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Solving Hard SAT Instances in Volunteer Computing Project
SAT@home

Igor Bychkov*, Stepan Kochemazov*, Maxim Manzyuk***, Ilya Otpuschennikov*, Mikhail
Posypkin®™*, Alexander Semenov*, and Oleg Zaikin*

*Institute for System Dynamics and Control Theory SB RAS, Irkutsk, Russia
**Institute for Information Transmission Problems RAS, Moscow, Russia
***Internet portal BOINC.ru, Moscow, Russia
bychkov@icc.ru, veinamond@gmail.com, hoarfrost@rambler.ru, otilya@yandex.ru,
mposypkin@gmail.com, biclop.rambler@yandex.ru, zaikin.icc@gmail.com

Abstract. In this paper we describe a volunteer computing project SAT@home aimed at solving
hard combinatorial problems that can be reduced to Boolean satisfiability problem (SAT). Several
hard SAT instances (logical cryptanalysis of some stream ciphers and search for sets of mutually
orthogonal Latin squares) were successfully solved in SAT@home over recent three years. We also
propose the CluBORun tool aimed at utilizing idle computational resources of clusters in volunteer
computing projects based on BOINC. The key feature of CluBORun is that it uses only ordinary
cluster’s user rights. The CluBORun tool makes it possible to temporarily integrate the resources
of several computing clusters into SAT@home.

Keywords: Volunteer computing, SAT, Latin squares, logical cryptanalysis, A5/1, Bivium.

Volunteer computing [1] is a type of distributed computing which uses computational resources
of PCs of private persons called volunteers. Each volunteer computing project is designed to
solve one or several hard problems. When PC is connected to the project, all the calculations
are performed automatically and do not inconvenience user since only idle resources of PC are
used. The first volunteer project was GIMPS! project launched in 1996. Nowadays the most
popular platform for organizing volunteer computing project is BOINC [2] that was developed
in Berkeley in 2002. Today there are about 70 active volunteer projects, the majority of them
based on BOINC. Total performance of these projects is more than 10 petaflops. Among the
most important results obtained via volunteer computing are the discoveries of the largest prime
number in the GIMPS project and of several radiopulsars in the Einstein@home 2 project.
Volunteer computing project consists of the following basic parts: server daemons, database, web
site and client application. Daemons include work generator (generates tasks to be processed),
validator (checks the correctness of the results received from volunteer’s PCs) and assimilator
(processes correct results). Client application should have versions for the widespread computing
platforms. One of attractive features of volunteer computing is its low cost — to maintatin
a project one needs only a dedicated server working 24/7. Main difficulty here lies in the
development of software and in database administration. In addition, it is crucial to provide the
feedback to volunteers using the web site of the project and special forums. Another attractive
feature of this type of computing is that volunteer project can solve some particular hard problem
for months or even years with good average performance. In this paper, we describe a volunteer
computing project SAT@home aimed at solving hard instances of Boolean satisfiability problem
(SAT). Wide class of problems from modern computer science can be effectively reduced to SAT
[3]. SAT problems are usually considered as the problems of search for solutions of Boolean

! http://www.mersenne.org/
2 http://einstein.phys.uwm.edu/
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equations in the form of CNF=1, where CNF is a conjunctive normal form. There are many
works in which various combinatorial problems are reduced to SAT and solved in this form. For
example, such problems can be found in areas of verification, cryptography, combinatorics and
bioinformatics. All known SAT solving algorithms are exponential in the worst case since SAT
itself is NP-hard. Nevertheless, modern SAT solvers successfully cope with many classes of tests
based on the problems from the areas mentioned above. Improvement of the effectiveness of SAT
solving algorithms, including the development of algorithms that are able to work in parallel and
distributed computing environments, is a very important direction of research. The SAT@home
project has been actively functioning since September 2011. On the first stage, the project was
used to solve several cryptanalysis problems of the A5/1 keystream generator. On the second
stage new pairs of orthogonal diagonal Latin squares of order 10 were found. On the third stage
several weakened problems of cryptanalysis of the Bivium cipher were solved. Below we present a
brief outline of our paper. In the second section we describe three problems considered and their
reduction to SAT. In the third section various decomposition techniques for SAT are discussed.
In the fourth section we present the SAT@home project and experimental results obtained. In the
fifth section the CluBORun tool aimed at utilizing idle cluster resources in volunteer computing
is proposed.

1 SAT solved in SAT@Qhome project

1.1 Logical cryptanalysis problems

Usually if the cryptanalysis is considered as a SAT problem then it is called a logical cryptanalysis
[4]. In this case to find a secret key it is sufficient to find a solution of corresponding satisfiable SAT
instance. In the paper we will consider logical cryptanalysis of the A5/1 keystream generator and
the Bivium stream cipher. Keystream generator A5/1 is used to encrypt traffic in GSM networks.
The algorithm of this generator became publicly available in 1999 after reverse engineering
performed by Marc Briceno. The description of the generator A5/1 (see figure 1) was taken from
the paper [5]. According to [5] the generator A5/1 contains three linear feedback shift registers
(LFSR, see [6]), given by the following connection polynomials: LFSR 1: X194+ X184 X174 X144 1,
LFSR 2: X?2 + X2 4+ 1; LFSR 3: X% + X22 + X2l 4 X8 4+ 1.

4'19'18'17'16|15|14|13|12|11|10H 8 | 7 | 6 | 5 | 4| 3 | 2 | 1 |<—

NN ZESAN VRGN ¥

4—69‘—'41'40'39'38'37'36'3 5|34|3 3|32|3 12 9|28|27|26|2 5|24|23|22|2 1|20|<—

U

—|G4{63|62|6 1|60|59|5 B|5 7|56|5 5|54|535 1|50|49|48|47|46|45|44|43|42|<—

ran
U U

Fig. 1. Scheme of the generator A5/1.

The secret key of the generator A5/1 is the initial contents of LFSRs 1-3 (64 bits). In each
unit of time 7 € {1,2,...} (7 = 0 is reserved for the initial state) two or three registers are
shifted. The register number r, r € {1,2,3} is shifted if x7 (b],b3,05) = 1 and is not shifted if
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X7 (b1, 03,03) = 0. By b7, b3, b we denote the values of clocking bits at the current unit of time.
The clocking bits are 9-th, 30-th and 52-nd. The function x7 (-) is defined as follows

0T b7) — {1 0F = majority (b, 5, 1)
7 (01,035,063 0, b7 # majority (b7, b5, b3)

where majority (4, B,C) = A-BV A-CV B-C. In each unit of time the values in the leftmost
cells of the registers are added mod 2, and the resulting bit is put to keystream. A lot of attacks
on this generator are described, however it is still actively used. The most recent attacks use
the technique of rainbow tables |7], however that approach can not guarantee the 100% success
if the length of keystream fragment to analyze is small. In the latter cases it is sensible to use
logical cryptanalysis. Usually it is believed that to uniquely identify the secret key it is sufficient
to consider keystream fragment of length comparable to the total length of shift registers. We
used TRANSALG system [8] to make SAT encodings for the problem of cryptanalysis of the A5/1
generator with first 114 bits of known keystream. Obtained template CNF consists of 35454
clauses over a set of 7816 Boolean variables. First 64 variables correspond to the unknown secret
key, last 114 variables correspond to the known fragment of keystream. To create a particular
SAT instance one needs to add 114 unit clauses (which correspond to the known fragment of
keystream) to the template CNF. In more detail the process of creation of SAT encodings for
cryptographic problems is described in [8]. The Bivium cipher [9] uses two shift registers of a
special kind (see figure 2). The first register contains 93 cells and the second contains 84 cells. To
initialize the cipher, a secret key of length 80 bit is put to the first register, and a fixed (known)
initialization vector (IV) of length 80 bit is put to the second register. All remaining cells are
filled with zeros. An initialization phase consists of 708 rounds during which keystream output
is not released.

qr«E)fEP<-|93|92|91|...|69|.. |1%«~p.

Je6] ...
|
keystream bit«@:— ‘

p~—€91‘?«—|177|176|175| . [a7a] .. Jie] ... T 94 |%«~q1
1

Fig. 2. Scheme of the Bivium cipher.

In accordance with [10,11] we considered cryptanalysis problems for Bivium in the following
formulation. Based on the known fragment of keystream we search for the values of all registers
cells at the end of an initialization phase. It means that we need to find 177 bits. Therefore, in our
experiments we used CNF encodings where initialization phase was omitted. We followed [12,11]
and set the keystream fragment length for Bivium cryptanalysis to 200 bits. Using the TRANSALG
system we produced SAT encodings for corresponding cryptanalysis problems. Obtained template
CNF consists of 12800 clauses over a set of 777 Boolean variables. One can create particular SAT
instance for Bivium by adding 200 unit clauses (similar to A5/1). Programs in TA language
(special domain specific language) used in TRANSALG and corresponding CNF templates for
A5/1 and Bivium can be found in TRANSALG gitrepository?.

3 https://gitlab.com/transalg/transalg/tree/master
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1.2 The search for systems of mutually orthogonal Latin squares

One of the most promising areas of application of SAT approach is the search for combinatorial
designs [13]. In particular, combinatorial problems related to Latin squares are very interesting.
These problems attract the attention of mathematicians for several centuries. In recent years a
number of new computational approaches to solving these problems have appeared. For example
in [14] it was shown that there is no finite projective plane of order 10. It was done using
special algorithms based on constructions and results from the theory of error correcting codes
[15]. Corresponding experiment took several years, and on its final stage a quite powerful (at
that moment) computing cluster was used. More recent example is a proof of hypothesis about
minimal number of clues in Sudoku [16] where special algorithms were used to enumerate and
check all possible Sudoku variants. To solve this problem a modern computing cluster had been
working for almost a year. In [17]| to search for some sets of Latin squares a special program
system based on the algorithms of search for maximal clique in a graph was used. SAT solvers
are systematically used to solve similar problems for more than 15 years [18|. One of the most
ambitious combinatorial problems consists in answering the question if there exist three Mutually
Orthogonal Latin Squares (MOLS) of order 10. Author of [13] notes that he spent more than 10
years on solving this problem using a distributed SAT solver working on 10-40 PCs. However, it
was not possible for him to answer the original question. Interesting feature of problems of search
for sets of MOLS is that they can be reduced to SAT in many ways because the set of MOLS as
a combinatorial design is equivalent to several other designs. Consequently, one can consider the
problem of search for such set as a problem of search for any of these equivalent objects. Further
we consider one approach to the construction of Boolean encoding for the problem of search for a
pair of MOLS of order n. It was described in many works about the application of SAT approach
to the research of Latin squares and Sudoku (see, for example, [19]). In this encoding we consider
two matrices A = ||a;;|| and B = ||bi;||, i, € {1,...,n}. We encode each matrix by its own set of
n® Boolean variables in such a way that its arbitrary cell is associated with n variables. Further
we use the notation z(i, j, k) and y(i, j, k) to denote variables which encode cells of matrices A
and B, respectively. Variable x(i, j, k) takes the value of true if and only if a cell in the i-th row
and the j-th column contains k. Thus, for example, if 2:(1,5,3) = 1 and n = 10, then a;5 = 3. To
make sure that matrices A and B represent Latin squares we should write down corresponding
constraints over their variable sets. Further we show these constraints on the example of matrix
A. Tt is possible to write these constraints directly in the form of conjunctions of clauses. In every
matrix cell there is exactly one number from 1 to n:

AV /\}1:1 Vi_yx(i, 4, k)
Nzt Nj=1 /\Z;i No—k41 (mx (i, j, k) V —x(i, j, 7)) .

Every number from 1 to n appears in every row exactly once:

Ny NPy V(i G, k)

—1 .o .
/\j:1 Npey /\?21 qT}:iJrl (—x(i,4,k) vV —ax(r,j,k)) .
Every number from 1 to n appears in every column exactly once:

N1 Ni=a \/?:195(1} j, k)

Ny Ny N2 AP (i, 5, ) V (i, 7y k)

Constraints for variables that correspond to matrix B are written similarly. After this we
need to complete the encoding with a constraint for the orthogonality condition for our two



Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 15

squares. For example we can write this constraint in the following form:

/\'Ln:1 /\?:1 /\Z:l Ag:l /\321 /\:“L:l (_“T(i7j7 k) v _‘y(i7j7 k‘)\/
V =xz(p,q,7) vV —y(p,q,7)) -

It is not difficult to see that the number of clauses in a CNF constructed according to this
appproach grows as O(n%) with the increase of n. We used this encoding to search for pairs
of MOLS of order 10 with additional “diagonality"condition. Corresponding CNF' consists of
434440 clauses over a set of 2000 Boolean variables. In such pairs in each square both main and
secondary diagonals must contain all numbers from 1 to n where n is the order of these squares.
It is known that pairs of orthogonal diagonal Latin squares of order 10 exist, however all the
pairs that we could find are cited in [20]. That is why, in our opinion, it would be interesting
to search for new instances of such pairs. It is easy to see that to obtain a Boolean encoding
for the problem of search for a pair of orthogonal diagonal Latin squares one should only add
to the encoding described above clauses corresponding to the diagonality condition. It does not
influence the asymptotics of the total number of clauses in a corresponding CNF.

2 SAT partitioning

In [21] various approaches to partitioning SAT were studied. Below we will use the terminology
from [21]. Consider a satisfiability problem for an arbitrary CNF C'. Partitioning of C' is a set of
formulae

C/\Gi,ié{l,...,S}

such that for any 4, j : ¢ # j formula C' A G; A G is unsatisfiable and
C=CANG1V...VCAGs.

When one has a partitioning of an original SAT instance, satisfiability problems for C' A G}, j €
{1,...,S} can be solved independently in parallel. There exist various partitioning techniques.
For example one can construct {G; }33:1 using a scattering procedure [21], a guiding path solver
[18] or a lookahead solver [22]. Unfortunately, for these partitioning methods it is hard in general
case to estimate the time required to solve an original problem. From the other hand in a number
of papers about logical cryptanalysis of several keystream ciphers there was used a partitioning
method that makes it possible to construct such estimations in quite a natural way. In particular,
in [12,11] for this purpose the information about the time to solve small number of subproblems
randomly chosen from the partitioning of an original problem was used. In the paper |23] strict
formal description of this idea within the borders of the Monte Carlo method in its classical form
[24] was given. Consider a satisfiability problem for an arbitrary CNF C over a set of Boolean
variables X = {x1,...,z,}. We call an arbitrary set X = {Ziy, .. @iy} X C X a decomposition
set. Consider a partitioning of C' that consists of a set of 2¢ formulae

CAGjje{l,...,2%

where G;, j € {1,..., 29} are all possible minterms over X. Note that an arbitrary formula

G takes a value of true on a single truth assignment (ajl ...,o/) € {0,1}%. Therefore, an

arbitrary formula C A G is satisfiable if and only if C' [X / (a{, .. .,aé)} is satisfiable. Here
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C [X’ / (a{, e ,aé)} is produced by setting values of variables z; to corresponding ai, k €

{1,...,d} : z; :a{,...,xid:ag. A set of CNFs

A(C,X):{C[X/(a{,...,ag)” |

(a{,...,aﬂ)e{o,l}d

is called a decomposition family produced by X. Total number of CNFs in A(C, X) is 24, Tt is
possible to estimate total time required for processing this family based on the time of solving
of SAT problems for k, k << 2¢ randomly chosen CNFs from the family. This estimation can
be used to plan a computational experiment. In [23] a Monte Carlo algorithm based on tabu
search heuristics to search for decomposition sets with good time estimations was suggested.
This algorithm was implemented as a parallel MPI program PDSAT. We used PDSAT running
on a computing cluster to obtain decomposition sets for A5/1 and Bivium logical cryptanalysis
problems. As a result we found the set of 32 variables for A5/1 (see right-hand side of figure
3) and the set of 47 variables for Bivium (see figure 4). On the left-hand side of figure 3 the
decomposition set that was found “manually"by analyzing features of the A5/1 generator [25] is
located. On these figures cells corresponding to variables from decompositions sets are marked
with gray color.

keystream bit <—€ 41 Im‘m keystream bit<—€

Fig. 3. Decomposition sets for logical cryptanalysis of A5/1.

Lo e
a 93]92[91].....|ss|...|aa|.....|72|...|7o|69[.,]s]s[..g

keystream bt
~.

\ °
plws] B REZ1 I T . J1e2] .. - [ns6] . [154] - T152] .S
T

Fig. 4. Decomposition set for logical cryptanalysis of Bivium.

In recent years several desktop grids for solving SAT appeared. For example, in [26] a
desktop grid for solving SAT which used conflict clauses exchange via a peer-to-peer protocol
was described. Apparently, [27] became the first paper about the use of a desktop grid based on
the BOINC platform for solving SAT. Unfortunately, it did not evolve into a publicly avaliable
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volunteer computing project. SAT@home? [28] is a volunteer computing BOINC-based project
aimed at solving hard combinatorial problems that can be effectively reduced to SAT. It was
launched on September 29, 2011 by ISDCT SB RAS and IITP RAS. On February 7, 2012
SAT@home was added to the official list of BOINC projects® with alpha status. Recently its status
was improved to beta. SAT@home server uses a number of standard BOINC daemons responsible
for sending and processing tasks (transitioner, feeder, scheduler, etc.). Such daemons as work
generator, validator and assimilator were implemented taking into account the specificity of the
project. The work generator decomposes the original SAT problem to subproblems according to
the decomposition set approach (see section 3). It creates 2 copies of each task in accordance
with the concept of redundant calculations used in BOINC. The validator checks the correctness
of the results, and the assimilator processes correct results. Client application is based on the
SAT solver MINISAT [29]. Characteristics of the SAT@home project as of 5 of June 2015 are
(according to BOINCstats®):

— 2363 active PCs (active PC in volunteer computing is a PC that sent at least one result in
last 30 days) about 80% of them use Microsoft Windows OS;

— 1184 active users (active user is a user that has at least one active PC);

— versions of the client application for CPU: Windows x86, Windows x86-64, Linux x86, Linux
x86-64;

— average real performance: 4 teraflops, maximal performance: 10 teraflops (it was achieved
during the competition held by BOINCstats).

The dynamics of the real performance of SAT@home can be seen at the SAT@home
performance page’. An experiment consisting in solving 10 logical cryptanalysis problems of
the generator A5/1 was held in SAT@home from December 2011 to May 2012. It should be
noted that we considered only instances that could not be solved using the known rainbow
tables. Specifically, from randomly generated 1000 cryptanalysis instances for A5/1 (in the
formulation described in section 2) 125 could not be solved by rainbow tables. We randomly
selected 10 instances and successfully solved them in SAT@home. In that experiment we used
the “manually"found decomposition set of 31 variables (see section 3). The client application was
based on a modified version of MINISAT-C 1.14.1 (see [25]). On average in order to solve one
instance of logical cryptanalysis of A5/1 SAT@home processed about 1 billion of SAT instances
(made by decomposing an original SAT instance). During the experiment for three instances there
were found two solutions (1 original and 1 so-called collision, see section “Found solutions"® on
SAT@home site), for other 7 instances there was found exactly one solution. In May 2014 we
launched in SAT@home an additional experiment based on the set of 32 variables that was
found automatically by PDSAT (see section 3). Until 25th of July first 5 instances (from the
same set of 10 instances) have been solved. Current results show that the time required to solve
problems considered using these two decomposition sets is quite similar. It should be noted that
the estimation for the A5/1 cryptanalysis obtained with the use of PDSAT is close to the average
real time spent by SAT@home to solve corresponding SAT instances. It means that with the
help of PDSAT one can obtain good decomposition set automatically — i.e. without analyzing
a particular original problem. With respect to the estimation obtained by PDSAT the solving
of one instance of cryptanalysis of the Bivium ciper in the SAT@home project with its current

* http://sat.isa.ru/pdsat/

5 http://boinc.berkeley.edu/projects.php

5 http://boincstats.com/

" http://sat.isa.ru/pdsat/performance.php
8 http://sat.isa.ru/pdsat /solutions.php
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performance would take about 4 years (using decomposition set of 47 variables [23]). That is
why we decided to solve weakened cryptanalysis problems for this cipher. Below we use the
notation BiviumK to denote a weakened cryptanalysis problem for Bivium with known values
of K variables (in corresponding SAT instance) encoding last K cells of the second shift register.
In particular we considered the Biviuml0 problem. We used PDSAT to find a decomposition
set with good time estimation for Bivium10. As a result we obtained the decomposition set of
40 variables. From April 2014 to May 2014 with the help of this decomposition set 3 weakened
Bivium10 problems were solved in SAT@home. The client application was based on a modified
version of MINISAT 2.2. Time estimation by PDSAT shows good consistency with real solving
time of these cryptanalysis instances. As far as we know there are no over publicly available
results for such problems. From September 2012 to May 2013 we carried out in the SAT@home
project an experiment aimed at the search for orthogonal pairs of diagonal Latin squares of order
10. Client application was based on the MINISAT 2.2 solver. It was slightly modified to reduce
the amount of RAM used. The first line of the first Latin square in a pair was fixed to“01234 5
6 7 8 9". It was done because any pair of orthogonal diagonal Latin squares can be reduced to a
pair where one of the squares has such a first line by permutations that do not break diagonality
and orthogonality constraints. The decomposition was performed in a following way: we varied
values of first 8 cells of second and third lines of the first Latin square. There are about 230
billions possible variants of assignments of corresponding variables that do not break diagonality
constraint. We decided to check in SAT@home first 20 millions variants from 230 billions (i.e.
about 0.0087% of an original search space). As a result, each variant was formed by assigning
values to first 8 cells of second and third lines of the first Latin square (note, that the first
line was fixed due to the reasons explained above). It means that values of remaining 74 cells
of the first square and of all 100 cells of the second square had to be determined by the SAT
solver. Each SAT instance had to be solved within the limit of 2600 restarts of the MINISAT 2.2
solver that is equivalent to approximately 5 minutes of work of one core of modern CPU. Upon
reaching the limit the computations were interrupted. The experiment took about 9 months.
The computations for the vast majority of subproblems were interrupted due to reaching the
time limit, however for 17 subproblems it was possible to find solutions. As a result we found 17
new pairs of orthogonal diagonal Latin squares of order 10 (we compared them with three pairs
of orthogonal Latin squares from [20]). All pairs found are available on the project site in the
“Found solutions'section.

3 CluBORun tool

There are specific volunteer computing projects based only on desktop PCs that have performance
greater than one petaflops. Despite this fact there are reasons why resources of computing clusters
can be useful in volunteer computing. First, a computing cluster is very reliable, so results
obtained on it can be taken as a reference when checking the results from volunteers. Second, a
computing cluster can significantly help to increase performance of a new volunteer project with
low amount of participants. Some additional argumentation (with recommendations regarding
using volunteer computing on clusters) was suggested in the paper [30]. There are several tools
that can be used to combine resources of clusters and BOINC-based desktop grids (for example,
3G Bridge [31]). 3G Bridge is aimed at combining resources of several grid system (for example,
of a service grid based on cluster and desktop grid based on BOINC). Main feature of such tools is
that they require administrators rights of cluster. We have implemented a CluBORun® (Cluster

9 https://github.com/Nauchnik /CluBORun
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for BOINC Run [32]) tool aimed at utilizing idle resources of computing clusters in volunteer
computing projects based on BOINC. CluBORun is a set of several shell scripts and a C+-+ MPI
program. The key features of CluBORun are: it utilizes only idle resources of computing clusters
(just as BOINC-manager does it for PCs); it uses only ordinary clusters user rights. BOINC
calculations are launched as MPI tasks which are processed by cluster scheduling system (as all
other tasks of another cluster users). After being launched on a cluster node the MPI program
starts BOINC manager. BOINC manager connects to a project server and performs computations
using standard client applications of a project. From the BOINC manager point of view, cluster
node is just another PC under Linux OS control. When tasks from another user appear in a
cluster queue, CluBORun stops BOINC tasks in queue if new tasks can be launched on freed
resources. It should be noted that CluBORun doesn’t violate any rules of cluster use since all
ordinary user’s restrictions apply (limit on total CPU hours or on a number of simultaneously
active tasks in queue). The CluBORun tool has been successfully working on the computing
cluster MVS-100k (Joint supercomputer center of RAS!?) from December 2013 until the present
moment. As a result of adding resources of this cluster to SAT@home the performance of the
project increased by 40 % (i.e. by about 1.5 teraflops) in some periods of time. One of the main
difficulties in development of CluBORun is a necessity to make separate version for every new
job scheduling system (each system has its own commands to work with cluster queue). At the
moment CluBORun can work with the Cleo, SUPPZ and SLURM job scheduler systems. Now
we are working on CluBORun version for the PBS scheduling system.

4 Conclusions

Since the solving of hard SAT instances can take months or years we decided to create a volunteer
computing project SAT@home. Obtained results show that it can be successfully used for solving
problems from various areas. In future we plan to solve in SAT@home cryptanalysis problems
for other ciphers. Also we will try to find new combinatorial designs, including sets of MOLS.
We also plan to continue the development of the CluBORun tool. We hope that this tool will be
useful for utilizing cluster resources in other volunteer projects too.
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Abstract. In this paper, we present the results of the research in to the development of a scalable
parallel algorithm for solving large problems of the forward modeling in geophysics. The problem to
be solved is the system of equations of elastic theory representing the wave propagation in elastic
3D media. We have developed a scalable parallel algorythm and a program for the 3D seismic
wave simulation on modern multi-core clusters with a hybrid architecture based on Intel Xeon Phi
coprocessor. We present this parallel algorythm for solving the above-mentioned problem and the
results of the parallel algorithm behavior on the Xeon Phi based cluster for different tests of the
parallel program code. In addition, we compare implementation of the proposed parallel algorithm
on different computing devices.

Keywords: parallel algorithm, seismic simulation, scalability, Xeon Phi, hybrid cluster.

Introduction

One of the methods for solving inverse geophysical problems is solving the forward problem for
a various number of models, which are different in geometry structure and elastic parameters
values [1]. Thus, carrying out the simulation, varying elastic parameters and establishing the
correspondence with natural geophysical data, one can find a more appropriate geometrical
structure and elastic parameters values of a geophysical object under investigation. In addition,
one of the useful and well-known methods for solving a 3D seismic simulation problem is a
difference method based on 3D grids [2]. The most useful difference methods can be a second or
a fourth order of approximation [4,4,6] and have application in modeling elastic or viscoelastic
media [7]. The more difficult are geophysical models the more difficult is to calculate them.
Because of using the difference method one should handle with large 3D arrays and a great
volume of data. Only a 3D grid model of 3D isotropic geophysical media is described with the
three parameters: density and two velocities of elastic waves. In this paper, we deal only with
isotropic 3D elastic media. The problem of 3D elastic wave propagation is presented in terms
of velocity and stress. Therefore, we need to calculate nine 3D values that are 3D arrays. When
using the 3D explicit difference scheme with the iterative technique one should use the values at
two time steps of iteration. To carry out calculation for 3D models with a detailed representation
is a difficult task because of dealing with large 3D arrays that are to be placed in the operation
memory of a computer. In such a case, researchers use powerful multi-core calculation systems.
Such systems can have different architectures. Modern cluster systems that are in the first places
in TOP 500 rating have a hybrid architecture. This means that these systems have special
computing devices that are presented by Nvidia GPU or Intel Xeon Phi cluster. Some examples
of such clusters are NKS-30T+GPU cluster of the Siberian Supercomputer Center and MVS-10P
cluster of the Joint Supercomputer Center. With the use of such computing systems, one can
solve large 3D models in parallel. So each of the computing device solved its part of 3D data,
all together covering the whole 3D area under study. Therefore, we need to develop a scalable
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parallel algorithm and a program code for using such a device in calculations. It is not only a
programmable problem but also a researchers®™s problem. When developing a scalable parallel
algorithm we should make special tests of a program code on one computing device to tune it
for the 3D elastic wave simulation using difference method to watch the behavior of a program
on different number of computing devices and models with different volume of data. There are
many program codes realizing difference methods for the seismic wave propagation modeling on
clusters with GPUs [8,11]|. Using the Intel Xeon Phi coprocessors in simulation is a new and
modern approach for parallel computation. Such systems can allow researchers using OpenMP
parallel tools make developing programs for large-scale simulation easier. Our main purpose is
to describe how the difference method for numerical simulation of seismic wave propagation
is implemented on supercomputers with Intel Xeon Phi coprocessors. Section 2 gives a brief
description of the problem statement and numerical method. In Section 3 we describe parallel
implementation in detail. Section 4 presents computational experiments for different test of a
parallel code. We discuss the implementation of the simulation code for the single coprocessor
case to tune the script parameters. Second we discuss the multi-device case in order to study
parallel algorithm behavior for large-scale problems. Section 5 concludes the main results.

Problem Statement

We solve the forward geophysical problem of the 3D elastic wave propagation and deal with
isotropic and elastic material [9]. Before carrying out the calculation we have to construct the
3D grid model of a geophysical medium under study. Such an object is described by parameters
of density, shear wave velocity and longitudinal wave velocity. Thus, we need three material
parameters (LamBee coefficients and density) in a difference scheme. All the geometries of elastic
media have plane free surfaces. Such a medium can have a difficult geometrical structure and
different values of elastic parameters at each point of 3D grid. A problem of the 3D elastic wave
propagation is described in terms of components of velocities of displacements u = (U, V, W)T
and components of a stress tensor o = (04, Oyy» 02z, Ogys Oz, ayz)T. The problem is to be solved
with appropriate initial conditions and boundary values. We apply a free-surface condition at
the top boundary. We use the Cartesian coordinate system. To numerically solve the simulation
problem, we use the difference method [4]. This method is based on using staggered grids. This
means that different values are placed at different points of a grid cell. The difference scheme is
of second order of approximation with respect to time and space. The government equations of
difference scheme will be in the form of (1).

ou Oo
p@ = [A]U + F(t,CC,y,Z), a = [B]ua (1)
A +2m)g AL AL
00022 ¢ e A +2)E AL
[5) oy 0 0 o] o]
A= ()xioéozi B = /\% )‘@ (/\“‘Q.U)@
oy ox oz | 9 J 0
002224 Ko Hoz
0z ox Oy i 0 9
1 5 Mag
L 0 Koz Hay

Our modification for the elastic wave propagation simulation is that we use the calculated
coefficients in the developed program. This means that coefficients from the problem statement
differ from those we use in the difference scheme, including all the summations and
multiplications, and are placed in special 3D arrays.
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Parallel Implementation

We consider hybrid parallel implementation, using both CPUs and Intel Xeon Phi coprocessors
for computation. We have developed a scalable parallel algorithm based on the difference
method with 3D grids and the program code for a cluster with a hybrid architecture and
Intel Xeon Phi coprocessors. The developed parallel scheme includes use of technologies for
parallel computing such as Message Passing Interface (MPI) and a software for Intel Xeon Phi
coprocessor programming. We use MPI and OpenMP, respectively, for parallel computations. Our
parallel realization has a data distributed character. We divide a large 3D model into smaller
3D subdomains, Fig. 1. Each of them is calculated independently and in the parallel manner.
For the computations, we use the multi-core computing system with Intel Xeon Phi coprocessor.
Several CPUs and several Xeon Phi coprocessors (devices) are placed at the computing nodes of
such a system. Each Xeon Phi coprocessor can be treated as SMP (Symmetric Multiprocessing)
machine. Such a device has 8GB DDR5 memory, 60 computing cores based on x86 architecture,
4HW threads/core, IP addressable, have Linux OS. We can employ up to 240 parallel threads
with such a device. The cluster consists of 207 computing nodes with 2 Xeon E5-2650 processors
and 2 Intel Xeon Phi 7110X coprocessors, www.jscc.ru. For running the program code on it,
one should recompile a program code. We take the 3D model data on the CPUs and initialize
necessary 3D arrays on the computing devices. After that, we copy the model data into the
computing devices. Then we can carrying out computations using a parallel algorithm. All the
calculations for 3D subdomains are conducted only on devices. The CPU is used only for device
manipulation and for making exchanges between data placed in the devices. The Xeon Phi
coprocessors are used in the offload mode. Thus, direct communication between coprocessors is
not available. The data must be sent from coprocessor to the host CPU in order that the data be
exchanged with the other coprocessors. In our parallel realization, to make the next time step we
should make data exchange among neighbor devices that can be either at one computing node or
at different computing nodes of the cluster. We use non-blocking MPI Send/Receive procedures
that take place for the data exchange among the computing devices, Fig. 1. Since we use the 3D
domain decomposition, we first compute for the points on the sides of subdomains. Second, we
start the data copying from Xeon PhisH™s to CPU cores and run exchange procedures with use
of special designed buffers and MPI functions. Then we do the computation for the remaining
internal grid points of 3D subdomains and the communication procedures simultaneously. After
that, we verify whether all the exchanges have been done and make a data copy from buffers
placed at CPUs into buffers at Xeon Phi coprocessors and then into 3D arrays. After Then we
proceed to the next time step. Therefore, we overlap the communication and computation by
using the non-blocking MPI functions for data transfer. We do the data transfer between the
CPUs at nodes concurrent with the computations at Xeon Phi coprocessors.
All the program code was written using C++ language.

Studying the Work of Parallel Algorithm on Xeon Phi Cluster

In this section, we present the results of the parallel algorithm behavior for a hybrid cluster
architecture with Intel Xeon Phi coprocessor. We have carried out experiments on one computing
device to choose appropriate options for large 3D models. We made a comparison of programs
running on different computing devices for calculations that is using only CPUs or only Xeon
Phi coprocessors. All the program codes were developed by the authors with the use of the
proposed parallel algorithm and the designed parallel scheme. In addition, we present the results
for different tests for the parallel program code. The first one is a scalability test that reveals
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MPI

Fig. 1. A parallel computing scheme.

that the calculation time should not vary strongly if we do calculations taking into consideration
the fact that the number of points in a 3D grid model grows proportional to the number of
devices. This means that each computing device will do calculations for the same number of
points. Another test is speed-up one. In this case, the number of points in a 3D model is fixed
and we show the program behavior running on a different number of computing devices. All the
results were carried out using the NKS-30T+GPU cluster of the Siberian Supercomputer Center
(SSCC SB RAS), www2.sscc.ru, and the MVS-10P cluster of the Joint Supercomputer Center
of RAS, www.jscc.ru. On one cluster node and on one device, we have carried out experiments
with different options of affinity and a different number of threads per core. The 3D model under
study has parameters 308x308x308 and 11 iterations. The affinity option has been taken in two
versions: B«not declaredB» or B«balancedB». The results of such a research is presented at
Fig. 2. The most appropriate is the B«balancedB» option and using 60 cores with a 3 threads
per core.

M affinity: balanced

50
I I I affinity not declared
0

60 120 180 240
Number of OpenMP threads

Work in sec

Fig. 2. A test with affinity option and the number of parallel threads on one device.

The performance of developed multi-coprocessor code is shown in Fig. 3 and Fig. 4. The
results of scalability tests presented at figure show the well-done program behavior. When we
scale a 3D model as great as 2-fold along each spatial coordinate and the number of devices as
great as 8-fold, the program shows a good behavior. In these tests, we use a 3D subdomain size
with 308x308x308 grid points and 11 iterations for one device. Maximum eight subdomains were
used. In this case we have used 2 x 2 x 2 grid of computing devices. From Fig. 3 we can see that
the program was effectively parallelized and the ratio of CPU/Xeon Phi is about x5.7.

The results of the speed-up tests presented in the Fig. 4 show the program behavior with
308x308x308 grid points and 11 iterations for all devices. Figure 4 reveals that the ration of
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Scalability tests

g 1; 365,98 8; 373,11
i 1; 63,36 I 63,87
= 93, ;03,87
g 20 Zy Yy
= 0

1 8

Number of devices (MPI processes)

u CPU NKS-30T+GPU XEON PHI MVS-10P

Fig. 3. A scalability test.

CPU/Xeon Phi is about x5.7 on one device and x3,6 other eight devices. The ratio of 1 to 8
devices for Xeon Phi is about x7.7 on eight devices.

Speedup tests

400

200
63,36 29,96 8,17
o —

1 8
Number of devices

Work in sec

EmCPU wmXEONPHI

Fig. 4. A speedup test.

Based on the above-mentioned results, we conclude that carrying out computations on Intel
Xeon Phi coprocessors for the large-scale seismic field simulation is a promising approach.

Conclusion

We presented the results of the research into developing a scalable parallel algorithm and
program software. We proposed a new software for simulation of the elastic wave propagation in
3D isotropic elastic medium using hybrid supercomputers with Intel Xenon Phi coprocessors.
We described the parallel implementation of the difference method based on 3D domain
decomposition and using computing devices in offload mode. In the figures presented, the
efficiency of a using such computing device for similar difference methods is shown. We have
carried out computing experiments and investigated the behavior of the program on one Xeon
Phi coprocessor to tune the script parameters to running the program for a greater number
of computing devices placed at cluster nodes. It is shown that the 3D difference method with
staggered grids can be well parallelized with Intel MIC architecture. We can use the discussed
computing devices to simulate big size models. The results of the research done are important
and can be of practical use in the field of developing scalable parallel algorithms for exzaflops
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supercomputers [3] of the future and modeling its behavior on a greater number of computing

cores in simulation systems.
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Abstract. In presented article the solution of the problem of gene scanning for the purpose of
prediction of binding sites of miRNA with matrix RNA (mRNA) is proposed. During the research
by authors the following results were received: the mathematical model of optimum process of
scanning of genes and miRNA sequences is developed; the algorithm of scanning of genes with
miRNA with one gap in miRNA and maximum (in a percentage ratio) free energy is developed
and analyzed at coincidence of miRNA and a gene site on the basis of complementarity properties;
the constructed algorithm of scanning of genes with miRNA is parallelized on the computational
cluster with use of MPJ tools - the MirTarget program; the assessment of overall performance of the
parallelized algorithm on the cluster computing platform with consecutive algorithm is performed
when processing large volumes of data; the developed program was used for performing researches
by search of binding sites of miRNA with matrix RNA (mRNA).

Keywords: parallelized algorithm, cluster computing platform, Java MPI, miRNA, mRNA.

1 Introduction

After opening of an important role of microRNA (miRNA) in regulation of an expression of genes
the problem of a prediction of binding sites of miRNA with matrixRNA (mRNA) has arisen.
Some programs which predicted binding sites of miRNA were created. However many of them
had unreasonable restrictions for search of binding sites. Earlier it was claimed that binding sites
are localized only in 3’'UTR. It was established later that binding sites are localized in 5’UTR
and CDS. Other programs were based on identification of binding sites with the obligatory
requirement to have complementary interactions of a guanine (G) and an adenine (A) in a site
of "seed"which corresponds 5’-end of miRNA. Many such programs predicted a large number of
false positive sites and did not allow revealing the binding sites located in 5’UTR and CDS. On
this and other reasons it is inexact the beginning of binding sites was established and incorrectly
schemes of interaction of miRNA with mRNA were formed. Now, in a genome of the human
more than 2500 miRNAs are known and it is necessary for each of them to find target genes
among 30 thousand genes of the human. Large volume of calculations demands creation of the
program, allowing processing these huge data files. We created the MirTarget program which has
no shortcomings given above and with big reliability finds binding sites of miRNA with mRNA.

2 Scanning gene problem definition

Scanning genes [1], [2] is a process of consecutive comparison of sites of a gene with miRNA
with possibility of adding one gap in miRNA in positions with the 3rd on n-2-th, where by n —
nucleotide number (length) of miRNA. Thus there is an assessment all of possible comparisons
on one site of mRNA with miRNA which is defined according to the value of free energy of
compared sequences. It is considered the best that option which is closer (in a percentage ratio)
on free energy for coincidence of miRNA and a gene site on the basis of a complementarity.
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Scanning of a genome allows to reveal hundreds possible targets for therapy of various diseases.
Such scanning is important because knowledge the interacting genes will allow to define that,
for what this or that protein and, respectively, what intracellular processes answers are broken
at this disease.

The mathematical model of a problem of scanning genes can be formulated in the following
view:

Let {u;},] = 1, N is a set of nucleotide or amino-acid sequences miRN A, N is amount of
sequences miRN A, and {v,},g = 1, M is a set of sequences of genes mRN A, M is amount of
sequences mRN A, then (u;, vy, Number, Position, W here, Energy, Score, Length>”’fN’g:1’7M is
scanning genes, where Number is order number, Position is a position of {u;} in {vs}, Where
is an element from a set {5’UTR,CDS,3'UTR}, defining site arrangement area {u;} in {v4},
Energy is value of free energy on the basis of a complementarity, Score is value of AG/AGm,
Length is length of {u;}.

3 Algorithm of the program of scanning genes on the cluster
1 step. Verification of attributes in a command line.

mpjrun.bat -np
number\_of\_parallel\_processes
/path/to/Base
minimal\_percentage\_of\_convergence
directory\_with\_genes
directory\_with\_miRNAs
file\_name\_of\_result\_mres
file\_name\_of\_result\_xls

For example,
mpjrun.bat -np 10 Base 80 gene mir ResultsFull ResultsBrief

2 step. The main process (MASTER) invokes the function which forms the geneName array
of the files containing genes.

MASTER lj ‘ Ipoueccop 2 lj S Mpoumeccop I U

geneNane -2, wilNEName

geneNane-M, uiRNKName

args[6]2.nres M
args[7]2.xls

args[6]M.nres
M args[7]M.xls

X X S

Fig. 1. The protocol of exchanging messages between MPJ processes.

3 step. The main process (MASTER) invokes the function which forms two arrays for
miRNAs:
1) miRNAName array of the miRNA names;
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2) miRNA array of miRNA sequences. Thus there is a check of the format of the file with
miRNA.

»let-Ta-2-3n MIRLET7AZ-ex-—cod 11
CUGOACAGCCUCCUAGCTOUCC

Fig. 2. File structure with miRNA (.mir).

4 step. The main and parallel processes create files with the names args[6] (task _id).mres

and args|7|(task _id).zls for saving result.

5 step. The main process (MASTER) divides genes between parallel processes and dispatches
a certain part of the geneName and the miRNAName and miRNA arrays. The main process also
receives part of genes for scanning.

6 step. Processes read out consistently genes from files of the geneName array and check the

file format with gene.

[ 1] ‘Scanning mRN A ]

f=0
numMIRNA - count of miRkAs

Is correct the mRNA recond

/ Message: taskid, incorrect format, miRNEName /

e

i < gene length - mRNA[fi].length

Calculating energies beetween all substrng of mRNA and
miRNAS (original one and madifying ones)
Madifying iR - miRNA with one gap in pos tions from 2
0 mRNA length - 2

!

Choosing i energy amang all variants for e mEN A
Defining percentage of this ereary to the best enenay
fior this mRNA

argel3] - minimal percentage of convergence

Defining SUTR, CDS, ar 3UTR

\riting the records in the temporary files lke
Gene miRNA NUmber Position Where Energy (k1/m) Score Length

percentage »= ags(3]

Fig. 3. Flowchart of procedure of scanning mRNAs.

7 step. Processes scan their genes consistently with miRNA, allowing one gap in miRNA in
positions from the 3rd to the n-2-th where by n — nucleotide number (length) of miRNA, and
choosing that option which is closer (in a percentage ratio) on free energy for coincidence of
miRNA and a gene site on the basis of a complementarity.

8 step. Processes form the args[6](task id).mres and args[7|(task _id).zls files and after
completion of processing of their part of genes send messages about completion to the main

process.
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Fig. 4. Load of the cluster (For the database containing 13016 genes and 100 miRNAs operating time is 2 hours
15 minutes 19 seconds).

9 step. The main process (MASTER) receives messages from parallel processes, copies
information from the corresponding args[6](task id).mres and args[7] (task _id).zls files in
the args[6].mres and args[7].xzls files, and deletes the args[6](task id).mres and args|7]
(task id).xls files.

Fig. 5. Running the application on the cluster computing platform cluster.kaznu.kz.

4 Conclusion

The MirTarget program has advantages which are not present in known programs of predicting
of binding sites of miRNA with mRNA. In literature there are many data about the value of
free energy of hydrogen bond between nucleotides in water solution [3|. However there is a wide
spacing of value of free energy of this bond and it is difficult to give preference to certain data
[4], [5]. It is important to know the relative relations of free energy of hydrogen bond between
nucleotides as they are necessary at formation of RNA of secondary and tertiary structures.
The analysis of free energy of the hydrogen bond arising between nucleotides at intramolecular
interaction of mRNA at formation of its secondary structure showed that between nucleotides
of G-C is formed three, between A-U — two and between G-U and A-S — on one hydrogen bond.
The relation of free energy of hydrogen bond in G-C and A-U pairs approximately corresponds
to the relation of forces of their interaction 3:2 (0.188 nNewton and 0.125 nNewton) [6]. The
value of free energy of one hydrogen bond between nucleotides changes in the range from -0.7
to -1.6 kecal/mol [7]. In the MirTarget program free energy of interaction of nucleotides due to
hydrogen communications was considered as equal to 6.368 kJ/mol and 4.246 kJ/mol for G-C
and A-U pairs, and 2.123 kJ/mol for G-U and A-S pairs, respectively.
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Fig. 6. Result of scanning genes on the cluster (the amount of the processed sequences makes 13016 mRNA and

100 miRNA). Speed of work of the algorithm parallelized on 18 nodes is 66.5 times higher than the speed of work
of serial algorithm.

Table 1. Scanning genes (time is specified in seconds), total of genes - 13016

Duration of|Duration of| Duration of
processing 100|processing 1000|processing 10000
mRNA and 100lmRNA and 100jmRNA and 100
miRNA (average miRNA (average miRNA (average

length - 21) length - 21) length - 21)
Linear algorithm 3 54 532
Parallelized 1 25 69

algorithm (dual-
core processor)

Parallelized 1 3 8
algorithm (a cluster
platform of 15 nodes)

The distance between nucleotides G-C and A-U pairs makes 1.03 nm, between nucleotides
G-U pair it is equal 1.02 nm and between nucleotides A-S pair equally 1.04 nm [8]|. Therefore,
formation of hydrogen bonds between these couples of nucleotides allows two-chained structure
of mRNA to have a spiral form similar to DNA regular structure. Such structure of mRNA except
hydrogen bonds is stabilized by stacking-interactions between the nitrogenous bases [9]. Between
nucleotides of couples purine-purine and pyrimidine-pyrimidine distances significantly differ from
1.03 nanometers: distances of A-A, G-A and G-G are equal to 1.23 nm, 1.25 nm and 1.25 nm,
respectively. In couples of pyrimidine-pyrimidine distances between nucleotides too significantly
differ from 1,03 nanometers: distances of C-C, U-U and U-C are equal to 0.85 nm, 0.81 nm
and 1.18 nm, respectively. Therefore, in such couples hydrogen bonds are not formed, and these
couples will break regular structure of two-chained miRNA with mRNA reducing stability of
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the RISC complex (RNA-induced silencing complex). Therefore, in the program such couples of
hydrogen bonds were not considered.

At alignment of the nucleotide sequences of miRNA with mRNA we assume existence of
only one admission on miRNA (lack of complementary couple of hydrogen bond) that allows
considering binding sites of mRNA longer miRNA on one nucleotide. In this case the regular
structure of a spiral is broken and there is its bulg. Free energy of binding miRNA with
mRNA of such structure is less, than in alternative case. The program determines free energy of
hybridization (AG, 100 kJ/mole) of miRNA with mRNA and the scheme of their interactions,
calculation of the relations AG/AGm, levels of reliability (p) and the mRNA areas, where the
site (5’'UTR, CDS or 3'UTR), since the first nucleotide 5’UTR, is located. AGm is equal to free
energy of binding miRNA with completely complementary to it a site of nucleotide sequence of
miRNA. Level of reliability (p) was defined on the basis of value AG and its standard deviation.
The program outputs the scheme of interaction of miRNA with mRNA, a site position in 5’UTR,
CDS or 3'UTR, free energy of interaction of miRNA with mRNA, and its relative value from the
maximum energy of binding miRNA. In the program the threshold value of this relation is set,
this value allows not considering sites with weak free energy of binding.
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Abstract. A model for entering the structured stream of experimental data into a remote
supercomputer is developed and the design model parameters of the data transfer path are
determined. The infrastructure of the distributed data processing system is shown to elucidate
the process of managing the intensive data stream from the source to a remote supercomputer.
The results of measurement illustrating the efficiency of the developed architectural solutions are
presented. The investigation is supported by the RFBR (grants Ne 14-07-96001 and Ne 14-07-96003).

Keywords: experimental system, supercomputer, high-speed optic network, data exchange model,
throughput measurement.

Introduction

In the present paper, the process of inputting an intensive data stream into supercomputers is
investigated and the developed technology of parallel data transmission is discussed. The most
common way of data processing is saving the obtained data on the external data storage devices
and their subsequent processing on computer integrated with experimental stand. However, in-
situ data processing is not always possible because of the need for high-performance computing
and/or large-capacity storage systems. A well-known example of the distributed system is a
three-level architecture for processing large amounts of data from LHC (Large Hadron Collider).
The classical regime used for processing big data on supercomputers includes three stages: (1)
upload of data into a storage system of supercomputer; (2) data processing on supercomputers,
(3) download of the processed data from the storage system of supercomputer (shown on the right
of Fig. 1). Upload and download of data in/from the storage system (stages 1 and 3) and data
processing stage (2) are fulfilled using either file transfer protocols (FTP/Grid FTP and SCP)
or a direct access to data storage system using file system protocols (CIFS and NFS/pNFS). We
have developed an architectural solution, which allows entering the items of the structured data
stream into compute nodes of the remote supercomputer at the rate of their generation and their
parallel processing in accordance with the memory-memory model (shown on the left of Fig. 1)
bypassing the data storage system.

The structured stream should be understood to mean a sequence of disconnected messages
(measurements), which can be processed independently of one another by the applied algorithms
and therefore can be handled in parallel. One of the examples of such a data stream is a pair
of PIV (Particle Image Velocimetry) images 1] containing tracer particles, the displacements of
which allow us to compute vector fields of velocity. However, the performance mismatch between
I/O and computing components of current-generation HPC systems has made 1/0O the critical
bottleneck for distributed applications. One of the main reasons of worsening the total computing
power of geographically distributed high-speed applications is inadequate end-to-end throughput
of widely used TCP protocols. The most effective way to remedy this deficiency is to employ
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Fig. 1. Classical and developed (memory-memory) scheme of data input.

the mechanism of parallel transmission (Grid FTP, pNFS). In this case, there are two main
problems that immediately move to the forefront: implementation of the effective data transfer
to the compute nodes of the remote supercomputer and distribution of the data stream items
over compute nodes. This paper introduces the diagram of the interaction between the source of
intensive data stream and remote supercomputer and presents the estimated parameters of the
data path and measurement data illustrating the capabilities of the developed 1/O middleware
The paper is organized as follows. The second Section outlines currently available solutions, the
third Section describes the data transfer model. In the forth Section, consideration is given to
the infrastructure of the distributed system of data processing and the fifth Section is devoted
to the analysis of measurements and estimation of the obtained results.

Existing solutions

Today there are a few practical ways of organizing data transfer systems in the form of queue
structures:

— systems intended for usage as a service accessible via the Internet. The best known example
of this technology is Amazon Simple Queue Service |2], which is a constitutive part of the
Amazon cloud platform;

— queue management systems, for example, those implementing Message Exchange Protocol
AMQP (Advanced Message Queuing Protocol) [3], such as RabbitMQ);

— queue management and message exchange libraries, of which Zero MQ [4] is the most
abundant messaging system.

The systems providing services cannot be involved in further comparative estimation due
to impossibility of their installation into our infrastructure because of safety and efficiency
requirements. The queue management systems execute a total cycle of operations including
message dispatching and their storage. Among various implementations of the protocol that
employ such systems, the AMQP (Advanced Message Queuing Protocol) has the advantage of
being the most open messaging protocol this is an open standard designed to allow dispatching of
messages to different components of the distributed system. The logic of the protocol operation
declares that the exchange of data between the components is accomplished via specialized
AMQP brokers, which perform scheduling and ensure message delivery, distribution of data
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streams and subscription for the required types of messages, etc. The best known implementation
of this standard is RabbitMQ, which is a cross-platform queue manager written in the Erlang
programming language. Among low-lever libraries of queue management and message exchange,
the ZeroMQ library is in most common use. ZeroMQ is a socket interface superstructure,
which offers ample possibilities for creating systems oriented toward the interaction via message
transmission. The efficiency of the developed SciMQ queue manager will be estimated by
comparing it with the capabilities of RabbitMQ.

Model of data stream transmission

The necessary condition for parallel processing of the structured stream messages on the super
computer is the validity of the relation p = A/u where A is the intensity of arrival of the
experimental data stream (messages per second), p is the intensity of processing (servicing)
the input data stream by supercomputer and p is traffic intensity of the supercomputer. Clearly,
to maintain stable working of such a system, it is necessary that p < 1. This requirement can
be fulfilled under the following conditions. First, it is essential that the Net transfer capacity v
should not impede the data stream ( A < v) generated by the experimental stand . Second, the
number of compute nodes n in the supercomputer should be sufficiently large to allow processing
of input data at the rate of their arrival. If the time of processing of one measurement by the
compute node is 7}, then the condition for vitality of the "Source-Net-Supercomputer"tract can
be expressed as

n
A<ov< b 1
_U_TN (1)

If the accessible end-to-end throughput over a single channel of multi-channel system is v;, then
the expected result for the system of m-parallel channels is v = m - v; - §, , where ¢, is the
effectiveness of parallel data transmission. For a perfect parallel system, the parallel efficiency
tends to unity (6, — 1). The investigation of possibilities of organizing the effective parallelism
(0y) in all components of such measuring system (decrease of T, and increase of v) with the
aim to generally improve its throughput is the objective of research directed towards a design of
distributed systems. Decrease the time of processing of one measurement by the supercomputer
(parameter T),) is the task of applied parallel program designers and is not considered in the
present paper. Here, our primary concern is to develop the architectural solutions for the problem
of input of an intensive data flow in a supercomputer including the evaluation of the required
number of compute nodes n and parallel transport channels m at the prescribed intensity of
measurement stream generation A and characteristic time of single message processing 7),. The
developed model of message transition is based on the idea of arranging the data stream from
the Source as a joint queue of messages (Fig. 2), which are distributed by the queue manager
over the compute nodes on their request in the FIFO (First In, First Out) order.

The time diagram of single message processing shown in fig. 3 is interpreted in terms of the
interaction of the exchange protocol primitives between terminal systems.

Data source generates (POST) messages of length Sy at T interval, which are inserted into
the queue of ready-for-dispatch messages from the queue manager.

Compute nodes of the supercomputer serve to open TCP connections to the queue manager
over the whole period of experiment and send requests (GET) for message reception. The received
message (GET REPONSE) is processed by the applied program for time ¢, and the obtained
computation result of length S, is returned by the compute node to the queue manager (POST).
After receiving the acknowledgement of receipt (POST RESPONSE) the compute node requests
(GET) for the next group of data and the cycle is repeated.
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Fig. 3. Time diagram of message processing.

Queue manager, on request of the compute node for data (GET), sends the message (GET
RESPONSE) to the compute node and translates the delivered message into the "transmission
status"The queue manager acknowledges the receipt of computational results from the compute
node (POST RESPONSE), assigns to the transmitted message the status "processed"in the log
file and deletes the message from the memory. The time it takes for a compute node to process
one message is

Ty =ty +tx+4-Tp+ (Ty+ Tne + 1)) (2)

where ) is the transmission time of messages of length S}, t,, is the time of message processing
(computation time), T}, is the time it takes for a signal to travel through the physical medium
of data transition. The time of signal propagation through the optical fiber of 1 km is 0.005 us.
Then the time of signal propagation through the optical fiber line of length L km is

T, = L - 0.005, (3)
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T, is the time it takes for a manager to remove the next message from the queue, 7T, is
the transmission time of computation results of size S,,, T} is the time it takes for the results of
computation to be transferred to the applied program of Source to transfer.

Total time spent by the queue manager T,, to fulfill all these operations is defined by the
sum Ty, = Ty, + Tye + 7. Then expression (2) takes the following form:

T,=ty+tx+4-T,+ Ty (4)

At T,,, — 0 the time of processing of a single message is defined by the transmission capacity
of the data path of the existing technical systems. Below, we will present the constitutive relations
for the design parameters and boundary conditions of the developed model, which have been
derived with account for the procedures of primitive interaction shown in the time diagram. At
the prescribed intensity T of the input data stream (A = 1/7,) and the known time of processing
of a single message by the compute node 7}, we obtain from relation (1) the estimated number
of compute nodes

n=_—-. (5)

From the time diagram it also follows that the traffic through one connection is of pulse character
with the relative pulse duration defined by ¢ /7,. Then, the number of parallel connections m
providing continuous data stream via the Source-Supercomputer path is found from the relation
/T, - m = 1, which yields

— (6)

tx

According to (5) and (6), the number of required active connections m for the estimated number
of compute nodes n is equal to m/n = Tx/t,. It means that at T > ¢, it is necessary to add to
the pre-exciting n connections the 7 /t, — number of active connections. Substituting in (6) the
values of T}, from relation (4) yields the value of the number of parallel connections m ensuring
a complete utilization of the data transmission path.

t T, T,
m=-F+144.--24 =2 (7)
ty t |ty

Since the goal of any design project is to decrease time expenditures of queue manager, in
our further considerations we will operate on the supposition that 7;, = 0. Thus we have

15 (5
Let us interpret the obtained results. From relation (8) it follows that at ¢ty — oo it will
be sufficient to utilize one active connection m = 1 of n existing connections at any length of the
communication line L. This is achieved in systems, which have no limits on the data transfer rate
v = Sx/t. At tu/ty = 1 and the length of communication line L = 0 we get m = 2, which is the case
when the supercomputer is located near the source. Finally, for extended communication lines
when 4 - T»/t, > n it will be necessary to organize some connections more in addition to already
existing n connections. The number of newly organized connections is equal to 4 - T»/t, — Tu/T,.
Thus for the known length of the optical fiber line L km, the known intensity of the data source
generating messages of length Sy. at the interval T and the known characteristic time ¢, of one
message processing by a compute node, we obtain the following design parameters of the system:
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— v = S/1y is the network speed;

— n = Tu/1, is the number of compute nodes;

— m = (4L-0.005/¢,) +tu/t, 4+ 1 is the number of parallel transmissions;

— Tpw=1t,+tyx+4L-0.005 is the delay in the reception of computation results.

Infrastructure

Verification of the developed architectural solutions carried out in the context of the problem of
processing an intensive data stream obtained on the experimental system PIV (ICMM UB RAS,
Perm) by the supercomputer URAN (ICMM UB RAS, Ekaterinburg) in the framework of the
Distributed PIV project, which is one of the components of the Cyberinfrastructure developed
in the Ural region [5]. Fig. 4 shows the diagram of the distributed system infrastructure.

Cyberinfrastructure
a Distributed PIV.

IMM UB RAS
UB RAS Supercomputer
PIV experimental stand URAN 240Tflops

Source flow

Manager e || 12
of parallel data (g [ I
streams X %
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pRLY sia 4ut [T% L
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- 1 | 31 10 Gbps
Arkhangelsk — Syktyvkar — Izhevsk — Perm = Ekaterinburg,
Initiatives GIGA UrB RAS (DWDM Backbone)

\ 14

Fig. 4. Infrastructure of distributed system.

The source of data is the experimental PIV system (Particle Image Velocimetry), which is
based on the optical method of measuring the velocity fields of liquids or gases in the selected
cross section of the flow. The method consists in processing of pairs of images of tracer particles
(small particles suspended in the flow) at the instants of time when they are illuminated by a
pulse laser generating a thin light beam. The flow velocity is determined by calculating tracer
displacements over the time interval between the laser flashes. The intensity of the initiated
data stream depends on the number, resolution and operating frequency of the cameras and can
reach the value of dozens of gigabytes per second. The PIV system used at the ICMM UB RAS
operates in the following basic regimes:

— frame frequency of 4 Hz, image of 1,3 Mpxps;
— frame frequency of 0.5 Hz, image of 11 Mpxps.

Thus, for double-tap shooting the transferred messages will have the following pairs of
parameters: (T = 250ms, Sy = 2.6 M B) and (T = 2s, S\ = 22M B). In view of the tendency
of increasing the frame frequency and resolution of the cameras, the calculations have been
made using the following parameter ranges: the Source intensity Ty is { 50 ms, 100 ms, 250
ms, 500 ms, 1 s, 2 s }; the length of the message Sy is { 2 MB, 4 MB, 8 MB, 16 MB, 22
MB }; The PIV system is provided with the mechanisms of experiment management (rotation,
pressure, temperature), which can be controlled based on the results of current calculations on
the supercomputer. Network. Connection of the Source to the Supercomputer is accomplished
via communication channels of the scientifice B“educational optical backbone with wavelength
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division multiplexing, which is being developed in the framework of the project "Initiative GIGA
UB RAS-[4]. The Ethernet ports of the interface boards in the Perm-Ekaterinburg segment of
DWDM network provide data transfer rate of 1-10 Gbps. The estimated time for transmission of
2MB and 22 MB of messages at the rate of 1GB/s is 0.26 ms and 2.9 ms, respectively and at the
rate of 10 Gbps B'H* 0.026 ms Oss and 0.29 ms. For the Perm-Ekaterinburg fiber optic network of
length of 456 km the estimated time of message transmission is 7}, = 2.28ms. The observed time
lag is verified experimentally by measuring RTT (Round Trip Time) between terminal switching
nodes of Perm — Ekaterinburg highway. With account for delay in the switching cloud (L2 OSI
RM) it is equal to

5.285/5.300/5.341/0.102 ms (1 GB/s)
5.198/5.210/5.237/0.077 ms (10 GB/s).

rtt min/avg/max/mdev
rtt min/avg/max/mdev

Supercomputer URAN is the MPP system (http://parallel.uran.ru/node/3) with the
Infiniband and Ethernet Interconnect and peak performance of 240 Tflops. The time of single
message/data processing by supercomputer is 7}, , which, as mentioned above, is defined by the
efficiency of parallel applications. In the following analysis we shall use values multiple of T).
Service rate is T), = T, 5T, 10T, 507, .

Manager /dispatcher [6,7] is installed on a separate server with 1-10 GE interfaces located
close to the PIV system. The SciMQ manager is the main part of the specialized application
environment known as the middleware. Applications on the generating and processing levels
(end systems) operate together with SciM(Q manager. Their interaction is provided by the
SciMP protocol. The end system applications interact with the queue server via API provided
by the client libraries. The queue server is handled by the developed management software. All
components of the software package are written in C++ programming language using Boost
library. The window size for transfer protocols with a feedback used in SciMP is determined by
the value of BDP = bandwidth - RTT, which is equal to 0.6625 or 6.5125 MB for the rates of
1 Gbps (RTT=5.3ms and 10Gbps (RTT=5.21ms), respectively. To ensure good performance of
the algorithms of TCP overload control, it is essential that the overload window size cwnd should
be not less than BDP.

Measurements

The scalability of the software applications was verified using two servers HP ProLiant DL360p
Gen8 (2x Intel Xeon CPU E5-2660, 2.20 GHz, 16 threads; RAM 128 GB; operating system
CentOS 6.5) which are pooled by Data Transfer Network operating at the rate of 10 Gbps.

Fig. 5 shows the dependences of the transmission capacity of the developed queue server
SciMQ and the existing queue server RabbitMQ on the message length S and the number m of
parallel queries sent to the server. From the plot it follows that in the case of using the SciMQ
software for commonly practiced message length (2-22 MB) the throughput of the system is
restricted to available data transfer rate through the communication channel. A comparison of
the obtained results with the results of transmission speed tests performed for possible solutions
on the basis of RabbitMQ shows that the developed software SciM(@Q allows dispatching the
required volume of messages (more than 1 MB) at the data flow rates, which are 2-4 times
higher than the data rates achievable with RabbitMQ.

The stability of the system operation with respect to time was also subjected to testing. To
this end, the queue server operating at the rate of 10Gbps was connected to the internal switch
of the interconnect of the ICMM supercomputer.
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Fig. 5. Graphs of throughputs of SciM@ and RabbitMQ queue servers.

The data stream consists of messages of length Sy = 16M B, which are transferred every
T\ = 16ms generating traffic at the speed of v = 5x/1, = 8Gbps. During the experiment the
system transferred 2700000 messages of total size of 41 TB. The number of supercomputer
processors employed to receive the intensive data stream is n = 376. From the graphs (fig. 6)
shown in the figure we may draw the following conclusions:

Fig. 6. Queue lengths (including the number of messages in-process) and average interval between the receipt
and sending of messages to clients

— the system operates without overload and provides data stream processing without additional
delays and message losses;

— the average parameters of the system operation are not variable in time;

— the software is capable of transferring continuous data stream;

— peak consumption of Random access memory for queue server is 2.03 GB (mqe: = 130
messages of length S\ = 16M B), and average consumption is 1.58 GB (m = 101 messages
of length S\ = 16 M B), which coincides with the statistics of resource consumption run by
the software.

Conclusion

The developed technology offers a principally new instrument for conducting unique physical
experiments both in the research laboratories and different industries. A distinguishing feature
of the developed technology is the asynchronous model of data transfer from the source to remote
supercomputer, which is based on the idea of parallel straightforward input of the structured
transferred data stream to compute nodes of the supercomputer. High-speed data transmission
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channels make it possible to connect the experimental site to supercomputers, which eliminates
expenditures for upgrading the in situ computational resources.

This technology can be effectively applied to new-generation measuring systems, including
high-tech measuring equipment used for in situ experiments and high performance computational
facilities employed at supercomputer centers. At present, considerable progress has been
made to incorporate the elaborated technology into the project on the development of
technological platform for experimental and computational investigations of high-speed processes
of hydroelasticity, which will realize the concept of coupling the measuring system with
supercomputer.
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Abstract. This paper discusses the analysis of hybrid models in the context of instrumental
environment ISMA 2015 supported parallel computations. P} class of hybrid system is considered.
The numerical schemes of Runge-Kutta methods with accuracy and stability control are described.
The algorithm for choosing the integration step based on the analysis of event-driven function
dynamics is presented. The results of performance estimation are given. Simulation results are
presented on the example of generated reaction-diffusion problems based on the Lotka-Volterra
model.

Keywords: hybrid systems, numerical analysis, Runge-Kutta methods, parallel methods,
distributed architecture, simulation.

1 Introduction

Hybrid systems (HS) theory is a modern and versatile apparatus for mathematical description of
the complex dynamic processes in systems with different physical nature (mechanical, electrical,
chemical, biological, etc.). HS behavior can be conveniently described as sequential changes of
continuous modes [1], [2]. This paper is mainly focus on numerical analysis of such modes. Each
mode is given by a set of differential equations with the following constraints:

y = f(y,t),pr:g(y,t) <0,
t e [to,tk],y(to) =190,y € RNy,t - R, (1)
f:RY x R— R, ¢g: R™ x R — R".

The vector-function g¢(y,t) is referred to as event function or guard [2|. The predicate pr
determines the conditions of existence in the corresponding mode or state. The inequality
9(y,t) < 0 means that the phase trajectory in the current mode should not cross the border.
Events occurring in violation of this condition and leading to transition into another mode
without crossing the border are referred to as one-sided. Analytical analysis of HS is difficult
and often impossible due to gaps in modal behavior. Therefore the research of HS dynamics
is performed in special instrumental environments such as Charon (USA), AnyLogic (Russia),
Scicos (France), Rand Model Designer (Russia), Hybrid Toolbox and HyVisual (USA), DYMOLA
(Sweden), OpenMVLShell (Russia), ISMA (Russia), etc.

Many practical problems are characterized by stiff modes where the surface of boundary
g(y,t) = 0 has sharp angles or solution has several roots at the boundary [1]. Numerical analysis
of such models by traditional methods is difficult to implement, as it gives incorrect results. To
solve moderately stiff problems integration algorithms based on the explicit methods to control
accuracy and stability of the numerical scheme can be applied [3], [4].
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Furthermore when problem dimension reaches several thousands of equations and more its
calculation by sequential methods becomes ineffective and requires the use of multiprocessor
computer systems. In this situation parallel computation of local behaviours using cluster
technologies can significantly improve the quality and efficiency of calculations. This paper
discusses sequential and parallel implementation of algorithms of variable step based on the
schemes of Runge-Kutta type. These integration algorithms are well suited for solving hybrid
problems including moderately stiff problems.

2 Numerical methods

This section is devoted to the integration algorithms of variable step based on two-stage and
three-stage explicit methods of Runge-Kutta type that implements schemes of second and third
accuracy order respectively.

The algorithms are applied to numerically solve the Cauchy problem for ODE systems of the
following form:

¥ = f(y),y(to) = yo,to <t < ty. (2)

Consideration of autonomous problem does not reduce the generality because non-autonomous
problem always can be cast to autonomous by introducing an additional variable.

Particular attention should be paid to the choice of the integration method. Fully implicit
methods cannot be used because they require the calculation of f(y) at a potentially dangerous
area, where the model is not defined. Therefore here we will use explicit methods with solution:
Yntl = Yn + hnt1on,n = 0,1,2.... As a result we obtain the dependence of the predicted
integration step hpy1.

Considering that explicit methods are known by poor stability this paper examines integration
methods with accuracy and stability control. Generally accuracy and stability control are used
to limit the size of the integration step. As a result projected step h,y1 is calculated as follows.

The choice of the next integration step size is based on the proved theorem [4] and can be
written as follows:

hpy1 = max|hy,, min(h®, h*")], (3)

where h® and h*! are step sizes obtained as a result of accuracy control and stability control
respectively. This formula allows to stabilize the step behaviour in the area of solution establishing
where stability plays a decisive role. Because the presence of this area severely limits the use of
explicit methods for solving stiff problems.

2.1 Two-staged Runge-Kutta method

Suppose that for numerical solution of problem (2) the following implicit two-stage method of
Runge-Kutta type is used:

Yntl = Yn + 0'5(k1 + kg),
k1 = hnf(yn)a (4)
ko = hnf(yn + kl)y

where y and f are real N-dimensional vector-functions, ¢t is an argument, h is an integration
step, k1 and ko are the method stages and 0.5 is a numerical coefficient defining accuracy and
stability properties of (4).



Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 45

Inequality for accuracy control has the following form [5]:
0.5 k2 — k1 [[<e. (5)
Inequality for stability control in turn looks as follows [6]:

_ i L)) <
Up, 212?5\[(’]“3 ks|/|ks — ki) <2, (6)

where length of stability interval of the scheme is approximately equals to 2; k%, kb and k% are
the components of vectors ki, ko and the auxiliary vector k3. Stage k3 coincides with vector ky

for next step and therefore does not lead to computational costs increasing.
The method is described with more detail in [4].

2.2 Three-staged Runge-Kutta method

Consider implicit three-stage method of Runge-Kutta type for solving problem (2), which has
the following form:

1 2 1
— k1 + ko + =k
Yn+1 yn+61+32+63’

ky = hf(yn), (7)
ko = hf(yn + 0.5k1),
k3 = hf(yn — k1 + 2k2).

Inequality for accuracy control has the following form:
0.5 H k1 — 2ko + k3 HS 6e. (8)
Inequality for stability control in turn looks as follows:

—0. i _ opi B < 9.
Un3 = 0.5 12%%(%1 2ky + ks|/ |k — k1) < 2.5, (9)
Other methods implemented with-in ISMA environment are studied in [7].

3 Integration algorithms

This section is devoted to the organization of computations. The solver is designed so that
sequential and parallel algorithms use the same integration method description. The main
difference is in the stage preceded by calculations and in communication. In the stage preceded
by calculations, the parallel solver divide the system into data portions representing the part
of the equation system. The difference in communication is determined by differences in the
types of runtime environments. The sequential algorithm has an access to the common memory
therefore the system is solved as a whole in each step. While the parallel solver is executed in
the paradigm of the shared memory, where each rank can communicate with each other only
by messages. This type of parallel architecture are referred to as MIMD is chosen because it
is focused on the cluster systems, which are necessitated by the dimension and the specifics of
the solving problems. MPJ Express library implementing the MPI standard for Java platform is
chosen for the parallel solver.
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3.1 Sequential integration strategy

Formal description of the sequential integration algorithm is the following. Let the method (4) is
used for numerical solution of problem (2) and let the approximate solution y, is known at the
moment ¢, with the step h,. Then to obtain the approximate solution y,1 at the moment ¢,
we have the following common algorithm:

1. Calculate the approximate solution y,+1 at the moment ¢,,1 with the step h, according to
the performing method.

2. Calculate approximate function value f(yn+1).
3. Obtain the accuracy characteristics of the integration step.

4. If the solution is accurate then go to 5, else set the integration step h,, equals to the step h®¢
corrected by accuracy according to the performing method and go to 1.

5. Obtain the stability characteristics of the integration step.

6. If the solution is stable then go to 7, else set the integration step h, equals to the step h!
corrected by stability according to the performing method and go to 1.

7. Get size of the next integration step using formula (5).

8. Perform the next integration step.

3.2 Parallel integration strategy

Developed parallel algorithms are based on the presented above sequential algorithms with the
following differences.

For definiteness, we assume that the computer system consists of p and the size N of the
problem(1) is grater than the number of processors (N > p). Let k is a number of equations per
rank. Given these assumptions let us formulate the parallel integration algorithm based on the
scheme (2) on each i node 1 <i < p:

1. Calculate the approximate solution ¢’ 1, (i — 1) -k + 1) < j < (i - k) at the moment t,41
with the step h, according to the performing method.

2. Send the obtained y/,_; from each rank to others.
3. Calculate in each rank the approximate function value f(y? 41)-

4. Execute for each rank the sequential algorithm from the 3-d step of the previous section.

4 Switching points detection

The correctness of the hybrid model analysis along with the accuracy of calculations is determined
by the accuracy of localizing the moments of the local states changes. Therefore, in addition the
dynamics of the event function should be taken into account. Let the calculations performed
by the numerical scheme (2). [1] contains the proof of the theorem whereby the choice of the
integration step according to formula:

hn+l = (’7 - 1) agn In ag Y € (07 1)7 (10)

n
o T ot
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provides the behaviour of the event dynamics as the stable linear system which solution is
approaching the surface g(z,t) = 0 asymptotically. However the movement direction of the event
function is not taken into account in the theorem. Let us formulate the algorithms of the step
control considering dynamics and the movement direction of the event function. Let the solution
yn at the point ¢, is calculated with the step h,. In addition the integration algorithms has
calculated a new integration step h}ﬁl based on the accuracy and stability requirements. Then
the choice of the integration step is carried out by the following algorithm:

1. Calculate g, = g(xp,tn), 0gn/0x = I(xp, ty)/0x, 09y /0t = O(xp,ty)/0t.
2. Calculate g/, = (0gn/0x) - pn + Ogn/Ot.
3. If g;, <0, take hy11 = h{; and go to the step 6.

4. Calculate the event step hS’ ; by the formula (v —1)gn/g;,.

5. Calculate a new step hy 1 = min(hf" 1, Zfﬁl)

6. Perform the next integration step.

The direction of the event function is determined on the 3-d step. When approaching the
regime border the denominator of (3) is positive and away from the boundary g(z,t) = 0 it
becomes negative. Then determining the movement direction of the event function additional
constraints on the integration step can be omitted if the event-driven function is removed from
the regime border.

5 Simulation of Lotka-Volterra problem

Let us consider the use of the proposed approaches on the example of simulation of reaction-
diffusion problem in two-dimensional space, which is associated with competition model of Lotka-
Voletrra [8].

Two kinds of variables ¢!(z, z,t) and c?(x, 2,t) represent density of competing species in the
habitat area 2 = {(z,2) : 0 <2 <1,0<2z <1} and in time 0 <t < 3:

i 2 i 2 i
88(;; :di(g;+22> fi(ct,é?),i=1,2, (11)
where d; = 0.05,dy = 1.0, f1(c!, c?) = cl(bl — algcz),bl = 1.0,a12 = 0.1, (%, %) = 02( -
by + azlcl),bg = 1000.0, a12 = 100.0. Boundary conditions are 8ci/8m =0atz=0,z=1and
dc'/0z = 0 at z = 0,z = 1. Initial conditions are c!(x,2,0) = 10 — 5cos(rx) cos(107z) and
c(z,2,0) = 17+ 5 cos(10mz) cos(nz).

At t — oo solution becomes spatially homogeneous and tend to periodically solve ODE
system of Lotka-Volterra. This ODE system is alternately stiff and non-stiff depending on the
solution position in the phase space.

Turning to the grid of size J x K by z and z respectively we obtain Az = 1/(J — 1) and
Az =1/(K —1) are grid steps by x and z coordinates, C;"k is approximation of ¢’(z;, 2, t) where
xj=(j—1)Azx, z, = (k —1)Az,1 < j < J,1 <k < K. Thus we obtain differential equations
system of N = 2JK dimension:

A d , . d A , A
e = 23 (e = 265 + Gorg) + 35 (Ger = 2650 + Gemt) + Fis (12)
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where 1 < i < 2,1‘ <j < J,l <k< K, f;k = f (cjl.k,cjzk). Boupdary Qonditions on‘the grid
are the following: c&k = clz,k,cf]_%k = Cf]—l,k for 1 <k < K and C;‘,o = 03’2,09,K+1 = C;',K—1 for
1<j<J.

The problem model created in ISMA 2015 is presented on the Fig. 1. The model description
is compact and is maximally close to the original mathematical description.

(2] ISMA ooy
File Settings Help
RUN | DUMP  ISMAZD7 | FOM

1, 7, ) + 15
z, 2)) + T25

Fig. 1. The model of the reaction-diffusion problem in ISMA 2015.

Simulation settings are shown on the Fig. 2 where initial conditions such as simulation interval
and initial step size are specified.

|| Simulation settings o

start [0 ] End [1 ]
G
step [0.001

Method

Method | Runge-Kutta (£, ¥

Accurste () Pecuracy | 0001
Stable ()
Parallel (V)

o | B ] Port 722 ]

I %

Fig. 2. Simulation settings window in ISMA _2015.

Two staged Runge-Kutta method with accuracy and stability control enabled is chosen for
the model solving. The host and the port of the remote simulation server are specified.

Simulation results are presented on the Fig. 3.

The comparative analysis results of implemented algorithms in sequential and parallel version
is shown on the Fig. 4.

Such a significant increase of the computational costs especially for sequential algorithms is
related to the costs of construction and inversion of Jacoby matrix of increasing dimension. Also
the higher system dimension the advantage of the parallel algorithms becomes even more clearly.
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0,000 0,005 0,010 0,015 0,020 0,025 0,030
X

[y0 =yt —v2 —yz —y4 =5 —v6 —v7]

Fig. 3. Simulation results of the reaction-diffusion problem obtained in ISMA 2015.

30000000 -
3
25000000 -+
20000000 -
15000000 -
1
10000000 -
5000000 -
4
0 - — 2
800 3200 7200 12800 20000
——1 - Sequential RK2ST ——2 - Parallel RK25T
= 3 - Sequential RK3ST ——4 - Parallel RK35T

Fig. 4. Comparative analysis of RK22 and RK3.
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6 Conclusion

This paper presents a mathematical and program software for analysis of the modal behaviour of
hybrid systems. The behaviour can be described is by a different classes of differential equations
such as commonly used ordinary differential equations, differential-algebraic equations of more
specific for hybrid systems partial differential equations. The methods suitable for the hybrid
model analysis are considered. The algorithms of the control of the integration step are studied.
Along with the accuracy and the stability control of the numerical scheme the control of the
integration step based on the event detection mechanism is proposed. The evaluations of the
calculation costs confirmed the viability of the proposed approaches. Simulation results obtained
in ISMA 2015 simulation environment are presented on the example of generated reaction-
diffusion problems based on Lotka-Volterra model.
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Abstract. Numerical solution of three-dimensional diffraction problems of acoustic waves is
considered. The problems are formulated as weakly singular integral equations of the 1st kind
with one unknown function. Considered integral equations are approximated by systems of linear
algebraic equations with dense matrices. The systems are numerically solved by an iterative method.
The most difficult part of the iterative method is a numerical matrix-vector multiplication. The
mosaic-skeleton method is used for decreasing computational complexity of the matrix-vector
multiplication.

Keywords: diffraction problem, Helmholtz equation, boundary integral equation, mosaic-skeleton
method.

1 Introduction

The study of processes of propagation of stationary acoustic waves in media with three-
dimensional inclusions is applied in various areas of science and engineering. It leads to statement
of problems of mathematical physics which are customarily called diffraction or scattering
problems. Exact analytical solutions of such problems can be constructed only in exceptional
cases; therefore, the basic direction of their research is direct computer modeling.

Using a computer assumes preliminary construction of a discrete analogue of the considered
problem which can be carried out in various ways. The discrete analogues based on differential
statements, leading to finite difference or projective-grid schemes, are not effective. This is
explained by the fact that the solutions of the problems are searched in unlimited domains. They
depend on three space variables, slowly decrease at infinity, can be fast oscillating functions and
must meet radiation conditions at infinity.

From the computing point of view the approach in which such problems are formulated in
the form of one weakly singular Fredholm integral equation of the 1st or 2nd kind with one
unknown function (density) is more advantageous [1]-[3]. In the given work integral equations of
the 1st kind were used for numerical solution of the scalar problems of diffraction. It’s important
to mention that each problem allows various equivalent statements.

A special method of averaging integral operators with weak singularities in kernels is applied
to numerical solution of the received equations. This method has been used earlier for solution
of integral equations of boundary value problems of acoustics. The discretization of boundary
integral equations leads to systems of linear algebraic equtions (SLAEs) with dense matrices. The
computational complexity of their solution by direct methods is O(M?3), where M is the order of
the SLAE. However, the properties of the resulting matrices are such that approximate solutions
can be sought using the generalized minimal residual method (GMRES) [4], which reduces this
complexity to O(M?). After approximate solutions of the integral equations have been found,
the solutions of the original problems can easily be reconstructed at any spatial point using the
integral representations.
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The most difficult part of GMRES is a matrix-vector multiplication, whose computational
complexity can be reduced using a mosaic-skeleton method [5]-7]. The complexity of the method
is o(M?), M — oco. The main idea of the method states that rather large blocks in very large
matrices coming from integral formulations can be approximated accurately by a sum of just few
rank-one matrices. These sums of matrices can be built and multiplied on a vector by a linear
number of arithmetic operations. On the whole, the method allows to decrease the memory
demands.

2 Integral equations of scalar problem of diffraction

Problem 1. In boun_ded domain (2; of three-dimensional Euclidean space R? and in unlimited
domain 2, = R3\(2;, divided by closed surface I' € C™#, r 4 3 > 1, find complex-valued
functions ;) € H 1(_(2i(€), A), satisfying integral identities

/ Vui(e)Vv;‘(e)dx — k?(e) / Ui(e)’l),zk(e)dl' =0 Vvi(e) € H(])' (Ql(e)) y (1)
Ri(e) 2ie)
interface conditions on the boundary of devision of media from 2; and (2.
(uy —ul )y, = (fo,m)p Ve HVA(D), (2)
<777piN_ui - peN+ue>F = <n’pef1>1“ Vn € H1/2(F)v
as well as radiation condition at infinity for u.

Bue /0| — ikeue = 0 (\xrl) . 2] = oo, (3)

if fo e HY2(I') and f; € H=Y2(I') are given functions on I,

Here and after (-,-), is a duality ration on HY2(I') x H~Y2(I'), generalizing inner product
in HO(I'), v* is a complex conjugate function to v, N~ : H'({;,A) — H~Y*(I'), N* :
HY(.,A) — H~Y*(I') are normal derivative operators [8], v~ : HY(£2;) — HY>(I),
vt HY(02.) — HY?(I") are trace operators, w is the circular oscillation frequency and

2 ; 2 2 -1
ki(e) = Ww (W =+ ’l’)/i(e))/ci(e), Im(kz(e)) 2 O, pi(e) = Ci(e)ki(e)pi(e)'
Remark 1. 1f Im(k.) = 0, then u, € H} (12, A).
Theorem 1. Problem 1 has at most one solution.

You can find the proof of the theorem 1 in [1],[2].
We introduce the following notation:

(Ai(e)Q) (:E) = <Gi(e) (:Ea ')> Q>F ) (Bi(e)Q) (:E) = <NwGi(e) (1’, ')a Q>Fa (4)

(Bf(eﬂ) () = (NyGitey(@,),0) s Gigey (2, ) = exp (ikie) [ — yl) /(4m [z — y)).

A solution of problem 1 is sought in the form of potentials

Ue(fv) = (AeQ) (m)’ x € {2, (5)
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ui() = (peidi (NTue + 1) = B (ul + fo)) (2), @ € 2,

where ¢ € H~Y2(I') is the unknown density, fo € HY?(I"), fi € H YD), pei = pe/pi-
Here, the kernels of the integral operators are fundamental solutions of Helmholtz equations and
their normal derivatives. Therefore, ;) satisfy identities (1) and radiation condition (3) for
ue. If they satisfy the first transmission condition in (2), they automatically satisfy the second
transmission condition. Substituting potentials (5) into transmission conditions (2), we obtain a
weakly singular Fredholm integral equation of the first kind for determining the unknown density

q:

(Ca, ) = (fo )y Vi€ HV2(D), (6)

where

C= (0'5 +B;)Ae + pei A (0-5 _Be)a f2 = _(0'5 +B;‘)f0 +peiAif1'

Problem 1 admits another equivalent formulation in the form of a Fredholm integral equation of
the first kind with a weak singularity in the kernel. Its solution is sought in the form

ui(z) = (Aiq) (z), €, (7)

Ue(x) = (Ae (fl _pieN_ui) - B: (fO - ul_)) (1‘), T € {2,

where ¢ € H~Y/2(I') is the unknown density, fo € H'/*(I"), fy € H='/(I), pic = pi/pe. In this
case, Problem 1 is reduced to the integral equation

(Dg, 1) = (fo, ) p Y € H-VA(ID), (8)
D= (05 — B;) A; +pieAe (05 + Bz) .

Theorem 2. Suppose that fo € H'/2(I'), fy € H-Y2(I"), 7. > 0 or w is not an eigenfrequency
of the problem
Au+kiu=0, z€6%  u =0. (9)

Then Egs. (6) and (8) are correctly solvable in the class of densities ¢ € H~Y/?(I") and the
solution of Problem 1 is given by formulas (5) and (7).

The proof of the theorem 2 is in [1].

Remark 2. If we are more interested in the wave field in the domain (2, it is preferable to use
Eq. (6), in which case the reflected field can be computed using a simpler formula. For a similar
reason, if we are interested in the transmitted wave field in (2;, it is preferable to use Eq. (8).

3 Numerical method

The main idea of the numerical method is that an unknown density is in the form of a linear
combination of smooth finite functions generating partition of a unit on the boundary of inclusion.
Such approach does not demand preliminary triangulation of a surface and is equally simply
realized both on regular, and on irregular grids. During discretization of equations superficial
integrals are approximately substituted by expressions containing integrals on R3, which are
calculated then analytically, which allows us to find factors of systems of linear algebraic
equations, approximating integral equations simply enough. The scheme for its implementation
can be briefly described as follows.
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The surface I" is covered with a system {I},,}}_; of neighborhoods of nodes z/, € I, lying
inside the spheres of radii hy, centered at z/,. The corresponding partition of unity is denoted
by ¢m. Then

M -1 3
o / / _ (1_7‘2”/]1371) s Tm < B,
or(x) = () (kz mx)) R A N
where r,,, = |z — 2] |.
Approximate solutions of the integral equations (6) and (8) are sought on the grid {z,}:

1
Im = — ﬂ?gOmdF, Pm = /Spmdry
Pm
r r

where the nodes are the centers of gravity of the functions ¢,,. Assume that, for all m =
1,2,...,.M
0<h <l|zm—mp|, m#n, n=1,2,..., M,

W <om < hm<h, h/W <qy< oo

Here, rp = |€m — x|, h, b’ are positive numbers depending on M, and ¢q is independent of M.

02, = 0.5¢,. Instead of the unknown function ¢ on I', we consider a generalized function ¢dr

defined according to the rule

(g0r,mgs = (g.n)p  Vn € H'(R®).

This function is approximated by the expression

M
q(x)dr (v) = an@nwn(x), Un(z) = (m02) 32 exp (—(z — 2)%/02), z € R,
n=1

where ¢, are the unknown coefficients.
The following is true for n and ¢ € H*(I")

M
{@m)p = (Z qnsbnwmn) +O0(n?).
n=1 R3
Approximating the single layer potential density by a volume density, we derive simple
formulas for the approximation of the integral operator Aj;) in (4). The integral operators
from (4) on I' are approximated by the expressions (see [1])

M
<Ai(e)Q>¢m>F ~ ZA?(TSQTU m=1,2,.., M, (10)
n=1

i(e) = Amn (kigo)) -

Amn (k) = ;07:;’27; exp (M?Znn - ’)/Enn) (w (Zn_zn) —w (Z;:m)) ’ n 7é m,

o 5 2 3
Amm (k) = @exp (N%’Lm) (ka (Mmm) + \{ﬁ (C,Om + 20, — k Um)) ,

A7 Om \TOm 3
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Ufnn = 0'72;1 + 072L7 Hmn = 0.5k mn, Zin = Mmn £ Ymn,
Ymn = Tmn/o'mna iz =—1,
00
2 2
w(z) =———=exp(—2 exp (t7) dt,
(2) =~z e (=27) [[exn ()

z

M
(ag+ Bioy@s om)p = > BiBqu, m=1,2,..,M, a= =05 (1)
n=1
<6Lq+Bz e)Q790m> ZBl(e qn, M = 1,2,...,M, (12)
Bl = !’L; exp (ik@'(e)rmn) (iki(e)rmn —1) GmPn, nF#m,
T mn
S, = S
T = (= lal + a+ Gsp) Py Nn = > Tt m; G = 4::2,1’
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where n,,; are the components of the outward unit normal vector to the surface I" at the point
Zm. The operators on the left hand sides of Egs. (6) and (8) are approximated by compositions
of operators (10)—(12):

M
(Cq, om)p =~ Z "ny  (Dq,om)p = ZC”mqn, m=1,2,..,M, (13)

n=1
O = BI™ A7 — po AT B,
and the right hand sides of Egs. (6) and (8) are approximated by the formulas

f27 QOm e~ Z peiA;nnfln - B'anfOn)v <f07 90m>[‘ = @memv (14)
n=1
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Solving the corresponding SLAEs, we find approximate densities of the integral equations at
discretization points. Next, the desired solution of the diffraction problem can be easily and
accurately calculated at any point of the space by applying the integral representations.

4 Mosaic-skeleton method

The mosaic-skeleton method consists of three stages. The first stage is building a tree of clusters
[5]-[7]. The root of this tree is the cluster containing all the nodes of the grid. On each step
the cluster is split into several subclusters. It takes place until the tree of clusters reaches the
maximal level.

On the second stage the list of blocks is prepared. Any of the blocks of the matrix is associated
with the pair of clusters in the tree of clusters. If the nodes of the pair are apart from each other,
the block belongs to the "far"area. Otherwise, it determines the "near"area. The constructed
blocks without crossings cover all matrix.

On the last stage the blocks of the "far"area can be approximated by one-rank matrices.
These one rank matrices are named skeletons. The easiest way to find the skeletons is applying
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of an incomplete cross approximation. The incomplete cross approximation is described in detail
in works [6],[7]. The approximation is held before the GMRES and the constructed blocks are
saved in the random access memory.

On the GMRES stage multiplication depends on the area of the block. If the block belongs
to the "far"area, it is multiplied on the vector by a special function, if the block is from the
B Dmwnears Dk area, the matrix-vector multiplication from Intel MKL is used.

5 Numerical results

The numerical method is verified and validated using test problems of diffraction of a plane wave
in domain bounded by a unit sphere and a triaxial ellipsoid. The program of numerical solution
of the initial problems is tested on the computer cluster at the Computing Center of the Far
Eastern Branch of the Russian Academy of Sciences. The host has 24 CPUs, each CPU speed is
2400 MHz, total memory 94 GB. The parallel versions have been created for the GMRES and
the mosaic-skeleton method using OpenMP.

Ezample 1. Consider diffraction problems of a plane acoustic wave on the unit ball centered at
the origin and the parameters of the media which are determined as I) k; = 8,p; = 3, ke =
5.5,pe = 1; IT) k; = 15.5,p; = 5,ke = 9,pe = 4; III) k; = 21,p; = 7, k. = 30.5, p. = 9.5. The
complex range of the initial wave field is ug(z) = exp(ikexs), and fo = uar, fi = NTug.

Number M of discretization points varied from 1000 to 64000. The resulting SLAEs were
solved numerically by applying the GMRES up to 10~7. The error of the incomplete cross
approximation is e = 107°.

The exact densities for Ex. 1 can be found using the formulas

. (2m + 1)i™*1a,, P,, (cosf
qz—z( ké .(k ),
=0 eOm ]m(e)

= (2m + 1)i™2p, P, (cos @
NS SYCUES L N
m—0 1hveUm m(z)

for the integral equations (6) and (8) respectively.

Figure 1 shows the errors of the solutions of the integral equations (6) (dotted lines) and (8)
(full lines) using the mosaic-skeleton method. Here and below, the squares are denoted by the
first order of the parameters of the media, the circles are denoted by the second order and the
triangles are denoted by the third order. It can be seen that, for sufficiently large M, the order
of the error is at most h? ~ M1,

The exact solutions of the initial problems for Ex. 1 have the form [9]

2 (2m+ 1) i™anm

ue(r, 0) = Z (erb)Zth (ker) P, (cosO), r>1,
m=0 m
2 (2m 4+ 1) it p,

u;(r,0) = Z @m 1) p Jm (ki) Py (cosf), r<1.

kebm

3
I

Where r = |z|, cos0 = x3/r,

Gy = (pijm (keT) ]q/n (sz) - pejm (kﬂ') ];n (ker)) ‘r:l )
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m (kr) = Q_k'erH/Q (kr), hp (kr) Hﬁilm
Jm+1/27 H(l)

m1/2 are the Bessel and Hankel functions of the first kind of the (m + 1/2)th order,
respectively; P, are the Legendre polynomials of order m.
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Fig. 1. Errors of the solutions of the integral equations (6) (dotted lines) and (8) (full lines) for Example 1
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Fig. 2. Errors of solution w; (full lines) and u. (dotted lines) using the integral equation (6) for Example 1

Figures 2 and 3 depict the relative errors of the solutions of problem 1 founded using the
integral equations (6) and (8) respectively. The mosaic-skeleton method was used on the stage
of the GMRES. The full lines show the errors of u; and the dotted lines show the errors of wu,.
Again, it can be seen that, for sufficiently large M, the order of the error is at most h? ~ M1,

On figure 4 you can see the time of solution of the SLAE with the mosaic-skeleton method
(dotted lines) and without it (full lines) for the equation (8). The numerical experiments have
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shown that the mosaic-skeleton and the GMRES allow to calculate required solutions in a short
time. For example, the GMRES with the mosaic method works up to 55 times faster than without
it. The results for the equation (6) are simular to ones for the equation (8).

Figure 5 displays how the time of solution of the SLAE depends on the number of the cores
of the computer cluster. The time is reduced 1.5 times when the number of cores doubles. The
problem can be solved faster using 16 cores.

Ezxample 2. Consider diffraction problem of a plane acoustic wave on the inclusion which
boundary is the triaxial ellipsoid with semiaxes (0.75, 1, 0.5) centered at the origin and the
parameters of the media as in Example 1. The complex range of the initial wave field is the same
as in Example 1.

Figure 6 shows the relative errors of the solutions of problem 1 for the integral equations (6)
(dotted lines) and (8) (full lines) using the mosaic-skeleton method. The solutions on different
grids are compared with the solutions on the number 64139 of discretization points because the
exact analytical solutions are unknown. You can see for sufficiently large M, the order of the
error is at most h? ~ M~

The numerical results have proved that using the mosaic-skeleton method decreased memory
and time expenses in case of Example 2. The speedup of using the mosaic-skeleton method is
more than 50 times.

Thus, we recommend using this method for numerical solution of other problems which can
be reduced to boundary integral equations.

3x10'
1x10

3x10°
1x10°
3x10"
1x10°"
3x10?
1x10?
3x10°
1x10°
3x10*
1x10°*

3x10°

1x10°
* | I [ I I I M

998 2042 3998 8510 15974 32598 63886

Fig. 3. Errors of solution w; (full lines) and u. (dotted lines) using the integral equation (8) for Example 1
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Fig. 4. Time of solution of SLAE using the mosaic-skeleton method (dotted lines) and without it (full lines) for
equation (8) for Example 1
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Fig. 5. Time of solution of SLAE. The orders of SLAEs are 32598 (full lines) and 63886 (dotted lines) for Example
1
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Abstract. In this paper we present the results of the development of software for the numerical
simulation of a seismic field. We contrasted the work of a parallel algorithm on a high-performance
system with different types of computing devices: a CPU, a GPU. The developed software offers
a solution to geophysical problems in the process of studying the effects of underground nuclear
tests: the development of the structure of geophysical models of cavernous areas and the study of
the structure and properties of a wave field in mathematical modeling. The experimental studies of
the vibration of the Earth sounding are an important step in solving on-site inspection tasks in the
problem of monitoring underground nuclear tests. Carrying out numerical simulations with the use of
the software for clusters gives an opportunity to select the characteristic and distinctive properties of
objects under study and enables to extract informative wave groups and to determine their arrival
times in the border areas of underground nuclear tests. The possibility to use different numbers
of recording geophones in calculations may allow the determination of the minimum amount of
geophones required for the necessary resolution of seismograms. The obtained results form the basis
for recommendations to determine the areas of an underground nuclear explosion. All numerical
calculations were made using the developed software on the NKS-30T+GPU cluster of the Siberian
Supercomputer Center of the Russian Academy of Sciences. This work was partially supported by
grants of RFBR 14-07-00832, 14-05-00867, 15-07-06821, 15-31-20150 and MES RK 1760/GF4.

Keywords: difference scheme, simulation, wave field, underground nuclear explosion, CUDA.

1 Introduction

Carrying out field geophysical experiments is quite expensive. At the same time it is necessary to
select carefully the location of a monitoring system to do such experiments for getting targeted
effects on experimental data. Also, the experimental data themselves are a complex object of
study. Calculations in the laboratory will allow to solve some of these problems. Mathematical
modeling can help understand the properties of a wave field, create the geophysical model
of an object, investigate the structure of a seismic field, specify the location of observation
systems [1]. Solving the inverse problem of geophysics and the determination of the structure
and parameters of a medium is an issue of high importance. One of the ways to work it out is to
conduct computational experiments to resolve a direct problem for the different geometries and
values of the elastic parameters [2]. Thus varying these parameters and comparing the simulation
results with experimental data it becomes possible to achieve some compliance [3]. One popular
way to carry out the simulation is to use a difference method. The use of explicit difference
schemes is associated with mesh models. Reporting requirements for models are changing. It is
interesting to calculate large-scale, detailed and large-scale models. Such calculations are related
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to processing large volume of data. When using the difference schemes high requirements for
computing resources are put forward. Therefore multicore computing systems are applied for
forward modeling. Typically, such systems are based on multiple-core processors, but they can
be constructed using specialized computing devices which are represented by graphics cards and
co-processors. It should be noted that the high-end computing clusters are based on Nvidia
graphics cards and Intel co-processors. Such clusters are presented in data centers in Russia.
Porting a program to another computing architecture is a research task if the user wants to
use effectively and efficiently the potential of a computer system. Therefore it is necessary
not only to adapt mathematical techniques, but also to develop the structural scheme of
parallelization and specialized software to calculate large-scale models on supercomputers. In
this work, mathematical modeling of seismic field is carried out for the problem represented in
terms of velocity of displacements and stress. The problem is solved in a Cartesian (rectangular)
coordinate system with the appropriate zero initial and boundary conditions. A difference
method of the second and fourth order of accuracy is used to solve the stated problem [4,5,6].
Computational experiments are carried out on the NKS-30T+GPU cluster of the Center for
collective use of the Siberian Supercomputer Center of the Russian Academy of Sciences. This
system is presented as CPUs and Nvidia graphics cards.

2 Structural Diagram of the Task Parallelization

The application of the difference method to solve the problem of numerical modeling involves
the use of a large number of data arrays in calculations. For this reason the calculations of
large-scale geophysical models of the objects are realized on multi-core computing systems. It
can be both SMP (Symmetric Multiprocessing) servers and clusters with the MPP (Massively
multiprocessing) architecture, and systems with specialized computing devices. Typically, a
cluster is a set of computing nodes containing several multi-core processors. Some clusters have
specialized computing devices. The developed software gives an opportunity to use modern
computational tools and technologies for parallel computing. It can be CPUs, Nvidia GPU
graphics processors and Intel MIC co-processors. Clusters make it possible to perform calculations
for elastic media models using the decomposition of a calculation model for the required number
of computing devices and parallel computing processes. The creation of software for such systems
occurs due to the development of parallel algorithms, block diagrams and programs with the use
of specialized software for the efficient use of computing devices |7]. This paper analyses systems
based on a CPU and a GPU. As such a computer system a NKS-30T + GPU cluster was used.
There are 40 SL390s G7 servers on this cluster. Each of them has two 6 CPU Xeon X5670 core
processors, 96 GB RAM, three Nvidia Tesla M2090 cards on the Fermi architecture. This card
has 512 cores, 6 GB of GDDR5 memory. Other compute nodes are presented with blade servers
based on Intel Xeon processors of different series. In this paper the authors consider one of the
possible and parallel implementations of the numerical algorithm to be used in calculations.
This realization implies the application of the parallelization of a computational domain into
subdomains along one of the axes (Fig. 1).

