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Abstract—A system for computer-assisted design of inorganic compounds, with an integrated complex of
databases for the properties of inorganic substances and materials, a subsystem for the analysis of data, based
on computer training, a knowledge base, a predictions base, and a managing subsystem, has been developed.
The methodology of integration of software products for data analysis, built upon different algorithms of
computer training, has been devised. In many instances the employment of the developed system makes it
possible to predict new inorganic compounds and estimate various properties of those without experimental

synthesis.
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1. INTRODUCTION

The prediction of the possibility of formation and
properties of inorganic compounds, based solely on
the information on the parameters of chemical ele-
ments composing those, is an important and compli-
cated problem in chemistry. The theoretical methods
built upon quantum-mechanical computations devel-
oped to date often do not make it possible to solve this
problem, especially when the subjects are multicom-
ponent substances in the solid state.

The limitations of conventional physical methods
for computation of complex inorganic compounds
were the reason for the development of a new
approach combining chemistry and modern computer
science, namely the computer-assisted design of inor-
ganic substances and materials [1, 2]. The basic
hypothesis on which this approach relies holds that the
Jfundamental properties of multicomponent inorganic
substances under varying conditions (including temper-
ature, pressure, relationships among the amounts of
components, etc.) are related by periodic dependences to
the fundamental properties of chemical elements com-
posing the substances. That there are such regularities is
a consequence of Mendeleev’s periodic law.

If a multicomponent chemical substance is
regarded as a point in the multidimensional space of
the properties of elements, then because of the period-
icity of properties of these latter elements, points cor-
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responding to combinations of chemical elements of a
similar nature are bound to form compact classes. Let
there be some set of chemical substances whose mem-
bership in different classes is known (a training sam-
ple). Here each substance is specified as a set of values
of properties of elements. It is required to construct
the hyperspace separating the substances in one class
from the substances in other classes in the multidi-
mensional space of properties of elements. Such
classes can be, for instance, chemical systems with for-
mation or nonformation of compounds of the speci-
fied composition or particular type of crystal structure
under certain external conditions. It is assumed that,
due to the periodicity of properties of elements, the
resulting separating surfaces can be used to determine
the status of as yet uninvestigated substances. This
process of prediction demands solely knowledge of the
properties of chemical elements composing the unex-
plored substance. Thus, the problem on the search for
substances similar to those already investigated can be
reduced to the classical problem in pattern recogni-
tion, computer training by precedents.

The instrumental basis for the design of new inor-
ganic compounds is an information—analytical system
(IAS) of our development, which integrates databases
for the properties of inorganic substances and materi-
als with software products for the analysis of data. The
IAS automates the storage and modification of infor-
mation, preparation of data for analysis, and predic-
tion, as well as visualization and presentation of the
results of data analysis.
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2. THE STRUCTURE
OF THE INFORMATION—-ANALYTICAL
SYSTEM

The IAS [3] comprises the integrated system of
databases (DBs) for the properties of inorganic sub-
stances and materials, the subsystem for the analysis of
data, the tasks base (the knowledge base), the predic-
tions base, and the managing subsystem (Fig. 1).

2.1. The System of Databases for the Properties
of Inorganic Substances and Materials

The system, developed by the Baikov Institute of
Metallurgy and Materials Science, Russian Academy
of Sciences (IMET RAS), is the source of information
for the computer-aided analysis. At the moment it
incorporates the following DBs.

(1) The DB “Phases,” for the properties of inor-
ganic compounds [2, 4, 5], which now contains infor-
mation on more than 46 000 ternary compounds (i.e.,
compounds formed by three chemical elements) and
more than 17 000 quaternary compounds, extracted
from more than 25 000 publications.

(2) The DB “Elements,” for the properties of
chemical elements [5], which contains data for more
than 90 parameters.

(3) The DB “Diagrams,” for phase diagrams of
semiconductor systems [2, 4, 6, 7], which contains
information on phase diagrams of semiconductor sys-
tems and on the physical and chemical properties of
phases forming in those, collected and evaluated by
experts. At present this DB comprises detailed infor-
mation on several tens of the systems that are the most
important for semiconductor electronics.

(4) The DB “Crystal,” for the properties of
acousto-optical, electro-optical, and nonlinear opti-
cal substances [2, 4, 7], which now contains informa-
tion on the parameters of more than 120 materials.

