported on the international conferences and work-
shops. The systems GeoProcessor and COMPASS were presented with the support
of RF Ministry of industry, science and technology at international exhibition Ce-
Bit'2002 (Germany).

GRANTS FROM:

¢ Russian Foundation of Basic Research (No. 00-07-90100): "Network geoin-
formation systems for presentation and analysis of spatio-temporal information refer-
ring to Earth Sciences and human dimension".

¢ Ministry of Industry, Science and Technology of Russian Federation: "De-
velopment of an information technology for spatio-temporal data mining for analysis
and forecasting of natural and social processes and phenomena".

e IST Program (EU IST - 10536): "Spatial Mining for Data of Public Interest (SPIN!)".

38



Institute for Information Transmission Problems

PARTNER SYSTEM GROUP

Investigated the problem of knowledge and data integration with the goal of crea-
tion encyclopedic knowledge systems for decision support systems, and knowledge
production and propagation.

Developed technologies get further evolution. They will be used to creation of ap-
plied intellectual systems on the base of generating them by means of projecting in-
tegral base onto particular problem area.

Windows prototype of software environment kernel for support of knowledge and
data unification process on the base of conceptual network models matching is de-
veloped. Created kernel allows us to realize previously developed method for clinical
information structuring with the goal of fullness providing of registered data in com-
puter systems for physician’s professional decisions supporting. This provides us by
possibility for developing of software environment for supporting of physician’s pro-
fessional decisions in real multiple profile medical clinic when needed to process data
and knowledge in multidimensional spaces of initial descriptions, users interaction,
knowledge receiving from different sources, and creation of new knowledge.

Developed kernel provides us also by possibilities of multiphase learning process
realization in the frame of Partner Systems concept. These processes first of all are
oriented onto medicine, and allow to user to learn the professional language and
knowledge in the active regime. All of this can spread the learning process up to
creation of absolutely new knowledge.

GRANTS FROM:

e Russian Foundation of Basic Research (No. 01-01-01020): "The develop-
ment of knowledge management methods for large clinical knowledge-based system".

e Program of Presidium of Russian Academy of Sciences "Intellectual Com-
puter Systems™ (Ne 3.4): "Intelligent decision support within the framework of the project
“Partner System".

THEORY OF THE SPEECH SIGNAL

There were studied criteria of optimality for inverse problems "acoustic parameters
— vocal tract shape", "vocal tract shape — controls", "articulatory displacements — con-
trols" using X-ray microbeam measurements and electromyograms of internal and
external muscles. Instantaneous and integral criteria of work, elastic force, kinetic
energy and total force were considered. In non-speech mode and for the task "from
vocal tract shape to controls", instantaneous criteria provided sufficiently accurate
solutions while for the task "from articulatory displacements to controls" only integral
criteria on the time interval about 100 ms were appropriate. Inverse problem solutions
reproduced the effect of bite-block compensation and the reorganization of control
scores for different rates of articulation.

A 3-dimensional vocal tract model was developed taking into account sinuses piri-
formis, alternative width of the pharynx and yielding walls, which considerably in-
creased the accuracy of resonance frequencies computation.

The first version of digits recognition was tested in the speaker-independent mode,
different type of microphones and channels for signal-to-noise ratio 10-20 dB. Word
error rate was about 12%.
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PUBLICATIONS IN 2002

Articles

1. Afanassiev V.B., Davydov A.A. Finite field towers: iterated presentation and
complexity of arithmetic, // Finite Fields and their Applications. 2002. V. 8. P. 216-232.

2. Ashikhmin A., Barg A. Bounds on the covering radius of linear codes // De-
signs, Codes and Cryptography. 2002. V. 27. No. 3. P. 261-270.

3. Barg A. On some polynomials related to weight enumerators of linear codes //
SIAM Journal on Discrete Mathematics. 2002. V. 15. No. 2. P. 155-164.

4. Barg A. A low-rate bound on the reliability of a quantum discrete memoryless
channel // IEEE Transactions on Information Theory. 2002. V. 48. No. 12.

5. Barg A., Forney G.D. Random codes: Minimum distance and error exponents //
J. IEEE Transactions on Information Theory. 2002. V. 48. No. 9. P. 2568-2573 (also
Proc. 2002 ISIT, Lausanne).

6. Barg A., Nogin D. Bounds on packings of spheres in the Grassmann manifolds
/I |EEE Transactions on Information Theory. 2002. V. 48. No. 9.

7. Barg A., Zemor G. Error exponents of expander codes // IEEE Transactions on
Information Theory. 2002. V. 48. No. 6. P. 1725-1729.

8. Baumgartner B., Hof A., Sidorenko V., Bossert M. Multilevel codes: maximum-
likelihood versus iterative multistage decoding // Proceedings 7th International
OFDM-Workshop, pp. 148-152, Hamburg, Germany, September 2002.

9. Bezrukov S.L. and Serra O. A local-global principle for vertex-isoperimetric
problems // Discrete Mathematics. 2002. V. 257. No. 2-3. P. 285-309.

10. Bott R., Korobkov D., Potapov V., Sidorenko V. Two dimensional time-
frequency estimation of mobile radio channels // Proceedings of Wireless 2002, Cal-
gary, Alberta, Canada. P. 300-311.

11.  Griesser H., Sidorenko V. Efficient APP decoding of nonsystematic encoded
block codes // Proceedings of 2002 IEEE Int. symposium on Information Theory, ISIT
2002, Lausanne, Switzerland, June-July, 2002. P. 145.

12.  Griesser H., Sidorenko V. Efficient APP decoding of nonsystematic encoded
block codes // Problems of Information Transmission. 2002. V. 38. No. 3. P.182-193.

13.  Xenpgnepu M., MoxanHeccoH P., 3s6nos B.B. Kogep v cBoicTBa paccTosiHUN
NNeTeHbIX CBEPTOYHbIX KOAOB C LMKIIMYECKM 3aMKHYTbIM KOMMOHEHTHbIM Kogom //
Mpobnembl nepegayn nHpopmauymm. 2002. T. 38. Ne 1. C. 48-58.

14. Xengnepu M., WoxaHHeccoH P., 3s6nos B.B. [ekognpoBaHne B OKHE C TOYKM
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15.  Xenanepu M., Xoct C., NloxaHHeccoH P., 3s6nos B.B. PacctosHue, npucno-
COBneHHoe Ans UMKNU4Yeckn 3aMkHyTbix kogos // [pobnembl nepegadn nHdpopma-
uun. 2002. T. 38. Ne 4. C. 37-55.

16. Host S., Johannesson R., Zyablov V.V. Woven convolutional codes |: Encoder
properties // IEEE Transactions on Information Theory. 2002. V. 48. No. 1. P. 149-161.
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nskosa M.I1., LiseTkoB M.A., CngopeHko A.B., Ocunos [.
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24.  Vitushko M., Gurov N., Pereverzev-Orlov V. A Syndrom as a Tool for Present-
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LABORATORY 4

Dobrushin Mathematics Laboratory
Head of Laboratory — Dr.Sc. (Mathematics) Robert Minlos
Tel.: (095) 299-83-54; E-mail: minl@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Math.) D. Akhiezer Dr.Sc. (Math.) S. Yashkov
Dr.Sc. (Math.) L. Bassalygo Dr. M. Boguslavskii
Dr.Sc. (Math.) M. Blank Dr. S. Gelfand
Dr.Sc. (Math.) V. Blinovsky Dr. G. Kabatyanskii
Dr.Sc. (Math.) A. Kirillov Dr. A. Kuznetsov
Dr.Sc. (Math.) M. Kontsevich Dr. V. Lebedev
Dr.Sc. (Math.) G. Margulis Dr. D. Nogin
Dr.Sc. (Math.) M. Men’shikov Dr. G. Okun’kov
Dr.Sc. (Math.) N. Nadirashvili Dr. E. Pecherskii
Dr.Sc. (Math.) G. Olshanski Dr. S. Popov
Dr.Sc. (Math.) D. Panyushev Dr. A. Rybko
Dr.Sc. (Math.) V. Prelov Dr. A. Vishik
Dr.Sc. (Math.) S. Shlosman Dr. S. Vladuts
Dr.Sc. (Math.) V. Shehtman Dr. E. Zhizhina
Dr.Sc. (Math.) Yu. Suhov Dr. Yu. Zhukov
Dr.Sc. (Math.) M. Tsfasman
DIRECTIONS OF ACTIVITY:

¢ the Gibbs random fields and Markov chains with local interactions;

e mean-field models of queuing systems;

o fluid models of queuing networks;

e large deviations and its applications;

e queuing systems;

¢ systems of information transmission, information channels and coding theory;

e algebraic geometry and number theory;

e combinatorial and probabilistic aspects of representation theory;

e modal logics.

MAIN RESULTS

An one-boson space for the polaron system is constructed. This space describes
scattering states of one boson on a polaron.

We considered the ferromagnetic Ising model with Glauber spin flip dynamics in
one dimension. The external field vanishes, and the couplings are independent iden-
tically distributed bounded or unbounded random variables. The long-time behavior
of the time auto-correlation function averaged over the disorder was under consideration.

Using the spectral analysis of the transfer matrix for classical lattice spin systems
under high temperatures we found invariant subspaces for quasi-particles of various
species. The corresponding branches of the transfer matrix spectrum ("the energy of
the quasi-particles") have different orders with respect to a small parameter (inverse
temperature).
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The central limit theorem in the region of small stochasticity for directed polimer in
a random environment.

A number of results from one dimensional dynamics based on spectral properties
of the Ruelle-Perron-Frobenius transfer operator has been extended to Anosov dif-
feomorphisms and general expanding or contracting on average random maps on
compact manifolds.

Analysis of statistical properties of a family of maps acting in the space of integer
valued sequences, which model dynamics of simple deterministic traffic flows has
been done. Asymptotic (as time goes to infinity) properties of trajectories of those
maps corresponding to arbitrary initial configurations in terms of statistics of densities
of various patterns (in the space of sequences) are obtained and weak attractors of
these systems and the rate of convergence to them are described.

A class of ferromagnetic bynary models with manyparticle interactions is studied.
The classification of these models from the point of view of the drop form of one
phase in another one.

Condition on Hamiltonian under which there exists a unique state of non-ideal gas
are given.

An asymptotic behavior of an epsilon-entropy of a ellipsoid in a Hamming space
(as his dimension increases) is invesigated. Sufficient conditions for the asymptotic
exactness of the generalized Hamming bound are obtained. An exact solution of an
optimization problem is found. This problem is related to the investigation of asymp-
totic of the epsilon-entropy of an ellipsoid.

Harmonic functions on certain fractals have benn considered. In particular, for the
case of the Sierpinski carpet, an explicit expression involving fractional derivatives
has been obtained.

A detailed study of the Gromov-Witten theory for curves has been undertaken.
This study is connected with the classical Hurwitz theory of enumeration of maps be-
tween curves by their ramification data, which, in turn, is closely connected with
symmetric group characters. The results include a proof of the known conjecture con-
cerning a link between the Gromov-Witten theory for the projective line and the Toda
hierarchy of nonlinear equations.

The dimer model on periodic bipartite planar graphs has been studied. It is shown
that the scaled limit behavior of the model can be described in terms of the so-called
amoeba of a suitable plane real algebraic curve, which turns out to be a Harnack
curve. This is a generalization of the previous results on the limit behavior of random
3-dimensional partitions.

It has been shown that the distribution function of the first particle in a discrete
polynomial ensemble can be obtained through a certain recurrence procedure pro-
vided that the difference (or the g-difference) log-derivative of the weight function is
rational. In a number of cases the recurrence procedure is equivalent to certain dif-
ference or g-difference analogs of Painleve equations. Our approach is based on the
formalism of discrete analogs of integrable operators and Riemann-Hilbert problems
as developed in our previous works.

An analog of isomonodromy deformations for matrix difference equations has
been introduced and studied. It has been shown that both the classical Schlesinger
equations and Schlesinger transformations can be obtained from our construction
through appropriate limit procedures.

A new relation between Ulam's problem on longest increasing subsequences in random per-
mutations and random matrix ensembles has been studied. New proofs of the Baik-Deift-
Johansson theorem and its generalizations due to Baik-Rains has been obtained.
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A family of probability measures on partitions of naturals has been studied. These
measures originated in representation theory, and we demonstrate their connections
with random matrix theory and multivariate hypergeometric functions. Our measures
depend on three parameters including an analog of the beta parameter in random
matrix models. Under an appropriate limit transition our measures converge to cer-
tain limit measures, which are of the same nature as one-dimensional log-gas with
arbitrary value of the parameter beta. It is proved that averages of products of "char-
acteristic polynomials" with respect to the limit measures are given by the multivariate
hypergeometric functions of type (2,0).

Codes in real and complex Grassmannians were studied. For such codes the Var-
shamov-Gilbert and Hamming type bounds on the size were obtained.

The theory of infinite number fields and function fields was constructed. In particu-
lar, an analogue of a zeta-function was introduced. The Odlyzko-Serre bounds on
discriminants and the Brauer-Siegel theorem on the product of the class number and
the regulator are generalized.

Realizations of the category of mixed motives were studied. Analogues of Hilbert
theorem proven. Various faithfullness results for realization functors obtained. Con-
jectures introduced which together with Beilinson conjuctures would imply that the
realization functor constructed is actually an equivalence of categories.

Deformations of Picard-Fuchs differential equations were studied. A family of the
3-rd order ordinary differential equations related to 3-dimensional Fano varieties was
introduced. The mirror-symmetry predicts the geometricity of this family. For the case
of a complete intersection the stronger modularity property is proven.

The connection is established between the growth of multiplicities in branching
rules and the complexity of homogeneous spaces. It is shown that the irreducible
representation of a reductive group restricted to it's reductive subgroup gives multi-
plicities growing no faster than the polynomial on the norm of a highest weight,
whose degree can be computed as a complexity of an explicitely constructed auxil-
iary homogeneous space.

The problem of optimal choice of the sequence of isometries of a homogeneous
space of a compact Lie group was studied. The estimate on the norm of an averag-
ing operator in the space of functions with zero integral was obtained for arbitrary
homogeneous space.

The asymptotic behavior of the eigenvalues and the spectral measures corre-
sponding to a selfadjoint operator assigned to any symmetric sequence of points on
a compact Lie group was studied. The convergence of the sequence of spectral
measures is proven.

The contribution was made to the Vinberg's theory of $\theta$-groups. The link be-
tween that theory and recent results of Springer and Lehrer concerning regular ele-
ments of reflection groups was established.

The commuting variety related to an involutory automorphism of a simple Lie alge-
bra was studied. In particular, a sufficient condition for the irreducibility of such vari-
ety was obtained. Also, the complete description of the commuting varieties for the
symmetric pairs of rank one was given.

Equations satisfied by Cantor derivative operation together with boolean opera-
tions were studied for various topological spaces (${\Bbb R*n$; subspaces of ${\Bbb
R}$). These equations are described in terms of modal logic. For the corresponging
modal logics the finite model property and the decidability was proven.
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The problem posed more than 20 years ago by R.Goldblatt is solved: the finite
axiom set was constructed and the finite model property was proved for the modal
logic of chronological future time in the Minkowski space was studied.

The research on products of modal logics was continued. The finite model prop-
erty for the products of minimal modal and minimal temporal logic was established.
This allows to identify new decidable fragments of classical first-order logic as well as
of the equational theory of relational algebras.

The discrete invariants of quadrics were studied. New results on the structure of
the Chow groups of the Grassmanians of $r$-planes on a quadric were obtained.
The action of the Steenrod algebra on those groups was described. As an applica-
tion, the possible dimensions of anisotropic quadratic forms from the given power of
the fundamental ideal of even-dimensional forms were computed.

PUBLICATIONS IN 2002
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9. Blank M.L., Keller G., Liverani C. Ruelle-Perron-Frobenius spectrum for
Anosov maps // Nonlinearity. 2002. V. 15. No. 6. P. 1905-1973.

10. Bassalygo L., Zinoviev V. Polynomial over a finite field of even charactestic
with maximum modulus of the trigonometric sum // Math. Notes. 2002. V. 72. No. 2.

P.171-177 (in Russian).

11.  Dumer I., Pinsker M., Prelov V. Epsilon-entropy of a ellipsoid class in a Ham-

ming space // Inform. Transm. Problems. 2002. V. 38. Ne 1. P. 3-18.

12.  Dumer |., Pinsker M., Prelov V. An optimization problem related to comptutaion
of the epsilon-entropy of an ellipsoid in a Hamming space // Inform. Transm. Prob-

lems. 2002. V. 38 Ne 2. P. 3-18.

13. Prelov V., van der Meulen E. On epsilon-entropy of a ellipsoid class in a Ham-

ming space // Inform. Transm. Problems. 2002. V. 38. Ne 2. P. 19-32.
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14. Prelov V.V., van der Meulen E.C. Epsilon-Entropy of a Special Class of Ellip-
soids in a Hamming Space // Proc. 23-th Symp. Inform. Theory in the Benelux. Lou-
vain-la-Neuve, May 29-31, 2002. P. 37-44.

15.  Dumer I., Pinsker M., Prelov V. On the Epsilon-Entropy of an Ellipsoid in a
Hamming Space // Proc. IEEE Intern. Symp. Inform. Theory. Lausanne, Switzerland,
June 30 — July 5, 2002. P. 463.

16. Prelov V., van der Meulen E. Asymptotics of the $\epsilon$-Entropy for a Cer-
tain Class of Ellipsoids in a Hamming Space // Proc. IEEE Intern. Symp. Inform. The-
ory. Lausanne, Switzerland, June 30 — July 5, 2002. P. 464.

17.  Belitsky V., Pechersky E. Uniqueness of Gibbs State for Non-Ideal Gas in ${\bf
R}*d$: the Case of Multibody Interaction // J. Stat. Phys. 2002. V. 106 (5/6). P. 931-955.
18. Tsfasman M.A., Vladuts S. Asymptotic properties of global fields and general-
ized Brauer-Siegel theorem // Moscow Math. J. 2002. V. 2. No. 3. P. 329-402.

19.  Akhiezer D.N., Panyushev D.l. Multiplicities in the branching rules and the om-
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20. Akhiezer D.N. A remark on averaging operators on homogeneous spaces //
Archive der Math. 2002. B. 78. S. 196-201.

21. Panyushev D.l. On covariants of reductive algebraic groups // Indag. Math.
2002. No. 13. P. 125-129.

22.  Panyushev D.l. Weight multiplicity free representations, $\frak g$-endomorphism
algebras, and Dynkin polynomials // Preprint, arXiv: math.AG/0112314, 19 p.

23. Panyushev D.l. Some amazing properties of spherical nilpotent orbits // Pre-
print, arXiv: math.AG/0206265, 22 p.
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Preprint, arXiv: math.RT/0210428, 20 p.

25. Gabbay D., Shehtman V. Products of modal logics, part 3: products of modal
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29. Borodin A., Forrester P. J. Increasing subsequences and the hard-to-soft edge
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30. Borodin A., Boyarchenko D. Distribution of the first particle in discrete orthogo-
nal polynomial ensembles // e-print math-ph/0204001, 41 p.

31.  Getzler E., Okounkov A., Pandharipande R. Multipoint series of Gromov-Witten
invariants of CP*1 // e-print math.AG/0207106, 10 p.
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and perspectives. Proc. NATO Adv. Study Institute (S. Fomin, editor), Kluwer, 2002,
p. 93-151.

33. Okounkov A., Pandharipande R. Gromov-Witten theory, Hurwitz theory, and
completed cycles // e-print math.AG/0204305, 55 p.
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e-print math.AG/0207233, 58 p.
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36. Okounkov A. Generating functions for intersection numbers on moduli spaces
of curves // Intern. Math. Res. Notices, 2002. No. 18. P. 933-957.

37. Yashkov S.F. Mathematical models of processor sharing systems. Preprint.
Moscow: IITP, 2002. 85 p. (in Russian).

In print

1. Spohn H., Zhizhina E. Long-time behavior for the stochastic Ising model with
unbounded random couplings // J. Stat. Phys. (to appear).

2. Blank M.L. Ergodic properties of a simple deterministic traffic flow model // J.
Stat. Phys. (to appear).

3. Prelov V.V., Verdu S. Second-Order Asymptotics of Mutual Information // IEEE
Trans. Inform. Theory (submitted).

4. Descombes X., Pechersky E. Droplet shapes for a class of models in $\mathbb
Z"2$ at zero temperature // J. Stat. Phys. (submitted).