Each of these subareas is calculated in parallel on a dedicated computing device which can
be both the CPU and graphics processors. Data exchanges between neighbor computing devices
are performed with the use of MPI. To carry out calculations on classical MPP architectures
a program is developed using the MPI. For hybrid clusters the MPI and CUDA were applied.
Since the CPUs in the NKS-30T + GPU cluster are multicore, the combination of the MPI and
OpenMP can be used. In this version of the program 1 MPI process falls on 1 multi-core processor.
And the number of OpenMP threads is chosen depending on the number of processor cores. In this
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Fig. 1. Structural diagram of parallelization.

program the calculations with the difference method of second-order accuracy are implemented.
The results of the comparison of the programs for a software implementation on the example of
a three-dimensional mathematical modeling are presented in this paper. Graphics cards have a
large number of cores and memory in comparison with the CPU. Therefore, an important task was
to develop parallel algorithms and software for using graphics cards in calculations. A software
implementation was developed for a three-dimensional version on the basis of a one-dimensional
decomposition of a computational domain using the scheme of second order accuracy. The use of
the graphics card has its own advantages and disadvantages. The calculations can be performed
faster but it is necessary to copy the data between the GPU and CPU. The development of the
program is complex enough since it is necessary to consider features of the applied algorithms
and methods and the specificity of a CUDA technology. When using multiple graphics cards the
model region is divided into subregions between calculators. All calculations are carried out only
on the GPU. The CPU is used for an interaction between the graphic cards, management, and
the implementation of data exchanges between neighbor computing devices. The exchanges of
data between the GPUs are implemented through the CPU. To do this, the data are copied from
the GPU to the CPU. Between the CPU the MPI exchange functions are executed. Then the data
are copied from the CPU to the GPU. Therefore a combination of MPI and CUDA is applied
in such a program. The results of the comparison of parallel algorithms for the CPU and GPU
were obtained from a scaling test and with the increased amounts of computing resources. While
conducting the test the authors applied a three-dimensional homogeneous elastic medium with a
308x308x308 mesh and 110 iterations as a model. During the test with the increased amount of
resources the model parameters do not vary. During the scaling tests model dimensions change
in the proportion to the number of computing devices. The results were obtained on a NKS-30T
+ GPU cluster for the three-dimensional realization of the parallel algorithm. In figure 2 and 3
the execution time with the use of the GPU is increased 10 times.

Figure 3 shows the behavior of the program when being scaled. So when increasing the size
of the computational domain the execution time of the CPU is increasing about 5When the
amount of computing resources in figure 2 increases the ratio of GPU to CPU is x35 on average.
When compared to the GPU only CPU acceleration on 27 computing devices was 4.2 whereas
the GPU figure is 3.4. The developed software is considered to be applicable to solve problems
of a two-dimensional numerical simulation.
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Fig. 2. Test results of varying the amounts of computing devices containing up to 13,824 cores.
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Fig. 3. The test results of scaling the parallel algorithm.

3 Construction of the Geophysical Models Displaying the Effects of an
Underground Nuclear Explosion

The study of sites where underground nuclear explosions are set off is of direct practical relevance
induced by the need of solving problems in the sphere of radiation and geo-ecological safety of
territories adjacent to the site of nuclear experiments. Completed bombings had a destructive
effect on the surrounding geological structure with the formation of decompressed permeable
areas through which radionuclide residues can be carried to the environment (even reaching the
daylight surface) [8,9]. The study of the spatial position and configuration of the above-mentioned
structures will help monitor and forecast the ecological state of the world’s nuclear sites. Also one
of the important directions is the development of an on-site inspection technology (of seismic
methods in particular) in support of the Comprehensive Nuclear Test Ban Treaty. Numerical
modeling of wave fields on the proposed subsurface models can help solve these problems. These
snapshots can provide an opportunity to distinguish the group of waves, showing the presence
of inclusions in the cavernous environment and assess their geometric dimensions. To study
the structure of the wave field which is formed by a seismic radiographic environment different
models of cavernous area were simulated. All numerical calculations were carried out using the
developed software on the NKS-30T + GPU cluster of the Siberian Supercomputer Center of
the Russian Academy of Sciences (ICMMG SB RAS). In this model, the authors studied the
effect of geometry on the structure of the wave field of the inhomogeneous medium containing
cavity, in order to highlight the distinctive features of the field due to its presence. To create the
geophysical model of an underground nuclear explosion the materials [10] were used. Under the
scheme of the central core of a nuclear explosion in the wellbore B,~102 (Fig. 4) the authors
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constructed the geometry of a medium model containing nuclear explosion effects, with basic
areas occurring as a result of the test.

| iaee o~ gravel scurf
clay

spall fracture zone

camouflet cavity

%~ shear zone

i~ zone of crushed

zone of intense

zone block shifts

Fig. 4. Scheme of the central zone of the nuclear explosion in the wellbore B,~102.

Figure 5 shows a part of the developed and explored 2D geophysical model of the
inhomogeneous elastic medium with the linear dimensions of 5.0 km along the Ox axis and
1.0 km along the Oz axis, containing subareas: a camouflet cavity (2); a shear zone (3); a zone of
crushed rocks (4); a zone of intense fracturing (5); a spall fracture zone (6); a host medium (1).

Fig. 5. Diagram of the geophysical model of the 2D elastic medium in the xOz plane. The figure means the
number of a model element.

The geometrical dimensions and geophysical characteristics of areas are used by the program
to calculate the components of the wave field. The source and the recording geophones are placed
on a free surface. The frequency of the source is 30 hertz [11]. The calculations and operation of
the developed software for multi-core computing systems result in creating synthetic seismograms
and snapshots of the wave field, calculated by the algorithm described in [12]. The paper deals
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with the Uz component of the wave field corresponding to the vertical component of a seismic
field [12].

4 The Results of the Numerical Simulation

Numerical experiments on modeling a 2D elastic medium carried out on a cluster NKS-30T +
GPU. For the calculations the authors used an MPI program and a CPU. The calculations were
performed on 24 cluster cores. Figure 6 shows the synthetic seismograms for the Uz components
for different numbers of geophones in observation system which are presented in a rectangular
coordinate system with the x-axis displaying the coordinates of the geophones and the y-axis
displaying the arrival times of different waves. For convenience, the same data are presented in
another form in figure 7.

Fig. 6. Synthetic seismograms calculated for the Uz component of the wave field for different numbers of recording
receivers (a - 234 receivers, b - 117 receivers, ¢ - 56 receivers, d - 23 receivers).

From figure 6 it is possible to identify a spall fracture zone (the vertical strip of traces with
greater amplitude) and determine its extent on the x-axis as the distance between the coordinates
of the beginning and end of seismic disturbances. A detailed study of synthetic seismograms can
determine the arrival times of seismic waves caused by the aftermaths of underground nuclear
tests reflecting from or passing through the border areas. Figure 7 shows how the decrease of
number of geophones can affect the allocation of the patches of areas with cavernous inclusions.
Thus, if geophones are spaced out it is possible for a small cavity or surrounding area to be
skipped. The results are shown for the Uz components in a rectangular coordinate system where
the x-axis presents the arrival times of various waves and the y-axis presents the coordinates of
the geophones.

5 Conclusion

A lot of modern problems are related to processing large volumes of data. To solve this problem
a lot of multi-core computing systems are being developed and used nowadays. Many of them are
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Fig. 7. Synthetic seismograms calculated for the Uz component of the wave field for different numbers of recording
receivers (a - 234 receivers, b - 117 receivers, ¢ - 56 receivers, d - 23 receivers).

based on graphics cards and co-processors. The software which is being developed by the authors
allows numerical modeling of seismic field for environments with complex subsurface structure
on different architectures and high-performance computing systems. This paper introduces the
technology of mathematical modeling focused on the use of the advanced architectures of exaflop
supercomputers. The authors suggest using a block diagram of the parallel algorithm on a variety
of computing architectures for the developed software. While testing the behavior of the software
it proved possible to show the possibilities of using hybrid systems to significantly speed up
the time required for calculations. The attained acceleration allows more knowledge-intensive
calculations for large-scale models. A large number of configurable settings available in the process
of modeling enables users to build the geometry and define the elastic parameters of models,
receive the results of various degrees of accuracy required for each case. The developed software for
the clusters of different architectures makes it possible to construct a model of objects and carry
out numerical calculations using Nvidia graphics cards. The results of calculations performed on
the developed software provide an opportunity to isolate informative wave groups and determine
the time they arrive at the border areas of underground nuclear tests. The applicability of different
numbers of recording geophones in calculations gives an opportunity to determine their minimum
number required for getting the desired resolution characteristics of a seismogram. The obtained
results form the basis for developing recommendations to determine the areas of an underground
nuclear explosion.

Acknowledgments. This work was partially supported by grants of RFBR 14-07-00832, 14-
05-00867, 15-07-06821, 15-31-20150 and MES RK 1760/GF4.
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Abstract. This paper proposes an algorithmic approach and program for solving search problems
statistically significant over the biological characteristics of genes in a given set. The problem is
connected with the implementation of well known in biology permutation (randomization) test.
By taking into account the potential parallelism permutation test developed in parallel with the
implementation of a program to graphically processors. Provides estimates of the effectiveness of
the application of the developed program on empirical material.

Keywords: GPU, parallelization, modeling.

1 Introduction

This works refers to the solution of the problem of analysis of genetic determination of traits,
which an urgent problem for biology. Usually, this research is carried on the basis of analytical
criteria (such as t-test, ANOVA, Pearson correlation, etc.) built on a closed logic. The idea
about data distribution in the general population may be obtained with the use of samples
considered as distributed according to the subjectively given law of data distribution. It might be
possible to solve this problem by resampling methods, as they examine sampling data in various
combinations as if seeing them from different angles [1,2] rather than require any additional
information on the law of data distribution in the general population. Furthermore, another
important advantage of resampling methods over analytical methods is that there is no need
to continually adjust the levels of statistical significance for the simultaneous testing of many
statistical hypotheses reflecting the simultaneous contribution of many factors in the formation
of a single trait in the case of the analysis of biological data [3|. Thus, resampling methods are
more correct in most biological research in comparison with analytical methods, but they often
require huge computing resources for sufficiently accurate estimates of various statistics of the
analyzed samples.

Computations can become significantly faster in resampling due to parallelization, and most
economical is the parallelization with the use of using graphic processor units (GPUs) [4,5,6].
In this regard, the special software packages allowing us to investigate biological objects (gene
groups mainly) by resampling methods were made, among them are the freely available software
products RandTestGPU [7] and permGPU [8|. However, the significant disadvantage of those
software products is that very simple cases, such as the comparison of two samples of the measured
values for genes (expression level, evolution speed, the number of known polymorphic states, etc.)
can be tested. This simplified approach to the representation of biological data cannot account
for a more detailed and already known experimental information about belonging of genes to
different functional and/or structural groups (annotations) and, consequently, determine the fine
determination component of the trait under different external or internal conditions.
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The aim of this paper is the software implementation and research of effectiveness of
parallelization of permutation test aimed at finding the statistically significant overrepresented
properties of genes at different external or internal conditions with the use of GPUs. The
acceleration obtained in this case substantially increases the performance of the solutions of
this problem.

2 Problem Definition

The general ideology of organization of the permutation test aimed at finding the statistically
significant overrepresented properties of genes is as follows: 1) the value of the statistic
is calculated from the empirical material Go(z1,x2,xs,...,2,), where x is the measured
quantitative characterization of the gene (expression level, evolution speed, etc.); 2) the random
permutation of quantitative characteristics of genes between samples and measured values is
performed; 3) for the same samples with randomly permuted variables xi,x9,x3,..., 2, , We
calculate the value of the same statistic Gy, (2], 25, 2%, ..., z),) , which a reflective sample after
permutation, and the subscript U is the number of permutations; 4) permutation procedures 2
and calculations of the statistic 3 are repeated U times; 5) the error probability is determined in
rejecting the zero hypothesis (p-value) as a proportion of the values of Gu exceeding Go.

To implement the permutation test on the graphics card, we should take into account the
features of its architecture [5]. It is important to highlight the parts of the code and the
parallelizable algorithms. The indivisible operations on data arrays and read/write to a file
remain problematic. It is reasonable to distribute the cycles of independent data processing
over video card multiprocessors and minimize the number of conditional expressions within such
blocks.

The overall structure of the software is shown in Fig. 1. The software has two text files at
the input: the one with the permutation test parameters (number of iterations and permutations
per iteration) and another one with the input data directly Fig. 2.

Random

. tation
Reading a file D
Text file and {)r(foul in of array elements
with the input e &
data
data - —
in a convenient
form i
Accumulation
of statistical

characteristics

D——

Calculation
of statistical characteristics.
Formatting the output file

Fig. 1. Generalized permutation test algorithm

3 Theory

The whole algorithm works permutation test can be divided into three main stages: 1) reading
the input file and forming the data array in a format convenient for further calculations; 2) the
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calculation of the sum (or any other quantities, such as average values, variances, etc.) of the
measured values of the gene for its different properties (in particular, functional annotations
(FAs)), the cycle with mixing of the array elements and collecting the quantities necessary for
the statistics; 3) the calculation of p-values and the formation of the file with the results. The
most consuming and parallelizable is the second stage. It is presented in more detail in Fig. 3

and Fig. 4.
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Fig. 2. Data storage structures: gene representation in the input file

We consider an example in more detail, wherein the functional annotations GeneOntology
serve as the properties of the genes [9]. Before iterations with permutations, we should calculate
the array of sums of real values of the measured characteristics of genes for each available FA.
For this purpose, we organized a cycle above the data structure std::map, which stores keys BB
gene identifiers and values 8D’ numerical characteristics of genes, in the sequential version of
the developed software algorithm. After this procedure, we start a cycle repeating a random
permutation of gene characteristics and further accumulation of statistical values the specified
number of times. Upon completion of the procedures described, the output of the p-statistic is
performed and the output file with the results is formed, and the significance of certain FAs of
genes is concluded on the basis of that file. In addition to the p-statistic, the gene identifiers with
the mentioned FAs are given.

Ayl [As Asl s ... An =
Ay Az Ay As ... A 23
Al - A, T3
Ay Az Ay As | T4
E:r‘ur ml Ay Ay Az Ay A5 Ag .. A, =@
Y - BB B
¥ By & |- B

Fig. 3. Data storage structures: gene representation in the input file
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It is important to understand that the algorithm features do not allow us to parallelize the
larger part of the code. Moreover, the calculation features on graphics cards restrict the use of
data storage structures (DSS’s) to arrays (the thrust library is not considered) [5]. To solve this
problem, we need to review the approaches to implementing the algorithms most profitable in
parallelization and move from the more complex DSS’s to arrays. This method was used in the
algorithm for calculating the sums of numerical characteristics of genes for various FAs.

Fig. 2 shows the structure of a file with input data. It should be counted into memory and
presented in DSS’s convenient for storage. It is important to note that the figure shows a test
sample of input data. In real problems, the identifier of FAs may have a complicated name and
a separator between FAs can be any character or a combination of characters. Informative data
here are the identifiers of FAs and gene characteristics. It is their representation that plays a big
role in enhancing the performance of the entire software.

Fig. 3 shows the gene structure in a schematic form and shows the meaning of the concept
of the sum of numeric values of genes for the FAs. For example, this sum consists of the
characteristics of the genes x2, x4 and x,, for the functional annotation of A4.

TA; | ZA;|TA;| .. |ZA, TA, ;|TA,| of v

Pixel-by-pixel comparison

Ay |ZA; |TA3| .. ZA, oA,

g the number (c)

g
of functional

Fig. 4. Algorithm of accumulation of statistical values

In addition, it follows from Fig. 3 that it is reasonable to apply two arrays instead of the
std::map structure for storing information on the genes: a two-dimensional array reflecting the
falling of FAs in the gene and a one-dimensional array containing the measured characteristics of
genes. This reduces the amount of data transmitted in the GPU memory and use the standard
cuBLAS library to perform matrix-vector multiplication.

The overall structure of the software is shown in Fig. 5. Here the GPU blocks are executed on
the GPU. It should be noted that each time we take an original matrix of inclusions of functional
annotations for the calculation of real and random sums, and only the array of values of gene
characteristics changes. Thus, each iteration requires only one transmission of a one-dimensional
array, which reduces the calculation cost. The use of a CPU for the random permutation of
the array of values is due to the impossibility of organizing a parallel unordered access to the
elements in the array on the GPU. This, in turn, requires the transfer of control from the GPU to
the CPU (Central Processor Unit) on each cycle iteration. The algorithm for calculating the real
and random sums is in the representation of the set of functional annotations in the form of two-
dimensional array with zeros and units (Fig. 6). The available genes are located in the lines, and
the FAs included in them are in the columns. Thus, a unity is written in place of the FA included
in the gene, otherwise zero is written. Then the matrix-vector multiplication of such transposed
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array of dimension of M x N (M is the number of rows and N is the number of columns) with
one-dimensional array of dimension of N, containing the values of the characteristics of genes
results in an array with the sums of FAs for all genes.

FAS FA3 FAL 1 o 1 0 1
FA2 FA4 o1 0 1 0
FAl FA2 FA3 11 1 0 0
FA3 FAS FA4 FA1 FA2 |— 1 1 1 1 1
FAl ®A5 1 0 0 0 1
FA2 0o 1 0 0 o0

FA4 o 0 0 1 0

Fig. 6. Representation of FA in the GPU memory

Conditional operations are widely used in the algorithm for collecting the statistical values,
which reduces the efficiency of execution on the GPU. This is due to the fact that all the GPU
threads execute the code completely and cut off the false condition finishing the IF block [5].
Nonetheless, the reached acceleration S is proportional to (Sg x Rm)/Cp, where Rm is the number
of compared real sums of numeric values for the FAs with random sums of these values, Cp is
the degree of parallelization of the algorithm, Sg in our case equals five and is determined by the
number of random sums of the values of FAs for the categories of larger, smaller, equal, larger
or equal, smaller or equal real sums of values of FAs.

4 Experimental Results

The software performance was estimated by considering the parallel and consistent
implementations with various parameters to run it on two real problems of different dimensions.
Fig. 7 shows the time of solution of the first problem with 2256 studied genes containing 782
functional annotations. The graph shows the software execution time for a parallel version on the
GPU and a sequential version on the CPU. We performed four runs for each software version:
(1) 492 permutations and 10000 iterations, (2) 492 permutations and 100000 iterations, (3) 2256
permutations and 10000 iterations, and (4) 2256 permutations and 100000 iterations.
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Fig. 8 shows the execution times of the second problem, which has a significantly larger
number of studied genes (19147) with a greater number of functional annotation (898). Unlike
the first problem, we give the achieved acceleration of a parallel version of the software with regard
to the sequential version rather than the software execution time on the CPU. The number of
runs reduced to three: (1) 5000 permutations and 10000 iterations, (2) 19147 permutations and
100000 iterations, and (3) 5000 permutations and 100000 iterations.
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Fig. 8. Software execution time for the second tasks

5 Discussion of results

For first task (Fig. 7), an approximately 5-time acceleration is achieved, which is determined by
the small size of the problem. The number of iterations increases the execution time linearly,
whereas the growth in the number of permutations only slightly slows down the process of
counting. For second task (Fig. 8), we achieved an 145-time acceleration. It is expected that
acceleration increases in problems with greater dimensionality.

6 The system development

Today it is necessary to verify several hypotheses with the same set of functional annotations. In
this case values of the gene characteristics are the matrix NxK instead of a vector (K - number
of hypotheses), where each column represents a hypothesis. For simultaneous testing of several
hypotheses it needs to amend the existing algorithm as follows:

1. To replace the matrix-vector multiplication with matrix-matrix. Then, the resulting matrix
will contain a set of arrays each of that fills with sums of all the FA genes for the hypothesis

under consideration.
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2. To replace elementwise permutation of genes characteristics with arrays permutation of
the genes characteristics. This is acceptable because, in general, all the hypotheses are
independent to each other and there is no need for independent rearrangements of gene
characteristic values.

7 Conclusion

The sequential and parallel versions of software for the permutation test aimed at finding
statistically significant overrepresented characteristics of genes under different external or internal
conditions for computing devices: PC with NVIDIA GPU and hybrid supercomputer NCC-
30T+GPU of the Siberian Supercomputer Center, Siberian Branch of the Russian Academy of
Sciences. In the course of the work, the problem of parallelizing the most energy-consuming
algorithms of permutation test software for the implementation on the GPU is solved. The
cuBLAS library of matrix-vector multiplication, which allowed for a transition of this algorithm
to the architecture of GPUs, was used. According to the results of performance estimation, the
time acceleration of the software was shown on the two considered problems (see Fig. 7, 8) using
a GPU, and it amounted to 150 time with regard to the sequential version. It is noted that the
software execution time is affected by the input data size (the number of genes and functional
annotations) and the number of iterations with permutations. A negligible effect of the number
of permutations performed before each iteration of calculation of random sums of values for
the functional annotations during the software operation time was demonstrated. Currently, the
software is in trial operation at the Institute of Cytology and Genetics, Siberian Branch of the
Russian Academy of Sciences. This work was supported by the Ministry of Education and Science
of Russia (Civil Code No. P-857 "Software Development for HPC in Bioinformatics") and the
Russian Foundation for Basic Research (Grant No. 11-04-01771), projects no. 14-07-00518-a,
12-01-00773, grant Novosibirsk State Technical University no. 2.6.1.
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Abstract. This paper presents the current state of development a shallow-transfer rule-based
machine translation (MT) system from Kazakh to English and Kazakh to Russian. The main
morphological and syntactic differences between the Kazakh and two languages are presented, and
it is described how the MT system was designed to overcome these challenges. We showed current
an evaluation of system coverage and outline and future work.

Keywords: machine translation, Apertium, syntactic parsing, structural transfer rules, chunk,
interchunk, postchunk.

1 Introduction

Translating texts between English and Kazakh, Kazakh and Russian faces some challenges. First
of all, Kazakh is one of group of Turkic languages, it means that Kazakh language shows clear
ordering of morphems and they are changed by interaction between neighboring morphemes
(vowel harmony, sonorization, etc.). On the other hand, syntax of Turkic languages is very
different from English or Russian: subject-verb-object order in English as basic order in Russian,
but subject-object-verb order in Kazakh, ) [1]. Such kind of syntax reordering and transformation
we are going to solve by creating structural transfer rules, which define the transformations
needed to convert original sentences and text words into their target language.

Structural rules divides the main task of sentence or phrase on the shares of the phrasal,
for example noun phrase (NP), verb phrase(VP) and other(for instance, [NP I] [VP wrote]
[NP-acc book|). We obtain the most probable sequences of word to divide sentences into
phrases(chunks), which is done by hidden Markov Model [2]. For example, computing probability
of sequence "determiner4+noun"will be P(Det/N)= C(Det,N)/C(Det), where C(Det,N) - is
number of situation when noun comes after determiner. Secondly, we use the most liklely
tag sequences to create "chunks"by structural transfer rules on Apertium plaform, which is
a free/open-source rule-based machine translation (MT) platform, launched in 2005 by the
Universitat d’Alacant [1].

2 The Apertium platform

We would like to give a very brief description of Apertium here. The project which we are creating
is based on platform Apertium.
The Apertium platform supplies:

— a FOS modular shallow-transfer MT engine with text format management, statistical lexical
disambiguation, finite-state lexical processing, and shallow structural transfer based on finite-
state pattern matching;
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— FOS linguistic data in well-specified XML formats for a wide variety of language pairs;
— FOS tools such as compilers to turn linguistic data into a fast and compact form used by the
engine and software to learn disambiguation or structural transfer rules;
— extensive documentation on usage[4|;
The Apertium engine is a pipeline or assembly line consisting of the following stages or
modules:
:
text

morph. morph. lexical lexical structural morph. post-
analyser isambig transfer selection transfer generator generator
TL
text

Fig. 1. The architecture of the Apertium platform.

A deformatter which encapsulates the format information in the input document as
superblanks that will then be seen as blanks between words by the rest of the modules.

A morphological analyser which segments the text in surface forms (“words”) and delivers,
for each surface form, one or more lexical forms consisting of lemma, lexical category and
morphological inflection information. It reads a finite-state transducer (FST) generated from
a source-language (SL) morphological dictionary (MD) in XML.

An optional constraint grammar [5] to reduce or remove entirely part-of-speech ambiguity
before the statistical PoS tagger, and to provide syntactic and semantic labelling.

A statistical PoS tagger which chooses, using a first-order hidden Markov model, the most
likely lexical form corresponding to an ambiguous surface form, as trained using a corpus and
a tagger definition file in XML.

A Hiden Markov model (HMM) allows us to talk about both observed events (like words that
we see in the input) and hidden events (like part-of-speech tags) that we think of as causal
factors in our probabilistic model|2].

A Viterbi Algorithm is perhaps the most common decoding algorithm used for HMMs,
whether for part-of-speech tagging or for speech recognition. The term Viterbi is common in
speech and language processing, but this is really a standard application of the classic dynamic
programming algorithm and looks a lot like the minimum edit distance algorithm|2].

A lexical transfer module which reads each SL lexical form and delivers the corresponding
target-language (TL) lexical form by looking it up in a bilingual dictionary in XML using a
FST generated from it.

A structural transfer, generally consisting of three sub-modules (some language pairs use only
the first module and some others call more than three, see below):

e A chunker which, after invoking lexical transfer, performs local syntactic operations and
segments the sequence of lexical units into chunks. A chunk is defined as a fixed-length
sequence of lexical categories that corresponds to some syntactic feature such as a noun
phrase or a prepositional phrase.

e An interchunk module which performs more global operations with the chunks and
between them. More than one interchunk module can be used in sequence.
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e A postchunk module which performs finishing operations on each chunk and removes
chunk encapsulations so that a plain sequence of lexical forms is generated.

3 Structural transfer rules

The Apertium structural transfer module converts source-language lexical form into target-
language lexical form pairs (for exmaple, Russian phrase "v sadu(in garden)"in Kazakh will
be "bagshada") and after series of transformations, source language lexical form become target
language lexical form. Such transformations include next operatios: agreement, reordering, etc.

Structural transfer module contains three stages for Kazakh-Russian, and four stages for
English-Kazakh|6|. Currently, by computing the most liklely tag sequences, for English-Kazakh
were defined 6 main types of chunks (phrases): NP - for noun phrases ("beautiful place"), AdjP -
adjective phrases,VP - verb phrases, PP and GenP - adpositional phrases, which include genitive
phrases and prepositional phrases. Each chunk is defined by a set of patterns [7], which consists
of a category and attributes. Rules create chunks by detecting certain patterns, for example, for
"big house"pattern is adjective+noun.

3.1 Linguistic data

To create correct transfer rules, lexical form of each word from context should be clearly
and correctly defined in dictionary. Three type of dictionaries are used in Apertium platform
for lexical processing: monolingual dictionaries for morphological analysis and generation of
English,Russian,Kazakh and bilingual dictionaries for English-Kazakh, Kazakh-Russian lexical
transfer.

The Russian (apertium-rus.rus.dix) and English (apertium-eng-kaz.eng.dix) dictionary is
used to find each lexical forms of each word from text. Dictionaries are filled with list of all
lexical units, source-language alphabet, definition of grammatical categories, such like noun,

verb, gender, etc.; each category has paradigms describing groups of correspondences between
parts of SFs and LFs:

Ezxample of "teach"paradigm

<pardef n="t/each_vblex">

<e i=ll n >
<p>
<1>each</1>

<r>each<s n="vblex"/><s n="inf"/></r>
</p></e><e i=""><p>
<1>each</1>
<r>each<s n="vblex"/><s n="pres"/></r>
</p></e><e i=""><p>
<1>eachs</1>
<r>each<s n="vblex"/><s n="pres"/><s n="p3"/><s n="sg"/></r>
</p></e><e i=""><p>
</pardef>

(Example from apertium-eng-kaz.eng.dix)
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The Kazakh monolingual dictionary uses a morphological transducer, which is called the
Helsinki Finite State Toolkit [8]. Two types of formalism are used: first, the lexc(apertium-
kaz.kaz.lexc) defines lexicons by word classes and subclasses, and the twol(apertium-kaz.kaz.twol)
formalism is used for morphophonological rules such like desonorization, vowel harmony,
nasalization, etc. For instance, the locative case suffix -DA could become -de, -ta, -te by depending
on previous harmony: bagshalar+da, mektep+te, etc.

The English—Kazakh bilingual dictionary provides lexical transfer between English and
Kazakh words. There are could be ambiguity: multiple entries will be shortened by lexical-
selection rules depending on context [9] And in the Kazakh-Russian dictionary, apertium-kaz-
rus.kaz-rus.dix is filled with words and their translations:

Ezample of inserting paradigms

<dictionary>
<alphabet></alphabet>
<sdefs>
<sdef n="num" c="WUMs uyucnuTenbHOe"/>

</sdefs>

<pardefs>

<pardef n="_num_gender">

<e>

<p>
<1></1><r><s n="m"/><s n="an"/><s n="sg"/><s n="nom"/>
</r>

</p>

</e>

<e>

<p>
<1></1><r><s n="m"/><s n="an"/><s n="sg"/><s n="det"/>
</r>

</p>

</e>

<e>

<p>
<1></1><r><s n="m"/><s n="an"/><s n="sg"/><s n="ord"/>
</r>

</p>

</e>

</pardef>

<e>

<p>
<1>6ip<s n="num"/></1><r>ommu<s n="num"/></r>
</p>

<par n="_num_gender"/>

</e>
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(Example from apertium-kaz-rus.kaz-rus.dix)

We create for words new paradigm for numerals. It is for do not write one analyses for all
words. In this paradigm we write gender, case, number.

And for Adjectives is created same paradigm with numerals. Adjectives has three degrees of
comparison.

Choosing genitive for "Sorok chelovek"

<pardef n="__adj_sint">
<e><p><1></1><r><s n="m"/><s n="an"/>

<s n="sg"/><s n="nom"/></r></p></e>
<e><p><1></1><r><s n="m"/>

<s n="an"/><s n="sg"/><s n="det"/></r></p></e>
<e><p><1></1><r><s n="m"/>

<s n="an"/><s n="sg"/><s n="ord"/></r></p></e>
<e><p><1><s n="subst"/></1><r>

<s n="m"/><s n="an"/></r></p></e>
<e><p><1><s n="comp"/></1><r>

<s n="comp"/></r></p></e>
</pardef>

(Example from apertium-kaz.kaz.lexc)

Then in the period of translating some words, which have two meaning, it can be seen that
sometimes words in not applied part-of-speech tag right. For example "sorokA chelovek". There
is word "sorokA"has two meaning: 1. number - "forty"and 2. view of bird - "magpie". To solve
this problem we must write rules for this situation. And in the apertium-rus.rus.rlx we write rule:

Choosing genitive for "Sorok chelovek”

SELECT Gen IF (0 Num) (1 N + Gen) ;

(Example from apertium-kaz.kaz.rlx)

To improve quality of translation it is very important to fill dictionary with words with correct
part of speech tags.

4 Results

Running English-Kazakh, Kazakh-Russian(and vice versa) systems translate simple phrases and
sentences. In English-Kazakh bilingual dictionary total 13685 word entries, in Kazakh-Russian
bilingual dictionary contains 9043 word.

5 Conclusion

Current structural transfer rules translate some cases of phrases and solve reordering operation.
In the future work will be considered: secondary members of the sentence(object, adverbial
modifier), ordering case changes on endings, work on the polysemy prepositions in machine
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translation from Russian into Kazakh language, the implementation of relations between the
parts of speech for the simple sentences for Russian language, the work on the implementation of
the structure of interrogative and exclamation sentences on Russian language with the transition
to the Kazakh language, some errors on the lexical and syntactic parser generator and machine
translation, the work on the elimination of ambiguity of polysemy of words.

In future work is planned to generate chunker rules automatically from parallel corpora and
use it with other stages in transfer rules to improve translation quality.
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Abstract. In the transition to the use of two-criterion of statistical analysis is possible to
obtain solutions with a higher reliability. Twocriterial statistical analysis on parallel inspection
of two alternative statistical hypotheses about the normal and uniform distribution can reduce the
likelihood of errors is proportional to the product of the probabilities of each particular hypothesis
testing. This reduces the space requirements of the test sample several times.

Keywords: multicriteria statistical analysis, a network of private Pearson parallel validation of
two statistical hypotheses, biometric data, the test sample.

1 Introduction

One of the most popular in the statistical analysis of the data is Pearson. Chi-squared Pearson
devoted entirely to the first part of the recommendations of the State Standard [1], while all
other criteria are described in the second part of the recommendations |2]. Detailed description
of Pearson in the first part of the recommendations of the State Standard [1], reflects the high
demand for this particular industry criteria. Techniques based upon use of the chi-square test,
suggest checking out some statistical hypothesis about the distribution of the observed values.
The calculations are carried out according to the classical formula:

b; ~\2
X2:n'z(n N‘pl) (1)
i=1 pi

where bi - number of experiments have fallen to the i-th interval histogram - the expected
theoretical probability of hitting the i-th interval histogram, n - the number of tests in the test
sample, k - the number of columns of the histogram.

Unfortunately, standard statistical calculation methods (1) for analyzing biometric data give
inaccurate results. In order to achieve the probability of errors at the level of 0.05 we have to use
some 100 runs in a test sample.

The main source of error in the analysis of the biometric data is insufficient test data in the
test samples |3, 4, 5]. This situation is not characteristic only for testing biometric information
security. The same situation occurs in the processing of any biometric data (medical, sports,
biological). The problem of improving methods of application chi-square test for statistical
processing of fuzzy biometric data received considerable attention magazine B«BiometricsB»,
which regularly publishes articles on this subject [6, 7, 8] since the 30s of the last century.

In the early 21st century, there is a tendency to solve the problem of bad data values artificially
filling the empty spaces in the intervals of the histogram, the so-called "bootstrap method"|9],
which destroys the natural correlations in substantially dependent biometric data. Roughly the
same effect can be achieved by smoothing the digital histograms real data [10]|. For the same
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purpose can be used to morph examples crossing-parents, and getting the many examples of
offspring [11, 12].

This article focuses on another area of research related to the use of two or more statistical
tests. Currently, are known dozens of statistical criteria. The most common statistical tests of
hypothesis testing in the analysis of biometric data are shown in Table 1 with the time of their

creation.
Table 1. The most popular statistical criteria
s.n.|Criterion name and the year of Formula
creation
1 |Pearson’s chi-squared test (x?) fj;o W -dx
1900 year.
- P
2 |Cramer-von Mises test 1928 Jree {P(m) - P(;r:)} dr
year.
3 |Kolmogorov-Smirnov test (K- sup ‘P(x) — P(x)l
S test or KS test) 1933 year. —oo(@ (oo
- T
4 |Cramer-Smirnoff - von Mises f_"';: {P(:E) — P(:c)} -dP(x)
test 1936 year.
5 |Gini’s test 1941 year. fj’;o IP(x) - 15(93)‘ - dx
e —
6 |Anderson-Darling test 1952 oo Ar@ P} dP(x)
oo P(x)-{1-P(z)}
year.
7 |Kuiper’s test 1960 year. sup {P(x) — ]5(96)} + sup {]5(:1’) — P(m)}
—oo(z(+oo —oo(x(+oo
8 |Watson’s test 1961 year. Jhe {P(x) — P(z) - [* [P(x) - P(x)] . dﬁ(a;)} - dP(x)
9 |Frotsini’s test 1978 year. Jre ‘P(m) — 15(96)‘ - dP(z)
10 |Gini coefficient 2006 year. fj;o |p(z) — p(z)| - dx

Table 1 shows that the statistical criteria set up gradually from 1900 to the present. The
most recent was a differential criterion Gini [13] specifically for the processing of biometric data.
This criterion was the most powerful and constructed by replacing the original criteria Gini (line
5 in Table 1 [14], 1941) the probability function on their derivatives (density distribution of
probabilities).

Obviously, each of the criteria of Table 1 examines a test sample from its side. They all
complement each other. You can try to create some generic criteria that will take into account
the data of all 10 criteria in Table 1, built to test the hypothesis, only the first observation of the
distribution density - or its equivalent, as a function of probability -. Moreover, we can double
the number of statistical tests in Table 1, if each of them to build the right to test two statistical
hypotheses, or their integral analogs. The latter assertion is far from obvious. Its numerical proof
of the subject of this article.

2 Numerical experiment for a description of the distribution of values of
the chi-square test in the final test sample.

The popularity of using the chi-square of Pearson in the industry is largely due to the fact that
when n — its distribution is described by the gamma function with m = k-1 degrees of freedom:

m_q

p2(n=o00, m=k—1, r)= cx3 e (2)

vl3

1
22 - I' (%)
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Analytical description (2) was obtained by Pearson in 1904 and played a crucial role in the
first half of the 20th century, when the computing capabilities used in the statistical processing
of data were very, very limited.

Unfortunately, the traditional use of chi-square test for biometrics gives unsatisfactory results.
One of the reasons is an error, resulting from the final test sample. Practice shows that at the final
test sample (for example, n = 81) in the number of degrees of freedom chi-square distribution is
non-integer (fractional) and because of this there is a significant difference:

p2(n=8l, m#k—1,1) # ppa(n=00, m=k—1, x) (3)

Error due to the finiteness of the test sample can be accounted by a numerical experiment.
Today repeating the experiment on a computer 1000000 times quite possible which makes the
value of the distribution function values with acceptable accuracy for practical use.

In organizing the numerical experiment, we start from the fact that should be checked two
statistical hypotheses. The first hypothesis is that these test samples have normal distribution of
values. The second hypothesis is that the data of the same sample may have a normal distribution
of values. As a consequence, the organization of a numerical experiment it is necessary to use
two pseudo random generator program data, as shown in the block diagram of Figure 1.

Normal
I 3
V1
_._L Cuantizer
¥ 5 (v1) _l_ «1 :}
W E 403
s S .
2 Sntomaticrandom Threshold
Thniform switching response

Fig. 1. Block diagram of the organization of the numerical experiment on power estimation dimensional chi-square
test.

Each of the generators of random data G1 (normal data) and G2 (data uniformly distributed)
randomly inputted into the calculator values of the chi-square test (1). Then the values chi-square
test should be compared with a certain threshold quantizer. If the chi-square value less than the
threshold, the decision about the normality of input investigated. If the Chi-square test (1) is
above or below the threshold, the decision on the highest validity of one of the hypotheses.

3 Checking the first hypothesis of normal distribution of values for the final
test sample

We start from the fact that the chi-square test is required to recognize the emergence of the
situation data corresponding to a series of 81 samples obtained from normal generator G1. For
this purpose, we calculate the expectation of the test sample - E (x) and its standard deviation
- o(z). Next, we will build a histogram consisting of k = 9 =+/81 columns evenly covering the
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range from the minimum value - (E(z)

Beraucnurenbuble Texaosiornu, T.20, 2015
3-o0(x)) to a maximum value - (E(x) + 3 - o(x)). The
values of the chi-square test will be calculated as follows

o (b - e {2 )
: g o dee P {(E(Z»; } du N

2+(
x10 - it is boundaries of uniform intervals on which

where the limits of integration x1, x2
a histogram of occurrences of the data in the test sample
Figure 2 shows plots of the histogram distribution of values of the chi-square test for the data

obtained from the two program generators

IIOII

Fig. 2. Selecting data from a normal distribution values (dashed line) for the first hypothesis verification

Figure 2 shows that the comparator makes a decision on an input sequence should give a
normal state of "1"in the range of 0 to 14. The switching threshold of the comparator in the

state "0 14. In this case, the probability of errors of the first and second kind are identical

P, = P, = Pgg = 0.054.
4 Checking the second hypothesis of a uniform law of distribution of values

for the final test sample
We start from the fact that the chi-square test is required to recognize the emergence of the
situation data corresponding to a series of 81 samples obtained from the data generator with a
in (x

uniform law - T2. For this purpose we find max (x) and min (x) in the test sample. Next, we
will build a histogram consisting of k = 9 = columns evenly covering the range from min (x) to

max (x). The values of the chi-square test will be calculated as follows

2
x?(const) = 81 - Z (72 _ l)

81
where the boundaries of the histogram intervals are as follows
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(max(x) — min(z)) -4
10 (6)

Figure 3 shows plots of the histogram distribution of values of the chi-square test for the data
obtained from the two program generators.

x; = min(x) +

-\.aﬂl 1’[
[ %

Y M

Rl

30

x” (const)

Fig. 3. Selecting data from a normal distribution values (dashed line) when testing the second hypothesis

Figure 3 shows that the comparator makes a decision on an input sequence should give a
normal state of "1"in the range of 17 and above. The switching threshold of the comparator in
the state "0 16. In this case, the probability of errors of the first and second kind are the same.
Py =P, = Pgp = 0.054.

5 Generalized chi-square test, taking into account the parallel test of two
hypotheses

Chi-square test based verification under the first hypothesis (4) and the chi-square criterion based
on test at the second hypothesis (5) - they are two different nonlinear transformation functions
having two output comparator configured differently. Since these criteria are complementary,
generalize them using logical functions "or":

-1 . —(E(af)—r)z} 2 (D) < 2 > 16)-
p() = st exp { SO ip(3(@) < 14) A (P leonst) 2 16); -
p(z) = const, if(x*(®) > 14) V (x*(const) < 16).

Practice has shown that the generalized decision rule (7), compared with a simple decision
rules is a significant reduction in the probability of errors of the first and second order . That

is, private chi-square test (4) and (5) have a high level of agreement making them the right
decisions, and their wrong decisions are weakly correlated.

6 Conclusion

If we use the chi-square test according to standard procedures [1], then the test sample in 81
count, we obtain the probability of errors at the level of 0.054. However, as soon as we turn to the
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accounting errors that occur due to the finiteness of the test sample (3) and apply the generalized
chi-square test (7), the probability of error is reduced by about 20 times. This significant reduction
in the probability of errors can only be achieved if the size of the test sample in 800 samples,
this is equivalent to a 10-fold reduction in the requirements for the size of the test sample.

Should pay the same attention to the fact that this article focuses only chi-square, but all that
is contained in the article, is true for other statistical tests in Table 1. By using the generalized
criterion that takes into account 10 or 20 private statistical criteria, apparently be able to achieve
more than 10-fold reduction in the requirements for the size of the test samples with statistical
processing of biometric data.
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Abstract. Estimated dimension of the field of possible input states biometric figures. It is shown
that the implementation of genetic algorithms can be used two procedures reproduction data
after their selection. Using conventional breeding morphing images, parents are less effective in
comparison with directional morphing reproduction of figures-parents. Normal morphing creates
Jenkins’ "a nightmare leading to the degeneration of the correlation matrix biometric figures.
Under the directed morph Jenkins’ "nightmare"has no correlation matrices biometric figures do
not degenerate after a few generations.

Keywords: biometrics, neural networks, genetic algorithms, reproduction of biometric figures,
large database of test figures, the degeneration of populations.

1 Introduction

Currently in Russia, Belarus, Kazakhstan (in the countries of the Customs Union) and NATO
countries are actively working to create a biometric authentication. Russia, Belarus and
Kazakhstan are are on track of using large artificial neural networks [1, 2|, the United States and
NATO countries follow the path of so-called "fuzzy extractors"|3, 4, 5, 6, 7|. Regardless of the
used technology all converters biometrics code are described by equations of the same type and
carry identical conversion function.

All converters of biometrics code should minimize entropy code examples belonging to the
image of "Its". That is, the initial entropy of continuous biometric data must be reduced to
almost zero at the converter output:

H(vi,va,....,un) > H("cr,c2,...,¢57) = 0. (1)

In contrast, if the input of the converter receives image data "Alien then the gain in entropy
of continuous biometric parameters:

n

H(&1,8, .., 8n) < H("x1,29, ..y x0)) = o

(2)
Note that the input biometric data is used at least two or three times longer than the length

output code, bio-code:
N=~3-n. (3)

Input redundancy is necessary to compensate for the high value of the relative entropy of the
input biometric parameters:

E(H(vi/&)) = 0.3. (4)
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In all cases, when the relative entropy of figures data "Its"acceptable (good biometric data):
E(H(vi/&)) 2 1.0, (5)

no need to the enrichment of neural network. In this case, works well "fuzzy extractors"with
self-correcting codes having low redundancy.

Otherwise, when the following condition holds (4), there is no alternative to the use of artificial
neural networks, because it is self-correcting codes are not able to detect and rule more than
30% of errors.

2 Assessment of multidimensional entropy codes "Aliens"

It should be emphasized that the one-dimensional calculation of the entropy of two-digit codes -
H("xz1”), two digit codes H(”x1,x2”) or other short codes do not cause any difficulties. For this
purpose, you can use the algorithm Shannon. A completely different situation arises when it is
necessary to calculate the 256-dimensional entropy long bio-codes [1, 2|. In this case, the sample
size of data needed to implement procedures Shannon is huge (22°6° experiments). Even if we
get such a substantial amount of test data on its bust will need tens of years of computer time
(using ordinary computers).

Find the way out of the Shannon impasse is possible, if the statistical study of codes in
conventional discrete spaces goes to their research in space Hamming distance between code
"Its"codes and "Aliens"|8]:

n
"h— Z(”xi”) @ (”Ci”) . (6)
i=1

For codes with equal probability states "0"and "1"in each bit ”x;” and long distance n > 32
distribution function of the values of the Hamming - p(h;) is almost normal. This means that
in order to estimate the probability of error of the second kind, it is sufficient to use a test
set of about 32 randomly selected figures "Alien"and their response codes 7;. On such a small
test sample can be calculated expectation - F(h) and the standard deviation of the Hammings’
distances o(h). Both of these values already is a continuum, as calculated by averaging discrete
variables. Next, should use the hypothesis of normal distribution of the Hamming distance values
and to estimate the probability of rare events (errors of the second kind, when the random
"Alien"guesses the code of image of "Its":

_ — )2
ORI -

1 1
%%wmlm{wm2

Integration in the range from 0 to 1 in the expression (7) due to the fact that the discrete
distribution of Hamming distances - p(h;) is considered as a continuous and entering the event
in this interval corresponds to a discrete state "h — ”0” (coincidence of the compared codes in
all categories).

Then, to assess the multidimensional entropy use the following conversion:

H(”:L‘l,l'g,l‘g, ...,1‘256”) ~ _10g2(P2) . (8)

3 The matrix inversion of neural network with a known functional code
"ItS"

Note that calculation chain (6), (7) is an approximation, and has a certain systematic error. In this
connection must be confirmed by the estimates obtained. For that reason, [9] in addition to the



Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 91

transformations (6), (7) recommends the use of a genetic algorithm of neural network functional
matrix inversion. In fact, it is about using database consisting of 1024 figures " Alien formed by
the requirements of GOST R 52633.1 [10].

If you consistently apply Ny = 1024 figure of the "Alien"to test biometrics converter code,
then getting the response code 1024. Hamming distance distribution in this case will be E(h) =
128 bits to 256 bits long codes. If then select 10% of the sample (102) biometric figures with the
lowest values of the Hamming distance, giving codes with Hamming distance of 82 bits to 112
bits, then getting the original genetic material for the next generation biometric figures. This
situation is displayed in the center of Figure 1.

pd) -
L Third generation — ND‘ 10 images
Second generation — ND‘ 102 images
004
1
First generation - N - 10 images
/_-ﬂ' i}
™
I \‘.
[
0.02 —
0 1 I!_ Distribution of Nn
10% I IH ) the original image
0% 1\\""- (zero generation)
I N\
1 ‘-\__ h
0 ~—
0 5 / 100 i 150 200
48 54 71 82 122 256

Fig. 1. A genetic algorithm for extracting knowledge from trained artificial neural network with 416 inputs and
256 outputs.

In order to restore the population size from 102 to 1024 must cross between an figures-
parents and receive figures-descendant. For example, this can be done by simply averaging the
parameters of the two figures parent in accordance with the requirements of GOST R 52633.2
[11]. Experience shows that in such a procedure borns a new generation of figures " Aliens"is more
similar to the image of "Its"with the expectation of Hamming distances close to the expectation
of the Hamming distances previously bleached 102 biometric figures. This situation is displayed
in Figure 1 and corresponds to the first generation of synthetic figures "Alien".

Obviously, the selection process described above most similar to the image of "Its"figures
"Aliens"can be run multiple times [12]|. As a result, we obtain a sequence of iterations increasingly
brings us to the figure of "Its". In fact, there is a procedure for extracting knowledge from the
training parameters of artificial neural network, which allows to recover the distribution of image
data "Its"96%.

However restored biometric figure of "Its"is defective, it has a degenerate correlation matrix
with close to zero elements off the diagonal. This happens due to the fact that when using
the reproduction of figures-averaging parent used their data (negative correlation compensate
positive correlations) [13, 14].
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4 Compensation of degeneration defect data using directional morphing
extrapolation to a given direction of motion in advance of evolution

Degeneracy effects of the correlations is illustrated in Figure 2. In this fig., close and distant
figure (right and left side of the fig.) have different slopes along the main axis of the ellipse,
respectively, averaging their data gives an ellipse without tilting. That is, the correlation
coefficients disappeared (compensated for each other).

Set direction of evolution «h»— «0»

-

Figure of  ___. Distant

. A
descendant.-” ®--._1 _

Fig. 2. Getting the figures-descendant, morphing extrapolation to a given side of the directed evolution.

However, if we know the direction of evolution, figure-child can be located just to the left of
the closest to the target figure. It is sufficient to carry out the following transformation:

wi = fl/,z <AhLR> gf,z s (9)

where ,; - the value of the i-th example of biometric parameter of close figure, & ; is the value
of the i-th example biometric parameter of distant figure, Ahy, - the desired Hamming distance to
the left image-descendants, Ahpr Hamming distance between left and right examples of different
parents figures.

Figure 2 shows that the most left ellipse of data of figure- descendant has almost the same
slope as the closest figure-parent. During the multiplication of directional morphing extrapolation
occurs inheritance correlation matrices descendants.

5 Conclusion

In the 19th century Jenkin Darwin noticed the fact that random mutations do not accumulate.
The genotype of the white man came to the island to the natives should be dissolved. All the
fault is a lot of random mutations large population of Aboriginal people.

In the process considered by us genes of the white man does not dissolve, if you constantly
get in the selected sample of evolution. Moreover, for each reproduction of biometric figures in
the next generation inherits not only the correlation matrix of the white man, but with each
new generation of "white"people getting whiter and whiter, if required by the selected vector of
evolution.
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The use of directional morphing extrapolation is profitable formerly used of reproduction
data of morph-interpolation.
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Abstract. Search engine technology has had to scale sharply to keep up with the growth of the
World Wide Web. Search engines link huge amount of web pages involving a proportionate number
of distinct terms. They answer to thousands of queries every minute. Despite the importance of
massive search engines on the web, very little academic research has been done on them. Moreover,
developing a web search engine today is very different from several years ago, because the latest
technologies appear every single day [1]. This paper provides description of the module of lexical
and morphological analyzer in the development of semantic search engine for kazakh language that
is implemented in the Institute of Information and Computer Technologies (IICT) and our main
goal is to improve the quality of web search engines by using module for text processing in the
Kazakh language and receiving the module of the text with morphological markings in the output.

Keywords: semantic web, textual data analysis, search engines, lexical and morphological analyzer
Kazakh language, information retrieval.

1 Introduction

Nowadays the main driver of innovation progress is a World Wide Web and one of the fastest
growing industries is Internet commerce. With the wide range of capabilities the web cost efficient
for businesses to make transactions with other businesses. One factor that allows businesses to
find each other is search engines. Search engines are part of the reason the web is growing so
rapidly. Search engines have many capabilities from using key words or phrases to find what
the user is looking for to using general words to browse the web [2]. However what exactly is a
search engine? Search engine is an enormous database of web page files that have been assembled
automatically by computer.

However, the concept of "information retrieval"came before the Web. It has developed from
the numerous issues related to the provision of search and access to information sources. As a
matter of fact, basically information retrieval (IR) were applied to scientific publications and
to variety of library catalogs, but later it spread to other areas where role of information were
vital as well [3]. Much of the scientific research on information retrieval has occurred in these
contexts, and much of the continued practice of information retrieval deals with providing access
to unstructured information in various corporate and governmental domains.

Internet opened the opportunity to publish tens of millions of information. This explosion
of published information would be moot if the information could not be found, annotated and
analyzed so that each user can quickly find information that is both relevant and comprehensive
for their needs and it would help to save user’s time [4]. By the time, developers felt that
continuing to index the whole Web would rapidly become inaccessible, owing to the Web’s
exponential growth in size. However a lot of scientific innovations, the rapidly declining price
of computer hardware, superb engineering, and the growth of a commercial underpinning for
web search have all conspired to power today’s main search engines, which are able to provide
excellent results within incessant response times for hundreds of millions of searches a day over
billions of web pages [6].
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2 Module of lexical and morphological analyzer in the development of
semantic search engine for kazakh language

The Institute of Information and Computer Technologies (IICT) MES RK, has started to study
semantic search issues in 2012 for the first time. Studies have been conducted in the field of
semantic web, there were researched search engines, information retrieval, and the specifics of
the Kazakh language [6],[7],[8] for the future use and the following results were obtained:

- lexical dictionary;

- dictionary of affixes;

- lexical and morphological analyzer;

- subject classifier;

search engine;

- and lastly, there were decided to implement them all as a web service.

In the future we plan to add multi-language function (Russian and Turkic languages group).
Technology architecture of Web services allows maintaining hardware and software scalability.
The hardware part will maintain the vertical and horizontal scalability. Software technology
suggests the possibility of using it as both a library of algorithms; as scalable cloud service.

Thus, the web service can serve as a basis for creating different applications that require text
mining [10], including:

e monitoring of news and analysis of the information extracted from the traditional periodicals
and the Internet;

e analysis of the message tonality

e analysis of the message meaning

e analysis of opinions in social networks and reputation monitoring.

Unlike existing similar projects for processing and analysis of texts, there were developed
an original lexical and morphological algorithms based on the Kazakh language, moreover,
the inventor’s certificate was obtained [11]. This technology may be expanded to other Turkic
languages (Kyrgyz, Tatar, Turkish, Azerbaijani, Turkish, Bashkir, etc.) [12].

According to Wikipedia, the population of the Turkic languages groups is approximately 150
million people [13]. The system is implemented as a Web site based on ASPNET technology, in
C# programming language, MSSQLServer 2008 was used as the database.

The Web site provides the following services: morphological dictionary, lexical and
morphological parser of Kazakh language, an intelligent search of texts from the knowledge
base Wikipedia, and the spell checker system.

2.1 Search organization

Information retrieval is implemented by using the same methods as search engines. Mostly they
are vector model of search or model of a weighted Boolean. A search query consists of a set of
keywords. This set can be obtained by using a method of classification graph model. On the
basis of the proposed model there were created retrieval query to a search engine. Then, by using
the method of calculating of semantic similarity like from text to request, we can obtain a set of
documents necessary ranked in descending order.

Thus, by using the graph model of text representation we can perform the model search of
semantic text.
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2.2 Preparation of the Wikipedia knowledge base

As a source of knowledge base system uses encyclopedia of Wikipedia: every Wikipedia article
is considered as a concept; each article title and text of a hyperlink to the article is considered
to be a term, and the words of the text describing the article, to be used for the topical search
system. File Wikipedia in Kazakh language we downloaded from the Internet. The file itself is
to Wikipedia is a text file that contains various tags. To build the knowledge base by extracting
the titles of articles, texts of articles subject to the rules markup software module was developed
WikiParser [14].
Currently, knowledge base stored in the database MSSQLServer, which

contains 275 000 articles, more than 17 thousand. Partitions (thematic classes) and more than
20 million words.

2.3 Module of lexical and morphological analysis

This module is created for text processing in the Kazakh language and receiving the module of the
text with morphological markings in the output. The module contains of two main subsystems,
they are lexical analysis and morphological analysis system.

Lexical analysis parses text into separate paragraphs, sentences, words, and assigning each
word to lexical descriptors (word with a capital letter, all capital letters, there is a point at the
end of a word or it is a separate letter, number, etc.). Morphological analysis is used to find the
normal form words and recognize the parts of speech of each word of the text (the grammatical
form of the word, the number of nouns, tense of the verb etc.). To perform this task, we used our
development that we created last year, they are lexical and morphological analyzer for Kazakh
language. Today we continue our project to improve lexical and morphological analyzer. Since
the texts of the Internet are "information dump"and recurring task to improve the algorithm for
extracting words from the text and updating of the dictionary with new words.

We improved this module by recognition system where we included surnames. The system
uses a database with over 65 thousands of Russian and Kazakh surnames and names. But
sometimes in the texts of the internet database you can notice new names that are not found in
our database [15]. For automatic recognition of unfamiliar names, we have developed an algorithm
for recognizing names. This algorithm consists of two rules: 1) unfamiliar word begins with a
capital letter, 2) it contains the word syllables included in the list of syllables that are usually
included in the end of the names.

The module was developed in the programming language C#, in a visual programming
environment VisualStudio 2010.

The module consists of the following classes for working with text data: - DocumentConverter
- class for loading documents of various formats and unloading [16]; - IWord - class for the
storage and presentation of information elements (words); - Tokenizer - a class that converts text
into a list of tokens from the lexical descriptors (the lexical analyzer); - HtmlParser - class for
parsingahtml document and the work of this meta-tags; - MorfoAnalize - class responsible for
morphological analysis. - RemoveOmonim - class responsible for disambiguation. - LoadBaze -
class responsible for loading dictionaries and affixes from XMLfaylov in structure. All dictionaries
Dictionary of 85 thousand [17]. Words dictionary of names of 65 th., 5500 gazetteer loaded into
memory. The storage format of dictionaries is given below.

<7 Xml version = "1.0"encoding = "utf-16"7>

<! - Slovarobschihslov ->

<Slovar>

<Word Value = "and"Part = "interjection"Semantic = />
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<Word Value = "aba"Part = "Nouns"Semantic = />
<Word Value = "aba"Part = "Nouns"Semantic = />
<Word Value = "Abadan"Part = "Appendix"Semantic = />
<Word Value = "Abadan"Part = "Nouns"Semantic = />

<Word Value = "jasper"Part = "Nouns"Semantic = />
</ Slovar>

3 Conclusion

Overwhelmingly, most of the search engines that are on the web today have many differences.
However, all of the search engines vary in speed, size, and content. There are not two search
engines uses the exact same ranking schemes. Each has its own method of ranking its search
results. Another difference between search engines is not every search engine offers you exactly
the same search options. Rankings of search engines all use different methods. Their goal is to
return the most relevant pages at the top of their lists. To do this, they look for the location and
frequency of keywords and phrases in the web page document and occasionally in the html Meta
tags.

This paper provided description of the module of lexical and morphological analyzer in the
development of semantic search engine for kazakh language that is implemented in the Institute
of Information and Computer Technologies (IICT) and our main goal is to improve the quality
of web search engines by using module for text processing in the Kazakh language and receiving
the module of the text with morphological markings in the output.
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Abstract. This paper outlines mathematical solution of building up the speech recognition systems
by creating probability conditions and defining percent of made mistakes during the operation, based
on-Bayer’s theorem. Speech recognition is the ability of a machine or program to identify words
and phrases in spoken language and convert them to a machine-readable format, by digitizing the
sound and matching its pattern against the stored patterns. Now-a-day, in the sphere of education
there are great deal of useful software programs, one of them is speech recognition system, the
benefits of speech recognition applications are numerous. Creating documents, memos, and reports
can easily be spoken leaving hands free to complete other tasks. Phone calls can be made via
voice over [P software applications, which rely on the ability of the computer to convert voice into
data. But unfortunately, many students in our country, do not have feasibility to use such kind of
applications, because existing tools do not recognize and process Kazakh, Russian languages, even
if some of them recognizes Russian language, they are too expensive to download it.

In the 1990’s, a number of innovations took place in the field of speech recognition. The problem
of speech recognition, which traditionally followed the framework of Bayes theorem and required
estimation of distributions for the data, was transformed into an optimization problem involving
minimization of the empirical recognition error. This fundamental change of paradigm was caused
by the recognition of the fact that the distribution functions for the speech signal could not be
accurately chosen or defined, and that Bayes‘ decision theory would become inapplicable under
these circumstances. After all, the objective of a recognizer design should be to achieve the least
recognition error rather than the best fitting of a distribution function to the given (known) data
set as advocated by the Bayes’ criterion. The method consists of three stages:

1. Estimation of the joint conditional probability P(o1, ..,05;w;)

2. Description of processing of incoming data

3. Facilitating the construction of composite models.

For methods of handling voice and video signals and also storing them, performing a relatively
simple task, when testing it is defined preliminary parameters of voice and video signals and degree
of stability in the working process towards to variations of input signals. For recognition system,
working in real conditions and on real data, when testing it is defined percent of made mistakes,
i.e. is assessed not the behavior under different conditions, it assessed how effectively system solves
its task set before it.

Keywords: Speech recognition, voice active detection, segmentation.

1 Introduction

Speech recognition is the ability of a machine or program to identify words and phrases in spoken
language and convert them to a machine-readable format, by digitizing the sound and matching
its pattern against the stored patterns. Currently available devices are largely speaker-dependent
(recognize speech of only one or two persons) and can recognize discrete speech (speeh with pauses
between words) better than the normal (continuous) speech. Their major applications help
people in working around their disabilities. It should not be confused with voice recognition which
is used mainly in security devices.

Speech recognition software is fundamental in many fields. For example, in educational
process, we see that speech recognition is helping to enhance the educational process for students
and teachers alike. It has been shown to improve core reading and writing skills for students of all
abilities, including those with physical or language-based learning disabilities, as well as English
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Language Learners. Software lets students dictate papers and assignments three times faster
than typing — with up to 99% accuracy. It is also widely used in secondary business education
and computer applications courses to familiarize students with emerging interfaces. Plus, many
teachers rely on the software as a productivity tool to help them manage their overwhelming
administrative workload. With all these advantages, it’s no wonder that Software is being used
in more and more elementary, secondary, and post-secondary school today — with great results.
Rudimentary speech recognition software has a limited vocabulary of words and phrases and may
only identify these if they are spoken very clearly. More sophisticated software has the ability to
accept natural speech.

Designing a machine that mimics human behavior, particularly the capability of speaking
naturally and responding properly to spoken language, has intrigued engineers and scientists for
centuries. Since the 1930s, when Homer Dudley of Bell Laboratories proposed a system model
for speech analysis and synthesis [1,2], the problem of speech recognition has been approached
progressively, from a simple machine that responds to a small set of sounds to a sophisticated
system that responds to fluently spoken natural language and takes into account the varying
statistics of the language in which the speech is produced. Early recognition systems of the 1950’s,
Olson and Belar of RCA Laboratories built a system to recognize 10 syllables of a single talker
[3] and at MIT Lincoln Lab, Forgie built a speaker-independent 10-vowel recognizer [4]. In the
1960’s, several Japanese laboratories demonstrated their capability of building special purpose
hardware to perform a speech recognition task. Most notable were the vowel recognizer of Suzuki
and Nakata at the Radio Research Lab in Tokyo [5], the phoneme recognizer of Sakai and Doshita
at Kyoto University [6]. The work of Sakai and Doshita involved the first use of a speech segmented
for analysis and recognition of speech in different portions of the input utterance. In contrast, an
isolated digit recognizer implicitly assumed that the unknown utterance contained a complete
digit (and no other speech sounds or words) and thus did not need an explicit “segmenter.” Kyoto
University’s work could be considered a precursor to a continuous speech recognition system.

In the XXI century one of the most important task for improving speech recognition is
to develop and work on it. Now-a-days, we know that England, Japan, USA etc. are doing
their best to create the finest recognizer. In Kazakhstan a great deal of researchers are working
on SR., group of researchers from the-“Institute of Information and Computing Technologies”
Kalimoldaev M.N., Amirgaliev E.N., Musabaev R.R. and Koybagarov K.C. share working on
speech recognition since 1991th , and it might be well pointed out that Institute reached good
results in the speech recognition sphere as developing speech synthesis(with a focus on the Kazakh
language), creating: searching system on the basis of the Kazakh Wikipedia; The system of
thematic analysis of textual information; morphological analyzer Kazakh word forms; assembled
Dictionary of Kazakh words; As for another researchers for example Sharipbayev A.A.with his
disciples developed a mathematical theory of the Kazakh language, where justified and formalized
phonetic regularities, built algorithms for analysis and synthesis of words and sentences, and
speech recognition algorithms. Developed a mathematical model of grammar rules of the Kazakh
language for automation of analysis and synthesis of written and spoken language technology.

Now-a-day, in the sphere of education there are great deal of useful software programs
for students, teachers etc. for everyone which can facilitate the training process. One of
useful software programs(tools) is speech recognition system, the benefits of speech recognition
applications are numerous. Creating documents, memos, and reports can easily be spoken
leaving hands free to complete other tasks. Phone calls can be made via voice over IP software
applications, which rely on the ability of the computer to convert voice into data. But, students
of Kazakhstan cannot use speech recognition tools, because firstly, they are too expensive to
download it; secondly, the existing tools do not recognize and process Kazakh, Russian languages.
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If we had our own speech recognition tools developed using Bayes theorem we could solve these
problems easily.

In many cases, it breaks down to a simple case of mathematics. The average office worker types
between 50-70 words per minute. However, speech recognition programs can handle 120 words
per minute at 98% accuracy with proper training, even editing can be accomplished through the
use of voice activated programming. This makes the use of these types of software applications a
way to increase productivity as well as giving individuals with disabilities new ways to interact
and work.

1.1 Mathematical calculations using the Bayes’ Theorem for speech recognition

In the 1990’s, a number of innovations took place in the field of pattern recognition. The problem
of pattern recognition, which traditionally followed the framework of Bayes theorem and required
estimation of distributions for the data, was transformed into an optimization problem involving
minimization of the empirical recognition error [7]. This fundamental change of paradigm was
caused by the recognition of the fact that the distribution functions for the speech signal could
not be accurately chosen or defined, and that Bayes’ decision theory would become inapplicable
under these circumstances. After all, the objective of a recognizer design should be to achieve
the least recognition error rather than the best fitting of a distribution function to the given
(known) data set as advocated by the Bayes criterion. The method consists of three stages:

1. Estimation of the joint conditional probability P (o1, .., 0;; w;)
2. Description of processing of incoming data
3. Facilitating the construction of composite models
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Fig. 1. The hidden Markov model.

A hidden Markov model is a tool for representing probability distributions over sequences
of observations. Hidden Markov model falls in subclass of Bayesian networks, for modeling time
series data. In time series modeling, the assumption that an event can cause another event in
the future, but not vice-versa, simplifies the design of the Bayesian network: directed arcs should
flow forward in time. Let each spoken word be represented by a sequence of speech vectors or
observations O, defined as



102 Beraucnurensuble Texaosiornu, T.20, 2015 Becruuk KasHY, Ne 3(86), 2015

O = 01,09, ..,0 (1)

where o is the speech vector observed at time ¢. The isolated word recognition problem can
then be regarded as that of computing using Bayes’Rule gives

P(0)

Thus, for a given set of prior probabilities P(w;), ( w; is the i’th vocabulary word)the most
probable spoken word depends only on the probability P(O;w;). Given the dimensionality of the
observation sequence O, the direct estimation of the joint conditional probability P(o1; 02, .., 0jw;)
from examples of spoken words [7].

P (w;|0) =

1.2 Description of processing of incoming data

In HMM based speech recognition, it is assumed that the sequence of observed speech vectors
corresponding to each word is generated by a Markov model as shown in Fig. 3 A Markov model
is a finite state machine which changes state once every time unit and each time ¢ that a state j
is entered, a speech vector ot is generated from the probability density bj(ot). Furthermore, the
transition from state i to state j is also probabilistic and is governed by the discrete probability
a;j . Fig. 1 shows an example of this process where the six state model moves through the state
sequence X = 1;2;2:4;4;5;6 in order to; 3 generate the sequence 01 to og. Notice that in HTK,
the entry and exit states of a HMM are non-emitting.

1.3 Facilitating the construction of composite models

The joint probability that O is generated by the model M moving through the state sequence X

is calculated simply as the product of the transition probabilities and the output probabilities.
The Bayes'‘s theory is a graphical model for representing conditional independencies between

a set of random variables. Consider four states aji, aij2ba(01), agba(02), azsbs(os). From basic

probability theory we can factor the joint probability as a product of conditional probabilities:
So for the state sequence X in Fig. 1

P(O7 XjM) = P[an, a12b2(01), (1221)2(02), a23b3(03) N ] (3)

Pla11, a12b2(01), azeba(02), azsbz(03) . . .] = Pla11] * Plaiaba(o1)ar1]* (4)
*Plagaba(02)ai1, a12b2(01)] * Plazsbs(0s)ain, ai2bz(01), azaba(02)]
This factorization does not tell us anything useful about the joint probability distribution:
each variable can potentially depend on every other variable. However, consider the following
factorization:

P(O; X; M) = Plai1] x Plaiaba(01)] * Plasabe(02)a11] * Plagsbs(os)air, arsba(o1)]  (5)

The above factorization implies a set of conditional independence relations. For example
variable (or set of variables) A is conditionally independent from B given if P[A,B,C] =
P[A,C|P[B,C] for all A, B and C. From above factorization we can show that given the values
of a1 and aj2b2(01), ageba(02) and agsbs(os) are independent:

Plai1, a12b2(01)azba(02), azsbs(oz)] =
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Play1] * Plaiaba(01)] * Plaebz(02)]a11] * Plassbs(03)air, ai2bz(o1)] =
[P(ag2b2(02), azsbs(03)]

_ Plaii]*P[ageba(02)| a11]*P[agzbs(03)|a11,a12b2(01)]¥P[agaba(02),a23b3(03)]

P [agsb3 (03)]

= Plagaba(02)|a11] * Plasbz(03)a12b2(01), azzba(02)] (6)

In practice, only the observation sequence O is known and the underlying state sequence X
is hidden. This is why it is called a Hidden Markov Model.

By creating of probability conditions based on-Bayer’s theorem, we offer a mathematical
solution for building up the speech recognition.

1.4 The results of recognition of isolated words.

Suppose sentence is a kind of interval, in this interval numbers i.e. words scattered out of order,
as we know that interval-is a set of numbers consisting of all the numbers between a pair of
given numbers along with either, both, or none of the endpoints. Based on this it turns out that
if words-numbers are not arranged in order it will not be considered as interval as well as the
sentence.

Fig. 2. Probability of a sequence.

Now assume that any word for example “sunny” is-y is in interval [0.5,0.7] (see fig.2) [today,
rejoiced| in the set there such words as {today, us, tomorrow, late, warm, weather, room, study,
spring, rejoiced etc} as we know initial and end boundaries are “today” and “rejoiced”, now we
need to determine what is the probability that the word “sunny” will be the second word in
sentence, and word “weather” third.

Suppose we want to know what is the probability that y-i.e. “weather” lies in the interval
[0.5, 0.7], if x is already in the interval [0.1, 0.4] (see fig.2). That is in actual, we have the filter
and when we call the pair (x, y), we immediately discards those pairs which do not satisfy the
condition of finding x in a given interval, and then filtered pairs we consider those for which
y satisfies our condition and consider the probability as the ratio of the number of pairs for
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which y lies above the interval to the total number of filtered pairs (i.e. for which x lies in the
interval (|0.1, 0.4]) i.e. [today,rejoiced|. We can write this probability as p(Y|X). Obviously, this
probability is equal to the ratio of the area of the dark area (the intersection of the green and
blue areas) to the area of the blue region. The area of the dark area is equal to (0.4 - 0.1) * (0.7
- 0.5) = 0.06, and the area of the blue (0.4 - 0.1) * (1 - 0) = 0.3, then their ratio is 0.06 / 0.3 =
0.2. In other words, the probability of finding y in the interval [0.5, 0.7| despite the fact that x
belongs to the segment [0.1, 0.4] is equal to p(Y|X) = 0.2. You can see that taking into account
all of the above and all above notation, we can write the following expression

p(X,Y)
p(X)

Briefly play all the previous logic now with respect to p(X,Y): we call a pair (x,y) and the
filtered those for which y lies between 0.5 and 0.7, then the probability that x lies in the interval
[0.1, 0.4], provided that y belongs to the segment [0.5, 0.7] is equal to the ratio of the area of the
dark area to green space:

p(Y,X) =

(7)

p(X,Y)

p(X]Y) = o)

(8)

In the two above formulas, we see that the member of p(X, Y) are the same, and we can
exclude:

p(X,Y) = p(X]Y) *p(Y) = p(Y]X) * p(X) 9)
_ p(Y[X)*p(X)
p(X|Y)= o) (10)

For methods of handling voice and video signals and also storing them, performing a relatively
simple task, when testing it is defined preliminary parameters of voice and video signals and
degree of stability in the working process towards to variations of input signals. For recognition
system, working in real conditions and on real data, when testing it is defined percent of made
mistakes, i.e. is assessed not the behavior under different conditions, it assessed how effectively
system solves its task set before it. For speech recognition systems are used biometric methods
for the assessment of percent error in the process of work.

For analyzing system’s results we consider 10 speakers in table 1, among them 5 speakers are
men and 5 women.

Table 1. Analysis of recognition system

Speakers System of speech|Multimodal system of
recognition speech recognition

Man-1 90,1% 93,4%

Man-2 91% 93,6%

Man-3 90,4% 94%

Man-4 89,8% 91,2%

Man-5 90,7% 93,6%

Woman-1 |91,2% 93,6%

Woman-2 (91,3% 93,6%

Woman-3 [91% 93,1%

Woman-4 [92,1% 93,8%

Woman-5 |90% 92,7%
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From analysis of recognition system (table 1) we get the Comparative analysis of speech

recognition system (schedule 1):

95, 00%
94,00% P.,\

93,00% } L ‘-.
93,00% \ /

91,008 - - v ’_\.A =—4=—>Spech recognition
e W & X sistem
90,00% »

5 & =il MUt imodal speech
B89,00% - recognition system
83,008
87,008 T T T T T T T T |

Q:»Q:bofb(‘.b- f-:{\?»ef'l-o:‘: L
F PP S EES S
2% % g% a7

Fig. 3. Shedule 1. Comparative analysis of speech recognition system

For car navigation system it is possible propose created system. Hitherto methods of reading

lips have not been effectively used in real time yet, due to difficulty in tracking lips. In this
work we propose: the system of tracking lips which can effectively applying as support for an
existing speech recognition systems; multimodal system of speech recognition as an effective tool
for recognition of Kazakh speech.
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Abstract. This paper contains design and implement of the automated system for image
recognition of mineral spices in the mining industry. It is used CASE (Computer-aided software
engineering) technology as AllFusion Process Modeler (BPWin), including a function modeling
methodology of IDEF0 (Icam DEFinition for Function Modeling) on the functional modeling
language of Structured Analysis and Design Technique (SADT) and a graphical representation
of Data Flow Diagram (DFD). Now the developed automated system for images recognition for
assessment of qualitative structure mineral breeds consists of six subsystems: for the research and
receiving micrograph of rock; for input and identification of a rock micrograph; for preliminary
processing: quality improvement; definition a threshold of the image reduction; for a choice of
a vector of signs for the cluster analysis and the cluster analysis for definition of mineralogical
composition of rocks. In the automated system the following Data storages are organized: Gallery
of source images in which samples of rocks are stored; Gallery of the connected images where
intermediate processing results of source images are stored, Template library where minerals samples
are stored. Database with characteristics of rocks is autocompleted at input of images in Gallery of
images. It is defined specifies requirements for the subsystem micrographs analysis.

Keywords: Petrographic analysis, Digital microscopy, Image recognition, Computer vision system,
Case-technology, Mineral rock, Rock sample.

1 Introduction

Petrography is the science that studies the material composition of the rocks. Unlike minerals,
rocks are aggregates composed of different minerals [1]. Minerals are homogeneous in composition
and structure of the rocks and ores. They are natural chemical compounds resulting from
various geological processes. Historically minerals initially determined by color and shape.
Mineralogical and petrographic characteristics of rocks are determined by the macro- and
microscopic examination of samples and thin sections [2]. According to the results of macro-
and microscopic studies of rock up a summary petrographic characteristics and define the scope
of the possible use of the rock [3]. Macroscopic examination of the rock is carried out visually
with a magnifying glass or microscope with the following description of ores and rock cores
[4]. In this case, are determined using ISO 25706: - The main rock-forming minerals; - The
presence of mineral inclusions adversely affect the durability and decorative; - Availability of
secondary minerals, weathering unstable and loose rocks and minerals, rocks crumble during
processing; - The presence of inclusions of minerals, rocks impedes treatment, the nature of
their distribution among other rock-forming minerals and quantity; - The texture and structure
formation; - Fracture; - Translucency; - Color. Microscopic study of rock from thin sections
includes a definition using ISO 25706: - Mineralogical composition; - Quantitative composition of
rock-forming minerals; - Morphology of minerals and their relationships; - Structure; - Diagnostic
petrographic constants of minerals; - The presence of harmful impurities; - Availability of
secondary structures (newly-formed minerals, veins, and others.) with their quantification; -
Petrographic name of the rock.
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In offered work development of computer vision system of mineral rocks, in particular
problems of development of a technique and image recognition technology to assess the qualitative
composition of mineral rocks are considered.

2 Materials and Methods

2.1 Methods of Identification of Mineral Rocks Images

Minerals are homogeneous in composition and structure of the rocks and ores. They are natural
chemical compounds resulting from various geological processes. Historically minerals initially
determined by color and shape citeFarndon:Minerals.

Consider a sample of slag copper anode as an example (Figure 1. Micrographs of this sample
were kindly provided Eastern Research Institute of Mining and Metallurgy of Non-ferrous Metals
(Kazakhstan, Ust-Kamenogorsk).

Fig. 1. Micrograph of a sample of slag copper anode, increasing in 500 times.

According to experts on microscopy of minerals from Eastern Research Institute of Mining
and Metallurgy of Non-ferrous Metals at this picture there is no minerals having dependent on
the direction of the plane of polarization of light. In this picture you can detect metallic copper
and the following minerals: cuprite CusO, magnetite FezOy, Delafosse CuFeO,, silicate glass.

Cuprite CusO can be identified as follows: it is characterized by the shape of a round
shape, color - it is light gray (sometimes with a slight bluish tint). Figure 2 shows the graphical
representation of cuprite.

et iy

Fig. 2. Cuprite on micrographs.

Fe304 magnetite on micrographs may also be detected by color and shape. Color of magnetite
on micrographs is dark gray. Shape is angular, as expressed by technologists, "octahedral". Figure
3 shows magnetite apart from other minerals picture.

Delafossite CuF'eOs micrographs can allocate to the needle shape and gray (with a brownish
tint) color. On Figure 4 it can be seen delafossite on the micrographs.

Metallic copper on the micrographs can be found on the following criteria: color - yellow,
shape - round, without flat faces. Figure 5 represents a micrograph metallic copper.
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Fig. 4. Delafossite on micrographs.

Silicate glass - is a dark gray mass fills the rest of the space that is left of the other minerals.
These data indicate that for real micrographs slag samples (and some other minerals) it is
possible to use automated qualitative assessment of the mineral composition. After receiving the
full image it is often needed to treat it, mainly to simplify further analysis.

2.2 Modelling Computer Vision System for Mineral Rocks’ Images using Case -
Technology

CASE-technology [7] for automated systems development was used to create computer vision
system for assessing the qualitative composition of mineral rocks. For this purpose the project
was divided into stages of analysis with a description of the main business processes [8]. CASE-
means top-level AllFusion Process Modeler (BPWin) [9] and methodology IDEFO0 (structural-
functional model) and DFD (DataFlow Diagram) were used for the analysis and reorganization of
business processes [10]. Description of develop automated image processing system for assessing
the qualitative composition of mineral rocks in general, and its interaction with the environment
is shown in Figure 6.

Nowadays developed automated image recognition system for assessing the qualitative
composition of mineral rocks consists of 6 main subsystems [11]:

Research and getting micrograph rock.

Input and identification micrograph rock.

Pre-processing: improving the quality.

Definition of image reduction threshold.

Select the feature vector for cluster analysis.

Cluster analysis to determine the mineralogical composition of rocks.

A e

Structural-functional model of the major subsystems of the automated image recognition
system for assessing the qualitative composition of mineral rocks in IDEF0 notation is shown in
Figure 7.

On the first stage is supposed to implement research and obtain the micrograph of rock. It
is necessary to follow these steps:

Fig. 5. Metallic copper on micrographs.
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1. Implement a preparation of rock sample (cut and polished).

Get a scanning electron micrograph of the rock on the microscope.

3. Visually examine the rock sample, determine the types of minerals that contain rocks. In the
future, it will be used in the cluster analysis to select initial values of the centroids.

4. Send micrograph of rock on a computer using software supplied with the microscope.

o

DFD - diagram decomposition subsystem "Research and getting the micrograph rock"is
shown in Figure 8.
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Fig. 8. DFD - diagram decomposition subsystem "Research and getting the micrograph rock".

The next stage involves the identification and carry input micrograph rocks. It is necessary
to follow these steps:

1. Enter the image in the image gallery. The image is automatically saved in the gallery of
images of rocks.

2. When entering the images in the image gallery is automatically populated database with
the characteristics of rocks: identification number of the rock; field, where the rock is found;
composition of minerals that contain rocks (by visual inspection under a microscope).

3. Process fragmentation image to highlight patterns of minerals. It is formed minerals templates
library.

4. When you save the template in the template library database with the characteristics of
minerals mineral identification number is automatically fulfilled: the name of the mineral,
color, shape, mine.

DFD - diagram decomposition subsystem "Input and identification micrograph of rocks"is
shown in Figure 9.

At the next stage it is supposed to implement pre-treatment of images by digital filtering to
improve the image quality for the subsequent segmentation and classification [12]. Pre-treatment
micrograph includes the following features:

1. Filters for image smoothing to eliminate noise and RF interference. The system included:
Box - filters, Gaussian filter, median filter.
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Fig. 9. DFD - diagram decomposition subsystem "Input and identification micrograph of rocks".

2. Filters for improving image sharpness. Implemented the Laplace filter.

3. Reconstruction filter images distorted famous instrumental function. It is proposed to use
the construction of the inverse filter algorithm based combination assembly. This algorithm
proposed by the authors.

4. Isolation boundaries detection circuits. The system included a detector Sobel, Prewitt
detector, the detector Laplacian Gaussian, Canny detector.

The program is recommended to keep the pre-processed images in the repository related
images. DFD - diagram decomposition subsystem "Pre-treatment micrograph: improving
quality"is shown in Figure 10.

At the next step it is determined the reduction of the image threshold. Purpose of stage is
to reduce the dimensionality of data and as a consequence, increase the speed of algorithms on
the following stages. Reducing the size of the image in N times leads to an increase in processing
speed in N2 times, which greatly increases the efficiency by allowing the use of more "expensive"in
terms of time, but better (adequate statement of the problem) algorithms. The main objective of
this approach is definition a threshold reduction of digital images. It is proposed two approaches
[13]:

1. Assessment of the mean square error dispersion within a sliding window of the original and
the reduced images. The criterion is based on splitting the image to the same number of
areas (windows disjoint), according to the selected partitioning step, and calculating a mean
square error between the inside of the window on the luminance variance for the original and
the reduced images.

2. Histogram evaluation. The method is based on a comparison of "forms"of the luminance
histogram and the scaled image source. The standard error deviation of the histogram of the
original image from the modified histogram serves as a criterion.

The Pyramid of reduced images is realized in the program. Image of Pyramid recommended
keeping in storage related images. DFD - diagram decomposition subsystem "Definition of
threshold reduction image"is shown in Figure 11.
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The next step is includes analysis assumes different color spaces for object segmentation using
the algorithm proposed in the paper. The purpose of the analysis is to choose the structure of
the feature vector for solving the problem of segmentation by cluster analysis method. It is based
on their logical and mathematical representations the study of color models, as well as their use
as feature space when the cluster analysis led to the conclusion about the correctness of pre-
modernized color space HSV (color-saturation-brightness) choice. DFD - diagram decomposition
subsystem "Select the future vector for clustering analysis"is shown in Figure 12.
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Fig. 12. DFD - diagram decomposition subsystem "Select the future vector for clustering analysis".

The next step is a process of cluster analysis expected for color image segmentation. This
algorithm is implemented in two versions [19]:

1. Select the number of clusters and initial centroids randomly.
2. Select the number of clusters and initial centroid of the characteristics of rocks and minerals.

DFD - diagram decomposition subsystem "Cluster analysis of rocks"is shown in Figure 13.
On the basis of the offered model the program complex which can be used for quality standard
of structure of mineral breeds was developed [14].

3 Results and Discussion

It is considered the problem of cluster analysis to segment micro-images in mineralogy. In this
case, the cluster is uniform in color-luminance characteristics region (segment) if digital image.
And according to the specifics of digital images mineral rocks might be in the same cluster
multiple segments, and research method determines homogeneity of individual clusters [16]. Due
to two factors it was reasonable to use cluster analysis for the problem of segmentation: there is
only one tuning parameter k - sa number of clusters that you want to highlight, and the sets of
color-brightness characteristics associated with different types of segments analyzed image are
compact [17]. The classic version of cluster analysis focused on a random selection of centroids is
unacceptable for an adequate solution to the problem due to variations in the resulting picture
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Fig. 13. DFD - diagram decomposition subsystem "Cluster analysis of rocks".

segmentation, which, in turn, depends strongly on the order of submission of observations to the
input of the algorithm. As follows from the results of the test image processing, segmentation
of each picture is different form the obtained segments. It is proposed to develop methods for
obtaining initial values of the centroids to solve the problems of inadequate segmentation, and the
choice of a set of parameters that form the vector of observations, the most satisfying description
of the characteristics shared segments. Initially drawing from the scanner enters in the format
RGB. In the future, it can be possible to convert it into color space HSV, XYZ and Lab. It can be
concluded that as a feature vector that best satisfy the specifications describe the shared segment
must be used with a HSV color space of the cylindrical passage in the Cartesian coordinate
system. Accordingly, the image segment can be represented by a set of points in three-dimensional
Cartesian coordinate system. To enhance the stability of the algorithm k - means necessary to
set the initial values of centroid clustering [18]. In the course of the project have been developed
methods for obtaining initial values of the centroids of the clusters. The input parameters of a
clustering algorithm are:

— The number of clusters;
— The initial values of the centroids of the clusters.

Once the area is selected it must be recorded in the cluster table. To do this, you must specify
the following parameters:

— The name of the cluster;
— Fill color;

— Mineral.

The result of the cluster analysis is shown in Figure 14.

Each cluster includes a certain number of points. Given the ratio of the number of points
allocated in each cluster with a number of common points can be displayed relative rates of
minerals in rock samples [19]. Various minerals marked in different colors. In this case, the
metallic copper is red, magnetite - blue cuprite - orange. Considered sample has the following
content of useful elements:
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Fig. 14. DFD - diagram decomposition subsystem "The result of cluster analysis".

— Magnetite - 28.45%;
— Metallic copper - 18.45%:
— Cuprite - 7.92%.

4 Conclusion

This work contains development of methods and algorithms of computer vision for image
recognition of mineral spices. It is described CASE-technology for automated systems
development was used to create computer vision system for assessing the qualitative composition
of mineral rocks. Methods and algorithms of computer vision of mineral rocks, in particular
problems of the algorithm for automatic segmentation of colour images of ores, using the methods
of cluster analysis are considered. Results of studies are demonstrated different colour spaces by
k-means clustering. It was supposed the technique of pre- computing the values of the centroids.
There is formulas translation metrics colour space HSV. The effectiveness of the proposed method
lies in the automatic identification of interest objects on the total image, tuning parameters of
the algorithm is a number that indicates the amount allocated to the segments. The program
complex in the language C Visual Studio 2013 was developed for check of results of research.
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Abstract. The models of software implementation of the system of cryptographic protection
of information (SCPI) with the specified characteristics are described. This system is designed
for using in systems and networks of information transmission and storage. In the developed
system of cryptographic protection of information, the nonconventional algorithms of encryption
and digital signature developed on the basis of non-positional polynominal notations (NPNs) are
implemented. Definable characteristics are the length of the message or the digital signature, as well
as cryptostrength of algorithms.
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1 Introduction

This paper presents the results obtained by the development of the following models:

— software implementation of the digital signature scheme;
— systems of cryptographic information protection based on non-positional polynomial
notations (NPNs) with the given cryptostrength.

The implemented system of cryptographic information protection consists of three parts
(blocks): the formation of full secret keys for implemented non-traditional cryptographic
algorithms, the encryption system of electronic messages with the given cryptostrength and
the digital signature scheme with the given cryptostrength [1-4].

2 Creation of the Model and the Algorithm of the Block of the Digital
Signature Formed by Modules of Several Redundant Polynomial Bases

The algorithm of formation of a digital signature of length Nj bits for the electronic message
of the given length N bits by modules of several redundant bases is software-implemented and
includes three stages.

Stage 1. Creation of NPNs.

Stage 2. Hashing (compression) of a message from length N to length Ni(N; << N) by
extrapolation on the redundant (extension) base numbers.

Stage 3. Encryption of the obtained hash-value.

Encrypting the hash value is provided by non-traditional method [4].

When checking the digital signature, after receiving a signed message, an addressee computes
two hash-values. The first hash-value is determined from the obtained message. The second hash-
value is determined as a result of decrypting the obtained digital signature. If the values of both
hash-values coincide, then the signature is authentic.
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The full key in this algorithm of forming the digital signature is the system of working bases
and the system of redundant bases, taking into account the order of their location, and the full
key which is used to encrypt the hash value.

To implement the digital signature scheme two models were considered. In the first model,
the cryptostrength of the digital signature formation algorithm is determined directly in the
block of the electronic digital signature (EDS) system. In the second model, this cryptostrength
is calculated in the key formation block and is stored in the database (DB) of full keys.

The creation of different models of implementation for non-traditional cryptography systems
allows to construct such system of cryptographic information security which would be simple to
be transformed in case of changing the model of implemented cryptographic algorithms.

The structural diagram of the first model of implementation of non-traditional algorithm of
the digital signature formation is shown in Figure 1. This diagram shows the structure of the
main stages and the EDS formation algorithm and its software implementation.

The choice of systems of working and redundant bases and bases for hash - value encryption,
i.e. at each stage of EDS formation algorithm, is made from the database of irreducible
polynomials with binary coefficients. The cryptostrength which is compared to the given ppreset
is calculated by the chosen base number systems. If the calculated p,qieq value turns out to be
less than the given cryptostrength ppreser, other base number systems will be chosen.

When the necessary set of base number systems is found, the digital signature by means of
encrypting the received hash - value is calculated.

The advantage of this model lies in the fact that the full key is formed and chosen at the
time of digital signature formation. This of course reduces the rate of formation of EDS. The
increase of the speed of obtaining the signature on this model can be achieved by parallelization
of arithmetic operations embodied in the signature formation algorithm, that is by the selected
base numbers of each of these three systems.

In the second digital signature scheme model, the full key is formed in the "Formation of full
keys"block (respectively, by the length of messages and digital signatures) and is stored in the
full keys database. The components of the full key are the system of working bases, the system
of redundant bases, and also the pseudorandom sequence (the traditional secret key), and the
inverse for pseudorandom sequence key for hash-value encryption.

Then the value of cryptostrength which is registered in the corresponding database is
calculated for the EDS system of full keys. Besides these components, other required information
can be stored in the database, too.

3 Development of the Model and the Algorithm of Implementation of the
System of Cryptographic Protection of Information

The assignment of the system of cryptographic protection of information (SCPI) is the
cryptography information conversion on the basis of nonconventional algorithms of encryption
and electronic digital signature developed on the basis of nonpositional polynominal notations
(NPNs) for using in infocommunication information transmission and storing systems [1-5]. The
feature of the model is the fact that the created SCPI implements algorithms of encryption and
formation of EDS with the given cryptostrength.

The cryptostrength of these encryption algorithms is determined by the total number of
possible and distinct from each other variants of choice of full keys. Formulas of cryptostrength
of non-traditional algorithms of encryption and formation of EDS were received. Reliability
analysis of these cryptoalgorithms showed that using polynomial notations in residual classes
with binary coefficients allows to considerably increase their effectiveness by parallelization in
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calculation on each base number of the used NPNs. It also allows to decrease the length of digital
signature without losing cryptostrength.

For the above-mentioned cryptoalgorithms, the created SCPI includes three interconnected
blocks (or subsystems) which realize: the formation of full secret keys, the system of encryption
and the digital signature scheme [6]. For software implementation two models of cryptographic
protection of information are proposed.

In the first SCPI model the choice of full keys of the realized cryptoalgorithms is implemented
from the DB of irreducible polynomials with binary coefficients directly in the blocks of program
modules of encryption and digital signature formation. The cryptostrength which is compared
to the given one is calculated by the chosen base number systems ppreses. If the value of the
calculated cryptostrength prqeeq turns out to be more than the given cryptostrength ppreser ,
other base number systems will be chosen.

3 3 Input of the block of length
RE ol iednable N and digital signature N,, Message input.

polmuials P block division

Choice of base number
systems

Message interpreted as NPNs
sequence

Hashing length from N to
Nl

Hash value interpreted as
NPNs sequence

Cryptostrength calculation

Encryption

Digital signature — the received hash value cryptogram

Fig. 1. The arrangement of realization of non-traditional algorithm of digital signature formation

When the necessary full key is found, the digital signature encrypting or calculation is realized.

The advantage of this model lies in the fact that the full key is formed and chosen at the
time of cryptoalgorithm performance. This SCPI model allows to provide considerable privacy of
the used full keys, but under these conditions the speed reduction of procedures of encryption or
formation of the digital signature is possible. It is possible to increase the speed at the expense of
parallelization of computing operations in all base numbers used in the realized cryptoalgorithm.

The arrangement of implementation of the first model of the cryptographic information
protection system is given in figure 2. It completely shows the structure of SCPI and correlation
of SCPI blocks. In this model the database of irreducible polynomials with binary coefficients
should be protected.

In the second SCPI, the full key for encryption and EDS computing systems is formed in the
"Formation of Full Keys"block with the use of the irreducible polynomials with binary coefficients
and is stored in the database of full keys. The components of the full key are the system of
working bases, the system of redundant bases, the system of base numbers, the pseudorandom
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Fig. 2. Structural diagram of cryptographic information protection system based on non-positional polynominal
notations

sequence (the traditional secret key), and the inverse for pseudorandom sequence key for hash-
value encryption [7|. The database of full keys can be formed in share mode or separately for
each block.

The advantage of the second model is the possibility of creating large inventory of full
cryptographic keys of different lengths in the database, which, of course, needs to be protected.
Therefore, it is assumed to protect this database, to store it in the encrypted form and also to
have its reserve copies.

4 Conclusions

To ensure the security of the full key database it is supposed to store it in the computer in
encrypted form. One of the planned works is to implement the SCPI model on the basis of the
time pad, i.e. the full key database will be stored on a removable memory (USB) and identified
only by encryption software. The task to prevent reusing of full secret key from the DB is also
solved.

The creation of various models of implementation for non-traditional cryptographic systems
allows to create such system of cryptographic information protection which would be easily
transformed under model changes of the implemented cryptographic algorithms.

The development of the system of cryptographic information protection is carried out in
compliance with requirements of legal documents of the Republic of Kazakhstan in the field of
informatization.
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1 Introduction

Unconventional systems are basis for creation of the proposed model of asymmetric system of the
digital signature (DS) on the basis of DSA algorithm [1-3]. In the classical notations in residue
number system the bases are prime numbers, and in NPNs bases are irreducible polynomials over
GF(2) [3]. Usage of NPNs allows reducing the key length, increasing the strength and efficiency
of the nonpositional cryptographic algorithms [4]. Increased efficiency is ensured by the NPNs
rules in which all arithmetic operations can be performed in parallel on NPNs base module.

The developed unconventional cryptographic algorithms of the DS formation are performed
for a predetermined length of an electronic message. In these cryptosystems as the
cryprtostrength criterion used cryptographic strength of DS formation algorithms themselves,
which is characterized by the full private key [3-5].

In [3]| developed the NPNs arithmetic with polynomial bases and its application to problems
of increasing reliability. It is shown that the algebra of polynomials over a field be the irreducible
polynomial modulo over this field is the field and polynomial presentation in nonpositional is
unique. The rules of arithmetic operations in NPNs and the polynomial recovery by its residues
are defined. According to the Chinese remainder theorem all working bases should be different.

2 Formation of NPNs

The process of NPNs formation for signing an electronic message M of length N bits is as follows.
Systems working bases with binary coefficients are selected

p1(@), p2(x), -, ps (), (1)

where p;(x)-irreducible polynomials over the field GF(2) of degree m; respectively, i = 1, S. The
S S

main working range of NPNs represented by polynomial Ps(z) = [] pi(z) of degree m = > m;.
i=1 i=1

1= 1=
All the selected working base should be different from each other (according to the Chinese
remainder theorem), even if they are irreducible polynomials of one degree.
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In NPNs any polynomial F'(z), the degree of which is less than m, has nonpositional
representation as a sequence of residues from its division into base pi(x),p2(x),...,ps(x)
respectively, and it is unique:

F(x) = aj(z), az(x),...,as(x), (2)

where F(x) = (a;(x)(mod p;(x)),i = 1,S. By the form (2) recovering positional representation
of the polynomial F(x) [3.4]:

F(x) = Z;Oéi(l')Bi(x), i(z) = ((];i%)))Mz(:r) = 1(mod (pi(z)),i =1, 5. (3)

Polynomials M;(x) are selected such as to satisfy the comparison in (3).

Sy

In NPNs the electronic message of length N bits is interpreted as a sequence of remainders
of division of some polynomial (denote it also as F(z)) according to the working base
p1(x),p2(x),...,ps(x) degree not higher than N, ie in the form (2). Bases are selected from
the number of all irreducible polynomials of degree from my to mg from the execution condition
of the equation [6]:

kimi + kamso + - - - + ksmg = N. (4)

In equation (4) 0 < k; < n;, i = 1, S - the unknown coefficients and the number of selected
irreducible polynomials of degree m;. One concrete set of these coefficients is one of the solutions
(4) and defines one system of working bases, n; - the number of irreducible polynomials of degree

S
mi, 1 < m; < N, S = > k;- the number of selected working bases. Equation (4) defines the
i=1
number of S working bases, residues that cover the length N of the given messages. The full
system of residues by polynomials modulo of degree m; include all polynomials of degree not
higher than m; — 1, to record requiring m; bit [4-5].
In the NPNs to obtain DS the hash value is used from the signed message.

3 Hashing an electronic message in NPNs

For hashing the message M of length N bits to N bits the redundant bases

ps+1(), ps+2(x), .., ps+u(T). (5)

are entered.

These bases are selected randomly from all irreducible polynomials, degree not higher than
Np. System of redundant bases is formed independently from working bases selecting. Among
U redundant bases may coincide with some of the working bases. Let denote aq,as,...,ay
and dy,ds, ...,dy degree and the number of irreducible polynomials, respectively, used in their
selection. The number of selected redundant bases in this case determined from the equation:

tia1 +toas + - - - +tyay = N, (6)

where 0 <t; < dj, 0 < a; < N, j = 1,U,t; - the number of selected redundant bases of degree
aj, U=t +1t2+ -+ ty - number of selected redundant bases, recording of the residues which
covers the hash value of length Ni. The solution of equation (6) defines one system of redundant
bases.
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The next stage of calculations of the hash value is to calculate the redundant residues

as+1(z), asi2(2), ..., asiu () (7)

by dividing the reduced polynomial F'(x) to redundant bases (5). Then, the hash value is
interpreted as a sequence of residues:

h(F(z)) = (ag+1(2), ag42(2), .., asqu (@), (8)

where h(F(z)) = agyj(z)mod ps4;(x)), j = 1,U. The sum of length of the redundant residues
(7) is the length of the hash value and the DS.
The nonpositional asymmetric DS system is constructed to obtained hash value.

4 Asymmetric digital signature based on NPNs

Digital Signature Algorithm (DSA) - this is the digital signature scheme [7], which was adopted
in 1994, as the US standard, and acting until 2001. This scheme is the variation of a digital
signature of the ElGamal scheme and K. Schnorr. DSA reliability is based on the practically
insoluble of the particular case of the problem of calculating the discrete logarithm.

The essence of DSA electronic signature scheme is the following. The sender and recipient of
the electronic document in computation use large prime integers p and ¢, in the range 2¢~1 <
p < 2L 512 < L < 1024, L multiple of 64, 2" < ¢ < 2'69 ¢- prime divisor of (p — 1) and

g= h%mod p, where h arbitrary integer, 1 < h < p — 1 such that h%(mod p) > 1.

The private key b is kept in secret and randomly selected from the range 1 < b < ¢. Calculated
value 8 = g®mod p. The parameters (p, ¢, g) - are the public keys, which published for all users
of the information exchange system with DS.

The formation process of the DS for the message M consists of the following steps:

1. determine hash value h from the signed message M : h = h(M);

2. choose random integer r, which is keeping in secret, in range 1 < r < ¢ and its varying
from one sign to another;

3. calculate value: v = (¢"mod p)mod g;

4. calculate & = (r' (h + by))mod ¢, where ' satisfies the condition (r'r)mod q = 1;

5. DS for the message M is the pair of numbers (v, d). They are passed along with the message
by open communication channels.

The process of verification of DS M is consists of the following steps: (Let denote M /,6/,7/
obtained by the addressee version of M, d, 7).