(5) The DB “Bandgap,” for the forbidden band
width of inorganic substances [4], which currently
contains information on more than 3000 substances.

The total size of DBs is about 8 Gbytes. The inte-
grated system of DBs allows specialists to gain aggre-
gate information on the properties of substances and
materials from different databases at one time. Autho-
rized users can access to the system of DBs via the
Internet (http://imet-db.ru).

2.2. The Subsystem for the Analysis of Data

When selecting the methods of pattern recognition
for the analysis of chemical information, we took into
account many years of experience in application of
these methods to the design of inorganic compounds
[2, 8]. As a result, the following methods and software
products were adopted.

—A wide range of algorithms from the system
“Recognition” developed by the Computing Centre,
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Fig. 1. Diagram of the IAS for the design of inorganic com-
pounds.

Russian Academy of Sciences [9]. In addition to the
well-known methods of linear machines, Fisher linear
discriminant, k& nearest neighbors, support vector
machine, and neural-network algorithms, this multi-
function system for pattern recognition includes algo-
rithms developed by the Computing Centre, Russian
Academy of Sciences, that is to say, recognition algo-
rithms based on calculation of estimates, voting algo-
rithms based on deadlock tests, voting algorithms
based on logical regularities, weighted statistical voting
algorithms, etc.

—The ConFor system for training a computer in
the procedure for formation of concepts, developed by
the Institute of Cybernetics, National Academy of
Sciences of Ukraine [10]. The system is built upon the
arrangement of data in the memory of a computer in
the form of growing pyramidal networks.

The software products for data analysis, listed
above, were chosen for the following reasons.

e Their universality as regards the dimensions of
problems to be solved. The systems make it possible to
solve both problems on prediction of rare or unique
events, occurrences, or processes, when the initial
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(training) information is scarce (tens of precedents),
and problems are of great dimensions (tens of thou-
sands of precedents).

e Their universality as regards the data type
(numeral, binary, and nominal attributes are allowed).

e Their capability of processing incomplete and
partially inconsistent information with unknown or
approximate values of some attributes.

The application of a large ensemble of computer
training procedures yields several predictions for com-
pounds that have not been synthesized yet. Sometimes
the results are not the same, and the question arises of
making a definitive decision on the status of the sub-
ject of prediction. A promising way to solve this last
problem is to use recognition by ensembles of algo-
rithms [9]. In many cases the synthesis of a collective
solution affords the compensation of possible recogni-
tion errors in individual algorithms by the correct
results of other algorithms. Therefore, the procedures
implementing diverse strategies of making collective
decisions, based on the Bayes method, methods using
clustering and selection, decision templates, logical
correction, the method of a convex stabilizer, the
Woods dynamic method, committee methods, etc.,
are included in the IAS [9]. In addition, for the first
time in the practice of design of inorganic compounds,
the IAS embodies the possibility to make collective
decisions on different sets of attributes with the use of
methods of decision templates and committee meth-
ods (majority voting and averaging).

In order to select informative properties of chemi-
cal elements, we included into the IAS a procedure
built upon minimization of generalized error func-
tionals for convex correcting procedures with respect
to ensembles of predictors constructed on the basis of
individual attributes [11, 12]. It has been shown that
the problem of search for the optimum ensemble
reduces to a well-known problem in quadratic pro-
gramming. The method of optimization is based on
the use of necessary and sufficient conditions for the
ensembles of predictors to be irreducible.

The selection of the properties of chemical ele-
ments, providing the most information for the classifi-
cation of substances, is of double significance. On the
one hand, it enables a drastic reduction of attribute
description that includes hundreds of elements’ prop-
erties for multicomponent substances. On the other
hand, the selection of the most important properties of
elements in classification of chemical substances
affords physical interpretation of the resulting classify-
ing regularities, which improves the confidence in the
obtained predictions and makes it possible to find sub-
stantial causal relationships among the parameters of
subjects and to develop physical and chemical models
of the phenomena.
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2.3 The Tasks Base