5. Tsfasman M.A. Infinite Global Fields // Finite Fields 6, Springer Verlag (to ap-
pear).

6. Rovinski M. On certain representations of automorphism groups of an alge-
braically closed field // Math. Zeit. (submitted).

7. Golyshev V. Geometricity problem and modularity of certain Riemann-Roch
variations // Dokl. Akad. Nauk (to appear).

8. Panyushev D.l. The index of a Lie algebra, the centralizer of a nilpotent ele-
ment, and the normalizer of the centralizer // Math. Proc. Camb. Phil. Soc. 2002. V.
133 (to appear).

9. .Shehtman V. Derivational modal logic // Moscow Math. J. (to be published).
10.  Shapirovsky I.B., Shehtman V. Chronological future modality in Minkowski
spacetime. — In: Advances in Modal Logic'2002 (to be published).
11.  Vishik A. Motives of quadrics with applications to the theory of quadratic forms
/I Lect. Notes in Math. 90 p. (to be published).
12.  Kirillov A. A. Lectures on the orbit method) // American Mathematical Society
(revised edition, in preparation).
13.  Yashkov S.F. On law of large numbers for overloaded M/G/1 processor shar-
ing queue // Stochastic Models (submitted).
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LABORATORY 5

Laboratory of Teletraffic Theory
Head of Laboratory — Dr.Sc. (Technology) Sergei Stepanov
Tel.: (095) 299-94-15; E-mail: stepanov@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Techn.) A. Kharkevich Dr.Sc. (Techn.) V. Ershov
Dr.Sc. (Math.) I. Tsitovich Dr. V. Naumov

DIRECTIONS OF ACTIVITY

The laboratory deals with the development of teletraffic theory and its applications
in telecommunications and computer systems. The following problem areas and
models are studied at the laboratory in 2002:

¢ the construction of numerically optimized algorithms of calculation the performance
measures of queueing models described by multi-dimensional Markovian processes;

o the development and analysis of teletraffic models for performance evaluation
of new cost-effective telecommunication systems;

o the development of the software tools based on the efficient algorithms to sup-
port the performance modelling of the teletraffic models;

¢ the construction of the asymptotically optimal procedures for the sequential de-
sign of experiments for statistical problems related to telecommunication networks;

e the analysis of switching systems and interconnection networks for telecommuni-
cation and multiprocessing systems.

MAIN RESULTS

Optimized algorithm of estimation the performance measures of ideal gradings is
constructed. Optimization is achieved by removing out of calculation the states with
small probabilities of existence. Ideal gradings are widely used in construction and
planning of telephone networks. It is shown that usage of such approach can de-
crease the time of calculation up to 10 times and more for cases of large loads and
number of trunks. Also it allows to skip problems related to calculation of probabilities
with very small numerical values. (S. N. Stepanov)

It is shown how to use the methodology derived for estimating the performance
measures of multirate connection-oriented networks for solving the similar problems
appeared in telecommunication networks based on MPLS technology and consid-
ered on connection level. The corresponding model that can be used for MPLS net-
work dimensioning is described. Constructed model can be used for study the per-
formance measures of networks with differentiated services. Examples of such mod-
els having one or two nodes with several traffic flows are studied with help of constructing cor-
responding Markov processes. (S. N. Stepanov, E. O. Naumova, E. |. Melik-Gaikazova)

Models of subscriber's access system are constructed which are compatible with
other parts of multiservice communication network. They take into account a traffic
flours dividing, a level of mixing the channels cluster and can be used for analyzing a
network's structure. (A. D. Kharkevich, E. I. Melik-Gaikazova)

49



Activity Report 2002

An asymptotic extension for the risk function of asymptotically optimal sequential
strategy for hypothesizes testing for markov chain's distributions was analyzed when
the maximal probability of error tends to zero and a small parameter exists. An accu-
racy of a model for possible distributions as the small parameter was considered. A
bound for likelihood ratio deviations of discreet distributions under an regularity condition
validated for distributions in telecommunication networks was found. (1. I. Tsitovich)

The interconnection switching systems with many different groups of points are consid-
ered. Optimal crosspoints for different types of connections are received. (V. A. Garmash)

Properties and applications of z-transformations for elementary discrete signals
with multiple poles of their Laplace transforms have been discussed. It has been de-
duced that in such cases z-transformations are represented by compound structure
fractions, denominated V-fractions. V-fractions structure in case any poles multiplicity
have been also discussed. The new computed methods for direct and inverse z-
transformations have been developed by using V-fractions. (A. A. Vitkova)

It was proposed the Media Switch, which is able to combine different switching
disciplines into a compact fabric and provides a platform for multimedia services.
Long-term and short-term QoS effects of traffic aggregation and multipath routing in
the Internet was investigated. An object/oriented model of multi-layer transport network
described with Unified Modelling Language (UML) was proposed. (V. A. Naumov)

A statistical analysis of quality of internet -service for different types telephone sta-
tions modem users: step-by-step, crosspoint and electronic were carried out (jointly
with "MTU-Inform" (Russia)). Arrival traffic characteristics were investigated : an in-
coming Internet-calls number, mean number of internet-calls per busy hour, mean
duration of internet-session and also dependences of some parameters on time pe-
riod. The estimates of statistical parameters on grade of service of different types tele-
phone stations Internet-users were obtained. The method to calculate the capacity of cor-
porative network with Internet-service modem pool have been developed; this method
takes into account the arrival traffic screening effect. (V. A. Ershov, O. F. Sergeeva)

For Jackson network the necessary and sufficient conditions of presentation of its
stationary distribution of state probabilities in analytical form have been obtained. For
cases, when parameters of open Jackson network do not depend on and depend on
time, its exact nonstationary distribution of state probabilities in analytical form have
been obtained in partial case of infinite humber of servers in every node and initial
conditions (Poisson distribution of queue length in every node). In general case of
initial conditions and finite number of servers in every node determination of nonsta-
tionary distribution has been obtained by method of iterations. (V. A. Ivnitski)

The necessary and sufficient conditions of product form distribution of queue
lengths for network of nodes with generalized processor sharing discipline and net-
work state dependence of nodes parameters and with account the time for customers
transmission are suggested. An effective recurrence algorithm of calculation the coef-
ficients of the asymptotic expansion for an arbitrary number of expansion terms is
constructed. (O. V. lvnitski)

GRANTS FROM:

e Russian Foundation of Basic Research (N201-01-00287): "Non-parametric
hypotheses testing with guaranteed decision rule and its applications" (head I. I. Tsi-
tovich).
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PUBLICATIONS IN 2002

1. Stepanov S.N., Iversen V.B., Kostrov V.O. Optimized Dimensioning of Large
Bandwidth Resources Under MPLS Technology // Proc. of St. Petersburg Regional
International Teletraffic Seminar "Telecommunication Network and Teletraffic The-
ory". Russia. St. Petersburg. Loniis. 29 January-1 February. 2002. P. 50-63.

2. Stepanov S.N., Iversen V.B., Lagutin V.S., Kostrov V.O. Modelling Issues of
Differentiated Services in MPLS Networks // Proc. of St. Petersburg Regional Interna-
tional Teletraffic Seminar "Telecommunication Network and Teletraffic Theory". Rus-
sia. St. Petersburg. Loniis. 29 January-1 February. 2002. P. 88-93.

3. Stepanov S.N., Iversen V.B., Kostrov V.O. Modelling and Performance Meas-
ures Estimation for Networks with Differentiated Services // Proc. of 16-th Nordic
Teletraffic Seminar. Finland. Espoo. Department of Electrical and Communications
Engineering. Helsinki University of Technology. 21-23 August. 2002.

4. CrenaHoB C.H. ONTMMM3MPOBAHHbLIA anropuTM OLEHKN XapaKTepuUCTUK Npony-
CKHOWM CNocobHOCTU naeanbHO-CUMMETPUYHBIX cxeM // dnekTpocesasb. 2002. Ne 12.

5.  Kokuna O.A., CtenaHoB C.H. Cuctema Bu3yanbHOro NpoekTMpoBaHUs 1 peLue-
HMA 3agad maccoBoro obcnyxusanua // Tpyasl LVII HayyHon ceccun, NOCBALLLEHHOWN
OHto paguo. 2002. T. 2. C. 184-186.

6. CrenaHoB C.H., Menuk-lankasosa 3.U., Haymosa E.O. OueHka xapaktepu-
CTMK MPOMYCKHOM CNOCOBOHOCTM MOAENEN LUMPOKOMOSIOCHBIX CETEN CBA3WM C UCMOSb-
30BaHMeM cxem cepTtku // Tpyabl LVII HayyHon ceccum, nocesweHHon [Ho pagumo.
2002.T. 2. C. 186-187.

7. CrtenaHoB C.H., Menuk-l"ankasosa 3.U., HaymoBa E.O. NpubnmxeHHbIn pacyeT
nokasaTesrien nepefayun Harpysku ans Mogenen LUMPOKOMOOCHbIX CeTen CBA3M C yJe-
TOM NOBTOPEHMst 3abnokmpoBaHHOro Bbi3oBa. // Tpyabl LVII HayyHon ceccuun, noces-
weHHon OHo pagmo. 2002. T. 2. C. 187-188.

8. Manwtoe M.bB., UutoBnu WN.W. lMocneposaTtenbHasi npoBepka HenapameT-
pUYECKUX TMNOTE3 BTOPOro nopsgka ontumanbHocth // O6o3peHne npuknagHom u
npombILnNeHHon matemaTukn. 2002.

9. BwutkoB M.I., ButkoBa A.A. CBonCTBa 1 NpUMEHEHUS Z-Npeobpa3oBaHnin ane-
MEHTapHbIX AUCKPETHbIX CUrHanoB Npu KpaTHbIX nontcax n3obpaxeHun // SnekTpo-
cBa3b. 2002. Ne 5. C. 39-42.

10. ButkoB M.I"., ButkoBa A.A., Xapkesud A.[l. DopmupoBaHmne cnektpa npu no-

BTOPEHUN CUrHANOB C (PUKCUPOBaHHbLIM BpeMeHHbIM nHTepanom // Tpyabl LVII Ha-
y4HOW ceccuu, nocesweHHon [Ho paguo. 2002. T. 2. C. 191-193.

11. Tapmaw B.A. MHororpynnosbie cxembl kommyTauuun.// Tpygbl LVII Hay4HoM

ceccuu, nocesweHHon Ao pagumo. 2002. T. 2. C. 193-195.

12. Raatikainen P., Martikainen O., Naumov V. Media Switch for Multimedia Ser-
vices // Network Control and Engineering for QoS, Security and Mobility. Kluwer
Academic Publishers, 2002.

13. Naumov V. Aggregate Multipath QoS Routing in the Internet // Proc. Int. Work-

shop "Next Generation Network Technologies". Rousse, Bulgaria. October 11-12, 2002.
14. HaymoB B.A., Ynctoxeanos O.B., [Jobpoonbckad H.®. O6beKTHO-OpUeHTU-
poBaHHas Moerlb MHOrOypOBHEBOW TpaHCMOpPTHOW ceTu // CucTeMbl TeneKoMMyHUKa-
UM 1 MmoaenupoBaHue crnoxHoelx cuctem. M.: NMAMMC, 2002.

15. NeHuukmn B.A. O6 MHBapMaHTHOCTM CTaLUNOHAPHbIX BEPOSITHOCTEN COCTOSHWUI

OAHONWHENHON CUCTEMbI ODCNYXXMBaHUS, HE MMeELEN MYSTbTUNIIMKATUBHON (hOPMbI
// Tipo6nembl nepegaun nHgpopmauun. 2002. T. 38. Ne 4. C. 136-146.
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16. MBHuukmn B.A. KycouyHO-HenpepbiBHAA CETb MaccoOBOro o6CnyXmBaHusA C
avcumnnuHon "obobLieHHoe pasgenenue npoueccopa” // O6o3peHne NpuknagHom u
npoMblILneHHon matemaTtuku, 2002.

17. MBHuukmn B.A. O KyCOYHO-HeNnpepbIBHOW CETU MacCCOBOro OBCNYXMBAHUA C
ancumnnuHon "obobuieHHoe pasgeneHue npoueccopa” // Tpyabl MexayHapogHown
KoHdepeHumn "MHpopMaumoHHble cuctembl U TexHorornn'. 2002. MuHck, benapycb.

18. lvnitski V.A., lvnitski O.V. Queueing system with "generalized processor-
sharing" and dependence of service rate on residual work // Applied Stochastic Mod-
els and Information Processes. Memorial seminar dedicated to the 60th birthday of
Vladimir Kalashnikov. Petrozavodsk, 8-13 September 2002.

19. Epwos B.A., EpwoBa 3.6. K npobneme npoekTMpoBaHusi MyrbTUCEPBUCHbIX
ATM-ceTen c obxogamu // dnektpocesasb. 2002.
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LABORATORY 7

Laboratory of Bioelectric Information Processing
Head of Laboratory — Dr.Sc. (Biology), Prof. Leonid Titomir
Tel.: (095) 209-46-79; E-mail: titomir@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Techn.) L. Malinovskii Dr. A. Zhozhikashvili
Dr.Sc. (Techn.) V. Stefanuk E. Aidu
Dr. V. Trunov

DIRECTIONS OF ACTIVITY:

e investigating characteristics of practical lead systems for electrocardiographic
mapping under experimental-clinical conditions;

e working out, model and experimental-clinical approbation of optimal methods
for location of pathological electrogenic zones in the heart for topical diagnosis with
the use of "economical” lead system;

e choosing the most informative parameters of the vectorcardiogram for estima-
tion of the cardiac state in pilots and astronauts under various levels of overload:

e developing efficient methods of intelligible-pictorial representation of the car-
diac electrophysiological states and functions for noninvasive electrocardiographic
measurements;

e comparatively investigating model-structural methods of statistical data analy-
sis by examples of electrocardiographic records.

MAIN RESULTS

With the use of mathematical models, a new modification of the Frank vectorcar-
diographic lead system is proposed and investigated. The modified lead system
Frank-M consists of the same number of electrodes as the standard 12-lead system,
however it provides a simpler measuring procedure and much higher informativity as
compared to the standard electrocardiography.

A new method for location of the anatomical position of the acute ischemic lesions
in the heart using noninvasive measurements with the Frank-M lead system is devel-
oped on the basis of mathematical modeling; the optimal parameters of the method
are defined.

A new approach to extracting informative parameters of vectorcardiogram with the
use of linear transformation of the vectorcardiographic loop is proposed. This ap-
proach is used in the analysis of vectorcardiograms recorded under various levels of
overload in pilots and astronauts during training flights. There are proposed vector-
cardiographic parameters providing sufficiently reliable prediction of dangerous
states of the heart when the organism is subjected to great degree of overload or
weightlessness.

The developed new methods of statistical analysis of electrocardiograms are of
universal value and allow significantly extending capabilities of such computer soft-
ware packages as BMDP and SAS.
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A preliminary experimental-laboratory approbation of the proposed method for
diagnosis and dynamical observation of the cardiac state when the heart is subject to
the ischemic disease was carried out in Russian Cardiology Research Complex, Min-
istry of Health of Russian Federation with the use of the Frank-M lead system and
original modification of the dipole electrocardiotopography method (DECARTO); the
approbation confirmed the efficiency of this method and revealed the perspective di-
rections of its improvement.

Some studies were performed in collaboration with scientists of Slovak Republic in
the framework of agreements on scientific cooperation concluded by Institute for In-
formation Transmission Problems, Russian Academy of Sciences, with the following
scientific institutions: Institute of Measurement Science, Slovak Academy of Sci-
ences; Institute of Normal and Pathological Physiology, Slovak Academy of Sci-
ences; and International Laser Center in Bratislava.

The computer algorithms and programs are prepared for implementation of the
modified DECARTO technique on the unique mathematical model of the cardioelec-
tric generator situated within the electrically conducting medium of the human chest
(this model was worked out by slovak scientists).

The DECARTO method was rewarded with Gold Medal at the Il International Sa-
lon of Innovations and Investments (Moscow, 6.2.2002 — 9.2.2002) and with Diploma
of Honour at the V International Salon of Inventions "Archimed-2002" (Moscow,
27.3.2002 — 31.3.2002).

The scientific workers of the Laboratory V. G. Trunov and E. A. |. Aidu took part in
the international seminars on the project ASTROCARD — INTAS No. 99-01319
(Paris, France, 21.2.2002 — 28.2.2002).

Prof. L. I. Titomir participated in the international cooperation on scientific-
organizational problems as a Member of Council of the International Society of Elec-
trocardiology, Editorial Consultant of "Journal of Electrocardiology" (USA), and Mem-
ber of Editorial Board of "Bratislava Medical Journal" (Slovak Republic).

GRANTS FROM:

¢ Russian Foundation of Basic Research (No. 01-01-00104): "Mathematical
modeling of the bioelectric processes in the heart and development of methods for
diagnosis, dynamical observation, and prediction of the ischemic heart disease on
the basis of computer and information technologies".

e INTAS (N2 99/01319): "Monitoring of the cardiovascular system of astronauts
by means of noninvasive methods based on comprehensive computerized analysis
of orthogonal electrocardiogram (ASTROCARD)".

PUBLICATIONS IN 2002

1. Twtomup J1.W., TpyHoB B.I'., Angy 3.A.W., ArapkoBa T.B. lNoaBuxHbI anek-
TPUYECKN LEHTP cepAua: HoBas KOHUeNnuus 1 maTtematndeckoe mogenvposaHue //
Buodumanka. 2002, T. 47, c. 352-360.

2.  Arapkosa T.B., TpyHoB B.I"., Angy 3.A.U., Tutommup J1.1. NccnepgosaHune me-
ToOa onpeaeneHnss NOABMXKXHOIO 3NEKTPUYECKOro LieHTpa cepaua Ha NOBEPXHOCTHO-
pacnpegeneHHbIX MOAeNaX KapanoanekTpudeckoro reHepartopa // buodumsunka. 2002,
T. 47, c. 902-907.
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3. MwuxneB A.A., bapuHosa H.E., CaxHoBa T.A., Tutommp J1.1. BnusHue ocHos.-
HbIX aHTPOMOMETPUYECKMX COOTHOLUEHUA FPYOHON KNETKM Ha BeKTopkapguorpadu-
YyecKkne U3MepeHus: uccrefoBaHne Ha matemaTndeckux mogensx // UsmeputenbHas
TexHuka. 2002, Ne 4, c. 56-61.

4. MuxHeB A.A., Tutomup J1.L., CaxHoBa T.A., TpyHoB B.I"., Aingy 3.A.WN. lNpak-
TMYyeckas cuctema OTBEAEHWN ANS HEMHBA3UBHOIO KapTUPOBaHUSA KapAuMO3anekTpu-
4YecKoro nonsi Ha ctaHgapTHon noBepxHocTh // NameputenbHaa TexHuka. 2002, Ne
10, c. 62-65.

5. Tony6uos K.B., Opnoe O.10., Angy 3.A.N., TpyHos B.I"., CocpoHos IN.[., Ero-
poBa T.C. KomnbloTepHas cuctema ang AnarHOCTUKM 3peHus // MHdopMaunoHHbIe
npoueccol. 2002, 1. 2, ¢. 275-278.

6. bnuHoBa E.B., CaxHoBa T.A., lNonesaa T.lO., TpyHos B.I'., Angy 3.AWU., Tu-
Tomup J1.W. [lunonbHas anekTpokapauotonorpadusa — HOBbIM cnocob rpadmyeckoro
npencraBneHns OpTOroHanbHOW anekTpokapauorpammbl // TpakTukyowmin  Bpau.
2002, Ne 4, c. 15-17.

7. ManuHosckun J1.I. AHanu3 cratuctnyeckmx cssasen. MoaenbHO-KOHCTPYK-
TUBHbIN noagxoA. — M.: Hayka, 2002. 688 c.

8.  Titomir L.l., Mikhnev A.A., Trunov V.G., Aidu E.A.l. NEKTAL-16 lead system for
noninvasive display of the cardioelectric field on an imaging sphere // Int. J. Bioelec-
tromagn. 2002, v. 4, p. 133-134.

9. Blinova E.V., Sakhnova T.A., Atkov O.Yu., Trunov V.G., Aidu E.A.l., Titomir L.I.
Mapping of repolarization duration in normal subjects by DECARTO technique // Int.
J. Bioelectromagn. 2002, v. 4, p. 323-324.