1. checking the conditions 0 < §,7 < ¢. Reject the signature if any one of the conditions of
the DS is not satisfied these conditions.

2. calculate hash value hy = h(M /) from the received message M.

. calculate value v = (') "'mod q.

. calculate value: z; = (hiv)mod ¢ and z, = (v v)mod q.

. calculate value: u = ((g* 5*2)mod p)mod q.

. the DS is valid if fy' = u. It means that in the transfer process the integrity of the message
was not compromised. Otherwise, the signature is invalid.

In the construction of nonpositional asymmetric system of DS initially made modification of
the DSA algorithm: excluded the second module ¢, because for the DS calculation will use the
obtained above hash value in NPNs. Then, for the constructed DSA algorithm by one module p
the nonpositional system of digital signature of length N will be developed.

S U W
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The obtained electronic document (hash value) of length Ny, (8) is considered in nonpositional
polynomial notation, which nonpositional asymmetric system of DS be developed. For this NPNs
polynomial bases

n(x), n2(x), ..., nw(z) 9)

are selected similar as the choice of working bases in section 2. Let denote q1,q2, ..., g and
l1,1, ..., lyy degree and the number of irreducible polynomials, respectively, used in their selection.
The number of selected redundant bases in this case is determined from the analog equations (4)
and (6).

Then, for bases (9) respective generating elements (polynomials) gi(x), g2(x), ..., gw(x) are
found, which are analogous to primitive elements in the algorithm DSA.

The private key of the sender b is selected also in range [1,2%], where ¢ is the sum of the
degrees q1,q2, ---, Qv -

Calculate value of the public key 5(z): 5(x) = (51(x), B2(z), ..., Bw(x)) by bases modulo (7).

Next, choose a random integer r in range [1,29].

Polynomials v(z) and §(z) in the modified DSA algorithm by one module p presented in
nonpositional form as a sequence of residues from their division on the bases (9).

The digital signature for the message M is the pair of polynomials (y(x),d(z)).

5 Conclusion

The feature of formation of nonpositional asymmetric system of DS using the DSA algorithm
and NPNs is that not all parameters can be used as indicators of the degree. This applies to
polynomial bases of NPNs. Computer modeling of the modified cryptosystems based on NPNs
will allow developing recommendations for their reliable use and generation of full secret keys.
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Abstract. This paper contains the previously known results, as well as new our results by
objective of constructing the least dense covers of the plane regions with disks, ellipses and sectors.
Such problems are considered in the context of design an energy efficient wireless sensor networks,
which are an example of a distributed network of data collection and transmission. Arising in
this connection computational geometry problems are difficult to solve, so basically approximate
solutions are searched. We proposed several new coverage models with the least known density in
their class.
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1 Introduction and Problem Formulation

Wireless sensor network (WSN) consists of devices that collect information and transmit it to
the base station via radio. Each sensor is equipped with a battery replacement or charging of
which is either impossible or impractical. WSN’s lifetime is a time period during which the
network collects and transfers data from a certain region. Energy consumption is associated with
sensor’s monitoring area, which is called the coverage area of the sensor. Energy consumption
is proportional to the area covered by sensor. Therefore, the multiple coverage entails excessive
energy loss, which leads to a reduction of network’s lifetime. Therefore, the problem of energy-
efficient monitoring can be reduced to the problem of finding the least dense cover, where the
density of coverage an area of S is the ratio of the sum of squares of elements in the cover to S.
The lower density, the better cover.

Since in the applications a coverage area of a sensor can has different shapes (disk, ellipse,
sector) and different size (radius, semi-axes, angle and radius), then the following general
computational geometry problem can be formulated.

General problem. For a given plane region, every point of which must be covered by at least
one figure, the list of types of figures and admitted regions of their parameters, it is required to
define the set of figures in the cover, values of the parameters and to determine the placement of
each figure and its orientation in order to minimize the density of the cover.

Since the set of covers is continual, in practice, typically the regular covers are considered. In
the regular cover the region is split into the equal polygons (tiles), and all the tiles are covered
identically. As a result, for the calculation of the density of a cover of the whole region it is
sufficient to estimate the coverage density of one tile.

In the cover one can use different types of figures. Thus, the two figures have the different
types if they differ not only by shape, but even if they have different sizes. For example, a disk
and a sector it is different types of figures. But two disks are different too if their radii differ. On
the other hand, the two ellipses have the same type if their half-axis coincide regardless of their
orientation.
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We introduce the class COV (p,q) as a set of regular covers, in each of which the tile is
covered with p figures of ¢ different types. Obviously, the more types of figures used in the cover,
the lower density of cover may be. In this paper we restrict ourselves to the covers in the classes
COV(p,q), q <2 (with figures of at most two types).

Consider a cover of one tile in the class COV (p,q). Renumber the figures covering a tile
and denote by e! the i-th figure of type ¢, t = 1,...,q, i = 1,...,n;, where n; is a quantity
of figures of type t covering one tile. Obviously, Xq: nt = p. Denote by A(e!) tile area, where it
can be located centre (for disk or ellipse) or verfce}lc (for sector) of the figure e!. If one set the
number of each type of figures n; and the placing domain of each figure A(el), then define the
coverage model. The choice of the sizes, the centre (from A(el)) and a tilt angle of each figure
ejf, i1=1,...,n¢, t =1,...,q, defines a concrete cover.

Problem formulation. In this paper, we consider the problem of the construction of min-
density regular covers in the classes COV (p, q) when one tile is covered by p figures of ¢ (¢ =1,2)

different types.

2 One Type of Figures

If equal disks are used in the cover, then in [13] is proved that regular cover D1 in class COV(3,1)
is optimal (of minimum density) if the centres of three pairwise intersecting disks form the
equilateral triangle — a tile, and only one point belongs to all three disks (Fig. 1a). The density
of this cover equals 27/+/27 ~ 1.2091.

Some covers using ellipses can be constructed from the covers that use disks by applying the
affine transformation (AT). An AT is a transformation that preserves straight lines and ratios
of distances between points lying on a straight line while keeping the coverage density the same.
Examples of ATs include translation, expansion, reflection, and rotation. An AT is equivalent to
a linear transformation followed by a translation. In [6] we noticed that after applying AT to the
cover D1, one can get the cover E1 with equal ellipses in different classes depending on the tile
(Fig. 1b). If tile is a triangle EBC, then the cover is in the class COV'(3,1). If tile is a triangle
ABC, or a square ABDC, then the cover belongs to COV(2,1). If tile is a square EBCF', then
the cover is in the class COV(4,1).

a) b)

Fig. 1. a) Optimal cover with equal disks. b) Optimal cover with equal ellipses.
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Minimum density of the plane coverage with equal disks or ellipses does not depend on their
size and is equal to 27/+/27 ~ 1.2091. A completely different situation with sectors. Denote the
sector as a pair (R, «), where R is the radius, and « is the angle of a sector. Then the density of
the cover S1 € COV (1,1) (Fig. 2a) depends on «a and equals D(a) = a/sinc, and D(a) — 1
when o — 0.

a) b)

Fig. 2. a) Plane coverage model S1; b) Stripe coverage model M1.

But, starting from a certain angle, the values of the function D(a) = «/ sin @ become more
than 27/4/27 ~ 1.2091, and the optimal coverage with equal disks or ellipses is preferred. So, if
the parameters (R, «) are fixed, it is necessary to find the best coverage model.

Let consider now the stripe coverage with equal disks, ellipses and sectors.

As we showed in [3,5] the coverage density with equal disks or ellipses tends to 2m/v/27 ~
1.2091 when the number of disks covering one tile tends to infinity.

a) b)

Fig. 3. Stripe covering with equal sectors: a) Model M2; b) Model M3.

If equal sectors are used to cover a stripe, then we propose three efficient models M1, M2 and
M3 (Fig. 2b and Fig. 3). It was found that (but not published yet), depending on the parameters
of a sector, the best (having a minimum density) may be any of these covers. Figure 4 shows the
areas of preference of the coverage models, depending on the parameters of the sector. In the
blue area model M1 is the best, in the green area model M2 has the lowest density, and in the
red area model M3 is preferable. Set, for example, o = 36°. If R = 0.96, then model M1 has
the lowest density among the models M1, M2, M3; if R = 1.2, then the best model is M3; if
R = 1.6, again the best model is M1; and if R > 1.9, then model M2 has the lowest density
among the models M1, M2, MS3.
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Fig. 4. The areas of preference.

Of course, if there are no any bounds on the o and R, then one can set Rsina = 1, and the
density a/ sin « of the cover (like S1) tends to 1 when « tends to 0 (in turn, R tends to infinity).

However, in practice, the sector angle may not be less than some positive number. Recently
we proved the

Theorem 1. If o € [7/180, 7 /2|, then the minimum density of stripe covering with equal sector
does not exceed 1.000051.

3 Two Types of Figures

In [9] proposed a cover with two types of disks (Fig. 5a) which density tends to 1.0189 when the
number of small disks tends to the infinity. It is a strong result, but not of practical importance
because of the unlimited number of circles involved in the covering of one tile.

In [14] we proposed a plane coverage model with two types of disks (Fig. 5b). Its density,
equals 117/v/972 ~ 1.1084, is minimal in the class COV(4,2) when a tile is an equilateral
triangle. One can apply AT to get the covers with ellipses in the different classes, but having the
same density [6].

In [6] we proposed a new cover in the class COV(6,2) with two types of ellipses having
density D ~ 1.0786 (Fig. 6a). If instead of ellipses use sectors, then we get another cover in the
same class which density is D =~ 1.0321.

In the regular cover, a tile typically has the shape of a regular polygon (triangle, square or
hexagon). Finally, we consider a regular cover using equilateral triangle with two types of sectors
and estimate its density depending on the number of small sectors.

Without loss of generality, set the length of the side of the triangular tile equal 2. The
proposed cover ST5 consists of three equal sectors of radius 1 with vertices at the nodes of the
triangle. A uncovered curvilinear triangle in the center of the tile can be split into six equal
curvilinear triangles. Let us consider one of them — curvilinear triangle ABC' which is covered
with equal sectors (r, ), r = 2sin 8, 8 = w/12n (Fig. 7a), as follows.
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a)

Fig. 5. a) Cover in the class COV (o0, 2) which density tends to 1.0189 when the number of small disks tends to

Becruuk KasHY, Ne 3(86), 2015

b)

00; b) Cover in the class COV (4, 2), which density is 117/4/972 &~ 1.1084.

Fig. 6. Cover in the class COV (6, 2): a) with ellipses, density is D ~ 1.0786; b) with sectors, density is D = 1.0321.
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Fig. 7. a) Example of the cover ST> when n = 3; b) Coverage of triangle BCD.
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Triangle AEF is covered by 1 sector (r, ), triangle EGH — by 3 non-overlapping sectors,
triangle GBI — by 5 non-overlapping sectors, and so on (Fig. 7a). Just to cover all curvilinear

triangles enough
n

Q=) (2k—1)=n’ (1)

k=1

sectors (r, 3).

Then if we take 2 sectors directed in opposite directions with a common side, they cover
the rectangle EHJF'. The rectangle GIDJ can be covered by 8 sectors. And so on. The total
number of sectors covering all rectangles is equal to

n

—23 (k—1) _2Zk2 (n = 3(2”_1) (2)

k=2

Note that the form of the triangle BC'D does not depend on sectors (r, 3). The 2n sectors
with the common vertex form a sector (r,n8) = (r,7/6). We cover the triangle BC'D with
rectangles whose height is /2 and length is reduced from 1 — v/3/2 to r, and each rectangle, in
turn, cover with the sectors (r,7/6) (Fig. 7b). As a result, the number of rectangles is

L W1/\/§—1/2{ w 23 {< 23

< +1,
/2 2\fsm Qﬁsin%

and the number of sectors (r, 3) in I-th rectangle (counting from the bottom) is

q =2n G 1 - V3/2 — IV3sin {Jrl) §2n<1—\/§/2—l\/§sin1§n +3>.

in -2
r S on

Then the total number of sectors (r, 3) covering the triangle BCD is

L—1 9 \/‘
= < — -
q lz;qz—i-Qn_ on + 2n(L — 1) <3+28m12 L\f/2> (3)

Theorem 2. The minimum coverage density of the equilateral triangle with two types of sectors
tends to 1.00857 when the number n of sectors (2sin 04—, o) tends to infinity.

Proof. The total number of sectors (2sin 15, 15~

ABC'is Q = Q4,+Qs + q. Using (1)-(3), we get

(12 = 2v3)sin 3~ + 2 — v3) (2 — V3)
4+/3 sin? % '

) sufficient to cover the curvilinear triangle

Q<n (n+2+(n—1)(2n—1)/3+
The area of one sector equals

—126/2 = 5 (2sin )
—28/2 = = (2gin —).
s=r8/2=g - (2sin o

The density of the cover is D(n) = (7/12 + Qs)/S, where S = 1//12. Then

T3 w3 . (n—1)(2n —1)
5t *

+24

D(n) < 12n{
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(12 = 2/3) sin 2 + 2 — V/3) (2—\/3)}.

(4)
2
4+/3 sin &

So, it is easy to show that
lim D(n) < 1.00857.

n—-+o0o

The proof is over.

We found the upper bound for the density depending on the number of sectors in the cover n
(4). In particular, lirf D(n) < 1.00857 which is much less than the coverage density with disks
n—-+0oo

of two radii (which tends to 1.0189 when the number of disks tends to infinity) [9]. Moreover,
D(n) < 1.00859 < 1.0189 when the number of sectors is finite, for example, n > 10000.
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Abstract. In this paper we consider a problem of optimal communication tree construction in edge-
weighted graph which occurs in wireless sensor networks while minimizing the power consumption
of data transmission. The considered problem is strongly NP-hard, therefore construction of efficient
approximation algorithms is one of the most important objective. In this paper we propose several
metaheuristics based on variable neighborhood search for the approximation solution of the problem.
We have performed extensive comparative analysis among proposed methods and known approaches.
The executed numerical experiments demonstrate high efficiency of the proposed heuristics.

Keywords: wireless sensor networks, energy consumption, variable neighborhood search.

1 Introduction

Elements of different communication networks use wireless communication for data exchange.
Herewith energy consumption of a network’s element is proportional to d*, where s > 2, and d
is a transmission range [1]|. In some networks, e.g., in the wireless sensor networks, each element
(sensor) has a limited energy storage, and its efficient use results in the lifetime extension of a
whole network [10,11,12]. For the rational energy usage modern sensor can adjust its transmission
range. Then the problem is to find a transmission range (the transmitter power) for each element
that supports a connected subgraph in order to minimize the total energy consumed. If one
suppose equal signal propagation in all directions, then all elements inside the disk, which
radius is equal to the transmission range, receive the data. In this case we can suppose that
the communication network (a spanning subgraph whose edges are used for the data translation)
is a complete graph [1,3,9,10]. However, the signal is not always spread equally in all directions
and at any distance. Thus, in general case, it is necessary to consider arbitrary communication
graph G = (V, E). A communication energy consumption over each edge could be arbitrary too.
If ¢;; > 0 is a transmission-related energy consumption needed for sending data from i € V' to
j € V, then in the connected subgraph T = (V, E’), E' C E the energy consumption of the

node i € V equals to E;(T) = (mz)xx cij. The goal of this paper is development of algorithms
j:(i,5)€E
for construction of spanning subgraph 7', that minimizes ) E;(T). Without loss of generality,
eV
we assume that the subgraph T is a spanning tree. Then the problem can be formulated in the
following way.
Given the simple undirected weighted graph G = (V, E) with a vertex set V', |V| = n, and

an edge set E, find a spanning tree T in G which is the solution to the problem:

(min)W(T) = max_c;j, (1)
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where V;(T') is the set of vertices adjacent to the vertex ¢ in the tree T', and ¢;; > 0 be the weight
of the edge (i,j) € E.

Any feasible solution of (1), i.e. a spanning tree in G, will be called a communication tree
(subgraph). It is known that (1) is strongly NP-hard [1,5,6,9] and if N # NP, then the problem
is inapproximable within a ratio 1 + ﬁ [6]. Therefore, construction and analysis of efficient
approximation algorithms is one of the most important issues regarding to the research of this
problem.

It is shown in [1| that a minimal spanning tree (a spanning tree with minimal total edge
weights) is a 2-approximation solution to the problem (1). In [5] a more precise ratio estimate
for the minimal spanning tree algorithm for this problem is reported. In the same paper several
heuristic algorithms are proposed and their a posteriori analysis is performed. Since we were not
completely satisfied with the quality of the results obtained, in [4] we propose a hybrid heuristics
that combines genetic algorithm and a variable neighborhood search [8]. There two new local
search heuristics for the problem (called LI and VND) are proposed. Then they are used as
a mutation operator within the genetic algorithm (GA). For the sake of completeness, we will
recall both local searches in this paper. The computational results show the high efficiency of
the proposed hybrid heuristic.

In this paper we propose different heuristics based on the variable neighborhood search (VNS)
metaheuristic [8,2,7]. Contribution of this paper may be summarized as follows.

— New local search that is based on elementary tree transformation (ETT) is proposed. In terms
of solution quality it significantly outperforms the previous one (named as LI), but uses more
computation time;

— Several Basic VNS and General VNS based heuristics are proposed and tested. Some of these
new heuristics give results of better quality than recent state-of-the-art (hybrid heuristic [4]),
especially for solving more realistic large size problems.

In the next section the rules of the new VNS based heuristics are given. In section 3 extensive
computational analysis is performed, while section 4 concludes the paper.

2 Variable neighborhood search based heuristics

As mentioned earlier, we use VNS metaheuristic to get approximate solution of (1). Descriptions
of VNS can be found in [7,8]. Let us briefly describe the main ideas of VNS. The Basic VNS
consists of two phases: shaking — obtaining a random solution from the appropriate neighborhood
of the given solution and local search. On each step of the algorithm the neighborhood for the
shaking is chosen within a predefined neighborhood structure and the local search is performed
after that, then an obtained solution replaces a current one iff it is better. Variable neighborhood
descent (VND) is deterministic algorithm where local search is iteratively performed within
elements of appropriate neighborhood structure. General VNS is a kind of Basic VNS where
VND is used as local search. Further we will call Basic VNS all VNS-based heuristics where the
only local search method is used, otherwise (i.e. when the number of used local searches exceeds
one) a term General VNS will be used.

The first local search procedure we use is called Local Improvement (LI) [4]. All arcs are
sorted by decreasing order of objective function, if the corresponding arc (edge) is added to the
tree. Then the best possible deletion is performed. This procedure is repeated while solution has
been improved.

The second local search algorithm is based on Elementary Tree Transformation (ETT).
Within each iteration of the loop, all non-adjacent vertex pairs are considered for possible addition
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to the current tree T'. Then the arc with maximum drop from the obtained cycle is removed (we
call drop of an edge the increment of objective function obtained by adding the edge into a
graph). This procedure is also repeated while solution is improved.

The shaking procedure within a neighborhood N (T) of the tree T consists of k-times
repetition of the following arc replacements. First, two different vertices from the original graph
that are not in the current tree (in the arc subset A that defines a tree) are selected. Then this arc
is added into a tree and a random arc is excluded from the obtained cycle. As a result one gets
a random point from Ny (7). Let us introduce the parameter kpax — it is the maximum number
of arc replacements in the Shaking procedure. The best value of this parameter is estimated
experimentally.

We propose two Basic VNS heuristics that use LI and ETT local searches:

— BVNS_LI: LI is used as a local search within Basic VNS;
— BVNS_ETT: ETT is used as a local search.

Both algorithms LI and ETT can be combined in General VNS algorithm, using their different
order. Let us introduce modifications of LI and ETT — LI 1 and ETT 1 where the best neighbor
is searched instead of local optimum. The following General VNS algorithms are proposed:

— GVNS_11: VND local search uses LI first, and then ETT;

— GVNS_12: VND local search uses ETT first, and then LI;

— GVNS_21: VND local search uses LI 1 and then ETT 1 sequentially;
— GVNS_22: VND local search uses ET'T 1 and then LI 1;

— GVNS_N: VND local search uses N1, No and N3 proposed in [4].

Thus, we propose and compare five variants of GVNS schema.

3 Computational results

All proposed algorithms have been implemented on C++ using the Visual Studio 2010 IDE. A
simulation has been executed for n = 10, 15, 20, 25, 30, 50, 150, 200. For the same dimension
n, 100 different instances have been generated. For each instance n vertices have been generated
in the square and weights of the edges are calculated as squared Euclidean distances. Then a
minimal spanning tree as an initial approximate solution in all algorithms has been constructed.
As a data structure for storing a feasible solution of the problem we use a tree, where each
element stores the pointer to its parent vertex (or null-pointer in a case of root) and the list
of its direct successors. The experiment has been executed at Intel Core i5-3470 (3.2GHz) 8Gb
machine.

An integer linear programming (ILP) formulation is proposed in [5]. It was used to get
optimal solutions using IBM ILOG CPLEX package for small-sized problems. For n < 30 we
compute the exact value of ratio, which is expressed as W4 (T')/W (T*), where W(T) is a value
of objective function of the solution constructed by algorithm A, and W(T¥) is an optimal
value of the objective function. In the case of larger n, the upper bound of ratio is calculated
as Wu(T)/LB(W(T*)), where LB(W(T*)) is a lower bound of W (T™). Value LB(W(T™))
represents a sum of weights of minimal spanning tree edges (see [5] for details).

It is necessary to define the value of parameter k. for the VNS-based heuristics. For this
purpose each algorithm executed using different values of kpax. It appeared that beginning from
kmax = 30, in average, ratio of obtained solution does not decrease significantly, whereas runtime
of some algorithms increased up to twice while increasing of kpax by 10. Wherein, in average,
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runtime of all algorithms remains accessible for kpax = 30. Therefore, in all VNS-based algorithms
we take kmax = 30.

The following algorithms have been described in section 2: LI, ETT, VND, BVNS LI,
BVNS ETT, GVNS 11, GVNS 12, GVNS 21, GVNS 22 and GVNS_ N. Old heuristics
included in comparison are: hybrid genetic algorithms GA LI and GA VND were described
in [4]. A minimal spanning tree is denoted as MST.

In figure 1 the ratios of solutions yielded by the algorithms for n < 30 are presented. In
average, in cases when exact values of ratio could be computed (i.e. when n < 30), algorithms
GA VND and GVNS * yield solutions which differ from the optimal one not more than
0.6%. At the same time, the most close to optimal are solutions constructed by GVNS 12
and GA VND: they both yield the ratios which do not exceed 1.0003. It appears that a hybrid
genetic algorithm GA VND, which uses VND as mutation operator, yields better solution on
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average than GVNS N (that is based on the same VND procedure). However, the second one
is faster (see fig. 4). It should be noted that the algorithm ETT in average yields a solution
which differs from the optimal one at most 0.7% (For comparison, in average, solution yielded
by another local search LI is about 3% from the optimal solution when 25 < n < 30).

The experimental results for a cases 50 < n < 200 (see figure 2) show that the main trends
found in a case of small values of n regarding to the majority of algorithms, persist for the
larger dimensions. But one can distinguish an algorithm GA LI, which solution quality becomes
significantly worse in relation to algorithms GVNS * ETT and BVNS ETT while n grows.
Ratio estimate graphics of the last ones are almost parallel to each other, and this means that
they have the similar dynamics of ratio estimate changing with n growth. The most accurate
solution is again constructed by GVNS 12. Further, in decreasing order there depicted the
graphics of ratio estimates of the BVNS ETT, GVNS 21, GVNS 11 (these three algorithms
have almost confluent graphics of ratio estimate), GA__VND, ETT, GVNS_ 22, GVNS _N. Herein
the difference between the maximum value of the estimates of the mentioned algorithms and the
minimum one does not exceed 2%: e.g., when n = 200 ratio estimate of GVNS 12 is 29%, and
ratio estimate of GVNS N is 31%.
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Fig. 3. Percentage of cases when the optimal solution was obtained by algorithm

In figure 3 a percentage of cases when optimal solutions were constructed is presented. One
can see that in a case of small dimension both algorithms GVNS_ 12 and GA _VND almost always
construct an optimal solution: in a worst case (when n = 30) the algorithm GVNS 12 constructs
an optimal solution in 95% of cases, and GA_VND — in 93% of cases (again, when n = 30). It
is seen, that the percentage of optimality of other algorithms falls down while n grows. These
algorithms can be conventionally divided into 2 groups: a) GVNS 21, BVNS ETT, GVNS 11,
GVNS 22, GVNS_ N, ETT and GA LI, which optimality percentage is not less than 45%, and
b) MST, VND, LI, BVNS LI, which optimality percentage in the worst case (i.e. when n = 30)
does not exceed 5%. In general, it matches results presented on fig. 1 and 2.
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Fig. 4. Runtime

Graphics in the figure 4 represent runtime as a function of dimension n. Notice that the
algorithms GVNS N and ETT work rather fast. When n = 200 in average they solve the problem
in less than 0.5 seconds; at the same time, they yield rather accurate solution on average. The
most accurate algorithm GVNS 12 spends around 43 seconds when n = 200, but the algorithm
GA_VND, which ratio close to the ratio of GVNS 12, solves the problem more than 10 times
faster when n = 200. Here we should note that all genetic algorithms are well-parallelized, and
therefore they used 4 parallel threads. Algorithm GVNS 21 turned out to be the slowest one:
on average, it spends about 60 seconds when n = 200. All other VNS-based heuristics turned
out to be faster than GVNS 12 and slower than GA_VND. Notice the algorithm BVNS ETT
which uses on around 29 seconds when n = 200 on average. In a case of larger dimensions, it
also provides more exact solution than GA _VND.

4 Conclusion

In this paper we propose new heuristics based on the Variable Neighborhood Search (VNS)
approach for finding approximate solutions to the optimal communication tree synthesis problem.
Proposed algorithms were compared with each other and also with those recently proposed in
[4]. The majority of proposed VNS based variants appeared to be rather effective and efficient.
However, the most effective on average appeared to be the General VNS algorithm, named
GVNS 12, where elementary tree transformation (ETT) and so-called Local improvement (LI)
are sequentially used as a local search routines within VNS. In a case of large dimension
algorithms GVNS 21 and BVNS _ETT on average yield the better solution than hybrid genetic
algorithm GA_VND from [4], but spent more computational time. Also a ETT local search
proposed in this paper takes more time than the known LI, but it constructs more accurate
solution. In general, in a case of successive choice of the neighborhood structures for the local
search, the VNS approach is justified for the efficient solution of (1).

Future work may include the use of different intensified shaking procedures to improve the
efficiency and the effectiveness of our new heuristics. Parallelization is also an obvious option in
that respect.
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1 Introduction

World flow of scientific documents is constantly growing: scientometric databases are indexing
increasing number of research results, published in a variety of forms: books, articles, conference
proceedings and other patents. The annual volume of publications in many disciplines has become
so large that it is not possibe for an individual researcher or an entire laboratory to be fully aware
of the relevant research. In such circumstances, there is a certain crisis of the concept of "expert as
a specialist who understands everything that happens in a particular subject area. Under these
conditions, the process of information support of scientific researches plays a key role.

One of the most difficult tasks of information support is the process of automation the
thematic classification of documents, the result of which is assigning a document to one or more
classes (e.g. mathematics, physics, chemistry, etc.). Special attention should be paid to the issues
of formation of such classifiers. For existing classifications (e.g. GRNTI, UDC, BBK) are even
more difficult questions of comparison and updating [1-3]. The object of this study is the very
process of the document referring to one or more classes of a priori given. Currently, this process
is mainly carried out in manual mode: expert looks at the title, abstract and full text, and then
makes a decision on assigning a suitable category. Another common approach is the automatic
assignment to the articles all the categories to which the scientific journals refers itself. In the
national citation database Russian Science Citation Index (elibrary.ru) a hybrid approach is
used when editor assigns one of the categories to which the journal is related while uploading
the articles (amount of such categories is usually in the range of from 3 to 7). Obviously, each of
these approaches has significant drawbacks. The work of the expert has a high unit cost, and it is
not applicable to big publication sets. Classification of articles "by journal"has a low reliability
and could not be used for compartmentalized classifications. The same applies to the combined
version, although this method appears suboptimal among others.

How is the process of classification performed by an expert? First, the titles and abstracts of
publication are analyzed to identify specific terms and semantic structures. The expert collates
them to his own term vocabulary and knowledge. If the expert can "see"similar to the one or
more subjects of publications known to him, he assigns the appropriate class to publication. If
the information is insufficient, the expert looks through the full text of the publication, repeating
the same analytical process. Thus, one of the main criteria for classifying documents is similar
terminology between classified paper and the articles corresponding to this class. This study uses
this empirical observation to build a mathematical model for this process for the automation
purposes.

There was a number of study related problem for clustering documents. In general, clustering
algorithms can be divided into the following types: heuristic graph algorithms, statistical
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algorithms, hierarchical clustering algorithms. In [4-5] the analysis of document clustering
methods for automation tasks is completed, and an approach for clustering based on the
extraction of the key terms is proposed. In [6] a modification of the traditional model is proposed,
where each document is represented as a vector of the frequency of single words and N-grams.
In [7] a new clustering algorithm is developed that uses a hierarchical approach, in which the
documents are regarded not just as a set of words, but vectors of concepts based on ontology
WordNet. In [§8], two algorithms are considered for the descending and hierarchical clustering
using the frequency of occurrence of word vectors. In [9-11] an overview of methods and algorithms
provided for different types of clustering: graph, hierarchical and statistical.

In this paper, we propose an approach to automatic classification which is based on
estimations of the Kolmogorov complexity of texts. The estimations will be obtainded by so-
called archivers, or programs for losseless compression. This approach was proposed by P.
Vitanyi (see [12]) and was successfully applied to the classification of the degree of similarity
of natural languages, musical pieces of different genres [12-13|, the works of writers, biological
"texts"[14], computer viruses and many other objects (see the review in [12]). Independently, the
data compression methods applied to problems of mathematical statistics, time series prediction
and many other problems; see the review in [15].

The main idea of this approach is based on the concept of Kolmogorov complexity of texts,
which, informally, is equal to the minimum length of a computer program that generates the
text. It is important that this value is almost independent from the computer (a universal Turing
machine). More precisely, if different universal Turing machines are used, the difference between
two complexities will be limited by a constant for any text; the formal definition can be found
in [16]. It turns out that the length of the "compressed"text is quite effective upper bound of
Kolmogorov complexity and it is useful for many applications; see [12,17].

In this paper we propose to use data compression methods in order to automatically determine
a thematic affiliation of scientific texts. The obtained results are preliminary, but show that this
approach is of practical interest.

2 The method

The main idea of the suggested method is quite natural: scientific texts (articles, books, etc.)
use similar terminology if they belong to the same area. On the other hand, the archiver uses
frequencies of occurrence of words in the text and "compresses"the data the better, the more
repeated words. Based on this observation, we suggest the following classification scheme: for any
scientific area we form a set of papers, which represents the area. Then the text, whose thematic
belonging must be determined, is compressed together with each set of texts representing the
thematic areas. Then the text refers to that area for which it is compressed to a minimum size
(i.e., "better"is more compressed).

Let us give a more formal description of the method, considering first the situation where the
subject areas are not "nested"within each other, i.e. one is not part of another (e.g. "algebra'is
a part of the field of "mathematics but not a part of the field "geometry"). Now, let the given
subject area A, B,C, D. For each of them an expert takes a variety of typical texts, which we
denote by ay,as , ..., ay ; b1, ba, ..., by; €1, co, ..., Ck; di,...,d;, and let z be a text, which should be
attributed to one of these areas. Let an archiver U be to compress texts. Denote the length of
the "compressed"texts vy, vg, ..., vy through U(vjvs...vy). Define

U(z/viva...v1) = U(v1vg...042) — U(viv2...01) .
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In the suggested method, we first calculate the values of U(z/ajasz...ay) , U(z/biba ... bt) ...,
U(z/dydy ...d;), and than decide that the text z belongs to that area for which this value is
minimal. Also we used a modified formula

u(z/viva..vp) = U(z/vive..0) /U (2) ,

in order to estimate quantitatively the impact of area knowledge on the degree of compression
of the text. Both estimates give the same result when assigning text to the subject area, but the
second formula gives additional information about closeness of the text z to different areas that
are of independent interest.

3 The results of the pilot experiment

3.1 Preparation of initial data

For a preliminary assessment of the possible practical applications of this method, an experiment
was conducted. We used data provided on the website arxiv.org to select subject domains and the
formation of the texts describing them. Arxiv.org contains more than a million articles pertaining
to various areas of science. When placing the article on the site, an author refers to the work of
one of the scientific sections. For our experiment, we have chosen three research fields: Nuclear
Theory, Calculation Complexity and Formal Languages (we will call them "classes"). Notable,
we have chosen the classes so that the first is thematically "away"from the rest, whereas the
second and third are "close".

Each class has been formed its "core—a set of full texts, which are typical for this class.
Formation was carried out by random selection of the paper relating to the corresponding area
on the site arxiv.org. Full texts of articles were downloaded in PDF, then text layers were
extracted. The experiment showed that for the original PDF-files, which contain a lot of visual
information, the method still works, but with much worse results.

3.2  Analysis and interpretation of results

Afterwards, we randomly extracted three full texts (as tests) for each class. The values of
u(z/v1ve...v4) were calculated for each combination of the nine tests and three class sets. Its
percentage values are given in Table 1. The values, which are supposed to have the best
performance ratio (according to our assumptions) are bolded.

As the table shows, the results were as follows:

— 6 test fits the hypothesis well (diff > 1%): NT'S1, NT'S2, NTS3, CCS2, CCS3, FLS1;
— 2 test fits the hypothesis moderately (0% < diff < 1%): CCS1, FLS2;
— 1 test does not fit the hypothesis (diff<0): FLS3.

Analysis of the data showed that for the three texts of the Nuclear Theory, the value of
u(z/v1ve...v¢) is minimal when the typical texts are taken from the same area. Thus, the pilot
experiment for the proposed method of papers classification conducted quite successfully. There
was only one test (F'LS3), which was not assigned properly. However, as we noted above, the
fields of Calculation Complexity and Formal Languages are thematically quite close, and the
"bad classified"text stands at an intermediate position. Thereby, it could equally be assigned to
both areas, which is consistent with the process of classification. Thus, a pilot experiment has
shown that the proposed approach is efficient and requires more detailed study.



Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 143

Table 1. Experimental results: Compression ratio of tests in combination with different cores (tests in rows,
classes in columns).

Test ID|Nuclear|Calculation y| Formal
Theory | Complexit |Languages

Nuclear theory| NT'S1 | 30,92 35,34 35,55
tests NTS2 | 34,05 40,22 40,5
NTS3 | 35,61 38,99 38,78

Calculation | CCS1 | 39,24 36,69 36,97
Complexity | CCS2 | 38,58 38,46 36,26
tests CCS3| 36,02 33,56 34,91
Formal FLS1 | 34,63 32,37 27,57
Languages FLS2 | 31,38 30,46 30,2
tests FLS3 | 34,08 32,84 38,67

3.3 Planning of experiment

The next stage of the study is to conduct a full-scale series of experiments, which would be
the base of the technology of automation the process of classification. As can be seen from the
description, the proposed method has several parameters affecting the result: the size (number
of documents) of the core classes, thematic closeness of classes, "purity"of the text (the presence
of the formulas, tables and references), and compression algorithm. A series of experiments is
conducted to answer the following questions:

1. What parameters values make this method work most efficiently?
2. What criteria should be used when assigning document to a class?

A series of experiments will be carried out under the following conditions:

1. The full text of the documents will be taken from the site arxziv.org.

2. The number of classes is N(N > 10), and they will be selected from both adjacent domains
and poorly connected to each other areas of science.

3. Each class contains the core of M documents (M=500); whether the document belongs to the
core or not will be determined according to the classification from the database arxiv.org.

4. K tests will be randomly selected for each class, which are not contained by the core. Thus,
the total number of tests will be K*N.

5. It is planned to conduct separate experiments and compare the results for the following
lossless compression algorithms: LZMA, LZMA2, PPMd, Bzip2, Deflate, Deflate64.

6. For the most appropriate compression algorithm, several experiments for the "purification"of
the full texts (without formulas, tables and references) and for various core size M (M=100,
300, 500) will be conducted.

Each experiment is a series of compressions of all possible combinations of cores and tests
under certain specified test conditions specified in claims 1-6. Thus, the number of compressions
for each experiment is K N2. The result of each experiment is the matrix of values u(z/v1va...vpr).

The statistical analysis of this matrix determines the number of errors of the first and second
kinds, and shows how effective the method for the given experimental parameters is. As a result
of the series of experiments, the most effective set of parameters is determined, as well as a formal
criterion for assigning a class to the document. Probably, this criterion will be formulated in the
terms of reaching a certain compression threshold.
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4  Conclusion

Thus, the pilot experiment demonstrated that the described method is of interest to explore
it further. We plan to conduct the bulk of the series of experiments described in September
2015 to present the results at the International Conference "Computational and Informational
Technologies in Science, Engineering and Education"(CITech-2015).
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Abstract. The development of computers and telecommunications has created the conditions for
the business globalization. E-commerce sites use electronic payment. E-commerce payment solutions
make it easier than ever before for personal business to sell its goods and services on the Internet.
Today the development of e-commerce and electronic payment allows Person-to-Person transactions.
In such transactions there must always be an intermediary company that will provide a safe
and secure handover of goods. In this paper authors describe electronic commerce and electronic
payment, like key part of today’s electronic business. Authors present advantages and disadvantages
of electronic payment through the example of PayPal. Authors describe PayPal structure, security
protocols that are in use in this system, and users interaction between which a transaction is
performed. Here we present some examples of electronic payment hacking, and solutions for security
improvement. Improvement is based on customer authentication, and implementation of patterns
for user assessment.

Keywords: Electronic commerce, E-payment, PayPal, E-payment problems, E-payment solutions,
Data mining patterns.

1 Introduction

Development of computer technologies, telecommunication, and rapid development of the
Internet caused global market expansion. With technology enhanced flow of information, quick
and efficient connection of business participants around the world became main goal in modern
society. Different sources are linking emergence of electronic commerce to different time periods:
some believe e-commerce emerged in seventies of the twentieth century, while others are of the
opinion that it has a much longer history. To find answer on this question, electronic commerce
must be defined first. The definition of electronic commerce by [1] is: E-business or e-commerce is
exchange of standardized electronic messages in carrying out various tasks in companies, banks,
administration, activities of citizens and in all other business transactions. Electronic commerce
involves all business processes that use some kind of information and communication technologies,
which are collectively marked as electronic technology.

In literature we can find that first electronic money transfer was way back in 1860. That
transfer was provided by WesternUnion, and for that job telegraph was used. This is the main
proof for people who believe that e-commerce has a long history. However, the modern conception
of electronic business implies the application of not only communicational, but also informational
technologies, ie digital instead of analogue technologies. That becomes argument for those that
reduce history of electronic commerce to the previous forty years. Authors of all reviewed papers
agree that electronic commerce got the biggest expansion with wide spread use of Internet, in
the last fifteen years. Electronic technology allows users to send large amounts of information
over long distances in a short period of time. With it, companies can achieve significant savings
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in operating cost, perform their tasks more efficiently, and be more competitive in the market.
Electronic based commerce is a powerfull tool for achievement of significant benefits, and for
getting different possibilities, but only if it is used correctly.

Historically electronic commerce has developed in two directions. The first was supposed
to enable companies to quickly and easily transfer money and information among themselves.
It was intended only for business to business communication. The second, more recent, is
focused on the end users of products or services (costumers / clients) [2|. Electronic messaging,
including business transactions and information flows, is widely used in triad containing public
administration sector, companies and clients.

Electronic commerce has led to the reorganization of almost all business activities, as
evidenced by the emergence of many specific forms of e-business, such as: electronic trade,
electronic banking, electronic government, electronic marketing, electronic education, etc.
Electronic commerce consists of several areas. All of areas represent modern business activities,
and their mutual characteristic is that they use electronic technologies. Fig. 1 represents different
areas of electronic commerce.

From Fig. 1 we can distinguish five electronic commerce types. Most important electronic
commerce types will be further analyzed in continuation of the paper. First type of electronic
commerce is electronic trade. Electronic trade represents the purchase and sale of goods or
services via the Internet, as well as revenue from advertising, electronic exchange of documents
that accompanying the goods, money and services, business through electronic tools. The term
electronic trade can be defined as the process of managing financial transactions by individuals
or companies online. This process includes both the retail and wholesale transactions. The focus
of e-commerce is in the systems and procedures by which there is an exchange of various
financial documents and information. Electronic commerce is implemented using one or more
telecommunication technologies in order to provide contacts or direct trade between partners [3].

Electronic
payment
Electronic Electronic
distribution \\ trade
AN L
N, /
\ //,
] Electronic business ==
.’/ \.“'\_\_
/ T
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Electronie /! Electronic
production comunications

Fig. 1. Forms of electronic business

In a narrower sense under the e-commerce we mean buying and selling over the Internet. By
this we mean not only money and products exchange, but also electronic production management,
logistics organization and customers support. Electronic payments include money transfers and
payments using the electronic trade. For electronic transfers of large amounts of money, private
information network must be used. Banks and other financial institutions use this type of
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networks for their transactions.Low money amount payments can be performed with electronic
payment card. Electronic payment system provides electronic payment for all types of goods and
services.

Authors in the paper describe types of electronic commerce, operating mode of system for
electronic payment, and security mechanisms. Way of work of electronic payment system is
described on the example of PayPal. Authors present how PayPal works, describe problems
with security in the PayPal transactions, and recommend mechanisms for user protection. Paper
is organized as fallows. The second section presents the key facts behind electronic commerce
and electronic payment. The third section describes payment models over the Internet, their
advantages and disadvantages. Forth sections presents PayPal payment system, describes how
this system works, problems with client security and examples of solutions for most common
problems. The fifth section represents conclusions and in this section the most important facts
of payment systems are summarized.

2 Electronic Commerce and Electronic Payment

E-commerce can be defined as electronic performing of business transactions. E-commerce
includes performing of business transactions via communication networks, especially the Internet.
E-commerce covers all forms of business transactions carried out by companies or individuals.
These transactions are based on processing and transfer of multimedia, including video, audio and
text. E-commerce can be established between some company and costumers, or between multiple
companies. It can also be established between multiple government institutions, and between
government institutions and different companies and clients. Also, companies can establish
e-commerce with own employees. This means that individual users can electronically order
products or services from online sellers. Sellers use information and communication technologies
to connect with their suppliers and distributors. Two most common electronic payment models
are business to business model and business to customer model. Today’s development of electronic
commerce and electronic payment provides customer to customer model of transaction too. In
such transactions individuals who are end-users can participate in mutual trade [4], but in such
transactions there must always be an intermediary company, that will enables safe and secure
handover of products.

Like we said above, the development of e-commerce is influenced, among other things, with the
rapid growth of the Internet, the emergence of new information and communication technologies,
low cost of their implementation, the ability to connect with hundreds of millions of people, the
interactive nature of such communication and so on. Today, e-commerce has many benefits over
traditional commercial transactions. Some benefits of electronic commerce are:

— e-commerce allows acquaintanceship between seller and a large number of customers from all
over the world, with very low capital outlays and operational costs;

— one-to-one transactions and interactivity provides facilitated services and connections with
customers;

— e-commerce can reduce the time between payment and reception of goods and services,

— e-commerce enables new business models that increase the competitiveness and profitability,

— e-commerce often provides cheaper products and services for customers, allows them to buy
from many places, and to compare the prices online;

— e-commerce provides more choice for customers. They can choose between many products,
due to the large number of different sellers;

— e-commerce enables customers to communicate with other buyers and sellers in the electronic
community, and to exchange ideas and share experiences;
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— e-commerce allows that certain products could be sold at lower prices, so that poorer people
could buy them.

Electronic commerce development is strongly binded to the development of Internet
technologies, because of their strong impact on it. In recent years electronic commerce
architecture become very stable.Part of e-commerce related to multimedia and technology
contents is relatively new, and continues to develop. Multimedia and technology content means
that customers chooses payment method, and depends of that result of transaction take place.

As in traditional trade for purchased goods it is necessary to pay. In e-commerce the key
difference between electronic and traditional trade is that in electronic trade customers do not
use paper money. Technology behind electronic trade provides mechanisms for payment without
use of paper money. Here is necessary to mention the concept of electronic money used in
electronic commerce. Authorized services provide electronic money transfer between end-users.
Electronic money can be defined as information of the monetary value which can be transferred
through computer networks, or outside the usual channels of payment which are traditionally
supported by banks [5]. The concept of electronic money and digital money is very often identified,
although there is a difference between them. The difference between those two concepts best we
can observe in the case of a telegraph money transfer in which the signal is electronic, but
transaction itself is analog. Also, the phone payment order that is forwarded to the bank by
phone is not digital transactions, but basically this transaction is an electronic money transfer.
Thus, the digital money is associated with the electronic transfer of funds, which is based on
informational technologies. Electronic money has been used before the appearance of the Internet.
The best example for this fact are POS terminals that enables the realization of cashless payment
transactions at point of sale or in a store. Before the appearance of the Internet, users generally
were not aware of electronic commerce and electronic money existence. The system itself was
much easier to control by banks and other financial institutions, that were involved in a system
of electronic money. With appearance of the Internet, there is a massive use of electronic money,
which causes a numbers of issues related to its implementation.

3 Payment on the Internet

The massive use of computers, and information technology development, combined with the
appearance of electronic money have caused that traditional payment systems have become
inadequate in modern conditions. These modern conditions are characterized by accelerating the
pace of life, and the need to carry out banking transactions faster, easier, and ultimately cheaper.
The emergence of the Internet has opened new questions about electronic money and payment
systems. The development of electronic commerce on the Internet prompted the need to adapt
the traditional payment system, and the formation of new business concepts that will enable the
realize payment transactions in the virtual environment. As a result of these initiatives there
has been the emergence of different payment systems on the Internet, which depended of that
who initiates the transaction, and how the transaction is processed. Based on these parameters
models can be divided into: cash-oriented payment model, model of payment by checks, model
of payment by payment card, and model of payment warrant [6].

Cash oriented payment model on the Internet has the same processing cycle like traditional
money cycle. Transaction starts when client send request to the bank for the digital banknote.
Bank issues digital banknote, and with that banknote client pays for goods or services bought
over the Internet. Trader forwards obtained banknote to his bank, where banknote is annulled
after necessary checks.
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Check oriented payment transaction model starts when a user on his computer forms the check
which will be used for payment to the merchant. The user digitally signs the check, adds the
banks certificate, and packs it into a digital envelope. The payee receives an electronic check and
adds payment instructions so bank can transfer money to his account at the end of transaction.
Payee sends packed envelope to the bank. After receiving it, bank must confirm validity of check
in order to transfer requested amount of money to payee’s account. Payment check verification
is performed by checking digital signatures and certificates forwarded by payer.

Model of payment with payment cards begins when the payer on the website of the merchant
chooses certain products or services. After that he will be redirected on Web page for payment.
On that page payer enters his payment information (type of payment card, number of payment
card, and expiration date of payment card).The transaction is processed using standard banking
infrastructure through the payment network of some system (Visa, MasterCard), between payer
bank and the payee bank. At the end of transactions by payment card, bank which is included
in the model inform participants (buyer and seller) of the transaction outcome.

Model of payment warrant is most frequently applied in electronic banking (e-banking). Here
we can distinguish two versions of such system. The first older version of these systems was
required from the users to have installed appropriate software on computer, and a smart card
which containing certificates and digital signatures, in order to freely use e-banking system. New
version of the systems require from the user to log on secure website for e-banking with username
and password. After logging, the user initiates a transaction by which orders the bank to transfer
from his account a certain amount of funds in favor of the payee. By order of the customer, the
bank use standard channels for transaction, which means that in the process of clearing closes
the mutual positions with the payee bank.

In recent years there has been the emergence of a new form of payment system on the
Internet. That is the P2P (Person-to-Person) payment system. These payment systems combine
the functions from different payment models and make maximum use of their advantages, which
resulting in a large acceptance of the system by the Internet population. The term P2P is also
used to indicate the "customer the customer"type of trading. In this type of trade end-user have
direct contact with other end-user. This means that individual trade directly with other end-
users. The companies that supports these transactions must find some not traditional way to
pay their services.

This cost is usually a small percentage of the transaction, membership fees, advertising, or
other business combination. Various personal services are offered via the Internet, from teaching
to astrology. An increasing number of individuals use the electronic interchange to exchange
goods and services via the Internet. It is very important for the customers to be careful while
purchasing, because it may be a fraud or computer crime.

The most important advantages of these electronic commerce models are:

— Expanding the potential market,

— Eliminating intermediaries,

— The ability to easily update content,

— Consumers can use it at any time, from any place.

The biggest disadvantages of these electronic commerce models are:

— The absence of quality control,
— There is no guarantee that payment will be made,
— Difficult to pay by checks.
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The examples of P2P model use are students who use electronic commerce system to
reduce the cost of study. Students one to another sell textbooks and other teaching materials
using system based on P2P model. Many web sites offer a service of this kind of trade.
Representative example of this payment category is PayPal system. P2P payment systems
vary in their complexity, but what they have in common, is to take advantage of standard
banking infrastructure, to provide a reliable and inexpensive way for the realization of payment
transactions to users on the Internet.

4 PayPal Internet payment system

PayPal payment system was founded in 1999 under the name Confinity. The main purpose is to
enable individuals or companies who own e-mail address to securely, easily and quickly send and
receive money online. PayPal payment system can be used for payments at online auctions, to
purchase goods and services, to send and receive donations, and can even be used to send cash in
the form of P2P transfers. The key moment in the PayPal development is when the company was
purchased by the giants in the field of online auction e-Bay. E-Bay bought PayPal in 2002 year
for a whopping 1.5 billion dollars. This business move has brought a benefit to both companies.
From this symbiosis e-Bay got reliable mechanism for processing payment transactions between
participants in online auctions, and in other side PayPal got users that originate from e-Bay. Over
the years, PayPal has secured a dominant position and suppress other competitors, although they
had the support of other Internet giants. With his appearance PayPal took the role of mediator
between the various financial institutions involved in the realization of payment transactions.
To be able to send the payment through PayPal, the payer first must open an account on this
system. To make deposited funds into account on PayPal system, the user has several options:
credit card, debit card, bank account, and MoneyPak which represent a type of pre-paid card.
The money which user paid into PayPal account, PayPal transfers in the bank accounts that
PayPal has in some of the banks. When paying for goods or services on the Internet, payer selects
the PayPal payment on the seller web site, or enters the email address of the payee and the funds
will be deposited in the recipient’s account within the system [7]. On this occasion there is no
real movement of money, because the money is all the time on the PayPal account in the bank,
simply an administrative funds are transferred from the account of the payer to the account of
the payee. In fact, PayPal’s business model is based on the basic model of P2P payment system
like we said above.

In case if the payer does not have an account on PayPal, the money will be forwarded to
the recipient’s account by PayPal. PayPal will take the role of mediator between the various
financial institutions that process that transaction. That is the greatest strength of PayPal.
PayPal uses the existing banks infrastructure and other financial institutions infrastructure to
offer to users a simpler and cheaper option for processing payment transactions. This become
possible thanks to the effects of economies of scale. This means that PayPal pays far lower
fees to financial institutions when processing transactions, than it would have paid users. This is
because PayPal provide large volume and the amount of transferred funds. For different categories
of users, whether individual or business users, depending on the specific needs PayPal offers the
possibility of opening three types of accounts.

Personal account is particularly adapted for online shopping. This account provides possibility
for the user to receive and send payments through PayPal system. A limitation for this type of
account is that users do not have the option to receive payments by credit and debit cards. For
this type of account monthly transaction volume is limited to five hundred dollars. The owners
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of accounts that break the limit, have at their disposal the ability to raise its own account at the
level of premium or a business account, or simply delete transaction which breaks the limit.

Premium and business accounts are similar. The main difference is that the business accounts
must be registered on the company, and premier accounts can be registered on the company, but
also on the individual person. Premium accounts have all benefits of personal accounts, but also
a couple of special benefits of which is certainly the most important that this account enables
payment by credit and debit cards as well as the possibility of processing a large volume of
transactions.

Business account is for business users. This account gives them the option of receiving
payment on different grounds and different payments methods, and what is most interesting
is that provides the ability to receive payments from the users who do not have PayPal account.
Special subcategories of PayPal account is so-called student account which can be opened within
a personal, premier or business account, and this account is intended for young people. This
sub-account enables to young people to take care of their finances and to feel the magic of online
payments.

The essence behind PayPal account functionality is that system requires from users to enter
data about the account number or a credit card only once, when users register account. The
account could be registered without this information, but that account will not be confirmed,
and it will not be possible to make payments with that account. To confirm account registration
user must enter data from credit card or data about bank account [9].

After that PayPal verify ownership of the entered account or credit card. System charge
a small sum of money from users bank account or credit card (approximately about 1.5 US
dollars). After that system requires from users to copy four digits about this transaction from
bank report, which arrive as some kind of code of collection of small sums charged by PayPal.
Once the user copies those digits to the PayPal website, the system returns the charged sum,
and account is confirmed. In this way, opening a PayPal account is provided for free. The owner
of the account has the ability to transfer payments to anyone who has an active email address,
regardless of whether they have a PayPal account or not. Payee will be than informed by e-mail of
received payments. After that he must open his own PayPal account. Funds transferred through
PayPal will be deposited to the account of the payee, where they will remain until account
owner decides to spend them for payment on different grounds or decided to raise funds from the
account. PayPal offers to users different ways to raise the money from the PayPal account. If the
user was joined bank account to his PayPal account, which passed the verification process, there
is the possibility that the funds can be transferred directly to bank account. Fig. 2 represent
PayPal structure.

During the realization transactions, the buyer at the website of the trader chooses PayPal as
an option for payment. After that web browser will be redirected to the webpage for payment
where customer must entries payment instructions. In essence, this kind of transaction, as we
have already mentioned, comes down to an internal posting of funds from one to another PayPal
account. If the trader website as the only way of payment accepted credit card, the user has the
ability to, through PayPal, carry out that transaction too.

This is provided with option PayPal Debit Bar, which enables the user to obtain a virtual
MasterCard number. Online PayPal communication structure is presented on Fig. 3. Customer
on the website of the trader select MasterCard as a payment option and enter the virtual card
number that he received from PayPal. Funds transfer to trade account is performed from the
PayPal accounts. Before the appearance of PayPal, trades who want to accept payment by credit
cards from their customers had to have opened trade account in the bank. This account is
specially designed with the purpose to accept payment by credit and debit cards through the
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network which is in use for processing payments with credit cards. This payment method was
associated with significant costs in terms of fees (up to five percents of transaction value). PayPal
for premium account owners and business accounts owners provides an opportunity to be able
to receive payments by credit cards with easy integration of PayPal trade accounts with their
websites. This allows significantly lower transaction processing cost (from 1.9 to 2.9 percents of
the transaction value), and greater safety of payment cards [8]. PayPal has create a range of
safety procedures and protection. For example, although costumer bank card is directly linked
to a PayPal account, costumer can ensure against theft by transferring only a small amount of
money on card or hold it empty, unless costumer have a need for a purchase. So, when costumer
needs money, he can transfer exactly as much as needed, and pay for goods on the Internet
from PayPal account. If some transaction is problematic, that transaction can be stopped within
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In addition, PayPal have number of teams that preventive explore the Internet trying to detect
cheaters before something bad happens. Preventively however despite all security measures, in
PayPal system sometimes problems occurs, especially to incautious users.

4.1 Attacks on PayPal system

Like with any other online purchase, user must pay attention to web site through which he
purchase, to keep account information conffidential and not believe to phishing emails and
websites. Phishing is a type of Internet fraud where the goal is to take confidential data that
user uses for authentication on some website or some payment system. This includes stealing
of passwords, credit card numbers, bank account information and other confidential data [10].
Phishing messages usually take the form of false bank notifications, providers, electronic payment
systems, social networks, Internet games and so on. Such notification will attempt to encourage
users, from one or another reason, to immediately enter or update their personal data. Common
excuses for such requirements are loss of data, crashes of the system, etc. The so-called bank
phishing is the most common phishing tactic, which aims to gain access to a user’s Internet
bank account or e-payment. Then when the person who is behind phishing take the customer
user name and password, that person will have access to the customer account. Phishers are
very skilled in the development of e-mails that have authentic look, and that are truly copies of
official e-mails that came from different organizations.

They use the official logos of organizations and copied the whole style of legitimate
correspondence. In e-mail they will suggest to the user to click on the link and to input his
personal data. Typically to the users is argued that the reasons for such request are measures
that a certain company reportedly take to improve the security of the web site, and because of
that the user needs to re-log in to his account. When a user clicks on a link, he will be redirected
on a fake website that looks like a legitimate web site in which he must enter his user name and
password. The data that the user enters then will be sent to cyber-criminals. Very often, these
fake websites contain expoite, which install spyware programs on the computer of the victim.
This means that even if user have not entered his user name and password, but only clicked on
the link in e-mail message, there is still a possibility that the user was inadvertently downloaded
a malicious program on his computer. That program might later steal a range of personal data
from user computer. If the e-mail was send from PayPal that e-mail will contains link like this
http://anything.paypal.com/anything. If in other hand e-mail was not send from PayPal the link
within the e-mail will look differently. More precise links in such e-mails instead of paypal.com
contains something different before the slash. For example link may have the following look
http://paypal.confirmation.com/anything http://anything.pay-pal.com/anything.

Famous are scams of PayPal.com users when criminals take advantage of the similarity
of a small letter "L"at the end of the domain names, and replace that letter with a capital
"I"(PayPal.com), or as in the latest case, instead on PayPal.com users were redirected to
PayPal@az.ru. PayPal as a service for online paying, and transactions over the Internet is
constantly the target of attacks by individuals and groups. As each service, PayPal has some
omissions in the security measures. Egyptian researcher Yasser H. published some of most critical
vulnerabilities of PayPal service. Yasser was exploring the gaps in the PayPal service managed
to completely bypass the CSRF (Cross-Site Request Forgery) prevention system that is applied
by PayPal.

Cross-site request forgery is a type of attack that occurs when a malicious website, email, blog,
instant message, or program causes that a user’s web browser perform an unwanted action on a
trusted web site for which the user is currently authenticated. The impact of a successful cross-
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site request forgery attack is limited to the capabilities exposed by the vulnerable application. For
example, this attack could result in a transfer of funds, changing a password, or purchasing an
item in the user’s context [11]. In effect, CSRF attacks are used by an attacker to make a target
system perform a function (funds transfer, form submission etc.) via the target’s browser without
knowledge of the target user, at least until the unauthorized function has been committed.

Impacts of successful CSRF exploits vary greatly based on the role of the victim. When
targeting a normal user, a successful CSRF attack can compromise end-user data and their
associated functions. If the targeted end user is an administrator account, a CSRF attack
can compromise the entire web application. The sites that are more likely to be attacked are
community websites (social networking, email) or sites that have high dollar value accounts
associated with them (banks, stock brokerages, bill pay services). This attack can happen even if
the user is logged into a web site using strong encryption (HTTPS). Utilizing social engineering,
an attacker will embed malicious HTML or JavaScript code into an email or website to request a
specific task url’. The task then executes with or without the user’s knowledge, either directly or
by utilizing a Cross-site Scripting flaw. Yasser discovered three critical vulnerabilities in PayPal
services, which are described in continuation of the paper.

Reusable CSRF Token: The CSRF token "that authenticate every single request made by
the user"which can be also found in the request body of every request with the parameter name
"Auth"get changed with every request made by user for security measures, but after a deep
investigation was found out that the CSRF Auth is reusable for that specific user email address
or user name, this means if an attacker found any of these CSRF tokens, he can then make
actions in the behalf of any logged in user [12]. It seems interesting but still not exploitable, as
there is no way for an attacker to get the "Auth"value from a victim session.

Bypassing the CSRF Auth System: The CSRF Auth verifies every single request of that user,
so what if an attacker "not logged in"tries to make a "send money"request then PayPal will ask
the attacker to provide his email and password. The attacker will provide the "Victim Email"and
any password. Then he will capture the request, the request will contain a valid CSRF Auth token
which is reusable and can authorize this specific user request [12]. Upon further investigation,
authors were found out that an attacker can obtain the CSRF Auth which can be valid for
all users, by intercepting the post request from a page that provide an Auth token, before the
logging-in process. At this point the attacker can CSRF "almost"any request on behalf of this
user.

Through examination of the password change process, group of authors have found that an
attacker can’t change the victim password without answering the security questions set by user.
Also the user himself can’t change the security questions without entering the password.

Bypassing the Security Questions Change: After further investigation, Yasser have noticed
that the request of setting up the security questions which is initiated by the user while signing
up is not password-protected, and it can be reused to reset the security questions up without
providing the password. Hence, armed with the CSRF Auth, an attacker can CSRF this process
too, and change the victim’s security questions.

At this point, an attacker can conduct a targeted CSRF attack against PayPal users and
take a full control over their accounts. The attacker also can add, remove or confirm the email
address, add a premium user under business account, change security questions, change address,
method of payment, user settings, and more. These and similar deficiencies testify that there is
no perfect service in electronic trade, which can’t be misused.
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4.2 Solutions for better security

Some of the protection measures, or some of the recommendations for the end-user in system
like this are given below. User could try to use a newer version of web browser that enables
secure transactions, and which encodes the information sent over the Internet [13]. When user
sends data he should consider that the proper security authenticity protocols of the transaction
participants are used. For the end user this means that a small yellow padlock appears in the
status bar, and that the address of the web site starts with https. Online payment services have
their own privacy policy, and users must sign that they agree with the terms in the policy. This
privacy policy document contains information about how web site owner use all users data, and
how customer personal data are protected.. In many cases that document is very boring for
reading, and many users do not read any of that, just sign. Each user must save his own personal
data. Personal data should not be left to anybody. It is necessary that user first assess whether
company or organization are reliable, and think which data should be left and which do not. It is
good that user regularly checks bank statement about transaction that are completed, and that he
checks how much money he has on the credit card, or current money amount on other accounts. If
user noticing suspicious transactions in bank statement, he should immediately contact his bank,
and report that. In the case when the money is stolen from the user bank account, money can
be refunded if the user proves that behind the suspicious transaction stands anyone else. Good
practice is that user should keep all e-mail messages about the transaction that were received or
sent.

To improve security for their clients companies that provides online payment systems must
think about each detail. One of the common security risks are credit cards. Security risks of
credit cards have threatened whole world. The credit card frauds that are very common arise
from lost or stolen cards or card numbers, leading the thief to use the card number for criminal
activities over the telephone or the Internet [14]|. To improve process of credit card risk analysis
and customer profiling, data mining methods could be used. One of data mining methods is
classification. This is the analytical approach that uses training examples, which are pairs of
input and output targets, in order to find a suitable target function also called as a classification
model generally. This classification model thus produced is used for descriptive and predictive
modelling both. The target function uses techniques that are divided broadly into methods
like rule-based, probabilistic, geometric and prototype-based. Classification methods play an
important role in risk measurement especially in credit rating problem. In finance, classification
approaches are also used in customer profiling by constructing predictive model. The values
that were predicted are categorical. Classification predicting and forecasting techniques that are
widely used for classification are decision tree, neural networks and Genetic algorithm . Decision
tree is the simple, easy to understand and interpret among various classification tools. Decision
tree can only solve classification problems but cannot solve regression problem. A neural network
is most accurate in bank failure prediction. In comparison with other techniques, neural network
models are more accurate, adaptive and robust. Genetic programming is one of the most recent
techniques that has been applied in the field of credit card risk assessment.

5 Conclusion

Everyday obligations and way of life of today’s human population are conditioned by the rapid
development of technology. This rapid development causes that people must to resort to use
technology to save their time. The development of electronic banking, Internet payments and
Internet purchases reduces the time spent on waiting in the line, and filling out extensive
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paperwork. System like these provides possibility for many people to perform daily obligations
from home. Online shopping and payment systems via the Internet are more and more present
in both legal and individual persons. In order to users of such systems feet more comfortable
and more secure while using the payment systems, these systems need to constantly develop
and improve. Like we said above one of such systems, which is in use for payment and money
transactions between private (between individuals), legal (a company that sells services or goods)
or both is PayPal. New user verification is very well organized in the process of PayPal account
creation. During further transactions safety of the user is conditioned by various factors. As far
as the security of transactions it has supported by protocols that are in use in all official payment
systems. On the other hand attacks by malicious users on this system are more common. End
users must take care about each and every purchase. Also users must take a care about the flow
of information which are handled in the process of purchasing and payment for the product.
Another problem, which is increasingly common in all purchase and payment systems over the
Internet and even in PayPal is the distribution of purchased products. Not so rarely happens
that the end user does not receive the purchased product or receive the product which is not
in accordance with what was ordered. In such cases, PayPal offers a variety of mechanisms of
compensation or money refund, but the fact that the entire procedure takes a certain time.
Documented hacker attacks testify that a certain level of security needs to be further improved,
and in this field some efforts must be made.
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Abstract. In this paper one implementation of the database configuration and development
considering security issues especially when connected to Internet is presented. Sometimes the
precautions on security vulnerabilities implemented on other levels of database environment (such
as: network, operating system, client application etc) are not enough in order to protect database
itself. The attacker can frequently use the public user screen of an application and try to access
Database as anonymous user.

We have created the database with one way of self-protection where regular users can’t access
any of tables, only stored procedures. Permissions on stored procedures are not configured using
standard DBMS tools but using embedded security developed by authors that checks the user rights
and permissions on different business functionalities and expected parameters’ values. The calls to
stored procedures with suspicious users and parameters’ values are logged for further analysis.
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1 Introduction

Very often developers are focused only on delivering functionally reliable software systems of
higher quality according to the functional requirements, managers are focused for delivery to be
in time frame and budget, testers are usually testing functional, end to end, administration and
performance testing.

The security environment is usually predefined and after implementation rarely tested.
Software developers are often experienced with security issues when fixing vulnerabilities
discovered by clients. Often it is very hard even to foresee them. As the programming of
procedures for handling of most frequent security risks is very time consuming compared to
the time needed for programming the functional requirements, it becomes clear why lack of
security occurs.

The testing of functional requirements is easy - scenario of testing should follow procedures
defined by client. Users on the client side are aware on business procedures and they can think on
bunch of different alternative scenarios on each use case and test the functionality of the system.
However, nobody can predict how many different attacks on security of the system can occur,
from outside or from inside, from anonymous or regular users and what kind of threat should be
expected. The task of security testing is very hard considering that security threats are rapidly
growing and it is difficult to simulate all possible conditions. All parts of infrastructure should be
tested: OS, web browsers, web servers, application servers, database servers and communication
equipment. Luckily, there are free and commercial tools that can indicate security flaws in these
components.

In systems with database, the validation of input data must be performed in both: client
application (by using validation scripts or functions) and database (by using constraints, triggers
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or stored procedures). By checking data on both levels, the chance that data with wrong values
will be inserted in database or some confidential data will be exposed is minimal.

2 Related Work

According to [1], security is a process, not a product, service or procedure, but a set that comprises
them - with many more elements and measures being implemented continuously. An organisation
or institution cannot be considered "safe"at any moment even after the last test performed
according to its own security policies. Security is a process of maintaining an acceptable level of
risk. So, security is a process, not a final state. That is why the task of managers in charge of
security at all levels is very important: they have to analyse potential risks, their effects, impacts
- consequences if a risk occurs, probability of risk appearance, handling methods - measures to be
taken to ensure that risk will not happen, and who is responsible to take appropriate measures
[2].

In the systems with databases, some proposals are created how to react on suspicious
querying. As "malicious activities"need not to come from an attacker, there must be ensured
enough time for security engineer(s) to investigate if activity is really dangerous or not. During
that time, a potential attacker must be convinced that his/her transaction is successful. The
method for solving this problem is to build as many "copies"of database as many suspicious
users are connected to database [3]. If a "suspicious"user is proven to be an attacker, it is
blocked, and if it is not, there is built Merging Algorithm that replaces its trustworthy version
(values) with its suspicious version (values), and then removes the suspicious version.

Sometimes a regular user connected to DBMS should have an access only to the data
concerning to his/her job description. But, because of the authorization mechanisms in SQL
permit access control at the level of complete tables or columns, or on views, users (or
applications) are granted database privileges that exceed the requirements of their job function,
these privileges may be used to gain access to confidential information. For example: In an
academic scenario, institution’s database stores information about students, it may be desired to
allow students to see only those tuples which store their own marks and/or fees details. On the
other hand, a professor should be able to access all grades for a course hr/she has taught. That is
the reason to introduce permission, policy and condition tables where permissions and conditions
are fine grained for users and user groups. Thus, an original query to be sent by application is
modified by application [4] according to the conditions defined in mentioned tables for selected
user by adding them in WHERE clause of SELECT queries [5].

SQL Injection Attack occurs when an attacker changes the intended effect of an SQL query
by inserting new SQL keywords or operators into the query. The extensive review of the different
types and injection mechanisms of SQL injection attacks known almost to date, with examples,
the detection and prevention techniques against SQL injection attacks are shown in [6]. In order
to protect database from SQL Injections it is crucial to validate user inputs on web forms. If
malicious SQL query is allowed to be executed on DBMS, the resulting security violations can
include identity theft, loss of confidential information, and fraud. Each data item that user sends
from client machine to server should be checked and filtered before it comes to database. This
process is called sanitising. The input data can be parsed into segments according to the key
words of SQL syntax and compared with expected structure [7]. If expected structure is different
than actual one (parsed from input field), the input data is not transferred to database.

Another approach is to filter input data by using regular expression search tool [8|. The regular
expression search tool enables finding of templates within the text string (by: key words, text in
brackets, tags, templates of numbers etc.). The key words of SQL statements, tautologies, URL
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encoding and other encoding characters can be put at regular expression search strings. These
malicious characters/words can be removed from input fields and not transferred to database.
The similar approach can be achieved with Java function HashMap that can be used to convert
encoded characters (that attacker can use instead of normal characters in order to skip some
standard validation techniques) to standard ones in minimal time [9].

The better security may be applied to database itself. Data in database might be encrypted
and even in the case of penetration, an attacker could not use such data [10]. Another solution
is using embedding policies into the database itself and enabling these policies to block every
attempt to compromise the state of the database, or to alter its configuration in a way that
contradicts what has been established and fed into the policy by the system owner [11]. User
can access database only by using stored procedures, even for changing parameters of database
by database administrators (not the database owner). When a power user or a hacker initiates
an attempt to change security configurations (database parameters), the request goes through
a process of verification before it can be processed. This step is carried out by database stored
procedures that have built-in logic for checking the request against the policies. If the request
does not comply with the set policies the request is rejected and the system owner is alerted, the
user notified, and an audit trail is recorded.

Similar approach is presented in [12] where user can access database only through stored
procedures. The identity of particular user is checked within the procedure although the user
belongs to a user role which permission is granted to this stored procedure. Also the parameters
of stored procedures are validated within the stored procedures against the width, black list
words, black list encoded characters, etc. Calls to stored procedures with suspicious parameters’
values are logged to special tables and alerts to DB owner are raised. By using modified
MAC (Mandatory Access Control), RBAC (Role-Based Access Control) and DAC (Discretionary
Access Control) models it is possible to design a database security system that can individually
control user access to data groups of various sizes and is suitable for the situation where the user’s
access privilege to arbitrary data is changed frequently [13]. In these models user can access any
data that has lower or equal security levels, and that is accessible by the roles to which the user
is assigned.

3 Working Environment

Every user has a database account. For users who access the database by client application the
IP of client machine is assigned as well as the list of eventual IP addresses the user may login. For
users of web application the IP address of remote users is sent as parameter of stored procedure.
Web application uses SSL that passed appropriate security tests. The assumption of our solution
is that an attacker cannot obtain DB owner account credentials, because DB owner cannot log
over web application, only from client application (in LAN environment) with already set IP
address. An attacker can use web application with compromised credentials to obtain data or
to change/insert own data or try to intrude to database from internal network by using client
application or some own tools.

4 The Implementation of Embedded Database Protection

The modified solution of the [12] after some deficiencies are noticed is implemented. The following
specifications are valid:
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1. The standard DBMS users are defined and assigned to user roles that belong to business
functionalities; There exists User table with user IDs (no user names and passwords) and
binary encrypted permissions on high details of business functionalities;

2. User roles (to which users are assigned) have permissions only to execute stored procedures,
only DB owner has permission on tables;

3. Stored procedures have at least one input parameter and its body consists of only static SQL
code (there is no execute sql(string) command)

4. The user rights for every stored procedure are controlled within the stored procedure using
the check permission function;

5. The parameters’ values are validated in stored procedures using the validation function;

6. The values of: user, IP addresses, parameter’s values and the number of affected records are
inserted in a log table after every execution of stored procedures;

7. For some violations with higher risk, the DB owner is alerted immediately and user suspended
temporarily, and for lower risk violations, there are counters that initiate temporary
suspension of user when number of violations exceeds limit in defined time-frame;

8. DB owner can change user permissions for running stored procedures through special (admin)
stored procedure that can be run only from computer with local IP address; Also, DB owner
can set permissions on DB access of users to connect from different IP addresses, to run web
or client application and to set ranges of values for each stored procedure’s parameter.

User roles in database are defined for business functionalities like: sale, procurement,
accounting, hr, etc. and are defined through standard DBMS user roles management. There
is no guest account even for the web application. The detailed permissions for particular user
within user roles are defined in User table in binary field. A user can be for example the
member of "sale"role that consists of the following detailed functionalities like: 1)customers,
2)discounts on products, 3)sale orders and 4)shipping. Then the permission of a user on mentioned
functionalities is defined in four bytes (a byte per functionality). The binary value of each byte
that defines permissions of functionality customers, lays on sub-functionalities like: add new
customer, modify basic details on customers, modify extended customer details, read basic data
about customers and read extended data about customers. We can assigned code for each of
mentioned sub-functionalities - {0, 1,2, 3,4} respectively. Then the byte value can be calculated
as » ;b x 2 where b; = 1 if user has permission for particular sub-functionality of weight i or
b; = 0 if user has not. For example: the byte value for user who can only read and modify basic
data is 10 = 2! (modify basic details) +23 (read basic data). Some other functionalities may
have more (up to 8) sub-functionalities. The functionalities and sub-functionalities are defined in
separate tables altogether with their byte positions in User table and codes used. Also, the table
with relations between user procedures and sub-functionalities implemented in user procedures
is defined.

All parameters of stored procedures have default values, and usually, default values are
dummy values. The reason is not to allow attacker to figure out what is the number of parameters.
If an attacker in normal case calls stored procedure with some mandatory parameters missing
(Figure 1), DBMS raises exception informing him/her that next parameter or type is missing.
By adding new parameters in next stored procedure calls until DBMS executes stored procedure
without error raised, an attacker will probably figure out the number of parameters.

Also, if an attacker put the value of parameter, but of wrong type (i.e. integer instead of
text), DBMS again informs user what type of parameter is expected. When all parameters have
default values within the body of stored procedure (and all default values are dummy values),
stored procedures will not report errors on number and type of parameters and an attacker will
probably not figure out what is missing.




Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 161

[SQL Server]
> execute sp_InsertOrders

Msg 201, Level 16, State 4, Procedure sp_ InsertOrders, Line 0
Procedure or function 'sp InsertOrders' expects parameter
'@datDate', which was not supplied

[Oracle]

> execute sp_InsertOrders

Error starting at line 1 in command:

execute sp_ InsertOrders

Error report:

ORA-06550: line 1, column 7:

PLS-00306: wrong number or types of arguments in call to 'SP _INSERTORDERS'
ORA-06550: line 1, column 7:

PL/SQL: Statement ignored

Fig. 1. The example of error report on calling stored procedure without parameters in SQL Server and Oracle

The design of stored procedure’s body is presented in Figure 2. The first command in each
stored procedure is call to permission checking function. The parameters of this function are:
a stored procedure’s name, user id, client IP address, application name and stored procedure’s
optional parameter - web IP address - sent by web application. Considering that, in our case,
we have two application types: web application (where client IP address detected by DBMS is
those of Application Server) and client application (where IP address is from known IP range),
the optional web IP address is obtained from web application server. Obviously when client IP
address is that of Application server, the Web IP address must not be dummy address.

Create or alter procedure up_UpdateEmpAge (

parl int = -1,
par2 int = -1,
par3 varchar (15) = '000.000.000.000"
)
BEGIN
if not fnvValidateIP (par3)
return

if not fnCheckPermission(user_id, application_name, client ip,
‘up_UpdateEmpAge’, par3)

return

if not fnvalidateParam(parl, ‘int’, ‘UpdateEmpAge’, user id)
return

if not fnvalidateParam(par2, ‘int’, ‘UpdateEmpAge’, user id)
return

UPDATE employees
SET age = par?2
WHERE employee_id = parl

INSERT into LOG (pname, pl, p2, p3, uid, appname, clIP, webIP,
affRows)
VALUES (up_UpdateEmpAge, parl, par2, par3, user_id, application name,
client_ip, par3, @@rowcount)
END

Fig. 2. The design of Database stored procedure in SQL Server

4.1 Permission Checking Function

As can be seen from Figure 3, in the step 1 check permission function checks if a user has
permission to run this stored procedure, then (if answer is Yes) it checks in the step 2 the client
IP address. If it is the one of the Application server, the Web IP address is checked against the
dummy code in the step 3. If it is, the alert is raised and function returns false. But, if it is
not the dummy IP address, the next check (in the step 4) is if procedure is called from the web
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application. The alert is raised when the web application name is not recognised. In the step 6,
the user is checked if he/she is allowed to access this stored procedure from web.

start
permission
check

user has
permission
on this sp?

restricted
IP address
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IP address
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local range
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Fig. 3. The flow diagram of checking procedures in check permission function

If user is not allowed to run this procedure from web, the web not_allowed counter for that
user is increased and function returns false. But, if user is allowed to run this procedure from
the web, the check in step 7 is performed in order to find out if the user logged from this web
address before. If not, the web_IP not recognised counter is incremented, but function returns
true until the counter reach predefined limit. If IP address of the client IP address in the output
of the step is recognised from the range of allowed IP addresses, then the client application name
is checked in the step 5 and check in the step 8 is performed if the user is allowed to run the
procedure from that IP address. If not, the counter local IP mnot allowed is incremented for
that user and function returns false. Otherwise function returns true. If client IP address does
not belong to the predefined range of IP addresses in the step 2, then the alert is raised and
function returns false.
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Fig. 4. The flow of checking procedures in check permission function

4.2 Parameter Checking Function

When check permission function returns true, the check parameters function starts. The flow
diagram of this function is presented in Figure 4. Every parameter’s value is checked against its
dummy code (when recognised application is used the parameters do not have dummy values).
Then the value of parameter is checked against SQL injection key words. If check fails in any of
mentioned steps, the function returns false and alert is raised. In the final step it is checked if
the parameter’s value is within the predefined range of allowed values for that parameter and for
that user. There are also some optional parameters the user has to select through the application
(optional filters for querying, optional key values for inserting/modifying data) and these values
can be checked from appropriate tables. If the values are not within predefined ranges (i.e. some
users want to see data about customers they are not in charge to handle, or write new order
to some of other user’s vendor) the function returns false and the wrong par value counter for
that user is incremented. We must admit that the maintenance of detailed permissions, relations
of users and IP addresses; and users and parameters’ ranges is not so easy where the number
of users connecting to database is high. The proposed solution is implemented to database with
less than 100 users.

For all of mentioned counters, the DB Owner can set maximum values and the time-frame
for reaching maximum values. Depending on the risk assessment some maximum values are
lower and some higher. When any of counters reach own maximum value within the time frame
set, the user is blocked temporarily until the problem (the reason why user tried to access the
database in inappropriate way) is resolved. When any of two checking functions returns false, the
remaining part of stored procedure is not executed and procedure returns nothing that can help
eventual attacker to continue with attacks. The record in Issue table is inserted for any path from
algorithms presented in Figures 3 and 4 that leads to raising alert or incrementing counters. The
internal log table (the log of all successful calls to stored procedures) is transferred to analysis DB
at the end of the business day in order not to use too much space in the transactional DB. From
analysis DB, the updated aggregated table (AggregatedLog) is generated for validation purposes.
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For example when the step 7 from permission checking function is performed, the actual data
are compared against aggregated data, because more resources would be spared if comparison
would be done against data in historical log tables.

5 Results

Before implementation of the solution presented, internal testing was performed in testing
environment. The database responded as expected.

In order to simulate initially expected attacks in the production environment, one of IT
employee figured out the password of one of colleagues (password consisted of his spouse name
and two digits - the year of his marriage) and tried to retrieve data with his credentials using
the client application. I'T employee initially tried attack from own computer, but the client
application didn’t start any stored procedure. IP address check was working. But, after the
end of working time the IT employee connected to DB from the computer of employee which
credentials were compromised and did some retrieval of data, because I'T employee knew some
of the key parameters the compromised colleague used (a short list of customers). Fortunately
the I'T employee couldn’t modify the data because he didn’t know some other parameters related
to retrieved customers and the limit for wrong par value counter was set to be low. The alert
was raised after couple of failures. After described case occurred, the stronger password policy
is implemented, the additional check on working time is implemented in stored procedures and
only database accounts (not the domain accounts) are implemented in database. The following
cases were reported since then:

— it happened several times that DB owner didn’t update all permissions of some users that
were required in order to work with additional business functionalities (in some cases the
IP address of user’s computer is updated, but not the ranges of parameters’ values or vice
versa);

— it was recorded that some users had relatively "large number"of typo errors and they reached
the limit of wrong par value counter and were temporarily forbidden to log in;

— some users who hadn’t enough permissions for some functions were instructed by other
employees (that actually had permissions for these functions) how to proceed to modify
data, not figuring out why system didn’t react.

The embedded protection had also an impact on data correctness, although it was not the
intention. The users who were blocked because of type errors used to take more attention on

typing.

6 Conclusion

In order to protect software with database from an attacker decently, it is necessary to
continuously monitor and investigate all published cases of software vulnerabilities. One approach
in improving security of database is to enable its self-protection by controlling the access to
database by using only stored procedures with built-in validations on user’s permissions and
input data. In this way a shield on detailed user permissions and input data that might cause
the potential security flaws is embedded. Calls to stored procedures that potentially jeopardise
the database security (when any checking function returns false) are logged in special table. By
continuous analysis of data in this table some conclusions can be derived and new protection
measures can be implemented in order to improve database security.
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Abstract. This paper describes process of choosing the model for lexical selection for Kazakh
language as a source and target language. We will consider existing models and methods for solving
problem of lexical ambiguity. In this paper we will show models which can be applied to Kazakh
language. We will consider to rule-based lexical selection and first works which be done to this time
for solving this type of problem.

Keywords: machine translation, Apertium, ambiguity, lexiacal selection, HMM, maximum entropy
model, MT.

1 Introduction

Today it’s important to create machine translation for Kazakh language. When we create
machine translation we faced with problem of ambiguity. The ambiguity is an open problem
of natural language processing and each machine translation system faces it. Solving the task
of ambiguity is a difficult task. Today, there are many algorithms and models of resolving it.
Linguists distinguish some kind of ambiguity. There are: lexical, morphological, synsathtic. We
will consider lexical ambiguity. Lexical selection is a choosing one translation of the word in
target language by context of source language. Lexical selection is a main tasks of processing
language. Kazakh language has a great number of ambiguity, when translating from English.
For example, word ’bet’ can translated as 'face’ and 'page’. We solved this ambiguity by writing
rules, which we will consider at the next section [1].

2 The Apertium platform

Apertium is machine translation platform. The Apertium platform module’s work seems like
pipeline. The Apertium machine translation system consists following module [2]:

— Deformatter. It separates the text to be translated from the formatting tags. Formatting
tags are encapsulated as ’superblanks’ that are placed between words in such a way that the
remaining modules see them as regular blanks.

— Morphological analyser. For each surface form (that is, for each lexical unit as it appears in
the text), the morphological analyser generates one or more lexical forms composed of: lemma
(dictionary or citation form), lexical category (or part-of-speech), and inflection information.
The morphological analyser executes a finite-state transducer generated by compiling a
morphological dictionary for the source language. Lexical units containing more than one
word (multiword lexical units) are analyzed as a single lexical unit. Morphological analyser
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uses a finite state transducer based on two-level rules (in the case of Kazakh, apertium-
kaz.kaz.lexc, apertium-kaz.kaz.twol). This module therefore separates lexemes and processes
morphological analysis, and then returns possible lexical forms.

— Part-of-speech (POS) tagger. Apertium’s POS tagger is based on a statistical model based on
hidden Markov models which processes the result of the application of on constraint-grammar
rules (Karlsson 2005), which are used to discard some analyses using simple rules (written in
apertium-kaz.kaz.rlx) based on context.

— Lexical transfer. This module uses a bilingual dictionary (apertium-eng-kaz.eng-kaz.dix)
which has very simple structure. The module reads each source-language lexical form and
finds one or more corresponding target-language lexical forms. Multiword units are translated
as a single word.

— Lexical selection. It uses rules that select for those lexical words having many translations,
one of the translations in the target language according to context. All rules are written in
file apertium-eng-kaz.kaz-eng.lrx . Lexiacal selection is the focus of this paper, and will be
described in section 3;

— Structural transfer. This module identifies sequences of lexical forms (phrases or segments),
which need syntactical processing (handling of number, prepositions, etc.) to be translated.
It uses files with rules, which specify the syntactic transformation as a cascaded process.
Transfer rules, which transform lexical-form sequences into a new sequences for the target
language, perform the work in this module.

— Morphological generator. From the sequence of target-language lexical forms produced by the
structural transfer, it generates a corresponding sequence of target language surface forms.
The morphological generator executes a finite-state transducer generated by compiling a
morphological dictionary for the target language.

— Post-generator. It takes care of some minor orthographical operations in the target language
(for instance, it generates the English form cannot from can and not). This module is
generated from file with rules which are very similar in format to dictionary files.

3 The lexical selection

The lexical selection is an open problem of each translation system. One of the main tasks of
word processing is the problem of lexical choice, which is associated with the task of word-sense
disambiguation. It is the correct choice of the word or term in accordance with the context in
which they are used. Word-sense disambiguation is used in different areas: to improve the quality
of machine translation, improve the accuracy of methods of classification and clustering texts,
information retrieval and other applications.

3.1 Rule-based lexical selection

In rule-based free/open source platform Apertium [1] this problem is solved by module of lexical
selection (F.M. Tyers, M.L. Forcada 2013), where rules are written by hand. As you know personal
pronoun ’ol’ from Kazakh is translated as ’he’, ’she’ and ’it” into English. We wrote the rule of
lexical selection in which translation is taken by depending located near words. Generally, hand-
written rules do not cover the entire context. So, we want to use statistics methods and models
to solve this problem, which connected with training corpora to generate rules automatically.
Rule-based lexical selection is written in file apertium-eng-kaz.eng-kaz.Irx for language pairs
from English into Kazakh, meanwhile in file apertium-eng-kaz.kaz-eng.lrx rules are written to
Kazakh into English language pairs.This lexical module in the translation ambiguous word
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input language to the target language selected one lexical form of all possible with the help of
rules depending on the context. All the rules are written in the XML-format.

The content of the lexical rules:

<rule> - start of rule;

<match lemma="the word in english/kazakh" - defining word;
tags="part of speech" - tag of the word’s part of speech,
for example, noun - "n", adjective - "adj", and etc.;
<select lemma="selected word" - selection of a particular ambiguous word translation;
tags="part of speech" - tag of the word’s part of speech;
</match>,

</rule> - closing of the relevant tags.

Ezample of lexical selection rule for ’zhas’

<rule>
<match lemma="year" tags="n.pl">
<select lemma="zhyl" tags='"n.x*"/>
</match>

</rule>

<rule>
<match lemma="year" tags="n.pl">
<select lemma="zhas" tags="n.x"/>
</match>
<match lemma="old" tags="adj.x"/>

</rule>

(Example from apertium-eng-kaz.eng-kaz.Irx)

3.2 Statistical-based lexical selection

Statistical-based lexical selection connected with corpora by counting frequency of collocation
or words. When we use statistical lexical selection it means that we choose the most likely
translation with their probability.

One of the important part of statistical machine translation system is to make corpora of
large volumes. One of the difficult task is a collection of parallel corpora, ie, in our case, to
gather the corpus of Kazakh and the corpus of the English. Presently, we have been developing a
bilingual corpus, which already contains 4255 sentences. We collect this corpora from fairytales,
books. Today we are training this corpora, because Apertium works with trained corpora. To
receiving corpora-based lexical selection we need aligned corpora, which is not easy to do. As we
mention above, all Turkic language have a complex morphlogy.So, some words can be aligned to
several words.

We want to use both of type of lexical selection, which is meant above. Because, rule-based did
not cover all cases for ambiguity. At the first step of creating statistical-based lexical selection
we collect and develop bilingual corpus. Today, corpus-based techniques for lexical selection
is widely used. Corpus is main part of any corpus-based lexical selection. Preparing corpora
depends on complexity of language. As you know Kazakh has complex morphology. We collect
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corpus from books, fairytales. At the second step of our work we are training system by adding
words to monolingual dictionary of Kazakh(apertium-kaz.kaz.lexc) and English (apertium-eng-
kaz.eng.dix) language and adding to bilingual dictionary(apertium-eng-kaz.kaz-eng.dix).

4 Models

4.1 Hidden Markov model

First suitable model is Hidden Markov model (HMM), which is the main model of statistical
modelling in language processing. In HMM model disambiguation is solved by assigning the
probability of word. Knowing the most probable tags in context, translation system can decide
which translation of word or collocation is adequate. This model requires a big corpus of Kazakh
language to receive accurate translation. If a given possible translation appears aligned to a
word in a given context more frequently than other possible translations, then we generate a
rule which selects the aligned translation in that same context over other translations in that
context [3]. We know that the main source of knowledge are dictionaries and encyclopedias.
Linguists created thesauri, semantic networks and other specialized structures to establish the
relationships between the values. One of the most popular model based on knowledge is a hidden
Markov model . Methods based on different variations of hidden Markov model works much
better, since it takes into account the context.

The problem of solving the lexical ambiguity can be reformulated as a maximization problem
using the formalism of Hidden Markov Models. [16].

Hidden Markov model (Hidden Markov Model) - a statistical model that can be used to solve
the classification problem of hidden variables based on observable. A Markov model is a finite
state machine, the state transitions performed with a given probability. The process starts from
a special starting state, then through discrete points in time it can go into new States.

In a HMM model each state with a given probability corresponds to the observed state. In
accordance with the Markov assumption, the current state of the automaton depends only on
a finite number of previous, with the change of the law itself states does not change over time.
The number of states that need to remember to go to a new state, called the order of the model.
The model may be a first order (present condition depends only on the last), n-th order (the
current state is dependent on a predetermined number of preceding), and the alternating order
(the order is determined according to a certain law).

Hidden Markov models are used to solve three major problems:

— calculating the probability of a observations sequence;
— calculating the most plausible explanation for the observed sequence;
— training model parameters.

For solving the lexical selection problem the words meanings serve as a hidden states, words
from the text serve as observations. To use the model, you need to estimate the parameters - the
matrix of transition probabilities between states (probability that after a word with the value of
the test will met next) and probability matrix of observations (the probability that a given word
has a predetermined value). To estimate these parameters using annotated corpus, dictionaries,
network documentation. First Order HMM have complexity O (N2T), easy to understand, but
for many situations receive insufficient accuracy.

4.2 Maximum entropy model

Second model is Maximum Entropy Markov Model (MEMM) that is used to resolve
morphological ambiguity. Morphological ambiguity is the main study object of the problem of
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determining the word’s parts of speech (part of speech tagging). However, modern systems are
able to effectively solve the problem using methods of machine learning, such as the support
vector machine method or the maximum entropy method, and show the accuracy more than 97

We decided to consider the HMM model as most suitable to Kazakh language and will use
this model in machine translation systems, that have Kazakh language as a source and as a target
language, namely in MT system from Kazakh into English (and vice versa) and from Russian
into Kazakh language.

Maximum entropy lexical selection model includes a set of binary functions and appropriate
weights for each function. The feature is defined as combination of 't’ and ’c¢’, where ’t’ is a
translation, and ’¢’ — is a source language context.

5 Results

Current version of system, namely English-Kazakh(and vica versa) can translate simple phrases
with ambiguity. In English-Kazakh lexical selection rules and n Kazakh-English lexical selection
rules contain about 30 rules.

6 Conclusion

Current lexical selection rules translate some cases of phrases and solve problem of ambiguity
in some cases. We have presented a lexical module for Kazakh language on free/open-source
platform Apertium. A lexical selection problem is solved by writing rules for words. In the future
we would like to use statistical model for more effective solving the problem of lexical selection,
namely maximum entropy model. This model shows the high accuracy. So, now we are preparing
parallel corpora for English and Kazakh language, which are collected from fairy-tales and books.
Then we would train it as statistical machine translation system has a property of «self-learnings».
As a method we would use supervised learning. This method based on word-alignment from
corpora.

We hope that the using of this model to the problem of disambiguation for Kazakh language
will give us the opportunity to have a more accurate translation of texts.

In future work is planned to generate lexical selection rules automatically from bilingual
corpora to improve translation quality.
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Abstract. The development of nuclear physics, astrophysics, nuclear engineering, radiation
medicine and ecology stipulates interest of scientific community to the usage of nuclear data. The
Central Asian Nuclear Reactions Database (CANRDB) started in 2012 first for the local nuclear
data users. The CANRDB then joined the International Network of Nuclear Reactions.

Types and advantages of most common database management systems and server platforms are
considered. The description of the main features of the new nuclear data compilation software
developed in collaboration by CANRDB and Japanese Charged Particle Reaction Group (Hokkaido
University, Japan) is given.

Keywords: Nuclear data, CANRDB, compilations, database management system, EXFOR,
HENDL.

1 Introduction

Nuclear reaction data is essential for research and development in nuclear physics, astrophysics,
nuclear engineering, radiation ecology and radiation medicine. These fields require a variety of
nuclear reactions data in the form of database accessible to nuclear data users around the world.

The Central Asian Nuclear Reactions Data Base (CANRDB) at al-Farabi Kazakh National
University is a member of the International Network of Nuclear Reaction Data Centres (NRDC)
under the auspices of International Atomic Energy Agency (IAEA); CANRDB develops and
provides access to the nuclear reactions database, reference and educational materials for
scientists, nuclear data specialists and students in various fields [1].

One of the necessary tools to handle the massive amount of nuclear reactions database is a
database management system (DBMS). A DBMS is a structured system for collecting, retrieving
and displaying information, designed to allow the definition, creation, querying, updating, and
administration of databases. Well-known DBMSs include MySQL, PostgreSQL, Microsoft SQL
Server, Oracle, Sybase and IBM DB2 [2].

Generally, there are two categories of the database management systems: desktop databases
and server databases. The difference between these two is that desktop databases are oriented
toward single-user applications and reside on standard personal computers, while server databases
are designed for organizations and allow to access, manipulate and process large amounts of data
efficiently and simultaneously by many users. There is a number of benefits achieved through
using a server-based system:

Flexibility. Server-based databases have large functional enabling them to handle various
data management problems. They have programmer-friendly application programmer interfaces
(or APIs) assuring quick development of the database and the applications. Most platforms are
compatible with various operating systems.
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Powerful performance. Modern server-based databases can manage multiple high-speed
processors, clustered servers, high bandwidth connectivity and fault tolerant storage technology.

Scalability. If the necessary hardware resources are provided, server databases are capable of
handling a rapidly expanding amount of users and/or data.

Depending on the way how the data is structured, there can be two types of DBMS: a Network
DBMS and Relational DBMS (RDBMS).

In a Network DBMS the relationships among data are of type many-to-many that appears in
the form of a network. Thus, the structure of a network database becomes extremely complicated,
and one record can be used as a key of the entire database.

A relational DBMS stores data in separate tables rather than puts all the data into one
large repository. Such data configuration adds tremendous speed and flexibility: the tables are
linked by defined relations making it possible to combine data from several tables upon request.
A number of modern database management systems such as Oracle, MS SQL, IBM DB2 and
MySQL are RDBMS.

The Central Asian Nuclear Reactions Data Base uses the MySQL database management
system, as it fully covers all the requirements of nuclear data storage and has a number of
advantages.

2 Construction of CANRDB

It is an open source Relational DBMS, which makes it more flexible and allows configuring the
database for the special needs of the nuclear reactions database. One of the main requirements for
a nuclear database is security: MySQL includes solid data security layers that protect sensitive
data from intruders, allows setting rights with various ranges of privileges to the users and has
a password encryption tool.

Another advantage of MySQL is that while most relational databases require a basic
knowledge of SQL, MySQL is very easy to use. It allows building and interacting with MySQL
with only a few simple SQL statements.

In the interest of speed, MySQL designers decided to offer fewer features than other major
database competitors do (such as Sybase* and Oracle*). However, despite having fewer features
than the other commercial database products, MySQL still offers all of the features required by
most database developers [3].

The scalability of MySQL allows handling large amount of data up to 50 million rows, and
has a possibility to increase the default file size limit from 4 GB up to 8 TB of data. MySQL
itself runs across many operating systems and supports several development interfaces including
JDBC, ODBC, and scripting (PHP and Perl), making it possible to create database solutions
that run on all major platforms, including Windows* Linux*, many varieties of UNIX* (such as
Sun* Solaris*, AIX, and DEC* UNIX), OS/2, FreeBSD*, and others.

MySQL is made available under the GNU General Public License (GPL) free of charge and
under commercial license for commercial use.

Many of the world’s largest and fastest-growing organizations including Facebook, Google,
Adobe and Alcatel use MySQL to power their high-volume web sites, business-critical systems
and packaged software.

MySQL DBMS in CANRDB database is realized as a WAMP, "Windows, Apache, MySQL,
and PHP"application server platform. Apache is the most popular open source web server and
PHP is a widely used general-purpose server-side scripting language designed to produce dynamic
web pages. By combining these components, WAMP server platform allows users to set up a server
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locally to create dynamic web applications with Apache, PHP and the MySQL database in the
same development conditions as on the production server.

One of the great benefits of WAMP server platform is that it allows to develop, upgrade
components, perform any web development task and carefully test everything offline first, which
reduces the risks of creating problems on the live server.

The International Network of Nuclear Reaction Data Centres (NRDC) uses a special format
of nuclear data EXFOR (EXchangeFORmat) containing extensive data on nuclear reactions with
photons, neutrons, charged particles, heavy ions, the properties and structure of atomic nuclei.

Systematic collection of experimental neutron nuclear data started in the 1960s and was
conducted by four data centres, each using its own data system: Brookhaven National Laboratory
(USA), OECD Nuclear Energy Agency (France), Fiziko-Energeticheskij Institut (Obninsk,
Russia) and International Atomic Energy Agency (Austria). It became obvious soon that centres’
activities required coordination, and in 1970 software experts and physicists from these four
centres formulated a unified nuclear data exchange format "EXFOR"in its initial form. Prompt
exchange of compiled nuclear data among centres made it available to the increasing community
of data users around the world.

Today EXFOR contains data from more than 20,000 experiments with more than 129,000
data tables [4]. Maintenance of such a massive array of various data requires specialized tools
with the possibility to compile, input and digitize numerical and graphic information. All centres
of NRDC Network use different tools for internal data storage, input, output and retrieval making
data available to users.

CANRDB in collaboration with Japanese Charged Particle Reaction Group (JCPRG) at
Hokkaido University is developing a new version of a convenient and user-friendly web-based
system (HENDL) for nuclear data input with possibility of output in EXFOR and other specific
data formats [5].

3 Compilation tools in CANRDB

Nuclear data editor, such as HENDL, is a main working tool of a modern nuclear data specialist
or compiler. The first version of HENDL was developed in 2001 by Dr. Naohiko Otsuka at the
Hokkaido University’s Japanese Charged Particle Reaction Group (JCPRG), and is now widely
used by a number of centres of the NRDC Network. Yet due to rapid development of data systems
and the EXFOR format itself, necessity to update the main tool of nuclear data input becomes
inevitable, and such changes dictate a number of requirements [6].

Accessibility. We believe that in drastically and dynamically changing world, accessibility of
a working tool is a key to effective and up-to-date data input and exchange. It is essential for
a data editor to be available anytime from any device regardless of operating system and the
compiler’s location. Thus we opt for a browser-based editor, which should be available from all
major and popular browsers (Chrome, Opera, Safari, Firefox, etc.). This option is realized in the
first version of HENDL, and will be maintained in the new version as well.

Another important requirement is related to the fact that more and more new experiments,
institutions, installations and facilities and, accordingly, new data types appear every year,
making it necessary to regularly update the EXFOR format itself. Thus a nuclear data editor
should be updatable simultaneously with EXFOR updates.

Third requirement concerns the input system of the data editor. EXFOR is a highly-specific
and complicated data format with a number or rules and nuances that require large experience
and proficiency in work with nuclear data. However, the scope of new experimental nuclear data
grow dramatically and centres experience the lack of human resources since the education of
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new compilers takes a lot of time. One way to solve this problem is to create a compiler-friendly
data editor that would not require deep knowledge of EXFOR and would improve the quality
of compilation. This can be realized through inclusion of extensive dictionaries of EXFOR codes
and build-in manuals and step-by-step guides to the editor and development of error checking
tool.

And the last requirement relates to the usability of nuclear data search engine for outside
users. Usually the search tool also demands some knowledge of EXFOR from users, and this
seriously reduces the usage of the network. To solve this problem we aim to use both advanced
search and a free text search with advised options in our data retrieval system.