The regularities discovered by an expert as a result
of manipulation with the IAS are stored in the tasks
base in the intrinsic format of those software products
for the analysis of data by whose means they were
obtained. Such implementation makes it possible to
integrate new software products for the analysis of data
into the IAS and resolves the problem associated with
the fact that the forms of representation of the result-
ing regularities in the computer training methods used
are substantially different. By a task is meant the pro-
cedure of training by the selected methods on a partic-
ular training sample. Here it is suggested that not the
results of training, as such (like logical expressions or
the structure of a trained neural network), but so-
called tags for the tasks be stored in the tasks base. The
term label is taken to mean the necessary information
for the task, which permits identifying it from others.
Because different tasks use training information of
varying quality (for instance, with different extent of
reliability and completeness), a way to support expert
judgments of the obtained regularities and predictions
has been developed. The following information on the
task is stored in the IAS: the unique number of the
task; the training sample in standard format; data for
the attributes used to form the training sample; the
identifier of the software product for the analysis of
data by whose means the regularities were obtained;
the list of methods employed in training, with their
parameters; information on the quantitative and qual-
itative composition of the compounds used in training;
the identifier of the compounds’ parameter to be pre-
dicted; and expert judgment of the regularity and pre-
dictions tasks base.

2.4. The Predictions Base

The predictions base contains the results of previ-
ous computer experiments, as well as references to ser-
vice information stored in the knowledge base. The
use of the predictions base made it possible to improve
the functionality of the IMET RAS DB for the prop-
erties of inorganic substances and materials through
providing the user not only with the available informa-
tion on substances that have already been studied, but
also with predictions of inorganic compounds which
have not yet been obtained and estimations of the
properties of those. At present this base is being filled.

2.5. The Managing Subsystem

The managing subsystem organizes the process of
computation and carries out interaction among func-
tional subsystems of the IAS; it also affords access to
the system from the Internet. In addition to that, the
managing subsystem provides the user with software to
prepare data for analysis, to produce reports, to visual-
ize the results, and to utilize other service functions. In
particular, a special subsystem has been designed to
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retrieve from the DB information that, after its estima-
tion by expert, is used to train the computer. The sub-
system allows the expert to edit found information and
to form an attribute description of compound, which
is a complex description made up of parameters of
three or four chemical elements included in its com-
position. The expert selects the properties of chemical
elements to form a training sample, and the subsystem
for preparation of training sample retrieves the chosen
values of the elements’ properties from the DB “Ele-
ments,” makes up complex attributes as algebraic
functions of the initial parameters of elements when
needed, and merges the attribute description to pro-
duce atable that is thereupon passed to the input of the
prediction subsystem. The subsystem for generation of
results is intended for the presentation of predictions
in the tabular form customary among chemists and
material scientists.

In computer training the inorganic substances are
represented in the computer memory as sets of values
of chemical element properties. Among the difficulties
associated with the use of the IAS in inorganic chem-
istry is the fact that there are gaps in data for the prop-
erties of chemical elements. These gaps often impair
the accuracy of training and recognition. This effect is
especially noticeable for small samples. In the context
of the managing subsystem, the following approach to
the solution of this problem is proposed. First, proper-
ties with more than 25% of missing values are removed
from a particular sample, since they are hardly infor-
mative and may hinder correct training of the system.
Second, the remaining empty values are filled in as fol-
lows. Chemical elements which are the nearest, in val-
ues of other properties, to the one whose gap is to be
filled are sought with regard for the peculiarities of the
subject domain and for the way training samples are
prepared. Next, the average value of the involved
property over the nearest elements is computed. Here,
the relative Euclidean distance between elements need
be no greater than 10%, and the chemical element is
sought only among the elements in the same group of
the periodic system. If no appropriate element is
found, then either the empty value is replaced by the
mean value of the element’s property for the sub-
stances with equal classifying feature (in the case of the
training sample), or this attribute is excluded from the
sample (in the case of a sample for recognition), and
the system is retrained again without this property, i.e.,
a sample resulting from the elimination of this param-
eter of the element from the initial training sample is
passed to the input of the IAS.

The training and recognition processes are imple-
mented in the IAS by means of a special asynchronous
web service, which makes it possible to accomplish
long-term training and prediction tasks on the Inter-
net. The asynchronous web service allows users to ini-
tiate long-term execution of resource-consuming
instructions, to monitor progress of that, to receive
notifications of ready results of computations, and to
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terminate execution of tasks, saving the intermediate
results.

3. PRINCIPLES OF INTEGRATION
OF DBS WITH SOFTWARE PRODUCTS
FOR THE ANALYSIS OF DATA

The IAS for computer-assisted design of inorganic
compounds is built upon the available databases and
software products for the analysis of data. This brought
up the problem of integration of diverse software and
information components. The solution of the problem
was complicated by the fact that the source of infor-
mation in the IAS is a system of databases established
at different times and founded on different database
managing systems (DBMSs). In addition, there was a
need to include in the IAS means of data processing,
distinct in concepts and developed by diverse organi-
zations and in different countries.