10. Blinova E.V., Sakhnova T.A., Kozhemyakina E. Sh., Vaida P., Capderou A.,
Atkov O.Yu., Trunov V.G., Aidu E.A.l., Titomir L.I. Changes of decartograms under
gravitational acceleration and microgravity // Brat. Med. J. 2002, v. 103, p. 97-100.
11. Blinova E.V., Sakhnova T.A., Kozhemyakina E. Sh., Titomir L.I., Trunov V.G.,
Aidu E.A.l., Vaida P., Capderou A., Cermack M., Atkov O.Yu. Changes of decarto-
grams under microgravity during parabolic flights. — In: XII Conference on Space Bi-
ology and Aerospace Medicine. Moscow, June 10-14, 2002 (Abstracts). 2002, p.
413-414.

12. Sobolev A.V., Kozhemyakina E. Sh., Blinova E.V., Sakhnova T.A., Titomir L.I.,
Trunov V.G., Aidu E.A.l.,, Vaida P., Capderou A., Cermack M., Atkov O.Yu. ECG-
parameters sensitive to the gravitation alteration. — In: XlI Conference on Space Biol-
ogy and Aerospace Medicine. Moscow, June 10-14, 2002 (Abstracts). 2002, p. 596-
597.

13.  Titomir L.1., Blinova E.V., Trunov V.G., Aidu E.A.l., Mikhnev A.A., Sidorova E.V.
Diagnostic observation of the myocardial ischemia using modified Frank leads and
DECARTO method. — In: 2nd European Medical and Biological Engineering Confer-
ence EMBEC'02, Vienna, Austria (accepted).
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Artificial Intelligence Group

DIRECTION OF ACTIVITY:

e behavior of locally organized artificial intelligence systems in theory and appli-
cations;

e research on the use of theory of category for description of learning and knowl-
edge processing in artificial intelligence;

¢ semiotic methods of artificial intelligence;

e development intellectual tutoring systems.

MAIN RESULTS

The problem of tutoring is shown to consist from two subtasks: the transmission of
knowledge from teacher to learner, and that of assimilation of knowledge by the
learner. It is shown in this project that these two close subtasks are drastically differ-
ent with respect to their scientific development, the latter explaining the slow pro-
gress in the modern computer based education.

For the area of learning systems some new mathematical results have been ob-
tained concerning criteria of asymptotic optimality of finite devices.

For the area of teaching systems on the base of an original scheme of cognitive
levels, involved in education process, a model of cognitive transactions has been
built which shows itself in the process of education.

It is this model which is taken as the base of the personal tutoring system, which is
the central topic of the given project. Such a system allows to dynamically control the
personal properties of the student exhibited in the process of education. It has been
shown that this system is in a good agreement with the arrangement of intelligent
man-machine interface previously developed by the authors.

A special issue of the journal "Al News" #5 was compiled by V. Stefanuk. This is-
sue includes both the materials by V. Stefanuk and the translations of some impor-
tant Eastern and Western papers in this area.

A theoretical study of the production base design by learning from examples was
performed. The individual, tree and net arrangements of productions have been con-
sidered. The results obtained were reported at the Joint Conference on Knowledge
Based Software Engineering, Maribor (Slovenia) and at the 8th National conference
on Artificial Intelligence (CAI-2002), Kolomna (Russia).

The new definition for productions was proposed to encompass many concrete
cases of production used in Artificial Intelligence. In this definition some important
elements of productions were considered which for some reasons were out of view of
many researches. Independent from the content and the formats this definition re-
mains rigorous and hence admits the mathematical analyses. The results obtained
create a sound base for the studies which were led in our group for many years con-
cerning the use of a categorical approach in Artificial Intelligence.

We started a discussion of mobile communication for the public sector of the soci-
ety as a supplement to the existing commercial approaches. The proposed methods
for solving of arising problems return us back to our original model of Collective of
Radiostations, which was aimed to provide a nomadic mobile communication in pub-
lic domain.
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A book devoted to the locally organized systems which is the main direction of our
activity was prepared in 2002. Another text book on intellectual tutoring systems has
been published.

In 2002 Vadim Stefanuk served as an organizer and the member of Programming
Committees of several conferences:

— Joint Conference on Knowledge Based Software Engineering (JCKBSE), Mari-
bor (Slovenia) (with two papers).

— International conference IEEE "Al Systems" (AlS-2002), Gelendzhik, (Russia).

— Intellectual data processing, Kiev (Ukraine).

— National conference on Al with international participation (CAI-2002), Kolomna
(Russia), Conference chair, with two papers.

In 2002 Vadim Stefanuk has been reelected to be the Vice-President of Russian
Association for Artificial Intelligence (RAAI) for the next term.

Elected in 2001 to be a fellow of European Coordinating Council for Artificial Intel-
ligence (ECCAI) in 2002 Vadim Stefanuk was appointed to be the member of Pro-
gramming Committee of I[JCAI-2003 which will be held in Mexico, August, 2003.

In 2002 V. Stefanuk was also appointed to be a PC member of the 3rd Interna-
tional, Central and Eastern European Conference on Multi-Agent Systems (CEE-
MAS), June 16-18, 2003, Prague, Czech Republic.

GRANTS FROM:

e Program of Russian Academy of Sciences "Mathematical modeling and in-
tellectual systems" (award Ne 2.2.4): "Problems of category theory formalization of
intellectual knowledge-based computer systems". Project leader V. L. Stefanuk.

¢ Russian Foundation of Basic Research (No. 02-01-00955): "Problems of de-
sign of personal tutoring systems based on intellectual man-machine interfaces". Pro-
ject leader V. L. Stefanuk.

PUBLICATIONS IN 2002

1. Stefanuk V.L. Lessons from artificial intelligence. Collection of Scientific Works
of Scientific Session MIPHI-2002. V. 3: "Intelligent Systems and Technology". Minis-
try of Education of Russian Federation. Moscow, 2002. P. 18-19.

2.  Zhozhikashvili A., Stefanuk V. On the Concept of production in Atrtificial Intelli-
gence // Proceedings of RAN: Theory and Control Systems. P. 9 (in print).

3. Stefanuk V.L., Zhozhikashvili A.V. Productions and rules in artificial intelligence
/I Kybernetes. The International Journal of Systems & Cybernetics. MCB University
Press: 2002. P. 817-826.

4. Stefanuk V.L., Zhozhikashvili A.V. Algebraic Theory of Production Systems,
Knowledge-Based Software Engineering // Proceedings of 5tht Fifth Joint Conference
on Knowledge-based Software Engineering, ed. T. Welzer, S. Yamamoto, and |.
Rozman. IOS Press, 2002. P. 116-124.

5. Stefanuk V.L. Knowledge Representation and Reasoning. (A Concise survey
of IJCAI-2001, USA). Plenary paper // Proceedings of 8" National Conference on Ar-
tificial Intelligence (CAI'’2002). M.: Fizmatlit, 2002. V. 1. P. 33-41 (in Russian).
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6. Zhozhikashvili A.V., Stefanuk V.L. Algebraic Theory of Production Systems //
Proceedings of 8" National Conference on Atrtificial Intelligence (CAI'2002). M.: Fiz-
matlit, 2002. V. 1. P. 428-436 (in Russian).

7. Stefanuk V.L. To Teach or to Learn // Al News. Russian association for Al.
2002. No. 5. P. 113-124 (in Russian).

8. Stefanuk V.L. Introduction to Intellectual Tutoring Systems // Russian Univer-
sity for People's Friendship. Moscow, 2003. 58 p. (in Russian).

9. Stefanuk V.L. Mobile Communication for All // Proceedings of Scientific Ses-
sion MIFHIE-2003. V. 3: "Intellectual Systems and Technologies". Ministry of Educa-
tion of Russian Federation. Moscow, MIFHIE, 2003. P. 23-25 (in Russian).

10. Stefanuk V.L. Expense of Democracy // Al News. Russian association for Al.

2002. No. 6. P. 27 (in Russian).

11.  Stefanuk V.L. International Joint Conference on Artificial Intelligence in Thbilisi

(1975) Polytechnic Reading "Cybernetics — expectation and results". Issue 2. Mos-
cow: Znanie, 2002. P. 84-89 (in Russian).

12.  Stefanuk V.L. In Search for Hidden Meaning: Pospelov's Work on Applied

Semiotics // Submitted to International Conference on Integration of Knowledge In-
tensive Multi-Agent Systems (KIMAS'03). 2 p. (submitted).

13. Stefanuk V.L. Problems of Performance Measurement in Locally-Organized

Systems. Submitted to International Conference on Integration of Knowledge Inten-
sive Multi-Agent Systems (KIMAS'03). 2 p. (submitted).
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LABORATORY 8

Laboratory of Sensory Information Processing

Executive Head of Laboratory — Dr. (Biology) Vladimir Bastakov
Tel.: (095) 200-14-77, Fax: (095) 209-05-79; E-mail: bastakov@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Biol.) D. Lapshin Dr. V. Maximov
Dr.Sc. (Techn.) D. S. Lebedev Dr. O. Orlov

Dr.Sc. (Math.) D. G. Lebedev Dr. T. Podugolnikova
Dr.Sc. (Biol.) I. Pigarev Dr. E. Rodionova
Dr.Sc. (Biol.) G. Rozhkova Dr. M. Smirnov

Dr. K. Golubtsov Dr. V. Vedenina

Dr. E. Maksimova P. Maximov

FIELD OF RESEARCH

The main research area of the laboratory is investigation of information processing
in sensory systems and in nervous system of man and animals in general. These re-
searches are aimed onto:

e celaboration of adequate models which show how the studied principles of in-
formation processing in the nervous system are realized in the formation of complex
behaviour;

e elaboration of mathematical models simulating significant functions of distinct
divisions of sensory systems, including peripheral, central and sensorimotor levels of
information processing;

e comparison of principles and solutions of similar problems in live and technical
information systems intended to improve the later;

e designing and implementing diagnostic methods and devices for ophthalmology.

To cope with the problems mentioned, different approaches and methods are used
by the laboratory researchers, including neurophysiological, psychophysical and
morphological methods, as well as animal behaviour field studies and computer
simulations of sensory processing. Among the most important problems is descrip-
tion and classification of numerous functional types of neural units which are involved
in the sensory information processing at several levels of integral nervous system.
Thus, in vision the peripheral level of information processing is represented by the
retina, while the brain visual centres (cortex and caudate nucleus in cats and mon-
keys, diencephalon and mesencephalon in fish and in frogs) represent the central
level. Investigation of neurons’ functional types is performed by means of both neu-
rophysiological and morphological methods. Microelectrode experiments are aimed
on recordings of responses from separate single units (neurons) at different levels of
the retina, which itself is composed of several distinct layered nerve structures, each
of them being a complex ordered network built of different neuron classes. These ex-
periments are performed on immobilized live animals using their visual stimulation.
Morphological studies specify those neural structures and morphology of the nerve
cells which are subject of neurophysiological investigation. Functional features of
neural components are the matter of comparison to some distinct forms of sensory-
guided integral behaviour of the same experimental animals (fish, amphibia cats),
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this way providing the background for modeling of corresponding neural circuits in
terms of computer simulations. Such, computer simulations include modeling of neu-
ral event underlying of information processing at the level of cone receptor population
(in primate retina), as well as interaction of receptor and horizontal cells in the retina
(in fish). General principles of sensimotor information processing (such as colour and
size constancy in visual perception, binocular vision mechanisms, spatial orientation,
echolocation in moths, bioacoustics in locusts during the breeding period) are the
matter of psychophysical experiments on both healthy subjects and medical patients
having different sensory disturbances; as well as in behavioural experiments on ani-
mals. Basic researches provide the background for applied outcomes in the form of
diagnostic methods and devices for medical ophthalmology, which are as well being
designed and implemented by the laboratory staff.

In our "paper colourimetry" experiments with manual or mechanical movement of
papers painted in different colours on backgrounds of other colours, directionally se-
lective ganglion cells of the fish retina projecting to the tectum opticum was shown to
be practically colour blind, for it was always possible to match stimuli with back-
grounds varying only their intensities. Sensitivity of these units was placed in the
long-wave end of the spectrum. We are able to refine the situation presenting on col-
our monitor screen stimuli of high contrast, specified for the visual system of goldfish.
The spectral sensitivity of directionally selective units had been found to determine
not only by the red-sensitive cones but green-sensitive ones also. Green-sensitive
cones participate weekly with opponent manner. So the sensitivity of directional-
selective units is reduced in the blue-green end of the spectrum, its maximum shifted
even further to the red end. This shift of spectral sensitivity may be considered an
adaptation to the underwater condition, where acute vision is possible only in long
wavelength because of the substantial light scattering in blue-green region of the
spectrum. (V. V. Maximov, E. M. Maximova)

A hypothetical post-retinal mechanism for separating the red-green opponent sig-
nals from the outputs of the midget ganglion cells, which are a mixture of red-green
and brightness signals, is presented. The mechanism consists of an inverter and a
low space frequency filter, which are series connected. The inverter forms two
groups of signals: the first one is a set of the outputs of the on-ganglion cells with L-
center and off-ganglion cells with M-center; the second group consists of the outputs
of the on-ganglion cells with M-center and off-ganglion cells with L-center. The filter
suppresses the false color opponent signals caused by stimulus brightness changes.
As a rule such filtration provides forming the "pure" color opponent signal. But the
computer experiments show that some special stimuli create the false color opponent
signals, which are so powerful that the filter cannot completely suppress them.
Probably these results explain the origin of the illusory colors caused by some
achromatic stimuli in psychophysics experiments. (D. S. Lebedev)

Possible mechanisms of the colour opponency (CO) in the outer retina were con-
sidered. A mechanism of the CO by means of Byzov’s ephaptic feedback from hori-
zontal cells to cones is investigated in detail by use of computer simulation. Cone
output signal — glutamate release — is controlled by potentials of horizontal cells
which are synaptically connected with cones. However, unlike feedforward versions,
such scheme of the CO meets with some logical difficulties. Physiological functions
usually attributed to CO require the opponent signal to be independent of brightness
("pure" CO). For that the transmitter release must not depend on intensity of the
stimulus. A paradox is that in this case HCs apparently do not receive any informa-
tion about the intensity too and so cannot provide necessary feedback. Unfortunately,
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the fact, clear to any radio-engineer, was not fully realized by neurophysiologists. The
paradox can be settled by assuming that the feedback loop possesses practically "in-
finite" gain. Then the output cone signal proves to be rather stabilized, while the HC
potential does reflect variations of intensity and supply necessary signal for feedback.
A substantial amplification of graded potentials in HCs is possible due to voltage-
dependent properties of their nonsynaptic membrane. Appropriate "negative" resis-
tance of the HC membrane was described by A. L. Byzov et al. in fish retinas (A. L.
Byzov et al. Vision Research. 1977. No. 17. P. 265-273), but its function remained
unclear since 1977. The first, analog model made on the basis of operational amplifi-
ers (op amp) confirmed that responses independent of the intensity of input stimuli
can be achieved by use of the op amp with "infinite" gain in the feedback loop. The
second, detailed computer model of the retinal network in the framework of Byzov's
hypothesis of the ephaptic feedback in triade synapses shows that a feedback via
HCs possessing membrane with negative slope resistance indeed simulates neces-
sary "pure" CO (V. V. Maximov, P. V. Maximov).

A new explanation for the orientation-contingent colour after-effect also known as
the McCollough effect (ME) is proposed. Like other illusions the ME is supposed to
be a result of activity of some visual mechanism (presumably, the novelty filter) that
is useful in natural conditions but gives wrong visual perception under special ex-
perimental stimulation. As to ME there were no clear view on possible role of the
novelty filter in the visual system. It is usually considered that this filter stores fre-
quently appeared image in distributed synaptic weights and subtracts it from the cur-
rent input image. However the novelty filter can be represented as a special device
that eliminates cross-correlation between the input signals. In this case it may be
used as a tool for correcting of a priori unknown optical distortion (such as defocus-
ing, astigmatism, chromatic aberration and so on). Pilot experiments with a computer
model show that the novelty filter can remove the redundancy of input visual informa-
tion. In particular, this redundancy may appear due to a significant overlapping of
spectral sensitivities of red and green cones. In this case after a long adaptation to
such correlated signals the novelty filter would perform a colour-opponent transfor-
mation (P. V. Maximov, V. V. Maximov).

Until recently, in most studies of binocular vision, the attention was focussed al-
most exclusively on the mechanisms of stereopsis based on looking for the matched
elements in the left and right images and comparing their positions. At the same time,
the human binocular system also include principally different mechanisms capable to
produce a single binocular percept from unpaired left and right fragments in the ab-
sence of corresponding elements. These integrative mechanisms seem to be of par-
ticular interest in view of the finding that, in the cases of binocular disorders, they
usually become disturbed later and restore earlier than others. Comparative studies
of the integrative mechanisms in adults and in children of various ages with normal
binocular vision and with binocular anomalies have shown that the rate of binocular
integration reachs the adult level at about 9 years of age. The data obtained could be
used for differential diagnostics, optimization of treatment and prediction of the ex-
pected progression in the course of binocular vision abilitation and training (G. I.
Rozhkova, T. A. Podugolnikova).

In our previous study ("Neuroscience", 1993) it was demonstrated that neurons in
the primary visual cortex of cats responded to the intraperitoneal electrical stimulation
during slow wave sleep. This observation opened the new direction for the investiga-
tion of sleep function. However, it was often argued that electrical stimulation was ar-
tificial for the visceral organs and the recorded responses were nonspecific in nature.
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The goal of our study during this year was to check our observation using only natu-
ral activity of the gastro-intestinal system. Three cats were operated for chronic re-
cordings of neuronal activity in the cortical visual area V4A. Electrodes for chronic
recording of myoelectrical activity were also implanted into the smooth muscles in the
walls of stomach. Electrodes in stomach recorded typical migrating myoelectrical
complexes — high amplitude bursts of the periodic activity. This activity take place in
a stomach with intervals 10 — 20 seconds and reflect strong muscle constructions. It
was found that during slow wave sleep appearance of these complexes coincided in
time with strong increase of neuronal firing in cortical area V4A. Eye movements,
which can be recorded during slow wave sleep also demonstrated correlation with
stomach activity. These observations confirmed the involvement of cortical areas in
the processing of visceral information during seep and have directly demonstrated
that slow wave cortical activity during sleep reflect activity of the gastro-intestinal sys-
tem (1. N. Pigarev).

In prey—catching behavior of monocular frog under experimental control during
slow approach to stable prey, for the first time the features of the visual stimulus
(namely, its lateral shift without distance change, and the change of its visible angular
size), have been revealed, the change of which lead to illusion of distance change
between animal and stimulus, although this distance did not change indeed. In psy-
chophysical experiments on human subjects likewise situation had been tested. In
the case when one eye had been occluded, subjects perceived distinct illusion of lat-
eral (outward of visual field) stimulus displacement when the stimulus approached,
and an opposite (inward) if the stimulus moved away (V. A. Bastakov).

Two points of interrelation between vision and language are discussed, (i) one re-
garding resemblance of processing of these two so much unlike sensory flows, and
(ii) the second, abundance of words and lexemes describing thinking and mental
events in the "cognitive" area, and such concerning communication and interpersonal
contacts, which appeal to associations from visual experience. "Vision-related" words
and idioms belonging to these topics may be of interest for comparative—lexicological
study in non—relative languages, because they may reveal some conservative mental
tendencies common to people in general (O. Yu. Orlov).

We have investigated the effects of peppermint and lavender odors, presented
during a class-work, on the students' performance in math and spelling at elementary
and middle school. Peppermint presented in the air in a very low concentration (0,03
mg/m?) significantly improved the students' performance in the word-dictation spelling
test. The effect manifested itself as a decrease of the mean number of errors and a
respective increase of the mean school-mark. Peppermint, however, did not affect
the performance in the text-copying test, which depended more on attention than on
memory. A similar selectivity of peppermint towards the math tests was revealed.
The performance in the arithmetic dictation was improved by peppermint, but the re-
sults in the written math test were not affected. It seems that in both dictation tests
the performance depends on a common mental process, that probably employs op-
erative memory, which was facilitated by peppermint. Lavender demonstrated a dual
effect: like peppermint, it improved the performance in word dictation but adversely
affected the students' performance in both math tests (E. I. Rodionova).