All these requirements will be realized in the new version of the HENDL editor, which is now
on the stage of active development. The new HENDL editor will include the function of check
and graphical visualization of the entered data and will be accessible for the staff of all Nuclear
Data Centres.

The development of the CANRDB nuclear reaction database and the new nuclear data editor
will increase the activity and effectiveness of CANRDB in extending the scope of experimental
nuclear data from the Central Asian region and contribute to the nuclear data development
around the world.

The CANRDB takes part in the international cooperation and technical meetings of IAEA. It
is important that special educational and reference parts of the Database are formed for students
of technical disciplines and junior scientists who are the main users.

Acknowledgments. The authors acknowledge Kiyoshi Kato, Naohiko Otsuka and V.V.
Varlamov for their help and participation in the CANRDB development.

References

1. Takibayev, N., Kenzhebayev, N., Kurmangaliyeva, V.: Introduction to the Central Asian Nuclear Reaction
Database, Summary Report of the Technical Meeting on International Network of Nuclear Reaction Data
Centres (6-9 May 2014, Smolenice, Slovakia), JAEA Nuclear Data Section, Vienna International Centre,
Austria, 55-57 (2014)

2. http://www.databasejournal.com

http://www.novell.com/documentation/nw65/web_mysql_nw/data/aj5bj52.html

4. Otsuka, N.: Compulation of Experimental Nuclear Reaction Data in Central Asia, Proceedings of the 4th
Asian Nuclear Reaction Database development Workshop, Almaty, 23-25 October 2013, INDC (NDS)-0633
Distr. G+NC, TAEA, Austria, February 2014, pp. 56-60.

5. Kenzhebayev, N., Kurmangaliyeva, V., Otsuka, N., Takibayev, N.: Joint activities with TAEA on uploading of
scientific papers from Kazakhstan and Uzbekistan into the EXFOR database, Proceedings of the Fifth AASPP
Workshop on Asian Nuclear Reaction Database Development, BARC, Mumbai, India, 22-24 September 2014,
INDC(IND)-0048 Distr. NC, IAEA, Austria, February 2015, pp. 152-154.

6. Aikawa, M.: Japanese compilation tools, Summary Report of the Technical Meeting on International Network
of Nuclear Reaction Data Centres (6-9 May 2014, Smolenice, Slovakia), IAEA Nuclear Data Section, Vienna
International Centre, Austria, pp. 51-54 (2014)

w



Parallel Algorithm of RDF Data Compression and
Decompression Based on MapReduce Hadoop Technology

M. Mansurova, E. Alimzhanov, E. Dadykina

Al-Farabi Kazakh National University, Almaty, Kazakhstan
mansurova0Ol@mail.ru, aermek81Q@gmail.com
http://www.kaznu.kz

Abstract. At present, search systems quite successfully deal with information search in the World
Web but processing of semantic inquiries, intellectual use of resources are still of semantic an
open problem. The necessity of storing and processing of large volumes of data also contributes to
creation of new approaches for quick searching and useful information retrieval. Investigations in
this direction have been carried out since 1994 after introduction of the notion "Semantic Web"by
Tim Berners-Lee, invertor of World Wide Web.

As, when working in the Web, we mainly deal with unstructured or semi-structured data (electronic
documents, web pages, etc.) which are designed for perception of people and not computers, the
development of effective technologies and algorithms of machine processing of the data is a field
of active investigations in the whole world. Due to scientific results obtained in this direction, the
methodological base and technologies for the work with great massive of unstructured data have been
formed. At present, owing to the growing volumes of the information being processed, the problems
of organization of high performance computing for the work in Semantic Web have become actually.
The technology of distributed computing appeared to be the most effective which is explained
by their high scalability, flexibility and high productivity. For processing of semi-structured data,
this Project proposes to use the model of high productive distributed computing on MapReduce.
On the basis of theoretical and experimental results of investigations in this field one can assert
that algorithms of compression and decompression of RDF dictionaries are most successfully
realized using the model of distributed computing MapReduce. The technology MapReduce Hadoop
allows the programmer to concentrate upon the logic of processing; the problems of realization of
distributed computing, fault tolerance, load balancing are solved at the level of the technology.

Keywords: RDF dictionaries, MapReduce Hadoop, compression and decompression algorithms.

1 Introduction

Different research groups [1-3] deal with the problems of development and creation of information
search systems which are able to automatically search and retrieve new information from semi-
structured data for scientific community. In such systems, such technologies as JSP, JavaScript,
PHP, database server MySQL are used as development tools. In spite of the indisputable
advantages of these systems their productivity noticeably decrease with the increase in the
volumes of the data being processed.

At present, due to the increase in the volumes of the data being processed the problems of
organizing high-performance computing for the work in Semantic web have become actual. And
the technologies of distributed computing [4-7] proved to be most effective owing to their high
scalability, flexibility and high performance.

In this work, to process semi-structured data, the distributed computing model of MapReduce
based on Hadoop platform is proposed to be used. On the basis of theoretical and experimental
results of investigations in this field [8-9] one can state that algorithms of compression and
decompression of RDF dictionaries, scalable distributed reasoning for retrieval of information
from Semantic web are most successfully realized using the MapReduce Hadoop technology. The
MapReduce Hadoop technology allows a programmer to concentrate on the logic of processing
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and such problems as implementation of distributed computations, failure resistance, and load
balancing are solved at the technology level.

In this work we describe the process of construction of RDF dictionaries and propose of
parallel algorithm of RDF data compression and decompression with MapReduce based on
approach of Jacopo Urbani and others |7]. We have implemented a prototype using the Hadoop
framework, and evaluate its performance.

2 Dictionary coding algorithm

Semantic web contains billions of statements which are realized using the RDF data model
(Resource Description Framework). For a better storing and processing of large volumes of data
and high performance of RDF applications, the methods of data compression must be used.
Parallel algorithms realized using MapReduce Hadoop technology are effective for compression
and decompression of a great amount of RDF data [5-6].One of the most often used methods
for compression of data is based on dictionary coding. In the dictionary coding, every element
in a set of data is substituted by a numeric identifier. Using a corresponding dictionary, the
data can be compressed into the initial uncompressed form. Due to its simplicity this method of
compression is widely used in different fields. In this work, a parallel algorithm of compression
and decompression of RDF data using MapReduce Hadoop technology is based on the approach
of Jacopo Urbani et al. [5]. The algorithm using the method of creation of dictionaries with
supporting the initial structure of the data is realized on Hadoop platform. As a model example,
in the framework for construction of knowledge base Protege [10], ontology on the theme of RDF
model syntax was constructed resulting in the document in the format .rdf of this ontology which
was further supplemented in the framework Sesame [11] for storing and processing of RDF data.
Then, a program for a parallel algorithm was written using the dictionary coding in the Java
language in the Eclipse integrated framework of development. In the course of work, the Jena
library [12], a special Java framework for the work with RDF data, was used. As a result of
program execution two files were obtained: one with a dictionary with terms and corresponding
codes, the other with compressed RDF data.

3 Dictionary coding algorithm based on MapReduce Hadoop technology

The parallel algorithm for creation of dictionary coding on MapReduce Hadoop consists of 3
stages. The first stage is finding of popular terms in the input file and entering them into the
dictionary. As RDF data are usually large in volume, at this stage only part of the input file is
processed. At the second stage, statements are divided into separate terms, and then coding is
performed. In the course of division, identifiers of statements and the corresponding place of the
term in the triplet are stored. Then, the terms are coded: if the term is already in the dictionary,
it is substituted by a numeric identifier, if this term is not in the dictionary, it is entered into
the dictionary and a new numeric identifier is assigned for it. Reconstruction of statements is
performed at the third stage. When realizing this mechanism of compression, the problems of
data tokenization, prevention of excess duplication of data were solved (see Figure 1).

In order to decompress the data which were compressed with the help of dictionary coding,
popular terms are processed separately all over again, and the statements are divided into terms
and at the end of the statement are collected into triplets (see Figure 2).
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4 Related work

IDictionary coding is used in widely-known systems of storing RDF data, such as Hexastore,
3Store and Sesame [9-11]. The systems of built-up mechanism of logic output, such as WebPIE
[8] and OWLIM [12], also use dictionary coding. A detailed review of compression methods
which can be applied to RDF data is presented in [13|. In this article, the authors considered
three different methods: standard of compression GZIP, compression on the basis of contiguity
of lists and dictionary coding. According to the authors compression considerably depends on
the structure of data and the use of dictionary coding is the most effective method if there is a
significant amount of identifiers URI in the data sets. In [14], the authors propose a method in
which structured coding dictionaries are used for compression of URI in RDF files. This method
works at two levels: first, it compresses the URI namespace, and then starts to compress the
remaining part of data. Though the work is still at the stage of development, evaluation of the
results shows that such method of compression is better than the conventional method GZIP.
Another work on compression of URL-addresses is described in [15]. Here, the authors concentrate
on the problem of providing an effective web-cashing, and they propose a simple algorithm of
compression of URL tables. The algorithm is based on the hierarchical decomposition of URL
allowing to an aggregate general prefixes and using additional function of hashing to minimize
the conflicts between prefixes. Introducing these methods the authors considerably reduced the
time and compression of information. Dictionary coding is used not only in Semantic web but
also in a number of other fields. For example, in [16], dictionary coding is used for compression
of images. In [17], the authors present some parallel methods of compression of data using the
existing dictionaries. In some problems, dictionaries are small to be in the main memory; a
comparative analysis of the use of different structures of data in the memory is given in [18].
In [19], the authors propose a new structure of data Trie which supports the lines in a sorted
comparable to the productivity if tires.

The algorithm of decomposition (Figure 2) requires execution of data connection but the
original MapReduce paradigm does not provide ant tool for execution of effective connections.
Extension of the programming model MapReduce called MapReduce-Merge [20] is directed to
support merging of data. Other structures, such as Pig [21] or Hive [22] built on the basis of
Hadoop give SQL-like languages for execution of inquiries on very large data set.

5 Experiment design and results

The experimental design and the results of the generated MapReduce program execution on a
special deployed Apache Hadoop Mini-Cluster of Laboratory of Computer Science of al-Farabi
Kazakh National University are presented below. Apache Hadoop 2.6.0 Mini-Cluster consists
of 1 master node and 7 slaves. All slave nodes have Ubuntu 14.04 on board; master node has
Ubuntu Server 14.04. Master node hardware characteristics: Hardware: HP ProLiant-BL460c-
Gen8, Architecture: x86-64, CPU(s): 4, Model name: Intel(R) Xeon(R) CPU E5-2609 0 @
2.40GHz. Slaves hardware characteristics: Architecture: x86-64, CPU(s): 4, Model name: Intel(R)
Core(TM) i5-2500 CPU @ 3.30GHz. NF'S server is configured on master node. Slaves have the
same folder mounted with read /write access rights. Nodes are connected using Ethernet devices,
this providing up to 1000 Mbps, Intel(R) PRO/1000 Network Connection. Problem sizes are: 12
MB, 46 MB, 93 MB, and 250 MB (12 MB are corresponding to 100 000 statements). From Figure
3 one can see that the data are compressed in the volume up to 80%. The identity of the decoded
data is checked by the initial: the loss of data is not detected. Figure 3 presents the dependency
of the time of performance of the compression on the volume of data and the number of nodes
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on the cluster. It also shows that when we choose a big problem size the computing nodes are
more effectively used.
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Fig. 3. - Scalability of the compression algorithm on the input size.

6 Conclusion

We have implemented a prototype using the Hadoop framework and propose of parallel algorithm
of RDF data compression and decompression with MapReduce. The evaluation shows that this
approach is able to efficiently compress a large amount of data. This method of data compression
can be used further in different applications intended for storing and analysis of RDF data,
execution of logic reasoning.
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Abstract. Modern archeology builds on the achievements of information technology in various
fields of its activity. One of them is the creation of virtual three-dimensional (3D) models of sites
and artefacts based on the results of excavations. These models are mainly used for visualisation of
the past. The authors present the concept of three-dimensional digitisation of fragments of artefacts,
recreation of the original shapes of objects and reconstruction of the missing parts in order to
create the technological process of material reconstruction of historic artefacts. The study presents
the relevant methods, algorithms and modern 3D technology peripheral devices such as scanners
and printers, as well as a wide range of research problems whose solution determines the practical
applicability of the proposed method.

Keywords: Cultural heritage. Archaeological artefacts. 3D models. Technological process of
reconstruction.

1 Introduction

Information technology supports different areas of human activity, including those associated
with a broad concept of Cultural Heritage. It also assists archaeologists by:

— documenting the sites and artefacts (digital photos, scanning, GPS positioning [1], accurate
measurements as well as combinations of methods: photogrammetry, 3D characterisation,
and geometrical analysis [2], etc.);

— exploration work (non-invasive research methods such as computer and ultrasound
tomography [3]);

— reconstruction of objects and sites [4].

There has even arisen the concept of virtual archeology and virtual museum|5] and the
protection of Cultural Heritage using 3D technology|6].

Virtual archeology mainly deals with reconstructing archaeological sites and artefacts in
virtual reality. Its basic objectives are [4]:

— Dissemination of results of the past play in the virtual world for scientific, educational, tourist
or entertainment purposes.
— Reconstruction of sites and artefacts.

Tools producing and disseminating virtual archeology models are identical with those for
3D design used in architecture, technology or computer games. Technology (just as games do)
creates 3D models of non-existent objects (or those under construction) with the aim of their
production in a technological process. In computer games, on the other hand, artificial worlds
are visualised for their exploration by the players. In the case of virtual archeology such artificial
worlds are visions of the past, and the generated worlds are virtual museums.
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In the case of reconstruction of sites and artefacts, the 3D models created are a tool for
further work aimed at conservation and research |7,8] or construction of real-world objects in
full or reduced scale [3]. Most of the previous work on 3D models in archaeological research are
focused on archiving the appearance and structure [9] of sites and artefacts. Such models can
be used, among others, to analyse the progress of degradation of the surface of real objects. An
underexplored aspect is the ability to create actual copies of these objects by using 3D replicators.

Physical (not virtual) reconstruction may be associated with the construction of new physical
objects (i.e. copies of artefacts), or with complementation of the artefacts by the missing items.
3D modeling in this case is an integral part of the process of reconstruction of historic material
artefacts.

2 The idea of reconstructing archaeological artefacts

Significant increases in computational power of modern computers and the development of new
peripheral devices such as 3D scanners and devices for 3D printing have brought the possibility
of their use in archeology. As a result, the idea of reverse engineering and rapid prototyping can
be implemented on a large scale also in the area of cultural heritage, and not as heretofore only
in manufacturing industries where prototypes of new products were prepared.

Making copies of museum objects, including archaeological ones, requires a specific approach.
On the one hand, these objects are valuable from the point of view of the identity of the nation
and the state, on the other hand they often have a very high financial value. These objects may be
small, but they must be stored in special climate and safety conditions; others are large enough
not to be easily moved. A major problem is the fact that very often archaeological artefacts
are damaged and some of their elements are missing. During their reconstruction the missing
fragments must be restored.

Figure 1 is a diagram of the automation of the reconstruction process of archaeological objects,
together with the assembly process. The elements of the artefact obtained from the excavations
are subject to the process of cleaning and segregation. They are then 3D scanned and undergo
postprocessing. As a result, solid 3D models are obtained of the fragments of an archaeological
artefact and of its surface texture. The adjustment to each other of individual virtual artefact
fragments and the recreation of the 3D models of the missing parts results in the construction of
a complete virtual object. The missing items are made in a particular material (e.g. clay, which
is then burnt out) using 3D printing technology. At the same time the technology is developed
of assembling a reconstructed object from fragments (excavated and reconstructed). As a result
of the proposed scheme copied or reconstructed (missing) material components of the artefact
are obtained and the technological process of their assembly, leading to the emergence of a
reconstructed material artefact. The very implementation of the technological process can be
manual (as has been happening so far) or automatic, using a precise robot.

3 3D scanning and printing

An important element of the proposed idea of reconstructing archaeological artefacts is using
specific computer peripheral devices that perform processes of scanning and 3D printing.

The three-dimensional scanning process is a key element of reverse engineering, which in the
case of archaeological objects consists in obtaining information about the shape of the elements
and storing it in digital form - the so-called point cloud with known coordinates on the XYZ axes.
This process, in relation to objects with small dimensions, can be carried out using one of two
basic devices, namely laser scanners or scanners using structured light [10,11]. In this paper, laser
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Fig. 1. General scheme of archaeological object reconstruction in the virtual and real world.

scanners were used: stationary - Roland PICZA LPX-600 and portable - ZScanner ®700, whose
suitability for the digitisation of ceramic objects was examined in [12]. The objects of digitisation
were elements of dishes made of light scattering material and covered with large and small
ornaments, which represented an additional difficulty in the process. An extremely important
auxiliary operation in the scanning process is the proper selection of the process parameters in
order to accurately reproduce the shapes of the objects, while minimising digitisation time. It
should be borne in mind that access to the exhibit can be a one-off, without a second chance of
re-scanning. An example of the elements scanned is shown in Figure 2.

Fig. 2. Mobile laser scanning two elements of crockery, visible tags allowing to move the device relative to the
objects.

Three-dimensional printing is a process of treating excess material, which means that the
layers forming the printed item are added to the existing layers and bonded with them in a way
depending on the printing technology used. Implementation of 3D printing is possible only after
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the post-processing, which allows you to convert the point cloud from the 3D scanning process
of an element to a solid body and store it in the appropriate format. The authors applied two
replication technologies: powder and FDM (Fused Deposition Modelling). Powder technology
requires pre-curing with an adhesive supplied by the head of the machine and final curing after
cleaning the item from unnecessary powder. In the FDM printing technology the head supplieses
molten ABS material, creating directly the replicated object. In this case, there is no curing
process, but one should remove the supports formed for retaining the printed element before the
hot material stiffens up. A very important step is the positioning of objects in space for printing.
In view of the fact that the printing process is carried out in layers of about 0.2 mm (depending
on the technology of replication) it may affect the quality and condition of the surface of a printed
copy. This is illustrated in Figure 3. The printing process is very long and takes from 4 to 11
hours depending on the number and size of the components placed.

(@)

Fig. 3. Element printed in FDM technology: a) horizontal arrangement - bad mapping of the ornament (partially
unremoved elements of the supports); b) vertical arrangement - good mapping of the ornament details.

4 Research problems of reconstruction

In the practical implementation of the idea of reconstructing archaeological artefacts a whole
range of research problems need to be addressed, such as:

optimisation of the scanning process,

— transition from a 3D point cloud to solid models of objects,

— matching of virtual elements of the artefact,

— restoration of the missing elements and creation of their solid models,
— development of the technological process of the real object’s assembly.

The most important processes leading to the reproduction of the shape of the whole artefact
and its missing parts are shown in Figure 4.

) ) (
RECONSTRUCTING RECONSTRUCTING
THE SHAPE $§‘é§:§$‘g 'T':“é \ THE SHAPE ARCHAEOLOGICAL
OF EXISTING ihepstibadh i LN OF THE MISSING VERIFICATION
FRAGMENTS FRAGMENTS
J

Fig. 4. Steps leading to the reproduction of the missing parts of the artefact.
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4.1 Optimising the scanning process

The number of points supplied in the 3D scanning process can be very large. The more points
allow to obtained the more accurate the scanning. A large number of them causes specific
problems in their storage and postprocessing. Increase in the number of points is matched by
greater processing time and memory usage.

The optimisation process allows proper selection of the number of points to the mapped
shape of the part. The method applied was that of multicriteria optimisation. The assumed
optimisation criteria was the percentage of the number of points used to reconstruct the shape,
the volume of the generated file (minimise) and the quality of the resulting image (maximise).
The concept of Pareto optimality was employed. A solution is Pareto optimal if the value of
any of the criteria Fi(x), F5(x),..., Fj(x) cannot be improved without simultaneously worsening
at least one of them while maintaining the constraints [13]. For the case of minimising all the
components of the criteria vector: an element x* € X is called a Pareto optimal solution if and
only if the set X has no element z~ such that for every j € J

Fj(z™) < Fj(2*) and there is p € J such that F,(z~) > F,(z") (1)

where Fj is components of the criteria vector and z is vector of the design variables.

To reduce the number of alternatives under consideration the concept of optimality in the
sense of an indistinguishable interval [14] was used. For the case criteria minimisation, the element
2" € 2 will be optimal in the sense of an indistinguishable interval if and only if the set {2 has
no element ™ such that for each j

when Fj(z") >0 if F;(z") < Fj(z") is (1+ PN;)Fj(z") > Fj(z™) (2)
when Fj(z") <0 if Fj(z") < Fj(z™) is (1 — PN;)F;(2") > Fj(z™)

where {2 is a non-empty set of non-dominated solutions and j = 1,2,...,n is the index set of
criteria.

The search tool in choosing the best solution was the evolutionary strategy of generating
representative solutions. Applied for this purpose was the min-max method with weights, using
the standard distance function with Chebyshev norm when r — oo, which leads to the
optimisation problem shown as a dependency (3)

([ Fa) - Fr@)
where:

wj - "weight"of the j-th assessment criterion,
=1,2,...,n - the index set of the criteria considered,

1,2,...,p - the index set of the variants considered (non-dominated solutions),
- j-th component of the ideal point [13],

F?(x)
F]k(x) - j-th component of the criteria vector of variant k.

Final studies made it possible to reduce the number of cloud points to 50%.

4.2 Postprocessing

3D scanning provides a point cloud (Figure 5a) - the points on the surface of elements with
known XY7Z coordinates. On the basis of the point cloud a grid model is created in the process of
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postprocessing - Figure 5c¢, then surface models and lastly a solid model - Figure 5d. A key activity
for obtaining the shape of the object is the proper procedure of the process of triangulation. This
process involves creating a grid of triangles with adjacent three points from the acquired cloud.
The triangulation must take into account that these points have different depth components
and reflect three-dimensional shapes. The algorithms used were based on the Delaunay method
[15]. The images in Figure 5 show that this process properly reflects the concave elements of the
ornaments, which means that it was performed correctly. To carry out the postprocessing, the
CATIA and Meshlab programs were used, with one’s own solutions introduced as needed.

(a) (b)

(c) (d)

Fig. 5. Steps for creating a 3D model of an object: a) point cloud; b) enlarged detail; c¢) grid model; d) solid
model.

The scanning process does not always properly capture all the points of the digitised surface
of the element, which in practice is revealed by the formation of discontinuities in the generated
surfaces, popularly called holes. To obtain a solid body (water tight) they must be closed by
using appropriate modifiers, selecting the appropriate parameters of their application. Figure 6
shows the progress in obtaining a solid body using MeshLab program.

Fig. 6. Steps of refilling surface discontinuities in the surface model.
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The final stage of the treatment process of the vessel’s components is saving their solid models
in a format that allows transferring them to 3D printers.

4.3 Adjustment of the artefact’s virtual elements

The process of matching elements to each artefact is implemented in the virtual world. It supports
joining the obtained solid elements into one artefact using the information contained in the
individual elements. The basic distinguishable features of an element are its shape, the curvature
of tits hyper-surface (Figure 7a), the position of ornament (Figure 7b), fingerprints on the inner
surface (Figure 7c), and so on.

Methodology of fit. The procedure to be followed when adjusting existing elements can be
represented as follows (example for utensils):

— orient the elements relative to the Z axis on the basis of the recognised features; fingerprints
and ornaments are situated horizontally;

— determine the values of the horizontal curvature radii of all the elements (for large components
three values are to be determined - in the middle and at both ends);

— segregate items into subgroups with similar values of curvature radii;

— move subgroups for elements with the largest diameters to be in the middle;

— look for various subgroups of elements with the largest diameter and the largest and smallest
wall thicknesses;

— segregate the items according to thickness ratio; elements with the largest and smallest values
can be adjacent;

— search for a subgroup of elements that creates the bottom of the dish;

— retrieve a subgroup of elements forming the spout of the dish (upper bowl);

— adjust items in the various subgroups, starting from the bottom and spout, two disjoint sets
of elements are formed;

— match elements from other subgroups to objects already formed;

— match the two groups to each other, rotate about a vertical axis one sub-group of assembled
elements, looking for complementary shapes in the second subgroup.

The above procedural methodology can be automated by introducing proprietary software.
To this end, for each available element to be determined, one should map out all the edges of
their outer surfaces. They are then replaced with broken lines at an arbitrarily assumed constant
division value (based on preliminary studies carried out), the same for all elements. With the
XYZ coordinates of all the vertices of the broken line thus created, a method of least squares
is used, which minimises the sum of squared errors of fitting together two polylines or their
fragments, as shown in Figure 8.

The errors calculated concern the distance between the corresponding vertices of two polylines
describing two different elements.

n
2
X (1) =) (w] —wf) (4)
=1
where wil and w? - respectively the i-th vertex of the broken line /1 and [s.
Another approach regarding the matching process involves replacing sections of the
components of the broken line with vectors.
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Fig. 7. Examples of selected features on elements of vessels: a) different thicknesses of an element; b) ornament;
¢) fingerprints.

Fig. 8. Broken lines at the edge of two elements.
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4.4 Addendum - reconstruction of missing pieces
Reconstruction of the missing elements is based on algorithms that use:

— restored shape of the artefact of the basis of the surrounding structures (usually using Bezier
curves).

— existing patterns of the artefact based on the already known shapes of objects from the era,

— manual manipulation of the virtual object by man-archaeologist (manual shaping of the
surface, inserting the missing elements, drawings and other surface elements etc.)

Generated elements can be replicated by 3D printers and apply them in the process of
assembling a complete real dish, using original elements or previously made copies of them. The
artefact thus reconstructed must be evaluated by specialists i.e. archaeologists. With detailed
knowledge of the material culture of the era from which the reconstructed object comes, they
can bring knowledge that was not available from the analysis and reassessment of existing
components. For example, the missing piece of the artefact may contain elements, the existence
of which is not indicated by any of the existing ones. Thus, the virtual reconstruction of the
vessel should be supplemented by this element, acquiring its shape from another artefact from
that era. Its digitisation and postprocessing, sometimes also demanding a rescaling of the object
to the size of the reconstructed vessel will also make it possible to obtain the relevant copy.

4.5 The process of the technological installation of a real object

The full technological process of the artefact restoration can be developed using a 3D virtual
model of the artefact. This process consists of the following phases:

— manufacture of parts missing (with the selected 3D printing technology and the process of
machining of parts after they are printed).

— installation of artefact using the chosen technique (e.g. gluing the elements together).

— the final finish of the reconstituted artefact.

The development of the technological process takes into account the recommendations of
restaurateurs and the mounting possibilities (including the order of connecting the parts).

Conclusions

The development of 3D technology equipment and ever more perfect algorithms for processing
virtual three-dimensional objects allowed to develop a support system for archaeological artefacts
reconstruction. This system is a complex of hard- and software intended to implement the
processes of three-dimensional digitisation of fragments of artefacts, reconstruction of the original
shapes of objects and their missing parts in order to create the technological process of material
reconstruction of historic artefacts.

The developed system uses the existing hardware components (scanners and printers),
software (existing engineering graphics programs) and proprietary software, implementing
successive phases of modelling and model transformation.

The system described will be expanded towards the creation of subsystems for the various
layers of the artefact (shape and texture, including drawings and paintings), using different
models, algorithms and technical measures.
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Abstract. Modern information technologies in science received a new impetus to the development
and use of the spacecraft. Radio sounding of the ionosphere by signals of the global GPS navigation
system now allows the continuous monitoring of the Earth’s ionosphere. The so-called GIM
technology (Global Ionospheric Maps), which was developed by some research centers, is a powerful
tool for monitoring and investigation of global and local structure of ionosphere (Afraimovich and
Perevalova, 2006). This geoinformation technology allows obtaining qualitatively new information
about the state of the ionosphere and is one of the most reliable means for monitoring the ionosphere
during the disturbances. This paper shows the application of GIM-technologies for monitoring
the ionosphere over Kazakhstan region. We use GIM-maps, designed by the Swiss center CODE
(Center for Orbit Determination in Europe, University of Berne, Switzerland) using data from
more than 150 GPS sites (list of stations is given in IONEX file) that contains the UNIX format
online ftp: //cddis.gsfc.nasa.gov/pub/gps/products/ionex. This paper gives a brief description of
the calculation of the absolute values of the total electron content for any regions of Kazakhstan
using IONEX files. The results of the analysis of the total electron content variations at different
helio-geophysical conditions are shown.

Keywords: ionosphere, total electron content, navigation spacecraft, Global Ionospheric Maps.

1 Introduction

On Kazakhstan territory, which is the 9th largest country in the world in terms of area (2
724.9 thousand sq. Km), there functions only one station of vertical sounding (Almaty [43.38°N;
77.38°E]), whose data do not provide an ionospheric prediction for the the whole country. Vertical
sounding method enables us to study the ionosphere to the heights of 250-300 km, up to altitudes
of the main maximum of the ionosphere, hmF2. Radiophysical experiments on receiving signals
from geostationary and the orbital Artificial Earth Satellites (AES) provide a unique opportunity
not only to expand the range of heights of the observation of the ionosphere up to 2000 km,
but also to expand the range of tasks in terms of studying the physics of the ionosphere.
The undiminishing interest of the world community to expansion and all-round development of
the satellite communication foreground ionospheric researches with use of the method of radio-
sounding from satellites to the rank of urgent tasks, by putting forward demands of studying
regional characteristics of the ionosphere. The development of the Global Positioning System
(GPS) allows, in addition to solving navigation tasks, remote diagnostics of the ionosphere.
Radio-sounding of the ionosphere by using signals of the global GPS navigation system now
allows continuous monitoring of the Earth’s ionosphere (Mannucci et al., 1998; Afraimovich
and Perevalova, 2006; Yasukovich et al, 2010; Yasyukevich et al, 2010; Ashkaliev et al, 2012;
Afraimovich, et al., 2013; Zolesi and Cander, 2014). The method of determining the values of
total electron content, TEC, by measurement of increments of the phase and group path of
the transionospheric radio signal is described in detail and justified in the series of publications
(eg. Afraimovich and Perevalova, 2006). One of the key parameters of the ionosphere, the total
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electronic content of I (t), is calculated from measurements of increments of phase and group of
the transionospheric radio path according to the following formula:

_ 17
40.308  f? — f2

L)1 and Loy - are the phase paths of the radio signal, caused by the signal delay in the
ionosphere (m); Ly and Ly - stand for the number of the phase rotations of the radio signal
obtained during its propagation; and A; and Ay - wavelength (m) for frequencies f; and fo;
const - an unknown initial phase distance (m); nL - error in determining the phase path (m).
Phase measurement in the GPS system are made with a high degree of accuracy, at which an
error in determining the TEC at 30 second averaging intervals is less than 1014 electrons / m2,
although the initial value of TEC remains unclear, which allows the detection of inhomogeneity
of ionization and wave processes in the ionosphere in a wide range of amplitudes (up to 10-4
by diurnal TEC changes) and periods (from days to 5 minutes). TECU (total electron content
unit) is the universally accepted measure of the total electron content, eq. 1016 el/m2. The GIM
(Global Ionospheric Maps) technology, which was developed on the basis of the interpolation
TEC data, obtained from the global network of GPS receivers, in several international research
centers, is a powerful modern instrument for monitoring and studying global and local structures
of the ionosphere (Afraimovich and Perevalova, 2006). With help of GIM-technology daily and
seasonal features of Earth’s plasma shell - ionosphere condition can be studied, it can also be
explored how external factors, such as variations in solar activity, affect the dynamic structure
of the Earth, in particular, the near-Earth space (Schaer et al., 1998a; Schaer et al., 1998b;
Polyakova, et al., 2009; Zhivetev, 2009; Perevalova et al., 2010; Afraimovich et al., 2013; Huang
et al., 2014; Zolesi and Cander, 2014). The purpose of this work is to show the possibility of
using GIM-technologies for monitoring the ionosphere over Kazakhstan region.

[LiA1 — LoAg + const +nL,]

2 Methodical recommendations for working with the global map of the
total electron content

GIM technology provides development of global maps of the absolute vertical values of the total
electron content by interpolating the data received by the global network of the global navigation
satellite system receivers. For storage and transfer of TEC maps there was digitally developed a
special standard format IONEX (standard of the files Technology Global lonospheric Maps). Each
IONEX file contains the world map with global distribution of the absolute vertical TEC and the
corresponding map with errors of calculation of TEC per day on a scale of universal time UT with
a time resolution of 2 hours, which corresponds to longitude-latitude grid with a resolution of 5 °
in longitude and 2.5 ° by latitude. The size of a GIM-cell by latitude is 279 km and the longitude
- 436 km. The vertical total electron content is calculated with taking into account the state of
the solar-geomagnetic conditions on the spherical harmonic formulas. For each time point from
the IONEX-files there can be read off the values of the vertical total electron content in 5183
cells in TECU units (Afraimovich and Perevalova, 2006). The TEC maps in the IONEX format
can be found on the website ftp://cddisa.gsfc.nasa.gov/pub/gps/products/ionex. The ftp-server
directory is organized as follows: the data stored in the folders chronologically, the information
inside folders is sorted by days, where three characters of DDD format mean index number of
days in a year, within the folder there is archived data from the international research centers on a
two-hour TEC cards. Global GIM-maps are calculated according to the international network of
GPS receivers at various scientific centers: 1) Geodetic Survey Division of Natural Resources
Canada (EMRG) ((http://www.nrcan-rncan.ge.ca); 2) Center for Orbit Determination in
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Europe, University of Berne, Switzerland (CODG) (http://www.cx.unibe.ch); 3) Jet Propulsion
Laboratory of California Institute of Technology (JPLG) (http://www.jpl.nasa.gov); 4) Grup
Universitat Politecnica de Catalunya (UPCG) (http://www.upc.es/); 5) European Space
Agency Group (ESAG) (http://www.esa.int/ESA) and others. In the paper there were used
the GIM-maps, which were calculated by Swiss research center CODG (Center for Orbit
Determination in Europe, University of Berne, Switzerland) based on data from more than
150 GPS signal reception centers. The GIM-maps are available online in the IONEX format
(ftp://cddis.gsfc.nasa.gov/pub/gps/products/ionex). From the archived data, the files codgddd0
yyi.Z was selected, where codg is a four-character code for the center, which created the file;
number ddd means the number of the day; yy - the last two digits of the year. For example,
the file codg1720.14i contains two-hour TEC values which were calculated by the Swiss center
CODG for June 21, 2014. The IONEX-file format is described in detail in many papers, but we
recommend using the monograph Afraimovich and Perevalova, 2006 for further instructions. The
IONEX-file is a text file with fixed record length of 80 symbols. In free access there are a few
programs for work with the IONEX-files which give an opportunity to collect, process and use
the GPS-monitoring measurements of Earth’s upper atmosphere at minimum cost. Guidelines
for working with global maps of total electron content are given in Ashkaliev et al, 2012. By GIM
the absolute values of the vertical TEC can be restored for a GIM-node, whose coordinates are
the closest to the geographic coordinates of our points of interest. So for the following cities of
Kazakhstan the absolute values of the vertical TEC were calculated in the most closely spaced
GIM-nodes: Almaty [43°15 N; 76°55 E| - [42,5°N; 75°E], South Kazakhstan; Atyrau [47°07 N; 51°
53 E| - [47,0°N; 50°E|, Western Kazakhstan; Astana [51°10 N; 71°26 E| - [50°N; 70°E|, Central
Kazakhstan; Petropavlovsk [54° 52 N; 69° 09 E] - [55,0°N; 70°E], Northern Kazakhstan; Ust-
Kamenogorsk [49°57 N; 82°37 E| - [50°N; 82°E |, East Kazakhstan. For example, calculations
were made for March 2012, when there was an anomalously low solar activity maximum. The
period of the vernal equinox - March 2012, was selected because in equinoctial periods, the diurnal
TEC variations reach their maximum, which allows to study TEC variations particularities for
different regions of Kazakhstan. For most geomagnetic quiet conditions, with Kp not more than
3, of the spring equinox (March, 2012), we have restored the TEC diurnal variation for Almaty
(GIM node [42.5°N; 75°E]) from the IONEX maps. The average diurnal variation of TEC, Iq, for
10 geomagnetic quiet days, were shown with a solid black line in the Figure 1.
The vertical segments show squared average, calculated by using:

1
o= \/n 2 (L = 1g)?

where Iq - TEC value, averaged for chosen geomagnetic quiet periods, li - current TEC value.
Squared average of current Ii from average Iq peaks in March, 2012, when their values equals to
about (5 3) TECU (Fig. 1). The red triangles show the diurnal variations of the critical frequency
of the F2 ionosphere layer, which were averaged for the same periods, as the TEC variations (Fig.
1). In diurnal variations of critical frequencies the same peculiarities as in TEC variations were
observed, because main contribution to TEC is made from the part of ionosphere, which is located
about maximum of ionization. Figure 1 shows the reduced value of the TEC, 21 March, 2012:
Atyrau (GIM node [47,0°N; 50°E|, Western Kazakhstan) - a curve with cross; Astana (GIM node
[50°N; 70°E], Central Kazakhstan) - a curve with circles; Petropavlovsk (GIM node [55,0°N; 70°E],
Northern Kazakhstan) - curve with rhombuses; Ust-Kamenogorsk (GIM node [50°N; 82°E |, East
Kazakhstan) - curve with asterisks. Diurnal variation of TEC for March 2012 for different regions
of Kazakhstan are qualitatively similar: an increase of the electron density begins after sunrise
(04-05 LT) and extends continuously to the local noon (12-13 LT), followed by the lowering of
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March, 2012
Almaty [43°15'N;76°55'E]
t - + Atyrau [47°07'N;51°53'E]

®—8—©® Astana [51°10'N;71°26'E]
O—6—© Petropaviosk [54°52'N;69°09'E]
H¥———x Ust-Kamenogorsk [49°57°N;82°37'E]

JSeF2, MHz

Fig.1. The March, 2012 diurnal variations of the total electron content Iq in Almaty, Atyrau, Astana,
Petropavlovsk and Ust-Kamenogorsk, which were calculated with use of GIM-technology and averaged for
magnetic calm days. The vertical lines indicate the mean square deviations. The red triangles show the diurnal
variations of the critical frequency of the F2 ionosphere layer, which were averaged for the same periods, as the
TEC variations.

the electron density until midnight. After midnight until sunrise electron concentration is kept at
the same level - squared average of current Ii from average Iq when their values equals to about
(3 2) TECU. That does not contradict to the existing ideas about the TEC variations at middle
latitudes of the Northern Hemisphere.

3 Conclusion

Thus, by using IONEX maps, there can be built the diurnal course of the absolute vertical
electron content, as well as distribution maps of the total electron content of the region for the
territory of Kazakhstan. The quality of the TEC maps, constructed with using GIM-technology,
was tested by comparing with the numerous measurements by using data from other spacecraft
and the ionosphere model IRI. The comparison showed good agreement between the results
(Mannucci et al., 1998; Afraimovich and Perevalova, 2006; Perevalova et al., 2010; Zolesi and
Cander, 2014). While using GIM-technology there should be borne in mind that data of the
IONEX-file is interpolated from measurements of a network of GPS receivers. The TEC values,
which are shown on the maps, are reliable for regions with a large number of GPS receivers and
not very reliable for the regions with a little number of GPS receivers. This paper was written
as part of a grant project No. 0079/GF4.



Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 195

References

1. Afraimovich E.L., Perevalova N.P., 2006. GPS-monitoring of the Earth’s upper atmosphere/- Irkutsk: SC RRS
SB RAMS.-480 p. (in Russian).

2. Afraimovich, E., Astafyeva, E., Demyanov, V., Edemsky, I., Gavrilyuk, N. et al., 2013. A review of
GPS/GLONASS studies of the ionospheric response to natural and anthropogenic processes and phenomena.
J. Space Weather and Space Climate, 3, A27, doi:10.1051 /swsc2013049.

3. Ashkaliev J.F., Bibosinov A.Z., Breusov N.G., Zhumabaev B.T., Kurmanov B.K., Mukasheva S.N., Nurgaliyeva
K.E., Sadykov K.A., 2012. Preparation of Global Navigation Satellite System Gps Data for Identification Of
Seismic-Tonosphere Effects (Workbook).- Almaty: Gylym, -2012. -43p. (in Russian).

4. Mannucci A.J., Wilson B.D.; Yuan D.N.; Ho C.M., Lindqwister U.J., Runge T.F., 1998. A global mapping
technique for GPS derived ionosphere TEC measurements // Radio Sci.-V. 33, N 3. -P. 565-582.

5. Perevalova, N.P., Polyakova, A.S., Zalizovsky, A.V., 2010. Diurnal variations of the total electron content under
quiet helio-geomagnetic conditions. J. Atm. Sol.-Terr. Phys. 72(13). 997-1007.

6. Polyakova A.S., 2009. Investigation into diurnal variation of “vertical” TEC under quiet geomagnetic
conditions//BSFF-2009. Section A. Physics of near-Earth space.-P.174-177. . (in Russian). Polyakova A.S.,
Perevalova N.P., 2012. Diurnal variations in the total electron content in the East Siberian region in August
2009 // Probing Earth’s surface synthetic aperture radar. Institute of Solar-Terrestrial Physics SD RAS,
Irkutsk, Russia. -S. 259-268. (in Russian).

7. Schaer S., Beutler G., Rothacher M., 1998a. Mapping and predicting the ionosphere // Proceedings of the IGS
AC Workshop. Darmstadt, Germany. February 9-11.- P. 307-320.

8. Schaer S., Gurtner W., Feltens J., 1998b. IONEX: The Ionosphere Map Exchange Format Versionl//
Proceedings of the IGS AC Workshop. Darmstadt, Germany. February 9-11- P. 233-247.

9. Yasyukevich Y.V., Zhivetev 1.V., Lukhnev A.V., 2010. Regional electron content in the Baikal rift zone//
Electronic collection of reports of the Russian conference «Sounding Earth’s surface synthetic aperture
radar Section 2 "Radiofizcheskie diagnostic methods environment."Russian Federation, the Republic of
Buryatia, Ulan-Ude, 6-10.09.2010. -P. 195-205 // http://jre.cplire.ru/alt/library /Ulan-Ude-2010/conf.pdf. (in
Russian).

10. Zhivetev 1.V., 2007. Ionospheric disturbances at different phases of the 23rd solar cycle, according to a global
network of GPS: Author. ... Cand. agricultural Sciences: 25.00.29. - Irkutsk: Nauka,- 22p. (in Russian).

11. Zolesi B, Cander LjR., 2014. Ionospheric Prediction and Forecasting
Springer-Verlag Berlin Heidelberg. Library of Congress Control Number: 2013942473. ISBN 978-3-642-38429-5
ISBN 978-3-642-38430-1 (eBook): DOI 10.1007/978-3-642-38430-1.



Development of the Kazakh Text-to-Speech Synthesis System on
The Basis of Fujisaki Intonation Model
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Abstract. In the given article the task of the Kazakh speech synthesis with different intonation
characteristics is considered. For its solution the methods of semantic analysis of Kazakh language
texts have been used. Using the obtained semantic information the optimal values of the Fujisaki
model parameter set have been selected. On the basis of this model it is possible to modeling the
intonation contour of the synthesized speech signal with good natural characteristics.

Keywords: semantic analysis, text-to-speech synthesis, Fujisaki model, intonation contour.

1 Introduction

One of the problems of modern text-to-speech synthesis systems is the low level of capacity for
the synthesis of emotional (expressive) speech [6]. This fact greatly reduces the scope of existing
speech synthesizers. The synthesized speech perceived by human as a natural only if it has
some intonation and emotional coloring depending on the semantic content of the pronounced
textual information. As intonation and emotional variability is very important to eliminate the
effect of fatigue during the listening to a long monotonous speech (for example, at the time
of listening to synthesized audio books). This is due to the fact that a person psychologically
perceives the intonationally and emotionally colored speech is much better than the monotone
pronounced and emotionally neutral. The quality of sound, in turn, depends on the ability of
the electronic announcer to give a speech with a different tone depending on the text content. It
is very significant improvement in the quality of making emotional and expressive speech in the
right color depending on the context moments. Intonationally and emotionally variable speech
is apprehended much better then monotone narration and fatigue when listening to such speech
is significantly less.

For the qualitative solving of the emotional text-to-speech synthesis task the development
of the new algorithms for semantic analysis of the text information is required, which should
provide the highest possible degree of extraction of the informative features from the text data
for automatic decision making in the process of emotional speech synthesis. With regard to the
Kazakh language the development of these types of algorithms is necessary for increasing of the
quality of Kazakh speech technologies.

The development process of the automatic Kazakh text-to-speech synthesis system includes
selection of the intonational (prosody) synthesis model, which allows implementing Kazakh
speech intonational process modeling in a wide dynamic range including various intonation
undertones. With regards to the above, the main selection criteria were based on proximity of
model intonation contour to natural speech contour. The task of intonational synthesis has been
divided into several subtasks: selecting intonational process models, software implementation
of the selected model, parametric identification of the model for voice signal, development of
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the algorithm for automatic specification of model parameters for arbitrary Kazakh texts to be
synthesized.
The previous scientific research in this field is mainly focused on the following issues:

— The formation of speech corpora and databases of emotional speech [7];

— Study of acoustic and prosodic features of emotional speech [8,9,10,11,12];
— Automatic emotional speech synthesis [13,14,15,6];

— Study of intonational properties of Kazakh speech [16,17].

Currently on the Internet in the open source code the following projects are available:

— Emofilt [18] — the software for modeling of emotional expression by speech synthesis. For
the implementation of the synthesis process the MBROLA [19] software synthesis module is
used. Formally it is not the complete and full-featured synthesizer. This is a tool that allowing
to carry out the manipulation of melody and rhythm of the synthesized phrases using the
special phonetic descriptions.

— OpenMary [20] - Multilingual emotional text-to-speech synthesis system that is available in
the following languages: German, English and Tibetan. This system is capable to synthesize
the emotionally expressive speech both on the basis of the compilative diphone synthesis and
on the use of unit-selection synthesis method. The conducted analysis of the works in the
field of emotional synthesis and classification showed that this direction is progressive, and
requires additional efforts of researchers and developers to produce better results, as well as
for the development of this sector in other countries for their national languages.

The first stage included investigation of several models of intonational processes, which
have been successfully applied for different languages: AM-model (autosegmental-metrical) [1],
Fujisaki model [2]|, Tilt-model [3], INTSINT model [4] and others. After investigation of these
models, it was decided to use the Fujisaki model because it has been successfully used in speech
synthesis systems for a variety of languages, and specifically for Turkish language. Fujisaki model
is often described as that most accurately reflecting biological aspects of speech formation and
reproducing articulatory mechanisms. The second stage included programming of this model
in Delphi programming environment. The third phase included parametric model identification
for voice signals in Kazakh language. A speech signal in Kazakh language was supplied to the
system inputs. Intonational contour was extracted from this signal. The challenge was to carry
out optimized selection of model parameters in order to ensure that the model contour is in
accordance with the real speech contour. Ultimately, in the process of identifying of parameters
using the technique proposed in [5] the adequately acceptable results were obtained with the
inaccuracy of 3%. In order to properly address the challenge at hand, a unified language of
phonetic representations has been designed [3], which allows defining and setting out various
phonetic and intonation forms of speech. All the original data pertaining to models are described
using the unified language representation that allows flexible inter-system interaction.

2 Extracting of semantic parameters of the input text data

In the Laboratory of Analysis and Modeling of Informational Processes the issue of constructing
of an intonation model of Kazakh language and subsequent algorithmic realization of full-featured
Kazakh speech synthesizer is carried out. The purpose of this project is to develop Kazakh speech
synthesis system, which will be presented in a form of complete software product. The algorithm
for identifying of model parameters for arbitrary synthesized Kazakh text was developed. In
order to address this challenge, it has been broken into several stages:
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— Developing of algorithm for text to syntagms dividing.

— Accentual words detection inside syntagms;

— Automatic specifying of phoneme sounding durations;
Identifying of Fujisaki model parameters according to [4].

The developed algorithm of text into syntagms dividing was broken into the several sub-
algorithms:

— Text into sentences dividing

— Sentences into punctuative syntagms dividing;

— Punctuative syntagms into lexical syntagms dividing.
— Detection of accentual words inside lexical syntagms.

The process of dividing syntagmatic text in Kazakh language lacks proper research.
Corresponding research activities are carried out to automate this process as part of the current
project.

1] Kb ofnsr 1 Wornapas KOHIAN CygTnate!
J) Tombemasse TOMme: W apuin A4 drawd SocTopranaten kan, Kusdaiien

FA/RH A0S THMA b KOS KADAA Ga0H Kiron xudéfun Con, CATTE

1] Firoaue ohnar sl WORNAMAB! KoMIAN

o S ali
2] Tan i TO/BE, W 60 A LY

BACTERMANTEN LN,

3] Kopaadaigion kA KD THMNLH
riest koDt Gacs meen mudepen con,
4] carTe WORNBEra MADMACTL

Fig. 1. Preliminary results of length placements and dividing punctuative syntagms.

Fig. 1 shows graphical user interface of a system being developed for the purpose of dividing
Kazakh syntagmatic text. Additionally, in order to address challenges associated with high-
quality intonation synthesis, construction of respective Kazakh language intonation database
is planned, which shall be used as a base for calculating model parameters through statistical
techniques.

3 The solution of the text-to-speech synthesis task

The most important qualitative indicator of synthesized speech is represented by its natural
sounding properties and intelligibility. Speech naturalness is what determines the proximity of
synthesized speech to the natural one. Furthermore, speech intelligibility is what determines the
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degree of perception of synthesized speech by humans. Synthesizer must have both high degree
of naturalness and intelligibility [22]. The majority of state-of-the-art speech synthesis systems
are based on usage of the following models:

— Formant synthesis [23].
— Concatenative synthesis [24]:

e Phoneme synthesis.

e Diphone synthesis.

e Dynamic selection of the most appropriate synthesis unit (unit-selection synthesis) |[25].
— Synthesis based on vocal apparatus models [26].

Each of these technologies has both advantages and disadvantages. The majority of state-of-
the-art high quality speech synthesis systems for English and Japanese languages are constructed
on concatenative synthesis process. In addition, Unit Selection process is utilized as one of the
varieties of concatenative synthesis. It is these two approaches that have been selected as a
base for implementing Kazakh speech synthesis system. Using unit-selection approach prior to
synthesis, the database searches for vocal fragments , which is followed by extracting the majority
of the most suitable fragments necessary for synthesis purposes. Moreover, fragments derived from
the database, may have different dimensions (half-phoneme /semi-phoneme, diphones, phonemes,
syllables, words, and even entire sentences). Database comprises of many attributes, which
correspond to each fragment, thus being characterized by these attributes:

— Length

— Location.

— Various prosodic characteristics
Attributes of adjacent phonemes, etc.

In addition, the number of variations of signal being synthesized is limited to the number of
and variance of fragment characteristics, which are stored in the database. Basic sections of
speech signal are obtained by way of fragmenting lengthy recording of speaker speech reading
specified text. Recorded voice signal is consecutively divided into elements in a manner reduce
their dimensions: To start with, individual sentences are highlighted, and then phrases, words
and syllables, etc. are highlighted. Each of the highlighted fragment is classified, many of its
attributes are determined and all this information is therefore written into the database. Such
process of constructing a database is very time consuming. For this purposes, specialized software
commercially named STS (Speech Transcription System) has been developed as part of this
Project. This software allows implementing a multi-level mark-up of speech signal followed by
formation of marked-up vocal corpus. This software product has originally been developed as a
language-independent system with flexible internal settings. This system fully supports Unicode
encoding that allows to be used with the majority of current languages including Kazakh
language. The current user interface is designed in English language. Further features to be
incorporated will include shifting between interface languages to Kazakh and Russian languages,
and this shall have a positive effect on commercialization phase. This software product will
be of interest to the following categories of users: Speech synthesis and recognition system
developers, language science researchers, law enforcement authorities, audio forensic experts,
national security officers and other. The main distinction of this software product from others:
Unlimited number of speech signal mark-up levels, setting of any number and types of regions
to be marked-up, marked-up regions properties editor, built-in capability to create directory of
meanings and other. Main window view of STS software is shown in Fig. 2.
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Fig. 2. Main window view of STS software (Speech Transcription System)

Fig. 3 shows the view of editors for directory of region types and properties in STS software.
Thus, an intermediary product has been obtained during the phase of Kazakh speech synthesis
system development. STS software product will be used in a proactive manner at various stages of
works creating Kazakh vocal corpus for the purpose of developing multilingual speech synthesis
and recognition software.

4 Model selecting for synthesis of Kazakh speech intonation processes

This phase of project work includes selection of intonation synthesis model, which allows
implementing Kazakh speech intonation process modeling in a wide dynamic range including
various intonation undertones. With regards to the above, the main selection criterion was
based on proximity of intonation contour model to natural voice contour. Objective in respect
of intonational synthesis has been divided into multiple subtasks:

— Selecting intonational process models;

— Software implementation of model selected;

— Parametric model identification for voice signal;

— Developing algorithm for setting parameters of model for random Kazakh language text to
be synthesized.

The first stage included review of several models of intonation processes, which have been
successfully applied for different languages. Among these are AM-model (autosegmental-metrical)
[1], Fujisaki model [2], Tilt-model [3], INTSINT model [4] and others. Upon review of these
models, it was decided to use Fujisaki model because it has been successfully used in speech
synthesis systems for a variety of languages, and specifically for Turkish language. Fujisaki model
is often described as that most accurately reflecting biological aspects of speech formation and
reproducing articulatory mechanisms. The second stage included programming of this model
in Delphi programming environment. Mathematical model description was set by the following
equations:
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Fig. 3. View of editors for directory of region types and properties in STS software.
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Fy— minimum frequency / under frequency, N, - number of phrasal component/entry, N,
— number of accentual component/entry, A, ;— magnitude of & phrasal component/entry, A,
- magnitude of & accentual component/entry, Tp;— time of k& phrasal component/entry, Tj ,—
start of k accentual component/entry, 755 — end of k accentual component/entry, a;— angular
frequency of i component phrasal command control mechanism, 3;- angular frequency of j
component accentual command control mechanism, § — parameter indicating peak level of
accentual component

Fig. 4 shows graphical interface of software implemented Fujisaki model.

The third phase included parametric model identification for voice signal in Kazakh language.
A speech signal in Kazakh language was supplied to the system inputs. Intonation contour
was extracted from this signal. The challenge was to carry out optimized selection of model
parameters in order to ensure that the model contour is in accordance with the real speech
contour. Ultimately, while selecting settings using the technique proposed in [5], adequately
acceptable product was derived resulting in an inaccuracy level/tolerance limit of 3%. Fig. 5
shows the results of Fujisaki model parametric identification.
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Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 203
5 Conclusion

Developed mathematical techniques and models allow implementing a wide range of modifications
to intonation features of reference voice signal sets based on multiple adjustable parameters.
Software implementation of these techniques and models proved adequate efficiency and
reliability of these techniques respectively. Additionally, the synthesized product is of high quality
performance indicators. All major research and development activities have been conducted with
the use of Kazakh language as an example. For the purpose of automating synthesis processes, the
corresponding phonetic-acoustic structure has been studied, a complete classification of phonetic
structure conducted, statistical information obtained and language databases varying in functions
and contents have been constructed and are available to be used for executing individual science
studies in the field of Kazakh literature. Variety of software programs developed represents
a toolset, which will facilitate and contribute to scientific research works studying intonation
structures of various languages. With this system available for use, the process of researching
Kazakh intonation may be implemented at a whole new level - utilizing processes of speech
synthesis. Additionally, this system may be used both as a toolset required for research and as a
platform for developing higher quality synthesis systems, utilizing intonation model of language.
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Abstract. A model of the encryption algorithm, developed on the basis of nonpositional
polynomial notation, is proposed. The possibility of modifying the model, using a Feistel network
and encryption modes, is considered. The proposed model of the cryptographic algorithm will
considerably improve statistical characteristics of resulting ciphertexts.

Keywords: cryptographic system, encryption algorithm, modular arithmetic, Feistel network,
encryption mode.

1 Introduction

For symmetric block ciphers one of the criteria of cryptographic strength is the length of the
secret key. In the encryption system under consideration as a criterion of cryptographic strength
the cryptostrength of algorithm itself is used, which is characterized by a complete secret key. Its
structure, apart from the standard secret key, also includes secret parameters of the cryptographic
algorithm based on nonpositional polynomial notations (NPNs). Synonyms of NPNs - classical
notations in residue number system (RNS), polynomial notations systems in RNS, modular
arithmetic.

Classical modular arithmetic, or residue number system (RNS), is based on the Chinese
remainder theorem, which states that any number can be represented by their remainders
(residues) from its division by the base numbers systems, which are formed by pairwise
coprime numbers [1,2]. In contrast to the classical RNS, proposed cryptographic procedures
are considered in polynomial number system in residue classes, where bases are not prime
numbers but are irreducible polynomials in [3,4]. Cryptographic algorithms and methods, based
on NPNs are called nonconventional, modular or nonpositional. Nonconventional cryptographic
methods and algorithms, developed on the basis of nonpositional polynomial notations (NPNs),
allow increasing the reliability of the encryption algorithm and reduce the length of the key.
Cryptostrength in this case is defined by full key, which depends not only on the length of a key
sequence, but also on choice of a system of polynomial bases and the number of permutations of
these bases in the system. If the length of the full encryption key in NPNs is larger, then there
are more choices of systems of working bases. Therefore, the cryptostrength of the proposed
encryption algorithm based on NPNs significantly increases with the length of the electronic
message [3].

2 Nonconventional encryption algorithm

The encryption algorithm based on NPNs includes the following steps. For an electronic message
of the length N bits from the set of all irreducible polynomials of degree not exceeding N a
system of working base numbers is selected

p1(x), pa(z), ..., ps(x). (1)
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According to the Chinese remainder theorem, all the base numbers must be different even
if their degrees are equal. The main working range in this system is defined by the polynomial
P(x) = pi(x),p2(x), ...,ps(x) of the degree m:

S
m = Zmi, (2)
i=1

where S — is a number of selected working base numbers. In this system any polynomial, which
degree is less than m, has a unique representation in the form of sequence of residues of its
division by the working base numbers (1). Therefore, the message of the length N bits could
be represented in the form of sequence of residues a;(x), as(z), ..., ag(z) from division of some
polynomial F(z) by the working base numbers p;(x), p2(x), ..., ps(z):

F(z) = (a(z), ag(2), ..., as()), (3)

where F(z) = a;(z)(mod p;(x)),i =1,S.

In the same way the key of the length N bit is also interpreted as a system of residues
B1(x), B2(x), ..., Bs(x) from the division of another polynomial G(x) by the same working base
numbers:

G(z) = (b1(), Ba(2), ..., Bs (), (4)

where G(x) = 8;(x)(mod p;i(z)),i = 1,S.
Then the cryptogram wq(x),ws(x), ...,ws(x) is considered as some function H(F(z),G(z)):

H(z) = (wl(x)vc‘)?(m)?”'?ws(x))? (5)

where H(x) = w;(z)(mod p;(x)),i =1,8S.

According to operations of nonpositional notation system, operations in functions F(z), G(z),
H(z) are executed in parallel on the modules of polynomials pi(x),p2(x), ..., ps(z), which are
selected as the base numbers of NPNs.

In software implementation of this nonconventional algorithm the encryption method [4] is
used. The ciphertext is obtained from multiplication of the polynomials (3) and (4) in accordance
with the properties of comparison to the double modulus:

F(z)G(z) = H(z)(mod P(x)), (6)

i.e. represented as remainders of division of products «;(x)8;(x) to the respective base numbers
pi(z).

In the decryption process of the cryptogram H(z) with known key G(z) for each §;(z) an
inverse polynomial 3; 1(3:) is calculated, completing the following comparisons

Bi(z)B; H(x) = 1(mod p;i(x)),i = 1,8S. (7)

The result is a polynomial which inverse to a polynomial G(z). Then, the original message is
restored over:

F(z) = G Yx)H(x)(mod P(z)). (8)
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3 Application of the modified Feistel network

In the development of symmetric block cipher the cryptosystem called Feistel scheme has gained
wide popularity. It was first used by Horst Feistel in 1973 in the development of the cipher
Lucifer[5], and then used in many developments of block ciphers, including standards DES and
AES [6].

Feistel scheme is a method of blending the sub-blocks of the input text in the cipher through
the repeated use of the key-dependent non-linear functions, called F-functions and performance
of permutations of the sub-blocks. Round of a block cipher is a transformation that connects the
sub-blocks of the input block by the F-function and permutations of sub-blocks. In the standard
Feistel network, the plaintext is divided into two sub-blocks of the same length.

In general case, the Feistel network can split an input block into n > 2 sub-blocks. Further
assumed that all sub-blocks are of the same length, so that each sub-block may be involved in
the transposition with any other sub-block. A generalized exchange scheme is a permutation of
n > 2 sub-blocks in the round.

The developed encryption algorithm based on NPNs is the basis for solving the problems
of its practical use. In development of the model of unconventional encryption algorithm, it is
planned to use the modified Feistel network to develop its application mode. The aim of this
works is to improve the statistical characteristics of nonpositional cryptograms. In this regard,
it is planned to consider several models of the Feistel scheme.

Unlike traditional Feistel network where the input data is a plain text message, in the
developed model the input is a bit sequence of the ciphertexts obtained in (5).

A necessary condition for the strength of the cipher is achievement of complete diffusion. The
diffusion process of the cipher is characterized by the distribution of influence of the one of the
input bit on many output bits. Cipher is called complete if every output bit depends on all input
bits [7]. In the considered model, all F-functions are implied to be complete.

Most ciphers with Feistel network architecture use function F that each round only depends
on one of subkeys generated from the main encryption key. A network with such dependence
of the function is called heterogeneous and homogeneous otherwise. The use of heterogeneous
networks can significantly improve the properties of the cipher, as uneven changes of the internal
properties of the network within the permissible limits make study of the characteristics of the
cipher rather difficult task.

For example, consider a model in which the input block of 128 bits is divided into two sub-
blocks of equal length R and L.

When using a homogeneous network, at each round of encryption a separate key sequence
K is used:

Li=R; (9)

Ri=L;i_1®F(Ri_1, K;) (10)

When using a heterogeneous network at each round the encryption function F depends not
only on the round key K, but also on the chosen system of base numbers (1):

L =R, (11)

Ri = Li_1 ® F(Ri_1, K;, P(z)) (12)

During computer modeling of developed modified algorithms, the statistical characteristics
of the resulting ciphertexts will be analyzed. Verification of the model for satisfying the strict
avalanche criterion will be conducted by examining the received bit sequence through statistical
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tests of uniformity (frequencies) - Frequency (Monobit) Test for cryptographic functions from
National Institute of Standards and Technology [8]. "NIST Statistical Test Suite statistical
package consisting of 16 tests designed to check the randomness of binary sequences produced
both by technical means and by software.

4 Conclusion

The proposed modification of the nonpositional cryptographic algorithm is the basis for its
software implementation. On implemented model, the statistical characteristics of obtained
ciphertexts will be investigated. The results of computer modeling will allow making
recommendations on the use of the described encryption model.
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Abstract. This paper proposes a new approach to the development of information systems of
environmental monitoring based on joint use of actual data of automated observing system, modern
and efficient algorithms of data assimilation and sources of pollution localization, WRF computer
model of atmospheric dynamics. Information-analytical system “ECO Monitoring” that allows
solving of tasks of environmental monitoring such as atmospheric dynamics simulation, modeling of
air pollution, sources of pollution localization, visualization of simulation results has been developed.
Also a mobile version of the information system has been designed.

Keywords: Environmental information system, mathematical models, pollution, source
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1 Introduction

One of the important directions of the development of environmental information systems is
the design of analytical support systems for the monitoring of air pollution in cities(|1], [2],
[3], [4], [5]). To date, due practice extensive experience in developing information systems that
solve certain tasks of environmental monitoring ([6], [7], [8], [9]) is gained. Analysis of existing
environmental monitoring systems showed that tasks such as data assimilation, pollution sources
localization are rarely solved, and often only for research purposes. In the field of ecology,
attempts to create a multipurpose information system are not implemented, the local use of
powerful computers for optimizing individual processes does not bring the desired effect, we
need a holistic interconnected and interdependent information system that solves the problem of
environmental monitoring in complex with the use of actual measurment data.

A research team of the D.Serikbayev EKSTU is actively working in this field and performs
funded research works (|10], [11], [12]). The choice of the direction of research is determined by
the requests of environmental institutions of the region and unfavourable ecological situation. In
the framework of the research the team has developed an information system of environmental
monitoring "ECO Monitoring". Based on the data of an automated air quality observation system
the information system allows to compute meteorological fields, concentrations of pollutants,
localization of emission sources and to visualize data. The system is based on a client-server
architecture. User interaction with the system is performed by web-interface.

The aim of the paper is to design an information analytical system of the ecological monitoring
of the atmosphere of an industrial city. The purpose of the system is to forecast the propagation
of pollutants and to determine sources of pollution.

To address these challenges, the system uses data of the automated monitoring system. For
the calculation of climate fields the Weather Research and Forecasting (WRF) model is used.
The obtained simulation results are compared with those of the automated monitoring system.
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2 Information analytical system "ECO Monitoring"

Architecture of the system. In the framework of environmental monitoring of the Ust-
Kamenogorsk city, an automated system of monitoring of air quality, meteorological parameters,
background radiationand water level operates (Fig. 1). As a result of introduction of this system
it has become necessary to use operational data of air monitoring and retrospective observational
database for solving problems related to environmental forecasting. The problems of modeling
and forecasting of air pollution; localization and evaluation of capacities of pollution sources;
determination of the areas most exposed to sources are very urgent tasks in the system ofair
quality monitoring of an industrial city. Combiningof methods of mathematical modeling, modern
information technologies, WEB technology and observational data is an effective tool for solving
environmental monitoring problems.

Y . A4
9 SENSIS gas 2 WXT520 GAMMA Tracer OTT RLS water
analyzers weather stations radiation sensor level sensor

Fig. 1. Automated observation system

We developed an information-analytical system of ecological monitoring "ECO
Monitoring".The system is based on a client-server architecture, which is shown in Fig. 2. Within
the information-analytical system the interaction of main subsystems is carried out: observations,
mathematical modeling, data management.

Informational support of the system is formed based on observational database containing
data from all observation points and database of modeling that includes data on main sources
of pollution, meteorological data fields andresults of simulation. Theacquisition of data from
the automated system is performed in real-time with 20 minutes interval of measurement of
concentrations. There are 9 observation points that measure concentrations of the following
pollutants: nitrogen dioxide (NO2), sulfur dioxide (SO2), chlorine (CL2), carbon monoxide (CO),
hydrogen chloride (HCL), hydrogen fluoride (HF), formaldehyde (HCOH), hydrocarbons (CxHy).

Users interact with the system by the web interface (Fig. 3-5). The development of the
application was directed to the cross-browser with a bias towards smartphones and tablets. Thus,
we adapted the "ECO Monitoring"web application for mobile devices using the technology of
adaptive web design.

Modeling system consists of several subsystems: prediction of propagation of pollutants,
localization of sources of pollution, assimilation of observation data, visualization.
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Fig. 2. Architecture of the information analytical system
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Physically, the system is placed on two servers, because of both the difference in the platforms
on which the system is implemented, and the participation of various organizations in the

implementation of the monitoring system. Data is transmitted via TCP / IP protocol.
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Fig. 3. Web-application (Interactive Map)

On the server with Server Windows Server 2008:

— Management System

— Database ofobservations

— Management of observation points
— Web-application “€CO Monitoring”

On the server with Server Ubuntu 12.04:
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— WRF Model
— System of mathematical modeling
— Database of modeling

The information-analytical system was developed using the following software:

— Microsoft Windows Server 2008 and Microsoft SQL Server 2008 R2 was used to provide
functioning of the System of Observations (management of gas sensors, data storage of
observations).

— UNIX was used for the operation of WRF model and integration of data of meteorological
fields.

— Qt4 was used for the processing of results of forecasting.

— Web application "ECO Monitoring"was developed using: ASP.NET MVC Framework 4, Java-
Script Library Leaflet (as an API for working with maps), OpenStreetMaps - as a map service.

— The system of mathematical modeling is implemented on the C++ language, applications
run under Ubuntu 12.04, modeling database uses MySql.

3 The mathematical part of the informational-analytical system

The mathematical part of the subsystem of the localization of sources and the subsystem of
monitoring data assimilation was developed using approaches to the source estimation based on
variational principle with the use of adjoint equations for the convection-diffusion models with
source-term uncertainty.

The localization of sources of pollutionis carried out based on the following approaches([13],

[10], [11]).

— The algorithm of the estimation of the capacity of sources of pollutionis based on finding of
fundamental solutions of the direct problem for each source and use of measurement data.

— In the algorithm of localization of sources of pollution based on functionsof observability, we
define area where supports of sensitivity functions are in a range above the specified level of
significance.

— In the algorithm of localization of sources of pollution based on the definition of the
generalized normal solution, we construct a system of equations of feedbacks expressing the
dynamics of changes of model parameters proportionally to the corresponding functions of
the sensitivity of the functional to variations in the parameters.

In data assimilation we use an approach based on the formulation of data assimilation
problems,; taking into account uncertainties in models and results of observations. A variational
principle is constructed with the conditions of minimization of functionals containing total
measure of uncertainty. Data assimilation algorithm is applied to the convection-diffusion model.

3.1 Variational data assimilation algorithm for convection-diffusion models

Multidimensional mathematical models, describing processes of transport and transformation of
heat, moisture, radiation and substances:

i
ot

¢0 = ¢27 Rbound(¢) = da, Y=Y,

LY)p= + div(¢pu — pgrad @) = fo + 7,
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Measurement data is connected to the state function with the observation operator H
¥ =H(¢) +mn,

¢ - model state function, {u, u} =Y - model parameters, f,, ga, @ - a priori source functions,
¥- measurement data, r, n - control (uncertainty) functions in the sets, that are introduced to
the rigid model structure to assimilate data. Find ¢ for ¢ > ¢* with measurement data for ¢t < t*.

Additive-averaged splitting scheme. On the time interval #/ < t < t/+1 consider additive-
averaged splitting scheme (analogous to [14]), for the partition Z%:l vp = 1.

— Convection-diffusion processes

0¢p . .
Vgl + Lo by = fatrs 65 (F) =6 (F), B=12
— Next step approximation

2
¢ = Z Y3Pp-
B=1

On the grid lines containing measurement data a standard direct model step is substituted
to the minimization of the corresponding extended target functional

. . 2
F j4+1 g+ gk i j+1 j+1
(e g = Y - Mo Y (nd ) 7
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+{((I+2rA) gt — ¢ — el 0%

. . 2
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3.2 Implicit data assimilation for one-dimensional convection-diffusion model

Non-stationary one-dimensional convection-diffusion model

9 | |
75;56+L5 bs=fa+rs @s(t') =0 (), B=12

approximated on a spatial-temporal grid. To do this one can use an upwind scheme.
This leads to tri-diagonal matrix systems

j+1 G+l g G+l .
_ai¢i+1 + bid)i = QSZ +Trs = 0,
J+1 j+1 j+1 g R
—a;¢; ] iy —ag;y =¢; +Try i =1,...,N =2,
J+1 J+l _ J J+l .
bid; " —cip; L =¢; Ty, =N —1,
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Data assimilation problem solution. For contact measurement case we can introduce
measurement system mask sz 1 that is equal to 1 in measurement point and 0 in others.
Data assimilation problem solution is the minimum of the functional

N-1 G gt 2 - N-1 A
Bt ity — i i MY ( J ) =
(</>‘] T ) Z 1 +a Z Tz 2 ?

.
i=1 ¢ i=1

wrt direct problem where o; are standard deviation for the measurement instrument errors.
Introducing Lagrange multipliers (adjoint functions):

o ' ) N-1 ¢j+1 _ gl - N-1 , -

(I It ritly = Z i — 2MI 4 Z <r€+ )2 -
i=0 i i=0

N—

+ Z (—a@'qf)ﬁll + bl — il — @) — Trf-ﬂ) AR

=

—_

Matrix system. A system consisting of direct and adjoint problem can be assembled to the
matrix equation [15], [16], [17]

~A@LL + Bid] T = FT
j+1 j+1 j+1 j+1
—A; P+ Bi@g — Ci@g_l = FZ»] ,

i+1
it pitl — pitl
Bi®; " - Cidi ) = I,

i
A — a; 0O B — b —7 C — ci O
1 O Cit1 ) (2 i\f;;' bz ) (2 0 aj_1 ’
. j+1 , ¢J'
@-ﬁ-l _ ¢z ’ Fj+1 — T ,
i gb;fj-l-l %¢5+1

which is solved with the matrix sweep method.

where

3.3 External parameters for data assimilation

One of the input parameters for the convection-diffusion model is a function describing dynamics
of the atmosphere. We reviewed models describing the atmospheric processes at the mesoscale
level and found that of them are implemented in software and can be used for short-term and
long-term weather forecasts, atmospheric modeling, etc. ([18],[19],[20]). Based on the analysis of
models of atmospheric dynamics we chose the WRF model (dynamic kernel of AWR) because
it is a model of common use, does not demand any licensing conditions and is widely used in
the Weather Forecast Office of Kazakhstan. To control the mesoscale model and to retrieve the
output of meteorological data for further use in the process ofmodeling of pollution transport
and localization of sources we developed a program module. To retrieve data we used a library
written in C++ language,which provides access to the data file, all measurement and direct
access to the data.
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The module allows the correct start of all components of the WRF model, the correct
extraction of data from the output file and correct record of data to the database. The use
ofthe module in the information system “ECO Monitoring” allows to simulate meteorological
dynamics of atmosphere in the air pollution modeling, assimilation of data of environmental
monitoring and localization of sources of pollution.

4 Conclusion

Thus, in this paper we propose a new approach to the development of information systems of
environmental monitoring based on joint use of actual data of automated observing system,
modern and efficient algorithms of data assimilation and sources of pollution localization, a
computer model dynamics of atmospheric WRF. We developed the information-analytical system
"ECO Monitoring"that allows to solve such tasks of environmental monitoring as the modeling
of atmospheric dynamics, localization of air pollution sources, visualization of simulation results.

Analytical part of the information system is based on modern algorithms of variational
data assimilation and localization of pollution sources under conditions of uncertainty in the
real-time environment. Combining splitting schemes and data assimilation schemes allows to
construct computationally effective algorithms without iterations for data assimilation of in situ
measurements to convection-diffusion-reaction models.

The performance of the system has been tested using data from the automated observation
system. The results of simulation are consistent with the observation data. The system has passed
operational testing at the Center for Environmental Monitoring of the city of Ust-Kamenogorsk.

The use of the developed system allows efficient use of the data of the automated observation
systemand improvement of environmental decision-making.
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Abstract. The article describes access control problem solving to information system resources in
the context of common change of business. The algorithms are designed for automated generation
and actualization of access control model elements (RBAC, MAC, and DAC). Input information
for the algorithms is data from business process model. Estimating algorithms complexity was
made on account of necessary operations quantity. The main research methods were set theory,
algorithm theory, and structure analysis. The findings of the article can be helpful for IT and
security professionals.
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The efficiency of the modern computer-based information systems directly depends on the
correspondence between the user credentials and their responsibilities. The formalized credentials
in the form of access rights are reflected in the settings of the access control system, the secure
building of which is determined by the formal model. Despite the high level of theoretical
research in the field of formal access models, their practical implementation encounters significant
difficulties relating to the interpretation, i.e. ensuring the compliance of abstract entities and
model processes with real objects and information system rules and updating access rights due
to the constant changes in the business processes.

This problem is supposed to be solved by using algorithms to form and update a set of access
rights on the basis of business processes analysis [1].

To realize the possibilities of access rights formalization and updating in the conditions of
access delimitation systems, which function on the basis of different formal (role, discretionary,
mandatory) models, there is a generalized model of access rights delimitation. Business processes
are analyzed in order to get necessary data to build a generalized access model.

Let FF ={ff1, ff2,..., ffa} be a finite nonempty set of functions performed by the members
of a business process (performers). For each function ff € FF in the business process, there is
a set of performers PP(ff) = {pp1(ff),pp2(ff),....ppa(ff)}, the performers are denoted by

PP = UffeFF PP(ff) Let PP = {pp1,pp2, ..., ppe } denote a set of performers (the position,
the functional role) which cannot be empty. We shall introduce the owner-member relationship
< on set PP. Assume that pp; < ppe if one of two conditions is fulfilled: a). ppy is the direct
supervisor of ppy;b). 3 chain pp? = pp1, ppl, pp?, ..., PP} = ppe, pp} is the direct supervisor of pp’f1
for all i = 1,n. Every performer pp is bounded with set FI(pp) = { fi1(pp), fi2(pp), ..., fig(pp)}
- the name of the performer, the set of all performers is denoted by
FI = UppePP FI(pp).

Each element of "the performer’s name" fi € FI is labeled by sfi(pp), which is contained
in its properties and will be associated with the access level. Let SFI = (sfiy, sfia,...,sfiy)
denote the set of properties of the performer’s name. The finite set of information systems
IS = {isy,is9,...,i8,} is defined. As a certain number of functions is performed automatically
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and it is reflected in the business process model, we can introduce the binary relation fis =
{(ff,is),whereff € FF,is € IS}, ff is performed in the information system is. The operations
on a finite set of information objects IO = {ioy,i09,...,i0,} are performed with the help of
automated functions. Each data object io € IO is labeled by sio(io) which is contained in
its properties and will be associated with the access level. We denote the set of properties
sio = (sio1, 5103, ..., sioy). The information system is connected with an information object set
IS (io) = (is1 (i0) ,is2 (i0) , ..., isp (10)).

The kind of operations is determined by the type of the performer’s access to the information
object, a set of access types is denoted by AT. The performer’s operation with an information
object is defined by the three Op = (pp,io,at), where pp € PPjio € IO , at € AT, at AT, pp
performs the operation by means of ¢0. Using the denotations of the generalized access model and
formalized representation of a business process model, the algorithm for extracting the necessary
data to formalize and update access rights can be represented in a general form (Fig. 1):

A set of business
process model
elements =

Data extraction from a
business process model

- >{ The input of restrictions

The verification of
compliance with the
restrictions

A set of generalized
access model elements
[DB of the information
system of access rights
formalization and
updating]

Cexal (11, 17), Cexal.
(px. Py)

[restrictions list]

Fig. 1. Algorithm for automated formation of the elements of the generalized model of access rights delimitation
from a business process model

- the data extraction from a business process model, e.g. from a XML file.

- the input of restrictions (Cegei. (72, 7y)) - the mutual exclusion of roles, Ceger. (pp, pe) - the
mutual exclusion of access rights, V' (r4) - a quantitative restriction on the role possession.

- the verification of compliance with the restrictions (the consistency check).

The block "Data extraction from a business process model"is presented in details in Fig. 2.

We have made the estimate of the algorithm complexity based on the number of operations
required to implement it. The basic operations of the algorithm are connected with the linear
search of the elements of several sets and their recording in other sets. The linear search is
performed via loops (Fig. 3).

Let T, denote the number of operations for loop X, T'(is) is the estimate of the complexity
of data extraction algorithm for a fixed information system is (1 < is < |I.5]).

Then the estimate of the algorithm complexity 1" can be obtained by organizing loop E, in
which T'(is) is summed for all information systems:

T = 2\ T(is) = Tp = O (118]) - (T + Tu) (1)

We estimate the algorithm complexity T'(is) for a fixed information system with number is.

The number of operations in loop D for every information system is estimated by the constant,
so Ty is determined by the number of information objects of system T, [1O (is)|, and it can be
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PP; FI; FF; PP;
fis;IS;AT;IO;SFI;SIO;Op;
HPP == Input data loading

he exhaustive search
of all IS

FF(is)

he exhausfive search OD
PP(ff) Forming a set of
\J access objects
Y

he exhausfive search
of Fl(pp

The exhaustive search of
all operations Op=(pp, i0
(is)) which can be
performed by pp1(ff)

Forming a set of

rolesR(kr)=ppi(ff) Forming a set of object

levels

Forming a set of L(O)=8I0(io)

users
U(ku+)=Fi(ppi(Ff)

Forming a set of
users’ levels
L(U)=SFI(io)

Forming a set of privileges
P=(io(is), at(is))

Assigning role R(k:) of
privilege R

Defining the role
hierarchy

Fig. 2. The block "Data extraction from a business process model"

( Loop on IS
¢ Loop on FF(is)

n Loop on Fl(pp)
End of the loop on Fl{pp)

E < 5 Loop on Op
End of the loop on Op
\ End of the loop on FF(is)

5 Loop on 10(is)
End of the loop on 10(is)
End of the loop on IS

Fig. 3. The schematic representation of algorithm loops
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represented as:
Tp = O (|10 (is)|) (2)

The exhaustive search in loop C' is performed over all the functions of the business process
implemented in information system is, the number of which |F'F (is)| determines the repetitions
number in this loop. In addition, the loop body includes two other consecutive loops A and B,
performed for every fixed function with number 1 < ff < |FF (is)|. Thus, the complexity of
loop C can be recorded as:

Te = O(|FF (is)]) - (Ta + Tp) (3)

We estimate the number of operations performed in loops A and B.

The number of operations in loop A can be expressed as T4 = O (|FI (pp)|) because this
loop organizes the exhaustive search of all names of the performers pp of function ff. In fact,
the number of the names is equal to the number of system is users |F'F (is)| , which allows us
to write:

Ta = O (|FI (is)|) (4)

Such situation is quite possible, because in many information systems, every user has at least
one type of access to most information objects. It should be noted that in any case, this number
does not exceed the number of the employees (individuals) who work in the organization, i.e,
in the worst case, when the vast majority of the organization’s employees (individuals) perform
some of the functions in all or almost all information systems, the search in loop A can be limited
by the number of the employees in the organization, and in compliance with (4) can be rewritten
as:

T4 < O(|F1) (5)

The complexity of loop B is determined by the amount of searching the elements of set
Op : Tg = O (|Opl|). The elements of set Op in relation to a given information system is and
function ff are the three of the form op = (pp,io, at), where

- pp is the performer of a business process (their number is determined by the number of
available functional roles |PP (is)| in the information system, and does not exceed the number
of posts in the organization |PP (is)| < |PP|, while the worst (in terms of computational
complexity) case corresponds to the situation where each organization official unit is represented
by its own role in every information system);

- 40 is an information object, wherein [IO (is, ff)| is the number of information objects
involved in the implementation of function ff in information system is - it is limited by |10 (is)],
which in turn does not exceed the total number of information objects of business process |10,
ie., |IO (is, ff)| < |IO (is)| < |IO| (worst case corresponds to the situation where all or nearly
all of the functions of any information system are used by the vast majority of business process
information objects of all);

-at is an access type in an information system (the number of different access types depends
only on the information system, in practice it is relatively small and may be limited to a constant
of the order of 10).

Thus, if we assume that in the worst case, every function requires all information objects
of the system and each function is used by all system users, and, besides, if we consider that
|AT (is)| = O (1), we obtain
|Op| = O (|PP (is)| - [IO (is)|). In this case, the estimate of the operations number for loop B is
given by the following formula:

Ts < O(|PP (is)] - 1O (is)]) (6)
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We substituting the expressions (5) and (6) into (3) and get
Te < O(IFF (is)]) - (O(IFI|) + O (|PP (is)| - [1O (is)])) (7)

Using (2) and (7), we obtain an expression for estimating the complexity of the extracting
data algorithm for information system is:

T (is) < O(IFF (is)]) - (O (IFI| + O (|PP (is)| - [IO (is)]))) + O (HO (is)]) =

= O(|FF (is)]) - O(IFI|) + O ([FF (is)]) - O (|PP (is)| - [IO (is)]) + O (|10 (is)]) =
= O(|FF (is)| - [FI]) + O (|FF (is)| - |[PP (is)] - [1O (is)]) + O (1O (is)]) =
= O(|FF (is)| - [FI| + O (|FF (is)| - |[PP (is)] - [1O (is)])) (8)

For the overall assessment of the algorithm complexity according to formula (1), we note
the following circumstances arising from the practice of business modeling. First, as a rule,
the number of information systems |I.S] is significantly less than the number of functions in
business process |F'F|. Second, information systems typically automate the different functions
of a business process, whereby the intersection of the functions of different information systems
can be considered negligible in comparison with the total number of functions in the system.
This provides the basis for the assumption |FF (isl) N F'F (is2)| ~ 0 if is1 # is2. But with this
assumption, the total number of loops repetition after the summation over all information systems
will be comparable with the total number of the automated features of the business process, which
with the high level of automation, is close to the total number of business process | F'F|functions.
Third, the performers number usually does not exceed the number of the performers names (with
the delimitation of discretionary access, these values are equal). Therefore, we can write:

18| .
Vi1 O (|[FF (is)] - [F1) (9)

is=1

SN0 (FF (is)] - |PI) = O (|FF| - |PI)) D)5 0 (|FF (is)| - |[PP (is)| - [TO (is)])  (10)

1s=1 15=1

which by substituting the formula (1) yields the final result:
T = 3P\ T (is) < O(|FF| - |FI|) + O (|FF| - |FI| - [IO|) = O (|FF| - |FI - |IO])) (1)

The main parameters that determine the dimension of this exhaustive search problem, are
the functions number of the business process, the number of users (individuals) in the system and
the number of access objects, whereas the algorithm for extracting data from the business process
model for access control system has only a linear dependence on each of these parameters. We
can note that this estimate is valid even in the worst case. Thus, the algorithm for the automated
elements of the generalized model of access rights delimitation from the business process model
falls into the category of effective algorithms.

After the initial formalization of access rights, there is the stage of their updating, carried
out by comparing the state of the business process models before and after making any changes.
Access rights updating shall be in accordance with the established classification of the company’s
activity [2]. For each classification attribute, the response rules have been defined. The algorithm
for updating the rights of the access to the resources of automated information systems based
on changes in the models of business processes is represented schematically in Fig. 4.
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Fig. 4. Algorithm for updating the rights of the access to the resources of automated information systems on the
basis of changes in business process models

The block of inputting data and fixing the fact of the change of a business process element
value is carried out similarly to the block of data extraction from the business process model of
the algorithm for the automated formation of the elements of the generalized model of access
rights delimitation. The exhaustive search of all sets of access model elements is performed.

The complexity of the algorithm depends on the block of input data loading, the complexity
of which has been defined previously.

On the basis of these algorithms, the information system of formalization and updating of
access rights, which implements the approach based on the analysis of business processes, has
been developed and registered in ROSPATENT. This system has been implemented in a number
of businesses, and one of its purposes is to form access matrices within the establishing and
operating systems of personal data protection information systems.
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Abstract. This work describes technologies used to form user interfaces for working with thesauri,
rubricators and ontologies in heterogeneous information environment. Discusses various aspects
of building user interfaces for: navigation rubricators, thesauri and ontologies (hereinafter - the
thesauri); search for and view articles thesauri; see the relationships between different thesauri;
view dynamic links between thesauri and other databases with the possibility to manage the list of
connected databases; view dynamically related records in other databases. As examples of the user
interfaces of the subsystem ZooSPACE-W platform ZooSPACE.

To work with heterogeneous distributed information systems and databases, the user must
provide the widest possible range of organizations search for information and view it in the
form requested. One of the desirable elements of this spectrum is the possibility of navigating
rubricators and thesauri with dynamic binding their articles (terms) to various databases which
list must also be dynamic and can be configured by the user. With this in mind the heterogeneity
of information sources requires decisions based on standardized components, such as protocols,
access to the information resources used by the data schema, queries and formats the retrieve
records. The need to create a software component that provides the required functionality and
which has a sufficiently high level of generality, was realized with the development of appropriate
graphic interfaces user platform ZooSPACE [3] (subsystem ZooSPACE-W). In accordance with
the logic of work with information resources it is possible to allocate the following set of necessary
graphical interfaces:

1. Interfaces that implement navigation on rubricators, thesauri and ontologies (hereinafter -
the thesauri);

2. Interfaces that implement the functions of searching and browsing articles thesauri;
3. Interfaces that implement communication between different thesauri;

4. Interfaces implement dynamic links between thesauri and other databases with the possibility
to manage the list of connected databases;

5. Interfaces that implement the view dynamically related records in other databases.

This paper describes the technological approaches and the implementation of the described set
of interfaces for platform ZooSPACE.
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Fig. 1. To navigate by thesauri

225

As the platform ZooSPACE initially focused on working with information resources on the
protocols Z39.50 Z39.50 [2]-[1], SRW and SRU [4] using a standard search query (RPN, PQF,
CQL), a standard data schemas and standard of their presentation formats (XML, ISO2709,
GRS-1) (see, e.g., [3,1], as the basis for working with thesauri were selected:

1. Protocols of access to resources - Z39.
2. Data schema thesauri - Zthes [5]-20];

50 and/or SRU;

3. The format of the records thesauri - XML.

As a information resourses for debugging algorithms and interfaces used

1. Database "Classification of specialties of higher and postgraduate education of the Republic
of Kazakhstan for a three-level structure of training specialists"bachelor-master-doctorate

PhD / on profile "

2. State Classifier of the Republic of Kazakhstan

3. Database "Rubricator SRSTI"
4. Database "Rubricator UDC"

All of these databases are structured in accordance with international and Russian standards
(ISO 25964 [7], GOST 7.25-2001 [10], GOST 7.24-2007 [12]), are integrated into the platform
ZooSPACE, which provides access by the Z39.50 protocol and / or SRU within scheme Zthes.

According to a profile Zthes to work with thesaurus used the following elements scheme:
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Zthes/term /termlId

local identifier term

Zthes/term/termName

term name

Zthes/term/termNote

term note

Zthes/term /termQualifier

identifier term

Zthes/term/termType

term type

Zthes/term /relation

element relation to other articles thesaurus

Zthes/term /relation/termID

local identifier related term

Q|| | O = | W N —

Zthes/term /relation/relationType

C relation type

©

Zthes/term/relation/termName

name of the related term

—
o

Zthes/term /relation/sourceDB

URI other thesaurus

—
[y

Zthes/term/postings

element related with other databases

[
[\]

Zthes/term/postings/sourceDb

URI external databases

—
w

Zthes/term /postings/fieldName

index name external database

—
W~

Zthes/term /postings/hitCount

amount of records in an external database

To navigate by thesauri (see Fig. 1) used scheme elements 1-9(see Tab. 1). In this processing

the following relationship between the terms: BT- relationship the related term is more general
than the current term, NT- relationship with related term, USE- relationship with term,
that is the related term should be used in preference to the current term, UF- the current
term should be used in preference to the related term, USE and RT- relationships, which
determined related term.

To search and view articles thesaurus (see Fig. 2) using standard interfaces ZooSPACE
(7Z39.50 protocol and SRU, requests CQL, RPN and PQF, formats XML and the GRS-1).

To view the relationship between articles of different thesauri processed static elements
of the schema 10 (see. Tab. 1). It uses the information present in the databases about
relationships between articles. Visually, the hierarchical structure of the thesaurus is
dynamically supplemented by the according branch related thesaurus, addressed which
initiates an asynchronous request to the database related thesauruses with retrieval and
visualization of the according related terms with all of its secondary relations.

The interfaces are implemented by dynamic relations between thesauri and other databases
with the ability to manage a list of connected databases based on the use of elements 11-14
schema data Zthes (see Tab. 1). These elements are dynamic - they are formed at the time
of processing the according request to display articles thesaurus using a user - formed list of
information resources (databases) through interfaces ZooSPACE. At the time of formation
of the structure records articles of the thesaurus adressed (via Z39.50 or SRU) to external
databases and get the amount of records for according articles thesaurus - content elements
14 (hitCount) records Zthes (see Fig. 4). Request to an external database is implemented as
a request to search for records with the specified code rubricators(code GRNTI, UDC, etc.),
but can be implementation algorithms with more complex search queries.

Interfaces implementing view dynamic related records of other databases fully according
interfaces view records, implemented at the ZooSPACE-W (see Fig. 5) (see also|3]).

It should be noted that at the time the described algorithms are implemented in the form of a

working prototype of an individual module, which is part of the server subsystems ZooSPACE-W.

In conclusion it should be noted that the described user interfaces significantly extend the

functionality of the client software for access to distributed heterogeneous information resources.
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Fig. 3. View articles related thesauri BH* conversion from specialty of RK to UDC
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Fig. 5. View related records from external sources



230 Beraucnurensuble Texaosiornu, T.20, 2015 Becruuk KasHY, Ne 3(86), 2015

References

w

. Zhizhimov O.L., Fedotov A.M., Shokin Yu.l. Technology platform mass integration of heterogeneous data//

Bulletin of the Novosibirsk State University. — Series: Information Technology, 2013. T.11. B~ 1. pp. 24-41.ISSN
1818-7900.

ISO 23950:1998 — Information and documentation — Information retrieval(Z39.50) — Application service
definition and protocol specification [electronic resource]. — 1998. — URL: http://www.iso.org/iso/
catalogue_detail.htm?csnumber=27446

Zhizhimov O.L. Introduction Z39.50: 4-st rewrite and addition. — Novosibirsk: NSRSB, 2003. —262 p.

SRU — Search/Retrieve via URL.The Library of Congress [electronic resource]. — 2013. — URL: http://www.
loc.gov/standards/sru/

The Zthes specifications for thesaurus representation, access and navigation [electronic resource]. — 2006. —
URL: http://zthes.z3950.0rg/

Mazov N.A., Zhizhimov O.L. Unification of building and accessing thesauri and classification schemes in
distributed information systems by protocol Z39.50 // II All-Russian Scientific Conference B«Digital Libraries:
Advanced Methods and Technologies, Digital Collections B» - RCDL’2000 (PuCBHPuC,PIPEPHPH, Russia,
26.09 - 28.09.2000): Collections of works conference. — Protvino: GNC IFVE, 2000. pp. 230-233.
25964-1:2011-Information and documentation — Thesauri and interoperability with other vocabularies — Part
1: Thesauri for information retrieval [electronic resource|. — 2011. — URL: https://www.iso.org/obp/ui/ru/
#iso:std:53657:en

GOST 7.25-2001- system of standards on information, librarianship and publishing. Monolingual thesaurus
for information retrieval. Rules for its development, structure, composition and form of presentation, — Minsk:
IPK Publisher standards 2002. p 16.

GOST 7.74-96 SIBID. Information retrieval languages. Terms and definitions - // Minsk: IPK Publisher
standards, 1996. 38 p.



A Case Study of a Knowledge Management System
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1 - School of Electrical Engineering and Computer Science, Belgrade , 2 - University of Tirana

Abstract. Albanian key Cross is a humanitarian association that works to improve the lives and
dignity of people in need, in accordance with basic principles of motion. He is assistant to the
authorities for humanitarian affairs nationwide. Albanian Red Cross today is a "wealth"of the very
real humanitarian values of the Albanian civil society. This property is present not only as a concept
and existence of traditional and prestigious idea into action, but also with its institutional structures,
leadership and management. Our study focuses on the problems that appear in the Association of
the Red Cross on the functioning of the department and how those can be solved or made easier to
manage through a Knowledge Management System (KMS). Though the construction of ontology we
managed to solve the problem that existed between departments. Full implementation of Microsoft
Dynamic GP reach to improve and give solutions malfunction of the Albanian Red Cross.

Keywords: Knowledge Management System, Ontology, Microsoft Dynamic GP.

1 Introduction

Albanian Red Cross is the oldest humanitarian organizations in Albania. It was established on 4
October 1921. Since this year is a member of the Federation of Societies of Red Cross and Red
Crescent. This organization is part of the International Movement of the Red Cross and Red
Crescent today counts 187 organizations worldwide. It is a voluntary humanitarian organization
that operates independently on the basis of fundamental principles of international humanitarian
Movement of the Red Cross. The organization is a subsidiary of the authorities for humanitarian
affairs nationwide. This organization aims to be a humanitarian association developed, which
works to improve the lives and dignity of people in need, in accordance with the Fundamental
Principles of the International Red Cross and Red Crescent. Albanian Red Cross counts 39
branches spread across the country, which operate humanitarian in their district. He has achieved
a good development, becoming the largest humanitarian organizations in the country and the
largest donor of blood donation in Albania. Albanian Red Cross helps, through its humanitarian
activities, the most vulnerable people by mobilizing the power of humanity to society.

Currently has as main purpose and acting in fulfillment of the Strategic Plan 2010-2015 in
the areas of dissemination of humanitarian values, providing enough blood in all state hospitals
in Albania, preparing for more effective interventions in disaster relief, health education and
strengthening the health of the population, meeting some basic human needs and social care
delivery, organizational development and increase the sustainability of the organization, based
on its internal resources. System Albanian Red Cross currently uses five programs for the
management and maintenance of all activities to achieve the objectives and goals. These systems
are:

1. Finance department program that records all movements in relation to the ark, bank, salaries,
state of warehouses, costs and revenues by donor for all Red Cross branches across the country.

2. The blood donation program becomes determining where blood will be collected and where
will happen organization in order to be communicated to all concerned for voluntary blood
donation.
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3. First aid program where the Albanian Red Cross is able to organize training courses for
giving first aid to the general public, training courses for instructors and volunteers.

4. The program for the registration of members and volunteers of the organization related to
cycle to follow the volunteers during their assignment at the NRC, which is related to the
recruitment, training, motivation, commitment and removal of volunteers and maintains data
about with registered members and volunteers in the organization.

5. Search and Rescue program keeps information about the person sought and the applicant of
that person. [10]

Humanitarian organizations Albanian Red Cross has an internal organization divided into
several departments responsible for several key areas to achieve its goal, but that often has
difficulties the current system. Some of the problems of the system of the Albanian Red Cross are
high operational costs, low productivity, high costs of storage and maintenance, poor integration
of donor management, providing information not in real time and proper uncoordinated between
departments considered Key shortcomings which slow down daily operations, excess inventory
and unified system as across the country. In general will talk about knowledge management
systems, what are they and how operate to solve a problem, what solution offers this system.
Second will also handle general ontologies and ontology built for the Albanian Red Cross. Finally
we give our solution to the system of the Albanian Red Cross is implementing Microsoft Dynamics
GP which improves and solves the problems mentioned above and conclusions.

2 Knowledge Management System and Ontologies

Knowledge management systems refer to any kind of IT system that stores and retrieves
knowledge, improves collaboration, locates knowledge sources, mines repositories for hidden
knowledge, captures and uses knowledge, or in some other way enhances the KM process. [9]
"Knowledge management is a discipline that promotes an integrated approach to identifying,
capturing, evaluating, retrieving, and sharing all of an enterprise’s information assets. These
assets may include databases, documents, policies, procedures, and previously un-captured
expertise and experience in individual workers." (Michael E. D. Koenig)
Purpose of Knowledge Management System are:

Improved performance
Competitive advantage
Innovation

Sharing of knowledge
Integration

Activities in Knowledge Management are:

Start with the business problem and the business value to be delivered first.
Identify what kind of strategy to pursue to deliver this value and address the KM problem.
Think about the system required from a people and process point of view.

Finally, think about what kind of technical infrastructure are required to support the people
and processes.

e [mplement system and processes with appropriate change management and iterative staged
release.
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In recent years the development of ontologies explicit formal specifications of the terms in the
domain and relations among them (Gruber 1993) has been moving from the realm of Artificial-
Intelligence laboratories to the desktops of domain experts. Ontologies have become common on
the World-Wide Web. An ontology defines a common vocabulary for researchers who need to
share information in a domain. It includes machine-interpretable definitions of basic concepts in
the domain and relations among them.

Why would someone want to develop an ontology? Some of the reasons are:

e To share common understanding of the structure of information among people or software
agents(Musen 1992; Gruber 1993).

e To enable reuse of domain knowledge

e To make domain assumptions explicit

e To separate domain knowledge from the operational knowledge (McGuinness and Wright
1998).

e To analyze domain knowledge (McGuinness et al. 2000).

An ontology is a formal explicit description of concepts in a domain of discourse (classes
(sometimes called concepts)), properties of each concept describing various features and
attributes of the concept (slots(sometimes called roles or properties)), and restrictions on slots
(facets (sometimes called role restrictions)). An ontology together with a set of individual
instances of classes constitutes a knowledge base. In reality, there is a fine line where the ontology
ends and the knowledge base begins.

Classes are the focus of most ontologies. Classes describe concepts in the domain. A class can
have subclasses that represent concepts that are more specific than the superclass.

In practical terms, developing an ontology includes:

defining classes in the ontology,

arranging the classes in a taxonomic (subclass—superclass) hierarchy,
defining slots and describing allowed values for these slots,

filling in the values for slots for instances.

We can then create a knowledge base by defining individual instances of these classes filling
in specific slot value information and additional slot restrictions.

3 The implementation of Microsoft Dynamics GP

The Albanian Red Cross provides disaster relief and emergency services for thousands of people
every year. In addition to responses to disasters, organizations serving local communities in
education, training, and support materials that prepare volunteers to respond to disasters
and other emergency life-threatening. The organization also helps the community to prevent,
prepare for and respond to emergencies through training programs and coordinated volunteer
efforts. To support its mission, in order to reduce financing needs reducing costs through
streamlining of operations, including financial and storage processes. Currently working with
Microsoft Office package we suggest the implementation of Microsoft Dynamics GP to achieve
more efficient processes and to provide more extensive information on the current situation of the
organization. With the implementation of Microsoft Dynamics GP is believed to dramatically
increase productivity, the annual costs of storage sit and sit down new requirements for additional
staff. We suggest that within the next year Albanian Red Cross to replace its current system
of information with Microsoft Dynamics GP, which provides greater integration of donor
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management and its other programs, to provide information in real time the state of the
organization in all departments. Besides the implementation of Microsoft Dynamics GP 10.0
to improve internal operations, the initiative includes the implementation of Microsoft Dynamics
CRM to manage and management training volunteers to help recruit volunteers more effectively
in the event of national or regional disaster to help in emergency situations. The benefits from the
implementation of Microsoft Dynamics GP are cost reduction, increased focus on core mission,
updating a central system and provides efficiency in reporting.