When developing the principles of integration of
databases for the properties of inorganic substances
and materials [2, 4—7, 13], we took into account the
specific character of the subject domain, that the
information is stored in databases with a varying extent
of reliability, and different operation systems, data for-
mats, and DBMSs are used. In connection with the
above-mentioned specificity, a complex approach to
integration, combining data level and user interface
integration, is applied [4, 13].

The need for integration of computer training soft-
ware products is associated with the fact that in order
to improve quality of prediction the IAS employs spe-
cial collective decision-making methods [9] whose
operation involves interaction among software prod-
ucts for the analysis of data [9, 10] with distinct prin-
ciples of operation.

We applied the service-oriented approach (SOA)
[14] to solve the problem on integration. The SOA is
an applied architecture where all functions are speci-
fied as independent services with well-defined inter-
faces. A certain sequence of requests of these services
affords the execution of a particular process. Accord-
ing to the SOA concepts, the interaction between sub-
systems for the analysis of data, implementing all
training and recognition methods, and the managing
subsystem is performed by means of programmed
adapters which present all necessary functions of the
software product for the analysis of data. Integration of
anew computer training software product into the IAS
requires only a programmed adapter that would incor-
porate intrinsic data structures of the system to be
integrated in the IAS with standard representation of
data.

The architectural concept used in service-ori-
ented integration is noteworthy. The case in point is
the concept of a service bus. The task is to provide a
unified way of transmitting queries and receiving
the results of the service, performing necessary con-
versions of messages and transport protocols, and
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Fig. 2. Model service bus.

most importantly, managing the flow of service
requests. Such management makes it simpler to
arrange the sequence of calls of services required to
execute a process. Looking at the diagram of the bus
(Fig. 2), one can see that this approach solves one of
the main problems in integration, the problem on
minimization of interfaces.

Note that, irrespective of the selected technique of
module integration, the development of special pro-
grammed adapters which would incorporate intrinsic
data structures of the software product to be integrated
into the system with the standard representation of
data in the system is always required. These adapters
operate with intrinsic representation of data in an
individual application. In order to make it more sim-
ple to include new software products for the analysis of
data into the integrated IAS, the requirements on the
implementation of programmed adapters for software
products to be integrated in the system have been
developed and an XML-based format of message
exchange between these products and the managing
subsystem of the IAS has been proposed.

All computation tasks are performed by the web
server, only their results are output to the user to be
viewed. Such organization allows the IAS to be easily
augmented by integration with new methods for the
analysis of data, and makes it possible to add extra
functionality with no required update of client appli-
cations. Because the IAS is furnished with a web inter-
face, the users can carry out the analysis of data via the
Internet.

The proposed means of solving the problem on
integration of software products

e make it possible to add software products for the
analysis of data to the IAS stage by stage;

e are sufficiently simple to implement, since the
development of standardized programmed adapters
intended for including new software product for the
analysis of data into the IAS on the basis of the pro-
posed procedure is not a difficult problem;

e allow for distinctions in data and information
structures used by software products;
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e provide complex ways of interaction among soft-
ware products for the analysis of data.

CONCLUSIONS

The developed information—analytical system is
widely applied in design of new inorganic compounds.
Its use allows one to predict new inorganic compounds
and to estimate various properties of those without
experimental synthesis of the compounds. With IAS it
proved to be possible to predict hundreds of as yet
unobtained intermetallic compounds with a crystal
structure type of the Heusler phases [8, 15], which
are promising in the search for new materials to be
used in magnetic storage devices of great capacity,
and compounds with the compositions AB;X; [16]
and ABX, [17], which are of interest in the develop-
ment of new semiconductor, nonlinear optical,
electro-optical, and acousto-optical materials, as
well as to estimate some properties of the predicted
compounds (the melting point and the forbidden
band width), important for application of those in
actual practice [18].

ACKNOWLEDGMENTS

We are grateful to V.A. Dudarev for helpful
remarks.

This study was supported by the Russian Founda-
tion for Basic Research, project nos. 06-07-89120, 08-
01-90427, 08-07-00437, 05-03-39009, and 09-07-
00194.