The shape of the threshold-frequency characteristics of the echolocating moths
was studied with varying delay of the tonal stimuli in relation to the own signals of the
insects. It was shown that the zone of the optimal acoustic reception was moving
along the frequency axis in a cyclic manner. Immediately after the emission of the
echolocation click, the acoustic system was "tuned" to the main spectral peak of the
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expected echo signal (40-50 kHz) but, in 15 mc, the optimal zone was already shifted
to 24 kHz. The tuning frequency of the acoustic system was determined by the ten-
sion of the tympanal membrane by methatoracic muscles. The particular attention of
the insects to the low-frequency part of the ultrasonic range could be accounted for
by their need to control the surrounding space in order to detect echolocation signals
of the approaching predators (D. N. Lapshin).

In the behavioral experiments, intact females of the two closely related species
Chorthippus albomarginatus and C. oschei selectively (in 80-90% of cases) responded
to the intact conspecific males in choosy conditions. Elimination of the chemical or vis-
ual components of the complex courtship signal did not change a female selectivity,
whereas elimination of the acoustic component decreased both the female selectivity
and the whole number of the positive responses. Thus, acoustic component of the
courtship is not only a reproductive barrier between closely related species but also a
component of sexual selection. A rate of hybridisation between closely related species
C. albomarginatus and C. oschei was evaluated on the base of associations between
different characters (acoustic signals and morphological characters). In 15 populations
of the hybrid zone, a correlation between courtship songs and the number of stridula-
tory pegs was revealed for all males studied (V. Yu. Vedenina).

SCIENTIFIC EVENTS

The meeting devoted to the memory of the corresponded member Russian Acad-
emy of Sciences A. L. Byzov was held 2002, February 12. The organizers L. M.
Chailahjan and V. A. Bastakov.

GRANTS FROM:

¢ Russian Foundation of Basic Research (No. 00-04-48657): "Mechanisms of
moving objects size constancy perception in frogs and toads" (V. A. Bastakov).

¢ Russian Foundation of Basic Research (No. 01-04-48632): "Mechanisms
and functions of colour opponency in vertebrate vision" (V. V. Maximov).

¢ Russian Foundation of Basic Research (No. 00-04-48704): "Investigation of
topographic macromosaic and the properties of constant presentation of depth in
fourth extrastriatal layer (visual zone V4A) of occipital cortex of cat" (I. N. Pigarev).

¢ Russian Foundation of Basic Research (No. 01-04-49484): "Mechanisms of
age-dependent changes of visual acuity" (G. I. Rozhkova).

¢ Russian Foundation of Basic Research (Ne 02-04-07552): "MAC" (P. V. Maximov).

e Russian Foundation of Basic Research (Ne 02-04-48256): "Frequency tun-
ing of the hearing system of noctuid moths (Lepidoptera, Noctuidae) (D. N. Lapshin).

¢ Russian Foundation of Basic Research (Ne 02-04-58750): "Partake in Europe
Conference on Visual Perception (ECVP), Glasgo, GB, 2002, 25.08-29.08". (P. V. Maximov).

e Russian Foundation of Basic Research "Partake in Europe Conference on
Visual Perception (ECVP), Glasgo, GB, 2002, 25.08-29.08". (D. P. Nikolaev).

e Russian Foundation of Basic Research (N2 02-04-589052): "Partake in 22nd
Workshop of "The J.B. Johnston Club". USA, Orlando, 2002, 30.10-10.11". (V. A. Bastakov).

e Sense of Smell Institute Grant: "The effects of fragrances on memory and
mental performance in schoolchildren" (E. I. Rodionova).

e Alexander von Humboldt Foundation Grant (Stipend), IV RUS/1054747 STP:
"Hybrid zone and barriers to gene exchange between closely related grasshopper species
of the Chorthippus albomarginatus-group” (V. Yu. Vedenina).
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PUBLICATIONS IN 2002

Articles

1. dusnonorna cetyaTkn: HempomeamaTopbl U anNekTporeHes. — B kH.:
KnuHnyeckasa dusmonorus 3penuns. Peg. A.M. WamwwuHosa v gp. M.: MHUAUTE nm.
lenbmMronbua, 2002. C. 25-37.

2. Boponuos O.0., NanwwuH [O.H. YacTtoTHas nepectponka CIiyxOBOW CUCTEMbI
akycTmyeckn aktmBHbix H6aboudek-coBok (Noctuidae, Lepidoptera) // Ooknagsl PAH.
2002. T. 386. Ne 3. C. 415-417.

3. Pigarev I.N., Nothdurft H.-Ch., Kastner S. Neurons with radial receptive fields
in monkey area V4A: evidence of a subdivision of prelunate gyrus based on neuronal
response properties // Exp. Brain Res. 2002. P. 199-206.

4. Podugolnikova T.A., Kondrashev S.L. Varieties of ganglion cells of the marine
fish retina projecting to the optic tectum: an HRP study // Studia Marina. 2002. V. 23.
Ne 1. P. 115-122.

5. Poxkosa I.U., Bacunbesa H.H., TokapeBa B.C. buHokynspHasa vHTerpauus y
OeTen OOLWKOMbHOro U mnagwero wkonbHoro Bo3pacta // CeHCOpHble CUCTEMBI.
2002. T. 16. Ne 3. C. 221-229.

6. Rozhkova G.l., Podugolnikova T.A. Individual variability of accommodation in chil-
dren with normal acuity of far and near vision // Ocular Biomechanics. 2002. P. 128-136.
7. Eroposa T.C., N'onybuos K.B. KMCM B onpegenexHunn 3putensHon pabdotocno-
cobHocTn cnabosumaswmnx wkonbHukos // HdopmaunoHHble npouecchl. 2002. T. 2.
Ne 1. C. 106-110.

8. Tony6uoB K.B., Opnos O.10., Amay 3. A.-U., Cocpporos IM.0., TpyHoB B.I".,
EropoBa T.C. KomnbloTepHas cuctema Ans amarHocTuku 3penus // HpopmaumoH-
Hble npouecckl. 2002. T. 2. Ne 1. C. 275-278.

9. WwrnHa H.A., Kyman W.T"., TonybuoB K.B. OcobeHHOCTM MCNONb30BaHNA UM-
NyfbCHOr0 XpOMaTUYECKOro cBeTa B AMArHOCTMKM XpOMaTUYeCKoro cBeta B AnarHo-
CTUKe 1 neveHumn atpodpumn 3putenHoro Hepea // PMX — KnuHnyeckas OdpTanbmo-
norusa. 2002. T. 3. Bein. lll. C. 37-40.

10. 3yea M.B., LlaneHko WN.B., lNnonybuos K.B., 3axapoa M.IO., Akosnes A.A.,
XBartoBa A.B. [luarHoctuyeckme BO3MOXHOCTU MeToda MyribTudgokanbHon KHCM —
B kH.: KnnHunyeckas dusnonormna 3penus. Peg. A.M. lWamwwuHosa u gp. M.: MHUUTB
um. Nenbmronbua, 2002. C. 268-274.

11. Wwuruna H.A., Kyman W.I'., Tonybuos K.B. Beibop n moandukaumns metonos
ANarHOCTUKM aTpohmm 3pUTENBHOrO HEPBA B YCINOBUAX NOMUKINHUK. — B KH.: KnuHu-
yeckas gmsunonorua 3peHnsa. Peg. A.M. WamwuHosa v gp. M.: MHUAWUTB um. 'enbm-
ronbua, 2002. C. 441-447.

In print

1. Kynbumukmin C.B., Makcumos B.B., Makcumos I1.B., Jlemak M.C., BopoHuH J1.J1.
Koppensauua mexay napHbiMWU OTBETAMW NOATBEPXKOAET Hanuune nonoXuTeNbHOW
apanTnyeckon obpaTHOM CBA3WN B LieHTpanbHbiX cuHancax // Joknagsl PAH. 2003
(MpuHsATa K NneyaTn).

2. Jlebepe [0.C. KomnbioTepHas mMoAenb CETU KapSIMKOBbIX HEMPOHOB B LEH-
TpanbHom ceTyaTke npumaTtoB // CeHcopHble cuctembl. 2003 (coaHa B neyaTb).

3. Vedenina V.Yu., Helversen O.v. Complex courtship in a bimodal grasshopper
hybrid zone // Behav. Ecol. Sociobiol. 2003 (in press).
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4. lMopyronbHukoBa T.A., HocoBa M.®. OueHka ypOBHS pas3BuUTUS KpaTKOBPEMEH-
HOW 3pUTENBbHON NaMSATK Y OOLUKOMbHUKOB C HapyLUEHNAMN BUHOKYNSPHOrO 3peHnsa //
HedexTonorus. 2003. Ne 1. (B neyaTn).

5.  Makcumosa E.M., bactako B.A. dusmnonorna 3putenbHOro aHanusatopa. —
PykoBOACTBO K MPaKTUYECKMM 3aHATUSM MO Kypcy (OM3MONOrMm XXUBOTHbLIX N YeroBe-
ka. M.: Usg-so MI'Y, 2003 (B neyaTwn).

Conference reports

1.  Maximov P.V, Maximov V.V. Colour opponency by means of feedback from
horizontal cells: a role of amplification by their nonsynaptic membrane // Perception.
2002. V. 31 (Suppl). 3. 137.

2. Maximova E.M., Vabishchevich A.P., Denisenko A.V., Maximov P.V., Orlov
0O.Yu., Maximov V.V. Directionally selective units in the goldfish retina: A colour-blind
mechanism driven by two spectral classes of cones // Proc. of the 29th Goettingen
Neurobiology Conference. 2002. Georg Thieme Verlag, Stuttgart, New York.

3. Lemak M.S., Maximov V.V., Maximov P.V., Koulchitsky S.V., Voronin L.L. Evi-
dence for ephaptic feedback in mossy fiber-CA3 synapses: Positive correlation be-
tween paired responses // Proc. of the 29-th Goettingen Neurobiology Conference
2002. Georg Thieme Verlag, Stuttgart, New York.

4. Bastakov V.A. Two visual illusions associated with size constancy perception in
frogs and toads // Abstracts of 32nd Society for Neuroscience meeting (Orlando, USA,
November 1-7, 2002). Program No. 189.1. 2002 Abstract Viewer/ltinerary Planner.

5. Nikolaev D.P., Bozhkova V.P., Nikolayev P.P. Linear color segmentation and
its implementation // Perception. 2002. V. 31 (Suppl). P. 67-68.

6. Hwukonaes [0.l., Hukonaes IN.I1. BbiCTpbIn anropnTm BbigeneHns o6 bEKTOB,
OCHOBaHHbIN Ha NUHENHON MoLenn (PopMUpOBaHUSA CnekTpanbHOro ctumyna // B
c6.: "WckyccTBeHHble WHTeNnekTyanbHble cuctembl" u "MHTennekTyanbHble
CATP". Tpyabl mexayHapogHon koHdepeHuun |[EEE AIS'02 n CAD-2002. M.:
dunamatnut, 2002. C. 410-416.

7. Nikolaev D.P., Nikolayev P.P. Estimation of reflectance properties following
color segmentation (Colour constancy model using colour segmentation data) // Per-
ception. 2002. V. 31 (Suppl). P. 138.

8. Prokhorov K.A., Nikolaeva G.Yu., Gordeyev S.A., Nikolaev D.P., Pashinin P.P.
Raman structural study of polyethylene: the range of stretching vibrations of CH;
group // Proc. of the Eighteenth International Conference on Raman Spectroscopy
(ICORS 2002). 2002, John Wiley & Sons, Ltd., P. 711-712.

9. Tony6uos K.B., Opnos O.10., CocpoHos IN.[]. HoBble cpeacTtea AnarHOCTUKK B
odtanbmornoruu // Tpyabl koHdepeHunn "HayyHble nccrnegoBaHua B Haykorpagax
MockoBckon obnactn" (2002, r. MNMywwuHo). C. 62.

10. Opnos O.FO.Y wuctokoB WHctutyTa 6mocmsmkn AH CCCP (Mepconanus) //
Tpyabl KoHpepeHuun "HayyHble nccnegoBaHus B Haykorpagax Mockosckon obnac-
™" (2002, r. NywmHo). C. 106.

11.  AngpeeB B.I1., TpywkuH ®.A. AHanu3 TeneBM3MOHHbIX N3006paxeHnin B cucTe-
Me TexHu4yeckoro 3peHust pobota "Kpokyc" // MobunbHble poboTbl U MEXATPOHHbIE
cuctembl: MaTtepuanbl Hay4yHOWM LLKOMbI-KOHepeHumn (Mockea, 3-4 gekabps 2001).
M. N3a-Bo MockoBckoro yHusepcuteTa. C. 275.

12. Makcumos B.B., Opnos O.10., MNManHiotnH A.K. Henpoatonorna uBeToBOro 3pe-
HUs 6ecxBoCTbIX ampunbun // Tpyabl kKOHepeHUnn "HayyHble nccnegoBaHus B Hay-
korpagax Mockosckon obnactn” (2002, r. MNMywwmHo). C. 98.
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13. Tony6uos K.B. Oprnios O.10., WWnrnHa H.A. YCTpoMUCTBO AN AMArHOCTUKK rnay-
kombl «<AMEJINA» // Katanor V Mockosckoro MexayHapoaHOro casnioHa NnpoMblLL-
neHHoun cobctBeHHocTH "Apxmnmen-2002". C. 45.

14. Tony6uos K.B., TpyHoB B.l"., Angy 3.A.-W. KomnbloTepHasa cuctema ansa guar-
HocTukKM 3peHus aeten «KYCM-K» // Katanor V Mockosckoro MexxgyHapogHoro ca-
NoHa NpoMbiWnNeHHon cobecTBeHHoCTU "Apxmumen -2002". C. 46.

Patents and inventions

1. Golubtsov K.V., Kuman |.G., Khailo T.S., Bogdanova L.V., Sophronov P.D.
Diagnostic method of visual function destruction and arrangement for its practical
use. Patent on invention No. 2189168 // Bulletin of inventor No. 26 from 20.09.2002.
2. Golubtsov K.V., Sophronov P.D. Device for diagnostics optic nerve pathology
at children, which determinate with critical flicker fusion frequency // Application for
invention. Positive decision from 10.08.2002.

3. Golubtsov K.V., Orlov O.U., Shigina N.A. Device for diagnostics optic nerve pa-
thology // Application for invention.

4. Golubtsov K.V., Sophronov P.D., Khuman |.G. Device for computer diagnostics
in one side optic nerve atrophy // Application for invention.

5. Jiavelov |.S., Golubtsov K.B., Milekhin U.M. etc. Device for control of parame-
ters of the cardio-vascular systems // Application with invention.

6. Golubtov K.V., Bubra V.l., Shamshinova A.M. etc. Device for registration a lo-
cal electroretinogram // Application for invention.

7. Golubtsov K.V., Trunov V.G., Aidu E.A-l. Method of topical diagnostic of visual
pole and arrangement for its practical use // Application with invention.

Diplomas and medals

1.  Golubtsov K V. was awarded with Diploma and Medal of a prize-winner compe-
tition "Technique — a wheel-carriage of progress" which was lead by redaction of
magazine "Inventor and rationalizer" (Moscow, 28 January 2002).

2. Golubtsov K.V. was awarded with Diploma and Medal of 5th International Sa-
lon of Industrial Property "Archimedes-2002" (Moscow, 27-31 March 2002) for con-
struction instruments for optic nerve diagnostic, named "Ameliya".

3. Golubtsov K.V., Orlov O.Yu. were awarded with Diploma of consideration and
acknowledgment for activity in organization and leading to 5th International Salon of
Industrial Property "Archimedes-2002" (Moscow, 27-31 March 2002).

4. Golubtsov K.V. was a prizewinner of Gold medal and Diploma of International
Festival of Innovation, Knowledge, and Creation "Tesla fest 2002" (Yugoslavia, Novy
Sad, October 2002) for construction apparatus "Raduga-3".

5. Golubtsov K.V. was a prizewinner of International universal exhibition "Resources,
ideas and technology-sight into EXPO-2010" (Moscow, VVC, 22-25 October 2002).

6. Golubtsov K.V. with co-authors were awarded with two Gold medal in 51st World
Exhibition of Inventions, Research and New Technology "Brussels-Eureka 2002" (Bel-
gium, Brussels, 3-11 November 2002) for construction the apparatus for blood pressure
correction "Raduga-3" and apparatus for diagnostic a peritoneum.

7.  Golubtsov K.V. with co-authors were awarded a Diploma for active participation in
forums and a Medal for apparatus "Raduga-3" in 1st Russian — Cyprus forum "Inventions
and scientific discoveries in the XXI century" (Cyprus, Nicosia, 24 May — 2 June 2002).

8. Golubtsov K.V. was a prizewinner of Silver Medal for construction apparatus
"Raduga-3" in Seoul International Invention Fair 2002 — "SIIF 2002" (Korea, Seoul, 4-8
December 2002).
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LABORATORY 9
Laboratory of Neurobiology of Motor Control

Head of Laboratory — Full member of the Russian Academy of Sciences,
Dr.Sc. (Medicine), Prof. Victor Gurfinkel
Tel.: (095) 209-28-95, (095) 951-09-60; E-mail: lab9@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Biol.) M. Lipshits Dr.  Yu. Levik
Dr. A. Grishin Dr. K. Popov
Dr. Yu. lvanenko Dr. V. Selionov
Dr. O. Kazennikov Dr. V. Shlykov
Dr. G. Kozhina Dr. B. Smetanin

DIRECTIONS OF ACTIVITY

Laboratory of neurobiology of motor control investigates the mechanisms of con-
trol of posture and movements for more then 25 years. At present time the efforts are
focused at study of system of internal representation and its role in motor control and
at the investigations of reference systems used by brain for organization of motor be-
havior. During last years it was shown that in situations with discrepancy between
real and perceived position of body segments many motor reactions such as vesti-
bulo-motor and neck influences on leg muscles or oculomotor reactions are deter-
mined not by real body configuration but by its description in the system of the inter-
nal representation.

In the activity of laboratory the studies of neural mechanisms of locomotion in cat
traditionally took an important place. Now we begin to study stepping automatisms in
humans. These studies successfully advance.

Manned spacefights open a possibility for studying how the human central nervous
system adapts to the microgravity, to what extent the gravitation is essential for proc-
essing of proprioceptive information and for motor control. A series of joint research
projects with France and other countries was accomplished in this direction during
1982-2002 under conditions of real spaceflights.

MAIN RESULTS

Studies of a role of proprioceptive feedbacks in control of voluntary movements
permitted to formulate theoretically important conclusion that the models of motor co-
ordination can not be constructed only on the basis of analysis of one-joint (labora-
tory) movements, as in this case only a direct control, one feedback and one copy of
a motor command are used. In an example of natural movement (rising when laying
on a back without the help of hands) it is shown, that alongside with muscles realiz-
ing the basic pattern of movement, many more other muscles participate in move-
ment. Their activity can have auxiliary character or to be useless. In realization of
natural movements the different physiological mechanisms are used simultaneously
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and consistently: a direct control, synergies, automatisms and reflexes. Feedbacks
also are of complex character. The coordination provides the compromise of mobility
and stability. It was shown, that the muscles of the trunk actively participate in dy-
namic stabilization of a pose. This dynamic stabilization is combined with fixating ac-
tivity of muscles of a back.

The hypothesis is confirmed that the anticipatory eye movements in response to
axial torsion of a spine are determined by changes in internal representation of body
configuration, instead of direct proprioceptive inputs. Such anticipatory orientation
probably helps in elaboration of stable reference system necessary for programming
and realization of movements. It is interesting also, that these experiments clearly
demonstrate the connection between higher (level of a spatial field) and lower (level
of synergies) levels of motor control system (according N.A. Bernstein classification).

It was shown, that CNS can elaborate the system of coordinates connected to ex-
ternal space and used for perception of body movements, not only on the basis of
visual and vestibular information, but also on the basis of proprioceptive signals. In
this situation the domination of sensation of reciprocating movements or turns is di-
rectly connected to prevalence of signals from receptors of certain muscles.