4  The solution offered

Because Microsoft Dynamics GP is similar and works with applications in the Microsoft Office
system, employees can use more efficiently. They can pass information from applications in the
Microsoft Office system directly into Microsoft Dynamics GP. This new system implemented
requires service staff, department of finance and fundraising department should automatically
start working together as soon as they begin to see the movement of data from their desktop
to the desktop of everyone else. In this way the data are available to them at any time they
want if they have the appropriate permissions. Microsoft Dynamics GP allows administrators
to have more control over business processes. They can create approval processes so donations
system routes pass through the appropriate channels with automatic messages that appear in
desktop of employees. For example, employees must go through the proper channels before
you add data to a donor the database of donors. This increases accountability and makes the
organization less charge. By implementing the new system, employees will avoid unnecessary
tasks. In the case of negotiation of contracts (for the purchase of relief from the proceeds of
donations), staffers use the system reports to determine the benefits and the amount of goods
needed to ensure agreement in accordance with the rules of the tender. Employees can also
create minimum inventory levels in Microsoft Dynamics GP so they automatically receive
notifications in Office Outlook when supplies are below this level. Also Microsoft Dynamics GP
allows sending automatic notifications to the person responsible for the management of blood
storage, which eliminates the destruction documents and sends blood units has expired.
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Fig. 1. Ontology of the Albanian Red Cross.
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5 The system of blood donation

Blood donation system is one of the most important Albanian Red Cross and as such should be
given special attention. For this reason the new system upgrade that we thought we implement
aims to improve and make more efficient the current system. This system should function as
shown below.

Red Cross should enhance interactivity with state hospitals across the country. The amount
of blood for every blood type sent to these hospitals should be in accordance with the specific
requirements of each hospital. As compared to the current system where whole blood collected is
distributed between hospitals without a criterion of need, this kind of new system aims efficient
distribution of blood units not wasted any unit.

Blood unit has a limited lifespan of six weeks in which to stay on hold. Therefore, the new
system aims at determining the quantity needed by each hospital. Under the system improved
after the admittance of blood, the latter is stored in the blood bank of the Red Cross. The unit of
blood destruction takes daily a list of those entities who spent their lives waiting, they collapsed
and updated with current state store date available.

Blood Center also distributes blood to all state hospitals who require blood. Requests usually
come for a specific type of blood. Blood bank refrigerators Blood prepares and distributes the
amount of blood when they come to pick up the load. Blood Bank takes a list for each hospital
and specific units of blood to every hospital must provide the processing unit.

6 Conclusions

Albanian Red Cross is the only humanitarian organization helping people. It helps, through its
humanitarian activities, the most vulnerable people by mobilizing the power of humanity to
society. Humanitarian organizations Albanian Red Cross has an internal organization divided
into several departments responsible for several key areas to achieve its goal. One important
factor that enhances the performance and effectiveness of each department is communication
and coordination that these departments have with each other. Given that this institution
provides assistance in disaster or calamities, the current program has used them often complicates
the problem and help you need to give as well as organizations serving local communities
in education, training, and support materials that prepare volunteers to respond to disasters
and other emergency life-threatening. We suggested and implemented Microsoft Dynamic GP
system, which facilitates problems and is very effective. Through ontogeny system was built for
the Albanian Red Cross, which was made possible link between blood needs according claims or
state hospitals and other institutions’. Also was established and the possibility of communication
between donors and assistants or doctors to facilitate and reduce the excessive duration and high
costs. Through Microsoft Dynamics GP organizations managed to reduce inventory levels, which
increased the space available and allow employees to spend less time moving donations in stock,
issued by placing boxes or on shelves or refrigerators and sat holding larger quantities of blood
units currently needed. Microsoft Dynamics GP increased concentration of employees to prepare
reports and activities and will reduce the amount of time employees spend on administrative
tasks. Also helped to eliminate inefficient processes so that our employees to spend more time to
organize volunteer training and in meeting other important tasks. I'T team is now able to update
the system at central and spend less time on maintenance.
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Abstract. Mathematical characterization of various types of propagation environments and
accompanying transmission phenomenons has arisen as major task in the processes of computing and
evaluation the performances of modern generation wireless communication systems services. In this
paper we will analyze standard performance criterions of wireless transmission, when communication
is carried out over eta-mu faded channels, in the interference limited environment, with total co-
channel interference influence modelled with kappa-mu model. Infinite series expressions will be
derived for the probability density function (PDF) and cumulative distribution function (CDF)
of received signal-to-interference ratio (SIR). Capitalizing on these expressions, outage probability
(OP) and average bit error probability (ABEP), will be efficiently evaluated, graphically presented
and discussed in the function of transmission parameters. Finally, possible performance improvement
will be considered through the possibility of SC diversity reception appliance. Capitalizing on
analysis and evaluations presented, system designers could perform trade-off studies among the
various modern communication system parameters in order to determine the optimal choice in the
presence of their available constraints.

Keywords: performance computation, wireless transmission, co-channel interference, selection
combining reception, fading models.

1 Introduction

Emerging development of modern generation wireless communication applications and services,
provides constant necessity of analyzing the possibility for their performance improvement.
However, wireless transmission is often accompanied by various side effects such are multipath
fading and co-channel interference (CCI), which limit system performances, spectral efficiency
and channel capacity. Enhanced necessity for computing and evaluation of the performances
of these wireless communication services, provides a need for mathematical characterization
of observed transmission phenomenons [1]. Any wireless system tends to conserve the existing
disposable spectrum by reusing allocated frequency channels in areas that are geographically
located as close to each other as possible. However, the amount of CCI that occurs determines
constrains in distance for reusing wireless channels [2]. CCI is defined as the interfering signal from
another source that has the same carrier frequency as the useful information signal. So, the main
goal is then to determine how CCI affects well-accepted criteria of performance of wireless systems
services, such are outage probability (OP) and average bit error probability (ABEP), in order
to implement practical system realizations with satisfied predetermined minimum performance
levels.

Different fading models for describing desired wireless signal variations in the presence of
multipath fading are presented in the literature. The 1 — p model, general fading model has been
presented in [3]|. This model is expressed in the function of parameters: x and 7, corresponding to
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number of multipath clusters through which observed signal propagates, and the ratio of powers
of independent processes, which form the resulting fading process, respectively. When parameter
1 takes the value of u = 0.5, this model reduces to Nakagami-¢ model, with the ¢ parameter
corresponding to 1/2. Nakagami-m model can be also approximated when 7 — 0 and 7 — oo,
with m parameter corresponding to y [4].

In [5], it has been shown that sum of arbitrary number of interfering signals, can be efficiently
modelled with x — p signal model. This model encompasses scenarios when each of interferers
could have not only scattered waves with equal powers, but also a dominant component with
arbitrary power. In such case parameter & is related to the total dominant /scattered components
powers ratio of all interfering signals, while parameter p is related to the total number of
interferers.

2 System model

Desired information signal with a 7 — p distributed random amplitude process can be presented
by [3]:

fr(R) =

A/Thgt /> R2ua ( 2udhdR2>
ex _—
H" 7121 () 02,27 2

2uqgHyR?
X Lug-1/2) <9d >

with £2; = E[R?], denoting the desired signal average power, while I,,(x) is the n-th order
modified Bessel function and I'(a) denotes Gamma function [8, Eq.8.310.1]. H; and hg are
desired signal parameters, written in the function of parameter 1, as [3]:
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In a similar manner, resultant interfering signal can be presented as [5]:
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with §2. = E[r?], denoting the CCI signal average power.
If the instantaneous SIR,), is defined as A = R?/r?, while average SIR, S, defined as S =
24/ 82, then by using the relation [6]:
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The double infinity sum in (5) converge rapidly, since only about 20-30 terms should be summed
in order to achieve accuracy at 5th significant digit for various values of corresponding system
parameters. PDF of instantaneous SIR for various values of system parameters is presented at
Figure 1. Capitalizing on (5), and by using the same mathematical transformations as in [7],
closed-form expression for the cumulative distribution function (CDF) of the instantaneous SIR
can be presented as:

A
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x B (2]' + 2u4, 2k + 2pc,
with B(a, b, z) denoting the well-known incomplete Beta function [8, eq. (8.391)].

2.1 Selection Combining

Space diversity reception is an efficient tool for improving transmission reliability, which is based
on providing the receiver with multiple faded replicas of the same desired signal [1]. In that way
transmission power and bandwidth increase is avoided. Simplest diversity reception, that process
only one of the diversity branches is SC reception. SC diversity chooses and outputs the branch
with the largest instantaneous SIR (or SNR or signal level), namely, Aoy = max(A1, A2, ..., AN),
with \; denoting the instantaneous value of SIR at i-th received branch. This type of SC in
which the branch with the highest SIR is selected, can be measured in real time both in base
stations and in mobile stations using specific SIR estimators as well as those for both analog
and digital wireless systems [9]. Since co-phasing of multiple branches is not required, SC can be
used in conjunction with either coherent or differential modulation. Calculating CDF of N-branch
SIR-based SC output can be carried out according to [10][11]:

FA(N) = Fx, (WM Fy,(A) ... By () = [ B (V) (7)

where corresponding CDF’s for the uncorrelated input branches are defined with Eq.(6). Similarly
calculating PDF of N-branch SIR-based SC output can be carried out according to [10]:

N N
po =D S o0 T B 8)
j=1 i=1,i#j

where corresponding PDF’s for the uncorrelated input branches are defined with Eq.(5).

3 Performance computing

3.1 Owutage probability

Outage probability (OP) is performance measure often used for controlling the CCI level. This
measure is crucial in helping the wireless communications system designers to meet the quality
of service (QoS) and grade of service (GoS) demands [12]. In interference-limited environment,



240 Beraucnurensuble Texaosiornu, T.20, 2015 Becruuk KasHY, Ne 3(86), 2015

OP is defined as the probability, that the output SIR falls under defined protection ratio, which
depends on applied modulation technique and expected QoS [1]:

Vth

Pout = FAX(A < vn) = A In@)dt = Fx(vin) (9)

3.2 Average Bit Error Probability

Performance measure, which in best way describes the nature of the wireless communication
system behavior is the average symbol error probability (ASEP), or alternatively average
symbol error rate (ASER). If number of bits per symbol is equal 2, then this measure is
equivalent to the measure known as average bit error probability (ABEP), or alternatively
average bit error rate (ABER). Otherwise, if we want to obtain ABER values, signal energy per
symbol should be converted into signal energy per bit. ABEP values are obtained capitalizing
on conditional SEP relations, which are conditioned over fading statistics which impairs the
communication. Conditional SEP are functions of the instantaneous SNR, and functional
dependency is determined by the type of modulation scheme performed. Namely, when observing
non-coherent binary modulation transmission, conditional SEP is denoted with P, = exp(—g)).
Then by averaging over instantaneous SIR values, A, ABEP can be obtained as [13]:

o /0 " B exp(—gt)d (10)

where g denotes modulation constant, i.e., g = 1 for Binary Differentially Phase Shift Keying
(BDPSK) modulation and g = 1/2 for Non-coherent Frequency Shift Keying (NCFSK)
modulation.

3.3 Numerical results

According to Egs. (9), (7) and (6) OP was efficiently evaluated and presented at for some values
of system parameters. It can be seen that lower values of OP (better performances) are obtained
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Fig. 1. Outage probability improvement obtained by using SC reception for some values of system parameters

in the areas of smaller values of u. and k., and higher values of pg, since for higher values of p.
and k. CCI signal level arises and for smaller values of g desired level deteriorates. Also can be
seen, that significant improvement of OP values improvement can be obtained by using dual SC
reception, especially when balanced reception is applied (S7 = S2).
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According to Egs. (10), (8), (6) and (5) ABEP for NCFSK transmission was efficiently
evaluated and presented at for some values of system parameters. Effects of improvement
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Fig. 2. ABEP improvement for NCFSK transmission obtained by using SC reception for some values of system
parameters

obtained by applying SC reception are also clearly visible here. One can also notice how ABEP
performances deteriorate in the areas of system parameter values that correspond to higher levels
of superimposed CCI signal.

4 Conclusion

In this paper an approach to the performance computation of wireless transmission in general
propagation environment subjected to the CCI influence has been presented. Major contribution
is obtained in the generality and wide range of applicability of rapidly converging PDF and
CDF expressions from Egs. (5) and (6). Capitalizing on them standard performance measures
OP and ABEP are efficiently evaluated, graphically presented and analyzed in the function of
system parameters. Possible improvement of calculated performances was also observed through
the sight of SC reception technique appliance. Obtained performance analysis could serve as
calculation basis for implementing practical wireless system realizations with predetermined
minimum performance levels.
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Abstract. The experimental study of the modern movements of the earth’s surface was developed
and based on the processing and analysis of satellite GPS data from international center SOPAC
and catalogue of primary data for 2000-2013 years was formed. The slow crustal movements of
the Northern Tien Shan in tectonic faults was investigated using the methods of satellite radar
interferometry and GPS data processing[1][2]. Taking into account the geological conditions of the
Almaty city and fault distribution in geological structure was studied the slow movements of the
earth surface. Initial data for the Almaty city, located in a high seismic activity, was selected from
ENVISAT ASAR satellite. Archive data from 2003 to 2010 totaled 90 images for the two tracks area
of 100x100 km, covering the city area. A result was performed in the StaMPS software package.The
resulting product of PS method processing refers to the measurement of vertical displacements and
gives the output values of height and velocity for individual reflectors (points). Values of the vertical
movements of the earth surface calculated using the PS method identified with millimeter precision.
The study of slow tectonic motions on Nothern Tien Shan region based on GPS data processing
and analysis using GAMIT/GLOBK software package. Maps of the velocity distribution in tectonic
faults of the Northern Tien Shan for 2003-2013 years in the reference system related to the Eurasian
continent.

Keywords: GPS, radar interferometry, vertical displacements.

1 Introduction

Seismicity of the mountain regions and surrounding flatlands of Kazakhstan is caused by
their accessory to the difficult Euroasian continent in the geodynamic relation within which
orogenesis is a consequence of interaction of large lithospheric plates. The Northern Tien Shan
region characterizes with the greatest activity for the last 125 years where there were strongest
earthquakes. The urbanized agglomeration having a dense population and including the city of
Almaty located in this seismoactive area|3]. All these listed factors define a relevance of this
research.

Data of satellite measurements are actively used in studying of earth’s surface movements at
the present stage. Intensity of tectonic earth’s movements usually are measured by millimeters
a year and to distinguish them from other processes happening both on the Earth’s surface
and in subsoil, it is possible only applying various tool methods and taking high-precision long
measurements. The modern movements come to light by complex application of various methods,
including: geological, geomorphological, geophysical, geochemical, astronomical, geodetic. For
definition slow earths movements of the Northern Tien Shan in tectonic breaks zones were used
methods of a spaceborne radar interferometry and processing of GPS data. The method of a
satellite interferometry is based on the effect of an interference of electromagnetic waves and
mathematical processing of coherent amplitude-phase measurements of several images on the
same site on the Earth’s surface. For interferometric processing of Almaty city input data were
chosen images from the satellite ENVISAT ASAR.

Experimental studies on studying of modern movements of the Earth’s surface were conducted
on the basis of processing and the analysis of satellite GPS data of the international center
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SOPAC and the primary data catalog was created for 2000-2013 years. Also data of local and
regional networks of GPS measurements were processed in the GAMIT/GLOBK software. For
more detailed analysis temporary time series of daily increments were received according to the
processed GPS data from local and regional networks. As a result of processing were constructed
maps of the distribution of the velocity of the earth’s surface in tectonic fault zones of the
Northern Tien Shan for the 2000-2013 years in the reference frame concerning to the Eurasian
continent.

2 Research on radar interferometry data

The European Space Agency (ESA) saved up a big data archive from various radar satellites.
Within the new policy of the agency there was an opportunity to receive archival images free
of charge under the offer on scientific researches. The advantage of the archived data is that
processing of radar images allows to restore long-term dynamics of a relief. Under the grant of
the European Space Agency (ESA) for the territory of Almaty city were received 90 images from
the satellite ENVISAT ASAR which were suitable for further interferometric processing. The data
archive from 2003 to 2010 consist 90 images for two tracks of 100x100 km covering the territory
of the city. Radar imaging was carried out in the Image mode with a vertical combination of
polarization and the 30 m spatial resolution. The processing and analysis were carried out in the
StaMPS software which realizes a full cycle or separate stages of interferometric processing. As
a result of the processing of the Persistent Scatterers method the map of vertical movements of
the Earth’s surface was received for the period from 2003-2010 according to SAR imaging on the
territory of the Almaty city. The resultant product of processing of the PS method belongs to
measurement of linear shifts and gives output values of height of separate reflectors (points)[4].
The values of vertical movements of the Earth’s surface calculated on the PS method are defined
with millimeter accuracy.

The preliminary results received by data processing of SAR imaging on the territory of the
Almaty city showed that the most part of the settling reflectors are located in foothill areas and
surrounding territories. The map of vertical displacements of the Earth’s surface of the Almaty
city for 2003-2010 years according to satellite radar imagery is submitted in the Google earth
environment Fig. 1.

The map of vertical displacements of the Earth’s surface for the Kaskelen settlement is
submitted in Fig. 2. On the basis of the received the map of vertical displacements of the Earth’s
surface according to the satellite radar interferometry it is possible to allocate areas of a terrestrial
surface where raisings prevail. Results of processing allow seeing displacement dynamics for each
date of image for each point. The graph of displacements on 145 points is provided for the
interested area in a radius of 500 meters.

3 Research on GPS data measurements

The studied region is shown in a rectangle and includes 30 stations of the International Ground
Station (IGS) Network and 10 GPS stations of a local network Fig. 3.

Currently there are multiple types of interpretative processing which are based on data of
preprocessing. Results of processing of this kind possess certain distinctions, connected generally
with a choice of basic systems of the world network. The maximum errors definitions of movement
speeds are given in table 1.

For comparison parameters of modern movements of the Earth’s surface of the region were
calculated in two reference systems, rather Euroasian continent and the Earth’s center. Processing



Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 245

Fig. 1. The map of vertical displacements of the Earth’s surface of Almaty city for 2003-2010 years according to
satellite radar imagery in Google earth.

of GPS data was carried out by the GAMIT /GLOBK software. For each GPS point of a network
graph of annual temporary displacements were analyzed on each of three components in the
directions the South-North (SN), the West-East (WE), up-down (UP) with removal from the
subsequent calculations of abnormal deviations of the technogenic nature. On abscissa axis values
of days of a year are presented. On ordinate — average value of displacement of days in mm. Over
graphs values of average shift in a year are shown, £ an error, a normal average mean square
error and the weighted mean square error. Time series according to the TURG GPS station for
2013 were given in Fig. 4.

Seasonal fluctuations of vertical component are allocated on time series. The modern
movements observed on the Earth’s surface in the form of movements of separate points of
measurements are defined by a set of actions of at the same time happening various processes of
the linear and nonlinear nature. One of ways of display of motion is the binding to each point of a
surface of the movement velocity vector. In practice velocity in separate points or separate velocity
components can be measured in various ways. As a result of GPS monitoring as a result received
a full vector of velocity of the measured points on a surface. At the same time the horizontal
component of velocity is accepted to consider separate from the field of the vertical component.
It is caused considerably by a bigger error of determination of vertical velocity in connection with
features of a relative positioning of wave signals of satellites at the determination of coordinates
of points. The velocity field of movement of the Earth’s surface of the Northern Tien Shan for
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Fig. 2. Kaskelen settlement, where raisings prevail. The graph is constructed on 145 points in a radius of 500
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Fig. 3. International Ground Station (IGS) Network
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Table 1. Errors of determination of speeds on GPS networks of various researchers

MNetwork name The Eazt West | The North-South | The Vertical
component (mm/vear) component (mm.vear) component (num'vear)
MaxnInTmn average maximu average maxomu average

m m

IGS network 2.59 1.6 289 1.9 445 3.5

e e B e 42 634 46 9.16 86
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Fig. 4. Time series of components — SN, WE, UP of point displacement of a local GPS network concerning the
Earth’s center (at the left) and the Euroasian continent (on the right) for 2013.
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2000-2012 years processed in the reference system of the rather Euroasian continent is presented
in Fig. 5. Maps of the velocity field of movement of the Earth’s surface of the Northern Tien
Shan for 2000-2013 processed in a geocentric reference system concerning the Earth’s center of
gravity are submitted in Fig. 5-7.

L 3

Fig. 5. The map of movements velocities of the Earth’s surface of the Northern Tien Shan in the South-North
SN direction concerning Earth’s center of gravity in mm/year

Fig. 6. The map of movements velocities of the Earth’s surface of the Northern Tien Shan in the West-East WE
direction concerning the Earth’s center of gravity in mm/year

Concerning the Earth’s center the prevailing horizontal movement of the region is the
movement in the direction the East North East at values of the velocity of 1-6 mm/year
for northern the SN components (Fig. 5) and 21-28 mm/year for east WE (Fig. 6). In the
vertical movement was established the steady raising of the western part of the territory with a
velocity of 1.5-3.0 mm /year and lowering east with velocity of 1.5-2.0 mm /year (Fig. 5-7). The
vertical displacement velocities of the Northern Tien Shan territory by GPS data don’t conflict
with modern concepts of seismotectonic zoning and confirmed by the latest figures zoning epi-
platformal orogens on motion mode. Sign-variable sites of vertical velocities coincide with areas
of uplift and subsidence (foothill and intermountain hollows) of various temporary duration and
reflect the modern active geodynamic movements of the territory.
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Fig. 7. The map of movements velocities of the Earth’s surface of the Northern Tien Shan in the vertical UP
direction concerning the Earth’s center of gravity in mm/year

4 Conclusion

The analysis of spatio-temporal distribution of velocities and displacements of the Earth’s surface
of the Northern Tien Shan from 2000 to 2013 was carried out by results of GPS monitoring on
stationary points. The created maps reflect the general trend of the direction of the movement
of the Earth’s surface in the region and confirm structurally tectonic constructions according to
geologic-geophysical data.

The vertical movements of the earth surface in the region of Almaty were studied based on
radar images from satellite ENVISAT ASAR. Based on these maps of vertical displacements of
the earth’s surface by satellite radar interferometry were noted intensive vertical movements in
fault zones of the southern part of the considered Almaty region.
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Cucremnbl PacnnoznaBannga O6pas3oB B 3agadax ABToMaTH3aIlun
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AnasoTtaumusa. Paccmorpennr cienyromue 3ajgaqan: 1. nentndurkanus rpanur; gokymenrta. Jls
UJIeHTUPUKAIUN TPAHUL] OBLIM TPUMEHEHBI AJITOPUTMBI UAEHTU(MUKAIIMA CMEHbI I'DAIUEHTa UHTEH-
cuBHOCTH TMKceseil Ha ocHoe anropurma CannyEdge[2]. 2. Passopor moxkymenTa g0 HOy9IeHHs
MHUHUMAJIBHOTO PACXOXKIEHUSI C TOPU30HTAIBHON IIOCKOCTHIO. J[J1s TIoMCcKa TakKuX JUHUN HCIOJIb-
soBasics ajropurm HoughLineTransform|3|. lanHas nponeypa 03BOJISIET PEIIUTH CPa3y HECKOJIb-
KO 3a7a4: [losryuenne ropu30HTAIBHOTO MOJIOYKEHUs TEKCTOBOM mHMopMmarmu; [IpoBerenne mouncka
1a0JI0HOB THUIIOB JOKyMeHTa; VI3Beuenne auma desoBeka npu Haauynu. 3. nentudukamnus tumna
JIOKYMEHTa IIyTeM CpaBHEeHUs MabsIoHOB. PaccMmorpens! cienyromnue 3amaan: V3Binedenne auna n3
nokyMeHTa: VI3B/iedenne MammmHOYnTaeMO 30HbI; Pacmo3HaBanme TeKCTOBON MH(MOPMAIIUAN.

KurouyeBbie cjioBa: HeHpOHHBIE CETH, pacliO3HABaHUE 00Pa30B, pacTp, 0OpabOTKa M300parKEHUIA.

1 Bsegenue

Cucrembl 6€30IACHOCTH, MMOCTPOCHHBIE HA WCIOJb30BAHUM COBPEMEHHBIX AITAPATHBIX U IIPO-
IPAMMHBIX Pa3paboOTOK TMOIYUUIN MHPOKOE PACIpPOCTpaHeHne, Kak 3a pybexkom, Tak u B Pec-
nybinke Kaszaxcran. Ciemyer ormers nporpammy "Besonacusiit ropos"|1], B pamkax KoTopoit
OBLIO peasin30BaH PsiJi MEPOIPHUSITUN 110 YCTAHOBKE BHJEOKAMep B KPYIHBIX ropojax. Cucre-
Mbl aBTOMATHYECKOIl PErUCTpaIui TacCaXKUPOB Ha ABUATMHUSAX |2|, OCHOBAHHBIE HA AJITOPUTMAaX
paciio3HaBaHUA JIUIT. MHO}KGCTBGHHOG IIPOHUKHOBEHHNE TaKUX CUCTEM B pa3/INIHbIEC OTPpAaC/Id Y€J10-
BEUYECKOM JIeITe/IbHOCTA POBOPUT O DOJIBIIIOM IIOTEHIHaJIe pa3paboToK B 9T0ii chepe. A Bce Hoee
ocTpbIe TPobIeMBI OE30TTACHOCTH, BCTAIONIHE TIEPE] TOCYAAPCTBOM U KOPITOPATUBHBIM CEKTOPOM,
TpebyIoT pa3paboTok bosiee ydImux u 3HPEKTUBHBIX METOIOB peleHus 3a1a4u. [Ipemsmaraemast
B paboTe MOJIEDb TIO3BOJISIET ABTOMATH3UPOBATD IIPOIECC PETUCTPAIINH IIEPCOHBI [Ty TEM aBTOMATHU-
YECKOTO PACITO3HABAHUSI €T0 MACIOPTHHIX JIAHHBIX M 3aHECCHWST METANnH(MOPMAITIN M3BJICICHHON
MEeTOAMU OIITUIECKOT0 PACIO3HABAHNS CUMBOJIOB C UCIIOJIb30BAHUEM HEWPOHHBIX cereii. [Ipume-
HEHUsI TIOXOKUX MoJieseil pacemarpusain Young-Bin Kwon and Jeong-Hoon Kim [3]

2 0O0630p uccaeayemoit obsactu

[Ipobiiema aBTOMATHYIECKOTO PACIIO3HABAHUS IMACIIOPTHBIX JIAHHBIX PACCMATPUBACTCH B PAMKaX
peIlleHnsT Pa3JINIHBIX 3aJ1ad, B KOTOPBIX TPeOyeTcsl YBEeJIMYUTh MTPOU3BOIUTEIBHOCTD TPYIA IO
uIeHTU(OUKAINN BJIAJE/IbIA [TACIOPTa B YCTOABIIMXCA OM3HEC MPOIECCaX, TAKNX KaK (DUKCAITHS
MUTPAIIMOHHBIX POIECCOB Ha TPAHUIE, BEJIEHUE YKYPHAJOB ITOCENEHUs] PEKUMHBIX O00bEKTOB
u np. Ha Texymmit MomenT GosbimuacTBO cTpan npunsiio crammapt [CAO 9303, permamenTtu-
YOIl BUJI UIACHTU(DUIUPYIOMUX JTOKYMEHTOB U MAITHHOYUTAEMON 30HBI, UTO CYIIECTBEHHO
YIPOINAET MPOIECC CO3/IAHUS CUCTEM C HCIIOJH30BAHUEM AJTOPUTMOB ABTOMATHYECKH U3BJIEKA-
oIuX HHMOPMAIUIO U3 PACTPOBBIX M300paXKeHUil macuopTa, MoJIyIaeMbIX IIyTeM CKAHNPOBAHUS
nm Ke dororpadupoBanusi. B maHHON paboTe paccMATPUBAIOTCS MPOOIEMBI UAeHTH(MDUKAIINN
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Puc. 3. Yaocrosepenne smanoctu obpasna C

JOKYMEHTOB, yI0CTOBEPAIOIINX JIMIHOCTh obpasia Pecybnuku Kazaxcran. Ha rexymmiit MmomeHT

B PK neficTBytoT 4 Buga TOKYMEHTOB, COAEPXKAIUX MAITMHOYATAEMYIO 30HY:

B saBucumMocTr oT BUa JIOKYMEHTa HA M300parXKEHUN MOT'YT IPUCY TCTBOBATH WU OTCYTCTBO-
BaTh oTorpadus MEPCOHBI, & TAK YKe BHJ] MAIIMHOYUTAEMON 30HBI - 3 WiIn 2 CTPOKH. Takum

o6pa30M paccMaTpUBaIOTCA CJaeAyoniue 3a1a9un:

1. Ompegnenenne Twia TOKYMEHTA, TIPEICTABIEHHOTO HA PACTPOBOM M300ParKeHNN;

2. OrpejiesieHne BO3MOXKHBIX YIJIOB TIOBOPOTA JIOKYMEHTa W KOMIIEHCAIUS PAa3BOPOTa, JIO TOPH-

30HTaJIBHOT'O ITOJIOZ?KEHUA TEKCTa,

3. Ussieuenne nadopmanum u3 J0KyMeHTa - (poTorpadust IepCcoHbl, MAITTHOYATAEMAasT 30Ha,

251
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Puc. 4. ITacnopr rpaxgannaa PK

B pabore ucmosbzoBaJics ckanep ¢popmara A6 Fujitsu-65fi. Ilpu sToMm ckarmpyeMast IoIaIb
IPEBBIIIAET ILIOMALL IPEJICTABICHHBIX BUIOB JIOKYMEHTOB, YTO HAKJIAJILIBAET yCJIOBHUS BapHUa-
TUBHOCTU Opr)KaIOH.[efI Cpeabl ITOBEPXHOCTU CKaHUPOBaHUA MW CTABUT Saﬂa}{y IIOMCKa TI'DaHUNIT
JOKYMEHTa B Pa3JINIHBIX YCJIOBHUSIX OKPYIKAIOIIUX ITHKCEJIEH.

st perienns 3a1a9 OBLIN MUCIIOJIB30BAHBI AJITOPUTMBI:

[Toucka rpaHull Ha OCHOBE aHAIM3a I'PAUMEHTa UHTEHCUBHOCTH TIHKCeeit|4];

[Moucka npsiMbIx JuHUi [5];

[Toucka mabI0HOB HA OCHOBE BBIYHUC/ICHUs KOppeJsiuu [6];

['eOMETPHYIECKOTrO COOTBETCTBHUS MAbIOHOE;

[Toucka 1esioBeueckoro Jui@ Ha n3obparkenun|7;

PacnosHaBaHus MallMHOYUTAEMO 30HBI Ha OCHOBE OIITHYECKOI MIeHTUMDHUKAIMT CUMBOJIOB C

AR ANE o S

HUCIIOJIb30BaHUEM HEVPOHHBIX CETEl.

3 Omnwucanme moaesin

B pabore paccmarpuBaioTcst pobseMbl U3BJAeYeHUsT THMOPMAIUN U3 PACTPOBBIX U300parKeHwmit
U IIyTU ONTUMHU3AINI KaYeCTBa M3BJIEKACMOM NHMOPMAIUN IIyTEeM IIPUHATUS PEIICHUs O ITPUMe-
HEHUU HEHPOHHBIX ceTell n 00ydeHns UX HA TECTOBBIX Habopax. Cpesu CynecTBYIONINX MO/IX0I0B
10 PACIIO3HABAHUIO CUMBOJIOB CYIIIECTBYIOT JIBa OCHOBHBIX HAIIPABJIEHUS - 9TO aHAJIN3 I11abJIOHOB
PaCTPOBBIX IIPEACTABIEHNN NI YKe M3BJIeUeHNe XapaKTePHBIX NHBAPUAHTHBIX IPU3HAKOB CIMBO-
Ja. B pabore npe/nourenne ObII0 OT/IAHO aHAIN3Y MIAOJOHOB PACTPOBBIX IIPEJICTABICHIUI BBULY
[POCTOTHI MUMIIJIEMEHTAIIMHA HEHPOCETEBOTO AJITOPUTMA, KJacCuUKAIUU CUMBOJIOB B YCJIOBUSAX
oJTHOTO THTa MpudTa, permamMmenTupoBantoro crangaprom ICAO 9303.

Amnanms pacTpoBOro m300paykeHWsT TACTIOPTA CBOIUTCS K TOCTIENOBATENLHOCTH NEHCTBHIA,
0TODOPaXKEHHOW Ha PUCYHKE 5.

3.1 Wpentudukaiusa rpaHul] JOKyMeHTa

Hpo6ﬂeMa IIOMCKa I'PaHUIl JOKYMEHTa Ha CKaHUPOBaHHOM I/1306pa}KeHI/II/I ABJIAEeTCHA aKTya,JH)HOﬁ,
TaK KaK pasMepbl BUJ0B JJOKYMEHTOB OTJINYIAIOTCA, a II0JIO2KEHUE €r'0 Ha CK&HHPYIOHleﬁ IIOBEPXHO-
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Puc. 5. IlocienoBarenbHoCTh HefiCTBUM MOIEIN

CTH 3aBHUCUAT OT YeJIOBEIECKOro (PAKTOPa - T.e. CMEIIEHHOE MTOJIOXKEHNE JOKYMEHTa OTHOCUTEIHLHO
O}KI/I,ILaeMOfI IIO3UIUU U €TI0 HE3HAYUTEJIbHBIC ITOBOPOTHI - CUTYyaIlnA HeI/I36e}KHaH. TaK 2Ke IIpo-
61eMa yCIIOXKHSIETCs (PaKTOPOM M3MEHUNBOCTH OKPYXKaloIeil Cpe/ibl CKAHUPYEMOTO JIOKYyMEHTa,
TaK KakK 3apaHee He M3BECTHO - OYIeT JIU CKAHUPOBAHWE IPOBOIUTLCH IPU 3aKPBITON KPbIII-
K€ MJIM OTKPBITOM, & TaKKe KAaKOBa ILIOMAIb CKAHUPYEMOro JoKyMmeHTta. Jas nmenTndukammm
IpaHut] ObLIN IPUMEHEHbBI AJITOPUTMbI UJIEHTHU(DUKAIINYA CMEHBI I'DAJINEHTAa MHTEHCUBHOCTH ITHKCE-
seit Ha ocuose anropurma Canny Edge[4]. IIpumenenune asropurma u ero koadgduiueHTos gaer
Pa3JIMYHBINA PE3yJIbTaT, KOTOPBI 3aBUCUT OT PA3pPEIIeHHsi UCXOHOTO pacTpa (B paMKax paboTbl
ucrosb3osasock pasperenne 300 DPI) u tuna moxymenta. list ymenbinenust HenHbOPMATHB-
HBIX 9JIEMEHTOB, ITOJIy4YaeMbIX Ha BBIXOJE OBLIO IIPOBEIEHO YMEHbBIIEHNE pa3Mepa N300parKeHust
1 JUHenHoe pa3MbITHE. HOqueHHbIe I'pPaHUIbBI JOKYMEHTaA ITO3BOJIAIOT HPUCTYHUTH K CJIEIYIO-
meMy 3Tairy 00pabOTKM - MOMCKa HAKJIOHA JOKYMEHTa M KOMIIEHCAIUS Pa3BOPOTAa OTHOCUTEIHLHO
TOPU30HTAJIBHOU IIJIOCKOCTH.

3.2 PaBBOpOT AOKYMEHTa OO0 IIOoJIydYeHUd MHUHUMAJIbHOI'O pacxXxoxXKJaeHud C
FOpHBOHTaHbHOﬁ IIJIOCKOCTBIO

[Tonydennsrie pe3ysbrarsl 06pabOTKN M300parkeHUsI Ha MOUCK TPAHUI] JOKYMEHTa JaeT uH(POpP-
MAaIIAIO, JOCTYIIHYIO JIjI MOWCKA CBSI3aHHBIX MHUKCeJel, KOTOpble MOYXKHO OIUCATH YpaBHEHUEM
npsimMoii suHum. Jjist moncka Takux JMHUN ucnosb3oBadics agropur™ Hough Line Transform[5].
IIpu sTOM He UCKIIOYEHBI CAyYan HAXOXKJICHUS JIMHUM, HE COOTBETCTBYIOIIUX PEAJLHBIM I'Da-
HunaMm jokymenTa. OJHAKO Takue JUHUU UMEIOT CJIYUYafHBIN XapakTep, U UMU MOXKHO IIpeHe-
Opedb NPUMEHUB IIPOCTON CTATUCTUYECKUI aHAJIU3 IOSIBJICHUS JUHUNU OIPEIESTEHHOIO Ipajyca
OTHOCUTEJILHO MOPU30HTAJILHON IJIOCKOCTU. B pabdoTe ObLI MPUMEHEH aJrOPUTM YUUTHIBAIOIIIHI
CTATUCTUKY JIMHUU HE ITPEBBIMIAIONINX OTKJIOHEHUE OT TOPU30HTAJIbHOI 1i10cKocTH B 10 rpajiycos.

[Tocse mostydenust MpsIMbIX JIMHUI IPAHUIL JTOKYMEHTa MOYKHO OIPEIEIUTh HAKJIOH JOKYMEH-
Ta OTHOCUTEJIbHO 'OPU30HTAJILHON IIJIOCKOCTU U KOMIIEHCUPOBATh 3TOT HAKJIOH IIyTEeM Pa3BOpPOTa
BCEro0 CKAHUPOBAHHOIO N300paKeHus Ha BEJIMYUHY, OOPATHYIO TIOBOPOTY JIOKYMEHTA OTHOCUTE b
HO FOPHU3OHTAJILHOI 11ockocTHu. JlamHas mporeaypa mo3BOJIsSIeT PEIINTh CPa3y HECKOJIBKO 3a/1a4:

1. mosydeHne ropu30HTAJIBHOIO TOJIOXKEHUsT TEKCTOBON mHMOpMAaIny;
2. Ilposenenne moucka IabJI0HOB TUIIOB JOKYMEHTA,
3. U3Bnedenue juna 4ejgoBeKa PU HAJUYIUH.
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3.3 Unpentudukaimsa tTuna JOKyYMeHTA MyTeM CPaBHEHUs I1a0JIOHOB

Ha xaxxmom Tune 10KyMeHTa U JiJid KayKJI0H CTOPOHBI JIOKYMEHTa, BbIIEJIEHBI YHUKAJIbHBIE YIacT-
KU, He [IOBTOPSEMbIE IO TIOJIO2KEHUIO, TEKCTYPHBIM OCOOEHHOCTAM ¥ pa3MepaM Ha JPYTHUX BUjIaX
JnokyMeHTax. Jljis KarXK0ro JIOKyMeHTa OBbLJIO BBIOpAHO He MeHee D XapaKTepHBIX TPU3HAKOB.
XapakTepHble IIPU3HAKU OBbLIM COXPAHEHBI B BU/IE MTAOJIOHOB JIJIS JAJbHENRIIEr0 IPUMEHEHHS aJl-
ropurMa mnoucka ux Ha uzobpazkenuu[6|. IToporosbiM 3HaUEHMEM HpPU MOUCKE IMAGJIOHOB OBLIO
BBIOpAHO JT0CTATOYHO Hu3KOoe 3Haderue B 60lIpu 5ToM BOBHUKAET CUTyAIUS JIOKHOIOJIOKUATE b=
HBIX OTBETOB ajiropuT™a. JJisT CHUYKeHUST BEPOSTHOCTA HEBEPHON HICHTU(MUKAIUN TUIA JOKY-
MEHTOB ObLIM MPUMEHEHBI AJTOPUTMbI TOIOJIOTHIECKOTO COOTBETCTBUS B3AMMHOIO PACIIOJIOXKE-
Hus 11absioHOB. T.e. Bce paccTOSHUS W CMeIleHus IabJIOHOB OTHOCUTEIbHO JpyTr npyra. [lpu
HE COOTBETCTBUS I'€OMETPUYUECKON TOIOJIOruN HalIeHHBIN (DparMeHT NPUHUMACTCS KaK JIOYKHO
MOJIOXKUTEJIbHBI U MCKJIIOYAETCS U3 BHIDOPKHU.

3.4 U3BaedeHue guiia U3 JOKYyMeEHTA

[Tpu nienTudukanun tuna jgoxymenra (crangapra PK) cranoBuTcs 0ueHb HPOCTO BBIIEIUTH
y4acTok ¢ HajudueM dororpadun desoBedeckoro Jura. OqHako B pabore MpeoaraeTcs uc-
[0JIb30BAHUE ITIACIIOPTOB, BUJ KOTOPBIX HE M3BeCTeH (IabJIOHBI JIJIsi KOTOPLIX He Oblian cobpa-
ubl, HanpuMep nacrnopt rpaxganunaa CIIA). Torga Takoil macmopT NpUHAMAETCS KAK CTaHIAPT
ICAO 9303 ¢ uBymst jimHEsSIMEA CTpoK B 30He MRZ. OnHako IOJIOXKEHHE YeI0BEYECKOro JIUIA,
MOKET BapbHPOBATLCS B 3aBUCHMOCTH OT CTPAHBI BBIMycKa. JljIs pemrenus 3Toi 3a1a4du ObLIH
[PUMEHEHbI aJIFOPUTMbI TIOUCKA JTUIA YesioBeKa|7|. JJaHHblii aJropuT™ MHBADUAHTEH K pasMepam
1€JI0BEYECKOTO JINIA, TaK KAK MCIIO/Ib3YeT MIPAMUIAJIbHBIN CIIYCK IIPU IMOUCKE COOTBETCTBHUS.

3.5 MH3BiedyeHne MauIMHOYUTAEMON 30HBI

[Ipu msBIIeYeHUN MAITTHOYUTAEMON 30HBI PEIIarTCsl MPOoOJeMbl BBIOOPA MOPOrOBON BEJIMIUHBI
JJIst OmHApU3aInu n300parkeHus. MarmnHoanraemMas 30Ha OT/INIAETCs CJISTYIONIMA XapaKTePU-
CTUKAMU - 3HAYUMbIE CUMBOJIbLI UMEIOIINE JINAIa30H 3HAUEeHU WHTEHCUBHOCTHU TukKceseit ot 0 mo
100, u don - OO MOHOTOHHAS TEKCTYPHAsT MOBEPXHOCTH, JTUO0 HE3HATUTEILHBIN O€/IbIi IyM B
BHJIE y30POB OOBIYHO B JHalla30He MHTEHCUBHOCTH InKcesieir or 120 mo 255. Kak BuaHO rpanuma
ME2K/Ty 3HATUMbBIMU U HE3HAIUMBIMHU [TUKCE/IsIMU HE BeJiuKa. [[pr 9TOM UMEI0T MeCcTO HAJTMIue IIry-
MOB Pa3JIMIHOTO XapaKTepa - IOTEPTOCTH, UBMATOCTH, YACTUIHOE OTCYTCTBUE CUMBOJIA, HAJTUINE
nsiteH. Tax ke B ciydae ¢ JOKyMEHTOM TUlra, A TOSIBJISIETCSI SIBJIEHUE IIPOCBEYINBAHUST JOKYMEHTA,
9TO YBEJIUYINBAET CJOKHOCTH OIPEIesIeHNsT TOPOTOBOI BEJINYNHBI I OMHapu3annn. B paMkax
paboThl ObLIN IPUMEHEHBI AJTOPUTMBI aJIAIITHBHON U JIMHEHON oporoBoii GuHapuszanuu|8|.

3.6 PacnoznaBaHmMe TEeKCTOBOII mHMpoOpMauu

Ha pucynke orobpaxkeno uzobpakenne MRZ, momydgaemoe co ckanepa. Kak BujiHO, mMmeeTcst
HakJIOH. Takoi HAKJIOH MOXKET OCTaBaThCs JlaKe I0CJIe BTOPOTO 3Tala o0paboTKu m300parke-
Hust (npeHTHdUKAIUS TTOBOPOTA BCETO JIOKYyMeTHa 1o rpanuiam). [loBopor HampasieHus Tekcra
OTIPEJIEJISIETCST KAK OTHOCUTEJIBHOE T0JIOYKeHNe KPAHEro JIEBOI'O CUMBOJIA U KPAWHEro MpaBoro
CUMBOJI& B Kaxk10il cTpoke. I1oBOPOTHI KOMIIEHCUPYIOTCsT A(DUHHBIMU ITPe0OpPaA30BAHUSMUI Iy TEM
BpAIlleHNsT BOKPYT IEHTPAJIBHOM OCU BCETO JIOKYMEHTA U MOBTOPEHUST BCETO aJITOPUTMa C IIEPBOTO
Iara.

[Tocie poBeieHnst apUHHBIX TPEOOPA3OBAHUI IPOBOUTCS OMHAPU3AIUS U300PaYKeHUs, JIJIsT
BBIJIEJICHUsT TOJILKO OyKB U CTHpaHus 3a7Hero (oHa, KakuMm Obl oH He Obu1. IIpm sTOM ciemxyer
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PCRUSSMIBNOVASSVALENT INACCCC€CCeCqeCdeCeaess
5200000001 RUSBODBOLAFOPOZ2T4<<CCCCLCLCLCCLOH

Puc. 6. lzo6paxenne ckana 30861 MRZ

P RS SN IRNOVASCVALENT INACCCCCCCL<eLecLcLLs
320000000 RUSBO0BOLAFOP02274<cccccccetcc<s

Puc. 7. Bunapusnposannoe uzobpaxkenue 3ol MRZ

[PUHUMATDL Takue (PakTbl, KAK IIYMbI, I'PSI3HBIA [TACIIOPT, MATHIH MACHOPT, YACTUYIHO CTEPTOE
Ha3BaHUE.

[Tocite gero BhIjie/IsieTCS KOHTYDP KaXKJI0TO CUMBOJIA, U CPABHUBAETCS C UMEIOIIUMCS IIabJIOHOM
andasuTta. [Ipu 5TOM paccunThHIBAeTCA CyMMapHAasi CTEIIEHb JOCTOBEPHOCTH AJITOPUTMa, U CTEIIEHD
JIOCTOBEPHOCTH PaCIlO3HABAHUsA KarKJIOI'0 CUMBOJIA.

P<RUSSMIRNOVA
5200000001RUS

Puc. 8. Boigenenne rpanui; Kayka0oro CAMBOJIA

W Ha mocienmeM 3Tale IIPOU3BOAATCH AJITOPUTMUYECKUE IPOBEPKU KOHTPOJILHLIX CYMM, pe-
rinaMeHTHpoBaHHBIX crapgaproM ICAO 9303.

4 IIpennoJsio>xkeHus

Kommepueckoe npuMeHeHne OMTUYIeCKOTO PACIIO3HABAHUS TEKCTa HAUNHAET CBOIO UCTOpHUIO ¢ 1955
roga. Cpenau paboT IO aBTOMATHIECKOMY PACIIO3HABAHUIO TEKCTOBOM MH(MOPMAIINN MOXKHO BBI-
JEeJUTH UCCTAEIOBAHNS B CJIEIYIONIUX HAIIPABICHUIX:

1. AjanTuBHasi cucreMa onTHYeckoro pacrosnasanust cuMBosioB (Adaptive OCR), koropas
OXBaThbIBa€eT TaKUe HpO6.HeMI)I KaK pacCIiIO3HaBaHUE PA3JINIHBIX HIpI/ICbTOB 1 A3BIKOB, pacCIIO3Ha-
BaHIe MOHOTOHHBIX MIPU(MTOB, ABTOMATHIECKAST CETMEHTAINST JOKYMEHTa U MaTeMATIIeCKIe
MOJIe/IH pacHo3HaBamust |9)|.

2. CucreMa pacro3HaBaHWsT PYKOIMUCHOTO TEKCTA, KOTOPasi OCTACTCS B CTAJ NN AKTUBHBIX U3BIC-
KAHUH 1 OXBATHIBACT TaKHE MPOOJIEMBbI KaK PACIIO3HABAHNE PYKOIMCHOTO TEKCTA B 3aJAHHON
MTO3UITNN, PACIIO3HABAHNE POCINCH, CUCTEMBI aBTOMATUIECKOTO PACIIO3HABAHUSI CBOOOTHOTO
TEKCTa U PACIIO3HABAHKE PYKOIIMCHOIO TEKCTa Ha CHEIMAJN3NPOBAHHbLIX ycTpoiicrBax [10].

3. Ilpensapuresnbhas 0o6paborka u3obpazkenuii [11], KoTopasi oxBaTbiBaeT HPOGJIEMBI 0A60PA
[IPABIJILHBIX (DUIBTPOB JJIs TOJIYUEeHUs PE3eHTA0CTBHON BBIOOPKHU U ITOCJIEYIONIEro MPHU-
MEHEHUST CHCTEM aBTOMATHIECKON KITACCUPUKAIIH.

4. Cucrembl MHTEJJIEKTYaJIbHOI 110cT-00paboTkn [12]|, KoTOpble OXBATBIBAIOT HPOGIEMBI 00pa-
OOTKHU TPU YCIOBUIX BBICOKOTO TIYMA.
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5. CucreMbl paclo3HaBaHUsl TEKCTOB B My IbTuMeua [13], oxBarbiBaomas npobJeMbl pacio3Ha-
BaHMs TEKCTOB Ha IPOCTBIX (poTOrpausix M UMEIOT HeJI0 C BbIJeJIeHHEM KOHTYPOB, IIPOEK-
TUBHBIMU U HEJIMHENHBIMU MCKAYKEHUSIMU.

CJIe,ZLyeT OTMETUTDb, 9TO abCoOIIOTHASI TOYHOCTD IIpu pacCliIO3HaBaHUU MOXKET OBITD JOCTUTHYTa
TOJIBKO IIYTEM ITOCJIEAYIOIIEIO PEIAKTUPOBAHNA I€JIOBEKOM. HOSTOMy HpO6H61\IbI PacCiIo3HaBaHMUA
TEKCTOB U IO ceit JEHDb ABJIAIOTCA IPEIMETOM aKTUBHBIX I/ICCJIG,H,OBaHI/IfI.

5 3akJroueHue

B pamkax paboTbl ObLIN 3aTPOHYTHI TAKUE BOIIPOCHI KAK:

YceToituuBbie K IMOMeXaM aJrOPUTMbI UIEHTH(MUKAIINE I€I0BEIECKOrO JINIA

YeroitauBblie K IIOMEXaM aJI'OPUTMbI PACIIO3HABAHUS EUATHBIX CUMBOJIOB

AsnropurMbl ujieHTUMUKALMY [IATTEPHOB Ha, OCHOBE KOPPEJISIIMOHHOINO aHAIN3a,
IIpuMenenne reoMeTpUIECKUX TOIMOJOINIECKIX OCOOEHHOCTEN P MOAAEPKKE IPUHATHAS Pe-

Ll e

IIeHU A

JlocTurHy THI BBICOKHE 3HAUEHUS JIOCTOBEPHOCTH ABTOMATHIECKOTO U3BJICUSHUS [TACIIOPTHBIX JTAH-
HBIX B YCJIOBHSIX cKaHupoBaHus npu paspemrennn 300 DPI u HesHaunTe/IbHBIX IOBOPOTaX IAcC-
opTa - 710 10 rpajIycoB OTHOCUTEIBHO TOPU30HTAJILHOM Oc ckaHupoBauus. [Ipu oM HeftpoHHast
CEeTh IO PACIO3HABAHUIO CUMBOJIOB 00yYasach TOJIBKO HA OIHOM oDOpase KayKJIOro cUMBOJia 0Oe3
ydeTa IOBOPOTOB M HAKJIOHOB. DTO BJIMSET HA KAYECTBO PACIIO3HABAHUS U PEIIEHUS HEOIHO-
3HAYHOCTEH MpU PACIIO3HABAHUE MOXOXKUX JIPYT HA JAPYra CUMBOJIOB B YCJOBHUSIX MOBBIIIEHHBIX
nryMoB. VIMEHHO 1TO9TOMY SABJISETCA KPUTUIHBIM MaKCHMAJILHOE CHUYKEHIE OTKJIOHEHUS TT0JIOXKe-
HUsl [TACIIOPTa OTHOCUTEIBHO NOPU30HTAJIBHON OCU CKaHuUpoBaHUsi. [Ipu pacrosHaBaHUU CHMBO-
JIOB BBIYUCJISAETCS 00IIIasi JJIOCTOBEPHOCTD AJIFOPUTMA, [IOCJIE KOTOPON MOXKHO [T€PECYUTATH HAKJIOH
TEKCTa, aHAJIM3UPYS MMEPBYIO U MTOCJIEIHIO OYKBY B CTPOKE U MOBTOPHUTDH MPOIEAYPY PACIIO3HA-
BaHUs TekcTa. JIaHHBIX ITOJIXOJ] MMO3BOJISIET YBEJMYUTH TOYHOCTH PACIIO3HABAHUS MACIIOPTHBIX
JIAHHBIX 6€3 HeOOXOIMMOCTHU ITOBTOPHOTO CKAHUPOBaHUs JOKyMeHTa. OCTanch BOIIPOCHI HEOTHO-
3HAYHOCTHU UJIEHTU(UKAIINNT CAMBOJIOB C IIPUMEHEHNEeM aJIrOPUTMOB Ha OCHOBE HEIIPOHHBIX CeTel.
Haubonee spkuit npumep cumpos "0 "Hyns"u "O "Byksa andasura". B 6osbmubacTBe ciiydyaes
pacCTOsTHIEe MKy JBYMSI MPEJICTAaBJIeHUSIMHI KpaiiHe HU3KOe W IPOIEHT BOZHUKHOBEHUS JIOXK-
HOTIOJIO’KUTEJILHON UIeHTU(DUKAIINN CHMBOJIA CTAHOBUTCS JOCTATOYHO BBICOK ITPU HU3KOM Kade-
CTBe pacTpoBoro mzobpazkerus. [losTomy HEOOXOIUMBI JTOMOJTHUTEILHBIE HCC/IEIOBAHNS] B YACTH
KOHTEKCTHOI'O OIIPeJIeJIEHUs [TOJIOYKEHUS MCCIIEyeMOro MadI0Ha U MOJIEJINPOBAHIS KOHTEKCTHOM
HEUPOHHOI CeTH.
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IHommaoMmmasnbabIl Aaroputm aiaga 3agaan MSP3

M.3. Apcranos!

L I/IHCTI/ITyT I/IHd)OpMaU\I/IOHHbIX 1 BBIYUCJINTEJIbHBIX ’I‘GXHOJIOI“I/II;'I7 AJIMaTbL Kazaxcran

Awnnoramusi. PaccMaTpuBaercst clielyromasi OTKpbITasi mpobJyiema Teopun pacrnucanuii. Jausr m;
MAaJIeHbKUX OTPE3KOB JJIUHEI [;, 1 = 1, 2, 3, KOTOpbIe HEOOXOAUMO PA3MECTUTD B KAK MOYKHO MEHBIIIEM
qucae oTpe3KoB JymHbl L. Drta npobiema nasbBaerca MSP3 (multiprocessor scheduling problem
with 3 job length). Bubamnorpaduro no ganHoit npobieme moxxHO Haiitu B [1]. B 10t cTarbe npes-
CTaBJIEH OJUHOMAAILHBIA anropurm s 3agaan MSP2 (multiprocessor scheduling problem with 2
job length) u oTMeYeHBI TPYAHOCTH, BOSHUKAIOIINE IIPU [IOCTPOCHUN ITOJUHOMUAAILHOTO aJrOPUTMA
gyt MSP3. TlonpobHo uccienoBal Tak HA3bIBAEMBINA JIEIMMBIN caydaii 3aga4u. st aToro ciaydast
IOCTPOEH TOJMHOMUAJIBHBIA aJTOPUTM.

KuroueBbie ciioBa: Teopust pacucaHuil, TOJUHOMUAAIBHBIA aJITOPUTM.

1 OcHoBHBIE pe3yJIbTAThI

B mannoMm jmokiajze paccMaTpUBaETCs CJELYIOIas OTKPbITas MpobieMa TeOPUN PACIUCAHIMIA.

JlaHBl M; MaJIEHBKUX OTPE3KOB JIHHEI [;, 1 = 1,2, 3, KOTOpbIe HEOOXO/IMMO Pa3MECTUTH B KaK
MOXKHO MEHBIIIEM 9HUCJIe OTPE3KOB JymHbl L. Dra npobiema naspiBaercss MSP3 (multiprocessor
scheduling problem with 3 job length). Bubsmorpaduro mo nannoit npobiaeme MOKHO HaiiTh B
[1]. B or0ii cTarbe HpejicTaBieH HOJIMHOMUAJIBHBIN ajaroput™ Jyist 3a1adu MSP2 (multiprocessor
scheduling problem with 2 job length) u orMedeHbl TPy IHOCTH, BOSHUKAIOIINE [IPHU TOCTPOCHUN
MOJIMTHOMUAJIBHOTO aJiropuTMma it MSP3. Bymem paccmarpupBarh Tak HA3bIBAEMbIH JIEJIMMbII
caydail 9Toi 3a/a9n, KOTIa OTPe30K JAUHBI L MOJHOCTBIO MOKpbIBaeTcsd M7 OTpe3KaMu JJIMHBI
[1 mmu My oTpeskamMu AauHbI [y uan Mg oTpeskaMu JIUHBI [3. MHOKECTBO MEJIOUNCTIEHHBIX TOUEK
MHOTOTPAHHUKA 33/Ia91 O PIOK3aKe Oy/IeT MPeICTaB/IsIThCS B CJIELYIONEM BUJIE:

P = {(1, 22, 23) ;\5711 + ]:\% + ]‘% <1z, Mie Zy ={0,1,2,..},i =1,2,3.)

Kazxmast 3 3TuX TOUYEK IpeCTaB/sgeT HEKOTOPBIH pacKpoil oTpe3ka JJINHBI L, MOCKOJILKY
(:E1,$2,£L'3) € P&< a1l + xoly + 2313 < L.

Torna 3amaaty MSP3 Mo:kHO cOpPMYyIUPOBATH KaK 3aa4y IEJTOTNCJIEHHOTO JIMHEIHOTO IPO-
rpaMMMPOBAHNS, €CJIH IIEPEHyMepoBaTh Bce Touku P uujgekcom j = 1,2, ..., D

E zj — min
J
IIPU yCJIOBUN

> zjwja = m
j
E ZjTj2 = M2

J

ZZ]‘Z]‘B > ms,z; € Z+.
J
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Hecmotpst Ha TO, 9TO 33840 METOYNCTEHHOTO JIMHEHHOTO IIPOrPAMMUPOBAHUS XOPOIIIO U3Y-
YeHBbI, JJIsI TaK IOoCTaBJeHHOH 3amadn MSP3 Bpsia Jim BO3MOXKHO mHocTpoeHne 3PQPEeKTUBHOIO
[OJIMTHOMUAJIBHOTO ajIrOpUTMa. BarkHy[0 pojib B MCCIEIOBAHUN JeuMoro ciydass MSP3 urpa-
eT pejakcanus K 3ajade JIMTHEHHOTO MPOrpaMMUPOBAHUs CBA3aHHOW C Hell 3ajadu JTUHEWHOTO
[EJIOYUCJIEHHOTO MMPOIPAMMIPOBAHUsI. DTa PeJIAKCAIUST BBINJISIIUT CJIELYIOMUM 00pa3soM

z =21+ 29+ 23 — min

Ipu yCcJI0BUU

21 M1 > ma, zoMo > mg, 23M3z > ms3.

Jlerko mokaszarb, UTO peleHne 3TOH 3a1a9u JaeTcst POPMYJIOoit

26=21+ 25+ 23
c_ M o M2
2= ——,29 = — —.
M, Mo M3
Baech MHJEKC © 03HAYAET, YTO pelnaercs HemnpepbiBHas (continued) 3ajaua JuHEHHOIO IPO-
rPAMMHUPOBAHUS.

Cc __
y 23 =

B 310 cBsI3M KpaTKast 3ammch packpost orpeska L

(2172272:3) 121+ 294+ 23 < 1.

O3HAYAET, UTO 2| JOJsI OTpe3Ka L KPOWTCsT Ha OTPe3KM li, 29 JOJsI OTpe3ka L KpOuTcs Ha
oTpe3KH lo, z3 H0JIA OTpe3Ka L KPoWTcsl Ha OTPE3KH [3.

st 3agaun MSP2 anajmormynast pejgakcarys JaeT paKTUIEeCKN pPelleHre UCXOIHON 3a/1a4u
[EJIOYUCJIEHHOTO TIporpammupoBanus. leno B Tom, uro s MSP2 cnpasejgusa ciemyromast
dopmyna (Tak mHassiBaemoe csoiicrso IRUP (integer round up property)

2" =1z, (1)

rie z* ectb pemrenne 3agadn MSP2.

DT0 MO3BOJISIET UCIIOJIB30BATD JIJIsl ONTUMAJIbHOTO pemenust MSP2 Tosbko 3 packposi, B miep-
BBIX JIBYX M3 KOTOPBIX OTPE3KU JTUHBI L pACKpamBaiOTCs Ha OJMHAKOBBIE OTPE3KH l1,ls. Jlerko
BHJIETD, 9TO ecant {2} 4+ {25} > 1, T0o KOJIM9IeCTBO TAKUX PACKPOEB B OLTUMAJILHOM DEIICHUH PaB-
Ho [2{], [25] u Gosbine packpoes ner. Ecom ke {2{} + {25} < 1, To KomIecTBO TAKIX PACKPOEB
pasHo | 2{], | 25| u k HuM emie nobaBuTCst OAUH pacKpoit orpeska L ma M;{z{} orpeskos qmubt [
u Mo{z§} orpeskos jymust lo. Ilpusenennoe dbopmysbhoe perenue 3agadun MSP2 namuoro npo-
nie, yeM B [1]. Jlerko nmokasarb, 4TO aJrOPUTMUIECKAs] CJIOKHOCTD 3TOr0 (hOPMYJILHOTO PelleHust
UMeeT JIMHEHHYIO TPYA0eMKOCTh, 9TO OTJINYAeT €r0 B MOJOKUTETHLHYIO CTOPOHY 1O CPABHEHUIO C
AJTOPUTMOM KBaJPATHIHOl cJioKHOCTH B [1].

Takum o6pa3oM, CTPYKTypa OUNTUMAJILHOIO packpost it MSP2 ouenp npocra. Ha nepssriit
B3IJIA)] KAXKETCsd, YTO HEYTO IOJ0OHOE JIOJKHO BBIIONHATLC 1 it MSP3. Onnako, ucciaeno-
BaHUe 3aTPYyJIHAETCs, B cuiLy Toro, uro jyisi MSP3 we Boinosnsiercs: ypasuenue (1). Iyist MSP3
CTIPABEJTTUBO HEPABEHCTBO

[2] < 2" =[] + 1, (2)

Dro croiicrso HasbiBaercss MIRUP (modified integer round up property).



260 Beraucnurensuble Texaosiornu, T.20, 2015 Becruuk KasHY, Ne 3(86), 2015

[IpuBenem oaumH M3 M3BECTHBLIX MPUMEPOB TOro, 4To Ayt MSP3 He BbImOsHSIETCST CBONCTBO
IRUP.

B srom mpumepe L = 132,01y = 44,1l = 33,l3 = 12,m; = 2,me = 3, mg = 6. Moxuo
MoKa3aTh 4uTo 2¢ = % < 2, onHako 2 orpes3ka JuHbI 44, 3 orpe3ka JAauHbI 33 U 6 OTPE3KOB
JIIUHBL 12 HUKaK He MOTYT YMECTUTBHCS B JBYX OTpe3KaX JJIWHBI 132.

NsBectHO, uTO JM100as 3amada n3 MSP3 obanaer cpoitctBom MIRUP. Bynem obosnagars de-
pe3 MIRUP muoxkecTBO 3a1a4, obragatonux csoiictBom MIRUP, He prckys BOacTb B CMeIeHne
TepmuHOB. Takum obpazom MIRUP=MSP3 B TeopeTuKo-MHOXKECTBEHHOM CMBIC/IE. AHAJIOTHCHO
qepe3 IRUP Gynem obosHauaTh MHOXKECTBO 3ajad u3 MSP3, s KOTOpBIX ClpaBeJInBO CBOIi-
crBo IRUP. UnTepec npu srom mnpejcrasisitor 3agadun cobcrsenno MIRUP, to ects 3amaun,
ue npunaiekaiue MIRUP. MuoxkectBo stux 3ama41 Oyzaem oboozunadars IRUP’ umes B Buay
CIIPaBEJIMBOCTDL TEOPETUKO-MHOKECTBEHHOTO PABEHCTBA

IRUP' = MIRUP\ IRUP.

Kaxknoit 3amade MSP3 cooTBeTcTByeT BEKTOD

( ) (ml ma mg)
21522, 2. =\, —).
1,22, #3 .7‘{17 .7‘[2’ 7‘[3

ITycTb

l<z=214+29+23<2.

Bes orparmtuenust oOIMTHOCTH MOXKHO CUNTATh, UTO 21 > Z9 > z3. Kcan 3ajada NpUHAIIEXKUT
IRUP’, To oueBugHO, TO 21 < 1,20 < 1,23 < 1, ubo mHade cymecTBoBaja ObI PACKPOH OHOIO
orpeska L ua M orpeskos [} u Broporo orpeska L Ha (mi — M, mg, m3) orpeskos (l1,ls,13).
Kpatko sToT packpoil MOKHO 3alicaTh B BHJIE

(1, 0, 0), (21 — 1, 29, Z3).

Bynem nazwpBaTh BEKTOP

(21,22,23) 11 > 21 > 20 > 23,1 <z=21+ 22+ 23 <2

wioxum. Ecau BekTop (21, 22, 23) IWIOXOii, TO COOTBETCTBYIONIAs 33898 MOXKET HPUHAJJIC-
xkarb IRUP’ (Ho moxker u He npunajgiexars). Ho ecsm 21 > 1, 1o Bekrop (21,22, 23) Oyer
cooTsercTBOBaTh 3a1a4e n3 IRUP. IlosTomy GyeM ero Ha3bIBaTh XOPOIIUM. AHAJIOTHYIHO MOXKHO
OLIPEJIEJINTH HOHSITHE IJIOXOI0 U XOPOIIero BeKTopa (21, 22, 23) Ui ciydast 2 < z1 < z9 < 23 < 3
U T.JI.

[Tycre wmem BekTop (21,22,23) @ (21 + 22 + 23 < 1,21 > 29 > 23) Takoii, 9YTO BEKTOPHI
(221,229,223), (321,329,323), (421,429,423), (521, 522,523), (621,622,623) 6bLH WIOXKE. Torma
OKa3bIBAETCsl, YTO BeKTOD (721, 722, 723) OyueT XOpPOIIHM.

B camom siete, BekTOp (221, 229, 223), 970 3HAYUT 9TO 221 < 1,229 < 1,223 < 1. [TycTh BekTOp
(321, 322, 323) mwioxoii. fcuo, uro 3z; > 1. Yrobb! BekTOD (321, 322, 323) OBLI IIOXUM HEOOXOIUMO,
qT00bI 320 < 1, 323 < 1. Ubo, eciim 661 329 > 1, TO uMesn Obl PACKPOIl TPEX OTPE3KOB JJIHHBI L
KOTODBIii 3anuceiBaercst B Bujie Bekropos (1,0,0),(0,1,0), (321 — 1,329 — 1,323). [Iycrs BekTOp
(421,422, 423) woxoii. fcuHo, uto 1 < 4z < 2,429 > 1. Ilosromy 4z3 < 1, ubo mnade umMescs Obl
clieytomuit packpoit 4 orpe3kos L

(1,0,0),(0,1,0), (0,0,1), (421 — 1,429 — 1,423 — 1).
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[Tycrs BekTop (521, 522, 523) miuoxoit. Tak Kak z3 < %, 29 < %, TO JIETKO ITOKa3aTh, 9TO 2| > %
u crajio 6b1Th bzy > 2. [lockobKy ke Hzg > 1, TO ¢ HEOOXOIUMOCTBIO TMOJIydaeM, 9To bzo < 1,
ubo mHaYe UMeJICS Obl CIIEYIONNl PAcKpoil b oTpe3kos L

(1,0,0),(1,0,0),(0,1,0),(0,0,1), (521 — 2,529 — 1,523 — 1).

Bexkrop (621, 629, 623) Oymer aBroMaTHIECKH ILJIOXUM, OCKOJIBKY 621 < 3,629 < 2,623 < 2.

Paccmorpum, Hakouner BekTop (721, 722, 7z3). Xorst z3 < 1/5, Ho 23 > 1/7, nockosbky 21 <
1/2,29 < 1/3. Tak kak 29 < 1/3, To x > 6/13. I Tak kak 1 —e < z1 + 29 + 23 < 1 ma
JIOCTATOYHO MAJIEHBKOIO €, TO 29 > 2/7. TlosroMy mmeeM HepaBeHCTBA 7Tz1 > 3,72y > 2,729 > 1.
Takum oOpaszoM uMeeM CJIeyIoNuil packpoit 7 oTpe3koB L

(1,0,0),(1,0,0),(1,0,0),(0,1,0),(0,1,0),(0,0,1), (721 — 3,722 — 2,723 — 1).

To ectb BekTOp (721, 722, 723) XOpOIIHIi.
Jpyrumu cjioBaMu, ClipaBeInBa, CJIe/IyIoImast JIEMMA.

Jemma 1 st smoboro BekTopa (z1,22,23) @ (21 + 22 + 23 < 1,21 > 29 > z3) cpejiu BEKTOPOB
i(z1,22,23),1 = 2,3,4,5,6,7 ecTb OJMH XOPOIIIWIi.

[Iycte Teneps gana genumasi 3amada MSP3, koropas mpejcraBieHa B BHIE BEKTOPA
K(z1,22,23),21 + 22+ 23 < 1. Ecsim K > 7, 10 ¢ nomMompio Xopolero Bekropa i(z1, 22, 23),2 >
i > 7 packpamnBaeM i oTpe3koB L u y nac ocraercs 3anada (((K —i)(z1,22,23),21 + 22 + 23 < 1.

Takum 06pa3oM, CJIeAYIOUI aJI'OPUTM PEIlaeT JeJUMbINA caydail 3agadn MSP3.

[MTar 1. IIpeacraputs 3amady MSP3 B Bume BekTOpa

K(Zl,ZQ,Zg),Zl + 20+ 23 < 1.

[Tar 2. Haiitu xopommuit BekTop (21, 22,23),2 > i > 7.

Tar 3. Beranciaurs Ky = [K/i], Ko = K — Kji.

[Mar 4. K1i orpe3koB JymHbl L pacKpamBaeM C MMOMOIIBIO XOPOIIEero Bekropa i(z1, 22, 23).
IIar 5. OcraBiryocs: 3agady

KQ(Zl,ZQ,Zg),Z1 +204+23<1

peraeM ¢ IOMOIIBIO0 U3BECTHOTO AJIrOpUTMa JISHCTDBI It 387491 JIUHEHHOTO IeJI0OUUCTICH-
HOT'O IPOTPAMMUPOBaHUs ¢ (PUKCHPOBAHHBIM YHCJIOM IIE€PEMEHHBIX, ITOCKOJIbKY (POPMYIUPOBKA
OCTaBIIIeHCA 3a/I1a9U C TOMOIIBIO TEJIOYUCIEHHOTO IIPOTPAMMUPOBAHNS MPUBOJIUT K 3ajade JIu-
HEHHOIO LEJOYNCIEHHOTO IPOrPaMMHUPOBAHUS C YHCJIOM IEPEMEHHBIX MeHbIe 21=7%*3.

[TockosbKy Kak JIErKO BUJIETH BCE IATH MIPEJJIOKEHHOTO aJITOPUTMa UMEIOT TTOJTMHOMUATBHYIO
CJIOZKHOCTB, TO CIIPABEJINBA

Teopema 1 enumbiii coyuait 3agaan MSP3 npunamexur kiaccy P (kiaaccy 3ajad, peraeMbix
[OJITHOMUAJIbHBIM JITOPUTMOM ).

2 3akJroyeHue

Saaun Teopun PACITUCAHUH STBIISTIOTCS CIOKHBIMU [N P-TpyIHBIME 33/1a9aMu. B TaHHOM JTOKTa1e
st jresiumoro caydas 3agadn MSP3 (multiprocessor scheduling problem with 3 job length)
BIIEPBLIE MTOCTPOEH TOJNHOMUAIBHBIN AJTOPUTM.
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Awnnoranusi. Ctarhst mpeacTaBsieT coboit 0630p pa3INIHBIX METOJI0B ABTOMATUIECKOTO pedepu-
POBaHMs TEKCTOBBIX JOKyMeHTOB. CyIecTByeT TPU OCHOBHBIX IOAXO0J@ K PEIIEHUIO 33JIa9U CO3/a~
Hus pedepara: 9aCTOTHO-JIMHIBUCTUYECKUI, CEeMaHTHUYIECKHii 1 rubpuiubiii. B paGore paccMorpeHbt
HEKOTOphIe HanboJiee pacIpOCTPAHEHHbBIE aJITOPUTMbI aBTOMATHYIECKOTO peEePUPOBAHISI, & TAKIKe
[IPUBEJIEHO CpaBHEeHME (DYyHKIMOHAJIBHBIX BO3MOXKHOCTEH CHCTEM, PEaU3yIONUX ITU aJTOPUTMBI.
[lepcreKTUBHBIM HAIlpaBJIEHUEM B JIAHHOIN 0BJIACTH IIPEJICTABIISIETCS CO3/IaHNE YHUBEPCAIbHBIX CHU-
CTeM, He HAKJIAQ IBIBAIOIINX OTPAHUIEHUN Ha TEMATUKY JIOKYMEHTOB U MO3BOJISIIOIIINX 00pabaThiBATh
OoJbIIIe 00bEMBI PA3HOPOIHOM MH(MOPMAIIUH.

KimroueBble ciioBa: KpaTKoe U3JI0XKEHUE COIEPKaHUs JOKYMEHTOB, CTATUCTUYECKHE METOJIbI, 110~
3UIMOHHBIE METO/IbI, HHINKATOPHBIE METObI, CEMAHTUYECKUE METOIBI, 00pabOTKN DOJILIITOrO 06beMa
JIAHHBIX ¥ KOMMYHUKAIWHN, aJITOPUTM HH(MDOPMAIMOHHO-AHAJTUTHIECKON JIeATETLHOCTH.

1 Bsenenue

Arromaruueckoe pedepuposanne (Automatic Text Summarization) — 9To cocrasienue Kopor-
KUX U3JI0KEHWI MATepUa/ioB, aHHOTAIMI WU Jaii?KeCTOB, T.€. U3BJIeUeHNE HAMDOJIee BayKHBIX
CBEJICHUH W3 OHOTO MJIM HECKOJIBKUX JIOKYMEHTOB U T€HEepallnsd Ha WX OCHOBE JIAKOHUIHDBIX OTYe-
ToB [1]. B coBpeMeHHOM Mupe BO3pacTaeT akTyaabHOCTb IPUMEHEHHsI METOI0B ABTOMATHYIECKOTO
pedepupoBaHus U aHHOTUPOBAHUA. B HACTOsIIEe BpeMsl CYIIECTBYET mpodjieMa HHMOPMAIHMOH-
HOIl meperpy3ku. PedeparTbl 1 aHHOTAIINK JAI0OT BO3MOXKHOCTDH YCTAHOBUTH OCHOBHOE COJIEPIKAHIE
JIOKYMEHTa U OIPENEUTh HEOOXOIUMOCTb OOpAIleH!sT K IEPBOMCTOUYHUKY. ABTOMATHIECKOE pe-
depupoBaHe U AHHOTUPOBAHKE MTOMOTAET YeJ0BEKY 3hdeKTuBHO 06pabaThiBaTh OOJIbIINE 00b-
eMbl HHMDOPMAIUH.

Cy1ecTByeT MHOIO Iy Teil PeIeHust 3TOoi 3aa4Ui, KOTOPbIE JOBOJIBHO YETKO MTOPA3IeITIOTCS
Ha JIBAa HaIpaB/IeHusd — KBasupedepupoBaHUEe W KPATKOe M3JIOKEHHUE COAEPXKAHUsT MEePBUIHBIX
JIOKyMeHTOB. KBasupedepupoBaHue OCHOBaAHO Ha IKCTPATMPOBAHUHU (HPPATMEHTOB JIOKYMEHTOB —
BblJleJieHnn Hanbosiee nHMOPMATUBHBIX (hpa3 u popMupoBannn u3 HuX Kasupedeparos [2].

B pamkax xBazupedepupoBaHus BbIIEIAIOT TPU OCHOBHBIX HAIIPABJIEHUsI, KOTOPhIE B COBPE-
MEHHBIX CHCTEMaX IMPUMEHSIIOTCA COBMECTHO:

- CTATHUCTUYECKHE MEeTOJbI, OCHOBAHHBIE Ha OIeHKe MH(MOPMATUBHOCTH Pa3HBIX IJIEMEHTOB
TEKCTa 10 9aCTOTE MOSIBJIEHUsI, KOTOPasl CJIY?KUT OCHOBHBIM KpUTEpUeM HH(POPMATUBHOCTHU CJIOB,
IpeITOXKeHn nian dppas;

- IMIOBUIMMOHHBIEC METO/bl, KOTOPbIC OIIMPAIOTCA Ha IIPEAIIOJIO?KEHHNEe O TOM, YTO I/IHCbOpMaTI/IB—
HOCTDH 3JIEMEHTA TEKCTa 3aBUCUT OT €ro ITO3UINN B JIOKYMEHTE;

- WHIUKATOPHBIE METOJIbI, OCHOBAHHDBIE Ha OIEHKE DJIEMEHTOB TEKCTa, MCXOJd W3 HAJUYIN B
HUX CIEIUAJBHBIX CJIOB U CJIOBOCOUYETAHUN — MapKEPOB BAXKHOCTHU, KOTOPhIE XapPaKTEPU3YIOT UX
COJIEPKATEIBHYIO 3HAYNMOCTD. [lociie BBISIBIICHNST OIIpeIeIeHHOTO (3a/1aBacMOoro, Kak MPaBHIIO,
K03 DuImeHToM HEOOXOAUMOrO CXKATHUSI) KOJUYECTBA TEKCTOBBIX OJIOKOB C HAMBBICIIMMU BECO-
BbIME KO3bdUImenTaMu, oHl 00beIMHSIIOTCsI JJisl IOCTPOoeHusl KBasupedepata [2].
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[IpenmMyiiecTBO METOIOB KBasumpeepUpOBaHUsT 3aK/II0YAETCS B IMPOCTOTE UX PEAUBAIMMN.
OsHAKO BBIIE/IEHNE TEKCTOBBIX OJIOKOB, HE YUYUTHIBAIOIIEE B3aUMOOTHOIIEHUN MEXKIy HUMU, da-
CTO IPUBOIUT K (POPMHUPOBAHUIO OeCCBA3HBIX pedepaToB. HekoTophie mMpeIIoKeHnst MOTYT OKa-
3aTbC IPOIIYIIEHLI, JUOO B HUX MOI'YT BCTPEYATHCA CJIOBA MM (PPas3bl, KOTOPble HEBO3MOXKHO
MOHSATH 0€3 IMPEeIIIIeCTBYIOMIEro MPOIYIEHHOr0 TeKCTa. [[ombITKY permuTs 3Ty mpodjeMy, B OC-
HOBHOM CBOJSATCS K MCKJIIOUEHNIO TaKUX IIPEIJIOXKEHU n3 pedeparos. Pexe IenamoTcs HONbITKY
pas3perieHnst CChIIOK € HOMOIIBI0 METOJIOB JIMHIBUCTHYIECKOro aHaau3a [1].

Kpatkoe uzmoxkenne comepKanus MEPBUYHBIX JTOKYMEHTOB OCHOBBIBACTCS HA BBIJICICHUU U3
TeKCTOB HauboJjiee BaxKHOHM MHMOPMAINK U TOPOXK/IEHUU HOBBIX TEKCTOB, COJIEPKATEIHLHO 0000-
MIAIOITNE TEPBUYHbIE JOKYMEHTHI. B OT/iMYne OT YacTOTHO-JIMHIBUCTUYECKUX METOIOB, obecrie-
YUBAIONUX KBa3upedepUpoBaHue, MoJIXo/, OCHOBAHHBIN Ha 6a3ax 3HAHWIL, ONUPAETCH HAa aBTO-
MaTU3UPOBAHHBIN KaueCTBEHHBIH KOHTEHT-aHaJIN3, COCTOSIINN, KaK IIPaBUjIo, U3 TPEX OCHOBHBIX
crayauii. [lepBast — cBejieHMe MCXOMHON TEKCTOBOM mHMOPMAIINY K 33JaHHOMY YHCIy dparMeH-
TOB — EJIMHUI] 3HAYEHUSA, KOTOPLIMU SIBJIAIOTCS KATEIOPHUH, MOC/IeI0BaTeIbHOCTH U TeMmbl. Ha
BTOPOI CTaJUU IIPOU3BOJUTCS IIOUCK DErYJIAPHBIX CBA3€il MeXK/y eJUHUIaAMU 3HadYeHUd, 110cjIe
Yero HAUMHAETCsI TPEThs cTajus — (OpMUPOBaHUE BBIBOIOB U 0000menuit. Ha sroit craauu co-
3/71aeTcs CTPYKTYPHAsI aHHOTAIUS, MIPEJICTABJISIIONIAs COJ/lePyKaHle TEKCTa B BHUJIE COBOKYITHOCTH
KOHIIENITYAIbHO CBA3aHHBIX CMBICJIOBBIX €JIMHUII.

Cemantuyeckne MeTo/ibl (POPMUPOBAHUS PedhePATOB-U3JIOKEHUI TPE/IITOIATAIOT J[Ba OCHOB-
HBIX TI0JXO0/Ia: METOJI CHHTAKCHIECKOI0 pasbopa IIPeJIOXKEHNN U METObI, OIUPAONINEcs Ha, 10~
HUMaHHUE €CTECTBEHHOT'O si3bIKa. B IepBOM cilyvae HCIOJIb3YIOTCS JIepeBbst pa3bopa Tekcra. [Ipo-
[IEJIyPbl ABTOMATHUYECKOTO pedeprupoBaHus MAHUIYJIUPYIOT HEIOCPEICTBEHHO IEPEBbIMU, Bbl-
TIOJTHSIST TIEPErPYNITUPOBKY W COKPAIEHNE BETBEH Ha OCHOBAHUH COOTBETCTBYIOIUX KPUTEPHUEB.
Taxkoe ymporrenue obecrieunBaeT IOCTpoeHe pedpepara — CTPYKTYPHYIO «BBIXKUMKY » UCXOTHOTO
TEKCTA.

BTOpoii 10/1X0/] OCHOBBIBAETCS HA CUCTEMAX MCKYCCTBEHHOIO MHTEJIEKTa, B KOTOPBIX TaKKe
Ha JTale aHAJIN3a BbINOJIHSAETCS CUHTAKCHUIECKUH pasbop TeKcTa, HO CHHTAKCHYECKUE JePEBbsl
HE MOPOXKIAIOTCs. B 9ToM ciyuae GopMupPYIOTCs CEeMAHTHIECKHE CTPYKTYPbI, KOTOPbIE HAKAI-
JIMBAIOTCs B BUJIE KOHIENTYAIbHBIX nojArpados B 6a3e 3HaHuil. B uacTHOCTH, H3BECTHBI MOJIEIH,
IO3BOJISIIOIIIE [IPOU3BOANTH pedepupoBaHie TEKCTOB Ha OCHOBE ICUXOJOIMIECKUX ACCOIMAIIII
CXOJICTBA M KOHTpacTa. B 6a3ax sHaHuii M30bITOMHAS M HE MMEIOIIAs IIPSIMOTO OTHOIIEHUS K TeK-
cry uHbOpPMAIMS YCTPAHSAETCS IyTeM OTCedeHHsl HEKOTOPBIX mojarpados. 3arem nadopManms
IIO/IBEPraeTCsl AarPErUPOBAHUIO METOJOM CJIMSIHUS OCTABIINXCs IpadoB win ux obobmenns. s
BBIIIOJIHEHUS 9TUX NPEOOPA30BAHMUIT BBIIOIHSIIOTCS MAHUITYJISIIIAN JIOTHIECKUMU TTPEJIIOIOKEHN-
SIMH, BBIJIEJISTIOTCS OLPEIENISTIoNTHe MabIoHBl B TEKCTOBOM (ase 3HaHuil. B pesysnbrare mpeobpa-
30BaHusl (POPMUPYETCsT KOHIENTYaJIbHAsI CTPYKTYPa TEKCTa — AHHOTAIIUA, T.€. KOHIIENTYabHbIE
«BBIXKHMKH» 13 TeKCTa [3].

MHoroypoBHEBOE CTPYKTYPHUPOBaHIE TEKCTA C NCIOIb30BAHNEM CEMAHTHIECKIX METOJIOB TT03-
BOJISIET MOJXOIUTH K PEIIeHUIO 3a/1a9u pedpepupoBaHms IIyTeM:

- yVAaJieHnd MaJioO3HadYalllnuX CMBIC/JIOBBIX €IWHUIL. HpeI/IMyH_[eCTBOM MeTOda fABJILACTCA IapaH-
TUPOBAHHOE COXPAaHEHWEe 3HadaIeil NHMOPMAINN, HEJTOCTATKOM — HU3Kasl CTEIIeHb CXKAaTH, T.€.
cOoKpalleHns obbeMa pedepara 10 CpaBHEHUIO C IEPBUYHBIMU JIOKYMEHTAMMU;

- COKpAIIeHUsI CMBICJIOBBIX €JIUHUI] — 3aMeHa X OCHOBHOM JIEKCHYIECKON eIMHUIIEH, BhIparkKa-
IONIEe OCHOBHOII CMBICT,

- THOPUIHOTO crocoba, 3aKJII0YAIONIErocsi B yToUHeHnn pedepara ¢ MOMOIILIO CTATHCTHAYIE-

CKHUX METOJIOB, C UCIIOJIb30BAHNEM CEMaHTUYECKUX KJIACCOB, OCOOEHHOCTEH KOHTEKCTa U CUHOHU-
MHUYECKUX CBA3EN.
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Cy1ecTByIoT 00IIEI0CTYIIHbIE ITPOrPAMMBI KBa3upedepUpoBaHusi, HAIIPUMED, B COCTaB Cep-
BHUCHBIX BO3MOKHOCTel cuctembl Microsoft Word 97 Bxomur cepuc «Apropedepars.

ABToMaTndeckne pedepupoBaHue TOIYUNIO0 3HATUTETHHYIO aKTYATLHOCTh B CBSI3U C Pa3BU-
TueM Internet u xKaTasoroB nHMOPMAIMOHHBIX PeCypPCcoB. JlJish SKOHOMUM BPEMEHU ITOUCKA MOJIb-
30BATENISAM [PEJJIAraloTCA KaTaJIOI'n aHHOTaIuii u pedeparoB ncrounukos. Popmuposamnue pe-
depaToB U aHHOTAIUN BPYYHYIO TPEOYET KOJIOCCAJBHBIX YEJIOBEUECKUX DPECYPCOB, MOITOMY U
BO3HUKJIA 33/1a49a CO3JAHUST METOJI0B aBTOMATUIECKOTO pedepUPOBAHNSA U AHHOTHPOBaHUs. AB-
TOMaTHYIeCKOoe pedepUpoBaHNe U AaHHOTUPOBAHNE — OJHO U3 HAIIPABJICHUI KOMITBIOTEPHO 00pa-
OOTKHU €CTECTBEHHO-SI3bIKOBBIX TEKCTOB. /l B 9TOM KadecTBe OHO OTHOCUTCHA K (DYHIAMEHTAILHBIM
Texuosiorusam V.

OcHOBHBIE TEHIEHITUH TSI TAHHOM 00IacTm:

® AHHOTUPOBAHHBIE KATAJIOTU [IEPEPACTAIOT B TUIIEPTEKCTOBBIE (C MX MUHYCAMU U ILIIOCAMH );

e Ha BCceX KPYIHBIX caiitax Internet mpegycMarpusaioT orsasBjeHus (Kapra caiita — sitemap)
U (PYHKIUU TTOUCKA, TI0 CANTY;

® UCII0JIb30BAHUE OHTOJIOTUYIECKUX CJIOBAPEN-TE3ayPYCOB ODINEro U CIeNuaJIn3uPOBAHHOTO Ha~
3HaUEHUs, a Takxke metonos M.

[TorpebrOCTH B CpeJicTBAX aBTOMATUYECKOrO pedepupoBaHUs U AHHOTHUPOBAHUS UCIIBITHI-
BAIOT: KOPIIOPATUBHBIE CUCTEMBI JIOKyMEHTOODOPOTA; MOUCKOBBIE MAIIUHBI M KATAJOTU PECyp-
coB Internet; aBromarusnpoBanHbie UHPOPMAIIMOHHO-OUOINOTEIHBIE CUCTEMbI; KAHAJIBI BEIAHIST;
CJIy?KOBI PACCHLJIKA HOBOCTEH U JIp.

2 Tloaxoapl K aBTOMATUYECKOMY pedepupoBaHUIo

B reopun aBromarmueckoro pedepupoBanusi pasindaior [5| Tpu oCHOBHBIX moaxoja. [lepserit
13 HUX He IIPEIIoJaraeT Olopy Ha 3HAHWS, CBSI3aHHBIE C TEKCTOM Ha €CTECTBEHHOM si3bike. B
cucTeMax TaKOro THIIA IPUMEHeTCS yHUBEPCAJIbHasd 6a3a IPaBul, He 3aBUCALIAS OT SI3bIKA TEK-
cra. BTopoil moaxo npeycMaTpuBaeT BbIIEIEHNE PA3JIMIHBIX YPOBHEH IOHUMAHMS TEKCTA, ITO
TpebyeT UCIOJIb30BaHUs HApPIAy C YHUBEPCAJILHBIME IpaBuaaMi 0a3bl 3HaHUA U 0a3bl JTUHIBU-
CTUYCCKUX IPABUJ, 3aBUCAINMX OT A3bIKa. 1 permii moaxosn apiaserca ruopuaabiM. OH cogeTaer
JIyUIIIEe CTOPOHBI IEPBLIX JIBYX.

B cucremax nepsoro Tuma [5| (T.e. BOIJIONIAOUX TI€PBbIii I0(X0/1) IPUMEHSIETCSI METO/I, CO-
crapiaeHns Boiaepxkek. OH peajusyercs B ABa sTana. Ha mepBoM IPOBOAUTCH COIIOCTABJICHHE
TeKcTa U (Pppa3oBbIX IMIAOJIOHOB, B Pe3yJibTaTe Yero BBIIEJISIOTCS OJOKH HauOOJIbIIel JIeKCude-
CKOIl M CTaTHCTUYECKON PEeIeBAHTHOCTU. DTO ABTOMATHUYECKOE OIIPee/IeHNe YaCTOT HCIOJIb30-
BaHWA OTJEAbHBIX CJIOB U COYETAHUN B MCXOJHOM JIOKyMeHTe. Ha BTOpOM — IIyTeM coeuHeHust
BBIJIEJIEHHBIX (PParMeHTOB POPMUPYETCST UTOTOBLIA JOKYMEHT.

Jlas peasmsanuu MEpBOrO 3TAIlA UCIOIB3YIOT MOIEIb JUHEHHBIX BECOBBIX KOI(DMUIUEHTOR.
B coorBercrBun ¢ Heil kaxjomy 06sioky U TekcTa OpuruHajia aBTOMATHYECKH (HA OCHOBAHUU
OIIPeJIJIEHHBIX TIPABIII) [IPUIICHIBAIOTCS BeCOBble KOA(hMUINEHTHI:

k1, 3aBucauii o pacnosoxenus 6joka U B opurunase;

ko, 3aBHUCAIIUIA OT YACTOTHI LOABJICHUs OJIOKA B OPUIUHAJIE;

k3, 3aBUCAIII OT YACTOTLI UCIOJbL30BAHUS OJI0KA B KJIIOUEBLIX IPEII0KCHUAIX;

k4, OTpazkalolinii oKa3aTe/ld CTATUCTUIECKOH 3HaYNMOCTH HJI0KA.

3arem 1o s3HadenusM ki, ko,k3 u kg4 n xosddunmenram HaCTPORKNA IPOrpaMMbl pedepupo-
BaHUS (V] , (2, (i3 U (vq Bbramcsisiercst koaddurment Baxkuoctu 6inoka B(U) = arky + agks +
asks + agky. Tlo koaddunmentam BaXKHOCTH BBITIOIHsIETCsT 0TO0P 6JI0KOB B pedepar.

J111 BLIYHCIIEHNS KAzK 00 BECOBOI'O KO3(D(PUIMEHTa UCIIOIL3yeTCs CBOs IPYIIIa npaBui. s
k1 OHU YYIUTBIBAIOT PACIIOJIOXKEHHE OJIOKA:
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® BO BCEM TEKCTEe WJIM HEKOTOPOM pas3elie;
® B HavaJie, CEpeJINHE MJIM KOHIIE TEKCTa;
® BO BBOJHOII 9aCTW, 3aKJJIIOUYEHUN U T.II.

st ko npaBuia yuuTBIBAIOT PE3YJILTATHI ABTOMATUIECKON MHIEKCAIIMN JIOKyMeHTa (Hapu-
Mep, COOTHOIIEHUE MEXKIY IacTOTOIl MOSBICHNs] TEPMIHA B JIOKYMEHTE U B HAOOPE JTOKYMEHTOB).

Hutst k3 yanTbiBaeTcs Haandue B OJI0Ke TAaKUX KJIIOUYEBBIX (ppas3 M BeIPAXKEHNI, KaK «B 3aKJII0-
YeHHE...», «B JAHHON CTAaThe...», «COIVIACHO Pe3yJbTaTaM aHAJIU3A...», <OTJIAYHBIA OT...», «MaJO-
3HAYaIlUi...» U T.II.

Hnsa kg npaBuiia y9uTBHIBAIOT BXOXKJIEHHE TEPMUHA B 3ar'0JIOBKU, KOJOHTHUTYJIbI, IEPBLIA Ia-
parpad TekcTa, MoJb30BaTEIbCKUN Tpoduiib 3ampoca u T. 1. Hacrpoiika ¢ momorrso ko3ddu-
[IUEHTOB (v] , (3, (x3 U (v4 TIO3BOJISIET YIPABIATH CTENEHBIO CXKATHS.

Ha puc. 1 uzobparkena ob00OIIEHHAST aPXUTEKTYyPa CUCTEMbI aBTOMATUIECKOT0 pedepupoBa-
HUSI TIEPBOT'O THIIA.

Conocrabne-
HHe TeKcTa Pacuer

¢ (pazossim | —gp|CTATHCTHTRCKEX () Hanbonee | g
mabI0HaME nokasaTenei PeIIeBAHTHEX

610x0B

Bubop QbBegHHeHHS
BBUIEIeHHBIX
DIOKOB

Pedepar

HexoaHnIi

m CaHATe3

Puc. 1. Puc. 1. O6001meHHass apXuTeKTypa CUCTEMbI AaBTOMaTUIECKOTO pedepupOBAHUSI.
Puc. 1. ObobieHHasT AapXUTEKTYpa CUCTEMbBI AaBTOMATHIECKOTO pedpepupOBaHUsI

I'naBHOE JIOCTOMHCTBO OMUCAHHON MOJIEJIN JIMHEHHBIX BECOBBIX KOI(DDUITMEHTOB 3aKJII0IaCTCS
B ITPOCTOTE €€ PEATTU3AINH, a TJIABHBIN HEJOCTATOK CBA3AH C BO3MOYKHOCTHIO (DOPMUPOBAHUST Oec-
CBABHBIX pedepaToB, He YUUTHIBAIOIINX KOHTEKCT. [[Jisi ero ycrpaneHus: BBOIUTCS STAIl PYYIHOTO
pPeIaKTUPOBaHUA PE3YJ/IHTATOB. CxeMa ABTOMATHUYIECKOTI'O OIIpe/ie/IeHud KpuTepueB aJleKBaTHOI'O
BBIOOpa (hparMeHToB OpUTHHAJA JJjisd pedepara UCHoJb3yeTcs B cucreMe Inxight Summarizer
(puc. 2).

TecToBHIE HAbOP [IpaBuia u KpHTe-
JOKYMEHTOB H PHH aJSKBaTHOI'O
pedeparos BBI0Opa hpArMEHTOR
h A
Habop 114 00yueHHT Obyuaenas & BIox Baox dopmupo-
moACHETEMA BUIRASHHEL aHAIH3a H BAHHA DPABHT B
Vexonsere BEIIEIMOmAT bparsemtst |y enopasms || HpHTCpHER
> 5
JOKyMeHTB »|  ¢dparmenTsr thparMenToB BACKBATHOLO
H3 TeKeTa BHIOPE
l thparsMenTos
PedepaTsr
IIOATOTOBICHHEIE Baok dopaa-
Y ; . CdopMuposan-
BPYUHYEO pOBaHHA — DopyEn
HBIe pedepaTsl
pedepara us

(hparMeHTOB

Puc. 2. Puc. 1. O606mieHHast apXUTEKTypa CUCTEMBI aBTOMATHIECKOI0 pedepUpOBAHMUS.
Puc. 2. Cxema aBTOMATUYECKOTO OIIPE/IC/IEHUS KPUTEPUEB aJIEKBATHOI'O BLIOOpa (hparMeHToOB

O6yuenue (HACTPOIiKa) CUCTEMBI OCYIIECTBISIETCs] Ha HADOPaxX TEKCTOB U pedepaToB, COCTAB-
JICHHBIX ISl HUX BPYYHYIO IIPU PAa3/IMYHBIX KPUTEPUAX CKATUA.
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YeJsioBeky, yJIOBUBIIEMY OOIIUil CMBICJ WHMOPMAIINY, Jierde BbIJIEJIUTD I[VIABHOE U KPATKO
U3JI0KUTH COJIEPIKAHME. DTO U ODYCIOBIUBAET CO3/lanne pedepUupyIonux CUCTEM BTOPOrO THIIA
[5]. Just Takux cucreM TpeOyOTCS:

® MOIIHBIE BBIYUCIUTE/IbHBIE PECYPCHI;

® DA3BUTDHIC TPAMMATHUKH U CJIOBAPH;

® DA3BUTBHIE CPEJICTBA CHHTAKCUIECKOTO pa3bopa;

® CPEeJICTBa MeHEPAIMH ECTECTBEHHO-A3BIKOBBIX KOHCTDYKITHUI;

® OHTOJIOTMYECKUE CIIPABOYHUKHU.

B stux cucremax peasu3yroTcs TPHU TOJIXOJIA:

1) TpaUIHOHHBIN MeTOJ CHHTAKCHYECKOro pa3bopa,;

2) MOZXOJL C OIOPOil HA MMOHUMAHUE eCTECTBEHHOIO S3BIKA;

3) KOMOMHUPOBAHHBIH TIOIXOJI.

B nepsom ciydae Juisi mocTpoenusi JiepeBbeB pa3dbopa UCIOIb3YeTCs CUHTaKCn4Ieckas nudop-
Marust. [Iporerypol c2kaTnst MAaHAITYJIUPYIOT JIEPEBBSIMU C IIETbIO COKPAIIEHNsT CKOOOK, TI0/TYNHEH-
HBIX Tpejioykenuit u T.71. IIpu srom gepeBo pazbopa yrpoImaeTcs J0 «CTPYKTYPHOH BBIZKUMKHS.

IIpu BTOpPOM TOZIXOME B pe3dyJbrare pa3dopa CTPOUTCS HE JEPEeBO, a CeMaHTUYECKas CEeTb
Tekcra. JIpyruMmu cioBaMu, B Xose pa3dbopa BBIJIEILIOTCH KOHIIENTYaJIbHbIE PENPE3EHTATHBHbIE
CTPYKTYPBI UCXOJHOTO TekcTa. V3 HuX yjuajsercd n3bbITOuHAs WHMOOPMAIUS: MTOBEPXHOCTHBIE
Cy KJIeHus, KOHIeNTyaabHble moarpadst. Jlagee BbIOHIETCS arperupoBanue u o0oOIIeHne UH-
dopMmarmu: causHue HEKOTOPBIX KOHIENTYaJbHbIX I'padoB Ha Oaze rnpasuii. B pesyibrare mosry-
JAETCsT «KOHIENITYAJIbHAS BBIZKUMKA».

O6001TIeHHast cxeMa, JIJisT ITUX JBYX METOO0B TIPEJICTABICHA HA PHUC. 3.

Craguu cunresa pedepara B 060UX MOAXOAAX TOYTH COBHAAIOT (HCIIOJIb3YeTCs TeHEPaTOp
TEKCTA).

CHHTAKCHUBCKHH Tepeso Cixatne Crpyxrypuas
pasGopa L

h 4

pasbop
HcxomHbri
TERCT

Tenepanug

Pedepar

TIOHMMAHME - | B3 «BBIKAMEDY KonnentyansHas
B
«EBIKEMED»

A A

Puc. 3. Puc. 1. O6o01meHHast apXUTEKTypa CUCTEMBI AaBTOMATUIECKOTO peepPUPOBAHIUSI.