REFERENCES

1. E. M. Savitskii and V. B. Gribulya, Application of Com-
puter Techniques in the Prediction of Inorganic Com-
pounds (Nauka, Moscow, 1977; Oxonian Press, New
Delhi, 1985).

2. N. N. Kiselyova, Computer Aided Design of Inorganic
Compounds: Application of Databases and Artificial
Intelligence Methods (Nauka, Moscow, 2005) [in Rus-
sian].

3. N. Kiselyova, A. Stolyarenko, V. Ryazanov, and V. Pod-
bel’skii, “Information—Analytic System for Design of

Vol. 21 No. 1 2011



10.

11.

12.

13.

14.

15.

16.

17.

18.

A SYSTEM FOR COMPUTER-ASSISTED DESIGN 93

New Inorganic Compounds,” Int. J. “Inf. Theor.
Appl.” 2 (4), 345—350 (2008).

. N. N. Kiselyova, V. A. Dudarev, and V. S. Zemskoy,

“Computer Information Resources in Inorganic
Chemistry and Material Science,” Usp. Khim. 79 (2),
162—188 (2010) [Russ. Chem. Rev. 79 (2), 145—166
(2010)].

. N. Kiselyova, D. Murat, A. Stolyarenko, V. Dudarey,

V. Podbel’skii, and V. Zemskov, ““Phases” Data base
on Ternary Inorganic Compounds Properties in the
Internet,” Inf. Resursy Rossii, No. 4, 21—-23 (2006).

. Yu. I. Khristoforov, V. V. Khorbenko, N. N. Kiselyova,

V. V. Podbel’skii, I. N. Belokurova, and V. S. Zemskov,
“Data Base on Phase Diagrams of the Semiconductor
Systems Available for Internet,” Izv. Vyssh. Uchebn.
Zaved. Mater. Elektron. Tekhn., No. 4, 50—55 (2001).

. N. N. Kiselyova, I. V. Prokoshev, V. A. Dudarey,

V. V. Khorbenko, I. N. Belokurova, V. V. Podbel’skii,
and V. S. Zemskov, “Internet-Accessible Electronic
Materials Database System,” Neorg. Mater. 40 (3),
380—384 (2004) [Inorg. Mater. 40 (3), 321-325
(2004)].

. G. S. Burkhanov and N.N. Kiselyova, “Prediction of

Intermetallic Compounds,” Usp. Khim. 78 (6), 615—
634 (2009) [Russ. Chem. Rev. 78 (6), 569—587 (2009)].

. Yu. I. Zhuravlev, V. V. Ryazanov, and O. V. Sen’ko,

RECOGNITION: Mathematical Methods, Software Sys-
tem, Practical Applications (FAZIS, Moscow, 2006) [in
Russian].

V. P. Gladun, Processes of New Knowledge Formation
(SD Pedagog 6, Sofia, 1995).

0O.V. Senko, “An Optimal Ensemble of Predictors in
Convex Correcting Procedures,” Pattern Recognition
and Image Analysis, MAIK “Nauka/Interperiodica”
19 (3), 465—468 (2009).

0.V. Senko, A.V. Kuznetsova, “Methods of regularities
searching based on optimal partitioning. Classification,
forecasting, Data Mining,” Supplement to Interna-
tional Journal “Information Technologies and knowl-
edge” (ITHEA, Sofia, 2009), Vol. 3, pp. 136—141.

N. Kiselyova, S. Iwata, V. Dudarev, I. Prokoshey,
V. Khorbenko, V. Zemskov, “Integration principles of
Russian and Japanese databases on inorganic materi-
als,” Int. J. “Information Technologies and Knowl-
edge” 2 (4), 366—372 (2008).

N. Bieberstein, R.G. Laird, K. Jones, T. Mitra, “Exe-
cuting SOA: A Practical Guide for the Service-Oriented
Architect,” (IBM Press, Boston, 2008).

N. N. Kiselyova, V. V. Ryazanov, and O. V. Sen’ko,
“Prediction of the Structure of ABX, (X = Fe, Co, or
Ni) Intermetallics,” Metally, No. 6, 98—104 (2009)
[Russ. Metallurgy (Metally), No. 6, 538—545 (2009)].
N. N. Kiselyova, “Prediction of Occurrence of AB;X3
X =8, Se, Te),” Neorg. Mater. 45 (10), 1157—1160
(2009) [Inorg. Mater. 45 (10), 1077—1080 (2009)].