Within the framework of cooperation with laboratory of motor systems of neuro-
logical of clinic of the Bern university headed by prof. M. Wiesendanger, and labora-
tory of neurophysiology of hearing and motor control of Institute of physiology of
Frieburg university the analysis of the data on coordination of movements of hands
during playing on a violin was carried out. With the help of ELITE system movements
of fingers of the left hand and movements of a bow held in the right hand were re-
corded. The preliminary analysis shows, that the pressing of a string by fingers of the
left hand occurs at the moment of change of a direction of movement of a bow. It was
shown, that the interval between a point of turn of a bow and pressing of a string did
not differ in different subjects, though techniques of execution of a musical phrase
differed considerably.

With the purpose of finding-out, how the accuracy of internal representation of
lengths of body parts varies during maturing of motor system, we measured the ac-
curacy of the indication of characteristic points of a forelimb without the visual control
in adults and children (4-11 years). It was shown that in children, as well as in adults,
the apparent shortening of a limb occur, and the hand is shortened stronger, than
forearm. In children of 4-6 years the length of a limb as a whole also decreased by
40%. It is connected with more expressed underestimation of forearm length in chil-
dren. The dispersion of the data in the children is more pronounced than in adults.
This, apparently, is connected with unequal speed of maturing of the appropriate
brain structures.

The method of transcranial magnetic stimulation permitted to demonstrate the in-
crease of a role of motor cortex in postural regulation after increase of complexity of
the motor task. For study of supraspinal influences we applied transcranial magnetic
stimulation to human motor cortex during standing on a steady or unstable support.
After transition from standing on a firm floor to standing on an rocking platform abso-
lute EMG — response on transcranial magnetic stimulation grew by 2,7 times. The
amplitude of H-response reflecting the reflex excitability of spinal motoneurons, did
not change. Thus, the increase of EMG — responses on transcranial magnetic stimu-
lation is connected not to the increase of reflex excitability of spinal motoneurons, but
with the increased involvement of cortical structures. The postural control on an un-
stable support represents a more complex task and consequently requires involving
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of high-level supraspinal structures in process of sensory-motor integration for main-
tenance of balance.

The studies of vestubular tonus of the man by a method galvanic stimulation of
labyrinth were commenced. The experiments confirm theoretical predictions, accord-
ing to which the level of tonic activity in vestibular nerves determines a difference in
magnitude of postural reactions on unilateral galvanic stimulation of a labyrinth. The
data obtained demonstrate high inter-individual distinctions in the level of vestibular
tonus.

In 2002 two dissertations were defended:

— M. 1. Lipshits — for degree of the doctor of biological sciences in biomechanics
"Sensory-motor interaction and system of internal representation of the man (re-
search in ground conditions and in weightlessness)".

— |. A. Solopova — for degree of the candidate of biological sciences in biome-
chanics "Structurally functional features of the system of maintenance of human ver-
tical posture”.

GRANTS FROM:

¢ Russian Foundation of Basic Research (No. 00-04-48156): "The investiga-
tion of supraspinal control and adaptive mechanisms mechanisms of equilibrium
maintenance on unstable support" (head Yu. lvanenko).

¢ Russian Foundation of Basic Research (No. 02-04-48234): "Proprioceptive
perception and calibration of internal model of a body" (head Yu. S. Levik).

¢ Russian Foundation of Basic Research (No. 02-04-48302): "The study of ves-
tibular tonus in man by a method of galvanic stimulation of labyrinth" (head K. E. Popov).

PUBLICATIONS IN 2002
Articles

1. Grishin A.A., Lenskiy A.V., Ochazimskiy D.E., Panin D.A. About synthesis of
management of unstable object. The inverted pendulum // Bull. Russ. Acad. of Sci-
ences. Theory and control systems. 2002 No. 5. P.14-24 (in Russian).

2. Lipshits M. I., Gurfinkel V.S., De Shonen S., Mcintyre J., Bertoz A. Gravitation
and hemispheric specialization of a brain in a task of detection of bilateral of symme-
try // Human Physiology. 2002. V. 28. No. 2. P. 5-11 (in Russian).

3. Lipshits M.l., Gurfinkel V.S., Lestienne F., Roll J-P. Neurophysiological re-
search in weightlessness. |. Regulation of posture and movements. — In: Orbital sta-
tion "MIR". Space biology and medicine. V. 2. Published by State Scientific Center of
Russian Federation "Institute of Medical and Biological Problems", 2002. P. 479-494
(in Russian).

4. Lipshits M.l., Mcintyre J., Bertoz A. Neurophysiological research in weightless-
ness. |l. Sensori-motor interaction and internal reference system. — In: Orbital station
"MIR". Space biology and medicine. V. 2. Published by State Scientific Center of
Russian Federation "Institute of Medical and Biological Problems", 2002. P. 495-510
(in Russian).

5.  Smetanin B.N., Popov K.E., Kohzina G. V. Human postural reactions on the vi-
bratory stimulation of shank muscles under conditions of visual inversion / Human
Physiology. 2002. V. 28. No. 5. P. 53-58 (in Russian).
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6. Solopova I.A., Ivanenko Y.P., Levik Y.S. Postural vibratory reactions in man in
a frontal plane during standing on various types of unstable support // Human Physi-
ology. 2002. V. 28. No. 3. P. 76-81 (in Russian).

7. Solopova |.A., Kazennikov O.V., Deniskina N.V., Ivanenko Y.P., Levik Y.S.
Comparison of the responses of leg muscles on transcranial magnetic stimulation
during standing on a steady and unstable support / Human Physiology. 2002. V. 28.
No. 6. P. 80-85 (in Russian).

8. Kazennikov O., Perrig S., Wiesendanger M. Kinematics of a coordinated goal-
directed bimanual task // Beh. Brain Res. 2002.V. 134. P. 83-91.

9. Solopova |.A., Kazennikov O.V., Deniskina N.B., Levik Y.S., lvanenko Y.P.
Postural instability enhances motor responses to transcranial magnetic stimulation in
humans // Neuroscience Letters. 2002. V. 337. No. 1. P. 25-28.

10. Bresciani J.-P., Vercher J.-L, Blouin J., Popov K., Bourdin C., Sarlegna F.,
Gauthier G.M. Galvanic vestibular stimulation in humans produces online arm
movement deviations when reaching towards memorized visual targets // Neurosci-
ence Letters. 2002. No. 318. P. 34-38.

11. Cordo P, Flores-Vieira C, Verschueren S, Inglis T, Gurfinkel V. Position Sensi-
tivity of Human Mascle Spindles: Single Afferent and Population Representation // J.
Neurophysiol. 2002. V. 87. P. 1186-1195.

12. Hadges P.W., Gurfinkel V.S., Brumagne S., Smith T.C., Cordo P.C. Coexis-
tence of stability and mobility in postural control: evidence from postural compensa-
tion for respiration // Exp. Brain Res. 2002. No. 144. P. 293-302.

13. Cordo P., Gurfinkel V. Motor coordination can be fully understood only by
stadying complex movements // Prog. Brain Res. (in press).

Abstracts

1. Deniskina N. V. Changes of standing stability of the man depending on a con-
figuration of his supporting contour in a frontal plane // VI All-Russia conferences on
the biomechanics. Abstracts: Published by Inst. Appl. Physics of Rus. Ac. Sci., 2002.
P. 121 (in Russian).

2. Kireeva T.B., Levik Y.S., Kholmogorova N.V. Accuracy of internal representa-
tion of lengths of body parts during maturing of motor system // VI All-Russia confer-
ences on the biomechanics. Abstracts: Published by Inst. Appl. Physics of Rus. Ac.
Sci., 2002. P. 142 (in Russian).

3. Levik Yu. S, I.L. Livshits. Elaboration of hapto-kinetic sensations in complex
two-joint movement // VI All-Russia conferences on the biomechanics. Abstracts:
Published by Inst. Appl. Physics of Rus. Ac. Sci., 2002. P. 144 (in Russian).

4. Levik Yu.S. System of internal representation in control of a posture and
movements // The scientific-theoretical conference "Internal state and voluntary
behaviour". Institute of higher nervous activity and neurophysiology. Moscow, April
10, 2002. P. 8-9 (in Russian).

5.  Popov K.E., Smetanin B.N., Kohzina G. V. Application of a method of galvanic
stimulation of a labyrinth for study of human vestibular tonus // VI All-Russia confer-
ences on the biomechanics. Abstracts: Published by Inst. Appl. Physics of Rus. Ac.
Sci., 2002. P. 161 (in Russian).

6. Selionov V. A., Kazennikov O.V., Grishin A.A. Kinematical analysis automatic
of stepping, activated by electrical stimulation of the muscles of the suspended legs //
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VI All-Russia conferences on the biomechanics. Abstracts: Published by Inst. Appl.
Physics of Rus. Ac. Sci., 2002. P. 169 (in Russian).

7. Solopova l.A., Deniskina N.V., Kazennikov O.V. Involment of motor cortex in
postural control during standing on a steady and unstable support // VI All-Russia
conferences on the biomechanics. Abstracts: Published by Inst. Appl. Physics of
Rus. Ac. Sci., 2002. P. 174 (in Russian).

8. Shlykov V.Y., Selionov V.A. A role of additional afferent input from hand in pos-
tural control under the conditions of moving support surface // VI All-Russia confer-
ences on the biomechanics. Abstracts: Published by Inst. Appl. Physics of Rus. Ac.
Sci., 2002. P. 195 (in Russian).

9. Belen’kiy V.E., Grishin A.A., Krivosheina E.N. Device and method for functional
electric stimulation of the patients with diseases of muscular and nervous systems //
Fifth Moscow’s scientific-practical conference. Moscow, October 23, 2002. Abstracts
of reports, p. 20 (in Russian).
10. Wiesendanger M., Baader A., Kazennikov O., Marro H., Milani P. Bimanual
Coordination in Violin Playing // Symposium "Music, Motor Control, and the Mind"
(Monte Verita, Ascona, Switzerland, 15-18 May, 2002). Abstracts. P. 33.

11.  Kazennikov O., Baader A., Wiesendanger M. Features of Fingering and Bow-
ing in Playing the Violin // Symposium "Music, Motor Control, and the Mind" (Monte
Verita, Ascona, Switzerland, 15-18 May, 2002). Abstracts. P. 17.

12.  Mclntyre J., Lipshits M., Berthoz A. The neuroscience of perception and action
in the absence of gravity: collaborative research aboard the MIR station // Xl koHge-
pPEeHLMS N0 KOCMUYecKon Buonorun n aBmakocmmyeckon megmumHe (r. Mockea, 10-14
noHsa 2002 r.). C. 518-519.

13. Solopova |.A., Kazennikov O.V., Deniskina N.B., Levik Y.S., Ivanenko Y.P.
(2002) Involvement of the human motor cortex in postural control during standing on
stable and unstable support // Society for Neuroscience. Session 407-610 (Orlando,
Florida, USA, November 2-7, 2002). Abstracts. P. 75.

14. Talis V.L. Elbow joint position sense in elderly humans // International Con-
gress "Movement, attention & perception" (Poitiers, France. June 19-21, 2002). Pro-
ceedings. P. 65.

15. Talis V.L. Elbow joint position sense in elderly humans // Society for Neurosci-
ence (Orlando, Florida, USA, November 1-7, 2002). Abstracts. P. 74.
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LABORATORY 10

Laboratory of Communications Network Theory

Head of Laboratory — Dr.Sc. (Mathematics) Valerii Polesskii
Tel: (095) 299-50-02; E-mail: poles@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Math.) N. Vvedenskaya Dr. V. Mikhailov
Dr.Sc. (Techn.) A. Kuznetsov Dr. l. Orlov
Dr.Sc. (Techn.) I. Levshin Dr. V. Polyakov
Dr.Sc. (Techn.) B. Tsybakov Dr. A. Rubinov
Dr. N. Likhanov Dr. S. Fedortsov

DIRECTIONS OF ACTIVITY:

network reliability theory;

self-similar traffic in ATM networks;

multiple access packet communications networks;

asymptotical investigation of large queueing systems;;

coding and signal processing for storage systems;

imitational processes for hydroacustic information transmission systems.

MAIN RESULTS

In Lab.10 there are three scientific groups: 1) Polesskii V. P., Rubinov A. R., Kuznetsov
A. V., 2) Likhanov N. B., Vvedenskaya N. D., Tsybakov B. S., Fedortsov S. P., Mikhailov
V. A,; 3) Levshin I. P., Orlov I. A. Polyakov V. G. is an independent individual.

The groups develop the contemporary communication network theory. The first
group uses and elaborates discrete mathematics methods, the second group and
third one uses elaborates probabilistic methods.

V. P. Polesskii continued his investigations in the theory of system and network re-
liability bounds. His approach to the theory is motivated from revealing the reliability
combinatorics. It was described in electronic journal "Information Processes", 2001,
v. 1, no. 2. The contemporary state of the monotone systems reliability bounds theory
was described by V. P. Polesskii in [1]. The theory is the first level of the network re-
liability bounds theory. V. P. Polesskii constructed [2] new record efficiently com-
putabled two-sided bounds for monotone systems reliability. The bounds use groups
of minimal paths or groups minimal cuts (for example, the shortest minimal paths or
the smallest minimal cuts). The results were announced on the Third International
Conference "Mathematical Methods in Reliability" held in the June of 2002, Norway.
A program to compute the two-sided bounds for the monotone system reliability was
done by the Institute of Information Science of RAS. The program can allow to find
the best practical method to choice minimal path groups and minimal cut groups in
order to obtain good bounds.

The ability to transport information at very high data rates has come the realization
that traditional assumptions on the stochastic nature of network traffic flows are in-
adequate. Recent studies have demonstrated that long-range-dependence is an im-
portant characteristic of traffic flows in current networking infrastructures. Numerous
studies have shown that in the presence of such traffic the tail of the buffer overflow

72



Institute for Information Transmission Problems

probability has an asymptotic power-law decay compare with conventional traffic
models where the tail of the buffer overflow probability is exponential. For this rea-
son, it is interesting to know what classes of inputs define the transition between the
two types of behavior. Subexponential models are considered as one approach. For
these models N. Likhanov get [3] the exact asymptotic decay rate for the buffer over-
flow probability.

N. D. Vvedenskaya continued [4-7] the investigation of large queueing systems.
The topic is a traditional one for our institute, members of different laboratories are
involved in consideration of large systems. This theme is closely connected with in-
vestigation of the modern telecommunication systems. The mathematical models of
systems with dynamic routing are considered, that is the routing that depends on the
current state of the system. The tool of the work is the estimation of the network per-
formance parameters, in particular the conditions under which the network is not
overloaded. Thus the load-balance routing protocols are proposed and estimated.
The open Jackson-type network is the main model. That is the system where new
tasks approach upon the system and each task after being served by a server leaves
the system with some probability or is resent to some server to be served again. The
asymptotical methods are used, the limit systems that appear when the number of
servers is growing to infinity are considered. The work uses the methods of theory of
probability (for the systems with finite number of servers) and the methods of differ-
ential (by new terminology functional) equations (for the limit system model with infi-
nite number of servers). In both cases nontrivial mathematical problems have to be
solved. In particular we met a new type of differential (functional) equations with
nonlocal coefficient that depend on solution values at fixed points. Interesting bound-
ary value problems for differential equations appear also in TCP-type queuing sys-
tems. These systems are very popular nowadays because of use of TCP-type proto-
cols in modern telecommunication networks.

The wide spread of digital wireless telephony and the growing request for support
of real-time applications have led to an increasing demand for wireless data and file
transmission. The third generation (3G) of CDMA mobile communication networks is
beginning to meet the demand. Fundamental problems need to be solved for such
mobile communication networks to operate efficiently. One of the problems is finding
optimal scheduling algorithms for the transmission over the fading downlink channel
from a base station to mobile users. The problem was not considered in the classical
queuing and scheduling theories. The problem is solved by B. S. Tsybakov for a spe-
cific system. It is assumed that the base station is involved in a transmission of a fi-
nite number N of files. There are no new file arrivals before completion of transmis-
sion of these N files, or if there are new arrivals, they do not intervene in the ongoing
transmission of N files. In general case, at any time, the transmission algorithm
knows the lengths of remaining files and knows the transmission rates in all N down-
link channels. For the system, the three specific algorithms are considered. One al-
gorithm chooses the channel having the maximum rate in slot, the next algorithm
transmits the file having the minimal ratio (remaining file length/channel rate), and the
last is the time-sharing algorithm. Using the additive property, the work gives the
equations for finding the average delay and average transmission time for the algo-
rithms. It is show how the equations can be solved recursively. Then it is presented a
general algorithm or a class of algorithms that includes the three considered algo-
rithms as special cases. After definition of the class, it is possible to state a problem
of finding of optimal algorithm. The optimal algorithm is found. The importance of op-
timal algorithm is in both the possibilities of its implementation and it's using as a ref-
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erence for comparison with other algorithms. Examples of numerical comparison of
considered algorithms are given. The examples show that the dynamic time-sharing
algorithm is almost as good as the optimal algorithm, and that sometimes, it is even
better than the algorithm that transmits over the best channel in slot. The results are
published in [8, 9].

In paper [10] of B. Tsybakov and A. Rubinov the conflict-avoiding codes are pre-
sented. They can be used as protocol sequences for successful packet transmission
over the collision channel without feedback. We give a relation between conflict-
avoiding codes and known codes are discussed. The upper bounds to maximum
code size and three particular code constructions are given.

A. V. Kuznetsov completed (see [11-17]) the study of the BER characteristics of
the structured LDPC codes under different conditions for perpendicular and longitu-
dinal channels. Designed simplified encoders and decoders for the structured LDPC
codes. Encoders and decoders for some rll-codes were designed.

The information technology of the automatic prognosis of the quality of the infor-
mation transmission channels, like communications, search and discovery of the ma-
rine and submarine ships, navigation, telemetry and others, of the moving marine ob-
jects is considered. The technology, based on the methods and means of the simula-
tion modelling, in the Institute for Information Transmission Problems is developed by
I. P. Levshin. The technology includes the elaboration and investigation of the
mathematical and simulation models of the complicated physical media of the infor-
mation transmission signals. The methodic of the separate and joint elements of the
information transmission channels construction is developed. The data banks of the
geophysical and geological parameters, used in the model, are considered [18, 19].

I. A. Orlov developed the method of the analysis of the noiseproof for the underwa-
ter acoustics communications system on the base of the algorithm of the computer
simulation model of the underwater acoustics communications system and of the
generation algorithm of the stochastic transfer function of the hydroacoustic medium.
Examples of results of the analysis are presented [18, 20].

GRANTS FROM:

e Russian Foundation of Basic Research (No. 02-01-00068): "Asymptotic
methods for multicomponent systems analysis of statistical physics for queueing sys-
tems" (N. D. Vvedenskaya, together with the Dobrushin's laboratory).
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LABORATORY 12

Laboratory of Bioinformatics of Cell Processes

and Motocontrol

Head of Laboratory — Dr.Sc. (Mathematics) Alexey Chernavsky
Tel.: (095)209-42-25, (095) 952-33-03; E-mail: chernav@iitp.ru

The leading researchers of the laboratory include:

Corresponding member of Russian Academy of Science L. Chailakhian
Dr.Sc. (Biology) M. Berkinblit Dr.Sc. (Biology) S. Minina
Dr.Sc. (Biology) V. Bozhkova Dr.Sc. (Biology) N. Samosudova

Dr.Sc. (Math.) V. Dunin-Barkowsky, Dr.Sc. (Biology) Yu.Panchin
President of the RNNS

Dr.Sc. (Biology) Z. Khashaev Dr. J. Burmistrov
Dr.Sc. (Biology) E. Liberman Dr. L. Kudina
Dr.Sc. (Math.) I. Lukashevich Dr. D. Voronov

DIRECTIONS OF ACTIVITY

The general theme of the scientific work in the laboratory is: analysis of the infor-
mation processes in cellular systems and in motor control. The main directions of
theoretical researches in this realm: developmental biology (analysis of principles for
the realization of genetic information in the developmental systems), neurobiology
(neural communication and biochemical modulation in neural centers), motor control
(study of geometry of manipulative space and of control goal-directed moving). Also
some new bioinformatical principles are worked out including the building of comput-
erized system for the analysis of expert knowledge.