Puc. 3. JIBa 0CHOBHBIX MOAX01a K (POPMUPOBAHUIO pedpepaTra B CUCTEMAaX ¢ OIOPOil Ha 3HAHIMS

Jnst pyHKITMOHMPOBAHUST TIOTOOHBIX CHCTEM HEOOXOINMBI:

e ucueprnbiBaoiue cjaosapu (resaypycsl) tuna WordNet;

e onToJiorndeckue cripapounuku tuna Cyc u Penman Upper Model;

e Gosibie 00beMbl TeCTOBBIX (baitioB ¢ Tekcramu (Hanpumep, The Wall Street Journal win
Perm Treebank ot Linguistic Data Consortium).

3 Bwuapr aaropuTMoB aBTOMaATHYECKOTro pedepupoBaHUs

Bo Bcem Mupe Ob1H paspaboTaHbl pa3IndHbIE aJTOPUTMbBI, U3 BCeX 0oJiee UCIOIb3YEeMbIX OBbLIN
BBIOpAHBI Pa3/IMYIHbIE BUIALI AJITOPUTMa, PA3JHIHBIX MeToq0B. 1lo crmocoby mocTpoeHusl TEKCTa
MeTOJbl aBTOMATUIECKOTO pedepUupoBaHUsA U aHHOTUPOBAHUS HEJISITCS Ha JIBE T'PYIIIbI: U3BJe-
KaoIe u reaepupyiomniue. [Ipu ucmosp30BaHNN U3BIEKAIONINX METO/IOB U3 MCXOIHOTO TEKCTa
BBIJIEJISIIOTCsT HanboJiee BaxKHble (bparMeHThl (1peioxkenust, ab3anpt). [Ilpu srom nanube dpar-
MEHTBbI He 00pabaThIBAIOT, a M3BJIEKAIOT B TAKOM IIOPsJIKE W BHUJIE B KAKOM OHU IIPUBEIEHBI B
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TekcTe. ONTUMATBLHBIM PEITeHNeM JAHHON 3a1a91 MBI BLIODAN HECKOJBKO aJTOPUTMOB, AHAJN3
KOTOPBIX TpHUBeJIeH Huke. 910 ajroputMbl Freq, LRU-K, cemanTuueckuii anaanz, ajropurm
YAaCTOTHOI'O aHAJIU3A.

Ajropurm Freq [6], yuuTbiBaer wacrory cioB B okHe jyimsHOl B 1000 €JI0B BOKDYI aHAJIM-
supyemoro ¢gparmenTa (To ecTb bparMeHT HaxXoauics B cepeaune okua). Orbéupaercs 10 ciios,
KOTOPBIE BCTPEUYAJINCH B TAHHOM (parMeHTe HanboJjiee dacTo. [ljis pacaeToB UCHOIB3YeTCs CJie-
nytomas dopmyiia (1) 11s BbrYucIeHus Beca:

W frq = Wb+ Sumx(log2Fk) , e (1)

W b— Bec, BbIYUC/IEHHBIH 110 6a30BOMY aJrOPUTMY;

Fk— ckonbko pas cjoBo Becrperuiach B okHe B 1000 cjioB, BKIIOUAIOIEM (DPArMEHT.

Taxum 06paszoM, HAUOOIBINII BEC IOy IaI0T Te (PParMeHThl, KOTOPbIe KPOME TOTO, ITO CO/Iep-
JKAT HauOOJIbIIIee YUCJIO CJIOB 3aIIpOCa, HO U DOJIbIee KOJIMIECTBO CJIOB YACTO BCTPEUYAONIAXCS B
nokymenTe. Ham HensBecTHO yHOMMHAHUN B JINTEPATYPE UCIIOJIb30BAHUS T0JJ00HBIX aJIrOPUTMOB
JIJIs AaHAJIN3a TEKCTA.

B mocnenmee BpeMs OIpeie/IeHHYIO MOMY/ISIPHOCTD MIPHOOpesn 0oJjiee CJA0KHBIE CTATUCTHIE-
CKUe MOJeJid, OOBIYHO OCHOBaHHBIE Ha MapkoBckux rersix. OmHAKO 9TH MOJEIU JTOCTATOTHO
CJIOZKHBI ¥ UMEIOT ele 6ojiee BBICOKYIO BBIYUCIUTENBHYIO Ca0ykHOCTh. Asropurm LRU-K [7],
SIBJISIETCSI BADMAHTOM aJIFOPUTMA <IIOCJIEIHAN HEeJTABHO MCIIOJIb30BaHHBIN». Mbl ucxonmim u3 ns-
BECTHOT'O B IICUXOJIOTUU IIPEAIIONIO?KEHUSA, ITO YeJIOBEK B 6bICTpOI‘/'I IIaMATU COXpaHAeT TOJIBKO
OTHOCUTEJILHO MAJIOe KOJIMIECTBO OOBEKTOB, [MOITOMY aJTOPUTMBI KJIACCA <IOCIETHUN UCIIOIThb-
ByeMbII';I» JOJI2ZKHBI ITOKa3bIBaTh XOPOHINE PE3YyJ/IbTAThI.

AjrropuT™ JieaeT cieyoree:

1) 1pu MHUIUAIU3AIUE CO3/A€TCsl 3 CTPYKTYPBI JIAHHBIX: MACCUBBI CJIOB M 2 MacCHBa C yKa-
saressimu Ha cioBa ( arrayl m array2 ) u pouHaMu k;

2) JyIsi KasKJIoro CJIoBa IIpH 06pabOTKe JIOKYMEHTa [POU3BOUTCS CJIE/LYOIINe JIefiCTBHS:

a) MOUCK B MAaCCHUBE CJIOB.

1. Eciim cjioBO He HaiijIeHO, TO CChLIKA Ha HEro IOMeNIAaeTcsi B MacCuB arrayl B mepByIO
[IO3UIIAIO, OCTAJIBHBIE TO3UIUU B MAaCCUBE CJBUIAIOTCS, CAMOE IIOCJEIHEE CJIOBO VIAJSIETCS W3
arrayl m m3 MaccuBa CJIOB.

2. Ecnu citoBo Haidineno u Bcrpevdaercs B arrayl , TO OHO U3 HETO YIAJISETCS U [IEPEHOCUTCS HA
[EPBYIO MO3UIINIO B array2. Ilpu sToM, ecian array2 MOJTHOCTHIO 3aII0JIHEH, TO HOCIEIHEE CJIOBO
U3 HEro TakK 2Ke YIAJSIETCs, KAK U B IIEPBOM CJIydae.

3. Ecim citoBo HaiifieHO u y2Ke ecTb B array2 , TO OHO IIPOCTO IePEeMEeNIaeTcsl Ha MEPBYIO
MO3UTIHTO.

JIerko MOXKHO TIOKa3aTh, YTO €CJIN ObI CJIOBA B TEKCTE UMEJIA PABHYIO BEPOSITHOCTD TIOSIBJIEHUSI,
TO 10cje 06paboTKN (pparMeHTa TEKCTa, COJEPIKAINEro CJIOB HAMHOTO 0oJibiie kK , COIep:KUMOe
MaccuBa array2 coBIajaao Obl ¢ k HamboJiee YacTO BCTPETUBIINXCH CJIOB. 1O €CTh JTaHHBIM aJi-
TOPUTM MOYXKHO PACCMATPUBATH KAK OJINH U3 BAPUAHTOB OIEHKU JIOKAJIBHON 9aCTOThI TEPMHUHOB,
[PU TIPEJIIIOIOKEHIN PABHOMEPHOTO PACIIPEJIEJIEHHUSI CJIOB.

Opnnako, mpejyiaraeMblil aaropuTM, KpoMe 3TOro, JOJIKEH BBIJEIATH CJ0Ba, KOTOPbIE UMEIOT
HE TOJIbKO BBICOKYIO YacCTOTY, HO U PABHOMEDHO pacIpejie/ieHHbIe BOJIM3U BhIOMpaeMoro gppar-
MEHTA.

st aBTopedepupoBaHus HEOOXOIUMO OIPEIEIATH CEMAHTUIECKYIO OJIM30CTh MEXKIY MPE/I-
JoxkeHusiMu Tekera [11]. AJropur™ ceMaHTHYECKOro aHAJIM3a MOXKET PelIuThb 3Ty 3ajady. Ha-
30BEM 3TOT METOJ, CeMaHTHU1IeCKON MaTpureil. KaxXaoMy IpesjioKeHno TeKCTa COOTBETCTBYET
OIIpeJieJIEHHAsT CEMAHTHYECKAs MepPa, 9TO YacTOTa BXOXKJEHWS CJI0Ba B MEPAPXUIO KJaccudu-
KaTopa YMHOXKEHHas Ha TyiybuHy mepapxuu. [loTom HEOOXOMMMO OIpPeIe/InTh CEMAHTUIECKYIO
CBSI3HOCTD T1ap IIpeJIoXKeHuii TekcTa 110 dopmyste (2): Scoup = Mcom — Msent , rue (2)



Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 269

M com— coBokyIHas Mepa JABYX HPEJJIOKEHUII;

M sent— mepa KaxKJI0ro IPEJIJIOKEHUS.

[Tonygaem HAOOPBI CEMAHTHYECKOI CBA3HOCTU IPEIJIOKEHUI, U3 KOTOPBIX IIOTOM (opMUpyeM
MaTpuity. B ¢Bsizu ¢ 0COBEHHOCTBIO AJITOPUTMA, MATPHUIA CAMMETPUYHA, HA TJIABHOW JIMarOHAJIN
[oJIydaeM HYJIM, TaK KaK CBSA3HOCTDH IIPEJJIOZKEHUsI C CAMUM CODOH B JAHHBI MOMEHT He HYKHA
[pU aHaau3e. DJIEMEHThI MATPUIbI BBICTPAMBAIOTCS 10 HPHUHIUIY TOTO, YTO Iapa IMPEJJIoXKe-
HUI ¢ HAuOOJIBbINEH CBSI3HOCTBIO — 9TO IEepBasl 9acThb 3JIeMeHTOB aHHOTaruu. Creayrolmasl mapa
MPEJJIOKEHUI TPOBEPSIETCS HA CEMAHTUYECKYIO CBA3HOCTDH C I'PYIIIAMU, KOTOPhIE UMEIOT OOJIh-
MIyI0 CBA3HOCTD, W JIO0DABJISIIOTCS K TO¥M WM WHOW T'PyIe, CBA3HOCTH C KOTOPOH HambOOJbImas,
Jinbo 00pa3yIoT HE3aBUCUMYIO IDYIIILY, €CJIH CBA3HOCTH OTCYTCTBYeT. Kak pe3ysbrar mojydaeT-
Cs1 HECKOJIBKO (PParMeHTOB C CEMaHTUYECKOU CBSI3HOCTBIO. B 1e1oM ajroputm pedeprupoBaHus
TaKOB:

1) mopdosornueckuii anams;

3) ycTpaHeHHe OMOHUMUHN CJIOB B IPE/JIOKEHIN;

4) mocTpoeHne ceMaHTHIECKON MaTPUIBI;

5) BbIJEICHNE CeMAHTHYICCKH CBSI3HBIX IPYII HIPEJIOKEHHUI.

DTOT AJITOPUTM, [IPU PEAJMIAINHN TOMOXKET [T0JIb30BATEIIO BBIIOJHATL TakKne (DYHKINHA KaK
3aJlaHUe CTEIEHU CKATHUs, IIOPOT CEMAHTUYIECKON CBA3HOCTU, KOJUIECTBO I'PyHIl pedepaToB 0OJI-
HOT'O TEKCTA.

Astropur™ wacToTHOrO aHagu3a M0APo6GHO omucad B [14]. Beruncienue 6a30BbIX BECOB CJIO-
Bocoderanuii. CymnecTByoT MabIoHbI (COrIACOBAHHOE IPUIATATEIbHOE + CYIIECTBUTEILHOE, Ha-
[PUMED: «IepBasl JIeJIU», «IOCJIeJIHUN 3BOHOK» ) 1 (CYIIECTBUTEJILHOE + CYIIECTBUTEIbHOE B PO-
JIATEJILHOM TaJIeyKe, HAIPUMEP: «3aMOK 3ayKUTaHUsi», «KapTa Mupas ). BasoBblil BeC CJI0BOCOUE-
TaHus BhIYUCAgeTca Kak yasoenusii TF*IDF menee peakoro ciioBa, BXOAAMIErO B CJIOBOCOYETA-
uue. TF*IDF [14] — yBesmuuBaer 3HaUUMOCTH CJIOB, KOTOPBIE YaCTO BCTPEYAIOTCS B JIOKYMEHTE,
HO peIKo B obyuaroreMm kopiyce, rie TF — wacrora Tepmuba B Tekyiiem gokymente, IDF —
JiorapuM OTHOIIEHUS KOJMIECTBA BCEX JIOKYMEHTOB K KOJMYECTBY JIOKYMEHTOB COIEPKAIIUX
JAHHBIA TEPpMUH;

Jlajtee ciioBocoveTaHUsI PACCMATPUBAIOTCS HAPSLY C JPYTUME KJTFOYEBBIMU CJIOBaMu. AJiro-
PUTM 9aCTOTHOTO aHAJINA3A.

Boeranciienne BecoB KiIi04ueBbIX CJIOB. JlJis BhIYHMC/IEHNsT OKOHYATEIBHOIO BECA CJIOBA OA30BbI
(4acTOTHBIN) Bec yMHOXKaeTcsl Ha Ko duipen

K=1+4KB+KU+KI+ KT+ KH+ KQ , tne

KB,KU,KI — paBHBI JIBYyM, €CJII CJOBO BBIJIEJIEHO COOTBETCTBEHHO YKUPHBIM IIPUDTOM,
[I0/[Y€PKUBAHUEM HJIH KYPCUBOM;

KT = 10, ecn cJ0BO IPUCYTCTBYET B 3ar0JIOBKE;

KH =5, ecnu c/ioBo BcTpedaeTcs: B nojzaroigoskax H1..H4;

K@ = 500, ecsin cJIOBO IPUCYTCTBYET B 3AIIPOCE.

Bce koadpurimenTs! momo0paHbl SMITPUIECKH, MOTYT HACTPAUBATHCS B IIPOIPAMME.

Boerauciienue BecoB npejioxkenuii. ['panuiia mpejioykeHust opeIe/sieTcsi Ha OCHOBE IMabJIo-
HOB:

o [|7]Y]...] [upoGeun| [A..Z|A..£1|0..9]];

o [<P>|</TITLE>|.

WToroBerit BeC NMpeaIoXKeHNsT BBIUUCISIETCS 110 (PhopMyJIe:

P = Lle (SL20L)2 . (1 + 20) - 505 Wi, mae

L — noBbimatomuii K03 UIMEHT JjIst TEPBbIX U MOCJIEIHAX YeThIPEX MPEeJJIOKEHUH JTOKY-
MEHTA;

I — moamxaomuii K03MOA@UIMEHT [JIsT BOIPOCUTEILHBIX TPEII0KEHNIA;
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S L — nmHa mIpejIoyKeHns B CJI0BaX;

QL — njuHa 3aIpoca B CJIOBaX;

W1 — Bec i-ro c10Ba B IPEJIOXKEHNN;

¢ — KOJIYECTBO CJIOB 3aIIPOCa B IPEIJIOKEHNMN;

OL — «onruMaJjibHas» JJIMHA [IPEJIOXKeHus 11 pecbepara;

K — xosduiineHT yMeHbIIeHNsT Beca MPEeJIoyKeHNsT [IPU OTKJIOHEHUU OT <«ONTHUMAJIBHO»
JIJTUHBL.

®PopMmupoBanue pedepara ¢ 3a1aHHBIM KOJMIECTBOM Ipejtoxkennii. [Ipenioxenus: coprupy-
IOTCSl B COOTBETCTBUY C BBIMMCJIEHHLIM BecoM 110 yobiBanuio. IlepBoe mpejioxKenne oMeIaeTcs B
pedepar. Kaxkmoe caeayrolree mpeiokenne 6epeTcst n3 CIUCKa 1 CPAaBHUBAETCSI C TPEII0KEHN-
samu pedepata. [lpesoxenne orbpaceiBaercs, ecjin oo nmeer 80 IPOIEHTOB UJIH DoJiee OOIUX
CJIOB ¢ mpejioxkeHustMu pedpepaTta. IIporiecc mopropsieTcsi, moka He OymaeT OTOOpaHO 3aJIaHHOE
KOJINIECTBO Ipejioxkennii. OToOpaHHbBIE IIPEIJIOXKEHNST BHIIAIOTCS B TOM IOPSIIKE, B KAKOM OHH
HAXOJIUJIUCH B TEKCTE.

TaKI/IM o6pa30M, MBI MO2KEM CJIeJIaTh BBIBO/, YTO COBpEMEHHbIE ITOJIXO0/Ibl K aBTOMATUYIECCKOMY
pedepupoBaHUIO U aHHOTHPOBAHUIO OTJINYAIOTCS PA3HOOOpa3UeM MCIOJB3yeMbIX MeTo0B. Ma-
TepuajgiaMm JIjIg pecbepaTa 1 aHHOTaIlUM MOT'YyT BBICTYIIATb HE€ TOJIBKO TEKCTbI, HO U YHCJIOBBLIC
JIaHHBIE.

4 CymiecTByIoIlle€ CUCTEMBI aBTOMATUYe€CKOro pedepupoBaHusi

Ha mexiyHapoIHOM pBIHKE IIPEICTABIEHO MHOXKECTBO IIPOIPAMMHBIX IIPOIYKTOB, KOTOPbIE 03~
BOJISIIOT CO3JaBaTh aBropedeparhl JJIs TEKCTOBBIX (aitioB. OpHEeHTHPOBAHBI OHU IIPEMMYIIE-
CTBEHHO JjIs1 (pailjioB, cojepKallnX TEKCT Ha aHJIMICKOM si3bike. CyllecTBYIOT Tpu Hambojee
HOIIYJISIpHBIE TporpaMMbl apTopedepupoBanus: MJI Annorarop, 3oaoroit kiaounk, Text Analyst.
MeToapl aBTOMATHIECKOr0 pedepUpPOBAHIS U aHHOTUPOBAHUS IOAPA3IE/ISIOTCI Ha, IOBEPXHOCT-
uole u riyounnabie. «IloBepxHoCTHBIE METO/NBIY OA3UPYIOTCS HA, «IKCTPATHPOBAHUU» TEKCTA, T.€.
U3BJIEUEHUN U3 Hero pparMeHTOB, OLEHUBAEMBIX CUCTEMON KaK BasKHEMIe, 1 00beINHEHNN UX
B pedpepaT MM aHHOTAIN. BaskHOCTH (hparMeHTOB OIIpeIe/ISeTCs:

® 110 MapKepaM BaKHOCTH (000pOTaM THUIA «UJES ... COCTOUT B...», «TJIABHBIM PE3YJIbTATOM

. ABJIFAETCH...», «B 3aKJ/JIIOYCHNU HY>KHO CKa3aTb, 9TO...» U T,ZL)7

® 110 KOJIMUECTBY 3aJIaHHBIX B 3aIPOCE KJIIOUEBBIX CJIOB, BXOJISIIUX BO (DPArMeHT, H JIp.

[Ipu obbeauHeHnN BLLOEIEHHBIX IIPEJIOXKEeHNE B pedpepar Wil aHHOTAIUIO YINTHLIBAIOTCS UX
3aBUCHMOCTH JIDYT OT Jpyra (yJaJeHHOCTDb BbLIEIsieMbIX Mbiciieii). «CThIKH» MeXKIy IIpeio-
JKeHusiME (pparMeHTaMn) «CriaXKuBaloTcsi». «[JyOMHHBIE METO/IbI» Pa3BUBAEMbIE B HACTOSIIIEE
BpeMsi, DA3UPYIOTCs Ha IPUMEHEHUN T€3ayPYCOB U PA3BUTHIX MEXAHU3MOB CHHTAKCHIECKOIO Pa3-
6opa Tekcra [11].

TpaaunnoHHble OTEYECTBEHHBIE CUCTEMbI aBTOMATHIECKOr0 pedeprupoBaHus U aHHOTUPOBa-
HUsI, peaju3yollre IOBEPXHOCTHBIE METOIbI IIPUBEIEHBI B TaduIle 1.

Ta6m/ma 1. Cunucok oTed4ecTBEHHBIX CUCTEM aBTOMATUYECKOI'O pe(bepI/IpOBaHI/IH U aHHOTUPOBaHUsA, peaJIn3yronie

HOBEPXHOCTHBIE METO/IbI
Tabsuma 2. Cnucok 3apyOeKHBIX CHCTEM aBTOMaTUYECKOTO pedepUpOoBaHUsi U aHHOTUPOBAHWS, PEAU3YIONNe

creyIonmue PyHKINI

[Tepeunciienubie cpefcTBa 00€CIEINBAIOT BHIOODP OPUTHHAJBHBIX (PPArMEHTOB M3 UCXOIHBIX
JIOKyMEHTOB U COeJMHEeHne UX B KOpoTkuit TekcT. CriemaeM j1Ba 3aMedannsi. Bo-mepBbIX, HCTOY-
HUKaMU1 I/IH(bOpMaHI/H/I JJI pe(bepaTOB u aHHOTaHI/Iﬁ MOT'yT CJIy2KHTBb HE€ TOJIbBKO TEKCTbI, HO 1
BHUJICO3AIINCH, Pa3HOOOpa3Hble TAOJIUYIHbIE JTOKYMEHTHI U T.J. BO-BTOPBIX, KPATKOE HM3JIOKEHUE
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HawnmenoBanus oredecrBen-|OcHOBHBIE DYHKIIUN
HBIX CHCTEM

Microsoft Word 97 bYHKINST aBTOMATHIECKOTO pehepupoBaHus

OP®DO 5.0 (paspaborunk — kommanust MHGHOPMATHK ), BKIIOYAOILY 0 (DYHKIIUIO ABTOMATHYIECKO-
0 AHHOTUPOBAHUS PYCCKUX TEKCTOB

JIubperTo (paspaborunk — kommanust "MeauaJluarea), 06ecrneunBaOIyI0 ABTOMATHIECKOE

pedepupoBaHue U AHHOTUPOBAHUE PYCCKUX M AHIVIMHCKUX TEKCTOB (CHCTeMa BCTDau-
Baercst B Word)

"MenunaJluursa AHHOTa- |CITyKaIuii THCTPYMEHTapUeM JIJIsi peaan3anuu (pyHKIIH aBTOMATHIeCKOro pedepu-
top"SDK 1.0 poBaHNS M AaHHOTHPOBaHu:A B npukagueix TAC [18].
CieronsiT MIOMCKOBYIO CUCTEMA BKJIIOYAIOILYIO B CPEJICTBA ABTOMATUYECKOTO pedepupoBaHust 1

AHHOTHPOBAHUSA JOKYMEHTOB
[Touckosasi mammmaa «30J10-|DT0 TporpaMMHast 6ubroTeKa, paboTaroliasi Mo IPUHIUILY (uabTpanuu Ha 6a3e Te-
Toit Kimounk» 3aypyca. Kak BXomHble JaHHBIE IIPOrpaMMe MOJAeTCs IIPOU3BOJILHBIN TEKCT Ha pyc-
CKOM $I3bIKE, Ha CTaHJAPTHOM BBIXOZE NMPOrpamMMa (pOPMHUPYET aHHOTAIMIO JAHHOTO
TEKCTa U CIUCOK PYOPHUK, K KOTOPBIM OTHOCUTCS JAHHBIA TEKCT. B KadecTBe aHHOTA-

IIUM UCTIOJTB3YIOTCS IPEJJIOZKEHHS U3 BXOJHOTO TEKCTa, HanboJIee TIOJTHO OTParKaloIiue
TeMaTUKy TeKcTa. [Ipu pyOpUKaIMu TEKCTa MCHOJIb3yeTcs (PMKCHUPOBAHHBINA CIHCOK
3apaHee OLpPEeEIeHHBIX Py6puk [18]

Inxight Summarizer BbIIE/IAeT Haubojiee BECOMbIe INPEeIJIOYKEHNs M3 TEKCTa MCIOJIb3ys CTATHCTUYECKHE,
AJITOPUTMBI, JILOO CJIOBA-IIOACKA3KY |[16]

eXtragon HabOP MCXOIHBIX JAHHBIX, CO3JAHHBIN HA OCHOBE OIICHUBABIIUXCS 3aIIPOCOB JIOPOXKEK
roucka 1o Be6-KoJIeKIMH ¥ 110 KOJIJIEKIIUA HOPMATHUBHO-IIPABOBBIX JOKYMEHTOB

Galaktika-ZOOM MHTEJUIEKTYAJbHBI MONUCK IO KJIIOYEBBIM CJIOBAM C yIETOM MOPQOJIOTHE PYCCKOTO
U aHIVINHACKOI'O sI3BIKOB, & TaKyKe M (pOpMUPOBaHHE MH(DOPMAIMOHHBIX MACCHBOB IIO
KOHKDETHBIM aCIeKTaM

InfoStream TexHosornst MO3BOJIIET CO3JABATDH MMOJTHOTEKCTOBBIE 0a3bl JJAHHBIX M OCYIIECTBJISATH
mouck mHpopMaImu, GOPMUPOBATH TEMATHIECKHE NH(MOPMAIMOHHBIE KAHAJIBI, aBTO-
MaTHYECKH PYOPHUIMPOBATH WHMOPMAIWIO, (DOPMUPOBATDH Al I?KECTbI, TaOIUIbI B3a-
MMOCBS3€i TOHATHI (OTHOCUTEIHLHO BCTPEIAEMOCTH UX B CETEBBIX IyOIMKAIUAX), TH-
CTOTPaMMBbI PaCIIPE/IE/IEHUsI BECOBBIX 3HAYEHUI OTIE/IbHBIX MOHSITHI, & TAKXKe JUHA-
MUKH UX BCTPEYAEMOCTH 110 BPEMEHH.

TextAnalyst IIporpamma cozpgana B Mockosckom Hayuno-nipoussogcreeHHOM VHHOBaIMOHHOM
Lentpe «MukpoCucrempr» [20] TextAnalyst paboTaeT TOJBKO ¢ PYyCCKHM SI3BIKOM,
BBIJI€JIsisI MMEHHbBIE TPYIIIIBI ¥ CTPOSI HA UX OCHOBE CEMAHTHIECKYIO CETh — CTPYKTYDPY
B3aMMO3aBUCUMOCTEN MeXK/ly MMEHHBIMU T'PYIIIAMHE.

[IPEJIIoJIaraeT mepeiady OCHOBHOM MBICIH HE 00s13aTe/IbHO TEMU Ke cioBaMu. V3 paccMOTpeHHbBIX
[IPOTPAMMHBIX [IPOYKTOB, Ha JIAHHBIH MOMEHT MOXKHO BBIIEJIUTD «30JI0TOH KIIOUNK» KaK HauMe-
Hee rMOKUiT ¥ (DYHKIMOHAJIBHBI MHCTPYMEHT Jijisd 3a1a4 aBropedepuposanus [12]. Text Analyst
[12] kaK HpOrpaMMHBIN IPOJIYKT, OCHOBAHHBIN Ha aJrOPUTMAaX CO3JAHUs CEMAHTUIECKUX CeTeil,
[POsIBJIIET TUOKOCTH TIPH paboTe ¢ ba3aMu 3HAHUN U AJITOPUTMaMU (DOPMUPOBAHUS CMBICJIOBOTO
noprpera. Tor dakr, uro B AHOTaTOpe [12] NPUMEHSIIOTCSI AJITOPUTMBI OIPEJIEJIEHNsT CEMAHTHU-
YECKUX BECOBBIX KOI(DDUIMEHTOB IPEJJIOKEHNI U CIIEINAIbHBIE BEPOSITHOCTHBIE MOJIEJIH, HO IIPH
9TOM HET BO3MOXKHOCTHU CO3JIaHHUsI CMBICJIOBOIO IIOPTPETa, MO3BOJsgeT orHOcuTh Meana JIunrso
Annorarop |12] K TPOMEKYTOUYHOMY KJIACCY IIPOIPAMMHBIX MPOJLYKTOB MEXKJLy «30JI0TOf KJIIo-
ank» 1 TextAnalyst. Paccmorpennast nporpamma Extractor [12] B 6oJibiiieit crenenu noarorosie-
Ha K pabore B cern VlHTepHeT (HampuMep, B coCTaBe MOMCKOBBIX MAIIWH). JT0 genaer Extractor
OoJiee TIOMYJISIPHON U BOCTPEOOBAHHON Ha MEXKJIYHAPOIHOM PLIHKE YCJIYT aBTOpedepUpoBaHUS U
noncka uHdopmanuu. Hanbosibime rmepcrieKTUBLI B JIAHHONW 00JIACTH BUIAATCA B PA3BUTUU B3a-
UMOJIEHCTBUS] U COBMEIEHUsT aJITOPUTMOB (DOPMUPOBAHUST CEMAHTUIECKUX CETEHl U aJrOPUTMOB
ITOMCKOBBIX MAIIUH B ItobaibHOM cetn VHTepHeT. U co3nanme Ha 6a3e COBMENIEHHBIX AJITOPUTMOB
HOBBIX, OOIIEIOCTYITHBIX CEPBUCOB MHTEJIJIEKTYaJIbHOI'O TIONCKA MHMOPMAIINT, & TAKZKE CUCTEM aB-
TopedepupoBaHus OOJIBITUX 00BEMOB TEKCTOBOM wH(popMannu. Vcmoabp3oBanne 00IeI0CTy THBIX
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HaumenoBanust  3apy0exk-

HBIX CHUCTEM

OcHoBHBIE (DYHKITII

Extractor

Crocobsr ompesiesiennst Hanbojiee BEPOSTHBIX KIIOYEBBIX (Ppa3, UCIOIb3ysT KOHTEKCT-
Hy10 MHGMOPMAIMIO, CIIy?KAT OCHOBOI [JIsl MJIeU BBISIBJIIEHUS B TeKCTe HepedopMysiu-
POBAHHBIX CMBICJIOBBIX KOHCTPYKIWH [17].

Autonomy
Server

Knowledge

aHaJNn3 TEKTOB U I/I,HGHTI/I(bI/IKaIH/II/I KJIIOYE€BBIX KOHHGHIH/Iﬁ B IIpeaesiaX JOKYMEHTOB
IIyTeM aHaJIn3a KOppesdiuu 9acToT U OTHOIIIEHU TE€PMHUHOB CO CMBIC/JIOM TEKCTa.

InterMedia Oracle

Text

Text,

B xo0me 06paboTku TEKCT KarXKI0ro JTOKYMEHTA IIOIBEPraeTcs IPOIeLyPaM JIHHI BUCTHU-
YeCKOI'0 U CTATUCTUYECKOI'O AHAJIN3A, B PE3YJIbTATE Yero OIPEEIsSIOTCS ero KII0UeBble
TEMBI U CTPOATCH TEMATHIECKUE Pe3IoMe, a TaKxKe olIee pesiome — pedepar.

SemioMap

SemioMap nojiepkuBaeT pasbueHre MaTeprualia IO «IIalKaMy, CO3JaHue OTIeJIbHOM
6a3bl JTAHHBIX I KaxKJA0i manku. CBS3W MeXK]y HOHSITUSIMU, KOTOPBIE BBISBIISIET
SemioMap, 6a3upyroTCsi Ha COBMECTHOI BCTpedaeMocTH (hpa3 B ab3arax MCXOIHOTO
TEKCTOBOTO MAaCCHBA.

Text Miner

ITo3BosiA€T ONpeeNIATh, HACKOJILKO HPABIWB TOT WJIM WHOH TEKCTOBDLIH JOKYMEHT.
O6HapyrKeHne K1 B JOKyMEeHTaxX TPOU3BOIUTCS ITyTeM aHAJN3a TEeKCTA 1 BLIABICHUS
U3MEHEHW CTUJIST TIMChbMa, KOTOPbIe MOTYT BO3HUKATDL TIPU TOMBITKE MCKA3UThL HJIA
ckpbITh nHbOpManuio [15]

WebAnalyst

Ipencrasisier coGoOil HHTENIEKTYATBHOE MAaCIITAOUPYeMOe KJIMEHT /CepBEPHOe pellie-
HUE JJIsi KOMIIAHUH, YKeJIaoNMX MaKCUMU3UPOBaTh 3 ]eKkT aHam3a JaHHbx B Web-
cpene. Cepeep WebAnalyst dyHKIMOHUPYET Kak dKCIepTHas cucrteMa cbopa nHbOp-
MaIy U yrpasJenusi KoHreHTom Web-caitta. Moaynmu WebAnalyst pemaror Tpu 3a-
Jnaqn: c6op MaKCUMAaJIbHOTO KOJIMYECTBA NHGOPMAIINU O IIOCETUTENAX CAlTa U 3ampa-
[IMBAEMbIX UMU PECypCax; UCCJIEeIOBaHNe COOPAHHBIX JAHHBIX U PeHepalds IepCOHa~
JIN3UPOBAHHOIO, HA OCHOBE PE3YJILTATOB MCCJIE/IOBAHUIL, KOHTEHTA.

Intelligent  Text  Miner

(IBM)

Texuosorust acpdeKTUBHOrO aHaM3a TEKCTOBBIX JaHHBIX. [Ipejcrasiisier coboit Habop
OT/IEJIbHBIX YTUJIUT, 3aIlyCKAEMbIX U3 KOMAH/JHOM CTPOKHU MJIM CKPHUIITOB HE3aBUCHMO
ApyT oT Apyra. JlanHas cucrema sBJISETCS OJHUM U3 JIyUIIUX UHCTPYMEHTOB IJTyOuH-
HOTO aHaIHu3a TeKCcToB [13]

Oracle Context

Paznoobpasue ncTouHUKOB, (hOPMATOB, 3aIIPOCOB

RCO FX Ru

ITporpaMMHBIN IPOJAYKT IpeJHA3HAYEH JIsl aHAJUTHYIECKOH 0OpabOTKU TeKCTa Ha
pycckoM st3bike. OCHOBHOI cepoii IprMeHeHNs IPOrPAMMBI SIBJISIIOTCS 330441 U3 00-
JIACTH KOMIIBIOTEPHO} Pa3BeJKH, TPeOyIOIe BEICOKOTOYHOTO IOMCKa MHMOPMAIIUN.
Hanpumep, K HUM MOXKHO OTHECTH aBTOMATHYECKHi MoaGOp MaTepuasa K J0Che Ha
1ieJ1eBOil OOBEKT UM YK€ MOHUTODHHI OIIPEEJIEHHBIX CTOPOH €r0 aKTUBHOCTH, OCBE-
maembix B CMU. [21]

CEPBHUCOB TI0 MOMCKY U aBTOPeePUPOBAHUIO MTO3BOJUT 3HAYUTETHLHO 00JIerduTh 3aaady. OaHuM
13 BO3MOXKHBIX PEIIEHU B 3TOU CUTYAITUA MOXKET CTATh, CO3JaHUe CUCTEM COCTABJIEHUST KPATKOTO
UBJIO2KEHUS TTOJTHOTEKCTOBBIX JIOKYMEHTOB Ha 0aze 00OIIemOCTyITHBIX cepBucoB. lIpemcrasisercs

BOBMO2KHBIM ITPOCKTHUPDOBaHUE U pa3pa60TKa COBMeHléHHbIX IIOMCKOBBIX CHUCTEM C CUCTEMaMH aB-

TopedeprupOBaHUSI.

CoctaBuB 0030p 110 BCEM CYIIECTBYIOIMIMM IIPOrPAMMAaM, XOUIeTCsI T00ABUTH CJIEAYIOIIEe KPH-
Tepunu U TPeOOBAHUS C TOUYKU 3PEHUsI MOJIB30BATE/IsI. DTO MOJIB30BaTE/IbCKIE TPEOOBAHUSI U Xa-
pakTepucTKa uaTepdeiica.

ITosmb30BaTEILCKIIE Tpe6OBaHI/IHZ

e Pabora ¢ MeTalaHHBIMK JIOKYMEHTOB 110 NH(MOPMAITMOHHBIM PECypPcaM

o lcrionb30BaHne KIIOYEBbIX TEPMHUHOB C IIOMOIIBIO TE€3aypyca

XapakTepucTuku nHTEpdEeica:

® IICCJIeTOBaHME T1e71eCO00PA3HOCTU UCIIOIB30BAHNAS TE€X WJIM MHBIX TEXHOJIOTHIA,

® pa3paboTKa apXUTEKTYPBI CUCTEMBI,

® peaJin3aIys aJITOPUTMOB pedepPUPOBAHMUS,

® JICCJ/IeJOBaHUE NHCTPYMEHTOB TE€CTUPOBaHUA CUCTEM aBTOMaTHYIECKOI'O perepI/IpOBaHI/Ie

® OIlCcHKa Ka4deCTBa pa6OTI:>I CHUCTEMDBI.
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® CO3J/IaHUE CUCTEM COCTABJIEHUsI KPATKOI'O M3JIO2KEHUS! [TOJTHOTEKCTOBBIX JOKYMEHTOB Ha H6a3e
00IIIEIOCTYIIHBIX CEPBUCOB

e PazBuTne METO/IOB C ITOMOIIBIO OHTOJIOTUI ¥ CEMAHTUIECKIX METOIOB

o VlccieoBanue ajropuTMoB pedepupoBaHusi TEKCTOB

e ['erepalist OTBETOB Ha CJIOZKHBIE BOIIPOCHI IIPHU ITOMOIIH KPATKOTO COAEPXKAHUS HECKOJIBKIX
JOKYMEHTOB.

5 3akJroueHue

Mo>KHO BBIJIEJIUTH CJIEAYIONINE HOBBIE 33J[a"U, CBSI3aHHBIE C KOMITBIOTEPHBIM pedhepupOBaHUEM.

1. Cozmamne oHOS3BITHBIX pedepaTOB U3 NCTOUYHUKOB Ha, PA3HBIX SI3BIKAX U3 OTHOTO MCTOU-
HUKa TPU HAJIUYIUU TE3ayPYCA.

2. IlocTpoenne pedepaToB MO THOPUIAHBIM UCTOTHUKAM, BK/IIOYAIONINM KAK TEKCTOBBIE, TaK
U YHCJIOBBIE JJAHHBIE B PA3HbIX (hopMax (Tab/uiibl, JuarpaMMbl, TpaduKe u T. I.).

3. Cosmanue pedeparoB Ha OCHOBE MACCHBOB JOKYMEHTOB. Hampumep, mocTpoeHne eauHOro
pedepara 110 COOPHUKY TE3UCOB JOKJIAJI0B Hay4dHOU KoHdepeniuu. OHa n3 objacreil npuMeHe-
HUS MOJO0OHBIX CPEJICTB — (POPMUPOBAHNE HOBOCTHBIX COOOIIECHUHN 110 ra3eTHLIM UCTOUHUKAM.

3ajlada aBTOMATUYECKOIO0 COCTABJIEHUS KOPOTKOro pedepara TeKCTOBOIO JJOKYMEHTa BO3HU-
KaeT B KOHTeKcTe Beb-moncka. B crmcke pe3yIbTaToB MOUCKOBON MAITHHBI HAPSITY C 3ar0JIOBKOM
U a[pecoM OOBITHO IPUCYTCTBYIOT CHUIIIETHI (AHIUI. snippets) — dparMeHTsl JOKyMEHTa, Co/ep-
JKaIlye CJI0Ba 3arpoca. HazHavueHue CHUIIIETOB — IIOMOYb IOJIH30BATENI0 COCTABUTD IIPEICTAB-
JIEHHE O JIOKYMEHTE U DPellUTh, UMeeT JI CMBICJ 00pAIaThCsi K OpUIHHAILY [5].

B crarbe 6bLIM pACCMOTPEHBI PA3JIMYHBIE METOJBI JJIS 38J]a1i aBTOMATHIECKOTO pedepupo-
BaHHsA TEKCTOB, PA3JIMYIHBIE aJITOPUTMBI JJIsI CPaBHEHUA pa60T CHUCTEeM U IIpOorpaMM IIO aBTOpe-
depupoBaHUIO U TPUBEJIEH 0030D CUCTEM, PEATUIYIONINX ITU METO/Ibl. KaK MpaBuiio, BBLIESIOT
J[Ba, [0JIX0/Ia K aBTOMATHIECKOMY COCTaBJIEHHIO KOPOTKOro pedepara (MM AHHOTAIMN) TEKCTO-
BBIX JIOKYMeHTOB. llepBblit ipe/imosiaraeT n3BieueHne Hanboree BaXKHBIX (PParMeHTOB TEKCTa U3
OJIHOTO MJIM HECKOJIBKHUX JTOKYMEHTOB, BTOPO#l OCHOBBIBAETCS HA 3HAHUAX O MOP(MOJIOTUU, CHUH-
TaKCUCEe U CEMAHTHKE KOHKPETHOTO SI3BIKA, C TIEJIBIO TeHepaly JAaKOHUIHBIX oTueToB. Hanbosree
3 PEKTUBHBIM METOJIOM SIBJISIETCSI CEMAHTUYIECKUN METOJ, KOTOPbIil PAb0OTaeT CJAEIYIONUM 00pa-
30M: M3 BBIOPAHHOTO TEKCTA YIAJSeTcsl n30bITOYHAT WH(MOPMAINS: TOBEPXHOCTHBIE CYKICHUSI,
KOHITENITyaJIbHbIe morpadel. Jlaiee BbIoJIHSETCsT arperupoBanue u 0000IIeHre HHMOPMAIIIN:
CTUSTHTE HEKOTOPBIX KOHIENTYAMbBHBIX IpadoB Ha 6ase mpaBmi. B pe3ysbraTe MoIyIaeTcs KOH-
HenTyajbHasi BBRKUMKa. BaKHOI XapaKTepUCTUKON IPU BhIOOpe MeToja pedepupoBaHust JIjist
Web-npustoxkenuit siBjisieTcst yHUBEPCAJIBLHOCTD, T.€. BBIOPAHHBIN METO, He JI0JI?KEH HAKJIaIbIBATh
orpaHuYeHul Ha TeMaTuKy. st paboThl ¢ TEMATUIeCKUMU KATAJIOTAMU CYIIIECTBEHHON SBJISETCS
BO3MOKHOCTb HACTPOHKHN HA KOHKPETHYIO IIPEIMETHYIO 00JIaCTbh.

Hanbosbime mepcnekTUBbl B TaHHOM OOJIACTH BUISITCS B PA3BUTUU B3AUMOJICHCTBUSI U COB-
MeHIIeHUA aJITOPUTMOB (bOpMI/IpOBaHI/IH ceMaHTHUYeCKHUX ceTeil u AJITOPUTMOB ITIONCKOBBIX MAaIllH B
riobanbuoit cetn Unteprer. U cozmanne na 6a3e COBMEIEHHBIX AITOPUTMOB HOBBIX, OOITIETOCTY -
HBIX CEPBHUCOB MHTEJLUIEKTYAJILHOTO MOUCKA MH(MOPMAIINH, & TaKXKe CUCTEM aBTOpedepUPOBAHUST
60IBIIX 00BEMOB TEKCTOBON MHMOPMAIINH.
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Awnnoranusi. [locrpoena dopmasbHast Tormdeckasi TeOpUst JIJIs MOJIEJIMPOBAHUST MHOTOKPUTEPH-
aJIBHOTO ATPUOYTHOrO Pa3TPAHUYEHUS JOCTYIA IyTEM IMOCTPOEHUSI CUCTEM, OCYIIECTBIISIONNX Pa3-
IpaHUYEHNE JIOCTyIIa CYObEKTOB K MH(MOPMAIMOHHBIM OOBEKTaM IIO Psly IapaMeTPOB Ha OCHOBE
OHOBPEMEHHOTO TIPUMEHEHUST Psifia TOJUTUK OE30TaCHOCTHU, MPEJICTABISEMbBIX YHUMDUITHPOBAHHBIM
06pa30oM B BHUJE 337124 y/IOBJIETBOPEHUS OIPAHIICHIISIM.

Cunrakcuc GpOpMabHON CUCTEMBI ONKUCHIBAETCST MHOIOCOPTHBIM SI3BIKOM JIOPUKHU C II€PEMEHHBIMEI
B BUJle MHOXKeCTB. IlapameTrpryeckass HHTepHpeTanus A3bIKa JaeT HAOOp IOJUTHUK Pa3I'DaHUYEHUS
JIOCTyIIa B BUJE CEMaHTUYECKHUX JIOMEHOB aTpUOyTOB, HA OCHOBE KOTOPBIX CO3AIOTCS MOJENH JJIsi
pa3rpaHndeHns JOCTYIa [0 OTAEJbHBIM mapaMmerpaMm. Habop sTux momeseil cocTaBiisieT co3zmaBae-
MYIO CUCTEMY.

IIpennaraemsrit IyTh KOHCTPYHUPOBAHUA CHUCTEM MHOTOKPUTEPUATIBHOIO aTPUOYTHOIO pasrpaHute-
HHSI JIOCTYIIA [TO3BOJIAET OCYIIECTBUTH UX JAJBHEHIIYIO PEaJIM3aIfI0 Ha sI3bIKaX JIOTUYIECKOTO IIPO-
IPaMMUPOBAHUS C OTPAHUYEHUAMU.

KurouesBsle ciioBa: 3amura nndopmanyu, arpubyTHoe pasrpanundenue gocryna, ABAC, muoxe-
CTBEHHAs KATErOPU3aIlUsl, CEMAHTUIECKUI JOMEH, 3a/a9a YI0BJIEeTBOPEHUs OrpaHuIeHuil, hopMaJib-
Has TEOPUs, A3bIK JIOTUKH, HHTEPIPETAIINS.

1 MHorokpurepuajibHOE aTpuOyTHOE pa3rpaHUYEHUE JIOCTYIIA U JIOTUIECKUt
MOAXOM K €ro peaja3alniu

WspecTHBbIe MOJIEIN OE30IIACHOCTH, PETYIUPYS JIOCTYI CyOBEKTOB K OOBEKTAaM, PACCMATPUBAIOT
OIIHO CBOMCTBO CYIIHOCTH B KadeCcTBe IapaMeTpa pasrpaHmdeHus gocTyna. K ux 4uciy, B 4acT-
HOCTH, OTHOCATCST Mojiesib Oe3onacHoctu Besra u Jlallagynsl ocHoOBaHHAsT Ha MpeaOCTABICHUN
JIOCTYII& 110 pe3yJibTaTaM CPaBHEHHsI YPOBHEH KOH(MUIEHIINAJIBHOCTH CYObEKTOB U OObEKTOB; PO-
JieBasi Mojiesib pasrpanudenus jgocryna (RBAC), koropasi pasrpaHuduBaer JOCTYI [0 BHJIAM
omepalryii ¢ HHPOPMAIMOHHBIMUA 00beKTaMU, OObEINHEHHBIX B TPYIIIBI - POJIH; TEMATHIECKAST
MOJIEJIb, IPEIOCTABISIONIAsl JOCTYII Ha OCHOBE IPUHAJJIE’KHOCTH JOKYMEHTa TOW WM WHOM Te-
MaTHKe, U OPraHU3alUOHHAS - IPUHAJJIEIKHOCTH OT/IeJly opranusamuu. [1].

Pasrpanndenust gocTyna Mo OTAe/bHOMY IPU3HAKY HEJOCTATOYHO JJI OTPaXKEHUsT peaIbHbIX
CUTYaINil, UMEIOIUX MECTO B YCJIOBUAX (DYHKIIMOHUPOBAHUST NHMOOPMAITMOHHBIX CUCTEM, TJE JTaH-
HbIE XapPaKTEePU3YIOTC PAJIOM PA3HOTUIIHLIX CBOWCTB, TPEOYIOIINX yUeTa B KAUEeCTBe IapaMeTPOB
pa3rpaHnvYeHus] JOCTyIIa.

B macrosiimee BpeMmsi pas3pabaTbIBalOTCS METOIbI aTPUOYTHOIO PasrpaHMYeHHs] IOCTYIIA
(ABAC), npusBaHHBIE TIPEOJIOJIETh OTPAHMYEHUS, [PUCYIIHAE MUPOKO PACHPOCTPAHEHHBIM MO-
JleJIsIM, OCHOBAHHBIE Ha MIPEICTABICHIN XapaKTEPUCTUK CYIIHOCTEN - 00BEKTOB U CyOHEKTOB pas-
rpaHUYEHNs JTOCTYIIA - B BUIE aTpUOyTOB.

ATpubyT sIBJIsIETCS ITApoil MMsi-3HAYEeHHe, BBIpaXKalolleil TO WJIM MWHOE CBOMCTBO CYIIHOCTH.
CyIIHOCTH B MOJEISAX aTrpUOYTHOIO pa3IPaHMYEHUs] JTOCTYIIa 3aMEHSIIOTCA HaDOpaMM CBOUX aT-
pubyTOB, TOCTYII CyOBHEKTOB K 00beKTaM pa3pernaercss Ha OCHOBE OIEHKM NX 3HATECHMUIA.
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[Ipumenenue aTpubyTHO-OPUEHTUPOBAHHOIO PA3rPAHUYEHUs JOCTYIIA OMPABJIAHO B OBICTPO
PA3BUBAIOIINXCSA OTKPBITHIX PACHPEIETEHHBIX CUCTEMAX, XapPaKTEPU3YIOIUXCs HAJIMINEeM OOJTh-
IIIOr0 YHUCJIa TI0JIb30BaTes el U PecypcoB, TAKMX, HAIIPUMED, KaK I'PUJI- U 0DJIa9HbIe BHIUUCIEHUS,
rjle CYIHOCTH OIMCHIBAIOTCSI CBOUMHU XapaKTEPUCTHUKAMU, a HE IPEJIONPEIeJIeHHBIMUA UICHTHU-
dukaropamu. Kpome 1010, 1M0700HDIE BHEIYUCAUTEIbHBIE CPEIbI OPTaHU3YIOTCA HA OCHOBE ceTeil
JIOMEHOB, UMEIOIIINX COOCTBEHHBIE HADOPBI MOJUTHK OE30MACHOCTH, YTO TpPeOyeT HAJUYIUs BO3-
MOXKHOCTE THOKON HACTPOMKHU IIPABU/I PA3TPAHUYCHUS JTOCTYIIA.

K uwmcsty ocHOBHBIX HeIoCTATKOB arpubyTHOro pasrpanmdenus jgocryna (ABAC) ciemyer
OTHECTHU CJIOXKHOCTb WHXKUHUPHUHIA ATPUOYTOB, B YaCTHOCTH, HEOOXOIUMOCTDH MCKJIFOUEHUs] BO3-
MOXKHOCTH TI€PECEUEHNUsT TIOJIMHOKECTB aTPUOYTOB, TIOJUNHEHHBIX PA3HbIM TpyIaM [2-4].

OTU U APyrue HEJOCTATKU IMPEJIOJAraeTCsl YCTPAHUTE B IIPEIaraeMoil MOJIEIN MHOTOKPH-
TepUaJbHOIO aTpUOYTHOIO Pa3rpaHUYeHUs JIOCTYIA, B KOTOPOH INpUMeHseTcd eInHO0Opa3HOoe
[pPEeJICTABJICHUE PA3JIMIHBIX MMOJUTUK OE30MACHOCTU W COOTBETCTBYIONIUX UM MOJIEJIEH, jTarornee
BO3MOYKHOCTb WX OJHOBPEMEHHOI'O IIPUMEHEHUSI B PaAMKaX OJHON CHCTEMBI, UYTO ODECIIednBaeT
yIpaBJIeHUEe PA3rPAHMYCHUEM JOCTYIIA 10 HECKOJIBKUM KpuTepusM. Jljis 3Toro Momesib mpon3Bo-
JIAT MHOXKECTBEHHYIO KATErOpU3allUio CYIIHOCTEll IlyTeM UX MHOIOKPUTEPUAJIbHOI oreHKH [5).

MmuozkecTBO aTpuOyTOB JEJUTCS Ha KATErOPUM, KaXKJasi U3 KOTOPBIX MPEJCTABIISET OIIPE/Ie-
JIEHHYIO TOJIUTUKY pas3rpaHuveHus nocTymna. Ha MHOXKecTBe BCeX BO3MOYKHBIX 3HAUYEHUI aTpu-
OyTOB KaTEropuu yCTAHABJIUBAETCS OTHOIIEHUE YACTUYHOIO TIOPSAKA U OIPEIEISTIOTCS OlEPAIIH
CpaBHEHUS 3HAYEHUI, UTO [TO3BOJISET PEAIU30BATE JIJIs KAXKJIOW MOJUTHKE OT/Ie/IbHBI KOHTPOJI-
JIEDP JOCTYIIA.

Pazjinanbie MOMUTUKYA U COOTBETCTBYIOIINE UM MOJIEU PA3TPAHUYECHUS JOCTYIIA OIIPEIeIsi-
FOTCsI TIOJBUIAMU CTPYKTYP KATErOpHii.

Tak, JUHEHHO YIOPsiIOYEHHOE MHOXKECTBO YPOBHEH KiracCuUKAIUU COOTBETCTBYET MOJIE-
s 6ezonacaoctu Besta u Jlallagyner. CrpykTypa B Bujie JepeBa HCIOJIb3YeTCsl B MOJEJSAX, B
KOTODBIX IPUBHUJIETHH JIOCTYIIa 00pa3yioT mepapxudeckue rpynnupoBku. Hampumep, HazBanus
TeMaTHK U OT/EJIOB B TEeMATUIECKOW M OPraHU3AIMOHHON MOJIEJISIX pa3rpaHuvdeHus gocryma. B
POJIEBOI MOJIEIN PA3IPAHUYEHNUS JIOCTYIIA OIIEPAIIH JIOCTYIIA, TAKAE KaK YTeHHe, 3alliCh, KOPPEK-
TUPOBKa, 00beInHsIOTC B Ipytibl "aBrop "penakrop "perensent "agmuuucrparop. CTpykTy-
pa KaTeropuu B BUJIE CKAJIIPHOTO MHOYXKECTBA MOXKET OBITH HCIIOJb30BaHA BapHaHTAMU MOJeIei
6ezomacHOCTH 6€3 UepPapXUIECKON IPYIITUPOBKY TPUBUJIETHIA.

B coorBeTcTBUE ¢ 0COGEHHOCTSIME 3AIUTHI UH(MOPMAIUH JTAHHONW BBIYUC/IATEBHON CPebl,
[POU3BOUTCS 0TOOP MOJIesel, 3 KOTOPHIX KOHCTPYUPYETCS MHOTOKPUTEPUAJIbHAS CUCTEMa, Pas3-
IPAHUYEHUs] JIOCTYIa, 06EeCIeUnBAOIIAsl JTOCTYI CyObEKTOB K OObEKTaM IIPH BBIMIOJIHEHUH BCEX
YCJIOBHIA, BBIJIBUI'AEMBIX BHIODAHHBIMU MOJIE/IsIMUA OE30IIaCHOCTH.

B nmamHO# pabore mpejiaraeTcs CJIeIYONUN MOAX0/T K Peau3alui MOJ00HBIX CUCTEM.

MHuozkecTBO 3Ha4YEHUIT aTPUOYTOB KATEIOPUU C OIIPEIeIEHHBIMUA Ha HEM OTHOIIIEHUSIMU U Olle-
pAIMSIME PACCMATPUBAETCS KaK ajredpandeckuil Tl CyObeKTOB U OOBEKTOB pasrpaHUICHUS
jocryma. Tummsarus CyIiHOCTel B cUCTeMe O3HadaeT, 9TO CyObeKTaM U OObeKTaM B KadecTBe
METOK 0e30IIaCHOCTH 0 KATErOPUM ITPUCBAMBAIOTCS 3HAYEHUS ITOIO TUIA C JAJBHEHIINM pU-
MeHEHUEM Ollepallnii CpaBHEHMsI JIJIs pa3peIleHnsl /3ampera JoCTyIa 1Mo Kareropun. MHOrokpure-
puajibHas cHCTeMa aTpuOyTHOTO pasrpaHUYEHUs JOCTYIIA OCYIIECTBJISIET MOJUMOPQHYIO TUIIU-
3aIMI0 CYITHOCTEH IyTeM IPUCBOEHUSI UM 3HAMEHU aTpUOYTOB pa3rpaHUvIeHusl JOCTYIIA 0 BCEM
Kareropusm (6.

OrpejiesieHHBIN TaKUM 00PA30M AJITeOPANTIECKUN TUII KATETOPUN SIBJISIETCST PeaJin3aliueil Me-
XaHU3Ma pa3rpaHuydenus JIOCTYIa JIJIs MOJUTUKNA De30IIaCHOCTH, COOTBETCTBYIOIIEH JTaHHON Ka-
teropun. O0beIMHEHNE MEXAHU3MOB PA3rPAHIMIEHUS JIOCTYIIA 10 BCEM KATEropusiM 00pasyeT Me-
XaHU3M PA3rPaHUYEHUs JIOCTYIIA BCEl CUCTEMBI.
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[Tokazana BO3MOXKHOCTD IIPeJICTABJIEHNs AJIredPaniecKuX TUIIOB PA3JINIHbIX KATErOpUii B BU-
Jie 33/1a4 YJIOBJIETBOPEHUSI OrPAaHUYEHN, 38/laBa€MbIX Ha KOHEYHBIX JIOMEHAX CO CTPYKTYpaMH B
BHU/Jle CKaJIAPHBIX MHOKECTB, JIMHEHHDBIX CIIMCKOB MJIM JEPEBHEB - IIOJACTPYKTYP HYaCTUYHO yIIOpPs-
JIOUYEHHOT'O MHOYKECTBA, SIBJISIOIIEr0Cs KOMIIOHEHTO! UCXOJHOrO ajrebpandeckoro tumna [7-8|.

Jlist MOmeIMpPOBaHusS CUCTEM MHOTOKPUTEPUAIBLHOIO aTPUOYTHOrO PA3TPAHUYIECHUS JIOCTYIIA
CHavaJIa CTPOUTCS KOHIIEIITYAJIbHAST MOJIE/Ib, KOTOPAasl IIPeodbpas3yercs B PsiJi IPOEKTHBIX MOJIEIel,
pean3yIoNux Pas3JMIHbIe OJUTUKA aTPUOYTHOrO Pa3rpaHUYueHus JIOCTYIIa, U3 KOTOPBIX 3aTeM
COCTABJIAIOTCS KOHKPETHBIE BAPUAHTBI CUCTEM.

B kadecTBe KOHIENTYaJbHONW MOIENN CO3MaeTcs hopMajbHas TEOPUs, COJEPKAIlasd MHOIO-
COPTHBIH S3bIK JIOTUKKA C KOHCTAHTAMU U [IEPEMEHHBIMU B BUJIE MHOXKECTB, (DYHKIIMOHAJBHBIE U
HpeINKaTHBIE CUMBOJIBI KOTOPOTO 0003HAYAIOT OIEPAINU OIPEJIe/IeHNs 3HAUEHU MeTOK H6e301ac-
HOCTH CYITHOCTEHl U CpaBHEHUd UX 3HAUYCHUI Ha KOHEYHOM CTPYKTYPUPOBAHHOM JOMEHE.

Janee dpopmasibHasg TeOpUsl WHTEPIPETUPYETCS B 3aBUCUMOCTU OT CTPYKTYPBI MHOYKECTB,
HA 3JIEMEHTaX KOTOPBIX (POPMYyJIUPYIOTCH 3aJia4i Y/I0BJIETBOPeHUs orpanudenuii. B pesysbra-
Te MEPBOTO dTalla MHTEPIPETAINHU II0JIyYaeTCsd PsJi MPOEKTHBIX Mojesiell B BUJe IIPOrpaMM Ha
SI3BIKE JIOTUIECKOTO ITPOTPAMMUPOBAHUS C OTPAHUYEHUSIMHU, COOTBETCTBYIONINX MOJTUTHKAM pa3-
rPAHUYEHUs] JOCTYIIa, OTOOPAHHBIM JIJIsi UCIOJb30BAHUS B KOHCTPYHPYEMOii cucreMme. JlaHHBIi
9TaIl COOTBETCTBYET CTAIUNA HACTPOUKHU CTPYKTYDPHl U 3HAYEHUN KATEropwil ¢ IMOMOIIHI0O KOMAaH],
JIMIHUCTPATOPA CUCTEMbI MHOTOKPUTEPUATBLHOTO aTPUOYTHOTO pa3rpaHUYIEHUS JIOCTYIIA.

Bropoit sTan nnTepuperanny 3aK/II0UACTCS B TOJICTAHOBKE 3HAYEHUN B ITOJTy I€HHBIE TTPOTPAM-
MBI U COOTBETCTBYET CTa/uu (PYHKIIMOHUPOBAHUS, KOIJIa B CHCTEME PErUCTPUPYIOTCH MOJIH30Ba-
TEJIU U PECYPChI, TPU ITOM 3HAUEHUSIMU UX METOK OE30I1aCHOCTH 3ATIOJIHIETCS MATPUILA JOCTYIIA.
[Tonb3oBaTe M BBLIAIOT 3alIPOCHl HA JHOCTYI K UH(MOPMAINH, CUCTEMA, IIyTeM OIeHKHN 3HAYeHUI
X METOK 0E€30IIaCHOCTH BBIJAET Pa3pelleHre WM 3aupeT Ha JOCTYII.

[TomobHbBIN 110/1X0/, TIO3BOJISET MOJEJINPOBATH KAK Pa3/IMYHbIe MOJUTUKU PA3IDAHUYEHUs 10~
CTYIa, TAK U apXUTEKTYPY U PYHKIIMOHUPOBAHNE MHOTOKPUTEPUATBHBIX CUCTEM PA3rPAHUICHUST
JIOCTYyTIa, B KOTOPBIX OHU ITPUMEHSIOTCS.

2 3akJrodyeHue

HOCTpOGHa MHOT'OKpUTEpUuaJJIibHasd MOJIECJIb anI/I6yTHOFO pa3rpanndeHnd JOCTYyIla, CUHTaAKCUC KO-
TOpOfI OIIMCBIBACTCA MHOT'OCOPTHBIM A3BIKOM JIOTUKM C IIEPEMEHHBIMU B BHJIE MHOXKECTB. Hapa—
MeTpruYeCKasl MHTEPIIpeTalusd A3bIKa JaeT PAL MO,Z(GJIGfI, HCITIOJIB3YIOIINX 9aCTUYIHO YIIOPAJTOYE€H-
HbIe MHOXKeCTBa C UX a.HI‘e6paI/I‘{eCKI/IMI/I oIrepalugMu JIJigd peaJnu3al Pa3/InIHBIX anI/I6yTHI)IX
IIOJIMTUK O€30I1aCHOCTH.
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Amnnoranusi. B Hacrosimeit ctaTbe paccMaTPUBAIOTCA BOIIPOCHI 0OECIIEUEHNsT KAIeCTBa TPOrPAMM-
HBIX cpeacTs Kocmuueckoro Hasnadenus (IICKH). C nesbio ycraHoBieHusi 0cOGEHHOCTER U Tpe-
6opanmit k kadecrBy [ICKH mnposemena mx kjaaccudukaimsi ¢ yIeTOM WX Ha3HAYEHUsl, YCJOBHUI
IKCILTyaTanun, TpeboOBaHUi K HAJEXKHOCTH, 6e30macHOCTH U Ap. lIpoanaan3mpoBaHbl 0COGEHHOCTH
IICKH kpurnueckoro npumenenus. O60cHOBaHbI 06iue TpeOGOBAHUsI W IIPUHIUIBI 00ECIIeueHUst
kadectBa [ICKH. IIlupokwuit cnexktp Tpebosanuii k kKadectsy [ICKH, B 3aBucumocTun oT ux Ha-
3HaYeHWs], TPUHIUITNAIBHBIX OCOOEHHOCTEN M YCJIOBUI IKCILIyaTAI[UN, IPUBOIUT K HEOOXOMMMOCTH
aJalTalil U JeTAJIN3aINA PEKOMEHIAINH CYyIIECTBYIOMNUX 6a30BbIX CTAHIAPTOB, PEIVIAMEHTHUPYIO-
[UX Ka9eCTBO MPOrPAMMHOIO ODECTIeYeHMS.

KuaroueBsbie cjioBa: mporpaMMHOE CPeICTBO, KOCMIYECKas CUCTEMa, KaIeCTBO, 6E30IIaCHOCTh, 0OCO-
OEHHOCTH, KATErOpUs KPUTUIHOCTH, TPEOOBAHMS, IPUHITUIBI 00ECIIeYeHNsT KAIECTBA.

1 Bsenenue

Kak mokasbiBaer mpakTHKa, BBICOKHN YPOBEHb 3aBUCUMOCTU BBIIOJTHEHUST KOCMUYIECKON cucTe-
MO OCHOBHO#I T1eJ1eBOil (DyHKIIMHU 1 6E30MACHOCTH OT UCIIOJIbL3YEMOTO B HEll IIpOrpaMMHOTO 0bec-
[EYEHUST TIOPOXKIaeT HEOOXOIUMOCTD IIPUJIAHUS TPUMEHSIEMBIM [TPOTPAMMHBIM CPEJICTBAM 33, 1aH-
HBIX CBOHCTB KadecTBa U 0OE30IIacHOCTH, CIIOCOOHOCTU MPOTUBOCTOSTH PA3PYIIEHUIO, HAPYIITEHN-
M (DYHKIIMOHUPOBaHUsi cucteMbl, cbosim. Curyarus erne 0oJiee yCI0KHSIETCs, KOTJIa PeYb HJIEeT
O KPUTUYHOM IPOrPAMMHOM OO€ECII€UeHUM, OT MPABUILHOTO (PYHKIMOHHPOBAHUS KOTOPOTO Ha-
HPSMYIO 3aBUCUT YCIENTHOCTh BBIIOJHEHUST MUCCHHA U O€30MACHOCTb KOCMUYECKON cucTeMbl. K
KaueCcTBY U HAJIEKHOCTHU IOJO0OHOIO MPOTPAMMHOIO obeciiedenus (MIPOrpaMMHBIX CPEJICTB KOC-
muaeckoro Hasuadenusi - [ICKH), npexbsiBisiiorest 0co60 BbICOKIE TpeOOBAHIS.

Ocobennocru u xapakrepuctuku Kadecrsa [ICKH saBucsT or Toro, jjsi Kakoi 1ein, JJis
KaKoOro 1oTpebuTesis u Jjisd KaKUX YCJIOBHI IKCIIyaTaluu oHu npegHasnadenbl. OJUH 1 TOT XKe
[IPOTPAMMHBIN IPOLYKT, ITPOU3BEIEHHBIN /ST PA3JIUIHBIX TleJIeil U P Pa3HbIX YCJIOBUSX IPUMe-
HEHUs, MOYKET UMETh HECKOJILKO PA3JINIHBIX [IPEJICTABIEHUN 1 OIIEHOK KadecTBa. B cooTBeTcTBUM
¢ IPUHIUNHAAIBHBIMA OCOOEHHOCTSIMU ITPOIPAMMHBIX CPEJICTB JIOJI?)KHBI BBIOUPATHCS HOMEHKJIa~
Typa W 3HAYEHHUS TOKA3aTeell KadecTBa, HEOOXOIWMBIX st ero 3((MeKTUBHOIO MPUMEHEHUsT
[I0JTb30BATEJISIME, & TaKXKe TpeOOBaHUs K MPOIECCY BepUpUKAIINT.

B peasibHBIX TTPOEKTaX IACTO OTCYTCTBYIOT MJIM HEIOCTATOYHO Y€TKO (DOPMYIUPYETCs TTOHSI-
tue kadectBa [ICKH, xapakTepucTuku KOTOPBIMU OHO OIUCHIBAIOTCS, KAK UX CJIELYET U3MEPSITh
U CPaBHHUBATDH C TPEOOBAHUSME TEXHUYECKOrO 3ajanus uin crerudukanuu [1].

B cBsi3u ¢ aTuM sBAseTcs akTyaabHO# 3amadeit anauns3 ocobernnocreir [ICKH ¢ nenbio ycra-
HOBJICHUSI TPeDOBaHUI K XapaKTEPUCTUKAM UX KadueCTBA.

2 AHanus ocobeHHocrei IIporpaMMHBIX CpeACTB KOCMHNYECKOI'O Ha3HaA4YCHUA

C 1es1p0 yCTaHOBJIEHHsST 0COOEHHOCTEH U TpeOOBaHUI K XapaKTePUCTUKAM KadecTBa W Oe3ormac-
HOCTH IIpeJICTaBJIsIeTCsI 1iesiecoobpasubiM mpopectn Kiaaccudukaiuo [ICKH ¢ ygerom nx HaszHa-
YeHUsI, YCJOBUI SKCILUIyaTallun, TpeOOBaHUI K HaJIeXKHOCTH, O€30IIACHOCTH U JIP.
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C y4eToM CyIIECTBYIONUX HOJXOI0B K KIaCCUDUKAIINY ITPOIPAMMHBIX CPEJICTB IeIecoodpas-
Ho npoectu Kjaccuduranuio [ICKH o ciegyromum npusHakam:

npunajexxkaocts [IICKH k 06bekTaM KOCMUYECKO# TEXHUKH;
bYHKIIMOHAILHOE HA3HAYCHIUE;
CTeleHb arrpoOuPOBAHHOCTH;

BJANAAHNE Ha OE30I1aCHOCTD.
ITo npunaie;kHOCTH K 00beKTaM KOCMHYECKOH TeXHUKH MOKHO BbluesnTh [ICKH:

® OOPTOBBIX KOMILIEKCOB YIIPABJICHUS TUJIOTUPYEMBIMU U ABTOMATUIECKIUMU KOCMUIECKUMU all-
rnmapaTaMu;

e OOPTOBBIX BBIYUC/UTEHLHBIX KOMILIEKCOB PaKeT-HOCUTEIEH, PA3TOHHBIX OJIOKOB;

® TEXHNYECKHUX M CTAPTOBBIX KOMIIJIEKCOB, HA3EMHBIX aBTOMATU3NPOBAHHBIX KOMIIJICKCOB yIIDaB-
JIGHUSI KOCMUYECKUMU allllapaTaMu, HA3eMHOT0 ODOPYIOBAHUS U COOPYKEHUI;

® II0JIE3HBLIX HAI'PY3O0K;

® SKCIIEPUMEHTOB U MO/IeJINPOBAHUSI.

[Mpunagnexuocrs [ICKH k 00bekTaM KOCMUYECKON TEXHUKHU OHPEIELTISeT CIenudUuIecKue
TpeboBanus, HarpuMep TpeboBanns K 6esonacuoctu IICKH kocMuueckux almaparTos, IOJIE3HBIX
rpy30B oTjimdaercs or TpeboBanmii Kk 6e3onacHoctu [ICKH st skciepuMeHTOB M MOJICTHPOBA-
HUSI.

K mporpammuomy obecrieuenmnio (I10), Bxozsiimemy B coctaB 60pTOBBIX KOMILTIEKCOB, TPAIUIIH-
OHHO TIPEIbSIBJIAIOTCS MOBLIIIIEHHBIE TPEOOBaHUA K HAJAEKHOCTU U Oe3omacuoctu. I[TomMumo sToro,
K BaXXHBIM CBOMCTBAM TAKOI'O IIPOI'DAMMHOIO 0DeCIIeYeHUs] OTHOCAT BBICOKOE KAadeCTBO, IO/1a-
Ioleecst IIPOBEPKE, HEIIPOTHUBOPEUUBOCTDH, BO3MOYKHOCTH MMOBTOPHOI'O HCIIOJIL30BAHUS, OBICTpas
UHTErpalus ¢ allapaTHbIMU CPeJICTBAMU, BOZMOXKHOCTD IIepeHoca Ha JApyrue miardopmsl [1].

ITo dyukmmonamsaomy HasHadenuto [ICKH nomgpasnesnsitor Ha:

e ofiee (MM CUCTEMHOE);

e npukiajaHoe (1 QYHKIMOHAIBHOE);

® TEXHOJIOIMIECKOe (UJIM MHCTPYMEHTAJIBHOE ), KOTOPOE UCIIOIBb3YIOT IPU paspaboTKe, TeCTUPO-
BaHUM U BepuduKanun.

[IpusHak "pyHKIMOHAIBHOE Ha3HaUYeHMe  onpeiesisieT cueruduueckue TpebOBaHUsI, KOTOPBIE
[PEIbSBISIOT K HHCTPYMEHTAJIBHBIM CPEJICTBaM, HEOOXOIUMBIM JIJIsi PEAJIUBAIIINH COOTBETCTBYO-
mux GyHknuii, npukiagaoro (pyuknnonaasaoro) IO u obmmero (cucremuoro) I10.

ITo crenenu anpobupoBanHOCcTH pasymydaior ciaemyomue Tunbl [ICKH:

® HOBOe, pa3zpaboTaHHOEe BIIEPBLIE;
e cymiecTByIolee cobcTBeHHOe (pa3paboTaHHOe paHee) WU CyIIeCTBYIoIee npruobperentoe;™
e KOH(MUTYpUPYEMOE U3 THUIOBLIX MOJYJIeH.

[Ipusnak "crenens anpobupoBarHocTH'OIpeesieT 06beM TpeboBaHuil K pa3paboTKe U Be-
puduraruu [ICKH B 3aBucuMocTH OT NPUHAJIEXKHOCTHK K 00bEKTaM KOCMUYIECKON TEXHUKHU W
HA3HAYEHUs, KATeropuu 6e30IMaCHOCTH.

Paspaborka #oBOro 110 Tpebyer GoJsiee BBICOKOU KBaJMMDUKAIINYA PA3pabOTINKOB, OOIBITHX
MaTepUAJIbHBIX 3aTparT u ycusauii. Bepudukarus mo/KHA TPOBOJUTHLCS IOCJE KAXKJIOI0 STl
xu3HeHHOTO KA 1O B mosiHOM 00beMe, ¢ yPOBHEM HE3aBUCUMOCTH, OOYCJIOBJIEHHBIM KATEro-
pueit 6ezonacuoctu dyukimuit 110.

BapuanT pa3paboTKu HOBOTO IIPOTPAMMHOIO IIPOJIYKTa UMEET TO IIPEUMYIIECTBO, 9TO YIIPaB-
JIEHUE TIPOIECCOM BepudUKaIUi MOXKHO OCYIIECTBJISATH B HaJaJIe.



Computational Technologies, Vol 20, 2015 The Bulletin of KazNU, Ne 3(86), 2015 281

[ToBTOpHOE HCTOMB30BAHTE CYITECTBYIONEro cobeTBentoro [1O nMeeT To MpenMyIIecTBo, ITO
Becb 00beMm IO siBiisiercst Beceryia qocTynHbIM. JloOTHUTE/IBHBIE 3aTPAaThl TPEOYIOTCST TOJBKO HA
co3/laHNe HEeOOXO/IMMBIX U3MEHEHMH, IPUJIOKEHNN JJIs OJAIOTOBKU JIAHHBIX, KOH(MUTIYDAIMN U
JIOMIOJTHUTEIbHON BepupuKaimm.

g nmerornierocs npuobperennoro 110 mcexoaubiit Kom n IepBUYHAS JOKYMEHTAINS, B O0JIb-
IIUHCTBE CJIYYaeB, HE JOCTYIHBI 1jid Bepudukauu. B 3ToMm ciiydae HeoOX0IUMO TPOBOIUTH aHa-
JIN3 OIBITA SKCIUIyaTaluu U (DYHKIIMOHAJIHLHOE TECTUPOBAHME.

Koudurypupyemoe nmporpammuoe obeciiedenre pa3padaTbiBalOT ¢ UCIOJIHE30BAHUEM TUIIOBBIX
[POCTBIX ¥ HAJIEXKHBIX MOJIyJieii (6a30BbIX MPOIECCOB, TAKUX KAK BBOJL CUT'HAJIA, IPOBEPKA CUTHA-
Jia, ONePAINK MHUIUATU3AIIN, JIOTHIECKOTO KOHTPOJIsI, YIIPABJIEHUs TaHHBIME 1 JIp. ). VHTerpa-
[UsT MOJLYJICH OCYIIECTBJISETCS C UCIIOIB30BAHUEM CTAHIAPTHBIX MOJIE/Ie HACTPONKI OO bEKTOB 1
IIPOIECCOB U MOYKET COIPOBOXKIATHCS BBEJIEHUEM JAHHBIX JJIsi OIIPEIEIEHNs] 1 M3MEHEHUS XapaK-
TEPUCTUK JIJIsi OIPEJEJIeHHOr0 00bekTa. BepuduKaiuio mpoBoiaT B HOJHOM O0beMe U Ha BCEX
JMara30Hax BXOJIHON mHMOpMAaIuu, KOHCTAHT YIIPABICHUS U HA JUAINIA30HAX PEryJIUPOBAHUSI.

ITo BausHuio #Ha Gezonacuocts pasmmuaaor [ICKH, koropoe:

e BiusieT Ha Ge3omnacHocTh (Kpurndeckoe [10);
e e BjUSeT Ha 0e30I1aCHOCTD.

[IpusHak "BustHEE Ha HGe30macHOCTh " onpenensier TpeboBanus K IICKH no peanusaruu kpu-
THYeCKUX (PYHKIMIA B 3aBUCHMOCTH OT IIPUHSITLIX KaTeropuii onacuoctu. Hanpumep, B 3aBucu-
MOCTH OT KaTEerOPHUH OIMaCHOCTH IPEIbSBJISIIOTCS Pa3Hble TPEOOBAHUS K 00bEMY, ITOJTHOTE, JOKY-
MEHTHPOBAHUIO OTYETHOCTH U HE3aBUCUMOCTHU IIPOLECCa BEPUPUKAIIH.

[Tox monsituem "kpurmaeckoe 110 (Safety-Critical Software)"o6brdHO MOHIMAIOT TTPOrPaMM-
HOe 00ecIievueHne, BBIOJIHSIONee KpuTnieckue (DYHKIUU, BayKHbIE It O€301TaCHOCTH, OTKa3 B
BBINTOJIHEHUN KOTODPBIX (HOTEeps MM Jerpajanis) MOIYT HPUBECTH K KaTacTPOMUIECKUM HIIN
KPUTHIECKUM 1ocseacTBusiM |7]. VHOrma 9TuM ke TepMUHOM Ha3bIBAIOT IPOrPAMMBI, pa3pabo-
TAHHBIE B COOTBETCTBUM CO CHEIMAILHLIMEA CTAHAAPTAMU, IPUHATHIMYA JJIT KPUTUIECKU BAXKHBIX
obJracreii.

3 Ocobennoctu IICKH kputndyeckoro mpuMeHeHUs

Ocobennoctu n TpeboBanust K I[ICKH z3apucsar or peaim3yeMblx KPUTUIECKUX (DYHKIHI, Tpe-
6oBanmnii K GesomacHocTH cucreMbl (mporpammuo-Texandeckoro Komiuiekca - 1ITK), B cocras
KOTOPOU OHA& BXOJIUT.

B Hacrosiiiiee BpeMst CyIeCTByeT KaaccupUKaInsi KPUTUIECKOTO TPOrPAMMHOT0 06eCIIeYeH st
0 KATErOPUM OE30TIACHOCTU TPUHSITHIE JJIsT ATOMHBIX CTAHIINN, ABUAIIMOHHBIX ¥ KOCMUIECKIX
cucreM [2-6]. DT kIaccubUKaIUU OCHOBAHBI HA YCTAHOBJIEHUH KATErOpUil OMACHOCTU OTKA3-
HbIX CI/ITyaL[I/Iﬁ CUcTeM mJjain O6'beKTa YiipaBJieHH1s, BbISBaHHbIE C60€M njm OTKa30M IIPpOrpaMMHOIO
obecrieyeHnst. Y POBEeHb KPUTUIHOCTH WU KaTeropus 6ezonacuoctu [1C onpeensiercst Ts:KeCTHIO
HOC.HeI[CTBHﬁ €I'0 aHOMAJIBHOI'O beHKL[I/IOHI/IpOBaHI/IH C Yy4€TOM BEPOATHOCTU UX HACTYILJICHUI.

B esponeiickom crangapre ECSS-Q-ST-80C [2] onpeseseHsl ciie/yonye KaTeropun KpUTH -
HOCTH IPOrPAMMHOT0 0becriedennst KOCMIYeCKOro HasHadeHusi (tabuuma 1).

4 Obmue TpeboBanus K KadectBy IICKH

Ocnogoit jtsi popmupoBanust Tpedbopanuii Kk [ICKH sBiisiercs anaims cBoiicTB, XapaKTepu3yo-
IUX KAa4eCTBO ero (pyHKIIMOHUPOBAHUS C yYeTOM €ro Ha3Ha4YeHWs U YCJIOBHil sKciuryararuu. B
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Tabsmua 1. Kareropun kpurnunoctu [ICKH

Kareropus
XapaKTepUCTUKA

A IIporpammuoe obecnedeHme, KOTOpOe B CJIydae HEWCIOJHEHUS WJIH
HEBEPHOI'O UCIIOJTHEHUSI, UJIM aHOMAJILHOTO MTOBEIEHUsI, MOYKET BBI3BATH
W criocob6CTBOBATh OTKA3y CHUCTEMBI, IPUBOAAIIEMY K: KaTacTpPOdu-
YECKUM MOCJIEACTBUAM (TubesIb JIOJEH, yrpo3a UX XKU3HHU, PAa3pyIIeHue,
oTepsi TEXHUKN);

B IIporpammuoe obecnedeHme, KOTOpOe B CJIydae HEWCIOJHEHUS WJIH
HEBEPHOI'O UCIIOJTHEHUSI, UJIM aHOMAJILHOTO ITOBEJIEHUsI, MOYKET BBI3BATH
WIN CIIOCOOCTBOBATH OTKA3y CHUCTEMbI, TPUBOJSINEMY K: KPUTUIECKUM
nocsencTuaM (ymep6, He yrpoXKAIOIUi KU3HA JIOJIeH, 3HAIUTEIbHOE
[IOBPEXKJIEHNE TEXHUKH, BPEJHOE BJIUSIHUE Ha OKPY2KAIOILYIO CPey);

C IIporpammuoe obecnedeHne, KOTOpOe B CJIydae HEWCIOJHEHUS WJIH
HEBEPHOI'O UCIIOJTHEHUSI, UJIA aHOMAJILHOTO ITOBEJIEHUsI, MOYKET BBI3BATH
njin CHOCO6CTBOB&TB OTKa3y CHCTEMbI, IPUBOJANIEMY K: CYIIEeCTBEH-
HBIM TIOCJIEJICTBUAM (CYIIECTBEHHOE CHUXKEHUE BO3MOXKHOCTEH 00BEKTa
yIIpaBJIEHUSs] UJIU CIIOCOOHOCTH MEPCOHAJIA CIIPABUTHCS C HEOJIANOTIPUSIT-
HBIMU DEXKUMAMH);

D IIporpamMmMHOe obecnieyeHne, KOTOPOE B ClIydae HEWCIIOJHEHUsS] WJIH
HEBEPHOI'O UCIIOJTHEHUA, NJIN aHOMAJIbHOI'O IIOBEJACHUA, MOXKET BbISBATH
nJjim CHOCO6CTBOB&TI) OTKa3y CUCTEMBbI, IIPDUBOAANIEMY K: HESHAYUTEC/Ib-
HBIM UJIM HUYTOXKHBIM IIOCJIECTBUAM (HE3HAYUTEIHLHOMY YMEHbBIICHHUIO
6e30macHOCTH O0bEKTa YIpaBjeHUs W TpedyeT IefCTBHUil mepcoHaIa,
KOTOPBIE OCYIIECTBUMBI B IIPEJIE/IaX UX BO3MOXKHOCTE ).

COOTBETCTBUH C HpUHIMIUAILHBIMEI ocobennocTamu IICKH npu npoekTupoBaHuy J0JIKHBLI BHIOU-
paThCsd HOMEHKJIATYPa U 3HaYEHUsI IToKa3aTesIeil KauecTBa, HEOOXOMMMBIX JJIst €ro 9P PEKTUBHOIO
IIPUMEHEHN ITOJIb30BaTe/IAAMU, KOTOPBIE BIIOCJIEACTBUN OTPa2zKal0TCsd B TEXHNYIECKOMN JOKYMEHTa-
uuy U B crenuduKanun TpeboBaHMA Ha KOHEUHDBIH IPOLYKT.

Howmenkmarypa mokazaresneit katectsa [ICKH momkua ycranaBamBaeTcs ¢ yueToMm:

® Ha3HAYEHWS W YCJIOBUU IKCILIyaTAINH;

® DE3yJIbTATOB aHaIM3a TpebGoBaHUil MoIb30BaTe sl (3aKA3INKA), MOCTABICHHBIX 3a/1a4 YIPaB-
JIEHUST KQ9€CTBOM;

® COCTaBa, CTPYKTYPBI U CHEIUMPUKHA XapaKTEePU3YEMbIX CBONCTB.

Mo kazxoro suya (rpymnier), a uaorga u koukpernoro [ICKH weobxomumMo ycranaBinBaTh
CBOIO HOMEHKJIATYPY THOoKazaTeseil KauecTBa, YINTHIBAIONIYIO CHEIN(MUKY Ha3HAUEHUS U YCJIOBUM
npumMenenusi. Kak/piii mokasaresb Ka4eCTBa MOXKET UCIIOJIH30BATLCs, €CJIU OIIPEJIEIEHA €r0 MeT-
pUKa U MOXKET OBIThb YKa3aH CIIOCOD ee OIEHUBAHUSI U CONOCTABJIEHUS C TPEOyeMbIM 3TaJJOHHBIM
3HAYEHUEM.

B obmem ciydae TpeboBanus K KadectBy [ICKH mo/ikHBI 00s13aT€IBHO BKJIIOYATD CJIEIYIO-
IIUe [TOKA3ATEJIH:

e (QYHKIMOHAILHOE COOTBETCTBUE;
e GesorkasuocTs (reliability) [7,8];
e xuBydecTh (survivability) [7,8];
o (dyukImoHasbHast Ge3omacHocTh (functional safety) [9).

Jlpyrue xapakKTepUCTUKH Ka9eCTBa JOJ2KHBI OBITh 3aJlaHbl IPU (POPMUPOBAHUU CIEIU(PUKA-
[UN UM TEXHUIECKOro 3ajaHus Ha paspaborky [TCKH.
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PazpaboTunk mporpaMMHOIo obecredeHusi IIOC/e IPOBeaeHnsa (PYHKIINOHAJIHHOTO AHAIN3A
TpeboBaHUII K IIPOEKTY JOJIXKEH OIpeleuTh Kareropun 6e3omnacHocTy BbimosHgeMbix [TCKH
dbyHKIMIA 1 yCTAHOBUTH KATErOPUIO €ro KpUTHYHOCTH (Kareropuio GesomacHocru). B coorser-
crBun ¢ Kareropueit Kpuruanoctu [ICKH moykHaBI yecTaHaBIuBaThCs TpebOBaHUS K XapaKTepU-
CTUKAM KadeCcTBa U 0e30IMaCHOCTH, a TaK:Ke TpeDOBaHNS, OTHOCSIIINXCS K BepuUKAIINN, BaJInIa-
A U YPOBHSAM JIOKA3aTE/IHCTB.

st IICKH kpurrdeckoro NpuMeHEHUs] JTOJIXKHBI ObITh:

® IIPOAHAJIN3UPOBAHBI BO3MOXKHBIE UCTOUYHUKHU OTKA30B;

e ompeesIeHbl I0C/IeNCTBYS HposBiaeHus gedexkros 110;

® IIpPEeyCMOTPEHBI HEOOXOIUMBIE IIPOIPAMMHBIE CPEJICTBA, JJIsl UCKJIIOYEHUsI OTKA30B 110 0DIIei
[IpUYUHE UJIN YMEHDBIIEHUS WX MTOCASICTBUN 10 MPUEMJIEMOI0 YPOBHS;

® IIPOBEJIeH aHan3 BiausHust Takoro 110 Ha 6e301macHOCTD, 3aJ0KYMEHTHPOBAHbI PE3yIbTaThl
aHAJIN3a U TPUHSITHI MEPHI.

Tpebosanus k kadectBy [ICKH kpuTmdaeckoro mpuMeHeHusI JOMKHO 6a3UpPOBATHCS Ha pea-
JIN3AIAN B MOJIHOM WJIA COKPAIIEHHOM 00beMe CJAeIyIoNux (pyHKIwii:

a) MPOTHO3MPOBAHIE BO3MOXKHOCTH TIOsIBJIeHUsT (IPOsiBIeHNs) JedeKTa 1 BOSHUKHOBEHHSI OT-
Kaza BesesicTre s1oro sedekra (fault forecasting);

6) upeayupexeHue mosiBieHus (mposiBiennst) nedekTa W BO3HUKHOBeHHst orkasa (fault
prevention);

B) BBISBJICHUE IOsiBICHUs (mposiBiennst) gedekTa, ommOKN BbruncieHnii, orkasa (fault
detection);

r) uaeHTudUKAIMA TPUIUHBL, Buja 1 Mecta jedekra (orkasa) (fault diagnosis);

J1) IapUpOBaHuUst IIOCIeICTBII tepekTa u Bo3HUKHOBeHUst oTka3a (fault tolerance). Dra dynk-
AT BKJIIOYAET:

1) orkJIIOUEHME 37IEMEHTOB (KOMIOHEHTOB, MOJYJIeil apXUTEKTYPhI), KOTOPble OTKa3aJu, u /
WJIM M30JIMPOBaHUs ncKazkeHHON nHdopmanuu (fault isolation);

2) pekoHMUTYPAIHIO CTPYKTYPBI (APXUTEKTYPHI) IIyTEeM Y/IaJeHusi KOMIOHEHTA, KOTOPBIH OT-
Ka3aJl u3 KOH(Urypanuu u 3aMeHbl ero paborocnocobubim (fault removal);

€) BOCCTAHOBJICHHE BBIYHUCJINTEIHLHOTO TIporecca myTeM hOpMUPOBAHUST IPABIILHON HHMOP-
MAaIMU WK BO3BPATa K IPebLyIeii Touke u npoao/ikenust dyHkiuonnposanus (fault recovery).

C yuerom ocobernocreit [ICKH kax nmporpaMMHOro obecrieueHnst KpUTHIECKOTO IIPUMEHEHHST,
JJTsT 0DecIiedeHnsT UX HAJIE’KHOCTH W GE30TAaCHOCTH HEOOXOIUMO MPUIEPIKUBATHCS CJIETYIONTIX
HPUHIAIIOB: €IUHUIHOTO OTKAa3a, PE3EPBUPOBAHNS, HE3aBUCUMOCTU, MHOI0OOPa3Ust, 3aIluThl OT
OTKAa30B TI0 OOITel TpuYnHe.

[Ipuopurerasim TpeboBanuem kadectBa st [ICKH kpuTnueckoro mpuMeHeHWsT SIBJISIETCS
rapaHTHsl KadecTBa WM rapaHrtocrnocobnocts (dependability), mox koropoil monmmaercs - 11o-
KazaHHasl yBepeHHOCTh criocobrocTr [1C HajmeKHOro n 6e30macHOr0 BBIOJTHEHUST HEOOXOIUMBIX
dbyukImit B coorBecTBum ¢ HasHaveHuneM [7,8].

Tpebosanust k xapakrepuctukam KadecrBa [ICKH mo/KHBI ycTaHABIMBATBCS C YIETOM CO-
BOKYITHOCTH PA3THIHBIX (haKTOPOB.

970 TexHUUecKue (HPaKTOPHI:

HOBH3HA Pas3spabOTKH;

CJIO2KHOCTDb U 00bEM;

YPOBEHb KPUTUYHOCTH;

Hajimare TpebOBAHU K IIOBTOPHOMY HCIIOJIB30BAHUIO;

YPOBEHDL HUCIOJIb30BaHUA I'OTOBBIX KOMMEPYECKUX KOMIIOHEHTOB MJIX CYIIECTBYIOMIECT'O HO,
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® YPOBEHDb CTAOWILHOCTH TPeOOBAHMIL MTOJIH30BATE IS .

DKcIIyaTarnoHHbIe (pbaKTOPbI, KOTOPhIEe HEOOXOANMO yINTHIBATH IIPU YCTAHOBJIEHIHN K XapaK-
TepuctukaM kadecrsa [ICKH:

e nasnadenne [ICKH B cooTBercTBuE ¢ THIIOM KOCMHYECKHX CHCTEM WJIM WX Jacreil (Hampu-
Mep, 6eCHUIOTHBIE MJIM IUJIOTUPYEMBIE allllapaThl, IIYCKOBbIE YCTAHOBKM, ITOJIE3HBIE I'PY3HI,
9KCIIEPUMEHTHI ) ;

KOJITYECTBO MOTEHITUAJIBLHBIX 0JIH30BaTEEl;

IIPEJIIIoJIaraeMo€e BpeMs UCIO0JIb30BaHUS;

koyimaecTBO cucreM, B Koropbix [ICKH 6yner ucnosb3oBarhest;

OTpaHUYEHUE PEKUMOB PADOTHI, TEXHUUIECKON MOJJIEPXKKH, UCIIOJIb30BAHUS B JPYTUX CUCTE-

MaX U U3'bdATHUEC N3 UCIIOJIB30BAaHNUI.
Tak>ke HEOOXOINMO YINTHIBATH OPraHU3aIlnOHHbIE (DaKTOPLI:

e nHeobxomumble jtst pazpaborku [ICKH obbembr paboT u BpemeHu;

e HeobxomuMble Jiist paspaborku u skciuryatanuio [ICKH dbunancoBbie, desioBedeckue pecyp-
CBI;

e IpueMJIeMBbIil /1JIs1 MPOEKTa YPOBEHb PUCKA;

® THUIT MOJIEJIA KUHEHHOIO ITUKJIA;

e TpeboBanus rpacduka pazpaborku [ICKH.

Obecnieuenne u noareepxkiaeane Kadecrsa [ICKH, kak cimoxubix [1C ¢ BeicokuMEU TpeboBa-
HUSIMU K Ka49eCTBY, JIOJ2KHO 06a3MPOBATLCS Ha IPOBEPKAX U MCIBITAHUAX:

kauectBa TpeboBanuit k [ICKH;

KavuecTBa BBIOJIHEHUs TIPolteccoB ku3neHHoro nukia [ICKH;
KavYeCTBA TOTOBOTO MPOTPAMMHOTO TPOIYKTA W JTOKYMEHTAITIH;
KAvIeCTBA TTPOBEPKY BBIMTOJHEHHST TPEOOBAHMIIA.

[y1aBHBIM ¥ JTOCTATOYHBIM ycjoBueM obecredennsi kadecrBa [1C siBistercst rapanTtust (J1o-
Ka3aHHasl YBEPEHHOCTH) MPABUJIBHOIO, HAJEIKHOTO, JIOCTOBEPHOIO U YCTOWIMBOTO BBINOTHEHMUSI
HeOOXOIMMBIX (DYHKIUI B TeUeHNE 33 IaHHOTO BpEMEHH, HEB3WPasi HA BOSHUKIINHE BHyTPEHHUE U
BHEITHUE BO3MYIIIEHUSI.

5 3akJroueHue

CroxkHOCTB Iporiecca pa3paborku u conpopozkiennst IICKH Bo MHOroM 00yciaBiuBaeTcst 0coObl-
MM TPeOOBAHMSIMU, MIPEIbABISIEMBIMA K UX KadecTBy. HemoyiHOTa, HEOIPEeIeIeHHOCTA U Pa3Hast
TPaKTOBKa B ompejeennn u dpopmajusaiun xapakrepuctuk kadecrsa [ICKH u Tpebyembrx nx
3HaYEHUl OCTABJISIIOT MIUPOKOE II0JIe MJI TPOU3BOJIa, IIPU ONMMCAHUN U OINEHWBAHUU UX KadeCTBa.
O1n hpakTOpbl 060CHOBHIBAIOT HEOOXOAUMOCTD Pa3pabOTKU U IIPUMEHEHHS I KazK 00 IPOEKTa
IICKH crienmaibHBIX IJIAHOB W IIPOTPaMM, METOJIOJIOMMU U WHCTPYMEHTAJbHBIX CPEJICTB, (op-
MaJIn30BaHHBIX METOJIOB OIMCAHMUSA M OIEHKH Kad9eCTBa, 00ECIeUNBAIOIIIX TpeOyeMble KadeCTBO,
HAaJIEXKHOCTb U 6e301acHOCTb (pyHKIMoHUpoBaHusi. Meroasr onenku kadectBa [ICKH momkabI
6a3upoBaThHCA Ha CJAELYIONIUX OCHOBHBIX KOMIIOHEHTAX:

e mogenu KadecrBa [ICKH, comepxkarieit MexaHu3Mbl 1711 (POPMAaJIbLHOTO OIIPEIEIEHUST XapaK-
TEPUCTUK KAIECTBA U UX OTHOIICHIA;

o wmojiesin MeTpuk [ICKH, dhopmupyrtorieit MexaHU3MbI JIJ1s U3MEPEHUs [T0Ka3aTeseil Ka4eCcTBa;

® METOJMKHM OIEHKU KavyeCTBa, OlpeIe/Idonieil mporeccol oneHku Kadecrsa [TCKH.
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B kauecTBe ncxomuoit madopmanmii 1i1st ortenku coorsercTBust IICKH TpeboBanmsiM KadgecTsa
JOJIZKHBI UCIIOJIb30BaThCsd TpeboBanus K cucreme, Tpebopanusa K IICKH, onucanne ero apxurex-
TYPBI, JAHHBIX, & TAKXKe MPOrPAMMHasT JOKYMEHTAITHSI.

[MIupoknit criekTp Tpeboanmii Kk kadectBy IICKH, B 3aBucuMocTr oT nx Ha3HAYEHUS, IPUH-
[UMTHAABHBIX 0COOEHHOCTEN U YCJIOBUM KCILIYATAIMH, IPUBOIUT K HEOOXOIUMOCTH aJaIlTaIllui
JeTaJn3ali PEKOMEHIAIN CyIIEeCTBYIOINNX 0Aa30BBIX CTAHIAPTOB, PErJIAMEHTHPYIONIUX Kade-
CTBO IIporpaMMHOro obecriedenusi. [Ipexkye Bcero, 31o oraocurcs K [IKCH kpurudeckoro mpu-
MEHEHHUS].
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Awnnoranusi. Ha npumepe cucrembl «BaHK MpoCTpaHCTBEHHBIX JaHHBIX KpacHOSIPCKOTO Kpasi»
paccMaTpUBaIOTCA OCOOEHHOCTH Pa3pabOTKU PErHOHAJIBLHBIX TeOMH(MOPMAIIMOHHBIX CUCTEM U CEPBU-
coB B lnreprer. OCHOBHOE Ha3HAYEHUE TAKUX CUCTEM — MOHUTOPHHI ¥ ILyOJIMKAIMS JJAHHBIX COCTO-
STHUST OKPYKAOIIEl TPUPOIHON CpeIbl, MOHUTOPUHT PA3IUIHBIX SKOHOMUIECKUX WJIU COIUATBHBIX
MIPOIIECCOB JJIsI CUCTEM MOIEPKKU IPUHATUS peleHnii Ha ypoBHe KpacHosipckoro kpas. B pabo-
Te BOCTPEeDOBAHBI METOJUKHU U IIPOrPDAMMHbBIE CPEJICTBA, KOTOPbIE ITO3BOJIAT (DOPMUPOBATH OIEHKU
COCTOSIHUsI TEpPUTOPUil Ha 6a3e OCHOBHBIX MOKA3aTeeil B HAIVISTHOM BHE. BaXKHYIO POJIb UrpaeT
HCII0JIb30BaHNE COBPEMEHHBIX CPEJCTB BU3yaIu3alluy JaHHBIX ¢ ucroab3oBanueM ['VIC-rexuomoruii.
3HauynTEIbHOE BHUMAaHUE yeJsieTcss BeO-cepBrcaM M porpaMMHBIM uHTepdeiicam. Perraercst psiz
3a/1a4, CBSI3aHHBIX C OOMEHOM JTAHHBIMU M METaIaHHBIMU O TPOCTPAHCTBEHHON MHMOPMAIINN, BO3HU-
KAIOIUX IIPU Pa3pabOTKe COBMECTHBIX IIPOEKTOB PA3JINYHBIX HAYIHBIX UHCTUTYTOB, yHUBEPCUTETOB
U TOAPAa3/esIeHUl OPraHOB BJIACTH.

KuroueBsie caoBa: T'UIC, karasor pecypcoB, Beb-cepBuchl, reomHdopmanuonubiii MaTepHeT-
cepBep, BebG-Kaprorpadusi, TeOIPOCTPAHCTBEHHbBIE JTaHHbBIE.

1 Bsegenune

BaHk mpocTpaHCTBEHHBIX JAHHBIX — IOCY/JapCTBeHHass MH(MOPMAIMOHHAS CUCTEMa, IIPEIHA3HA-
YeHHAas I ME2KBEJOMCTBEHHOT'O B3aUMOJIENCTBUS U HHTErPAIIMOHHBIX ITPOeKTOB KpacHnosipckoro
Kpasl 10 JIMHUU KATAJOTU3AINH, XPAHEHHUs, aHAJIMTUIECKON 0OpabOTKU U IyOJUKAIUU Te0IPO-
CTPaHCTBEHHBIX JaHHBIX (http://24bpd.ru/). PaspabarsiBanacs o 3akazy MuHucrepcrsa mH-
dopmaTuzanum u cBs3u KpacHOsipCKOro Kpasi.