N. N. Kiselyova, V. V. Podbel’skii, V. V. Ryazanov, and
A. V. Stolyarenko, “Computer-Aided Design of New
Inorganic Compounds with Composition ABX, (X=S§,
Se, or Te),” Materialoved, No. 12, 34—41 (2008) [Inor-
ganic Materials: Applied Research, 1 (1),9—16 (2010)].
N. N. Kiselyova, A. V. Stolyarenko, T. Gu, W. Lu,
A. Blansche, V. V. Ryazanov, and O. V. Senko, “Com-

PATTERN RECOGNITION AND IMAGE ANALYSIS

puter-Aided Design of New Inorganic Compounds
Promising for Search for Electronic Materials,” in
Proc. 6th Int. Conf. on Computer—Aided Design of Dis-
crete Devices (CAD DD’07) (UIPI NASB, Minsk,
2007), Vol. 1, pp. 236—242.

Nadezhda Nikolaevna Kiselyova.
Born 1949. Graduated from the Fac-
ulty of Chemistry of Moscow State
University in 1971 and completed
post-graduate study at the same fac-
ulty in 1974. Received candidate’s
degree in 1975 and doctoral degree in
2004. Scientific interests: computer-
assisted design of inorganic com-
pounds, databases for the properties
©  of inorganic substances and materi-
) = als, and materials used in electronics.
Author of more than 130 articles and 2 monographs. Doctor
of Chemical Sciences and Head of the Laboratory of Semi-
conductor Materials in the Baikov Institute of Metallurgy
and Materials Science, Russian Academy of Sciences.

Vadim Valerievich Podbel’skii.
Born 1937. Graduated from the Mos-
cow Engineering Physics Institute
with a degree in “computers.”
Received candidate’s degree in 1973
and doctoral degree in 1989. Scien-
tific interests: algorithms for auto-
mation of design and mathematical
support and software for automated
systems. Author of more than
120 articles and 9 handbooks. Doc-
tor of Technical Sciences and Profes-
sor of the Chair of Software Development Control at the
Department for Software Engineering of the Higher School
of Economics State University.

Andrei Vladislavovich Stolyarenko.
Born 1982. Graduated from the Fac-
ulty of Applied Mathematics of Mos-
cow State Institute for Electronics
and Mathematics in 2005. Received
candidate’s degree in 2008. Scientific
interests: databases and software
engineering. Author of more than
20 articles. Candidate of Technical
Sciences and Researcher of the Labo-
ratory of Semiconductor Materials at
the Baikov Institute of Metallurgy
and Materials Science of the Russian Academy of Sciences.

Aleksandr Aleksandrovich Doku-
kin. Born 1980. Graduated with hon-
ors from the Faculty of Computa-
tional Mathematics and Cybernetics
of Moscow State University in 2002
and completed postgraduate study at
the same faculty in 2005. Received
candidate’s degree in 2008. Scientific
interests: algebraic theory of recogni-
- tion and algorithms for calculation

h of estimates. Author of more than

= 30 articles. Since 2000 and to the
present day is a Researcher at the Computing Centre, Rus-
sian Academy of Sciences.

Vol. 21 No. 1 2011



94

KISELYOVA et al.

Vladimir Vasil’evich Ryazanov.
Born 1950. Graduated from the
Moscow Institute of Physics and
Technology in 1973. Received candi-
dates degree in 1979 and doctoral
degree in 1994. Academician of the
Russian Academy of Natural Sci-
ences, Professor. Since 1976 has been
with the Dorodnicyn Computing
Center, Russian Academy of Sci-
ences. Currently is Head of the
Department of Mathematical Prob-

lems of Recognition and Methods of Combinatorial Analy-
sis. Scientific interests: recognition theory, cluster analysis,
data analysis, optimization of recognition models, and
applied systems of analysis and prediction.

cine and other fields.

Oleg Valentinovich Sen’ko. Born
in 1957. Graduated from the Mos-
cow Institute of Physics and Tech-
nology in 1981. Received candidates
degree in 1990 and doctoral degree in
2007. Currently is a senior researcher
at the Dorodnicyn Computing Cen-
ter, Russian Academy of Sciences.
Scentific interests: data mining,
mathematical models of pattern rec-
ognition, classification and forecast-
ing, practical applications in medi-

PATTERN RECOGNITION AND IMAGE ANALYSIS  Vol. 21 No. 1 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