MAIN RESULTS

Developmental biology. In the framework of the theme "Analysis of principles of
the genetic information realization in developmental systems" d-r V. P. Bozhkova
continued the investigation of the signal mechanisms in early development which de-
pend on the physical as well as molecular regulators. In particular the significance of
G-proteins for fish embryogenesis was studied. Earlier using the activators and in-
hibitors of G-proteins it was shown that they have important role in control of the
morphogenetic movements during epiboly. The main point of the recent work was the
analysis of the G-protein influence on the cytoskeleton organization. The work was
held together with the Institute of Theoretical and Experimental Biophysics, RAS on
the Danio rerio embryos, the model which is recognized all over the world as the best
one for the molecular-genetic studies. Injection of G-protein activator GTP-gamma-S
in the yolk cell, which directs the epiboly in fish, has two phases in its action. At the
first (fast) stage pushing the cell surface and appearance of the surface protrusions
near the injection site took place. The second phase (10-25 min after the first one)
was pointed by the local contraction of cell surface. The data suggest that the protru-
sive response was related with the activation of the actin filaments polymerization
under GTP-gamma-S action and that there are several different sites in the cy-
toskeleton of embryonic cells regulated by G-proteins. The second tested question
was which signal systems were involved in G-proteins control of cytoskeleton. It was

76



Institute for Information Transmission Problems

found that the components of the phosphatidylinositol cycle didn't influence on the
first phase of the GTP-gamma-S action. But the contraction phase strengthened
markedly with inositol-1,4,5-trisphosphate and calcium. According to a new hypothe-
sis for the epiboly mechanism G-proteins act as regulation factors for the actin cy-
toskeleton polymerization and contraction.

Neurons can communicate with each other via exchange of specific molecules at
synapses or by direct electrical connections (EC) between the cytoplasm of either
cell. Although electrical connections are abundant in nervous systems, little is known
about the mechanisms that govern specificity of their formation. Dr Y. V. Panchin and
his collaborators have recently defined a new group of transmembrane molecules
(pannexins) which incorporates invertebrate gap junction proteins (innexins, OPUS)
and their vertebrate homologous proteins. They also developed a reliable model sys-
tem to study how the neurons choose the correct counterparts for electrical coupling
in vitro. It was hypothesized, that specificity of electrical coupling in the nervous sys-
tem may be determined by combinations of different gap junction proteins expressed
in distinct cell types. This hypothesis is supported by recent data on differential ex-
pression of pannexins in the mollusc neurons and in the experiments where the
specificity of gap junctions was drastically altered by intracellular injection of mMRNA
encoding the mollusc innexin Panx1. As a main model system for these studies pter-
opod mollusc Clione limacin well studied by Y. V. Panchin and his associates was
using. Although the homology of the vertebrate pannexins with gap junction mole-
cules of invertebrates is apparent, the question of the actual function of mammalian
pannexins in human and animal cells remains unclear and its study is in progress.

D-r D. A. Voronov studied the mechanics of cardiac looping in the invertebrate
heart in collaboration with Prof. Larry A. Taber (Washington University in St. Louis,
USA). The work was carried out with the chicken embryo, a standard object in bio-
mechanics of heart development. D. A. Voronov found that in previous experiments
in this field of embryology the influence of surface tension was not taken into ac-
count. He developed a new method of chicken embryo cultivation in the liquid me-
dium enriched by oxygen that allows excluding completely surface tension. Using this
new technique, surface tension was found to distort the results of some classic ex-
periments in mechanics of heart development. The development of heart asymmetry
was shown as a very redundant process. It depends mostly not on the mechanical
properties of primitive heart tube, as it follows from standard models and experiments
in this field of science, but on asymmetry of the left and right rudiments that are form-
ing the heart tube by fusion on its rear end. Spatial restrictions imposed to the heart
by surrounding tissues are also very important in cardiac looping. On the basis of ex-
periments that were made by D. A. Voronov, in the laboratory of Prof. L. A. Taber a
computer 3-D model of cardiac looping was developed.

D-r N. V. Rozanova is working on the MARCKS protein project in the Laboratory of
Signal Transduction (National Institute of Environmental Health Sciences, USA) un-
der the supervision of Dr. Perry J. Blackshear. MARCKS is a protein kinase C sub-
strate that is distributed widely in early embryogenesis. However, its precise devel-
opmental role is yet to be established convincingly. Rozanova studies MARCKS pro-
tein using the Xenopus embryo as a model, using an antisense approach that allows
her to deplete specific proteins from the early embryonic stages well before zygotic
gene transcription is activated. Rozanova’s data show that depletion of MARCKS
protein during cleavage stages leads to abnormal cell division and adhesion, result-
ing in delayed development of the blastula and delayed morphological movement at
gastrula. As a result, the experimental embryos are arrested at the end of gastrula-
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tion. Depletion of MARCKS protein significantly reduces expression of several meso-
derm genes such as MyoD, Xbra, Goosecoid, and FGF8. In contrast, expression of
endoderm genes Mix1 and Mix2 was increased. These significant changes in ex-
pression pattern may be the underlying cause of arrested development at gastrula-
tion. The data imply an important role for MARCKS protein in determination of meso-
derm and endoderm fates in the Xenopus embryo.

Dr. I. M. Plonsky explores the structure and function of persistent and temporary
intercellular contacts.

Gap junctions between liver cells (hepatocytes) were studied using the double
whole-cell recording (DWCR) technique that yields the conductance of the junctional
area between cells (Gj) while perfusing cells contents with experimental solutions. G;
is ensured by intercellular channels (gap junctions). Previous studies show that ex-
ternal solution enriched with CO, decreases intracellular pH, rises the concentration
of free Ca®" in the cytoplasm, and decreases G;j (uncouples cells). Using a combina-
tion of extra as well as intracellular treatments Dr. Plonsky has shown that uncou-
pling effect of CO; is mediated by the acidification of the cytoplasm. It has been con-
cluded that intercellular communications through gap junctions are highly sensitive to
intracellular pH and can be regulated upon changes of liver cells metabolic status.

The structure of tight junctions was explored by a combination of DWCR and ad-
mittance measurements (AM). This approach allowed measurements of cell capaci-
tance while the trans-contact electric field is applied. It has been found that exogenic
charged hydrophobic compound can move from one cell membrane to a neighboring
cell upon application of the trans-contact potential. Such translocation was detected
as a characteristic change in the membrane capacitance. The effect has been attrib-
uted to the existence of the persistent hydrophobic pathway in the region of tight
junctions. Trans-contact potential-dependent traffic was observed even in the ab-
sence of the exogenic compound, signifying that cells can exchange endogenous
hydrophobic charged molecules.

The fusion of biological membranes is known to be driven by specific proteins. The
temporary contact, a narrow fusion pore, is formed at early stages of this process.
The pore yields information on characteristics of the initial fusion site. It is not known
if merging membranes or fusion proteins determine features of the pore, such as ini-
tial conductance and kinetics of formation. The fusion pore induced by the viral pro-
tein was studied using DWCR as well as AM. New algorithms that allow more reliable
restoration of the fusion pore conductance from AM data have been introduced. Data
on fusion pore conductance and kinetics of pore formation were used for modeling
the initial fusion site. Dr. Plonsky has found that at the early stage of the initial pore
formation its features are rather determined by fusion proteins. The fusion site has
been visualized as a structure comprised by about 6 protein trimers.

Currently Dr. Plonsky works in the field of taste reception and chemotransduction

Neurobiology The neural system, a base of informational interaction of multi-cell
animals, was studying in the laboratory at different levels.

The cerebellum studies present the traditional topic in the laboratory. D-r W. L.
Dunin-Barkowski working in the Health Centre of Texas Tech University, USA, con-
tinued analysis of the experimental data on the neuron activity in the medullary respi-
ratory center of cats in the cycle waking-sleep. A new computer model of the respira-
tory rhythm generator was worked out. It unites the so called pacemaker and network
models taking in account the intraneuron processes. In particular one uses the
mechanism of calcium releasing through plasmatic membrane in the excitation proc-
ess. It is shown that the neurons can use this mechanism to generate the batch fir-
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ing. Neuron network from two model neuron groups which mutually inhibit one an-
other presents a behavior spectrum seen in experiment. Raising the connection force
between neuron groups from zero to large values one remarks firstly asynchrony of
pacemaker neuron activity, then synchronize bursts (synphase for neurons of inspira-
tion and expiration) of pacemaker activity, and at last counter-phase bursts of inspira-
tion and expiration neurons.

D-r N. V. Samosudova, d-r N. P. Larionova and corr. member of RAS L. M.
Chailakhian together with d-r V. P. Reutov (Inst. High Neural Activity RAS) showed
using electron microscopic methods a possibility of NO participation in microtubules
(MT) activity during signal conducting from one neural cell (granular cell) to another
(Purkinje cell). Electron-dense precipitation seen at longitudinal sections of MT was lo-
calized with period approximately 24-25 run that is characteristic for dynein which pos-
sesses the ATP-ase activity and may interaction with the tubulin in presence of Ca?*.
The electron-dense precipitation (forming in NO presence during stimulation) was
found to be a polymerized protein containing calcium ions, what was revealed by
Petrunyaka's method (EGTA, 20 mM, 20 min, 37°C). It is known that both ATP-ase ac-
tivity and NO-synthase activity need calcium. Thus the Ca-containing precipitation in
MT formed by exogenous NO may mark "work" sites of endogenous nitric oxide during
transmission of neural signal that possibly mediates a release of the intracellular calcium.

In the work of d-r Ju. Burmistrov it was established that electrical potentials that
may be recorded near the specialized ventilatory appendage (scaphognathite) repre-
sent the cumulative potentials of the scaphognathite-moving muscles. Sequence of
these potentials was investigated in free-moving crayfish Procambarus cubensis. In
long-term experiments correlation between the ventilatory activity and functional state
of the animal was shown, and a ventilatory component of behavioral reactions to
sudden changes of the environment was described.

D-r. Z. Kh.-M. Khashaev studies the influence of the varied pharmacological me-
dia, especially the supertoxicants of the dioxin series, on the biomembrane penetra-
bility . The study goes in collaboration with the Institute of experimental and theoreti-
cal biophysics RAS (Poushchino), and Institute of biochemical physics RAS.

Motor control. D-r M. B. Berkinblit and d-r S. V. Adamovich (together with Rat-
gers Univ., USA) continued studying of the sensorimotor integration mechanisms in
human with their changing under normal ageing and caused by Parkinson disease.
They used two main methods. It was, firstly, the cinematic analysis of the pointing
movements in a virtual space to the visual aim without seeing arm and with distor-
tions visual feedback. The examinee resumes the visual information about his mis-
take when the movement plays after end of movement. It was shown that parkinson-
ics learn to compensate such a distortion so quick as healthy aged men do, but they
cannot do it after the visual distortion changes its sign into inverse one. (When e.g.
after learning to show below target they must learn to show higher of it). Secondly,
they studied the coordination of trunk and arm movements in pointing with the same
groups of examinee, and confirmed the hypothesis that humans may plan arm move-
ments in both coordinate systems, relative to the out space or relative to the body,
depending on where the description of the aim is simpler (in particular, where the aim
reposes). As it was shown that parkinsonics relearn illy under distortion of the visual
field as well as under changing of the force field, one can say that a principally new
result is obtained about role of the basal ganglia in motor learning. It is shown that
their injuring precludes relearning. It would be important to know what time lasts the
difficulty for relearning.
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In order to clarify the role of motoneuron recurrent inhibition in motor control, which
remains obscure, especially in humans, its distribution and efficacy in motoneurones
supplying hand muscles in healthy humans were analyzed. In contrast to previous
suggestions from the literature, in some hand muscles the inhibition was revealed
whose characteristics (stimulation conditions, the latency and duration) suggest
strong evidence for Renshow inhibition. In contrast to recurrent inhibition in soleus
motoneurones which has been investigated earlier, recurrent inhibition in motoneu-
rones of hand muscles frequently followed by short excitatory effect as well as long-
latency and long-lasting inhibitory one (d-rs L. P.Kudina, R. E. Andreeva and N. M.
Zhoukovskya in collaboration with d-rs M. Piotrkiewicz, Inst. Biocybernetics and Bio-
medical Engineering, Polish Acad. Sci., and |. Hausmanova-Petrusewicz, Medical
Research Center, Polish Acad. Sci.).

Bioinformatical principles. D-r I. P. Lukashevich developed a method of the
structural organization for the mildly formalized information and professional knowl-
edge, which served as foundation to building knowledge bases in neurology, neuro-
psychology and electroencephalography. The main principle consists in singling out
different levels of knowledge, their structuring and picking out essential bonds inside
levels and between them. This principle was used in building several learning sys-
tems and in particular a computer system for encephalography studying. In the last
case the computer system exists as the computerized automatic system for diagnos-
tics "EEG-EXPERT". One uses this system in practice at neurological hospitals and
polyclinics for learning and raise of qualification, and also for investigations.

In the framework of his studies in foundations of science d-r E. A. Liberman has
carried out the first series of experiments eliciing mechanisms of cytoskeleton
functioning, which decide inside neuron the brain tasks. Problems of the new science
are formulated, the solution of which is within the rich to direct experiments.

D-r A. V. Chernavsky (together with the sector 1.1) prepared for printing in the
electronic journal "Informational Processes" an article about principles of the informa-
tional interactions in framework of bioinformatics.

GRANTS FROM:

¢ Russian Foundation of Basic Research (No. 00-04-49344): "/3y4yeHne me-
XaHWU3MOB B3aMMOENCTBUA PasfIYHbIX MO3XKeYKOBbIX BXOAOB".

¢ Russian Foundation of Basic Research (No. 00-04-48822): "CurHanbHas
PyHKUNA pocdhaTUANNNHO3UTONBHOM CUCTEMbI B MOpdhoreHese".

¢ Russian Foundation of Basic Research (No. 01-50-70102): "V3y4eHuve BbI-
COKO cneumunyeckmx HEMPOHHLIX aHcambrien"”.

¢ Russian Foundation of Basic Research (No. 02-04-48775-a p): "HoBoe ce-
MENCTBO TpaHCMEMOpaHHbIX GEenkoB MaHHEKCMHOB M UX Pofib B un3bupaTtenbHOM
dopMMpPOBaHUM IMNEKTPUYECKNX CBA3EN".

¢ Russian Foundation of Basic Research (No. 02-04-48352-a u): "Vccnepo-
BaHWe HOBOro CEMEeWNCTBa reHoB, KoAUPYOLWNX TpaHCcMeMbpaHHble H6enku-naHHEeKCUHbI
Y NO3BOHOYHbIX XXNBOTHbIX".

e Ministry of Education of RF (ROST-N-90): Pyccko-tppaHuy3ckun npoekT
"3peHune poboTtos 11".
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frog cerebellum // GLIJA, Suppl. 1, May 2002. WILEY-LISS, ISSN 0894-1491, S34.
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normal aging // Proc. Society for Neuroscience, 2002.

13. Adamovich S., Merians A., Schettino L., Boian R., Tremaine M., Burdea G.,

Recce M., Poizner H. Hand Rehabilitation in Virtual Reality Environment: Transfer to
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14.  Merians, R. Boian, M. Tremaine, G. Burdea, S.Adamovich, M. Recce, Han C,
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YecKoun 3aWwuTbl OT Hapko3aBucumocTn // Tes. gokn. MexayHapoaHoro dopyma "Uh-
TennekTyansHoe obecrneyeHne oxpaHbl 300poBbsa HaceneHua — 2002" (Kemep, Typ-

ums, 28 ceHTabpsa — 5 oktabpsa 2002 r.).
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LABORATORY 13

Laboratory of Systems for Behavior Organizing
Head of Laboratory — Dr. Modest Vaintsvaig
Tel.: (095) 200-14-77; E-mail: wainzwei@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Techn.) V. Neiman Dr. A. Romashchenko
Dr.Sc. (Math.) P. Nickolayev Dr. A. Shen

Dr. A. Cherkasov Dr. A. Tsybakov

Dr. A. Khovahskii

DIRECTIONS OF ACTIVITY:

associative memory;

behavior planning;

computer vision;

images recognition;

asimptotic estimates;

Kolmogorov complexity;

parallel computations and networks.

MAIN RESULTS

The organization of the purposeful behavioral reactions conceptual model was de-
fined more precisely. The model is intended for the work in real time and for the using
of the associative memory based on neural networks architecture. At the frame of
this model the algorithms of preliminary vision information processing were con-
structed together with the programs that implement it such as de) compressing algo-
rithms, structural representation algorithms of 2-D patterns and also the correspon-
dence algorithm between two 2-D patterns for using in the stereo synthesis problems
and calculations of the optical stream.

The uniform scheme of automatic binocular correspondence between the contrast
elements of 3D-object observed in two central projections based on affine and
projective invariants is developed so as numerical model of its 3D reconstruction.
The scheme and the model admit parallel implementation and can be generalized for
using at the correspondence problem in conditions of monocular dynamics to restore
the form of solid nontransparent 3-D object by motion parallax.

The relations between Shannon and kolmogorof complexity and entropy were in-
vestigated:

— Kolmogorof variant of "conditional independencitivity" method is developed.
Early it used only for Shannon entropy;

— Generalization of the information Jang—Young inequality for the Shannon and
kolmogorof complexity and entropy is obtained.

The problem of sufficient statistics searching for kolmogorof complexity of words
was studied (by two given words A and B find a word B’ with little complexity relative
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B for which information I(A,B’) not strongly less than mutual information between A
and B). It was shown that at the general case the sufficient conditions of this problem
solution are also necessary.

Also it was shown that the problem of interpolation by random choice of the inter-
polation points belongs to class pac-learning. Numerical experiments that affirm the
efficiency of Rissanen heuristics for this problem solution were carried out.

The signal estimations at the strongly ill posed inverse problems with adaptive
property in the asymptotically exact sense (i.e. achieving the optimal constants at the
risks expression) were constructed.

The nonparametric procedure of the independent components problem solution
was suggested (the generalization of the main components method at the case when
basic directions may be non orthogonal). The procedure is based on evaluation of
the matrix density functionals and allows enhance the order of convergence rate for
the final density valuation.

A survey of neural network applications in telecommunications is made up further re-
search the problem of neural networks application cellular network control systems sub-
stantiated. An example of control system based on fuzzy logic and neural networks for
the two-level cellular network presented.

PUBLICATIONS IN 2002

1. Cauvalier L., Tsybakov A.B. Sharp adaptation for inverse problems with random
noise // Probability Theory and Related Fields. 2002. No. 123. P. 323-354.

2. Gayraud G., Tsybakov A.B. Testing hypotheses about contours in images //
Journal of Nonparametric Statistics. 2002. No. 14. P. 67-85.

3. Tsybakov A.B. Random rates in anisotropic regression: a discussion // Annals
of Statistics. 2002. No. 30. P, 379-385.

4. Cavalier L., Golubev G.K., Picard D., Tsybakov A.B. Oracle inequalities for in-
verse problems // Annals of Statistics. 2002. No. 30. P. 843-874.

5. Hwukonaes .. CummeTpus n Busyanusaums // Tpyabsl Bcepoccumnckom KoHge-
peHummn "CuHeprus kynbtypbl" (Capatos, 2002 r.). C. 52-59.

6. Nikolaev D.P., Bozhkova V.P., Nikolaev P.P. Linear colour segmentation and
its implementation // Perception. 2002. V. 31 (Suppl.). P. 67-68.

7. Nikolaev D.P., Nikolaev P.P. Estimation of reflectance properties following col-
our segmentation (colour-constancy model based on colour segmentation data) //
Perception. 2002. V. 31 (Suppl.). P. 138.

8. Hukonaes [.., Hukonaes [l1.[l. BbICTpbIM anropntm BblaeneHUsi 06BHLEKTOB,
OCHOBaHHbIA Ha NMHENHON MOAENU (POPMUPOBaHUS CNeKTpanbHoro ctumyna // B
cb.: "WcKycCTBEHHble WHTennekTyanbHble cuctembl” u "WHTennektyanbHble
CATP". Tpyabl mexayHapogHon koHdepeHuun |IEEE AIS'02 n CAD-2002. M.:
dunamatnut, 2002. C. 410-416.