OyHKIMOHAIBLHO Ha3HaUeHIe ODaHKa IPOCTPAHCTBEHHBIX JAHHBIX — CO3JIaHIe PACIIPE e/ IeHHOM
CUCTEMBI WJIEHTU(DUKAIINY, aJIPECAIINN U TO3UIIMOHUPOBAHUsT OOBEKTOB YIIPABJIECHUS HA TEPPUTO-
pun Kpasi C UCIOJIb30BAHUEM CPEJCTB 1 poBoil kKapTorpaduu u reonHGOPMaTHKU B Bue DaHKa
[POCTPAHCTBEHHBIX JIAHHBIX, COCTOSIIETO U3 TEMATUIECKUX IJIEKTPOHHBIX KAPT U KOCMUYIECKHUX
CHUMKOB BBICOKOTO pasperienusi. OH NpusBaH 00ECIEYUTb ONEPATHBHOE PEIeHHe CJIeTyONIX
3a/1a4:

e HaBHUTraIus 110 MHMOOPMAIMOHHBIM KapTOrpadUIecKUM PecypcaM, BU3yaJu3alldsd U aHaJII3
[IPOCTPAHCTBEHHO-OPUEHTUPOBAHHBIX JIAHHBIX HA YHUMDUIIMPOBAHHBIX ITU(DPOBBIX KApTax;

® BejicHUE, XpaHeHne MUMPOBLIX KapTorpapraecKux MaTepruasioB, PACTPOBLIX CHUMKOB TEPPU-
TOPUU;

® IIpeJIOCTaB/IeHNE KapTOrpaduiecKuX BeO-CEPBUCOB U PECYPCOB [IJIsi CTOPOHHUX MPUKJIAIHBIX
nH(MOPMAIMOHHBIX CUCTEM.

Ha mpumepe cucremsr «Bank nmpocTpanCTBEHHBIX JAaHHBIX KPACHOSPCKOTO Kpasi» paccMaTpH-
BaeTcs 3ajiada, CBsi3aHHAs ¢ (bopMUpOBaHUEM KapTOrpadUIecKuX ITPOrPAMMHBIX UHTePMEHCOB.
OcHOBHOE Ha3HAYEHHE IPOIPAMMHBIX HHTep(dENCOB K KaTAJOry MPOCTPAHCTBEHHBIX JAHHBIX —
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obecrrevenne JOCTyIa K 9TUM JAHHBIM, PA3JINIHBIM CIyk0aM u Bed-cepucam. Llesn ero coszma-
HUsT — HH(POPMAITMOHHOE 00ECIIeUeHUs 3319 MOHUTOPUHIA COCTOSTHUST COITUAJIBHON 1 ITPUPOJTHOIN
cpelbl U pecypcoB B pernonasibHoit I'C.

B kadecTBe OCHOBBI MCIOJIB30BAJIMCH Pa3pabOTAHHBIE TPOTPAMMHBIE CPEJCTBA, JIJIsi aHAJIA3A
MPOCTPAHCTBEHHBIX JAHHBIX B Cpejie reomoprajia NHCTHTYTa BEIYUCIUTETEHOTO MOJIEUPOBAHNUS
CO PAH [1]| ¢ ucnosib3oBaHueM TEXHOJIOIU, IPeIaraeMbIX MeXK/IyHAPOJIHBIM KOHCODITLYMOM
OGC (Open Geospatial Consortium) u nmporpammuoro obecrieuenust MapServer u GeoWebCache.
[IporpaMmHbIe HHCTPYMEHTBI COJIEPXKAT CPEICTBA It XPaHeHUs U POBBIX KAPTOrpahuiecKkux
MaTepPUAJIOB, PACTPOBBIX CHUMKOB TEPPUTOPUH, CEPBUCHI JJIsi HABUTAIUU 110 PACIIPEJIEIEHHOMY
KaTaJIOTy MPOCTPAHCTBEHHBIX JAHHBIX, CEPBUCHI JJIs MPOCTPAHCTBEHHOIO aHAIN3a W MaTeMa-
THYIECKOTO MOJIEJIUPOBAHNS Ha YHUMDUIUPOBAHHBIX NHU(POBBIX KapTax. OCHOBHBIM 3JIEMEHTOM
TeOTIOPTAJIA SIBISIETCST KATaJI0r METQIAHHBIX O MTPOCTPAHCTBEHHBIX JTAHHDIX.

Karayior merafaHHbIX COMEP:KUT UHPOPMAIMIO IO JIOCTYIHBIM CJI0siM 1 KapTaMm. OCHOBHOI
0CODEHHOCTBIO KATAJIOTa MTPOCTPAHCTBEHHBIX JIAHHBIX SIBJISIETCS BO3MOXKHOCTH WCIOJH30BAHMUS
PA3JIMIHBIX (POPMATOB ITPOCTPAHCTBEHHBIX JAHHBIX U OPraHU3aIUsl JOCTYIA JIJIs TOJIb30BATE IS
K 9TUM JIAHHBIM C TIOMOIIBIO COBPEMEHHBIX CTAHIAPTOB U TexHoaoruil. st odopMmierns kKapt n
kaprorpaduueckux caoes npumensiercss SLD (Styled Layer Descriptor) — si3bik onucanust cruJiei,
HCIIOJIB3YEeMBIil J1j1s1 oTobpazkenus: obbekTos Ha kapre B WMS (Web Map Service) u WES (Web
Feature Service) u WCS (Web Coverage Service) cepsepax, a Takke cobcTBeHHbIH (hopmaT ommca-
HUsl cTuieil, pazpaboTanublii st reonoprada |2]. Tloab3oBarenbekuil unrepdeiic st Karaaora
METaJAHHBIX, JJIs CUCTEM MOHUTOPHUHIA TEMATHYECKUX IOKas3arTejieil u it WHGOOPMAIUMOHHO-
AHAJIUTUIECKUX CHCTEM B PErMOHAJBHOM VIIPABIEHUU BBIIOJHEH B BHJIE T€OMH(MOPMAIMOHHOIO
BEO-TIPUJIOXKEHHUSI.

2 ApxuTekTypa CUCTEMBI

HpOI‘paMMHbIe MOIyJ/in KaTaJior'a ITPOCTPAaHCTBEHHBIX JAaHHBIX B CO3JJaHHbLIX DETMOHAJIbHBIX I'€O-
I/IH(I)OpMaL(I/IOHHbIX BeO-CHUCTEMAaX COCTOSIT U3 CJIEAYIOIUX OCHOBHBIX 3JIEMEHTOB!:

1. XpaHuauine mpoCTPaHCTBEHHBIX IAHHBIX. XPaHUJIUINE COCTOUT W3 bailji-cepBepa ¢ reoaH-
HBIME B nonyJisipabix dpopmarax ['MIC, a tak ke cepsepa PostgreSQL /PostGIS ¢ nabopom 6a3
IeOIPOCTPAHCTBEHHBIX JAHHBIX. 110/[/IepXKUBAIOTCS U CTOPOHHIE UCTOYHUKH JTAHHBIX, PasMe-
IIEHHBIX OTJIEJIBHO OT KATaJora Ha BHEIHUX CEPBEpax.

2. Karajor pecypcos. Baza JaHHbIX MeTaoIuCaAHUi BceX NH(MOPMAITMOHHBIX PECYPCOB MIOPTAJIA,
a Takyke HabOp mporpamMmubix 6ubmorek (API) miust pasinasbix omepanumii mo ux o6pabor-
ke [3]. Coneprkanne Karanora HHGOPMAIMOHHBIX PECYPCOB COCTABIISIIOT OO'bEKTHI PA3JINIHBIX
TUIOB: WHMOPMAIMOHHBIE PecypChl (KapTorpadudeckuil cioii, Kapra, aTpuOyTHBHbBIC JTaH-
Hbl€, AHAJTUTUIECKUI CEPBUC C BEO-II0CTYIIOM, ITyOIUKAIMSL, U JIP. ); SJIEMEHTHI MHOYKECTBEHHOM
kJtaccudukaiun nHOPMAIMOHHBIX PECYPCOB; MHMOOPMAIMOHHO-HABUTAIIMOHHBIE 3JIEMEHTDI
(HTML noxkymenTsl) u sip.

3. Beb-ximmment jurs jocTyiia K pecypcam KaTasiora:

® I110JIb30BaTE/IbCKHI BeO-MHTEPdENRC KaTajora IPOCTPAHCTBEHHBIX METaJIaHHBIX — BeO-
HPUJIOXKEHUE, TIPEeTHAZHAMEHHOE JIJIsi HABUTAIUU 10 3aPErnCTPUPOBAHHBIM B CUCTEME pe-
cypcaM | MOHUCKY Cped HUX;
® 110J[cUCTEMa KapTorpaduieckoil BeO-BU3yaU3aIlUUd — OTODparKEHWE KapT U OT/E/IbHBIX
CJIOEB TeOJIaHHBIX IOpTaja depe3 BeO-mHTepdEic ¢ pasBUTBIMA MWHTEPAKTUBHBIMU BO3-
MO2KHOCTSIMU.
4. TlompzoBaTesbckue HHTEPMENRCH yIIPABICHUA:
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® JIMUHUCTPATUBHBIN BeO-uHTepdEiic — mojcucreMa yupasaeHnusi KaTaJIoroM PeCypCoB;
® DEJIAKTOP CTHJIEBOrO OOPMJIEHHUSI — CIIEIMAIN3UPOBAHHAST TPOIPAMMAa-PEJIAKTOD TeMaTH-
YEeCKOil pacKpacKu CJI0EB U KapT.

5. Kaprorpaduyeckue u ciy:kebHbIe BEO-CEPBUCH — TIPOrPaAMMHBIE U TIOJTE30BATETHCKIE HHTED-
deiichl I oMy IeHust ¥ MPEJOCTABICHUS TeOJAHHbIX HA OCHOBE CTAHJIAPTHBIX IPOTOKOJIOB
OGC (WMS, WMTS, WFS u r.1.); 6ubaunorekn (GyHKIHMHA U IPOrPAMMHBIX HHTEPdOERCOB
JUIsl MHTErPAIlAN PA3HBIX JIEMEHTOB PaspabOTKU B €IUHOE IEJIOE.

6. Ilpuksajmbie BeO-CEPBUCH — PECYPCOEMKHE BBIUUCTUTEILHBIE 33JIa49U, BBIITOJIHIEMbIE HA CTO-
pPOHE cepBepa: aJIPECHBI MOUCK, MEOKOIMPOBaHUe, MPOKJIAJIKa MApIIPyTOB TPAHCIOPTA 10
rpady JOPOXKHON CEeTH, MOCTPOEHHUE BOJOTOKOB 110 I'pady PEeYHOil ceTu u T.I.

3 TexnHosornu u mMporpaMMHOe obecriedeHune

PazpaboTka mporpaMMHBIX CPEICTB BBITTOTHAIACEH Ha s13bIKe crieHapues PHP. s xpanenns nan-
ubix ucrojb3oBana CYB/I PostgreSQL — cBobomuo pacipocrpansieMasi 00beKTHO-PEISIITHOHHAST
cucreMa yIpaBJjeHus 6a3aMu JJaHHBIX, HanboJiee paspuTas u3 oTKpbITbiX CYBJl B Mupe u siBJisi-
IOIASICS PEAIbHOM aJbTEPHATUBON KOMMEpUECKUM 6a3aM JaHHBIX. HeMaJIoBaXKHBIM IIPEUMYIIe-
CTBOM SIBJISIETCSI HAJIMYINE JIOTIOJHUTEFHOTO MOJLYJIsI, KOTOPBIN 06JierdaroT paboTy ¢ IpOCTpaH-
creenubiMu JauabiME PostGIS (cBoGognas I'VIC 6ubimoreka, KoTopasi Mo3BOJIsSIET paboTaTh C
reorpaduueckumMu 00beKTaMI U QYHKIUSAMHE).

s mocTpoeHust KJIMEHTCKOM YacTH BeO-ITPUIIOZKEH NS, UCIIOJIL3YIOIIEr0 KapTy PEernoHa, mMoji-
xozsT Heckosbko Texuosoruii — DHTML, Adobe Flash, SVG (Scalable Vector Graphics — mac-
mrabupyemasi Bekropaasi rpaduka), WebGL (Web-based Graphics Library). Ix BosmoxHOCTEi
JIOCTATOYHO JIJIsI PeAJIM3AINK KJINEHTCKON JIOTUKN KapTorpaduieckoro seb-unrepdeiica. Opanm
U3 MHTEPECHBIX PENIeHUNl U MOMYJISPHBIX HA CETOJHSINIHUN JIEHb SBJSIETCS NPUMEHEHUE TEeXHO-
gornu guaamudeckoro HTML ¢ meromaMu acuHXpOHHOTO oOMeHa JIaHHBIME 0e3 mepe3arpys3Ku
crpanuipl (Remote Scripting, AJAX) [4]. Tlpakrudecku Bce coBpemeHHbIe BeG-Gpay3epbl 110/
JIEPYKUBAIOT 5TU TEXHOJOIUU O€3 MCIIOJb30BAHUS JOMOJTHUTEIBHBIX MOJYJIEH. DTa TEXHOJIOTHUS
[IO3BOJISIET YMEHBIIUTh O00bEM IIepejiaBaeMoil MHMOPMAIUN 110 CETH U YJIYyUIIUTbL <«KAa4ecTBO»
[I0JTh30BATE/ILCKOTO nHTEepdeiica. B pesyibrare, MOXKHO NOBOPUTH, UTO TOJIb30BATEIbCKAST 9aCTh
CUCTEMBI $IBJISETCS KJIMEHTCKUM IIPUJIOYKEHHEM, a He HabOPOM JIMHAMUYECKUX CTPAHMUIL, TeHe-
pupyeMmbix cepBepoM. Vcrosib30BaHme TaKOro MOJX0A JAET BO3MOXKHOCTH YaCTUYHO Pa3e/IUTh
JIOTUKY KJUEHTCKON W CepBEPHOil JacTeil, 9TO IPUBOAUT K OOJiee BHICOKON THOKOCTU BCel CUCTe-
MBI.

[Ipu pazpaboTke KapTrorpaduIecKoro KOMIIOHEHTa BeO-mHTepdeiica ObLIN MpoaHaIn3MpPOBa-
HBI J[Ba, criocoba MpeJicTaB/ieHust KapTorpadudeckoit nadopmamnmum Jjs mojab3oBaress. [leppsrit
c11ocob — KapTa 0TobparkaeTcsl ¢ MCII0JIb30BaHUEM PACTPOBbBIX (hparMeHToB (TaiiaoB). OCHOBHBIM
[PEUMYTIIECTBOM TAKOT'O CIIOCODA, SABJISIETCH CKOPOCTD MOJIYIEHUsT BU3yaJIbHON HH(MOPMAIINY [T0JTh-
30BaTeIeM U MaJjasl HarpysKa Ha CepBep MPH 0TOOparkeHnn crarudeckoir mapopmanun. IIpomece
dopMupoBaHUS KAPTHI HA KJIMEHTCKOM KOMIIBIOTEPE COCTOUT U3 HECKOJBKUX STAIIOB, C UCIIOJIB30-
BaHUEM JIOTIOJTHUTEIBHBIX ITPOIPAMMHBIX TIOTOKOB, MEXaHI3MAa KIIIUPOBAHUSI, OUepe Il 3arpy3Ku
dparmenToB u jgp. [Ipu TakoMm crocobe oTobpakeHUs KapThl MOJIB30BATEIO IIPOIECC TOCTPOE-
HUsI KOMITIO3UIIUU KAPThI TIO3BOJISIET ONMTUMU3APOBATD IIPOIECC 3arPy3KU, CHU3UTH HAIPY3KYy Ha
BeO-Opay3ep u OoJiee paBHOMEPHO €e PACIpeienTh 110 BpeMeHu. OIHAKO [IpU OTODparKeHnH Me-
HSTFOIIUXCST TEMATUIEeCKUX JAHHBIX, HEOOXOIUMBIX JIJIsT TH(POPMAITHOHHO-aHAJIUTHIECKIX CUCTEM,
TaKOi CII0CO0 CHUXKAET CKOPOCTH JIOCTYIIA TI0JI30BATE I K TPOCTPAHCTBEHHBIM JAHHBIM U yBEJIU-
YUBaeT HArPy3Ky Ha cepep. st perennst 510l mpobsieMbl UCIOJIB3YETCS BTOPOil CIIocob 0To0-
paxkeHust HHGOPMAIIUY — 10 3AIIPOCY [TOJIH30BATEIIA TeHEPUPYETCS OJIHO PACTPOBOE N300PaKeHue,
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b0 pOpMHUPYETCs CJIOH C BEKTOPHBIMU OObeKTaMu. B 3aBHCHMOCTH OT THIIA IIPEICTABJISIEMOIT
nHGMOPMAIUH TI0JIb30BATEI0 B IIPOrPAMMHOM HHTEP(dEice CHCTEMbI UCIOJIb3yeTCss KOMOUHAIIHST
9TUX JIBYX CIIOCODOB.

Cerojits cyImecTByeT 60JIbIIN0E IUCI0 OUOINOTEK ¢ OTKPBITHIM HUCXOTHBIM KOIOM JIJIsI CO3IAHMS
rOTOBOI'O ITOJIb30BATEBLCKOIO HHTepdeiica ¢ KaprorpadpudeckuMm uHTEepdeiicom. OnHako GyHK-
IMOHAJA CYIIECTBYIOINX OMOIMOTEK OBLIO HEIOCTATOYHO JJIsi PEIIEHUs] ITOCTABICHHON 3a1adu
1 OBbLJIO0 pa3paboTaHOo BeO-TIPUIIOKEHHE ¢ Ucob3oBanneM oubsmorekn OpenLayers. OpenLayers
— 9710 JavaScript 6mbyimoTeKka ¢ OTKPBITBIM HMCXOIHBIM KOJIOM, IIpeIHa3HadYeHHAas JIJIsI CO3IAHU
KapT Ha OCHOBE IPOrpPaMMHOI0 mHTepdeiica, mogmepxupaer rexuosoruio AJAX u anumaiuio.
[Ipu pazpaborKe cepBepHOil YacTu BeO-IIPUIIOXKEHUS JJIst paboThl ¢ KapToii KpacHostpckoro kpast
HCIIOJIB3YEeTCsI IIporpaMmHoe obecrieuenne MapServer, npeHa3HaAYeHHOE JjIst 00ECIeUeHUsl 10~
cryma depe3 MHrepHer K mHTEpaKTUBHBIM KapraM. MapServer mpeactaB/isieT coDOi OTKPLITYIO
U CBODOJTHO PACIIPOCTPAHSEMYIO Cpejly paszpaborku VHTepHeT-IPUIOKEHUH J1ijist pabOThI ¢ 3JIE€K-
TPOHHBIMU KapTaMU IMHPOKO PACIPOCTPAHEHHBIX CPEIM MHOXKECTBA NeOMHMOPMAIMOHHBIX CH-
CTeM BEKTOPHBIX M PACTPOBBIX (GOPMATOB, 00JIAJAIOILYIO OOJIBIINM YUCIOM (PYHKIIMOHAJIBHBIX
BO3MOXKHOCTEIA.

st co3maHusi KapThl U3 (DParMeHTOB HCIIOJIb30BaJOCh IIPOrpaMMHOE obecredeHne
GeoWebCache. GeoWebCache ncnonssyer crermdukammo WMS Tile Caching (WMS-C), ko-
Topasi siBuIachk pesysabrarom Koudepernun FOSS4G B 2006 r [5]. Cepsucst WMS paspabarbi-
BaJIUCh C y4eTOM OOJbINOi TubKocTH u OOraToro (pyHKIMOHAJA, HO 3TO 000PAUUBAECTCA BBICO-
KIMHI TpeOOBaHWSAME K BBIYUCIUTENbHOI MomHocTu cepsepa [6]. Cepsepst WMS-C mo mpo-
TOKOJIaM coBMecTuMbl ¢ WMS, 105TOMYy WX MOXKHO BCTPOUTH MEXKJIy KJIMEHTOM U CEPBEPOM
WMS, 410 1mo3BosisteT CyIecTBEeHHO yBEJINIUTh CKOPOCTh PEAKIINU W pa3rpy3uTh cepsep. Pac-
CMOTPEHBI AJIBTEPHATUBHBIE PEIEHUs [JIsi CO3J[aHUs KaTajora (pparMeHTOB, Takhe Kak ka-
Map Cache (http://ka-map.ominiverdi.org), TileCache (http://tilecache.org), MapCache
(http://mapserver.org) u Ap. VICTOYHUKOM IPOCTPAHCTBEHHBIX JAHHBIX JIJIS CEpBEpa € MPO-
rpamMHBbIM obectiederreM GeoWebCache mocityzxkusr WMS cepsep ¢ kaproit KpacHosipckoro Kpast
Ha, OCHOBe IporpaMMHoro obecrnedenust MapServer. PeajaunzoBana cucremMa cepBHCOB, KOTOPBIE
IO/IJIEPYKUBAIOT K3III PACTPOBBIX m300parkeHuii Ha cepBepe ¢ GeoWebCache B akTyajibHOM CO-
CTOSTHUHU TIpY OOHOBJIEHMH MCXOJHBIX JaHHBIX Ha WMS cepsepe.

B pe3yibTaTe O6’be,ZLI/IHeHI/IEI Pa3/IMIHBbIX TEeXHOJIOTHUL npeacTaB/ieHud KapThl IIOJIb30BaTeJIIO
Ha CTOPOHE KJIUEHTa PEaJIN30BAH BApUAHT, B KOTOPOM KapTa COCTOUT U3 JIBYX CJIOEB: IOIJIOXKKA
U TeMaTHIecKuit csoit (puc. 1).

4 CepBucsl u nHTEpdEUCHI

Pazpaborannbiit 6aHK TPOCTPAHCTBEHHBIX JAHHBIX BKJIIOYAET B cebsl MPOrpaMMHBIE CPEICTBA,
[IPEIOCTABJIAIONINE [I0JIb30BATESIM PA3JIUIHBIN HAOOp MHCTPYMEHTOB JjIsI pabOTBhI C CHCTEMOit
[I0CPE/ICTBOM Pa3/IMYHbIX KJIMEHTOB (BeO-KJIMEHT Ha OCHOBe BeG-Opaysepa, windows-KJIneHTHl), a
TaKKe PsiJi CPEJICTB aIMUHUCTPUPOBAHMS CAMON CHCTEMBI U 0a3bl JAHHBIX. XOTA B OOIIEM CJIy-
qae B luTpaneT-cucTeMe MOryT UCIOJIb30BaThCA BCE BO3MOXKHBIE c1y)k0b1 uTepueT. [Ipu sTom
JOCTYT K PA3JIMIHBIM KOMIIOHEHTaM CHCTEMBbI MOYKHO OCYIIECTBJIATH JOMOJTHUTEIHHO Yepes3 Mpsi-
MO€ TMOJKJIIoUeHne K 6a3e JTaHHbIX, YTO UCIOJIb3YETCs B OCHOBHOM JIjIsl BBOJA U PEIAKTUPOBAHUS
JTAHHBIX.

B paccmarpuBaeMoil cucreme peaju30BaH Pl BCIIOMOTATEIbHBIX CEPBUCOB, KOTOPHIE MOLYT
HCITOJIb30BATHCS B CBA3AHHBIX MH(POPMAIMOHHBIX CHCTEMAaX:

1. Cepsucor OGC. JocTyn K pecypcam KaraJjora Jjis yao0CTBa I0JIb30BaTe/Iell BO3MOKEH depes
cepsuchl WMS u WFES. 911 cepBuUCHI 1I03BOJISIIOT PAOOTATEL ¢ KATAJIOIOM U3 PA3JIMYHOIO IIPO-
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Puc. 1. ®opmupoBanne kapTorpaduaeckoro BeO-IpUIOKEHNSI.

rpaMMHOrO oDecIieueHusi, BKJIIOUasi Takue n3BecTHbie makeThbl, kak Maplnfo, ESRI ArcGIS,
Quantum GIS u apyrue.

Cepsuc reokonpoBanusa. OyHKIUN T€OKOIUPOBAHUS TO3BOJIAIOT «IPUBSI3LIBATDY HA3LI TaH-
HBIX, KOTOPbIE BeJIeT OOJIBIITIMHCTBO BEJOMCTB, 00C/Iy 2KUBAOIIIX YPOAHU3UPOBAHHBIE TEPPUTO-
punu u Hacesenune, K Kapram tepputopuit. [Iporecc mpeobpazoBanust ajpecoB MpOCTPaHCTBEH-
HBIX 0ObEKTOB B UX reorpaduyeckie KOOPJAUHATHI HA3bIBAETCs MeOKoIupoBanneM. OOpaTHbIit
poITece, Mpeobpa30BaHme TOUKM HA KAPTE B UNTAEMBIH JJIsS TOTH30BATES apec, U3BECTeH
KakK obpaTHOe reoKoupoBanue |7].

Cepsuc moncka MapripyToB. [louck MapripyTa Ha JIOPOYKHOI CeTH BBIIOJHIETCS 110 JIBYM
YKa3aHHBIM TOYKAM — HAJaJbHON u KoHewdHOH. [Ipenmomaraercs, 9To OHU MOTYT OBITH 3814~
HBbI KakK reorpaduyecKiuMu KOOPJAUHATAMHI, TaK W aJIPECOM B TEKCTOBOM Buje. B mociennem
CIyYast UCTOIL3YETCsT TIOACUCTEMa TeOKOINPOBAHUS JIJIsT onpeiesienns nx koopauHart. [Tomck
BBITIOJTHSIETCSI 10 JIOPOKHOMY T'pady, KOTOPBIl IIPEBAPUTEIBHO TOJANOTOBJIEH 10 6a30BOMY
CJIOIO JTIOPOKHOI cetn |7].

CepBucC MOCTPOEHNUsT BOJOTOKOB BBIYHUCIISIET BOJIOTOK TI0 T'pady pevHON CeTH U3 3aJaHHON TOU-
ku. Pesyibrar BosBpamaercs B Buje HabOpa CErMEHTOB PEYHOI ceTH, BKJIIOUYasi MPOCTPaH-
cTBennble mannble. CepBUC UTpaeT BAXKHYIO POJIh B 3aJa9aX 0 00eCIedeHnio 6e30MacHOCTH
IUAPOTEXHUIECKUX COOPYKEHUIA.

CepBuC TOCTPOEHUST TEMATHIECKUX KAPT MO0 TEPPUTOPHUH KPast TIO3BOJISIET CTOUTH PA3TUIHBIE
TeMaTHYeCKhe KapThl (PACKPACKH, IHAIPAMMbBI) HA OCHOBE JAHHBIX U3 BHEIIHUX cucreM. Ta-
KHe TeMaTH4YeCKre KapThl MOTYT ObITh pasMelleHbl Kak Ha cepBepe reomopraja, Tak W Ha
caiitax opranos Bjactu u ynpasienusi Kpacnosipckoro kpast [8].

CepBuc pasmerrennst KapTorpaduaecKux pecypcoB Ha caiiTax Jpyrux opranusarmii. Kapro-
rpadgudeckuii cepBuc paboTaroninii B peskume Beb-unrepdeiica ¢ kapToit KpacHospckoro Kpast
[IPEJIOCTABIISIET PA3PA0OTINKAM BeO-CailTOB BOBMOXKHOCTD Pa3MeniaTh OKHO C KApTOil HA CBO-
UX CTPAHUTIAX U OCYIIECTBIISITH €r0 HACTPOMKY C TIOMOIIBHIO pa3paboTaHHOTO WHCTPYMEHTAPHS.
ABTOpBI ¥ KJIMEHTHI MOTYT JIOKAJIHLHO JIOMOJIHATH KapTy CBOMMHU JAaHHbIMU. HecjoKHblE KO-
MaHJIBI TTO3BOJIAT JTOOABUTD HA KAPTY COOCTBEHHBIE KOHTYPBI, MAPKEPHI, NHTEPAKTUBHBIE O
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CKa3KH, BCILIBIBAIONINE OKHA U TeMaTH4YecKne packpacku. Jlannbie /ijist 0TOOpakKeHust MOXKHO
pa3MeInaThb HEeIOCPEJICTBEHHO B Kojie BeO-cTpanuil. [IpegycMoTpeHa BO3MOXKHOCTD CO3/IaHUS
TEMATHYECKUX CJIOEB B PEKUME IIPOCMOTPA BEO-CTPAHUITHI.

CepBuc pmocryna K KaTajory. Bas3oBblii JOCTYI K KaTajory pecypcoB OPraHU30BaH Uepes
Beb-cepauc 110 nporokoy SOAP. Ilporpammustii uarepdeiic (API) cogepxkur dyukimit s
yIpaBjeHus 00beKTaMi KaTaJjora.

B permonanbuoit nHGOPMAITMOHHON CHCTEME ITPEIYCMOTPEHO pa3IeIeHne IPaB JOCTYIIA MOJIb-

3oBarejieil cucreMbl (aJMUHUCTPATOP, OHEPATOD, OOBIYHBIN MOIB30BATEb U T.II.), HO3BOJIsIS O

HOBPEMEHHO pa6OTaTb HECKOJIBKUM IIOJIb30BaTeJISAM C Pa3JIMIHBIX MECT. B kagecTBe 0CHOBBI JJIA

TaKON CHUCTEMBI MOXKET OBITh CeTh HECKOJbKHUX CEPBEPOB, (DYHKIIUU KOTOPBIX MOI'YT OBITH II0O-
XOXKUMHU (JIJIsl CHUZKEHMsI HArPY3KHM Ha BCIO CHCTeMY), JIHO0 MoryT passaudarbes. OuHu cepsep
OpraHmM3yeT JOCTYH K 0a3e JaHHBIX, APYToil obecrednBaeT JOCTYI K XPAHWINILY KapTorpadu-
qeckoil mH(pOPMAIINK, IIPA TOM B KadeCTBe XPAHUIUINA TaKOH mHMOPMAIMI MOTI'YT BBICTYIATh
MHOYKECTBO CEPBEPOB PACIPeeeHHBIX 10 BceMy MUpPY. B3amMomeficTBume MeXKITy HUMHU MOXK-

HO OpPraHu30BbIBaATh C UCIIOJIbSOBaHUEM BCTPOCHHbIX BO3MO>KHOCTEN IporpaMMHOIO O6eCHequHﬂ
MapServer, a tak:xke ¢ momorbio WMS u WES texnostornii. JocTymr Ko BceM cepBUCAM CHCTEMBI
OCYIIIECTBJIAETCS PA3IMYHBIMU KJIMEHTAMU, KasK bl 13 KOTOPBIX BBIIIOJIHSET CBOH OIIPEIeICHHbIC

byHKINN.
l" “\ l" ‘\\ l’- “\
1 OGR — BekTopHble q_)opmaTbl ] Web Map Services, ] GDAL - pacTpoBble hopmaTh! H
| (PostGIS, Oracle Spatial Shape, 1 1 Web Feature Services 1 ) (TIFF/GeoTIFF, EPPL7, MISID, 1
: Maplnfo u gp.) ; : ; ‘ JPEG, PNGu gp.) :
\\ " \\ " \\ ',
BaHk NMPOCTPAHCTBEHHbLIX OAHHbIX
s~ SN 7 SN 7 Y
: ApXI/IB MeTagaHbIX ‘ : MHTepHeT-peCprbl (CCbIJ‘IKI/I Ha ‘ : :
1 (MHbopmaums o BymaxHbix 1 ) WHTepHeTaTnackl, MHTepHeT 1 daiinosble apxuBbl []
: KapTax, KOMMaKT AucKax u T.M.) ; : apxuBbl 1 T.M.) ; : :
\\ " \\ " \\ ',

Puc. 2. opmarsl JaHHBIX.

IIpu pazpaboTke MHOOPMAIMOHHON CHCTEMBI MCIOJIb30BAJIMCH COBPEMEHHBIE ITPOTrPAMMHBIE

PEIeHNsT U TEXHOJIOTHH, UTO 00ECIIEUmJIO JOCTYII K PA3JIMIHBIM (hopMaTaM MPOCTPAHCTBEHHBIX
naHHBIX (puc. 2). BaHK HpOCTPaHCTBEHHBIX JAHHBIX [IPEYCMATPUBAET BOZMOXKHOCTD XPAHEHUS
CJIYIOIIUX TUIIOB ITPOCTPAHCTBEHHON MHMOPMAIINN:

3J1eKTpOoHHBbIe KapThl U cion. C momormpio 6ubanorek GDAL u OGR nostBiisteTcst BO3MOK-
HOCTB JIJIs1 3aIPY3KU OPPOMHOIO YUCJIA PA3IMYHBIX PACTPOBBLIX U BeKTOPHBIX (hopmaros (OGR
— PostGIS, ESRI ArcSDE, Oracle Spatial, MySQL, MapInfo u np., GDAL — TIFF /GeoTIFF,
EPPL7, MrSID u np.);

cepsucsl OGC (WMS u WFS) no3BossfoT MOAKII0YATHCST K BHEIIIHUM KaTaJI0raM IPOCTPaH-
CTBEHHBIM JTAHHDBIM;

[IPEJlyCMOTPEHa BO3MOXKHOCTD 3arpy3Ku (pailjloBBIX apXUBOB, COAEPKAIUX KapTorpadude-
ckuit Mmarepuas. Takas BO3MOKHOCTD TO3BOJISIET XPAHUTE pabodrne HabOpbI U KapTorpadutie-
CKHUEe CJIOU MOJNOTOBJIEHHBIX B CTOPOHHUX IporpaMMubix nakerax (Hampumep, ['TIC MaplInfo
mwm ['M1C ESRI Arclnfo);

HAOOP Pa3JIMUHBIX CCHLIOK HA BHEITHUE 3JIEKTPOHHBIE PEeCyPChl (HAIpUMED, aTiackl B HTEp-
uer, pasananeie Vnrener-I'IC pecypesr u T.1I.).

HAbOP Pa3JIMYHBIX CCBIJIOK Ha apXUBbl KapTorpaduieckoil nadopmaryu (GyMarKHbIE KapThl,
KOMITAKT JIUCKU U T.II.).
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Puc. 3. Unrepdeiic nosp3oBaress.

Jl1st e ITMHOIrO ONHMCAHMS Pa3JINYHON IPOCTPAHCTBEHHON MH(OPMAIINKA HCIIOIb3YeTCsl OOt
mabJIOH MeTaJIaHHbBIX, IMOATOTOB/IeHHbIN Ha ocHOBe npoekTa 'OCTa «l'eorpaduueckass nudop-
marusi. Meraganusies [9]. Kaxkpiii s1eMeHT XpaHeHUsI COJAEPXKUT TaKylo HHMOPMAIMIO, KaK
Ha3BaHWe, ONMCaHue, UMsl (paiijia, ICTOYHUK, aBTOPCKHUE IIpaBa, CUCTeMa KOOPJIUHAT, CII0co0 MpH-
obperenHusi, MacIITad MepBOUCTOTHUKA, TOIMOJIOT N, HH(POPMAIIHS O IPOCTPAHCTBEHHO-BPEMEHHBIX
XapaKTepPUCTHKaX, HHPOpMaIds 00 OrpaHuYeHHSsIX.

Ha pucynke 3 mpejcraBieH mpuMep ¢ KPAHHBIMU KOIMAMU UHTEPQEHCOB pa3paboTaHHOM
CHUCTEMBI.

5 3akJirodeHue

Cerojiast B pe3y/ibTaTe pa3BUTHS TEXHOJIOIHI U TPOrPAMMHOTO 00eCIIeUeHU ST [TOJIy YeHbI HOBBIE Pe-
3YJILTATHI, KOTOPBIE TTO3BOJIMIN 3HAYNTEIBHO YCOBEPIIEHCTBOBATE CYNIECTBYIONLYIO TPOTPAMMHO-
TEXHOJIOTUIECKYIO IaTdOpMy Jjid Pa3pabOTKH PErHOHAJBHBIX T'e€ONH(POPMAIMOHHBIX BeO-
cucreM. MofymbHasi apXuTeKTypa MTO3BOJIUT YCOBEPIIEHCTBOBATL CYIIECTBYIONIYIO CHCTEMY B
JAJIbHERTIIEM, & TaKXKe MO3BOJIUT YCOBEPIIEHCTBOBATH MIPOIECCH Pa3pabOTKU MOMOOHBIX CHCTEM
MOHUTOPpUHTa JJId PErmoHa, 9YTO IOBBICUT Kavde€CTBO IIPEJOCTaBJ/IACMbIX YCJIYT JJIsd HaCeJIeHUA
Kpasg ¥ Ka4eCTBO NPUHUMAEMBIX YIIPABJIEHUYECKUX pelienuil. PaccMOTpeHHOE pereHne MOXKeT
OBITH UCIOJB30BAHO HE TOJIBKO JIJIst TeppuTopun KpacHOSIPCKOTO Kpasi, a peCypchbl U HHCTPYMEH-
THI pa3paboTaHHON TPOrPAMMHO-TEXHOJOTHIECKON TIAThOPMBI MOTYT OBITH UCIOIB30BAHBI TPH
paspaboTKe JAPYTuX CHUCTEM.

Paszpaborannoe mporpamMuoe obeciiedenrie U CEPBUCH CTPOMJIMCH Ha OCHOBE CBOOOJIHO pac-
[IPOCTPAHSAEMBIX TEXHOJIOTUN U MPOrPAMMHOI0 00ECIIEIeHUsI:

e wardopma Jyisi mybsmkanuu kaprorpaduaecknx janabix — MapServer 6.x (http://www.
mapserver.org);

e cucrema KammpoBaHust Kaprorpadudecknx JgaHubix — GeoWebCache (http://www.
geowebcache . org);

e OCHOBHOII s13bIK paspaborku — PHP 5.3+ (http://www.php.net);
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e CVBJI — PostgreSQL 9.3+ (http://www.postgresql.org) u PostGIS 2.0+ (http://www.
postgis.org).
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Awnnoranusi. Pabora mocBsiiieHa HOBOMY HAIIPABJICHHUIO B 0OPabOTKE MAHHBIX T€OMOHUTOPUHTA,
KOTOPOE MOXKET OBbITh UCIIOJIBL30BAHO B JIMATHOCTUKE CJIOXKHBIX [IPUPOJHBIX 'e00O'HEKTOB U CUCTEM —
reOMeTPUYIECKUIl aHaIN3 BU3YaJbHBIX JIAHHBIX, TJI€ COBMECTHO BBIMIOJIHSIETCS BEWBJIET-TIpeobpa3oBa-
HIE JAHHBIX JJIsi KPUBOJIMHEHHBIX OOBEKTOB U IITHAPJIET-IIPEOOPA3OBAHNE Il IMHEHHBIX OOBEKTOB.
3ajate pasesenus: n300pakeHns: Ha MOP(MOJIOTUYECKY PAa3HbIe COCTABJISIIONINE B [IOCJIEHEE BPEMS
VIEJISIIOT MHOTO BHUMAHUSI B CBSI3U C €€ 3HAUNMOCTBIO IIPU PEIIeHNN 3a/1a9 PACIIO3HABAHUST 0OPa30B
JJIsl pa3IUYHBIX aKTYAJbHBIX TPUJIOXKEHM B HayKax 0 3emiie. PazpabaTbiBaeMast BEITUCIUTEIHHAS
TexXHOJIOrus Jist 9 DEKTUBHOIO PEIeHUsI ITOM 3a/1a91i MOYKET OBbITh IIPUMEHEHA K IIUPOKOMY KPY-
I'y Te0OOBbEKTOB, BKJIIOUYAsl MCCJIEIOBaHUsI, CBI3aHHBbIE C M3BICKAHUSIMU HA HE(MPTH U ra3 B CJIOKHBIX
reocpenax. B pesynbraTe mpoBeIeHHBIX UCCIEIOBAHNI pa3paboTaHa BBIYUCIUTETbHAST TEXHOJIOTHS,
[I03BOJISIONIAsS] PElIaTh 3aa49u 00pabOTKH JIAHHBIX T€OMOHUTOPHUHIA CJIOXKHBIX Ne000bEKTOB Ha OC-
HOBE COBMECTHOIO MPUMEHEHUsI BefBJIeT- U MuapJIeT-1peoOpa30BaHUIA.

KiroueBnle ciioBa: BeiiBieT-npeobpasoBanue, muapJer-upeobpasosanne, MopdoIoruiaeckuii ana-
JIN3, pacro3HaBaHue o0pa30B.

Bsenenune

B Hacrosiiee BpeMst COBpeMEHHBIE BBIUUC/IUTEIbHbBIE TEXHOJIOTHH TTO3BOJISIIOT 00eCIeInBATD TPO-
M3BOJICTBO, IEpeIady W XpaHeHHe OOJIbIMMX O00bEMOB JaHHBIX: PA3INYHBIX JIAHHBIX W HUHQOP-
MAaIMU B CAMBIX PA3HOOOPA3HBIX cepax JesTeJIbHOCTH (MeIUInHA, aCTPOHOMUSI, CEHCMOJIONHs,
METEOPOJIOTHSI, YIIPABIEHUsT BO3IYIITHBIM JIBUKEHNEM, HHTEPHET-TPADUK, ay o U BUIEO ITPHUIO-
JKeHwUsl, UDPOBbIE KOMMYHUKAIUH 1 T.]I.).

OTu naHHbIe TPEOYIOT 3(pPEKTUBHOTO aHAIN3a U 0OPAbOTKU ¢ MEIbI0 MOJIYIeHUsT HOBOW WH-
dopmanyu n 3Hanuil. Kpome T0or0o, BaxKHO HE TOJBKO 00ECIIEYUTH aJIEKBATHOCTH METOIUKH JIJIsT
00pabOTKM Pa3INIHBIX TUIIOB JIAHHBIX, HO M BO3MOXKHOCTH aHAJIM3a TOYHOCTH METOJIOB JJist 6ojiee
r1yOOKOro IMMOHUMAHNSA OCHOBHBIX CTPYKTYP B JAHHBIX.

Takum 00pa3oM, 3aja4a CBOJUTCS K Pa3sOUEHUIO MCXOJHBIX JIAHHBIX (CUTHAJIOB, M300parKke-
HUiT) Ha OJIOKM IPUEMJIEMBIX pa3MepoB, 00paboTKe KayKJ0ro 0JIoKa B OTAEIHLHOCTH HEKOTOPBIM
METOJIOM U aHaJu3y Pe3yJbTaroB 06paboTKu. s 5Toro «pasiaMblBaHUA», 9TOOBI PA300PaTHCS
B 00bEKTE MCCJIEOBAHUSI, IIPejIaracTcsl FTapMOHUIECKIH aHaIN3.

st xyacca maHbbIxX [ C LQ(Rd),d > 1 noxbupaercsd Takoe MHOYXKECTBO aHAJM3UPYIONTUX
byuxmmit (¢;);cr, Te I — caeTHoe MHOXKECTBO HHJIEKCOB, 4TO Jyid BeeX f € | BhIIOjIHseTCS:

F=> clf)ei

i€l

Cuérnoe MHOXKeCTBO KO3(bDunuenTos ¢;(f), i € I siBasieTcst pa3/ioKeHneM UCXOHOTO CUTHAJIA
o 6a3ucy aHaJIU3UPYIOMKUX (PYHKINI U MOXKET OBITH OIPEIeJIEHHBIM 00pa30M IPOMHTEPITPETH-
POBaHO C [EJIbI0 aHAIN3a BXOAHBIX JaHHBIX. C Ipyroil CTOPOHBI, YKa3aHHas (POPMYJIa OIUCHIBAET
[IPOIIECC BOCCTAHOBJIEHHST CUTHAJIA 10 ero KO3 UImeHTaM Pa3JIOXKeHNUs.
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OO6BEKTOM WCCTIEMOBAHUST STBISIOTCS IByMepHBIe n306pazkerus. OTAeIbHBIM BOITPOCOM aHa-
Jin3a n300paXKeHuil SIBJIsIeTCsT OnpeiesieHrne pparMeHTOB H300parKeHNs, UMEIOIUX aHU30TPOIIHBIE
XapaKTePUCTHKU U PA3PBIBLI (TaKme KaK Kpasi n300paKEHHBIX 00bEKTOB MM KPUBbIE JINHUN HA
1300paKeHNN ), MOCKOJIbKY TPaJUIIMOHHBIE METOIbI 00PabOTKN M300PaKEeHUl HEeUyBCTBUTEIHHbI
K IIOIOOHOTO POa XapaKTEPUCTUKAM.

B Teuenune moceqHuX ABAAIATH JIET ObLIN TPEJJIOKEHBI PA3IUIHbIE METO/IbI 0OPAbOTKY aHU-
30TPOIHBIX 00BEKTOB Ha M300paXKEHNN, TAKUE KAK HAIIPABIEHHDBIE BEHBJIETHI, KOMILJIEKCHBIC Beli-
BJIETHI, KOHTYPJIETHI, KEPBJIETH U T. I1. B 2006 romy mpeniozkeH HECKOIBKO HHOM MTOIXO K aHATIU3Y
AHU30TPOIHBIX COCTABJISIONINX: MUAPJIEThI. B oT/myune OoT BefBICTOB WU KEPBIETOB, MHUAPJIETHI
cTposTCs B Kitacce adPUHHBIX CHCTEM, a TAK2Ke 00/1a/IaI0T BO3MOYXKHOCTBIO OIIPEIEJIEHUs HAIIPAB-
JIEHHOCTH 6J1arosiapsi JIOIOJIHUTEILHO BBEIEHHOMY Hapamerpy ciasura [1,2,3.4,5,6,7].

B cBoio ouepesp, mmapiers 00J1a/1a10T HADOPOM XapPaKTEPUCTUK, BBITOIHO BBIJIEISIONIIX
ux Ha (DOHE OCTAJBHBIX METOJOB 00pabOTKU M300parKeHUi: KOHEUHOE UHUCJIO0 T€HEPUPYIONUX
dyHKINIT; ONTUMAaJIbHOE IPEJCTaB/IEHNE aHU30TPOIHBIX XapPaKTEPUCTUK AHAJIM3UPYEMBIX TaH-
HBIX; OBICTpas aJITOPUTMUYECKAsT PeaIM3allisl; eIMHBIN TOIX0/T K Pa3JIoXKEHUIO HEMPEPLIBHLIX U
JMUCKPETHBIX JAHHBIX.

OCHOBHBIMU U3 MPUJIOXKEHUH JIUCKPETHOTO IIHAPJIET-IIPEOOPA3OBAHNUS SABJISIOTCS AJTOPUTMbI
peleHnst 3ajad IyMOIIO/IaB/ICHNUS, BbIJIC/JICHUS KPatB Ha HM300PAXKEHUAX, Pa3/Ie/IeHus M300pa-
JKEHHUH HA O0BEKTBHI PA3IUMIHON TPUPOIbl (MOPQOIOrHIeCcKuii aHAJIN3) U YJIyUIIeHus] KAIeCTBa
nzobpazkenuit [8,9,10|. Vmerornumecst moaxo/pl K aHAIN3Y U300pazkKeHUl MOIYT ObITH II€PEHECEHbBI
B IIPOCTPAHCTBO OOJIBINMUX Pa3MEPHOCTEl (BHUICON300parkeHns ), a TaKyKe OKA3aThCs ITOJIE3HBIMI
JUIsl pellieHnst 3a/1ad B 06/1aCTsIX MeUIMHBL 1 00pabOTKY JaHHBIX eOMOHUTOPHHTA |[14].

1 BpluunciaurenbHas MeTOAUKa 00pabOTKMU ITPOCTPAHCTBEHHBIX JaHHbBIX

cxost U3 ONUCAHHBIX BBIIIE TEOPETHYECKUX U METOJAMYECKUX MIPEICTABICHUI PACCMOTPUM MO-
TUKAIMIO METO/Ia TeOMETPHYECKOr0 aHAIN3a BHU3YAJbHBIX JIAHHBIX, [O3BOJISIIOILYIO DEIIaTh
IIMPOKMIT KJIacC 3a/iad 06pabOTKH CJIOXKHBIX U300parkeHHil 9KOJOTHYECKOr0 MOHUTOPUHIA Ha OC-
HOBE IIHAPJIET-IIPeoObpPa30OBaHNUSI.

IIpr 9TOM pernaioTes Cye/lyIonue 3a/1a9 SKOJOTHYECKOr0 MOHHUTOPUHIAa B PaMKaX CIIEIli-
AJM3UPOBAHHON MH(MOPMAIMOHHOM CUCTEMBI: pa3/IeJIcHIHe TOYeK M KPUBBIX Ha M300parKeHUsIX;
BBIJICJICHIE KOHTYPA Ha N300PayKeHNUsX; BU3YaIN3alisl JAaHHBIX Ha OCHOBE YETBHIPEX AJITrOPUTMOB
IuapJIeT-Ipeobpa30BaHS.

[IpeiaraeTcst BBIYUCIUTENbHAST METOMKA PEIIEHUs] YKA3aHHBIX 33/1a4, KOTOPasi COCTOUT U3
cJretytomux sramnos |14]:

1. modzomosumenvruiii aman, Korja UCXOTHOE U300parkeHre (POPMATUPYETCsT TOJ PACIETHBIH
mabJIoH ¥ HAMEeYaeTCsI ITOCIeI0BATETLHOCTD PACYETHDIX IIPOIEAYD /sl OITUMAJILHOIO pele-
HU$ IIOCTaBJICHHON 3a1a4u;

2. 3anyck u Hacmpolixa aJTOPUTMHYECKOrO ODeCIevYeHUs] IIHapJIeT-Ipeodpa3oBaHus, BBIOOD
KOHKPETHOT'O aJropuTMa B 3aBHUCHUMOCTH OT IIOCTaBJIEHHOMI 3aJa9m U OT yC.HOBI/Iﬁ APKOCTU
1 KOHTPACTHOCTU M300parKeHMIi;

3. 3azpysra u 06paOOMKG UCTOOHBLT U300PaNHCeHUT ISl PA3JINIHBIX PACUYeTHBIX YCJIOBHUl B 3a-
BUCUMOCTH OT IIOCTaBJICHHOH 3aa4m;

4. QHAAU3 NOAYHAEMDIT PACHEMHBIL U300paxtceruli B pe3yjbrare MIHapJeT-IpeodpasoBaHmus,
KOHTPaCcTUpOBaHUEe M300parKeHusl Ha OCHOBe npumenenusi ajroputmoB A, B, C u D, ko-
TOpBIE B PE3YJIbTATE OLPEJIEIISIIOTCs cyeyomum obpasom: A — asropurm FFST [12,13], B —
anropurm Shearlet Toolbox [8], C — asropurm ShearLab [9,10], D — asropurm TGVSHCS
[10,11], siBasiercst anasorom asropurma A.
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B pesyabrare mpoBeIeHHOIO HCCIENOBaHUS B KadecTBe KOJUIECTBEHHOI'O IapaMeTpa OLEeH-
K1 5P DEKTUBHOCTH aJIrOPUTMOB BBIOPAHO CpejHee BpeMsi paboThl aJiropuTMoB. st cpaBHEeHMSsI
pacueTsl MPOBOAMIINCH HA M300PAYKEHNUIX PA3HBIX pa3Mepos (Tabir. 1).

N3 Tabaunpr 1 BuaHO, 9TO ¢ momoinbio ajaropurma C pacderbl BBIIOJHAIOTCS ObICTpee, YeM
Ha OCHOBE ajiropuTMa A Ha M300parKeHusIX OOJILIINX PA3MEPHOCTEN, B TO BPEMsl KaK ajllOPUTM
A umMeeT He3HAUYUTETHLHOE IPEUMYINECTBO IO BPEMEHH BBIIOJIHEHHUsI Ha M300paskKeHusaAX HeOOJIb-
moro pasmepa. Mzobpazkenus: pazmepamu 6osiee 512 X 512 nmukceioB aHAIUBUPYIOTCS IO IACTSM,
asiroput™ D siBJIsIeTcst caMbIM MeIJIEHHBIM.

Tab6smna 1. Cpensee BpeMs paboThl aJIrOPUTMOB (B CEKYHJIAX )

Pasmep uzobpazkenus Asnropurm A Anropurm B Asropurm C Asnropurm D
B IIUKCEJIAaX

64 x 64 0.078 - 0.297 14.218
128 x 128 0.297 - 0.391 58.484
256 x 256 1.297 2.125 1.187 195.937
512 x 512 6.828 10.016 3.578 1312.400

C npuMeHeHHEM YKa3aHHBIX aJrOPUTMOB AHAJU3UPOBAJINCH U300parKeHUs JJIs Psijia CMEeXK-
HBIX OOJ1acTeli (CHUMKYM paclpoCTpaHEHUs [OXKapa, MeUIIMHCKas TOMOrpadusi, Fe0IKOJIOrUsT U
reojmHaMuka). [IpoBomincs ucciieioBannst yKa3aHHbIX TUIIOB CHUMKOB JIJIsI PA3JIMYHBIX YCJIOBUI
JpKOCTU U KOHTpacTHOCTHU. [Ipu mcceeoBanny BO3MOXKHOCTEH MTyMOIIO/IaB/ICHUS BBIIIO/IHSLINCH
OIIEHKH JIJIsd myMa [aycca.

2 3amaum o6paboTKM JJaHHBIX T€OMOHUTOPUHTA

Teomempuneckoe pasdeserue SU3YAALHHIL JaHuHbix. B COOTBETCTBUE C MPOBEICHHBIM HCCIIEIO-
BaHUEM YKa3aHHBIX aJrOPUTMOB IMHAPJIET-TIPeodpa30BaHUs IIpejjiaracM Jijisl PerieHus IepBoii
3aJ1a9u FeOMETPUIECKOTO pa3/ie/IeHNs] BU3YAIbHBIX JIAHHBIX dKOJIOMMYECKOI0 MOHUTOPUHTA MTPU-
MensTh anropur™ C. TloBbinienne TounocTn pasjeienus onexuaercst B 5—12% o cpaBaenuio ¢
[IpUMEHEHNEM KEPBJIETOB.

Buideaernue xonmypos o0bsexmos wa usobpascernus. PaccMOTpUM BTOPYIO 3aJiady — BblJe/IEHIE
KOHTypa 00beKTOB Ha n3obpazkennu. VccaeqoBanme aaropurMa A BLISIBIIIO, 9TO KOHTYPBI 00beK-
TOB MOXKHO IOJIyYUTH KaK CyMMY KO3(D@MUIMEHTOB IIHapJIeT-IIpeodpa3oBannsa (DUKCHPOBAHHOIO
3HAYEHHUsI [TapaMeTpa JJIsl [TOCJIEeIHEro MaciiTabda i BCEBO3MOXKHBIX 3HAUEHUN apaMeTpa CIBura.
B cBsi3u ¢ 3TUM npemjiaraeTcs UCIIOIb30BaTh 9Ty 0COOEHHOCTH IPU PEIICHUN HAIIeH 3aJaqmn:

k1 ma
fcont = Z Z Shw(f(j*7kam))a

k=0 m=0

rjie shy, cTaBuT B cooTBeTCTBUE Hccaeayemoil dbynkimu f koaddunuentsr shy (f(j*, k,m)), mo-
JIyI€HHBIE JIJIsl TIOC/IeHero Maciiraba j*, Bcex HAIpaBJIEHUN k U CMeIlneHuii m, ki1 — KOJUIECTBO
HallpaBJIEHUM, M1 — KOJINYECTBO CMEIICHUN.

PesysibraThl perienust 3Toii 3aa4u ¢ IOMOIIBI0 MoguduimpoBanioro ajropurma FFST moka-
3aHBI HA PA3IMYHBIX JaHHBIX (puc. 1). MoaudunupoBaHHbIil aJrOpuTM Mpe/IIaraeTcst IPUMEHSITH
JIJIST BBIJIEJIEHUsT KOHTYPOB.

B Tabmure 2 npusejieHbl pe3y/IbTaTbl COOTBETCTBYIONMINX PACUYETOB JJIsi HEKOTOPBIX HM300pa-
»kenuit u cpasaenue ¢ punbrpamu Cobena (Sobel) u IIpesurra (Prewitt). Moauduiuposantbiii
AJITOPUTM CPABHUM TIO0 TOYHOCTH C Kiaaccmaeckumu ajropurmamu Cobesna n [Ipesurra.
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j L T

Kpackompciud rpad g i weE

Puc. 1. Boinesnerne KOHTYPOB OGBEKTOB 110 JAHHBIM T€0IKOJOIMIECKOr0 MOHUTOpUHra. VicxomHoe n3obparkeHue
(ceBa) n pesysbTAT BBLIEIEHUSI KOHTYPOB (CIpaBa)

Tabauna 2. 3uavenust merpuku PSNR (B 1B) npu peniennn 3anaun BbliesIeHUs] KOHTYPOB

Nzobpaxkenne Momudurmposanusiit Anropurm Cobesna Asropurm IIpeBurra
anroputm FFST

PA 27.059 27.004 27.004
satg 24.245 24.194 24.194
scene 24.099 24.099 24.099
fire 24.102 24.101 24.101
firel 24.102 24.102 24.102
fire2 24.102 24.102 24.102

3 CpaBHI/ITeJILHI)Iﬁ AHAJIN3 aJITOPpUTMOB /[dJid pelleHund 3aJaYdn
orymMoIiiogaBJjieHn A

B pamkax paspaboTaHHON BBIMUCIUTENIHLHON METOIUKU BBLINOJJHEH CPABHUTEIbHBIN aHAIU3 aJl-
TOPUTMOB JUCKPETHOTO IMHAPJIET-IIPeOOPaA30BAHUS JJIsi PEIeHnsT 0A30BbIX MPUKJIAIHBIX 3318
CHEIUAJIN3UPOBAHHON MHMOPMAIIMOHHON CHCTEMBI: (DPUIBTPAIIN BU3YATBHBIX JIAHHBIX U IITYMOTIO-
JaBJIEHUsT HA M300pakeHnAX. BBIO/IHEHO nccieoBanmne ajropurMa A u Ha PUCYHKe 2 IpuBee-
HBI PE3YJIbTATHI PEICHUsT 3aJIa9K BblIe/IeHNs] JIMHEHHBIX 0COOEHHOCTEH [IJIsT BU3YAJIbHBIX JTAHHBIX
9KOJIOTUIECKOTO MOHUTOPHUHTA.

s pertienust 3a/1a4u 1Ty MOTIOJABJICHUS BBIIIOJIHEHO uccjepoBanue ajropurmos B, C u D
JUIsl CHUMKOB M3 Pa3/MYHbIX [PEJIMETHBIX obsacTeil (pacupocTpaHeHne HoxKapa, MeUITHCKAsT
ToMOorpadusi, FEOIKOJIOI ST U TEOINHAMUKA).

Uccnenopasucs ocoberrocTr pabors! aaropurmos B, C u D jyist pa3ndHbIX yCIOBHUI sIPKO-
CTU U KOHTPACTHOCTU M300parkeHuit, IPOBOJIMJINCH OIeHKH i 1yma aycca. Ha pucynkax 3-4
[IPUBEJIEHBI PEIeHusl 3a/[a"u IIIyMOIIOJaBjieHunst Ha ocHoBe ajiroputmoB B, C u D.

[Iposenien anasnms anropurmoB B u C ¢ ucnosnbzoBanuem metrpuku PSNR u orenku Busy-
AJILHOTO BOCIPUSITHS KAuecTBa JiJisl Pa3IUIHbIX u300paxkenuii (tabs. 3). OueHKu BU3yaJbHOrO
BOCIIPUSITHST KAIECTBA MPOBOIINCH TPEMsT TPYIIIAMU IKCIEPTOB MO 5 TeJI0BEK. DKCIEPTHI MPO-
BoIn orieHky 1o 10 6anbHoil mkase. [Ipejcrasieno cpasuenne ajropurmos B u C (Merpuka
PSNR) npu pemntennn 3aa4u 1y MOIIOIABICHUST JIJIS PA3JINIHBIX TUIIOB M300paKeHuUil.
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Puc. 2. Perenne 3a1a4u BblJIeJIeHUsT TUHERHBIX 0COOEHHOCTEH Ha OcHOBe ajropur™a A. VcxomHoe nzobpazkeHue
(ceBa) u pesysbrar 06paboTku (cnpasa). Ha npaBoMm n306parkeHnn cjieBa HAIIPABO U CBEPXY BHU3: UCXOJHOE U300~
pakeHue, muapaeT-Ko3hOUIMEHTH /it 0A3UCHOTO IIHAPJIETa, IPUMED OA3MCHOrO IMHApJIeTa, BOCCTAHOBJIECHHOE

n300pakeHue

NOISY IMAGE, MSE = 400.532

Puc. 3. Pemenue 3a1a49u n1yMOIoOIaBIeHns Ha OCHOBe anropurma B. Vexoanoe 3amymiennoe nzobpakenue (cie-
Ba) U pe3yJIbTaT IyMOIOaB/IeHus (CupaBa)

Puc. 4. Pemenne 3aga4u nymonogasienus: Ha ocHose anropurma C (caesa) u D (cupasa)
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Tabauna 3. Suauenus merpuku PSNR (B 1B) 1 OneHOK Bu3yaJIbHOrO BOCHPHSITHSI KadecTBa n300parkeHuii (B
GaJiax)

Nzobpazkenne Anropurm B Anropurm C Busyasbhbie onenkn BusyasibHblE OIEHKT

anropurma B asnropurma C
firel 35.10 28.63 7.20 6.85
fire2 42.43 33.49 6.15 6.10
tomograf 33.00 27.33 9.20 8.85
satellite 31.44 25.57 8.20 7.85
satellite2 34.95 29.52 7.10 7.05

3akJiroueHue

Takum obpasom, meiictBue anroputma B sddexkTuBHee mo cpapHeHnio ¢ agropurmom C st
BCex HAOOPOB N300paKeHMii KaK Ha OCHOBE KOJIMYECTBEHHBIX ToKazareseii (Ha 22-26%), Tak u Ha
OCHOBE BU3YyaJIbHOT'O BOCIPHUATHA KadecTBa. B Toxke Bpemst ajsroputrm C MpeBOCXOIUT arOPUTM
B 10 6nicTpomeiicteuio B 1.7-2.6 pasa B 3aBUCUMOCTH OT pasMepa n300pasKeHusl.

Kak mokaszaym mcciegoBaHns, IJIsI PEIIeHUs 3a0a49i Pa3aeIeHns] N300parKeHnss Ha TOYKU U
KPHUBBIC IPEJIAracTcs NCIOoAb30BaTh ajropuTM C, IOBBIIIEHHE TOYHOCTH ONeHnBaeTca B H—12%
10 CPABHEHUIO C MPUMeHEeHNeM KEPBJIETOB.

Permenne 3amadn Bblae/leHnsa KOHTYpPa HA U300ParKEHWH IIPEJIAraeTCs BBIIOJIHATH C ITOMO-
b0 MOJAU(PUIMPOBAHHOIO AJropuTMa A, KOTOPBLI CpaBHUM II0 TOYHOCTH C KJIACCHYECKUMH
asropurmamu Cobesta u IIpeBurTa.
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Marematudeckoe MoaemupoBanue Madopmannonabsix IIporeccoB
B Beb-IIpocTpancTBe

FO.J. Mloxun', A.JO. Becuun?, A.A. JTo6peiann?,
O.A. Kimmmenko! u E.B. Porukosal

! Mucruryr Beraucimrensubix Texunonornii CO PAH, Hosocubupcek, Poccust
2 Mucruryr maremarukn uMm. C.JI. Cobomera CO PAH, Hosocubupcek, Poccust

Awnsorauusi. B cratbe mos BeG-IpOCTPAHCTBOM MMOHMUMAETCA MHOXKECTBO cailToB B VHTepHeTe C
YCTAHOBJICHHBIMH MEXKJIy HUMHU THUIIEPCCBIIKaMu. PaccMarpuBaeTcs 4acTh BeO-IIPOCTPAHCTBA, CO-
CTOsIIas U3 CafiTOB HAYYHBIX OPraHU3aIMil U YHUBEPCUTETOB. JljIs MccIe0BaHus CATOB U CBS3€il
MeXKJIy HAMH HCIIOJIb3yeTCss BeOOMETPUUIECKU aHan3, OCHOBAHHBIN Ha JAHHBIX, KOTOPBIE MPEJO-
CTaBJIAIOT ITOUCKOBBIE cucTeMbl. VH(pOpPMAIMOHHBIE TPOIIECCH B BEO-IIPOCTPAHCTBE MOJIEIUPYIOTCS
C IIOMOIIIBIO OPUEHTHPOBAHHBIX I'DadOB, B KOTOPBIX BEPIIMHBI COOTBETCTBYIOT caiiTaM, a pebpa —
runepccbikaM. B pabore mpeacTaBieHbl pe3ysabTaThl uccaenoBanns okoyio 400 caiiToB HAyIHBIX
opraanuzanuii Poccun, Kazaxcrana, l'epmanun, Cepbun, Kuras u ap.

KuroueBbie ciioBa: BeO-TIpOCTPAHCTBO, BeO-rpad, BeOOMETPUKA, PEATHHT.

1 Bsenenue

Bajiavua u3ydenusi BeO-IIPOCTPAHCTB SIBJIAETCH aKTyaJbHOH B CBHA3U C IOBCEMECTHBIM PACIIPO-
CTPaHEHHEM CETH UHTEPHET U POCTOM O0beMa IPEICTABJIEHHBIX B Hell PECYpPCOB, YCUJIEHUEM CO-
[UAJILHON 3HAYUMOCTH nHTepHeT-Texnooruil. 1los BeG-1pocTpaHcTBOM TOHUMAIOTCH CANThI MK
CTPaHUIILI CATOB B CETU UHTEPHET, CBSI3aHHBIE JPYT C JAPYTOM T'HIepCChLIKaMu. AHAJINS3 CBONCTB
HHTEPHET-ITPOCTPAH-CTBA KaK MaTeMaTHIeCKOro 00beKTa BIIEpBbIe OBLIT HauaT B paporax P. Ajr-
6epra u A.-JI. Bapabammu [1|. Tak kak Be6G-IIPOCTPAHCTBO MOYKET MPEJCTABIISATH COOOH GOJIBIITYIO
CJIOZKHO OPTaHU30BAHHYIO CETEBYIO CTPYKTYPY, TO IpobeMaTrKa UCCAEIOBAHUN B 9TOH 0b1acTu
BKJIIOUAET MOUCK aJICKBATHBIX MPEJICTABICHUN TAKOW CTPYKTYPhI, METOJIOB €€ OIMCAHUS, U3y Ue-
HUE ee YCTOWYMBOCTH U JIEKOMIIO3UIMHN, HAXOXK/IEHNE UNCIEHHBIX U CTPYKTYPHBIX ITapaMerpos,
XapaKTEePU3YIOIINX TAKyIO CETh, OIpEJe/IeHIe U IPEJ/ICKA3aHNe U3MEHEHNH STUX IapaMeTpPOB B
X0/1€e IBoJIoIuU ceTu. [ljist n3ydenus: conepKaTe/IbHbIX U JIOTUIECKAX B3aUMOCBS3eil MeXK Ty 00b-
eKTaMU MHTepHeTa yJI00HO UCIO0JIb30BaTh UX IpejicTaBjenune B Buje BeO-rpada. Kak mnpasumiio,
IpU TIOCTPOeHun Beb-rpada ero BEpIIUHAM COOTBETCTBYIOT OTIEIbLHBIE CTPAHUIILI CANTOB WMIH
caliThl, paccMaTpUBaeMble KaK eInHoe Iejtoe. B HacTosImeit padore mod Beb-rpadoM HOHIMAEeT-
Cs1 OPUEHTUPOBAaHHBIN rpad, BEPIIUNHBI KOTOPOI'O COOTBETCTBYIOT caiiTaM, a OTHOIIEHHE MEXKILY
caiiTaMu OIIPEJIENIeTCs UX CChIJIKAMU JPYT Ha JIpyTa.

s nzyderust BeO-1pOCTPAHCTBA UCIOJIB3YIOTCS TAKXKE METO/bI BEOOMETPUKHU — COBPEMEHHO-
ro pazzesa nHPOPMATUKHI, O0BEKTOM U3y IeHUsI KOTOPOT'O SIBJISIOTCS HH(MOPMAIIMOHHBIE PECYPCHI,
CTPYKTypa U TEXHOJIOTUU HMHTepHeTa. PazBuTne 3Toro HalpasieHus Hadajaocb B 1997 r. mocie
paborsl T. Asnmunga u I1. Vareepcena [2]. Merosubl BeGOMETPUKHU MTO3BOJISIIOT OIEHUBATH (-
DEKTUBHOCTD 1 BOCTPEOOBAHHOCTD MHTEPHET-PECYPCOB € TOMOIIBIO JIOCTYITHBIX KOJTMIECTBEHHBIX
nokazaresieit ux jesaresbnocTu. K TakuM mokaszaTesisiM OTHOCATCS, HAIIPUMED, KOJTHIECTBO T0Ce-
IEeHUH, MHIEKChI IUTUPYEMOCTH, CTEIleHb CBA3HOCTU OIIPEJIeJIEHHBIX I'PYII UHTEPHET-PECYyPCOB,
00bEeMbBI JOCTYIIHBIX JaHHBIX. OJHUM U3 HAIIPABJIEHUI UCC/IEIOBAHUIL, TPEICTABJISIIONIINX UHTE-
pec Jist pabOThl U Pa3BUTHS HAyYIHBIX MHTEPHET-COOOIIECTB, ABJISETCA aHAJIN3 COCTOsIHUs BeO-
[POCTPAHCTB, MOPOXK/IAEMbBIX CANTAMHU YHUBEPCUTETOB U AKAIEMUIECKUX HAYTHBIX OPraHU3AIMI

(em., nanpnmep, [3],[4],[5],[6],[7],[8].[9],[10],[11],[12],[13]).
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B macrosmeit pabore m3ydaroTcss BeO-IIPOCTPAHCTBA CAWTOB HAyYHBIX opranusaruit Cubup-
ckoro orjenenust Poccuiickoii akagemun nayk (CO PAH), nayuabix opranusanuii, 00be JMHEHHBIX
B O6miecto @paynrodepa B epmanuu (OD), Hayunbix yupexpenuii, sxousimx B Cepbekyio
aKaJeMUIo HayK U UCKyccTB u Zajednice instituta Srbije, yuuepcureror Kazaxcrana u HeKOTO-
PBIX Ipyrux crpaH Asum.

2 Peiituar yauBepcureroB A3un

Petitunr Ranking Web uimm Webometrics apisiercs Kpynneimum Hay IHBIM PEHTUHTIOM BbIC-
mux y4aebubix 3asegenuii Mupa [14]. Cybermetrics Lab (Mcnanckuit Hanmonassuelil nccsenosa-
resbekuii coper, CSIC) maunnas ¢ 2004 roja KaxK/ple MIEeCTh MECSIEB IPEJICTAB/ISET HE3aBUCH-
MO€, 00OBEKTUBHOE, CBODOIHOE, OTKPBITOE HAYIHOE HCCJIeIOBAHUE I ODeCIeveHns HaIeyKHOM,
MHOTOMEPHO#, OOHOBJISIEMOI U MOJIE3HOI MH(MOPMAIUU O TPEICTABJIEHHOCTH YHUBEPCUTETOB BCe-
ro MUpa, OCHOBaHHOI Ha ux BeO-npucyTcTBun u BiausHuu. Cybermetrics Lab sarumaercst paspa-
HOTKOI KOJIMIECTBEHHBIX UCCIEIOBAHUN 110 aKaJIeMUIECKON CEeTH HAUMHAS C CePE/IMHbI JIEBSHO-
CTBIX T'OJO0B.

B 2003 romy, mociie mybaukaiuu AKaJeMUIecKOro peiTHHra YHUBEPCUTETOB MHUPA
(ARWU) [15], Bbimosaennoro lanxaiickum yuusepcurerom Jiatong, Cybermetrics Lab permim
[PUHSATH OCHOBHBIE HOBOBBeJIeHMs, Tipeyioxkennbie JIto (Liu) u ero komanoii. Peittuar crpourcst
u3 O0IIEIOCTYITHBIX BeO-TAHHBIX, 00BEIMHEHHBIX C JIDYTUMU CBEJIEHUSIMU B CBOJIHBIN [TOKA3ATEb.
[Tepesrit pefitunr 66u1 npepcrasiied B 2004 romay, 3arem, ¢ 2008 rojia HOBble PEUTHHIY MOYKHO BU-
JeTb Ha nopTaJe |15] aBaxkibl B roi.

Inasuoit nenbio pefitunra Webometrics siBiisiercst cosieiicTBue akaJIeMUuIeCKOMY BeO-TIPUCYT-
CTBUIO, TOIepKKe MHUINATHBEI Open Access jisT 3HAYNTENBHOTO PACIITUPEHUsT Mepefadn Ha-
VUHBIX U KYJBTYPHBIX 3HAHUI, CO3MAHHBIX B yHUBepcuTeTcKOM coobmiectBe. e pefiTumra
Webometrics He 3akiodaercs B OIEHKE CAWTOB, MX AnW3aiiHa, yA00CTBa WM IOMYJISIPHOCTH X
COJIEP2KAHUSI B 3aBUCUMOCTH OT KOJIMIECTBA OCEIeHNH U oceTuTeseii. Beb-mapaMerpsl paccMar-
PUBAIOTCS KaK JOBEPEHHbIE TPEJICTABUTENH IIPABUILHOM, BCeoObeMITioNedt, riryboKoii oreHku -
(DEKTUBHOCTU YHUBEPCUTETOB MUPA, IPUHAMAS BO BHUMAaHUE UX JIESITEIbHOCTh U PE3YIBTATHI, UX
3HAa4YEHUE U BJMAHUE. BayKHO IMOHUMATh, YTO KOPPEKTHOCTh PENTHHIa BO3MOXKHA TOJBKO B TOM
caydae, Korja npucyrctsue B VIHTepHeTe siBJISI€TCs MOJTHOIEHHBIM «3€PKAJIOM» YHUBEPCUTETA.
Bo Bropom necarniernu XXI Bexka MuTepHeT siBjisieTcs KJIIOUEBBIM JIjIs OYIYIIEro BCEX YHUBEP-
CUTETOB, 3TO YK€ CAMBIN BAXKHBIIl HAYYHBI MHCTPYMEHT KOMMYHUKAIUU, OyIyIIIi KaHAJ JIJIst
JMUCTAHITMOHHOTO O0yYeHMsI, OTKPBIThIH (POPYM J1Jisi OOIEHNsT U YHUBEPCAJIbHAS «BUTPUHAY JIJIst
[PUBJIEYEHUS TAJTAHTOB, CPEJICTB U PECYPCOB.

2.1 Meronoaorust

Webometrics ucnosib3yer aHajams3 CCBIJIOK /IjIsl OIIEHKHM KadecTBa, TAK KakK 9TO ropas3jo OoJiee
MOIIHBI WHCTPYMEHT, YeM aHaju3 rurupyemoctu [16]. Omuaum u3 ocHoBHBIX BKajos [lanxaii-
CKOr'0 peiTuHra ObLIO BBECTH KOMOMHUPOBAHHDLIN MOKA3aTeIb B COUYETAHUU C CUCTEMOIW HOPMU-
pPOBaHUS Psijia IIAPAMETPOB.

KomMmbunupoBannbiit mokazarenb peiitunra Webometrics B HacTosiiiiee BpeMsi CTPOUTCS CJie-
JyrormuM 00pa3oM (B CKOOKaX yKasaH HPOIEHT BKJIJa IIapaMeTpa B UTONOBOE 3HAUEHUE):

Budumocmw (50 %)

Impact Rank — BHewHme ccoinkn. KadecTBo KOHTEHTA caiiTa OlEHUBAETCs C TOMOIIBIO TAaK Ha-
3bIBAEMOI0 «BUPTYAJBHOIO pedepeHIyMay, YIUTHIBAIONIErO BCe BHEITHUE BXOSINNUE CChLIKA HA
CaflT YHUBEPCUTETA C JAPYTUX CANTOB. DTU CCHLIKH MOKA3BIBAIOT WHCTUTYIMOHAIBHDBIN MTPECTUXK,
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aKaJeMIUIecKyio 3(pdEeKTUBHOCTD, CTOMMOCTH MHMOPMAIIUN U IIOJI€3HOCTb YCJIYT, IIPEJICTABJIEH-
HBIX HA BEO-CTPAHUIAX B COOTBETCTBUM C KPUTEPHUSIMHU MUJJIMOHOB BeO-PEAKTOPOB CO BCErO
Mupa. JlaHHbIE TIO CCHIIOYHON BUIUMOCTH IIOCTYHAIOT OT JIByX HanboJiee BaXKHBIX HMOCTABIIUKOB
sroit uadopmarmu: Majestic SEO [17] u ahrefs [18]. O6a ucnosib3yior cBon cobcTBEHHbBIE CKAHEDHI,
co37iaBast pa3IMIHbe 0a3bl JAHHBIX, KOTOPBIE CJIEIYeT MCIOIb30BATH COBMECTHO JIJIsT 3AIIOJTHE-
HUsT TPOOEJIOB UJIN UCHpaBjeHus OMMOOK. VTOroBelil mapamMeTp paBeH KBaJpaTHOMY KODHIO U3
YUCJIa OOPATHBIX CCHIJIOK M KOJIMYECTBA JOMEHOB, COIEPKAIIUX ITH 0OpATHBIE CCHIJIKHU, TOCKOIhb-
Ky BaXKHa HE TOJILKO CChLIOYHAs MOMIMYJISPHOCTH, HO U CChUIOYHOE pasHoobpaszue. Makcumym u3
HOPMHUPOBAHHBIX PE3YJIBTATOB U SIBJISIETCST TIOKA3aTeJIEM BJIUSITEIbHOCTH CaiiTa.

Axmusnocmos (50 %)

Presence Rank — obbem caiita (1/3). O6uiee KosimaecTBo BeG-CTpaHNUIL, PA3MEIEHHBIX Ha [JIaB-
HOM JIOMeHe caiiTa (BKJI09ast BCe MOIOMEHDI U KATAJIOTH) YHUBEPCUTETA 1 IIPOUHIEKCHPOBAHHBIX
kpyuHeiimuM nounckosukom Google [19]. Tlapamerp yuuThiBaeT KazKIylO CTPAHUILy caiiTa, pas-
gudasi Bce (opmaThl, m3BecTHbe Google; yIUTHIBaeT KaK CTATHYIECKNE, TAK U JUHAMUIECKIE
CTPaHUIIBI, a TAKXKe JIpyrue 3arpykeHubie daitibl. HeBo3aMOKHO UMeTh 00beMHOEe TTPUCY TCTBUE
opranusaruu B lHTepHeTe 663 BKJIa1a KaxKI0I0 COTPYIHUKA, T.K. TJIABHbIE COIIEPHUKH y2Ke MOTYT
OITyOJIMKOBATh MUJIJTHOHBI BeO-cTpanuil. Hajimane JTOMOHUTENIBHBIX JIOMEHOB, aJIbTePHATHBHBIX
JIOMEHOB Ha, MHOCTPAHHBIX SI3BIKAX WJIU JIOMEHOB JIJISI MAPKETHHIOBBIX IIeJIeil, He YIUTHIBAETCS B
9TOM HapaMeTpe, T.K. 9TO OUYEeHb 3aIlyThIBAET BHEIHUX I10JIb30BaTEIEl.

Openness Rank — 3arpyxeHtbie daiinbl (1/3). [mobanbHble yeuansg 1Mo CO3MAHUIO HAyIHO-
HCCJIeI0BATE/IbCKUX PEIIOZUTOPUEB MPOSIBJISFOTCS B 9TOM ITapaMeTpe IyTeM 0/ICUeTa KOJIUIeCTBa
sarpyzxennsie daitnos (pdf, doc, docx, ppt), pasmernieHHbIX Ha BeO-caiiTe B COOTBETCTBUH C TPe-
6oBaHUSIMU aKaJeMUIeCcKoil monckosoii cucrembl Google Scholar [20]. YVaursisatorcst Bee daiiibt ¢
IPAaBUJILHBIMU PACITUpEeHusIMI nMeH daiinos (Hanpumep, daitasr Adobe Acrobat 1o/KHBI TMETH
pacimpenne .pdf).

Excellence Rank — kadectso nybnnkaumii (1/3). Hayunbie paborbl, omy6JInKOBaHHBIE B MEXK-
JIYHAPOIHBIX *KYPHAJIaX ¢ BBICOKMM UMITAKT-(haKTOPOM UI'PAIOT OYeHb BasKHYIO POJIb B PEATHHTE
YHUBEPCUTETOB. VICIOIb30BaHNE TOJBKO ODINEro KOJUYIECTBa IIyOJUKAIUil MOYKET BBECTH B 3a-
Oyxkenne, mosroMmy B peiitunre Webometrics anubiii mapaMeTp OrpaHUIUBACTCS JIUIIh JIY Y-
HIMMU yOJIMKAIUSIME, T.e. TeMU, KoTopble BXoadaT B 10 % Hambosiee UTHPyeMbIX cTaTeil B CO-
OTBETCTBYIOIIUX 00ACTIX HayKu. JlaHHBIE JJIsI 9TOTO IapamMerpa IIpPeIO0CTaBJISIIOTCS TPYIIIOi
Scimago [21], B wacTHOCTH, TaM MMeIOTCs HEeHyJIeBble 3HadeHust it 6ostee 5000 yHUBEPCUTETOB
(20032010 rompr).

Baxkuno ormeruts, uto B peiitunre Webometrics mpuBo/isiTcsi OTHOCUTEJIbHbIE 3HAYEHUS
OIVCAHHBIX BBIINIE [IAPAMETPOB, T.€., YeM MEHBIIe 3HadYeHINe Kaxkaoro u3 napamerpos (Presence
Rank, Impact Rank, Openness Rank, Excellence Rank), rem GoJiee BBICOKYTO TIO3UIUIO B UTOTO-
BOM pelTHHIe 3aHUMAaeT JIaHHbIH yHHBepcuTeT. Kak creruanbHo orMedero B [16], abcosorbe
3HAYEHUs TAPAMETPOB HEJIOCTYIIHBI JIJIsi TTPOCMOTPA.

2.2 Amnajnum3s peiiTuHra yHUBEpCUTETOB A3un

Webometrics noMumo cBoJHOTO pefiTUHTa BBICIIAX y4UeOHBIX 3aBEIEHUI BCEIO MUPA IIO3BOJISET
¢/lesiaTh BBIOOPKY JIJIsl OTJIEJIbHBIX PErnoOHOB, HampuMmep, A3um, BKJIIOYAIONIYIO B ce0ds yHUBED-
curerbl 46 crpad [22]. AHasu3 TOro, yHHUBEPCHTETHI U3 KAKUX CTPAH IONAIH B IEPBYIO COTHIO
peiitunra (puc. 1) mokasbiBaeT, 4TO Cpeu yHUBEpCUTeTOB 12 cTpaH, yHuBepcureTbl Kurtast co-
crapisior 44 %, yuusepcurerst dnonun, Taitsans, Kopen u Ionkonra — 38 %, u 18 % — ynusep-
CUTETHI OCTAJIBHBIX 7 cTpaH. B Tabji. 1 npuBeieHbl yHUBEPCUTETHI A3UH, HAXOJISIIINECS B IIEPBBIX
10 nosunusx peiirunra (o cocrosinuio Ha stuBapb 2015 roza).
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Puc. 1. Yuusepcurersl A3un (10 cTpaHaM) U3 II€PBOH COTHU DEHTHHIA.

B Webometrics, B pamkax pervona Aswusi, TakzKe MpeICTaBIEHbI PEHTUHIHT IS Ka¥KI0# CTpa-
HBI 1[I0 OTJEIBHOCTH, B YacTHOCTH, peiitunru st Kasaxcrana [23], Kuprusuu [24] win Y36e-
kucrana [25]. B Tabs. 2 npuBejieHbl YHHBEPCUTETHI STUX TPEX CTPAH, HAXOMSIINECS B HEPBBIX
5 mosunusgx pedTuHra B cBoeit crpame. M3 3Toit Tabyuibl BUIHO, UTO MEPBLIH U3 KA3aXCKUX
yHuBepcuTeroB, durypupyiomuii B peiitunre (Eurasian National University L.N. Gumilev) na-
XOJIUTCSI JIMINb B IIATON coTHe yHUBepcuTeroB Asmu, a Kazakh National University Al Farabi —
B CeJIbMOI COTHE.

Ecnu npoanamsupoBarh Janabe TabI. 1 U 2, TO MOYKHO IIPEJIIOJIOKUTE, UTO YHUBEPCUTETHI,
HaxoiAIMecs Ha 0oJiee BHICOKUX IMO3UIUAX PERTUHTA, BHIMIPHIBAIOT 38 CUET JIyYIINX HoKa3aTeseit
napamerpos Impact Rank (Buemnue cebuiku) u Excellence Rank (kadecrso my6simkanmuii).
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Tabsinga 1. Yausepcurersl A3uu, Haxo/sipecs B nepBbix 10 mo3unusx peiTuHra.

Asia |World|University, country, web site Presence|lmpact|Openness|Excellence
Rank| Rank Rank | Rank | Rank Rank
1 30 [National Taiwan University, 11 70 19 102
Taiwan, www.ntu.edu.tw

2 47 |Peking University, China, 216 63 161 48
www.pku.edu.cn

3 49 |Tsinghua University China, China,| 384 44 204 44
www.tsinghua.edu.cn

4 51 |Seoul National University, Korea, 58 59 342 78
www.snu.ac.kr

5 60 |University of Tokyo, Japan, 208 109 176 25
www.u-tokyo.ac.jp

6 65 |Zhejiang University, 293 53 428 71
(National Che Kiang University),
China, www.zju.edu.cn

7 82 |University of Hong Kong, 91 165 74 129
www.hku.hk

8 83 |Shanghai Jiao Tong University, 38 195 140 101
China, www.sjtu.edu.cn

9 87 |Kyoto University, Japan, 97 260 71 62
www.kyoto-u.ac.jp

10 | 88 |[Xiamen University, China, 194 73 36 371
www.xmu.edu.cn
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Ta6auna 2. Yausepcurers Kasaxcrana, Kuprusum, Ys6ekucrana, HaXo[sIUecs: B IEPBBIX b MO3UIMSIX PEHTHHIA
(B cBOEIH cTpane).

Asia |World|University, country, web site Presence |Impact|Openness|Excellence
Rank| Rank Rank | Rank | Rank Rank
574 | 1836 |Eurasian National University 1394 | 2242 203 203

L.N. Gumilev, Kazakstan,
www.enu.kz

713 | 2193 |Kazakh National University 3619 | 2860 694 3826
Al Farabi, Kazakstan,
www.kaznu.kz

857 | 2528 |Kazakh National Agriculture 6250 899 2828 5414
University, Kazakstan,
www.kaznau.kz

988 | 2837 |Kazakh National Medical 1948 | 2536 1827 5414
University Asfendiyarov,
Kazakstan, kaznmu.kz
1034 | 2936 |South Kazakhstan State University| 659 3101 2472 5414
M.O. Auezov, Kazakstan
www.ukgu.kz

1935| 5162 |Kyrgyz-Russian Slavic University, 5854 | 8648 2513 4808
Kyrgyzstan, www.krsu.edu.kg

2000 5326 |Kyrgyz National University, 3727 | 4525 | 12377 4421
Kyrgyzstan, www.university.kg

2322| 6101 |American University of Central 5027 | 9399 2750 5414
Asia, Kyrgyzstan, www.auca.kg

2923| 7657 |Karakalpak State University, 9147 |12445| 3326 4421

Uzbekistan, www.karsu.uz
3028| 7924 |National University of Uzbekistan, | 10217 |11397| 7111 3695
Uzbekistan, www.nuu.uz
3242 | 8483 |Kyrgyz National Agrarian 8661 | 5829 | 13206 5414
University, Kyrgyzstan,
www.knau.kg

3633 | 9426 | Tashkent University of Information| 8158 | 9823 8722 5414
Technologies, Uzbekistan,
www.tuit.uz
4047|10520|{Samarkand Agricultural Institute, 7293 | 12307 | 13206 4158
Uzbekistan, www.samqgxi.uz
4169|10809|Kyrgyz Turkish Manas University, | 7077 |16073| 3039 5414
Kyrgyzstan, manas.edu.kg
4210(10915|Samarkand State University, 5631 | 14263 | 13206 3826
Uzbekistan, www.samdu.uz
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Kpome Toro, moBbICHTH HMO3UIIAIO TAKXKE MOYXKHO 33 CUYEeT aKTUBHOI'O Da3MEIeHus Ha caiTe
JIOCTATOYHO BOJIBIIIOrO KOJIMUECTBa 3arpykeHubix ¢aitios (Openness Rank), ocobenno B dpopmare

Adobe Acrobat.

3 Amnamu3 cTpyKTypbl BeO-rpacdoB HAYUYHBIX OpPraHu3anuii MeToJaMu TEOPUN
rpadoB

TpaaunuoOHHBIM OJIXOAOM K aHAJM3Y CTPYKTYPBI BEO-IIPOCTPAHCTB, IOPOXKIAEMbBIX BeO-caiiTaMu
U THIEPCBSI3sIMU MeXKJly HUMU, sIBJISIETCsI UCIIOJIb30BaHue MeTo/10B Teopun rpados [27],[28],[29].
st 9TOro B KayecTBe MOJIESU BEO-IIPOCTPAHCTBA UCIOJIb3yeTcs BeO-rpad, B KOTOPOM BEPITUHBI
COOTBETCTBYIOT caiiTaM, a OTHOIIIEHNE MEXK/Ty CalTaMu 3aaeTCsI HAJTUIUEM CChLIOK MEYKLY HUMM.
Jyra rpada BBIXOAUT U3 BEPIINHBI U U BXOJIUT B BEPIIUHY U, €CJU CANT, COOTBETCTBYIOIINI BEP-
[IUHE U, COAEPXKUT XOTsI Obl OJIHY CCBLIKY Ha CTPAHUIILI CaiiTa, COOTBETCTBYIOIIETO BEPIIUHE U.
KosmaecTBo cebLmok ¢ oHOrO caiita Ha APYToil 3a7aeT BeC COOTBETCTBYIOIIEH Tyru (CCBI.HKI/I cam-
Ta Ha cebst He yunThiBatoTcst). TakuM o6pa3oM, BeO-rpad sBJIsIeTCsl OPUEHTUPOBAHHBIM I'PadOoM, B
KOTOPOM JTt00ast mapa BepIIuH MOXKeT ObITh COeJMHEHa OJIHOM JyTroi WJIH JBYMST IIPOTHBOIIOJIOK-
HO HAIPABJCHHBIMU JyraMu. JUCJI0 JAyr B KparTdailliieM OpUEHTHPOBAHHOM ITYTH MEXKJLY apoii
BEPIIINH PABHO HAMMEHBIIEMY JHC/IY IIAr0B IPHU IEepeXojie MO CChLIKAM ¢ OJHOIO caiiTa Ha JIpy-
roii. I1pu m3obpaxkenuu rpadoB u ux GparMeHTOB MMapa IPOTHBOIOJIOKHO HAIPABIEHHBIX YT
JUUTST HADJISITHOCTH OYIeT 3aMEHSIThCsT OJHON JIYTOil ¢ JByMsi CTpeJIKAMU Ha KOHIAX.

Be6-rpadsr Hayunbix opranuzarmit Obmecrsa @paynrodepa (OP), CO PAH u nayunbix
opraamsarmii, Bxogsimux B CepOCKyIO akaIeMuIo HayK W UCKyccTB u Zajednice instituta Srbije,
oboznaunm uepe3 G, R u S cOOTBETCTBEHHO.

Beb-rpad G comepxkutr 72 BepruHbI 1 321 AyTry W OTparkaeT CBA3W HAYYIHBIX OpPraHW3aIlnii
O6mecrBa Ppaynrodepa 1o cocrosunio Ha 8 anpess 2013 . Craucok oprammzanuii OD mpej-
crasyensl B [30].

Beb-rpad R cocrout u3 95 Beprun u 949 gayr cOOTBETCTBYET COCTOSHUIO BEO-IIPOCTPAHCTBA
nayunbix opranmsarmit CO PAH na 29 okrsabps 2013 r. B sTor rpad BrIOUeHBI BCe Hayd-
Hble OopraHu3anun u3 uHbopMaronHoit cucrembl “Opranusanun u corpyanunku CO PAH” [31].
Crpykrypa rpada R npusogurcs B [32].

Beo6-rpad S umeer 59 seprmua u 106 gyr u oTparkaeT COCTOsIHHAE BeO-IIPOCTPAHCTBA HAY IHBIX
opraumzaruii Peciybsuku Cepbusi u Zajednice instituta Srbije ma 7 ampesst 2013 r. Crucok
opraHu3alyii, CooTBeTCTBYOMUX BepumHam rpada S, nau B [33]. Juarpammbr Becex Tpex rpadon
npescTaBiieHsl B [13].

3.1 YwucaeHHbIe XapaKTEPUCTUKN CTPYKTYpbI rpadoB

XapakTepusalus CTPYKTYpbl rpada YHCJIeHHBIME IapaMeTpaMu, [IPpOBeJeHHasl Ha OCHOBE aHa-
JIN3a ee JIOKAJIbHBIX (PparMeHTOB, IOJIE3HA IIPHU U3ydeHur rpadoB 60JILIIOr0 pasMepa, TaK Kak
JacTo He TpebyeT TPYIOeMKHUX pacdeToB. Jljist onucanust TexX MM WHBIX CTPYKTYPHBIX OCOOEHHO-
creif rpacdoB MCIOJIB3YIOT HHBAPUAHTHI I'PadoB, KOTOPLIE, KaK IIPABUJIO0, SIBJISIOTCS (DYHKIIAIMA,
CTaBAIITINMHN B COOTBETCTBUE Fpacl)y HEKOTOpPOE YHCJIO. BHaLIeHI/Ie NHBApUaHTOB 3aBUCHUT TOJIBKO
OT CTPYKTYPHI rpada, T.e. Ha N30MOPQHLIX Ipadax MHBAPUAHT BCEra IPUHUMAET OQUHAKOBLIE
3nadenus. /lasee paccMOTpUM MHBAPUAHTHI, OTPAXKAIOIINE BKJIAJ BEPIIUH, IyT U OKPECTHOCTEM
BeplIuH rpada B GOPMUPOBAHUE €0 CTPYKTYPHI.

Hndexc sepwun epaga c,(H). Dror mapamerp MOKa3bIBaeT KaKas 9acThb caiiToB BeO-rpada
BKJIIOYEHa B MH(MOPMAIMOHHOE B3AMMOJIEIHCTBHE C APYIUMHU caiitamu, XoTst Obl nonapHoe. Ilycrb
OpUeHTUPOBAHHLIH rpad H umeer n BepinuH, u k U3 HUX UMEIOT XOTsI ObI OJTHY UCXOISIIYIO TN
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BxoJAmyo ayry. Nugekcom Beprma B rpade H HasbiBaeTcs Bemdnna c¢,(H) = k/n. Bausocrs
¢y(H) K HyJII0O TOBOPUT O TOM, YTO MMEETCsl 3HAUUTEIbHOE KOJTMYECTBO M30JMPOBAHHBIX CANTOB,
TO €CTh TaKUX, KOTOPBIE He CBSI3aHBI C JPYTUMHU CafiTaMu. DTO MOXKET UMETh MECTO, HAIPUMED,
B HavaJbHOW crajuu dhopMupoBanus BeG-ipocrpancTsa. Pasenctso ¢,(H) = 1 o3nagaer, 4To
KaXK7asl OPraHu3allisd BOBJIEYEHA B MHMOPMAIMOHHOE B3AMMOJEHCTBHE C APYTUMHU HA YPOBHE
BeO-caiiToB.

Hndexc dye epaga cq(H). MakcumasibHoe 9uCIO JIyT B OpueHTHpoBaHHOM rpadbe H ¢ n > 2
sepriuaamu pasao n(n — 1). Ilycrs uncio ayr B rpade H pasuo t. Uumekcom nyr B rpacde H
Ha3bIBaeTCs Beamanna cq(H) = t/n(n —1). B [34] sra Bemauna naspiBaeTcst IIIOTHOCTBIO CETH.
WHpeke iy MOKa3bIBaeT KaKasi YaCTh JIyT rpada yIacTByeT B yCTAHOBJIEHUN HH(MOPMAIMOHHOTO
B3aMMO/JICHCTBIA MexXy caiitamu. Makcumasabaoe 3Hadenue, cq,(H) = 1, mocturaercs Korja
JitoObIe JiBe BepIuHb! rpada H coelMHEHBI Mapoii TPOTUBOIIOJIOKHO HAITPABJIEHHBIX IyT. B aTOM
cIyvae BCe CAliThl CChLIAIOTCS APYT Ha JIPyTra, obecrednBasi KpaTIafllinii mepexo/1 ¢ OJ{HOrO caiita
Ha APYTOM.

Koagpuyuenm xaacmepusayuu epaga cc(H). Tlom oKpecTHOCTbIO BEPUIMHBL ¥ Gy/IeM MOHMU-
MaTh MHOXKECTBO BEpINUH I'pada, COeIUHEHHBIX C v AyramMu 0e3 ydera ux opueHTaruu. llyctb
V5 ecTb MHOXKECTBO BEPIIMH OPUEHTUPOBAHHOTO rpada H, OKPECTHOCTh KOTOPBIX CONCPKUT HE
MeHee ueM JBe Bepimuibl. JIjist Bepiunbt v rpada H obosznatum vepes H,, oprueHTHpPOBaHHDIN 1101~
rpad, MOPOXK/IEHHBI!l OKPECTHOCTHIO BepinuHbl v. KoadduimeHrom Kiacrepusaiu BePIIHHBL U
HA3bIBAETCsl BesinanHa Cq(H,), T. €. nHjieKe ayr noarpada, mopozxkIeHHOI0 OKPECTHOCTHIO BEPIIH-
ubl v [35]. Koadbdunumenr knacrepusanyn rpada H onpenenum kak cc(H) = ﬁ > vevs Ca(Hy).
Takum obpaszom, cc(H) mOKaspiBaeT Kak B CPEJIHEM 3allOJHEHBI JyTaMi OKPECTHOCTH BEPIIHH
rpadea.

Koagpuyuenm mpansumusnocmu epaga 7(H ). Paccmorpum B rpade opueHTUPOBAHHBIE ITy-
TH JJINHBI 2, IIEHTPAJIbHAsT BEPIIUHA KOTOPBIX PACIIOJIOXKEHa cBepXy Ha puc. 2. Ob6o3HaUNM depes3
N 49uCiio BceX OPUEHTUPOBAHHBIX IyTell JuHbl 2 B rpade H Takux, 9YTO KOHIEBbIE BEPIITHHBI
U U U ITUX IyTell COeIUMHEHBbI Iyroi 06e3 yuera opueHTanuu. Bce wdeThipe BO3MOXKHBIE KOH(MU-
rypaiuu MoKa3aHbl cjieBa Ha puc. 2. YHCI0 BCeX OPUEHTUPOBAHHBIX IIyTeW JUIMHBI 2, MEXKILY
KOHIIEBBIME BEPIIMHAMYI KOTOPBIX HeT Jyr, 0bo3HaunM uepe3 N, (cM. jBe 1oc/ie e KoHpUury-

parnun Ha puc. 2). Koaddunuenr rpansurusHocTH OopreHTHpoBaHHOTrO rpada H ompesensercs
kak 7(H) = Na/Nx [36].

FAVANN AN A AN

*—0 6 —0

Puc. 2. Koudurypamnuu njis Beraucaerust Koah uImenTa TpaH3nTUBHOCTH.

Juamemp epaga diam(H). Paccrosane Mexky mapoil BEPHINH B OPHEHTHPOBAHHOM rpade
H onpenensiercst KaK HAMMEHBITHH 110 YUCTY JyT MyTh, COCIUHSIIONINN 9TH BEPIIUHBI, IPUIEM
BCE BEPIIUHBbI 3TOro myTHu pasubie. Jluamerp rpada H omnpenensercs Kak HAHOOJbIIEe PACCTOsI-
HUEe MeXJy rmapamu BepinuH B rpade. Takum obpazom, juamerp Beb-rpada MOKa3bIBAET, KAKOE
HaI/I6OJIbH_Iee 9HUCJIO ITaIr'oB MO2KHO CJeJlaTbhb IO YHUKaJIbHBIM CaI';’ITaM7 mepexo/s II0 CChbIJIKaM C
caiiTa Ha caiiT. 3HAYEHUS BBEJIEHHBIX BBIIIE YUCJIEHHBIX MAPAMETPOB st BeO-rpadoB HAyIHBIX
opraamzaruii G, R u S npejcrasiensl B Tabir. 3.

SHaueHns UHIEKCA BEPIINH ¢, IOKA3LIBAIOT, YTO B BEO-IIPOCTPAHCTBE HAYIHBLIX OPraHu3alluii
O Bce cailTbl BKJIIOUEHBI B TH(POPMAIMOHHOE B3aUMOJIEHCTBIE, B TO BpeMsI KaK HEKOTOPBIe caii-
o1 CO PAH u cepbcKux Hay4HBIX OpraHU3alnil He CBA3aHbL C APYTUMU. SHAYCHHUS UHIEKCA, IyT
Cq st rpada R mourw B JBa-Tpu pas3a IMpeBbIaeT 3HadeHus g rpadgpo G u S. SHaueHUs
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Tabauna 3. YucieHHble XapaKTepUCTUKU BeO-rpadoB.