9. BanHugaur M.H., lNMonsakosa M.[1. YcTaHOBNEHME COOTBETCTBUS N300paKeHnI
B 3aJadax CTepeocuHTe3a, BOCCTAHOBIEHMS (POpMbl NO ABMXEHUIO U pacno3HaBa-
Hua // Mpobnembl ynpaBneHns n MogenvpoBaHMe B CIOXHbIX cuctemax. Tpyabl 1V
MexagyHapoaHon koHpepeHuum (r. Camapa, 17-23 nona 2002 r.). C. 293-298.
10. BawHusanr M.H., MNonskosa M.IN. O mogenupoBaHum Mblwnenunsa // Hay4Has
ceccna MUOU-2002. IV Becepoccunckas HayvyHO-TexHU4Yeckasa koHdepeHuus "Hen-
pouHdopmaTnka-2002": Npobnembl MHTENNEeKTyanbHOroynpasneHmss — obuiecuc-
TEMHbIE, 3BOSIOLMOHHBbIE N HenpoceTeBble acnekTbl. M.: MO, 2003. C. 77-85.
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11. Durand B., Levin L.A., Shen A. Complex tilings // STOC'01, July 6-8, Herson-
issos, Crete, Greece, Proceedings. ACM Publication, 2001.

12. Chernov A., Muchnik An.A., Romashchenko A., Shen A., Vereshchagin N.K.
Upper semi-lattice of binary strings with the relation $x$ is simpleconditional to $y$ //
Theoretical Computer Science.2002. V. 271.

13.  Romashchenko A., Shen A., Vereshchagin N. Combinatorial Interpretation of
Kolmogorov Complexity // Theoretical Computer Science. 2002. V. 271. P. 111-123.
14. Makarychev K., Makarychev Yu., Romashchenko A., Vereshchagin N. A New
Class of non Shannon Type Inequalities for Entropies // Communications in Informa-
tion and Systems. 2002. V. 2. No. 2.

15. XosaHckui A.B., BaxanHenosa H.M., lemknH A.M., Ctapogybuesa J1.H. O me-
ToAax ynbTpamanopakypCHOW ToMorpadum AMarHoCTMKM MNa3Mbl HA TOKaMakax. —
UHUWMATOMUWH®POPM, npenpuHt TPUHUTU 0084-a. 14 c.

16. Hewnman B.WU., Pomawkosa O.H. [1ea Tuna ceten cBasn // ABTomaTuka, CBs3b,
nHpopmatumka. 2002. Ne 1. C. 28-32.

17. Hewnman B.W. JocTyn abOHEHTOB K MHGPOPMALUUNOHHBLIM Ycriyram // ABToMaTtuka,
cBs3b, MHGopmaTuka. 2002. Ne 4. C. 16-20.

18. HewnmaH B.W. lMporpecc B obnactu undposon nepegadn peym // ABTomaTumka,
cBs3b, MHGopmaTuka. 2002. Ne 10. C. 6-10.

19. Hewnman B.WU., Pomawwkosa O.H. YnpaeneHue Harpyskon B cetn WHTepHeT // Be-
AOMCTBEHHbIE koprnopaTuBHbie ceTh n cnuctembl — BKCC-Connect. 2002. Ne 4. C. 61-74.
20. HewnmaH B.W. Ton B BOpOTa UCTOPUKOB WMHPOPMALMOHHBIX TexXHonorun. Pe-
ueHaua Ha kuury [.J1. Wapne «XeT-Tpuk B maTtdye ¢ AtnaHTtukon». M: OOO «Mo-
BunbHble KOMMYyHUKauuny», 2001. 241 c. (kHUra nNocesLLleHa UCTOPUN TEXHUKN Kabe-
newn ceaaun) // dnektpoceasb. 2002. Ne 9. C. 46-47.

21.  Cavalier L., Golubev G.K., Lepski O.V., Tsybakov A.B. Block thresholding and
sharp adaptive estimation in severely ill-posed inverse problems // Zhurnal "Theorija
Verojatnostej i ee Primenenija" (B neyatn).

22. Samarov A.M., Tsybakov A.B. Nonparametric Independent Component Analy-
sis // Zhurnal "Bernoulli" (B neyaTn).
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LABORATORY 14

Laboratory of Problems of Consciousness and Communication
Head of Laboratory — Dr.Sci. (Psychology) Nikolai Muskhelishvili
Tel.: (095) 196-00-24; E-mail: muskh.symbol@ru.net

The leading researchers of the laboratory include: Dr. A. Kiselev

DIRECTIONS OF ACTIVITY

Direction of research is concerned with specific characteristics of communications
connected with the alterations of human consciousness states. This activity is based
on the metapsychological approach proposed by leading scientists of Laboratory for
describing the phenomena of consciousness and indirect communications.

MAIN RESULTS

Given the crucial role of indirect communication in the processes of knowledge
transmission in cultural and scientific traditions it is important to understand its psy-
chological and semiotic mechanisms. The systems theory approach to the analysis of
various forms of indirect communication allows to identify their similarities and to
draw parallels with the methods of modern psychotherapy. In particular, we have
been able to demonstrate with this approach the presence of various consciousness
modification mechanisms in the texts of Old and New Testaments as well as to iden-
tify the roles of fascination and recipients’ belief systems reprogramming functions in
these texts. The need for the introduction of new symmetrical semiotics for the analy-
ses of such texts also have been shown, that is based on juxtaposition not of a sign
and a meaning, but of two or more mutually replacing and mutually complimenting
seminal images. Each of these renders the same meaning but does not express it
quite clear, while all of them in concert are able to express in completely and unam-
biguously.

PUBLICATION IN 2002

1. Kucenes A.ll, Mycxenuwsnnm H.J1. Henpsimas koMMyHVKaums 1 nepegada gyxoB-
HbIX Tpaguuun // CuctemHble uccnegosaHus. ExxerogHuk 2001. M.: Sautopuan YPCC,
2003. C. 29-44.
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LABORATORY 15

Laboratory of Computational Linguistics

Head of Laboratory — Dr.Sc. (Linguistics), Prof. Igor Boguslavsky
Tel.: (095) 299-49-27; E-mail: boqus@iitp.ru

The leading researchers of the laboratory include:

Full member of the Russian Academy of Sciences, Dr.Sc. (Linguistics) Jury D. Apresjan

Dr. Sc. (Linguistics).  Vladimir Z. Sannikov Nikolay V. Grigoriev
Dr. Leonid L. lomdin Alexander V. Lazursky
Dr. Leonid G. Mitjushin Irina E. Kayali

Dr. Leonid L. Tsinman Leonid G. Kreidlin

Dr. Svetlana A. Grigorieva Nadezhda E. Frid

DOMAINS OF RESEARCH

The Laboratory is concerned with the study of language as a means of information
transmission. Fundamental research carried on in the Laboratory aims at the
elaboration of a full operative "Meaning < Text" type of linguistic model. The model
is intended to simulate the language behaviour of humans, that is, their ability to pro-
duce and understand texts in a natural language. The computerized version of the
model developed by the Laboratory is shaped as a poly-functional multilingual proc-
essor known under the name of ETAP. ETAP consists of morphological and combi-
natorial dictionaries of the working languages and various sets of rules. Ideally, the
rules in combination with the dictionaries should simulate the language behaviour of
humans in text production and interpretation. Integrated into certain modules, they
acquire an applied function. Namely, they make possible the operation of a number
of NLP systems designed in the Laboratory, such as English-to-Russian and Rus-
sian-to-English machine translation, generation of Russian texts from the semantic
representation of an utterance in UNL, paraphrasing sentences in the given natural
language, and some others. Apart from solving a number of practical problems in
NLP, such systems, on the other hand, serve as an experimental testing ground,
which allows the researchers to rectify certain details of linguistic descriptions and
sometimes even derive totally new linguistic knowledge from the experimental data.
In 2002 the Laboratory was concerned with the extension and improvement of the
functional potential of ETAP. The demo version of the system is accessible at the
following address: http://proling.iitp.ru.

BASIC RESULTS

1) Much effort was devoted to the development and replenishment of the combina-
torial dictionaries of Russian and English.

— The number of entries has grown to 65,000 items in each dictionary, which cor-
responds to the average size of large traditional all-purpose bilingual dictionaries.

— Lexicographic information in various zones of the dictionaries was expanded
and updated. Fundamental changes were introduced into a) the entries of polysemic
words, b) government patterns, c) lexical functions zones. The expansion and up-
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dates were motivated, in particular, by the experimental data drawn from the func-
tioning of applied systems constructed by the Laboratory.

— A module for semi-automatic introduction of phraseological units into the com-
binatorial dictionaries was developed.

2) Work on the replenishment and improvement of morphological dictionaries of
Russian and English was carried on.

— The dictionaries were replenished with geographical and proper names.

— Introduction of composites (of the type quasi) and the components of com-
pound words was continued.

3) Studies on the topic “Elaboration of the theory and dictionary of verbal govern-
ment for the purpose of parsing and automatic synthesis of Russian texts” were com-
menced. The following results were obtained:

— A new lexico-semantic theory of verbal government was elaborated. It can be
summed up in the following points: a) verbal government is partly motivated semanti-
cally and partly unmotivated; b) those governing properties of verbs which can be ac-
counted for by semantic considerations are determined by two factors — the systemic
senses of the type ‘action’, ‘process’, ‘state’, ‘property’, ‘actionality’, ‘purpose’ etc.,
making part of the lexicographic definitions of the respective predicate lexemes, and
by those definitions themselves; c) unmotivated governing properties of lexemes are
rooted in the "personal” lexical properties of the verbs.

— A list of verbs to be included in the dictionary was compiled counting some
6000 items.

4) A special module for paraphrasing Russian sentences on the basis of the lexical
functions apparatus was developed; the following results were obtained in the course
of this work:

— A new apparatus of lexical functions was constructed consisting of the new
system of definitions, the zone of lexical functions in the combinatorial dictionaries
and three sets of rules: rules of identification of lexical functions in the processed
sentence, rules of reducing sentences to their canonical forms and rules of para-
phrasing proper. This apparatus was integrated into ETAP as a separate module.

— The system of paraphrasing was debugged, and a large series of computer
experiments were conducted.

— The examination of the experimental data was commenced which allowed not
only to introduce a number of local improvements in the linguistic knowledge base,
but also to make considerable headway in the understanding of the fundamental
properties of language.

5) Much work was done on constructing the Russian subsystem for the pro-
gramme of multi-language communication on the basis of the Universal Networking
Language (UNL). This programme, which is being developed by a large international
consortium under the aegis of the UN, is aimed at providing the Internet users with
the facilities for receiving and disseminating information in their mother tongues. The
system is accessible at the site www.undl.org. The following results were obtained.

— The first version of Russian-to-UNL translation module was developed.

— The module for UNL-to-Russian translation was considerably improved. This
module is accessible at the address www.unl.ru.

— The existing specifications of UNL were analyzed and a number of improve-
ments were proposed.

6) Work on creating an annotated corpus of Russian texts was carried on.

— 4 000 sentences in the corpus were annotated.
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— The software of the complex "The working bench of the annotator" was per-
fected: a program was written which either corrects itself certain mistakes found in
the text or detects formal inconsistencies in the morpho-syntactic structures and sup-
plies the operator with a list of mistakes.

— A fragment of the corpus was handed over to the YANDEX company for joint
effort at developing an information retrieval system and creating an open telecom-
munication access to the corpus via Internet.

7) An original combined parser was constructed and integrated into the ETAP lin-
guistic processor. It allows parsing rules to dynamically interact in the process of am-
biguity resolution with the specially designed statistical module which assigns certain
weights to the hypothetical syntactic relations on the basis of the syntactically anno-
tated corpus.

8) The first version of an innovative interactive system of lexical ambiguity resolu-
tion for machine translation and other NLP applications was constructed. The system
is based on a dynamic interaction of the algorithm with the intuitions of the human
user who has no linguistic expertise. On receiving the user's answers to some simple
questions posed to him (choose a synonym of the given word, or its paraphrase, or
its simplified definition and the like) the system ensures a hundred percent resolution
of lexical ambiguity. With the help of this system some 20,000 entries in the combina-
torial dictionary were processed for which the structure of their polysemy was estab-
lished and diagnostic descriptions for various meanings were introduced.

9) Linguistic means of lexico-grammatic ambiguity resolution were worked out.

10) A program for identifying and tagging nominal groups in the text which desig-
nate persons was written.

11) Support for accessing symbols of various code tables by ETAP was ensured.

12) A new version of the HELP system for ETAP was elaborated.

GRANTS FROM:

¢ Russian Foundation of Basic Research (No. 01-06-80453): "Development of
a Compound Parsing Algorithm for the Linguistic Processor ETAP-3".

¢ Russian Foundation of Basic Research (No. 01-07-90405): "Creation of an
Annotated Corpus of Russian Texts (second release)".

¢ Russian Foundation of Basic Research (No. 02-06-80085): "Development of
an Interactive System of Lexical Ambiguity Resolution for Machine Translation and
other Applications".

¢ Russian Foundation of Basic Research (No. 02-06-80106): "Development of
the Theory and the Dictionary of Verbal Valencies for the Purposes of Automatic
Analysis and Synthesis of Russian Texts".

PUBLICATIONS IN 2002

1. AnpecaH KO.[. O6 ogHOM 3aKOHOMEPHOCTU YCTPOMCTBA CEMAHTUYECKUX CUC-
Tem // MNpobnembl CEMaHTUYECKOro aHanm3a NeKCUKn. Teaucbl OOKNagoB MexayHa-
pogHoun koHdepeHunn. M., 2002. C. 6-9.

2.  AnpecsH KO.[. BaanmogenctBne nEKCUKM U rpamMmaTUKn: NEKCUKOrpadonyeckmni
acnexT // Pycckui a13bIk B HaydHoM ocBeleHun. 2002, Ne 3. C. 10-29.
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3.  AnpecsH KO.[l. HoBbIn 06BbACHUTENBHBIN COBapb CUHOHUMOB PYCCKOMO A3blKa:
xoq paboTbl u pesynbTaTbl // BeCTHMK PocCUCKoro ryMaHUTapHOro Hay4yHoro ¢ooH-
aa. 2002. Ne 3. C. 87-99.

4. AnpecsaH KH0.[0., UuHmaH J1.J1. dopmanbHas mogenb nepudpasvpoBaHus npea-
NOXEHNN Ona cuctem nepepaboTKm TEKCTOB Ha eCTeCTBEHHbIX A3bikax // Pycckui
A3blk B Hay4HOM ocBelleHun. 2003. Ne 4.

5. borycnasckun .M. «CaHgxu» B cuHTakcuce: 3aragka yxe He /[ BA. 2002. Ne
5. C. 19-37.

6. borycnasckun U.M., I'puropbes H.B., 'puropbesa C.A., MomauH J1.J1. Pa3spa-
BOTKa CUMHTaAKCMYECKM pa3MeYvyeHHOro Kopnyca pycckoro sidbika // [Joknagbl Hay4yHOW
kKOoHGepeHuun "KopnycHasi MMHIBUCTMKA U NUHrBUCTMYECcKne 6a3bl AaHHbIX". C.-M16.:
n3g-so C.lMetepbyprckoro yHmeepcuteTta, 2002. C. 40-50.

7. WomaguH J1.J1. YpoKkn pyCccKo-aHrnmMmnckoro (M3 onbita paboTbl CUCTEMbI MaLUWH-
Horo nepesoaa) // Tpyabl MexayHapogHoro cemuHapa [Ouanor'2002 no komnbloTep-
HOW NIMHIBUCTUKE N ee npunoxeHuam. M.: Hayka, 2002. T. 2. C. 234-244.

8. WomauH J1.J1., Cnzos B.I"., UuHmaH J1.J1. cnonb3oBaHne amMnmpuyeckmux BeCOB
npy cMHTakcmyeckom aHanmse // ObpaboTka TeKcTa U KOrHUTUBHbIE TexHonormu. Ka-
3aHb: OTeyecTtBo, 2002. Ne 6. C. 64-72.

9. ®pug H.E. YnotpebneHne HaCcTOALLEro MCTOPUYECKOrO M NpoLLeLero BpEMeEH B
CMOHTAHHOW YCTHOW peun // MexayHapogHas LwKona no AMHIBUCTUYECKON TUMOMOorm m
aHTponosnorun. MaTtepuansl nekumn n cemmuHapos. M.: PITY, 2002. C. 268-269.

10. Apresjan Ju.D. Principles of Systematic Lexicography // Lexicography and

Natural Language Processing. A Festschrift in Honour of B.T.S. Atkins. Marie-Héléne
Corréard (ed), Euralex 2002. P. 91-104.

11.  Apresjan Ju.D., Boguslavsky I.M., lomdin L.L., Tsinman L. L. Lexical Functions
in NLP: Possible Uses. — In: Computational Linguistics for the New Millenium: Diver-
gence or Synergy? Proceedings of the International Symposium held at the Ru-
precht-Karls-Universitat Heidelberg, 21-22 July 2000. Manfred Klenner / Henriétte
Visser (eds.) Frankfurt am Main, 2002. P. 55-72.

12. Boguslavsky I., Chardin I., Grigorjeva S., lomdin L. et al. Development of a de-
pendency treebank for Russian and its possible applications in NLP // Proceedings of
the Third International Conference on Language Resources and Evaluation (LREC-
2002), v. lll, Las Palmas. P. 852-856.

13. Boguslavsky I. Some lexical issues of UNL // Proceedings of the First Interna-
tional Workshop on UNL, other interlinguas and their applications, Las Palmas, 2002.

P. 19-22.

14. lomdin L., Sizov V., Tsinman L. Utilisation des poids empiriques dans I'analyse
syntaxique: une application en Traduction Automatique / META. 2002. V. 47. No. 3.

P. 351-358.

15. AnpecsH 10.[]. OcTaHOBKa OBWKEHUSA Kak CUMMNTOM BHYTPEHHEro COCTOSAHUS:
CYHOHUMUYeckun psa samepems /| C6opHuk B YecTb B. H. Cngoposa (B neyatn).

16. AnpecsH KO.[l. CUCTEMHOCTb NEKCUKU: CeEMaHTUYeckue napagurmbl U cemaH-
Tnyeckue anbtepHaumm // B c6opHuk B YecTb C. Kaponsika (B nedatn).

17.  AnpecsH HO0.[J. AKUMOHANbLHOCTb U CTATUMBHOCTb KakK COKPOBEHHble CMbICHbI

(oxoTa Ha okasbieameb) /| CH6opHuK cTaTen Kk 70-netuio H.[. ApyTioHoBon. M.: A3bikn
pycckon KynbTypbl, 2003 (B nevatn).

18. AnpecaH FO.[l. TpakTOBKa BMAa B crioBape: npasuna, TeHAEHUMN, fieKcukanm-
3aums // C6opHUK B YecTb npodp. JlemaHa, Mambypr (B neyaTn).
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19. AnpecsH H0.[J. O6 ogHOM 3aKOHOMEPHOCTM YCTPOMCTBA CEMaHTUYECKUX CUC-
Tem // MNatele LmeneBckune YteHna (B neyaTn).

20. AnpecsH O.[. MNpuHUunbl opraHnsauum UeHTpa u nepudepun B nNeKcuke n
rpammaTuke // C6opHuk B YecTb B.C. XpakoBckoro (B nevatn).

21. borycnasckun .M. 3ameyaHna o6 akTaHTHOM CTPYKType aaBepbuanbHbIX ge-
puBaToB (B neyaTmn).

22. borycnaeckun N.M. Yacte — Llenoe — lNpusHak: 3ameTkn 0 cdepe OencTsus
KBaHTOPHbIX CIOB (B neyaThn).

23.  WowmguH J1.J1. Ngesa v uenb: 06 0gHOM TUMNe PYyCCKUX CBA3OYHbIX NPEOSIOKEHNN
/I CbopHuk ctaten Kk 70-netmio H.[J. ApyTioHoBOW. M.: A3bIKM pPyCcCKOW KynbTypbl,

2003 (B neyvatn).
24. Apresjan Ju.D., Boguslavsky .M., lomdin L.L., Tsinman L.L. Lexical Functions

in ETAP-3 // C6opHuk B YyecTb 70-netua U.A. Menbuyka (B neyatu).
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LABORATORY 16

Laboratory of Stochastic Dynamical Systems
Head of Laboratory — Dr.Sc. (Mathematics), Prof. Aleksandr Veretennikov
Tel.: (095) 299-94-15; E-mail: veretenn@iitp.ru

The leading researchers of the laboratory include:

Dr.Sc. (Techn.) R. Liptser Dr. P. Kitsul

Dr. F. Grigoriev Dr. A. Puhalskii
Dr. O. Gulinsky Dr. A. Serebrovskii
Dr. V. Kistlerov Dr. S. Lototsky

Currently R. Liptser, P. Kitsul, A. Puhalskii and S. Lototsky are working abroad
remaining the staff members of Laboratory.

MAIN RESULTS

The main direction of activity in 2002 was stochastic analysis and its applications.
The important results in this area have been obtained during last years in laboratory.
The series of Puhalskii’'s publications received recognition as 2002 INFORMS Ap-
plied Probability Society Best Publications:

— Polling Systems in Heavy Traffic: A Bessel Process Limit // Mathematics of
Operations Research. 1998. V. 23. No. 2. P. 257-304 (with E.G. Coffman, Jr., and
M.l. Reiman).

— Polling Systems with Zero Switchover Times: a Heavy-Traffic Averaging Prin-
ciple. // The Annals of Applied Probability. 1995. V. 5. No. 3. P. 681-719 (with E.G.
Coffman, Jr., and M.l. Reiman).

Special attention was given to studying non-standard problems of the large devia-
tion theory.

A. Puhalskii obtained new results on the connection between large deviation prin-
ciples for trajectories of stochastic processes and the associated invariant measures.
The large deviation accumulation point of a sequence of invariant measures is identi-
fied as invariant measure of the limit idempotent processes. Application to diffusion
and queueing processes are provided.

— Puhalskii A. On large deviation convergence of invariant measures // J. Theo-
ret. Prob. (to appear).

O. Gulinsky proposed an approach to large deviation for asymptotic problems
without evident probabilistic representation behind. The motivation of this method is
coming from some problems of quantum mechanics. These tools make it possible to
handle non-commutative asymptotic problems as one would handle classical large
deviations. The approach is applied to an example of non-commutative large devia-
tions which is based on an analysis of mean-field quantum crystal model.

— Gulinsky O. The Principle of the Largest Terms and Quantum Large Deviations
/Il Kybernetika. 2003. V. 38. No. 2 (in print).

R. Liptser and A. Veretennikov studied moderate deviations for smooth processes.

Large deviation results for stochastic differential equations driven by Brownian mo-
tions are known. However in some problems of mathematical physics it is more natu-
ral to consider equations with smooth random perturbations. A large deviation princi-
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ple are established for a family of vector-valued smooth random processes defined
by a system of ordinary differential equations with perturbations defined by smooth
vector function of vector-valued ergodic diffusion.

— Liptser R., Veretennikov A. Freidlin-Wentzell type moderate deviations for
smooth processes // Markov Processes and Related Fields (to appear).

Large deviations for approximations of stochastic differential equation is a new
direction of activity.

A. Veretennikov proved the large deviation principle for Euler approximation of
SDE.

— Veretennikov A. On large deviations for approximations of SDEs // Probability
Theory and Related Fields (to appear).

— Veretennikov A. On large deviations for approximations of SDEs on the torus //
Theory of Probability and their Applications — TViP (to appear).

A. Veretennikov continued studying diffusion approximation of Poisson processes.

— Veretennikov A., Pardoux E. On Poisson equation and diffusion approximation
2 // Annals of Probability (to appear).

Some new results are obtained on parameter estimation for ergodic Marcov chains
with polynomial growth lost function.

— Veretennikov A., Varakin A. On parameter estimation for polynomial ergodic
Markov chains with polynomial growth lost function // Markov Processes and Related
Fields. 2002. No. 8(1). P. 127-144.

P. I. Kitsul, R. Sh. Liptser, A.P.Serebrovski studied properties of observable com-
ponents of a Markov process. Necessary and sufficient conditions of markovianity
are obtained.

— Kitsul P.I., Liptser R.Sh., Serebrovski A.P. Markovianity of a subset of compo-
nents of a Markov process // J. Systems & Control Letters. 2002. V. 46/4. P. 237-242.

Teaching:

— Moscow Institute of Physics and Technology: O.Gulinsky, A.Serebrovskii and
F. Grigoriev;

— Universities abroad: A.Veretennikov, R. Liptser, A. Puhalskii, P. Kitsul, S.
Lototski.

International collaboration. Fruitful collaboration is established with the probability
group of the LATP CMI Universite de Provence, Marseille, France, and, in particular,
with Professor Etienne Pardoux as its leader.

We also have close contacts with Universite Paris 6 (Professors Jean Jacod and
Pierre Priouret); Universite du Main in France (Professor Yuri Kutoyants); Weier-
strass Institute for Applied Analysis and Stochastics — WIAS, Berlin, Germany; the
Univerity of Warwick, UK (Professor David Elworthy); Mathematical Institute of the
University of Copenhagen; University of Trier (Professor Dieter Baum); University of
Wuerzburg (Professor Elart von Collani), and some others.

GRANTS FROM:

¢ Russian Foundation for Basic Research (No. 00-01-22000) — head A. Veretennikov.
e INTAS (Ne 99-0590) — co-ordinator A. Veretennikov.
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LABORATORY 17

Laboratory of Information Transmission Networks

Head of Laboratory — Dr.Sc. (Tehnology), Prof. Vladimir Vishnevsky
Tel.: (095) 299-29-04; E-mail: vishn@iitp.ru

The leading researchers of the laboratory include:

Dr. Sc. (Techn.) V. Lazarev Dr. N. Bakanova
Dr. Sc. (Techn.) A. Lyakhov Dr. D. Mironov
Dr. Sc. (Techn.) I. Ovseevich Dr. E. Pijl

Dr. |. Astafjeva Dr. V. Vorobiev

DIRECTIONS OF ACTIVITY

Basic directions of the laboratory activity are development of theoretical foundation
for analysis and synthesis of distributed information transmission networks, and prac-
tical implementation of large-scale projects concerning with distributed computer
communication networks.

The theoretical researches are carried in the following directions:

— Development of methods and algorithms for dynamic routing in ATM networks.

— Extension of product-form stochastic network theory in part of methods and al-
gorithms for G-networks study.

— Development of methods for analysis and synthesis of wireless local and dis-
tributed information transmission networks controlled by the IEEE 802.11 protocol.

— Development of methods and algorithms for topology synthesis and optimal
routing choice in information transmission networks.

— Research and development of wireless networks on the base of infrared and
laser modems.

— Development and study of methods based on extended Petri network for analy-
sis of intellectual telecommunication networks.

MAIN RESULTS

In 2002, the Laboratory continued the fundamental researches related to extreme
graph theory, queuing networks theory, and reliability theory. Moreover, the field ex-
periments with various physical media (fiber-optical, radio, satellite communications),
operational environments and various network architecture were carried on simulta-
neously.

The Laboratory has obtained the following fundamental results:

— Routing methods and algorithms in packet switching networks have been sys-
tematized and studied, in particular, dynamic routing algorithms for ATM networks
have been surveyed.

— Models of G-networks with negative requests have been developed to describe
adequately computer network operation in the presence of noises and viruses.
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— Mathematical models have been developed for analysis and synthesis of topo-
logical structure of regional wireless computer networks (specifically, for optimal allo-
cation of base stations and connection of radio subscribers in this class networks).

— Verification model based on extended Petri network has been developed for a
protocol of intellectual telecommunication networks.

Theoretical results related to analysis and synthesis of distributed information
transmission networks have been adopted as a foundation for practical implementa-
tion of large-scale projects concerning with this class of networks. Results of scien-
tific researches have been implemented with the following projects:

—Topological development of the cellular radio-modem network Radionet to pro-
vide Moscow scientific, cultural and educational institutions with access to Internet.

—Development of an atmospheric optical line prototype adopting infra-red modems
and its passing to the Plant of Zverev’s name for pilot batch production.

—Development of a typical project for scientific city computer network (using
Obninsk scientific city as an example).

—Development of a unified terminal for air and railway ticket reservation on domes-
tic and international trips.

—Development of protocols for interaction of wireless 802.11 networks and cellular
GPRS networks, which has provided an opportunity to implement corporate wireless
networks in almost any region of Russian Federation and to extend the geography of
access to Internet for state and commercial subscribers.

—Development and extension of information transmission networks of Russian
Ministry of Transport, Presidium of RAS, and Russian Road Agency.

—Development of automated docflow system for large managerial institutions.

GRANTS FROM:

e Purpose Programme of RAS: "Telecommunications and Integration Systems".

e Ministry of Industry, Science and Technologies of RF (State contract No.
37.053.11.0063): "Methods for Design of Computer Networks".

¢ International Russian-ltalian project. Ministry of Industry, Science and
Technologies of RF: "Optimal Design of Mobile Wireless Information Transmission
Networks, Using Stochastic Models" ("Wireless Communication Networks" project).

e NATO Science Programme in the Collaborative Linkage Grant PST.CLG.977405
(program "Partnership with NATO"): "Wireless access in INTERNET on base technology
IEEE 802.11".

PUBLICATIONS IN 2002

1. Vishnevsky V.M., Lyakhov A.l. IEEE 802.11 Wireless LAN: Saturation
Throughput Analysis with Seizing Effect Consideration // Cluster Computing. 2002.
No. 5. P. 133-144.

2. Vishnevsky V.M., Lyakhov A.l. 802.11 LANs: Saturation Throughput in the
Presence of Noise // Proc. of 2nd Int. IFIP TC6 Networking Conf. (Networking'2002),
Pisa, ltaly, May 19-24, 2002. — Springer-Verlag, 2002. Lecture Notes in Computer
Science. 2002. V. 2345. P. 1008-1019.
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3. Vishnevsky V.M., Lyakhov A.l. Estimation of Maximal TCP/IP Traffic Rate over
802.11 Network with Hidden Stations // Proc. of Int. Seminar "Applied stochastic models
and information processes" (Petrozavodsk, September 8-13, 2002). P. 156-158. (See
also: Information Processes. 2002. V. 2. No. 2. P. 270-272 (http://www.jip.ru/2002/46.pdf).
4. Vishnevsky V.M., Lyakhov A.l. Maximal Throughput Estimation for a Regional
Network exploited for access to Internet // Proc. of 8" Int. Conf. on information net-
works, systems and technologies ICINSAT-2002 (St.-Petersburg, September 16-19,
2002). P. 34-42.

5. Lyakhov A.l., Matsnev D.N., Lakontsev D.V., Shelihov O.N. Collecting and
Analysis of Operation Characteristics of Real-Life Wireless Network Basing on IEEE
802.11 Protocol // Proc. of 8" Int. Conf. on information networks, systems and tech-
nologies ICINSAT-2002 (St.-Petersburg, September 16-19, 2002). P. 225-235.

6. Lazarev V.G., Folomeev A.K. Adaptive Control in an ATM network // Proc. of
57" scientific session dedicated to Radio Day. Moscow, 2002. P. 7-9.

7. Lazarev V.G., Pijl E.l., Usmanov P.U. Analysis of Interaction Protocols for Re-
mote Objects of Intellectual Networks // Proc. of 57" scientific session dedicated to
Radio Day. Moscow, 2002. P. 11-14.

8. Kiseliov E.M., Lazarev V.G. Distribution of digital flows in a transport SDI Network
/I Proc. of 57" scientific session dedicated to Radio Day. Moscow, 2002. P. 14-16.

9. Lazarev V.G, Pijl E.l.,, Usmanov P.U. Petri Network Application for Analysis of
Intellectual Network Protocols // Proc. of 8" Int. Conf. on information networks, Sys-
tems and technologies ICINSAT-2002 (St.-Petersburg, September 16-19, 2002). P.
16-18.

10. Lazarev V.G. Management of Telecommunication Network Services // Proc. of
8" Int. Conf. on information networks, systems and technologies ICINSAT—2002 (St.-

Petersburg, September 16-19, 2002). P. 9-10.

11.  Vekselman M.l., Lazarev V.G. Intellectual Platform Application in Data Trans-
mission Networks // Proc. of Int. scientific and technical conference "Supercomputers
and Multiprocessor Computer Systems MCS-2002" (Taganrog, 2002). P. 91-94.

12.  Vishnevsky V.M. Theoretical Foundations for Computer Network Design. Mos-
cow: Technosphera, 2003. 512 p. (to be published).

13. Bocharov P.P., Vishnevsky V.M. G-networks: Extension of Product-Form Net-
work Theory // Automation and Remote Control (to be published).

14.  Vishnevsky V.M., Porotsky S.M. Dynamic Routing in ATM Networks: Problems
and Solutions // Automation and Remote Control (to be published).
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SCIENTIFIC-ORGANIZATION DEPARTMENT

Head of Department — Dr. Vladimir Venets
Tel.: (095) 209-22-35; E-mail: venets@iitp.ru

Group for Municipal Management Informatics

Head of Group — Dr.Sc. (Techn.), Prof. Mikhail Soloviev
Tel.: (095) 299-83-54; E-mail: soloviev@iitp.ru

MAIN RESULTS

Researches were continued for a problem of the state and municipal property

management and the following results were achieved:

— analysis and systematisation of valuation activity problems in the global proc-
ess for investment and property markets, providing mutual professional recognition in
dual and multisided business,

— analysis of ways and modes for protection and efficient using the state and
municipal property (real estates) in the contemporary conditions of land and property
legislation, including mechanisms of property market professionals accreditation,
regulations for landlord and tenant interacting, modes for auctions,

— comparative analysis for land rights and tenure in the different conditions of
transitional economies and developing markets of Eastern Europe, Russia, Asia and
others.

The joint distance teaching laboratory (IPPl — Oxford Brookes University) contin-
ued its work. During the period there was elaborated a basis for a business game
"Auction". The game simulate multilevel interacting at the system "state (municipal)
proprietor — auctioneers — bidders (investors)". The game is intended for teaching
every side of the mentioned system to make decisions in different competitive situa-
tions and altered states of the market.

GRANTS FROM:

e DFID (Department for International Development), UN-HABITAT — participation in
the international project run by Geoffrey Payne examining alternative tenures for the
urban innovations (with Richard Grover and Dr Paul Munro-Faure).

PUBLICATIONS IN 2002

1.  ConoBbeB M.M. OueHo4yHasa aeaTernbHOCTb (OLEeHKa HeABMXUMOCTHN): YuyebHoe
nocobue. — M.: 'Y BLLU3, 2002. 224 c.

2. ConosbeB M.M., AnseHuoH C.E, MNongaHckun A.WN. PerynupoBaHue mnmyLLecCT-
BEHHbIX OTHOLLEHWN 1 3alimMTa rocygapctBeHHon cobctBeHHocTn // C6. TeancoB Me-
XayHapogHon KoHdepeHuun «[lMpobnembl ynpaBneHust 6e30NacHOCTbI0 CIIOXHbIX
cuctem», M.: MY PAH, 2002.
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3. Grover R., Munro-Faure P., Soloviev M. Housing tenure change in the transi-
tional economies // Land Rights and Innovation / Edited by G. Payne, ITDG-
Publishing, UK, 2002, Part I, Chapter 3. P. 41-56.

4. YnpaBneHue rocygapCTBeHHOM COOCTBEHHOCTbIO: Y4yebHuk / log pea. 4.9.H.,
npod. B.W. KowkuHa. — M.: SKMOC, 2002. 664 c. (B cocTaBe aBTOPCKOro KONEKTUBA).
5. Tpoeep P., ConoBbeB M. CpaBHUTENbHbLIA 3apyOeXXHbIA OMNbIT PerynMpoBaHns
npodeccmnoHanbHOn oueHoYHOM geaTtenbHocTu // OpraHu3auma U MeTonbl OLEHKU
npegnpuaTtua (busHeca): YuyebHuk / MNMoa pea. B.U. KowkuHa, — M.: UKD «3Bkmocy,
2002. Nae.a 18. C. 671-744.
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IPPI’'S PERIODICALS

The Institute has founded and publishes two academic periodicals: "Problems of
Information Transmission" and "Automation and Remote Control" which circulate in
Russia and abroad.

Since October 2000 the Institute has founded the electronic scientific journal "In-
formation Processes".

Problems of Information Transmission

Editor-in-Chief: L. A. Bassalygo.

Associate Editor: N. A. Kuznetsov.

Secretary: D. Yu. Nogin.

Editorial Board: A. M. Barg, I. A. Ibragimov, V. D. Kolesnik, R. Sh. Liptser,

V. A. Malysheyv, |. A. Ovseevich, M. S. Pinsker, V. M. Tikhomirov, B. S. Tsybakov,
Yu. N. Tyurin, V. A. Uspenskii, V. A. Zinov'ev, V. V. Zyablov.

"Problems of Information Transmission" is a quarterly journal published in Eng-
lish by Plenum Publishing Corporation (233 Spring St., New York, NY 10013, USA).

"Problems of Information Transmission" contains research and survey articles
in the following and related areas:
Information Theory;
Coding Theory;
Methods of Signal Processing;
Automata Theory;
Large Systems;
Information in Living Systems;
Communication Network Theory.

"Problems of Information Transmission" is abstracted or indexed in Mathe-
matical Reviews, Language and Language Behavior Abstracts, Engineering Index,
Computer and Information Systems Abstracts Journal, INSPEC — Electrical and Elec-
tronics Abstracts and Electronics Abstracts, Zentralblatt fiir Mathematik, and Informa-
tion Science Abstracts.
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Automation and Remote Control

Editor-in-Chief: N. A. Kuznetsov

Associate Editors: A. A. Krasovskii, P. P. Parkhomenko

Secretary: D. A. Novikov

Editorial Board: F. T. Aleskerov, [N. A. Bobylev], V. N. Bukov, P. Yu. Chebotarev,
S. V. Emel'yanov, A. |. Kibzun, V. B. Kolmanovskii, V. V. Kul'ba, A. P. Kurdyukov,
O. P. Kuznetsov, V. A. Lototskii, B. V. Lunkin, B. M. Miller, L. A. Mironovskii, V. N.
Novosel'tsev, B. T. Polyak, Yu. S. Popkov, I. V. Prangishvili, A. I. Propoi, Ye. S.
Pyatnitskii, V. V. Rykov, A. P. Uzdemir, V. I. Venets, V. M. Vishnevskii, B. G. Volik.

In April 1936, the first journal in the world devoted especially to the issues in con-
trol theory, "Avtomatika i Telemekhanika," come off press. The frequency of publi-
cation was six issues per year.

Since 1956 the journal has been a monthly publication and it has been translated
into English and published in the United States under the title "Automation and Re-
mote Control" by Plenum Publishing Corporation (233 Spring St., New York, NY
10013, USA).

During its existence, the scope of the journal substantially evolved and expanded
to reflect virtually all subjects concerned in one way or another with the current sci-
ence of control.

Now "Automation and Remote Control"” contains research and survey articles in
the following and related areas:

Deterministic Systems;

Stochastic Systems;

Queuing Systems;

Discrete Systems;

Adaptive and Robust Systems;

Evolving Systems;

Developing Systems;

Simulation of Behavior and Intellect;

Control Hardware;

Computer-Aided Production Control Systems;
Computers in Control;

Automation of Design and Programming;
Control in Biological Systems and Medicine;
Automata;

Technical Diagnostics;

Reliability;

Computing Techniques in Automatic Control;
Technical Tools in Control.

Automation and Remote Control is abstracted or indexed in Mathematical Re-
views, Chemical Abstracts, Electronics and Communications Abstracts Journals, Cur-
rent Contents, Engineering Index, Applied Mechanics Reviews, Computer and Infor-
mation Systems Abstracts Journal, Zentralblatt fir Mathematik, and Information Sci-
ence Abstracts.
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Information Processes

Editor-in-Chief: N. A. Kuznetsov.

Associate Editor: Yu. P. Popov.

Secretary: V. |. Venets.

Editorial Board: Yu. D. Apresyan, L. A. Bassalygo, M. N. Baintsvaig, A. V. Chernavskii,
Yu. G. Evtushenko, V. P. Ivannikov, D. A. Koryagin, V. S. Kozyakin, S. P. Kurdyumov,
V. A. Lyubetskii, G. G. Malinetskii, |N. S. Merzlyakov|, B. M. Miller, 1. V. Prangishuvili,

E. S. Pyatnitskii, V. M. Vishnevskii, V. V. Zyablov.

The journal "Informational Processes" was founded in 2000 as electronic scien-
tific journal.

"Information Processes" contains research and survey articles in the following
and related areas:

Information Theory and methods of Signal Processing;

Information Transmissions in Computer Networks;

Control in Data Bases and Knowledge Bases;

Informational Security;

Computer Linguistics;

Informational Technologies in Technical and Social-Economic Systems;
Programming;

Analysis and Syntheses of Control Systems;

Mathematical Models, Computational Methods;

Informational Interaction.

Electronic address of the Journal — http://www.ijp.ru
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