WHBApUAHT rpadp G rpad R rpad S
WNupekc BepiuH, ¢, 1,00 0,98 0,95
WNunekc ayr, cq 0,06 0,11 0,03
Koad. xmacrepusarmun, cc 0,09 0,07 0,03
Koad. rpansurusrOoCTH, T 0,10 0,24 0,07
Huamerp, diam 2 3 6

KO3 duUIneHTa KIaCTEPU3AINNA CC TOKA3BIBAIOT, YTO B CPEJIHEM 3aIllOJHEHUE J[yIaMu OKPECTHO-
CTU BEpIIUH BO Bcex rpadax masio. Bemuwauabl kosdduimenTa TpaH3uTUBHOCTH 1is Tpada R
3aMeTHO BBIIE, YeM It apyrux rpados. Majsrit guamerp rpada OD obbsicHsieTCs HAJIUYIU-
€M BEPIIWHLI C MOYTH MAKCUMAaJbHO BOBMOXKHBIMHU MOJTycTeneHsIMu. V3 3T0i#l BEPITUHBI BBIXOIAT
JIyTU JI0 BCEX JNPYTUX BEPIINUH, U B HEe 3aXOMAT JyTUd TAKXKE U3 BCEX BEPIINH, KPOME OJTHOM.

3.2 Beb-KOMMyHUKATOPBI

EcrecTBeHHBIME XapaKTEPHCTHKAMI BEPIINHLL ¥ OPUEHTHPOBAHHOIO Ipada sSBIISIOTCS UCI0 HC-
xofammx un3 Hee Ayr deg, (v) (HOycTemeHb WCXO[A) M UHCJIO BXOAANMX B Hee jayr deg (v)
(mostycrenens 3axona). Beprnua v, jist koropoii degy (v) = deg—(v) = 0, Ha3BIBAETCSA U30JIHPO-
BAHHOIA.

= [pac 06. PpayHrodepa =—Ipacp CO PAH =——Ipadc H.0. Cepbun
100
90
H 80

NpEc

I\N
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o
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4 6 8 10 12 14 16 25 27 43 71 82 91
Mcxopsime cteneHn BeplunH

Puc. 3. Pacupeenenue Bepimn B rpadax G, R u S 1o nosycrenensam ucxona deg. .

Ha puc. 3 u 4 nupusojsrcsa rpaduku GyHKIINN pacipejesieHns 9ucia BepinuH Beb-rpacdos G,
R u S 1o ux nosycrenedsiM ucxoa 1 3axoja. OyHKIMS pacipele/eHusl B TOYKe k TOPU30HTAIb-
HOIT ocu paBHA unciry BepuinH ¢ degy(v) = k.

Cpe/iHue 1oJs1ycTeeHn UCX0/1a/3aX0/Ia BEPIINH B paccMaTpuBaeMbIX rpadax pasabl avr(G) =
4,46, avr(R) = 9,99 u avr(S) = 1, 8 (cyMMBbI HOTyCTeleHel NCXOa U 3aX0/a BCEX BepInH rpada
Beeryia paBHbl). Y Tpex rpadoB HAOJIIOJAETCs CUJIbHOE PA3/InYie B YUC/Ie BEPIIUH, U3 KOTOPHIX
He BBIXOJAUT HU oHOi ayru (1, 21 u 38 Bepmun). B rpade G nosmycrenens ncxoga y modTn BCEX
BepIuH orpannyena 3uaderneM 10, a B rpade S — 3uauenuem 6. B rpadax G u R u3 BepiuH ¢
MAaKCUMAJIBHOM TOTYCTENEHBIO NCXOa IyTH WIYT TMOYTH KO BCEM BepITHHAM rpadoB, B TO BpeMst
Kak B rpade S u3 1noo6H0i BePIINHBI MOXKHO IepeiT ToJIbKO B 73% Beprmu. Yucyio Bepiivi, B
KOTODBIE He BXOJWUT HU OJ(HA JyTa, Bo Beex rpadax Hepeauko (0, 2 u 3 u30MpOBaHHbIE BEPIINHBI
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—[pad 06. PpayHrodepa =—Ilpacp CO PAH =——[padc H.0. Cepbun
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Puc. 4. Pacnpenenenne Bepmun B rpadax G, R n S mo moiycrenensM 3axona deg—_.

B rpadax G, R u S coorsercrBenno). [Tomycrenenn 3axoma Bepmmn B rpade S orpaHmdeHbl
3HaUeHHEeM 9, a IOJIaBJISIIOIIee YNCI0 BEPIINH UMeEeT MOJIyCTelleHb 3axojia He Oosiee 3. B rpade
GG moJtycTeneHn 3axo/1a MOYTH BCEX BEPINMH TOXKe orpaHumvenb! 3nadenuneM 9. B rpadax G u R
CYIIECTBYIOT BEPIIUHBI, B KOTOPBIE 3aXOJAT JIyTH U3 MOYTH BCEX JAPYTHUX BEPIIUH.

JloCTYITHOCTD U UCIOJIb30BaHNE UH(MOPMAIIMOHHBIX PECYPCOB BEO-IIPOCTPAHCTBA MOXKHO Xa-
PaKTEepU30BaTh COOTHOIIEHUEM MEXKJy IIOJIYCTEIIeHs MU WCXO0J/la M 3axoja BepinH Beb-rpada.
Bouibiie mostycrenieHu BepIIMHBI 0DECIIEUUBAIOT TECHBIE CBS3U COOTBETCTBYIOIIEIO CaiiTa C
OCTAJILHBIM BEO-TIPOCTPAHCTBOM. BbIIe/s MM Tpu THIIA BO3MOXKHOTO COOTHOIICHUS HUHCJIA BXOJIsI-
MIX ¥ MCXOJAIMNX JIyT B Bepuiuny rpada (cum. puc. 5).

Puc. 5. Be6-KOMMyHUKATOPBI: UHAYKTOP, KOJUIEKTOP U MOCPEIHUK.

Bepruabl 1epBoro THia Ha3bIBAIOT WHLYKTOPAMH (MAaJIO BXOJSIIUX JIyT, MHOTO HCXOJISIIINX ),
BTOPOTO THUINA — KOJUIEKTOpaMu (MHOTO BXOJSIIUX JyT, MAJIO UCXOJAIINX), & TPETHEro TUIA —
nocpeiHuKaMu (MHOTO KaK BXOJAIINX, TAK U MCXOJSIIUX JIyT). BepimHbl 3TUX TUIIOB 00pa3yeT
MHOKECTBO BEO-KOMMYHHUKATOPOB rpada.

KonnekTopsl MOI'yT COOTBETCTBOBATE CAlTaM OPraHU3aINii, B KOTOPBIX IIPOUCXOIUT HAKOILIE-
HUE, XpaHeHue 1 00paboTKa JJAHHBIX. JTO MOTYT OBITH OUOJTUOTEKH, XPAHUJIHIINA JIAHHBIX, [IEHTPBI
KOJIJIEKTUBHOTO ITOJIb30BaHUsT U 00pabOTKU JAHHBIX, CIIPABOYHBIE PECYPCHI, KypHaJIbI. [locpetHu-
KaMI MOTYT OBITH BEPINMUHDBI, COOTBETCTBYIOIINE TOJOBHBIM calfiTaM B KAKOW-TO OOJIACTH HAyKH,
OpTAJaAM HAYUYHBIX [EHTPOB, CaiiTaM WHCTUTYTOB C BBICOKON CTEIEHBIO HAyJIHON KOOIIEPAIIWH,
opunma bHBIM cafiTam. VHIyKTOpaME MOTYT SIBISITHCS CANTHI HETABHO CO3MAHHBIX OPTaHU3a-
nuit. st oTHeceHusT BepIuHb! rpada K Be6-KOMMYHUKATOPAM TOTO UJIU WHOTO TUIA UCIIOJIb3yeM
IUCIEHHBIE TAPAMETPBI, XapaKTEePU3YIOIINE COOTHOIIIEHNE MEKJIY ee MoTycTeneHsiMu. 1loporosbre
3HAYEHUsI [TAPAMETPOB 33J[3JINM B 3aBUCUMOCTHU OT PACIIPEIEJIEHUs] [TOJIyCTENeHEeil BEPIIUH B I'Da-
de. Byaem cumrarb, 94TO MaJjble IMIOJIYCTENIEHN B BEO-KOMMYHHKATODPAX JIOJKHBI ObITH MEHbIIIE
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CpeIHUX IOJIyCTeleHeil, B OOJIbIINE ITOJIYCTEEeHN JOJIXKHBI IIPEBBIIIATE CPEIHUE IIOJIyCTEIIeHM.
Boitee Touno, mcmoab3yeM cieyiomne npaBuia JJId OIpee/eHns BeO-KOMMYHUKATOPOB: Bep-
muHa v B rpade H saBasercs

— WHIYKTOPOM, €CJIN

deg_(v) < avr(H), deg, (v) > avr(H) u deg, (v)/deg_(v) > A;;
— KOJLJIEKTOPOM, €CJIN

deg_(v) > avr(H), deg, (v) < avr(H) u deg_(v)/ deg, (v) > Ag;
— IOCPEIHIKOM, €CJIN

deg_(v) > avr(H), deg, (v) > avr(H) u |deg, (v) — deg_(v)| < Ay,
riae avr(H) — cpennss crenens Beprma B rpadbe H, a A;, A, u Ay — 3ajaHHBIC TDAHUIBL.
B Tabi. 4 npexcrasiena nHdoOpMaIUsa 0 BEO-KOMMYHHKATOPaX B I'padaX HaydIHBIX OpraHu3a-
unit OO, CO PAH u Cepbun npu 4A; = A, = A; = 2. Cpelanne crelneHd BEPHIUH TOKA3AHbI
B BepxHeil yacTu Tabiaunbl. B ckobKax psgoM ¢ YUCIOM BeO-KOMMYHHKATOPOB yKa3aH MX IIPO-
[IEHT OT YHUCJIA BepimuH. B cKoOKax B cTOOIAX TAOJUIBI IPUBOIATCS 3HAYUEHUS IIOJIyCTereHei
Be0O-KOMMYHIKATOPOB.

Tabauna 4. Be6-kommyrukaropsl B rpadax G, Ru S upu A, = A, = Ay = 2.

O6m. @paynrodepa | Cubupckoe oraenenve | Hayunsie opr. Cepbun

avr(G) = 4,5 avr(R) = 9,9 avr(S) =1,8
ancio | (deg_,deg,) |umcmo| (deg_,deg,) [umcno| (deg_,deg,)
)
(L7)
Nunyxrop | 5(7%) (2,8) 1(1%) (2,43) 2(3%) (4,1)
(2,10) (14,1)
(3,13)
(6,6) (10,10) (2,2)
(6,7) (11,11) (2,3)
IMocpemuuk| 5(7%) (7,9) 7(7%) (13,12) 5(8%) (4,2)
(9.8) (15,13) (5,3)
(70,71) (14,15) (10,11)
(1) 11,1)
(6,1) (11,2)
Kosexrop| 7(10%) (8,1) 6(6%) (10,2) 1(2%) (1,5)
(9,2) (13,1)
(13,2)

B MHOXKeCTBO BeG-KOMMYyHHMKATOPOB nonagaior 25 % sepmmu rpada G, B TO BpeMs Kak B
rpacdax R u S gucio rakux Beprmn cocrasiasier 14 % u 13 % coorsercrenno. Ilpu Ay = 2
BEPIIUHBI C OOJIBITUMHI TOJIYCTEIIEHSIMI MOTYT He ITOIIaIaTh B MHOXKECTBO IoCpeaHukoB. Hampu-
Mep, BeprmHa ¢ nosycrenensimu (91,54), coorsercrytommas caiity [IOPTAJI CO PAH, ne 6yner
[IOCPETHUKOM, XOTsI 110 CBoeMy MoJjioxkeHuto B BeO-mipoctparctBe CO PAH ssistercss mm. Ecom
[IPU HAXOXKJIEHUH BeO-KOMMYHUKATOPOB HE HaJaraTh OIPAHUYEHUN Ha PA3HUILY MEXKY MOJIyCTe-
HeHsIMK BepIuH (10J10kuTh, Hanpumep, A; = 100), To rpadsl G, R u S 6yayr umers 7 % (5
sepuut), 21 % (20) u 14 % (8) nocpeaHukos.

3.3 IlpejacraBienue cCTpyKTypbl rpacdoB

Jlist onmcanusi CTPYKTYPBI OOJIBIINX BEO-IIPOCTPAHCTB YaCTO MUCIIOJIb3YeTCsl X MIPEICTaBICHUE B
BHJIe MOJIes “rajicTyK-6abouka” [37]. B BeG-rpade Bbliessiercss MaKCUMaIbHAsI CUTIBHO CBSI3HASI
KOMIIOHEHTA, [0 OTHOIIEHWIO K KOTOPO#l KIacCu(UIUPYIOTCs OCTaabHble BepIiuHbl Ipada. Ilom-
rpad Ha3bIBAETCS CUABHO CEA3HOU KoMNoHeHmMot rpada, ecin MexK 1y JIF00O mapoii ero BepIIH
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CyIIECTBYeT OPUEHTUPOBAHHBIN IyTh. IIpoxo/ist 1Mo cChlIKaM CalTOB, BEPITUHBI KOTOPBIX ITOIAJIH
B TaKyI KOMIIOHEHTY, MOKHO BCETJa IIOCETUTH JIFOOYIO BEPIIUHY KOMIIOHEHTHI.
[

’ |

o — o
CHIBHO CBSI3HAA

o KOMIIOHEHTa o
(SCO)

>~ - ®

NMyTH B BePIIHHBI NyTH U3 BepUINH
KOMIIOHEHTBI @ @ KOMIIOHEHTBI

HECBSA3HbIC
KOMIIOHEHTBI

Puc. 6. IIpencrasienue BedO-rpacda B Mojenn “rajcryk-6abodka’.

Ha puc. 6 mokazano kak BRIIVISIUT BeO-rpad B TakoM mpejacTapieHnn. [leHTpaibHyIO 9acThb
obpasyer MakCcHMaJlbHasi CUIIbHO cBsizHas KoMmnonenTa (SCC). Jlesast wacte (IN) cocrout us Bep-
IIUH, IyTH U3 KOTOPBIX BeayT B 5Ty KomioHeHty. IIpasyio gacts (OUT) ob6pasyior BepuiuHbI,
B KOTOpbIe BeayT nyTn u3 koMmroHeHTbl SCC. Bepmiuubl moarpadoB, HA3bIBAEMbBIX OTPOCTKAMMU
(tendrils), csizanbl myTsimu ToabKO ¢ MHOXKecTBamu BepuiuH IN u OUT. Dtu myrn usobpake-
HBI Ha puc. 6 B BHUE TOJCTBIX CTPesoK, Beixomamux u3 IN mimm Bxomsmux B OUT. Hekoropoie
BepiuHbl u3 MEHOKecTBa IN MoryT 66ITh cBstzanbl ¢ BepiuHamu w3 OUT myTsmu, nzberarommmu
cuibHO cBszayto Komnonenty SCC. Takume moarpadsl, HasbiBaeMble TyHHEIAME (tubes), m306-
paxkenbl Ha puc. 6 B Buje Tosicroii ayru w3 IN B OUT. [pyrue mogrpadsl, BepuinHbl KOTOPBIX
HE CBA3AHbBI IIyTAME C OIUCAHHBIME BBIIIE YacTAME I'pada, 00pasyioT OT/e/bHble KOMIOHEHTBI
(mokaszaHbl BHH3Y Ha pHC. 6).

Ha puc. 7 nokazana crpykrypa Beb-rpados S, R u G nayunbix opranuzanuit Cepbun,
CO PAH u O6mecrea ®@paynrodgepa B Bujie MOjen ‘rajacTyk-6abouka’. B mporeHTax ykasaHo
KOJIMYIECTBO BEPINNH B JacTsax rpacdos. B rpadax oprammsanumit Cepoun u CO PAH wecssizubie
KOMIIOHEHTHI SIBJISIIOTCSI W30/ TMPOBaHHbIMEU BepiuHaMmu. B rpade Cepbuu ecTh OWH TYHHEB. Y
rpada Ob6mmecrBa Ppaynrodepa JjieBast vactb IN He cojepKuUT BepIInH.

Hamomunm, uTO 1eHTpaibHAsT TacTh 0aD0UKN NMEET MOJIE3HOE CBOMCTBO — M3 JIIOOOTO caifTa
B SCC Beerjia MOXKHO JIOCTHYb WH(MOPMAIIMOHHBIX PECYPCOB JIPYToro caiita B 9Toii yactu. Pazmep
MHOkecTBa SCC B BeO-rpadax paccMaTpUBaeMbBIX aKaJIeMUIEeCKIX COODIIECTE YBEJMINBAETCS C
29 % 10 99 % ot Beex Bepmun B rpadax S u G. Boabmoit pasmep muoxecrsa SCC B rpade
ObmecrBa Opayrrodepa obecrreanBaeTcsl CyIECTBOBAHIEM ITIOPTAJIA, U3 KOTOPOI'O BBIXOISIT JyTH
BO BCE JIpyIHe CaiflThl, U B HEIO TAKYKEe BXOJSAT JYI'M M3 [IOYTH BCEX BEPIIUH (KPOME OJIHOI).

Heboubimoit pazmep Beb-rpada HaydHbIX opranusaiuit CepOoun JaeT BO3MOXKHOCTH HATJISITHO
[OKa3aTh PACIOJIOKEHHE ero Jacreil B Mojenun “rajcryk-6abouka’ (puc. 8). Bepumubl cuibHO
cBsa3HOl KoMroHeHThl, SCC, n300pazkeHbl KpaCHBIM 1BeTOM (17 BepIruH), BePIIMHBI MHOKECTBA,
OUT sBblzesiensl yepHbIM 1BeTOM (38 BepIuH), a eJIuHCTBeHHas BepiinHa dactu IN mokazana
3eJIeHBIM TBeTOM. V3 Hee BBIXOIAT JBe Jyru — OfHa B Kpacuyio Bepmmay n3d SCC, a apyras —
B uepnyto Bepunay u3 OUT (rynuess). Tpu uzompoBatible BEpIIMHBI 00Pa3yOT HECBSI3aHHBIE
KOMIIOHEHTHI (BBIJI€JIeHbl CHHUM IIBETOM).
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Puc. 7. Ilpeacrasiienune crpykrypsl BeG-rpados S, R u G.

3.4 CoobGiiecTBa HanboJIee TECHO CBA3AHHBIX OPraHU3AIAN

st m3ydeHusi OpraHu3alui aKaJEeMUIeCKUX COOOIIECTB IPEJICTABJISET UHTEPEC BbISBJICHUE B
BeO-rpadax MoJIMHOXKECTB BEPIIUH, KOTOPbIE MOTYT OBITH JOCTUXKUMBI JIPYT U3 JAPYTa 38 HEOOIb-
1moe guciio maros. OCHOBaHMEM OPUEHTUPOBAHHOTO rpada Oy1eM Ha3bIBATh HEOPUEHTUPOBAHHBIIH
rpad ¢ Tem 2Ke MHOXKECTBOM BEPIINH, B KOTOPOM IIapa BEPIIUH COCIMHEHA HEOPUEHTUPOBAHHBIM
pebpOM, ecyii 9TH BePINUHBI OBLIN COEJIMHEHBI B UCXOJHOM rpade OHON JTyTroil Uiau JABYyMs IIPO-
TUBOIIOJIOZKHO HAIPaBJICHHBIMU JAyramu. Takum obpa3om, pedpPO OCHOBaHUsI OPUEHTUPOBAHHOTO
rpada orpakaeT (haKT HAJUYIUS CCHLIIIOK MEXKJIy Iapoil COOTBETCTBYIONINX CAWTOB 6€3 yKazaHus
HaIpaBJIeHUs CCHLIOK. PaccMoTpum Tuibl moarpados, KOTOPLIE MOTYT OOPA30BBIBATL I'PYIIILI
TECHO CBSA3AHHBIX JPYI C JpyroM opranm3anuii. Jliobas napa Bepmun B Takux mojrpadax co-
eJIMHEHa XOTs ObI OJ[HOW JIyTOil, a THUIThI TOArPapOB ONpeeasoTcs opueHTanueii 1yr. Heopuen-
TUPOBAHHBIN TOATPad HA3BIBAETCS NOAHLIM, €CIN JI00as Imapa ero BEPIINH COoeTuHeHa pedpoM.
[Tonubrit moarpad HazbIBaeTCs KJIMKOM Ipada, ecjii OH He COIEPKUTCS HU B KAKOM JIPYTOM TI0JI-
HOM Trofrpade, T.e. SIBJIAeTCI MAKCUMAJIbLHBIM 110 BKJIOUYeHUIO. Kuky ¢ ducyiom Bepius k Oymxem
Ha3bIBaTh k-KiukKoil. Kimmku ocHoBanust rpacda H mopoxkjaaior B H opueHTHpOBaHHBIE HOIIDa-
dbI, KOTOpBIE Oy/ieM HA3LIBATH OPUEHTUPOBAHHBIMU KJAWKAMU. B 3aBUCHMOCTH OT OpHEHTAIMH
JIyT BBIJEIUM J[Ba THUIIA OPUEHTUPOBAHHBIX KJIUK:

— OPUEHTUPOBAHHAS KJIMKA HA3BIBAETCH KOMNAKMHOU, €CJIN KaK/ 1asl [1apa ee BEPIIUH COeJIIHe-
Ha JIByMs MPOTHBOIIOJIOXKHO HAIPABJICHHBIMU JyraMu. KoMmakTHas KJIUKa MPeacTaBisgeT coboit
ONITUMAJILHBIN (pparMeHT ¢ TOYKHM 3peHusi OBICTPOTHI JOCTYIa K MHMOPMAIMOHHBIM PECypCaM
ee BEpIIUH. DBOJIONUS BeO-TpadoB OpraHu3anuii B KaKOW-imbo y3KOil 00/IacTh HAYKU MOXKET
HPUBOJIUTH K KOMITAKTHOM KJIUKE;
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Puc. 8. Hacru Beb-rpada S Hayunsix opranmsanuii Peciiybimmku CepOust.
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Puc. 9. Ilonuerit noarpad, cuiibHass ¥ KOMIAKTHAS KJIMKU.
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— OPUEHTUPOBAHHAA KJINKA HA3BIBAETCI CUALHOU, €CJIN OHA HABJISIETCS] CHJIBHO CBSI3HOU KOM-
MIOHEHTO! rpada, HO He SABJISIeTCs KOMIAKTHON KIMKON. Takum oOpa3oM, B CHILHON KJIMKE BCE
BEPIIUHBI JIOCTUYKUMBI JIDYT U3 JIPYTra, HO MEXK/Ty HEKOTOPBIME BEPITUHAME PACCTOSTHIE OOJIbIIIE,
YeM B CJIydae KOMIIAKTHOM KJIUKH.

[TpuMmepsb! KWK yKa3aHHBIX TUIIOB IpUBeHIeHbI Ha puc. 9. fcHo, 9To m00aBiisisi HOBBIE JIyTH,

Bcerga MO2KHO HepeﬁTI/I OT CUJIbHON KJIMKH K KOMIIAKTHOIA.

Kuku pasnmuanbix tunos Beb-rpada odpazyior Ou3kue rpymib! caiitos. Kein B Kiuky 1o-
6aBJIAIOTCH HOBBIE JIYTH, TO CUJIbHAS KJIMKA MOXKET CTaTh KOMIIAKTHOW. DTO MOXKET OBITb HC-
MIOJI30BAHO JIJIsT YCKOPEHUs JOCTyIa K NH(MOPMAITMOHHBIM pPecypcaM BHYTpu rpymibl. B Tabmi. b

HMPUBOJSATCS PACIIpe/iesieHus duciia rnojarpados pa3ubix tunos B rpadax R, G u S.
Tabsua 5. Pacupenesenue kiank rpadoB 110 YUCIY BEPIIHH.

rpad| UMCIO BepIIuH — 2 3 4 5 6 7 8 9 10 11
MIOJIHBIE TTOArPadbI 2 3 4 12 21 21 55 48 30 7

R | cunbHBIE KJIMKH - 2 - 6 13 16 43 43 30 7
KOMIIAKTHbIE KJIUKA| - - - - - - - - - -
MOJTHBIE TTOATPAdBI 4 8 31 2 1 - - - - -

G | cuyibHBIE KIIMKH - 76 30 2 1 - - - - -
KOMITaKTHbIE Kjuku| 4 5 - - - - - - - -
mosble moarpader | 34 19 4 1 - - - - - -

S | cuJIbHBIE KJIUKU -2 2 1 - - - - - -
KOMIIAKTHbIE KJIUKU| - 2 - - - - - - - -
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B rpade CO PAH rpymnmsl OJM3KHX BEPIIMH UMEIOT MaKCUMAJIBHYIO MOIIHOCTH 11, B TO
BpeMsi KaK B JIByX JApyrux rpadax pasmep TakKuxX I'PYII He npesBbimaer 6. Pasmuily mexxiay
YUCJIOM TIOJIHBIX MOATPadOB U CUJIBHBIX U KOMIIAKTHBIX KJIMK 00pa3yioT MOArpadbl, B KOTOPHIX
€CTh BEPIIMHBI, HE JOCTUXKUMBIE JIpYT U3 apyra. KoMmakTHble KIUKA B rpade R oTCyTCTBYIOT,
a B rpadax G u S rakue noarpadnl MOPOXKIAIOTCI HEKOTOPLIMY [IapaMU U TPORKAMUI BEPIINH.

4 3akJjrouyeHue

C moMoIIp0 BeEOOMETPUIECKOT0 aHAJIN3a U METOJIOB TEOPUU Ipad OB U3yUIEHO BEO-IIPOCTPAHCTBO,
COCTOsITTIeE M3 CAWTOB HAyUYHBIX OpraHW3anuii u yHuBepcuTeToB Poccum, Kasaxcrana m apyrmx
crpan. [lokazaHo, YTO aBTOPUTETHOCTH CAlTa B AKAJEMHUICCKOM COODINECTBE 3ABUCUT OT THCJIA
U pa3HOoOOpa3mst BHENTHUX CCHLIOK Ha caiT. [loBBICHTDL aBTOPUTETHOCTDL caiffTa MOXKHO 3a CYeT
pasMereHnsi Ha HeM MPE3EHTAIN JTOKJIAJI0B Ha KOH(EPEHIIUIX U CeMUHAPAX, IMOJHBIX TEKCTOB
HAYYHBIX CTaTel, 643 TAHHBIX B MPEIMETHBIX 0OJIACTIX.
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NcnoabzoBanne Pazuopomubix Jlanabix npun CermMmeHTanmm
CrytuukoBbix M300pakennit Boicokoro Pazpenienuns

F0.H. Cunssceknii, U.A. Tlecrynos, O.A. [lyoposckas, I1.B. Memsuukos, C.A. Pruios,
J.B. JIazapes

WNucruryr Beraucianresnbubix rexuosioruit CO PAH, Hosocubupck, Poccust
yorikmail@gmail.com, {pestunov,olga}@ict.nsc.ru

Awnnoranusi. [Ipemmoxkena ornaeckast cxeMa eIMHOOOPA3HOTO MIPEJICTABIEHNST PA3HOPOIHBIX IIPO-
CTPAHCTBEHHBIX JaHHBIX. Ha ee ocHOBe pazpaboTaHa TEXHOJIOIHS CEIMEHTAIINN CIIY THUKOBBIX U300-
paXkeHuil BBICOKOI'O TPOCTPAHCTBEHHOT'O Pa3PeNIeHNs, KOTOPas IT03BOJIET yIeCTh BCIO MMEIOIILYIOCs
nHbOpMAIUIO (CIEKTPATBHBIE W TPOCTPAHCTBEHHBIE TPU3HAKA, TAHHBIE MOJIEBBIX HAOJIIONEHMI, Te-
MATUYECKUE KapThl, 6a3bl JAHHBIX, AllPHOPHBbIE 3HAHUS M T.II.). TeXHOJIOrus peann30BaHa B BUIE
Habopa CTaHIAPTU30BAHHBIX BEO-CEPBUCOB.

KuaroueBbie ciioBa: cermeHTarus CIIyTHHKOBBIX HM300pa’KeHUil, BBICOKOE MPOCTPAHCTBEHHOE Pa3-
peliieHne, TEKCTyPHbIE U KOHTEKCTHBIE IPU3HAKY, 00pabOTKa PAa3HOPOIHBIX JaHHBIX, BEO-CEPBUCHI.

1 Bsenenue

B Hacrosimee  BpeMsi B 0bJlacTM  CO3JaHUsI M PA3BUTHS CPEJCTB U TEXHOJO-
ruif  JAUCTAHIIMOHHOTO  30HJIUPOBAHUA  3eMJM  HaOJIOAAETCA  CTPEMUTENbHBIA  mpo-
rpecc. Uenpiit  psg coyraukoB  (WorldView-2/3,  Pecype-II,  GeoEye-1,  Pleiades,
Kompsat-3 u ap.) obecrieunBaer peryssipHy IIOCTABKY MYJIBTUCIEKTPAIBHBIX H300parKeHui
BBICOKOT'O ITPOCTPAHCTBEHHOTO pasperierns (4 M u ayuarie) |1]. XapakTepHast 0COGEHHOCTD TAKIX
n306parkeHuil 3aK/II09aeTCd B TOM, YTO 3HAYUTENbHAsA 4acTh MHQOPMAIUN, HEOOXOAUMAast JJIst
UX aHaJIN3a, COMEPKUTCA B MPOCTPAHCTBEHHBIX XapaKTEPHCTHKaX (TEeKCTypa, dhopma, pasmep,
KOHTEKCT U T.II.), & TaKyKe B HAKOILICHHBIX 0a3aX JAHHbBIX, UMEIOIIElics anpuopHoil nHopManmun
u r.1. [2]. TpagunuoHHble METO/IbI CErMEHTAIINY, YIUTHIBAIOIINE JIUIIH CIEKTPAJIbHbIE IPU3HAKH,
OKa3bIBAIOTCS HEeI(PD(DEKTUBHBIMY JIJIsT  ABTOMATU3UPOBAHHOIO aHaIM3a TAKUX H300parKeHuii.
ITosyuaeMble ¢ UX IIOMOIIBIO KAPTOCXEMBI XapPaKTEPU3YIOTCS YPE3MEPHON pa3apoOIeHHOCTHIO
U MaJIONPUTOIHBI I JaJbHEeHIell HHTepIpeTalu CIelUaJuCTaMi MPeIMETHBIX 00JacTei.
[Tosromy pazpaboTka 3hPEKTUBHLIX METOIOB U TEXHOJIOTUH 00pabOTKU U aHAJIN3a, N300PaKEeHMiT
BBICOKOTO TPOCTPAHCTBEHHOTO pa3pelienusi, 06eCIeInBaIONINX UCTIOIBL30BAHIE BCel JOCTYITHON
UHQOPMAIH, SIBJISIETCS] AKTYAJIbHOI, HO MaJIOM3yYeHHOM 1mpobsemoit [3].

B pabote paccmaTpuBaioTcst cxeMa eIMHOOOPA3HOTO TPEJICTABICHUST JAHHBIX W TEXHOJOTHS
CEerMeHTAINN N306paykKeHui BHICOKOTO MPOCTPAHCTBEHHOIO Pa3pelieHns, MO3BOJIAONast Ipu 06-
paboTKe NCTOMB30BATH BCIO JOCTYITHYIO PA3HOPOIHYIO NHMOPMAITHIO. TeXHOIOTHS peanTn3oBaHa B
BUjIe HADOPa CTAHJAPTU3OBAHHBIX BeO-CepBUCOB. [IpUBOIATCS IPUMEDDI PEIIEHUST TPAKTUIECKUX
3a1ad.

2 Jlormuyeckas cxema e,I[I/IHOO6paBH01"O npeacTraBJeHUsdA JaHHBIX

Jlormdeckass cxema eIMHOOOPA3HOTO IIPEJICTABICHUS PA3HOPOMHBLIX MAHHBIX IPEJCTaBICHA Ha
puc. 1. B coorBercTBHM C 3TO# CXEMOIi, BCE JIOCTYIHBIE JAHHDBIE UCIOJIB3YIOTCA It (POPMU-
poBaHusi HAOOpa PACTPOBBIX CJIOEB, KOTOPBIE IIpU JlajibHEliIeil 00paboTKe MHTEPIPETUPYIOTCS
KaK JOIIOJIHUTEJIbHbIE IIPU3HAKHU.
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[Tonydennbie cjion MOYKHO PA3JIEJUTh HA CJIOU JIAHHBIX U TeMaTudeckue ciaou. K ciaoam mam-
HBIX, IOMUMO CIIEKTPAJIBLHBIX KAHAJIOB MCXOJIHOIO M300parKeHMsl, MOYKHO OTHECTHU ITOCTPOEHHBIE
paHee TeMaTH9IecKue KapThl (PacTUTETHHOCTH, [I0YB, BJIATOCOIEPKAHUS U JIP.) U KapThl, (hopMu-
pyeMble aBTOMATHYECKH (CPEIHECYTOYHOI TeMIIepaTypbl, KOJTMIECTBA OCAIKOB, aJIb0eI0 TOJICTH-
JIAroIeil IOBEPXHOCTH, BBICOT, SKCIO3UIUI U OPHEHTAIMN CKJIOHOB U T.11.). st popMupoBanus
TeMATHIECKUX CJIOEB (B OTJIMYUE OT CJI0EB JIAHHBIX ) HEOOXOIMMO yJacTue sKcrepra. K HuM oTHO-
CATCS TEKCTYPHBIE U KOHTEKCTHBIE TPU3HAKH, ITOJIy9€HHBIE C NCTIOJTb30BAHUEM PA3JIMIHBIX ITPOTIE-
nyp dbuabrpanun n300paykeHnsi, & TaKyKe KOMILJIEKCHBIE CIIEKTPaJIbHbIe TPU3HAKU (MHIEKChI). K
TEMATUIECKUM CJIOSIM TaKXK€ OTHOCATCH OMHAPHBIE MACKM, IIOCTPOCHHBIC HAa OCHOBE MMEIOITUXC S
AIPUOPHBIX 3HAHWI U MPETHA3HAYCHHBIE JJIsi BbIIEICHIsT KOHKPETHBIX TUIOB 00BEKTOB (BOJIHOM
[OBEPXHOCTH, T€HeH, PACTUTEJIbHOCTH, aHTPOIIOIeHHbIX TeppuTopuii u ap.). Kpome toro, K Te-

e S o o i

IImdpoerie Monenn penseda,  —— AnpuopHeie cEeeHMA
i1 ob obeexTax
n30BpaKeHIe OaHHEIS TIONEERIN HADTIon exmit, e 4 =
a & KapTel M Op. I HCCIEIOBaHN ;
P e e e S  aa # —————— YpoBeHb NpeacTaBneHns .

y-——————-"-———— CROW A8HHBLIX , ~————————F————————— TemMaTU4ECKNE CMON

i g
4 S
MyneHCneKTpaIE HOE Kapter PesvapTame! s Tpann: 7 P
n3obpaxenre nocne  (PacTHTENEHOC TH, (TeKCTYpHBIE XAPAKTEPUCTHKE) Gittexced
KOpPPEKLAH TIOYE U Ip. )

Obnacts mHTEpECA

Kapra epicoT, Tpvrie nasemie Tematiaecrte Macky (BoOeL
3KCMOZHLIAA H {Temmepatypa, PAcTUTEIBHOC TH, BHTPOTIOT eHHELL
OpPHEHTALINE ocankH, amsbeno TeppHTOpHi, TeHeH 1 op.)

A

PR e

Hroroese KEapTOoCXEMEL

P

Puc. 1. Jloruuyeckasi cxema e,ZLI/IHOO6pa3H01"O IpeacTaBJIEeHUud Pa3HOPOAHBIX IIPOCTPAHCTBEHHbIX JIaHHDbIX.
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Puc. 2. TTosramHass TeXHOJIOrUsI CETMEHTAIINN CITYTHUKOBBIX M300PaKeHM BHICOKOTO TPOCTPAHCTBEHHOTO Pa3pe-
IIEHUA.

MaTHYECKUM CJIOSIM MOXKHO OTHECTH MacKy, KOTopas II03BOJISIET BBIIEIUTH 00JIacTh HMHTEpeca,
OTIPEIEISIEMYIO SKCIIEPTOM HCXOs M3 OCOOEHHOCTEN peraeMoil 3a1atn.

3 TexHoJsiormsg COBMECTHOI 00pabOTKM MPOCTPAHCTBEHHBIX JAHHBIX

[TonobHOoE mpejicTaBIeHIe PA3HOPOIHON NHMOPMAIMH TO3BOJIAIO PAa3paboTaTh TEXHOJOTUIO Cer-
MEHTAIMN CIIyTHUKOBBIX M300parkeHnil BBICOKOIO IPOCTPAHCTBEHHOIO paspemnienust (puc. 2),
[IpegHAa3HAYEHHYIO JIJIsl UCCAEIOBAHUS M OIEHKHM COCTOSHUS IIPUPOIHBIX 00HEKTOB.
Paspaborannast TeXHOJIOTHST BK/IIOUAET YeThIpe Tana obpaborku. Ha srame koppekiuu gaH-
HBIX BBITOJIHAIOTCST aTMOCQEpHasi 1 TeOMeTPUIecKasi KOPPEKIINN, a TaKKe IMPUBEICHNE JTaHHBIX
K eJMHOI KapTorpadudecKoil MPOeKINy U T.II. DTall IpeIBapUTeIbHOi 00pabOTKI BKJIIOYAET B
cebst popMHUpPOBAHUE CJIOEB JAHHBIX W TEMATHYECKUX CJIOEB, BbIJE/ICHHE O0JACTH WHTEpeca Ha
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n300parkeHnn, a TaKyKe CTATUCTHIECKU aHa 3 1 (POPMUPOBAHUE KJIACCU(PUITNTPOBAHHON 00y da-
formeit Beibopku. Ha sTare remarudeckoit 00paboTKU OCYIIECTBIISETCS BHIOOP MHMPOPMATUBHBIX
HA0OPOB NPU3HAKOB U CEIMEHTAIUs M300parKeHUs C ITOMOIIbIO aJrOPUTMOB KJiaccudUKaIuu ¢
obyUeHreM MM KJIACTEPU3AINK JAHHbBIX [4], a Tak:Ke yTOUHEeHUE Pe3yIbTaTOB C UCIIOJIb30BAHIEM
TEKCTYPHOIl U KOHTEeKCTHON mHboOpMarmu. 3aBepiamoomiuii srai (srarn mocrobpaboTKm) Hampas-
JIEH Ha yJIydIlleHNe BU3YaJbHBIX XapPaKTEPUCTUK PE3YJIbTUPYIONINX KAPTOCXEM JJisi ODJIErIeHUs
UX UHTEpIpeTanuy (IPUMEHEHNE PA3JIMIHBIX (DUJILTPOB, BBIOOD YPOBHS JIETAIN3AINN KAPTOCXEM
u T.11.). list jtydiero nonnManusi pa3paboTaHHONW TEXHOJIOTUI PACCMOTDPHUM [IPUMED: Pa3/IeJIeHIe
THUIIOB PACTUTEJBHOCTH IO CHUMKY, IOJy4eHHOMY co ciyTHuKa WorldView-2.

K  uzobpakenuio  1mocjie  mepBoro  srama  00pabOTKH,  IPEJICTABJICHHOMY  HA
puc. 3, a, ObBLI TUPUMEHEH HeMapaMeTPUIECKUil aHCaMOJIEBBbI aJrOpUTM KJIACTEPUBAINN
ECCA |5]. B pesysbrare 6blia moctpoesa kaprocxema (puc. 3, 6) u3 61 kiacrepa, GOJIBIITHCTBO
U3 KOTOPBIX HE SIBJIAIOTCH PACTUTEIbHOCTBIO.

B coorBercTBUU € IPEJIOKEHHON TEXHOJIOTHEH, HA ITAlle MPEIBAPUTEIHLHOI 00pabOTKU BbI-
[IOJTHEHO (POPMUPOBAHUE UETHIPEX TEMATHIECKUX MACOK, KOTOpBIE MpEeIHA3HAYEHBI JIJIsl BbIIe-
JieHUsi OO'BEKTOB, HE MPEJCTABJISIONINX WHTEpPEca IIpu penteHnn jJanuoi 3agaqu. [lepast macka
(puc. 3, 8) HoCTpOEHA Ha OCHOBE HOPMAJIM30BAHHOIO pa3HOCTHOrO BojHOro nHjekca (NDWI) (6],
KOTODBII pearupyer Ha CTelleHb yBIayKHeHHOCTH TeppuTopun. OHa U MO3BOJISET C BBICOKOI CTe-
[IEHBIO JIOCTOBEPHOCTHU BBIJIE/IUTH MOBEPXHOCTH BOJbI (Ha PUCYHKE BBIJEIEHA CHHUM IIBETOM ).
Bropas macka (puc. 3, 2) mocrpoeHa ¢ HCIOJIB30BAHHEM HOPMAIM30BAHHOTO BEIETAIIOHHOIO
ungekca (NDVI). Ona 1103B0JIsIeT BbIIEIUTH TEPPUTOPUN, HE IIOKPBIThIE PDACTUTEIHLHOCTHIO (Ha
PHCYHKE BBIJIEJICHBI cepbiM IBeToM). Tperhs macka (puc. 3, d) upeaHasHadena i BbIIETIe-
HUsI Ha U300pakeHnH 0O'bEKTOB HEIPUPOHOIO IIPOUCXOKICHHsI (3aHuil, COOPYKeHuii, J10por),
XapaKTEPHOI 0COOEHHOCTHIO KOTOPBIX SABJISIETCS HAJUYUE IIPAMBIX IDAHUIL U YIJIOB, a TaKKe OT-
CyTCTBHE pacTurTejbHOcTU. st jokam3auu ob1acTeil, COMepKAIUX IPSAMbIe JTUHUU U YIJIbI
(Ha puc. 3, d BbIIEJIEHBI CEPBIM IIBETOM ), K M300parKeHHIO IIPUMEHSINCh JeTeKTopbl Xappuca [7].
KoMmbunmpoBaHue mogydeHHON MacKu C MacKON TEepPPUTOPHil, HE HOKPBITHIX PACTUTEIbHOCTHIO
(cM. pue. 3, 2), U pe3yibraTaMu HellapaMeTpUYecKoii Kiaacrepusaiuu (cM puc. 3, 6) 1M03BOJIHU-
JIO OOHAPYXKUTH OOBEKTHI HEIPUPOJHOIO ITPOUCXOXKIEHUS, BbIJIEJIEHHbIE HA pUC. 3, 0 KpaCHBIM
nseroMm. YerBepras macka (puc. 3, €) IIOCTPOEHA C UCIOJIB30BAHUEM METOJIA, IIPEJJIOKEHHOIO
B [8], m mpesHasHavueHa /I BbIIEICHUs TeHell Ha M300pakeHnn (Ha PUCYHKE BBIJIEICHBI YePHBIM
nseroMm). [TosryueHHbIE MACKY [TO3BOJIM/IN PACIIO3HATH U UCKJIIOYUTD U3 JIAJIbHERIIEro paccMoTpe-
HUsT O0BEKTDI, He MPEJICTABJISIONINE HHTEPECA IIPU PEIIEHUN TaHHON 3a/1a491, & TAKXKe BBIJIEIUTD
ob6J1acTh uHTEpeca (Ha PUC. 3, ofC BBIJEJICHDI 3€JIeHBIM IIBETOM ).

Ha srane remaruteckoit 06pabOTKU TMOCTPOCHHBIC TEMATHYICCKIE MACKU UCIIOTH30BAINCD JIJIsT
BbIJIeJICHIsT HA N300paZKeHUH TPEX KJIACCOB («ITOBEPXHOCTD BOJbI», « «TEHU» M «O0BEKTHI HEIIPH-
POJIHOIO IPOMCXOXKIEHNsI» ) U 00JIACTU UHTepeca, KoTopasl B jlajibHeliniem Oblia obpaborana aji-
roputMoM ECCA st pasmeiennst pa3udIHbIX TUIIOB PACTUTEIBHOCTH. Pe3yIbTupyromas Kap-
TocxeMa Obljia 00paboTaHa AJrOPUTMOM CEIMEHTAIUHM 110 TeKCTypHbIM npusHakam ESEG (9]
(puc. 3, 3) U AITOPUTMOM, YUUTHIBAIOIIAM JIOKAJIBHbIA KOHTEKCT N300parkeHusi (COCEICTBO MUK~
ceneit) [10] (pue. 3, u). Oba amropurMa IO3BOJININ BBIACIATH 3 Kjacca («II0BEPXHOCTH BOJIBI»,
«TeHN» U «OOBEKTHI HEIPUPO/HOTO IIPOUCKOXKICHUsI» ) 1 18 KIacTepoB, HOMAIAIONNX B 00/IACTD
UHTEPECA.

3.1 Cucrema cTaHJAPTU30BAHHBIX BeO-CEPBUCOB

OmuucanHasi TEXHOJIOIHsI peajin30BaHa B BUjle HADOpa CTaHIapTHU30BaHHBIX BeO-cepsucos (WPS-
uporeccoB). Habop BHEIPEH B CEPBUC-OPUEHTHPOBAHHY IO T€ONH(MOPMAIIOHHYIO CHCTEMY, CO3/IaH-
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3 u

Puc. 3. a — RGB-komnosur msobpaxenns WorldView-2 (kanamer 5, 3 u 2); 6 — pe3y/IbTaT CErMEHTAIUU IO
CIeKTpasbHBIM npu3HakaM (61 Kjacrep); 6-e — TeMaTHUYECKHe MACKHU; 0/¢c — ODJIACTH MHTEPECa; 3 — Pe3yJIbTarT
CerMEeHTAIMN C yUIeTOM TeKCTYPHBIX IPU3HAKOB (3 Kiacca u 18 KiacTepos, NOLAJAKNMX B 00JIACTD HHTEPECA); U —
PE3yJIbTaT CETMEHTAIIUN C yIeTOM HH(MDOPMAIUH O COCENICTBE TmKcesei (3 kmacca u 18 K1acTepoB, IONaIAI0IuX B
06J1acTh MHTEPECA).
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http://wps.esemc.nsc.ru:8080/wps
HTTP-Cepeep (Apache Tomcat)
Knuearckmit
KOMILIOTEp 52°North WPS \
s (Beb-mpunoxermie qna T omcat) GRASS GIS
Quantum GIS, |« Cobcrrennpie Java-momymm: Mozymz GRASS GIS
OpenTUMP 1 2p. CCA. GMRF, SAR u np. ’
. 1| ||| Cobcreenmpie mogymt C/CH+
GRASS by

Hereprer ridge ) EMeanSC, VI nap.

Puc. 4. CrpykrypHas cxema cuCTeMbl BeG-CEPBUCOB.

Hyto B VHcruryre Bhranciauresnbubix texuosoruit CO PAH [11,12,13]. Cucrema obecnieqnBaer
IPOCTOE W OTIEPATUBHOE BHEJIPEHUE HOBBIX aJTOPUTMOB 0OPabOTKU U YAOOHBIN JIOCTYIT K HUM.

CTpyKTypHasi cXeMa CUCTEMbBI CEPBHUCOB MPEJICTABIEHA Ha puc. 4. FApOM CHCTEMBI SIBJISIETCST
WPS-cepsep, koropslii co3gan B pamkax npoekra 52°North [14] u mpescrasisier co6oii Be6-
mpuaoXKeHne, paboTaroree Moj yIpaBieHneM KoHTeitHepa cepsieroB Apache Tomcat. On ocy-
IIeCTBJIAEeT nHTepIIpeTallruio BXO/HBIX U BBIXOJIHBIX JaHHBIX COIVIACHO CHeHI/I(bI/IKaL[I/H/I IIPOTOKOJIQ
WPS [15] u moxxer BKiII09aTh Heorpanudennoe drciao WPS-nporeccos. Kpome Toro, WPS-cepsep
obecrieunBaeT JOCTYIl K OTKpbIToi reonndopmanuonnoi cucreme GRASS GIS. [Iis peanmuzaiyn
CUCTEMBI MCTOJIB30BAHBI TTPOTPAMMHBIE TTPOYKTHI ¢ OTKPBITBIM MCXOIHBIM KOJIOM, PACIPOCTPAa-
usiemble 110 Jjunersnn GPL (GNU general public license).

Peanmuzaiusi  ajropurmMoB B Buje Habopa craHjapTu3oBaHHbIX BeG-cepBucoB (WPS-
[POIIECCOB) TIO3BOJISIET HCIIOAB30BATH IPEJIOKEHHYIO TEXHOJIOTUIO OOPAOOTKM [IJIsi PEIICHHS
MPaAKTUYECKUX 38129 Ha CTOPOHE MOJIb30BATEIsI C UCIOJb30BAHUEM KaK CBOOOIHO PACITPOCTPAHSI-
embix ['MIC-ntakeros (QGIS, uDig, OpenJUMP u np.), Tak u KoMmMepueckoii reonHbOOPMAIIOHHOMN
cucrembl ArcGIS.

B nacrosmuit MoMeHT B cucTeMy BHEApPEeH HAOOP 3(MDMEKTUBHBIX HEMAPAMETPUIECKUX AJITO-
PUTMOB, CO3/IaHHBIX B PaMKaX Pa3JIMYHBIX IIPOEKTOB U I'DAHTOB.

4 Perenne IIpakKTUvIeCKux 3aJda4

PazpaboranHast TeXHOJIOTHS YCIENTHO HUCIIOJB30BAaHA JIJIsSI PEIIeHUsl ABYX 3a/ad, CBSI3aHHBIX C
U3y4YEeHUEeM PUPOIHBIX IIPOIECCOB U ABJICHUINA:

1. obHapyxKeHnuve m KapTUPOBAHUE TTOBPEKIACHUN KEIPOBBIX JIPEBOCTOEB IO JAHHBIM, IIOJIYYIEH-
HBIM co cryTHuKa Pleiades;

2. BbIgBJIeHNE (DYyHIAMEHTAJBHBIX 3aKOHOMEPHOCTEH (POPMUPOBAHUsT PACTUTEIHHOTO MTOKPOBA
crennoro 6uoma o ganuniM WorldView-2.

[Tpemnoxennas cxema oOPaOOTKU IMO3BOJIUJIA C BBICOKOH CTEMEHBIO JOCTOBEPHOCTU BBIIOJ-
HUTH aHAJIM3 [IPOCTPAHCTBEHHO-BPEMEHHO JINHAMUKHU YCHIXaHUS KEeJIPOBBIX JIPEBOCTOEB B ropax
Kysnenkoro Anaray. Boimosuensr obHapyKeHrne n KiaaccudUKains KeJpadei o CHUMKY BBICO-
KOI'0 [POCTPAHCTBEHHOI'O pa3peleHust, nojgydennomy co cuytuuka Pleiades, a Takike JaHHBIM
Landsat u (Terra+Aqua)/MODIS. ITocTpoeHHble KAPTOCXEMBI O3BOJIMJIN BBISIBUTH OUAl'll U OIle-
HUTb JIMHAMUKY IIOBpEXKIeHUIl KejpoBbixX japeBoctoes 3a 2006-2012 roxer [10,16].
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ITo comMKaM BBICOKOTO pa3pelrenus, MOJIyIeHHbIM co ciyTHuka WorldView-2, mocrpoensr
KPYITHOMAaCIITaOHbIE KAPTOCXEMBbI, KOTOPBIE IOCJIY>KIJIM OCHOBOM JIJIsT MOJIEIUPOBAHUS IIPOCTPAH-
CTBEHHOI OpraHU3allii CTEITHON paCcTUTEIbHOCTH U BBISIBJIEHHST BAXKHBIX 3aKOHOMepHOCTE (hop-
MHMPOBAHMSI PACTUTEJIHLHOIO IMOKPOBa T'OpHO-cTerHoro mosica HOxmoit Cubupu. D10 MO3BOJIMIO
IIPOBECTHU JIOCTOBEPHBIE HAOIIOIEHUS 38 MeIbYailIlinMu N3MEHEHUSIMU TPAaHUI] COOOIECTB, UTO
uMeeT OOJIbIIOe 3HAYEHHE JJIsi OXPaHbl YHUKAJJIBHBIX PEJIMKTOBBIX COOOIIECTB M IIPOU3PACTAIO-
IUX B HUX PEJIKUX U YHUKAJILHBIX BUIOB PACTEHUil, 0COOEHHO IPHU UCC/IEIOBAHUN TEPPUTOPHIA,
[O/IBEP’KEHHBIX CUJIBHOMY AHTPOIIOTeHHOMY Bozjeiicteuio [17,18].

5 3akJrouyeHue

[Ipeyiozkenbl JJoruyeckasi cxemMa eIMHO00Pa3HOr0 IIPEJICTABIEHNS] PA3HOPOHBIX IPOCTPAHCTBEH-
HBIX JIAHHBIX U TEXHOJIOI'US CETMEHTAIINHU CIIy THUKOBBIX M300ParKEeHUN BHICOKOT'O IIPOCTPAHCTBEH-
HOT'O Pa3pelleHus], [I03BOJISAIONIAs] YIECTh BCIO NMEOILY0Cst HHMDOPMAIUIO (CIIeKTPAIbHbIE U IPO-
CTPaHCTBEHHBIE IIPU3HAKH, JIAHHBIC TIOJIEBBIX HAOJIIOJIEHU, TEMATUIECKIE KapThl, 0a3bl JTaHHBIX,
AlPUOPHBIe 3HaHUs 1 T.11.). ljist 9T0r0 nHdopMaIms npe/crasisercs B euHoM Gopmare (B Buje
n300pazkeHuit), yI06HOM JjIst JasbHeiied copmecTHoi ob6paboTku. TexHoorns peaan3oBaHa B
BHJIe HAOOpa CTAHIAPTU30BAHHBIX BEO-CEPBUCOB U BKJIIOUEHA B CEPBUC-OPUEHTUPOBAHHYIO CUCTE-
My MuacturyTa Beraucantenbubix Texuonoruit CO PAH. Paspaborannast TeXHOIOTHST UCTIOTB30-
BaHAa JIJIsl PEIleHus] JBYX MPaKTUIeCKUX 3aJa4, CBSI3aHHBIX C U3YUYEeHUEM [IPUPOIHBIX ITPOIECCOB
U ABJICHU.

Pabora BeimostHena mpu nojiepxkke Poccuiickoro douma hyHIaMEHTATBHBIX UCCJIEI0BAHMI
(rpanTbr Ne 14-07-31320-m001_a, Ne 13-07-12202-odbu M) u Poccuiickoro Hayusoro dhona (rpanT
Ne 14-14-00453).
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Nuarerpanus I'eorpacdmnuecknx Meraganabix B CoBpeMeHHbBIE
Cucrembl Opraamnzanuu Iudposbix Penmozutopuen
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AnHoTauusi. B pabore paccMaTpuBaercsl Takas IMIMPOKO U3BECTHAsl CUCTEMA JJIsi OPTraHU3alin
nudpOBBIX perno3uTopues, Kak DSpace. Jannas cucrema UCnosib3yercst B paMKax npoekToB «Ilud-
posoii penosutopuit UBT CO PAH», «Orkpbitas kpaeBemgdeckas mudposast 6ubimmoreka Hoso-
cubupcka» u aAp. B cucremax, mocrpoeHHbIX Ha 6asze DSpace, comepKuUTCst GOJIBINOE KOJIAYIECTBO
JIOKYMEHTOB, TaK WJIM WHAYe CBA3AHHBIX C reorpadudeckoii undopmanueii. B To ke Bpemsi, B 6a-
30Boii nocraBke DSpace orcyTcTByeT hyHKIIMOHAIBHOCTD, CB3aHHAsL ¢ reorpaduvIecKuM acIeKTOM
uHdopMmalmu. B I0K/Ia/1e OMUCHIBAETCS JIBA BADUAHTA WHTErPAIMN reorpauiecKux MeTaJaHHbIX B
cucreMy DSpace: mocpeicTBOM HEIIOCPECTBEHHOIO 33/IaHNsi KOOPMHAT U [TOCPEJICTBOM CCHIIOK Ha
3aIUCH CIIENUATM3UPOBAHHOTO TE3aypyca reorpadrIecKuX HA3BAHMUI.

KuaroueBrbie cioBa: reorpadudeckne MeTajanable, reorpadudecknii mouck, DSpace.

1 Bseneunue

CucreMbl JIj1sT OpraHu3aiun MU@PPOBBIX PEIIO3UTOPUEB 0018 1AI0T MMUPOKUME BOZMOXKHOCTSIMU 110
XpaHEHUI0 1 00paboTKe PasTuIHON MHPOPMAIINA KakK 00 UCKIIOUUTEIBHO MU(MPOBBIX 00bEKTaX,
Tak 1 00 00bEeKTaX peaJbHOro Mupa. Takme crcTeMbl BKIOYAIOT B ceOsT TMOICUCTEMBI IS 00pa-
OOTKHU 1 BU3YAJIU3AINK IH(MPOBLIX MATEPUAJIOB B PA3IMYHbBIX IIPEACTABICHAAX, CHCTEMbI UHIEK-
CAITMU U TIOWCKA, CPEJICTBA IJIsi KJIACCU(PUKAIINU U KATAJOTU3AIUNA MaTEPHAJIOB, HHCTPYMEHTHI
JJIs1 YIIPaBJIEHUsI IIPaBaMu JOCTYIIA U Ipodne cepBUCchbl. OaHOM 13 Hambojee MUPOKO UCIOIb3ye-
MBIX CUCTEM JIJIsl [IOCTPOeHH sl IUDPOBBIX PENO3UTOPHEB siBisieTcs: cucreMa DSpace [1]. B nannoit
pabore Gyjier paccMTapuBaTbes cucreMa DSpace 5 [2], koropast siBIsieTcst mOCJIe/IHel.

2 Teorpaduveckuii mouck

Cucrema DSpace opueHTHpOBaHa Ha MCIOJIL30BAHUE TEKCTOBBIX IIOMCKOBBIX 3aIIPOCOB JIJIsl OIIH-
caHrs MTH(OPMAIMOHHON MOTPeOHOCTH MOJIb30BaTe . OIHAKO TAKOe IIPeICTaBJIEHNEe MTOIXOIUT
He I BCceX TUIOB 3ajad. OJHUM M3 IPUMEPOB TAKOI'O POJa 3aad sSIBJIAETCA reorpaduaecKmii
mouck. MznadayibHO CUCTEMBI Jjisi OPraHu3alny TUMPOBBIX PEIO3UTOPUEB He ObLIN PACCIUTAHBI
Ha, UCIOJIb30BaHue reorpadudeckoit nadopmaruu. OTHAKO MaTepHaJsIbl, XPAHSIIIIECT B TAKUX
cucremMax cojepzkaT yHOl\/H/IHaHI/IH FeOFpa.(i)I/ILIeCKI/IX O6’beKTOB B TOM HJIM MHOM BHJIC.

[Ipusenem npumep HeckoJbKuX 3amuceii u3 Ludposoro penosuropus UBT CO PAH, conep-
JKaIUuX YIIOMAHAHUAS reorpaduyecKux 00beKTOoB.

1. B nenrpe Bunmanug - Baiikay
MexayrapoaHast KoHdeperus " YiabrpaMadur-MahuToBble KOMILIEKCHI CKJIaTIaThIX 00J1a-
creit mokembOpusi"Ha Baiikase 1. Duxanyk, 6-9 cenr., 2006

3. Mukpobuosiorndeckasl oleHKa cocTosinus bacceiina pek Tyruyii - Cyxapa

4. MwuHepaJIbHO-BEIIeCTBEeHHBIN COCTaB IbLIeadPo30Jieil Ha Teppuropun r. Tomcka
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Hcmonb3oBadne TEKCTOBBIX MTOMCKOBBIX 3aIIPOCOB JJIsT pabOTHI ¢ Teorpadutieckoit madopMa-
nueit He Tak 3(MPEKTUBHO, KaK UCIIOJb30BaHNe KapTorpadpuieckux cepBucoB, Takux kak Google
Maps [3]. Hanpumep, eciu Ham HY>KHO OyJleT HafiTu JOKYMEHTBI, B KOTOPBIX HJIET peub 0 Ho-
BOCHUOMPCKON 00J1aCcTH KaK TeorpadriecKoM PEruoHe, U Mbl OyJ/IeM UCIIOJIB30BaTh TEKCTOBBIN 3a-
npoc «Hoocubupckast 006/1acThby», TO PE3y/IbTaThl IMOUCKa OyayT HemoJHbIMU, Beab B HoBocu-
O6UpCKoil 00JIACTU HAXOJUTCA MHOXKECTBO T'eorpadmIecKuX 00bEKTOB, y KOTOPBIX €CTh OJIHO WJIH
HECKOJIBKO HaSBaHI/HU/I, opudeM 9TU Ha3BaHUA €Ille U USMEHAJINCH C TeYeHUEeM BPEMEHU. HOSTOMy,
€CJIM MbI XOTUM HAWTHU JOKYMEHTBI, TAK WM MHa4Ye, oTHOcdAmuecs Kk HoBocubupckoit obactu,
TO HAM TIOHAJOOWTCS COCTABUTH OTPOMHBIX Pa3MepPOB IOUCKOBBIN 3aIIpOC, COJEPKAIluii HA3Ba-
HIS BceX reorpaduyiecknx 00bEKTOB, HAXOIANUXCA Ha Teppuropun Hosocmbupckoit obiacTw,
Jda ellle U YyIUTbIBad UCTOPUICCKHNE USMEHEHUNA ITUX Ha3BaHU 1 OCO6€HHOCTI/I PYCCKOI'O s3bIKa.
Hema obcTodaT elre ciioXKHEe, €CJU UHTEPECYIoNuil reorpadudecKnii PEruoH He SBJISIETCS Ie/Thb-
HBIM B aJIMIHUCTPATUBHOM CMBICJIE, HAITPUMED, Baiikabckasi IpupoIHasi TEPPUTOPHUSL, KOTOPAst
HaXOQUTCsT JacTudHO B VIpkyTckoit obnactu u Pecriybsuke Bypsitust. Ecim ke Mbr Oymem mc-
[I0JIh30BaTh KapTOrpadUIecKuii CEPBUC, TO MOJIYIUM KOOPJIUHATHI TeorpaduiecKoro peruoHa B
BHJIe HADOPA TOYEK U B 00/IACTH MTOUCKA OY/IyT BKJIIOYEHBI BCe Teorpadraeckue 06 beKThI, HAX0/Is-
1uecsi B BbIOpaHHoM pernoHe. Ho MoiyunTh KOHTYD HHTEPECYIONIETO TeorPahuIecKoro pernoHa
HE/0CTAaTOYIHO, BeJIb IeJIEeBbIe I/IH(bOpMaL[I/IOHHbIe CUCTEMBI HE ABJIAIOTCHA FeOFpaCbI/I‘{eCKI/IMH nH-
GOPMAIMOHHBIMU CHCTEMAMM, U HUKAKOHN MMOJIepKKIA 00paboTKu reorpadudecKux KOOPJIUHAT B
HUX HET.

Ecth /1Ba BO3MOXKHBIX BapUaHTa PENIEHUS I 33/a9i reorpaduyaecKkoro MOuCKa B TaAKOIO
poaa OMOIMOTEUHBIX CHCTEMAX:

1. Hemocpe CcTBeHHas MHACKCAIUS 3alKceil THDOPMAIMOHHBIX CHCTeM TeorpadpuaecKUMI KOOP-
JIIHATAMU,;
2. ucnosb30BaHue Te3aypyca reorpaduieckux HasBaHuii [4].

Jlajee OymeT paccMOTPEHO IpUMEHEHHUe ITUX JIBYX IMOIXOJ0B K cucTteMme DSpace 5.

3 HaTerparus mocpeacTBOM MHJIEKCAIIUN 3altuceil KoOOpJIuHATAMU

Jlnst mHTErpanmun reorpaduyeckKoro IoucKa B cucreMy DSpace ObLIM BBIIOJJHEHBI CJIEIYIONIe
3a0a491:

J106aBJICHBI OMMCAHNs METaIaHHbIX B (bailn kornduryparnun B qupekropun "config/registries”
J106aBJIEHO T10JIe MeTaIaHHbIX B (aityl KoHdurypanun "input-forms.xml"
CKOH(DUTYpPUPOBAHBI TOUCKOBLIE WHJEKCHI B dspace.cfg

,ZLO6aB.HeHbI KJIaCChI JIJIgd TUIIOB JAaHHBIX, OTHOCAIIUXCA K FeOFpa(bI/ILIeCKI/H\/I MeTaJJaHHBIM

AR S

MoIuUIMPOBaHbl UHTEPMENRChl 100aBIeHNsI, IPOCMOTPa U PEIAKTUPOBAHUSA MeTalaHHbIX
(daitnbr edit-metadata.jsp, edit-item-form.jsp, daiiasr u3 gupekropuu search)

3.1 JlobaBjieHue moJieii MeTaJaHHBIX

Onucanns 100aBJIEMBIX TOJIEH METAJAHHBIX JTOJXKHBI OBITH MTOMEIEHbI B Xml dail B JupekTo-
pun dspace/config/registries. Vms daiiia MoxkeT 6bITH IPOU3BOJIBHBIM, HAIpUMeEpP sbras-geo-
types.xml (gannoe nazpamue 6y/ieT TOBOPUTH O TOM, UTO B (aiie coOpaHbl THIIBI, OTHOCSIIINECS
K cxeme sbras-geo). B daiinie onucsiBaercst HAGOp MOJIEH METAJAHHBIX C IOMOIIBIO KOJIJIEKIUI
3alliCeil CJIeIYIOIEero Bujaa:
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<dc-type>

<schema>sbras-geo</schema>

<element>content</element>

<qualifier>box</qualifier>

<scope_note>l'eorpadpuieckue TpaHW4YHHE KOOPAUHATH</Scope_note>
</dc-type>

3/1ech YKa3aHO Ha3BAHUE CIEIMMDUIECKON CXeMBI - sbras-geo - Bce reorpaduieckne MeTaJanHbIe
OyIyT OTHOCUTBHCS K JaHHOM cxeme. B mosie element ykazano uMsi sjieMeHTa, K KOTOPOMY OTHO-
CUTCsI JTAHHBIN 9€JIeMEHT MeTaJlaHHbIX. B mosie qualifier ykasan kBaaudukaTop TUIA JTAHHBIX.
B nosie scope-note - onucanue moJis.

Yro0bI 1M0JIsT MeTaIaHHBIX OBLIN JOCTYIHBI B (POpPMAX BBOJA JMAHHBIX, OHU JOJKHBI OBITDH
nobapyennl B dais input-forms.xml. Onucanne mosst B JaHHOM dailyie BBITVISIUT CJIeLY IOINM
obpazoM:

<field>
<dc-schema>sbras-geo</dc-schema>
<dc-element>publicationPlace</dc-element>
<dc-qualifier>box</dc-qualifier>
<repeatable>true</repeatable>
<label>MecTo nybmukanun</label>
<type-bind>Article</type-bind>
<input-type>location</input-type>
<hint>BubepuTe obmacTs Ha Kapre</hint>
<required></required>

</field>

3iech ykazaHa cxeMa, K KOTOPOil OTHOCUTCsI 3alliCh. B HatreM cirydae, cxema Ha3bBaeTcsi sbras-
geo. DJIeMeHT CXeMbI, K KOTOPOMY OYyJeT OTHOCUTHCS I0JIe MeTaJaHHbIX - publicationPlace, u
KBaJnpUKATOp TUIa JaHHBIX - box. [lanee npuBomurcs duiar repeatable, ykasbiaroriuit Ha
BO3MOKHOCTB JIOOABUTH HECKOJIBKO 3K3EeMILISIPOB JaHHOTO TI0JIsT METaIaHHBIX K 3arucu B DSpace.
[Tosne label ykaseiBaer 3arosoBok mosist B ¢popme BBoja. B mose type-bind ykaswbiBaercs criu-
COK THUIIOB MATEPHUAJIOB, B KOTOPBIX OY/ET JOCTYITHO JAHHOE T10JIe MEeTaJaHHBIX, B JIAHHOM CJIydae
"Article"ykazaHo B KadyecTBe IpHUMepa, U B JAHHOM IIOJIE JIOJKHBI OBITH IEPEeYNnC/IeHbl BCEe TH-
bl MATEPHUAJIOB, TaK KaK JIFo0O0i Marepruaj B CUCTEME MOXKET UMETh CBsI3b € TeorpagUIeCKUME
00 bEKTaAMU.

[Toste input-type ykasbiBaeT THUII TIOJI BBO/IA, KOTOPBII Oy/IeT WCIIOIb30BATHCS I BBOJIA U
PEJAKTUPOBAHUS [TOJIT METaIAHHBIX. TaK Kak B 0a30Boii moctaBke DSpace He ObL1a peajn3oBaHa
pabora ¢ reorpaduiyecKuUMu METa[aHHLIMU HU B KakKOM Buje, B (hOPMBI BBOJA ObLia TobaBJie-
Ha IOJIJIepyKKa HOBOI'O THUIA IOJIsS BBOKA, KOTODGIH Obl1 Ha3Ban location. /lanubiit Tum moss
BBOJIA ITO3BOJISIET OTOOPA3UTh TeorpadpuIecKyo KapTy U BHIOpATh Ha KapTe 3aMKHYTHIH Teorpa-
duyeckuit pernos. bosee moapobHO 1MOJIE BBOIA TeorpadrdIecKoro perunoHa OygaeT paccMOTPEHO
B nosipasiesie Moaudukaiius nuHTep@EicoB HIXKE.

B mose hint ykazama moackaska, KoTopas OygeT oToOpaxkKaThCd B CJAydae, €CJId II0Jie He
zanosaero. Puiar required yKa3bIBaeT, sIBJASIETCS JIU TI0JI€ 00S3aTETbHBIM.

Takue 3anmcu 0 MeTaIaHHBIX JOJKHBI OBITH JOOABJIEHBI JIJISI BCEX KEJIAEeMbIX 3JIEMEHTOB
cxembl (dc-element), Takux kak creationPlace, publicationPlace, referencePlace u ap.
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3.2 Koudwurypaiius moucKoOBOro MHIEKCA

HermocpeicrBeHHO MEXaHU3M ITOUCKA 110 reorpaduaecKuM KOOpIuHATAM B cucTeMe DSpace MOXKeT
OBITDH pean30BaH CJIELYIONUMA CIIOCOOAMMU:

1. ¢ MOMOIIBIO HENOCPeICTBEHHOM paboThl ¢ 6a30il janubix PostgreSQL, KoTopast ncnosibsyercs
B KadecTBe XpaHWJINIIA MeTaJaHHbIX B DSpace
2. ¢ momornpio wiardopmbl noucka Apache Solr [5]

PaspaborunkaMu cucTeMbl PEKOMEHJIOBAHO UCIOJIB30BaTh Solr jijist peasmsanuu moucka (6],
TakK Kak OH He IPUBSI3aH HEIIOCPEICTBEHHO K BEIOPAHHOMY XPaHMIHUILY JaHHbIX (a DSpace moxker
HCIOJIB30BaTh He TOoJIbKO PostgreSQL B kadecTse xpanusuiia). [losromy naiee 6ymer paccMor-
peHa peaym3alins MOucKa ¢ TpuMeHeHneM Solr.

Konduryparusi moucKoOBbIX HHIEKCOB ONUCHIBAETCsS B (aiije KoHdurypamum ceppuca Solr
solr/search /conf/schema.xml. /launbiii daiia comep:KuT OMncanust UCIOAB3YEMbIX THIIOB JAHHBIX
U TOJIeil, JI7IsT KOTOPBIX OyIeT IpOn3BOANTHCS NHAEKcaIusi. I paBuiia onmncanns CXeMbl IPUBOISIT-
ca B [7].

g unjekcaruu reorpaduyecKnxX MeTaIaHHbIX BHAYAJIE JTOJ2KEH ObITH OITUCAH COOTBETCTBY-
FOIUY TUT JAHHBIX CJIEIYIOIUM 00Pa30M:

<fieldType name="location_rpt"
class="solr.SpatialRecursivePrefixTreeFieldType"
spatialContextFactory="com.spatial4j.core.
context.jts.JtsSpatialContextFactory"
units="degrees"/>

3areM OIUCHIBAECTCsI KOHKPETHOE I0JIE METAJAHHBIX, C UCIIOJb30BAHUEM YKA3aHHOT'O THUIIA.
[Ipumep omucanus moJst:

<field name="spatial-search"
type="location_rpt" indexed="true"
stored="true" />

[Toce nanmbix Momudukalmii cxemol moJie spatial-search cramer moCTyIHBIM [1J1sT TIOUCKA.

3.3 Moaudukaiiusa narepdeiicon

Bazopasi mocraBka cucrembl DSpace He mojiepkuBaer paboTy ¢ reorpadpuIecKUME JAHHBIMHA.
[Tosromy ajist maHTErpaIun paboThl ¢ TeorpaduIecKIMI METAJAHHBEIMI HEOOXOINMO J00ABUTEH HE
TOJIBKO COOTBETCTBYIOIIUE ITOJIS METAIAHHBIX, HO U JOpaboTaTh MOJIb30BATEILCKUI HHTEPdEIic
dopM BBOIA MTAHHBIX, MOAMMUKAIINN TAHHBIX, IONCKA. B HaHHOII paboTe pacCMATPUBAETCS MO-
mudukanuio GopM BBOLA JAHHLIX, MOIUMUKALNSI OCTAILHLIX (DOPM BBIIOIHSIETCS AHAJIOTUIHO.

B comcok mocTymHBIX MeTalaHHLIX ObLIM HOOABJIEHBI IIOJIS C TUIOM JaHHBIX location.
Ilommepkka 3TOrO THUITA J0JXKHA OBITH J00aB/I€HA M B IOJIb30BaTe/IbCKHe mHTepdeiickl. Web-
unrepdeiicsl cucrembl DSpace moctpoensl Ha 6aze Texnosorun Java Server Pages [8]. @opmbr
BBOJIa JIAHHBIX HpejicTaBieHa daiiom dspace/src/main/webapp/submit/edit-metadata.jsp. B
HEM IIPOUCXOIUT (POPMUPOBaHNE MHTEP@EHCOB BBOIA JAHHBIX Ha ap3JIMYHBIX 3TAlaX 3alloJiHe-
HUs HOBOW 3amucu. B mambblii haila B MeToie TPOBEPKH M T'eHepal I1ojeil BBoia ObLI 10-
6aBjieH BbI30B DYHKIINN, FeHepUpyoIeil narepdeiic 1yt BBoma reorpaduieckoil nHGOpMAIH.
IToste BBOJa reorpacdudeckux AaHHBIX cOIepKUT KHONKY "Kapra' s oTKpbITHsSI Auajiora BBO-
Jla, TeorpaduIeckoro pernoHa, KHONKY "OuncTuTs"jIsI OUMCTKYM 3HAYEHUs] MIOJIS M TEKCTOBOE
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Beib6epute obnacTb Ha KapTte

MecTo co3gaHus ORCTITE

Beibepute obnacTb Ha KapTe

MecTo ny6nukauvmm TS

Beibepute obnacTb Ha KapTte

Apyrue
reorpacuyeckue
CCbIIKU

OuncTuTb

Puc. 1. ITose BBOA reorpaduieckux JaHHBIX

noste ¢ koopauaatamu (Puc 1). KoopausaTsl B TeKCTOBOM TI0JI€ HE PEJIAKTHPYIOTCS, a HPEeIHA-
3HAYEHBbI TOJJIBKO I MpOocMOTpa. l'eorpadutieckuii pernon BbIOMPAETCS B OTIEIHLHOM TUAJIOTE
(Puc. 2). Inamor mocTpoeH ¢ HOMOIIBIO0 OMOJHOTEKN J1jIst PabOThI ¢ reorpaduIecKiIMI KapTaMu
OpenLayers [9].

B zanosnenHoM Bujie moJie reorpadudeckoit nHGOpMAaIun BBIISIAT Kak Ha Puc. 3.

B pesymbrare nnrerparuu B cucreme DSpace O6blta peannzoBana GpyHKITMOHATILHOCTE T€OTPa-
duaeckoro moncka. OIHAKO, TAKOW TOUCK PADOTAET TOJHKO IO 3AIUCIM, B KOTOPBIX 3AIIOJTHEHDI
COOTBETCTBYIOIIHE TIOJISI METATAHHBIX.

4 MHWMuTerpammsga ¢ MOMOINBIO CCHIJIOK HA 3alHCHU Te3aypyca reorpadumdecKmux
Ha3BaHUI

Tezaypyc reorpaduiecKinx Ha3BaHWI SIBISETCS BHEITHUM CIIPABOYHUKOM JjIs cucTeMbl DSpace,
JIOCTYII K HEMY OCYIIECTBJIsleTcsi 110 1porokosy Z39.50 [10,11]. CyTh uHTErpanuu ¢ moMoIbio
CCBLJIOK Ha 3allCH Te3aypyca COCTOUT B TOM, YTOOBI CBSA3aTh 3allich U3 DSpace ¢ OXHUM WK
HECKOJIbKUMHU UIEHTU(DUKATOPAME TeorpaduIecKuX 00hLeKTOB U3 Te3aypyca. A mouck Oymer op-
raHU30BaH C IOMOIIBLIO BHEIIHel MeTallonCKOBOIl MallliHbl, KaK ONucaHo B [12].

Texundecku npuBssKa 3ammceil 3 DSpace K reorpadudeckuM 0O6beKTaM OCYINECTBIISIETCSI
nocpezcTBoM Tak HasbiBaeMbix "Controlled Vocabularies"[13].

CoorsercrByiommue HACTPOHKHU J0/KHBI ObITH onmcanbl B dspace/config/dspace.cfg cie-
JIyIOmuM 00pa3oMm:

webui.controlledvocabulary.rgeothes.type = sru
webui.controlledvocabulary.rgeothes.db = rgeothes
webui.controlledvocabulary.rgeothes.url = http://z3950.ict.nsc.ru:210
webui.controlledvocabulary.rgeothes.root =
webui.controlledvocabulary.rgeothes.title = Retrospective geo-thesaurus

B mannom mpumepe ucnosb3yercst tun jgoctyna SRU. Ykazansl HazBaHue 0a3bl, aIpec JOCTYIIa
U OLMCaHue CJIOBapsi, KOTOpoe OyIeT OTOOpaykeHO B JuaJiore oToOparkeHusl 3alceil Tesaypy-
ca. IIpedukc mapamerpos xoudurypamumun webui.controlledvocabulary.rgeothes ykasniBaer na
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iMpcKas Kemeposo
cTh -

HoBocmbupck

K (-'.w..m-.
Bepacx

JNermnon-Ky aneuom

ﬂmnm

((82.66277268332524,55.24881328176288)
(83.87126877707524,55.26759591765346)

(83.23406174582524,54.34316971952936)
(

O4YyncTuUThL

82.10246994895023,54.77001885228873)

O FAOMNTTTTACOTTIARTARE N A00TYN0T T7AN00N

| [oTOBO | | OTMeHa |

Puc. 2. Tnasor Bbi6opa reorpaduveckoro pernoHa

((82.66277268332524,55.24881328176288)(83.87126877707524,55.2 4 [ob6asuTb ewe

Puc. 3. 3anosnennoe mosie reorpaduyecKux JaHHbIX

TO, 9TO JIAHHBIA CJIOBaphb OYJET UCIOIB30BAThCA Jjis 1oJieil ¢ Turiom Janabix rgeothes. Coor-
BETCTBYIOIIAs 3AIUCH JOJDKHA OBITHL j006aB/ieHa B cooTBeTcTByIomuit xml daitn B aupekTopuu
dspace/config/registries aHaJormaHO IpUMeEpy, IPUBEJIEHHOMY B pasjese 3.

Takxke momkaa 6TH H0baBIeHa 3amuch B ¢aiir input-forms.xml cienyromero Buma:

<field>
<dc-schema>sbras-geo</dc-schema>
<dc-element>publicationPlace</dc-element>
<dc-qualifier>rgeothes</dc-qualifier>
<repeatable>true</repeatable>
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<label>MecTo mybamkanuu</label>

<type-bind>Article</type-bind>

<input-type>twobox</input-type>

<hint>Bubepure obmacTb Ha KapTe</hint>

<required></required>

<vocabulary closed="false">rgeothes</vocabulary>
</field>

B mamnom mpumepe B moJsie vocabulary ykasano naszBanme ciioBapsi "rgeothes". Haszmauernwue
OCTAJILHBIX TOJIeH COBIAIAET ¢ OMMCAHNEM, TTPUBEICHHBIM B pasfese 3.

5 3akJirodeHue

B pabore 6buin mpuBeJeHbI IBA BapUaHTA UHTEIPAIMHN reorpadUIecKuX METaIaHHbIX B COBpE-
MEHHYIO cucTeMy opranu3anuu udposbix penosdutopueB DSpace. B urore okazasioch, 4to jijist
MHTETIPAIIH C TOMOIIBIO CCHLIOK Ha, OITUCAHNS TeorpaduiecKnx 00beKTOB U3 Te3aypyca Tpedyer-
CsI MeHbIIle U3BMEHEHNH B CUCTEMe, YeM IIPU MHTEIPAIIUN C IIOMOIIBIO HEIIOCPEICTBEHHO TPUBI3KH
reorpaduIecKuX KOOpPJUHAT. Bojiee TOro, Mpu UCHOJB30BAHUEM METO/A MPUBSI3KHU [TOCPEICTBOM
CCBIJIOK Ha 3aIlMCU Te3aypyca reorpaduiecKux Ha3BaHUN BO3MOXKHO IIPUMEHEHNUE TI0/IX00B aBTO-
MaTHIECKON pUBsi3KY, onucaubix B [14]. Takum o6paszom 3ror criocobd BuguTcs: aBropam 6osiee
MPUOPUTETHBIM U 3aC/Iy?KUBAIOIINM JTAJIHLHENIIEr0 Pa3BUTHUSI.
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AnasoTauusa. lzyvaiorcs mpobJieMbl MOBBIMIEHUsT I03a0UJIATH ITPOrPAMMHBIX CHCTEM, CBSI3aHHDLIE
¢ paspaborkoii uHTEepdeiicoB. OTMeYaeTCsI, YTO OCHOBHbIE MHTEPQEHCHBIE OIMMOKU MPUIOKEHMI
OOBIYHO CBA3aHBI C HEJOCTATOYHON MPOPABOTAHHOCTHIO PAa3pabOTIMKAME IOJIH30BATEILCKON Jesi-
TEJILHOCTH, JJIg aBTOMATHU3AIMU KOTOPOH ITpeJHa3HavueHa IIpejijlaraeMasl IIpOorpaMMHasi CHCTEMA.
YT06bI MPeoioIeTh 9TOT HEJOCTATOK HEOOXOJMMMO 10 pa3pabOTKU MPOrpaMMbl IPOAHAIN3UPOBATH
OIlepaIOHHBIE MAPIIPYTHI MIOJIB30BaTEEH, [qJIsi aBTOMATU3AIMA KOTOPBIX OHA Ipe/IHa3HadaeTcd. B
pe3yJibTaTe TAKOro aHAJIU3a JI0 ¥ BO BpeMsl HAYAJILHON CTaUN IIPOEKTa OIPEIesIsiioTCst nHTepdeiic-
HbI€ YIIpaBJIAIOIIUE BO3LL€I‘/’ICTBI/I${7 KOTOpBI€ HAIIPpaBJIAIOT CUCTEMY B 2KeJlaeMO€ COCTOdHUuEe, — TaK
Ha3bIBAEMbIH abcmparmmwili unmepgetic. AGcTpakTHOE NIpeacTaBienue nurepdelica orobparKaercst
B peajiu3aluyu B HamboJiee TOAXOJSIIIE I PA3HBIX I0JIb30BaTe el 3JeMeHThl nHTepdeiica, T.e.
KOHCTPYUPYETCsT KoHKpemHuili urnmepgetic. DTa NByXCTylleHUIaTas pa3paborka uuTepdeiica Tpeby-
€T PaCCMOTpPEHUA a,BTOMaTI/I3I/Ipyel\IOI71 IPUJIOKEHUEM OeATEJIbHOCTH HE U30JIMPOBaAHHO, a B CUCTEME
OPYTUX JleITeJbHOCTEH, B KOTOPBIX NPUHUMAET yYacTHe II0JIb30BaTeNb.

KuroueBrbie ciioBa: 103abminTy, abCTpakTHBI HHTEpdENC, KOHKPETHBINH uHTepdeiic, JesaTesb-
HOCTB, IIOJIHOTA MIOJIEPKKH JESITEIbHOCTH, HHTEP@EHCHbIE CTAHAPTHL.

1 Bsenenue

WNarepdeiic mporpaMMHO CHCTEMBI — BasKHasl COCTABJISIONIASA Ka1eCTBa, KAK OCHOBBI OIIEHKH T10-
JIEBHOCTH MPUJIOKEHUS JIJIsI TOJIb30BaTes st. B To ke Bpemsi, ipu paspaboTke unrepdeiicy mosk-
HOE BHUMAHUE YJIeJsIeTCs He BCerja. B pesyiabrare B IPUHITUIE IMOJE3HBIE IIPOTPAMMBI 9acTO
OKAa3bIBAIOTCS HEYIOOHBIMU WJIM JlaKe He BOCTPEeDOBAHHBIMU TOJib30oBaTesiMu. Vnrepdeiicubre
OMMOKK CILJIONIbL W PSIIOM <«YKPaIllaloT» MOMyJaspHble nmporpaMmbl. [losioxkenue ycyryossercs
TeM, YTO PEAJIbHOE UCIIOJIHL30BAHNE TAKUX IIPOIPAMM CO3/IAET MPEIIOCHUIKN (DOPMUPOBAHUS CTHU-
XUWHBIX CTAHIAPTOB, 3aKPEILISIONINX U TUPAKUPYIONUX HHTEePdEHCHbIE ONTUOKN.

CaeJieHuss 0 TOM, KakKasl J0Jisl TPYJI03aTPAT IPHU CO3JAHUM CUCTEMBbI IPUXOIUTCS HA UHTED-
deiic, 10BOIBHO pasHOpevnBhbl. ECTh MHEHME, UTO B CPEIHEM OHA COCTaBJIAET 0OJiee TOJIOBUHBI
BPEMEHHU peasin3alini npoekTa. [[poBepuTh 3T0 TPYyIHO, B YACTHOCTHU ITOTOMY, UTO MPOJLyMAHHBII
unrepdeiic 06braHO TPeOyeT HOJIbIIEro BpeMeH , YeM HellpoayMaHHbIil. Pazpaborka nnrepdeiica,
OCHOBAHHOI'O IPUHITUIIAX, KOTOPbIE HE YJIOBJIETBOPSIOT IIOJIb30BATEIS, MOXKET YCIOKHATD Peasiu-
zaruio. i pasHbIX NPUIOKEHUNH POJib UHTEPGEHCHBIX XapaKTePUCTUK Pa3/IUIHA, 8 ITOTOMY
pa3InvdHa TPYJOEMKOCTL HMHTEP(MENCHON JacTh IPOEKTa.

B oxHoii u3 HemHOrux KHuUr [1], mocesimeHHBbIX uHTEpdEicaM, TPUBOIATCT PEKOMEH TN
U IIPEJIOCTEPEKEHUs, 0OOCHOBAHHBIE XOpomuM aHaan3oM. OJiHAKO aBTOp 0OCYXKIaeT JeicTBus
[I0JIb30BaTe s, HE CBsI3bIBas MHTEpdeEic ¢ MYHKIIMOHAJILHOCTHIO U aPXUTEKTYPOI, 9TO OrpaHu-
quTesibHO. MBI mpejraraeM BOCIIOJTHUTD 9TOT Mpo0es, paccMarpuBas UHTepdeiichl B JIBYX ac-
nekTax. Bo-mepBbIX, 9T0 abCTpaKTHOE YIIpaBJICHUE ITOBEICHUEM IPUJIOKCHUS, & BO-BTOPBIX —

* ccnemoBanusi, IPEJICTABIEHHBIE B CTaThe, Moaep:kanbl rpanTom PO PHO Ne 14 11 00485 "BricoKOmpon3Bo-
JWTeJIbHbIE METO/IbI ¥ TEXHOJIOTUN MOJEJIMPOBAHUS JIEKTPOPU3NIECKUX IIPOIECCOB U YCTPOHCTB".
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oTobparkeHne abCTPaKTHOIO yIIPaBJIEHUsI B KOHKpeTHbIe nHTepdeiicabie popmbl. CoOTBETCTBEH-
HO, BBOJISITCS TOHSITUST GOCMPAKMHO20 U KOHKPEMMH020 unmepgdeticos n ux moJHOTHL. [loHOTA
abCTPaKTHOTO YIIPpaBJIEHUS — 9TO COOTBETCTBHUE (PYHKIIMOHAJIHLHOCTA BCEM JIEMEHTAM IEsITeTb-
HOCTHU, aBTOMaTH3UPYEMOI IPUJIOXKEHIEM, a IIOJIHOTa KOHKPETHOro nHTepdeiica — oTparkeHne B
€ro 3JIEMEHTAX BCEX aCIEKTOB abCTPAKTHOTO HOBeJAeHus B popMax, OTBEUAIOIINX [10JIb30BATE b=
CKOIf ITOTPEOHOCTH aBTOMATU3UPYEMOI 1esITEILHOCTH.

KimioueBbIM TOJI0’KEHHIEM IIPEIIAracMoro IoIX0/a, SIBJIAETCA aHAJIN3 BCEX BUIOB JESTE/IHLHO-
CTH TIOJIb30BATE/ IS, HA KOTOPBIE BJIMSET BKJIOYCHHUE IMPUJIOYKEHHUS B KadeCcTBe CPEeJICTBA WJIU WH-
crpymenTa. lleab aHanmsa — ONpeNe/IMTh MECTO Pas3spadaTbIBAEMOrO MPHUJIOXKEHUsT B KOHTEKCTE
paboOTHI MOJBE30BATENST M, B 9aCTHOCTH, 0OOCHOBATH HEOOXOAMMBIE 3JeMeHThI nHTepdelica u mo-
CTPOUTDH TUIIOBBIE CIIEHAPUH B3aUMOIEHCTBUSI C MPUIOKEHTEM. DTH CIIEHAPUH PACCMATPUBAIOTCSI
KaK OCHOBa OTOOparkeHus aDCTPAKTHOIO yIIpaB/eHUs B KOHKPeTHbI uHTepdeiic. B pesynbprare
pa3paboOTINK UMEET BO3MOXKHOCTH OOOCHOBATDH MCIIOJIb30BaHNE aKTUBHBIX, TACCHBHBIX U JIEKOPa-
TUBHBIX 3JIEMEHTOB MHTEPdeiica Ijis TeX WU UHBIX Iesei.

2 MHWMutepdeiic kKaK cocTaBadOIasg KAUYeCTBA ITPUJIOKEHUS

OO6bIvHBIE KPUTEPUH KAYECTBA [IPOTPAMMHOIO U3JE/IUs CBS3BIBAIOTCS, B IIEPBYIO 0YEPE/ib, C €ro
GYHKITMOHAILHOCTHIO U IPOU3BOIUTE/IHLHOCTBIO. UTO 2Ke Kacaercsa murepdeiica, TO, Ipu3HaBast
CYIIECTBEHHBIM €r0 BKJIAJ, B IMOJIE3HOCTb IPUJIOXKEHUI, PABHBIN (DYHKITMOHAJIHLHOCTH U ITPOU3-
BOJIUTEIBHOCTH, OOBIYHO CUHTAIOT, YTO KAYECTBO, MPUBHOCUMOE UHTEP@EHCOM, rapaHTUPyeTCs
UCIIOJIB30BAHUEM IIPU €r0 PeaM3allui CJIOXKUBIIUXCH CTAHIAPTOB M XOPOIIO cebs 3apeKOMEH-
noBaBmMX O6ubamnoTexk mojyep:kku. [Ipuuunbr Tomy crienyiomue. Eciu peanusanuio dyHKIUT
CUCTEMBI MOXKHO CINIAHUPOBATH U CIENUMUIMPOBATH HA IPEIIIPOEKTHON cTauu u (PUKCUPOBATD
Pe3yJIbTATHI 3TOH pabOThI B BUIE BIIOJHE ITPOBEPSIEMBIX TPeOOBaHUI, TO, 3a PEIKUM HCKJIIOUE-
HUEM, 3aIJIAHUPOBATH [IPOBEpsieMble HHTEPdENRCHbIE XapaKTEPUCTUKH He yaeTcsi. BoJIbImnHCTBO
uHTepENCHBIX peNeHnil BeChMa HEOHO3HAYHBI, BO MHOTHMX CJIydasX OIEHKA KadeCTBa MHTED-
deiica cy0ObEKTHBHA, O TPUEMIIEMOCTH UJIH HEIIPUTOJHOCTU UHTePdeEiica 4acTo yIaeTcs TOBOPUTD
JINIIb B 11EJI0M, O6e3 000CHOBAHHOI'O YKa3aHUs Ha YETKUE KPUTEPHUH.

Yaire Bcero mporpaMMHbIE TPOEKTHI OPraHU3yIOTCs JIUIIL IS TPEIOCTABICHUsT HOBBIX (DYHK-
it 1/ min 6oJiee MPOU3BOIUTENBHBIX BepCHil CymecTByomux cucreM. [IpennpoekTibe TpeboBa-
HUsl K mHTEpdeEcaM CBOIATCS K YTBEPXKJIEHUsIM 00 UX COOTBETCTBUU XOPOIIO 3aPEKOMEHI0BAB-
muM cebst 0OpasIiaM, UTParoIIuM POJIb cTangapTa. urepdeiicHbie TPOEKTHI CBOIATCS K IIPEJII0-
JKEHUIO CTaHIAPTHBIX PENIeHuil 1 uX OUOJIMOTEIHBIX PeaIn3aluil, KOTOPbIE OTPAXKAIOT JTOBOJIBHO
[IPOU3BOJILHOE MHEHME O CTaHJIapTaxX dJeMEHTOB mHTepdeiica, HO He crenuduKy TPUIOKEHH,
JIJIsE KOTOPBIX [IpUMEHeHre OUOIMOTEK OIPaBIaHO.

XapaKTepHbIMEU [PUMEPAMHU TOJJIEPKKIA KOHCTPYUPOBAHUST MHTEPGPEHCOB MOIYT CJIyKUTh
OuOIMOTEKN, UCIIOJIL30BAHHBIE /111 pa3pabOTKN MHOTOUNCIEHHBIX HHTETPUPOBAHHBIX CPEJT pa3pa-
6orku, Tak HaszbiBaeMbix IDE-cucrem (Integrated development environment cwm.|2|), npennasna-
YEHHBIX JJIsI pa3spaboTINKOB IporpaMMHOTo obecriedenusi. Cpoe Hadas0 Bce onn GepyT ot Turbo
Vision [3] u mocstymHo HaCIEIyIOT €ro CpejiCTBa CTaHIapTU30BaHHOrO JAuasora. OIHAKO B TAKOM
cpejle BCe MPUIOXKEHUsI CTAHOBATCS MOXOXKUMU JIPYT Ha JApyra, ux crenudurka tepsercd. bes-
YCJIOBHO, CTAHIAPTH3AIUS SJIEMEHTOB nHTepdeiica Hy»KHa, HO €€ POJIb JIOJI?KHA OIPAHUIUBATHCS
paMKaMu 00bEKTUBHO OOYCJIOBJIEHHBIX SPrOHOMUYECKUX U KOTHUTUBHBIX KPUTEPUEB, YINTHIBATD
CKJIAJIBIBAIOIINECS Y TI0JIb30BaTeell TPUBBIUKY U Ipe/odrenus. Tak »Ke HeT COMHEHUsI B TOM,
YTO JOJIKHBI OBITH BBIPAOOTAHBI YHU(DUIINPOBAHHBIE TPABUJIA KOMIIOHOBKHU 3JIEMEHTOB U TEXHO-
JIOTMYECKU BBbIBEPEHHbBIE [IPUEMBI PAOOTHI 1I0JIb30BaTe/s B HHTEPGENCHOI cpeJie, T0J00HO TOMY,
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KAK CTAaHZAPTH30BAHBLI PACIIOJIOXKEHUE KJABHUII Ha MHIIYIIEH MAIIMHKE M IIPABUJA HNeIaTAHUS
"Begreryro".

Yuudukanus — JIUML HeoOXoAuMasl JacTh TPeOOBAHUSA MAKCUMAILHO ITOJHON IOIIECPKKI
KOHKPETHOH IMOJIb30BATEIbCKON JIeATENBHOCTH, /IS KOTOPOH IIPeIHasHadYeHo npuioxkenue. [lo-
TpebUTe/IbCKasl MEHHOCTL IPOrPAMMHOIO IPOAYKTA, €r0 IOJEe3HOCTh ¢ TOUKU 3PEHHs IIPAKTHIe-
CKOTO WCIIOJIb30BAHNsA, KOTOPDIE CErOAHS HMPUHATO HAZBIBATH 103a6UAUMU, TIPEIIOIATAIOT, UTO
HOIIEPXKKA, 00ECIeUNBACTCS KOMILIEKCHO 110 CAEAYIOIIUM TPEM HAIIPABJICHUSIM:

® PYHKUUOHAADHOCTI® — CIIOCOOHOCTDH IIPOrPpaMMbl BBIINOJHATL TpedyeMble OoT Hee (DYHKIIAN
(mabop 3aa1 U3 00JIACTH IPUIIOYKEHNsI, PEIIEHNIO KOTOPBIX CIIOCODCTBYET JTAHHOE TPOrPAMM-
HOe u3Je/ne, aJallTUBHOCTD JJjIsl PEIeHUs] HOBBIX 3aJa4, YPOBEHb aBTOMATHU3AIME JICITEIb-
HOCTH [OJIb30BaTeIsl P IIPUMEHEHNH IIPOrPAMMBI U JPYTHe [0JI00HbIe XapaKTePUCTUKN );

e ofipexmusHocms — CKOPOCTHBIE XapaKTePUCTUKU U TPeOOBAHUS IIAMSITH, CBSI3QHHBIE C BbI-
[OJTHEHUEM TIPOIPAMMbI (OHU B KOHEYHOM MTOTE OIPEIEISIOT IPAHUIBI BO3MOXKHOIO TIPAKTH-
YeCKOI'0 MCII0JIb30BaHUs IPOrPAMMBI Ha JIAHHOM O0ODY/IOBAHUM);

o unmepgetic — CpeICcTBa yIUpapjeHHs PabOTON MporpaMMBbl, 6Jaroaapsi KOTOPBIM OCYIIECTB-
JISIETC BKJIIOYEHHE €€ B YeIOBEKO-MAIINHHYIO CUCTEMY.

ODTH COCTABJIAIONINE KAUECTBa MIPOrPAMMHOTO 00ECIIeUeHtsT He sIBJISTFOTCS HE3aBUCUMBIMHU. K
pUMEPY, KOI'JIa IIPOorpaMMa MaJIo IIPULOIHA JIjIsI IPAKTHIECKUX Iejieil n3-3a HU3Koi 3dpOeKTUB-
HOCTH (O HEIIPUTOTHOCTH BOOBIIE PEUb HE UJIET, €CIIH BBIIIOJHEHbI (QyHKIMOHAJIbHbIE TPEOOBAHNS ),
IIpaBOMEpHAa IOCTAHOBKA 3aJa491 pa3pabOTKU HOBOM IMPOrpaMMBbI, JIJIg KOTOPOH ypoBeHb 3 dek-
TUBHOCTU (PUKCUPYETCsl KaK (PyHKIMOHAJIbHOEe TpeboBaHWe. AHAJOIMIHAST CUTYAIlds] BO3MOXKHA
€ MaJIO TpHUeMJIEeMbIM HHTepPgeHcoM.

QyHKIMOHAIbHAS COCTABJISIONIAs JOMUHUPYET B OIEHKE IPUJIOYKEHUsI: €CJIM HE BBIIOJHEHBI
byHKITMOHAIBHBIE TPEOOBAaHUS, TO TOBOPUTEL 00 3pdekTuBHOCTH U nHTEpPdeiice He TPUXOIUTCS.
OyHKIIMOHAIbHBIE TPEOOBAHNA — 9TO PErVIAMEHT, (PUKCUPYIOMINNT M00eAb 8uUUCAEHUT NPOLDAM-
Mbl, & caMy (DyHKITHOHATBHOCTD €CTECTBEHHO OTOXK IECTB/ISITh C TAKOH MOe/Ibi0. B ¢BOIO 01uepen,
TpeboBaHusT 3(HPEKTUBHOCTH — ITO OIPAHUIEHUS HA JTOIMYCTUMOCTD PEAIU3AINN, PACCMATPUBAE-
MOil KakK omobpasicenue modeau sviuucaeHuss Ha peaabaoe obopydosarue. Hakoner, TpeboBanmst
K uHaTepdeiicy ecTh He 9TO NHOE, KaK CHeNn(UKAINA J3bIKa, YIIPABJIEHUs OBEICHUEM MOIEJIN.

Baxxmo oTMeTHTH, UTO IO SI3BIKOM 3J/1€Ch MOHMMAETCS IMMPOU3BOJIbHAS 3HAKOBAA CHCTEMA
Jist niepefadu nHGOPMAIUU, BKJIIOYAONIAs HE TOJBKO CHUMBOJIBHBIE IIOCJIEI0BATEIbHOCTH, HO
U BU3yaJsIbHble 00pa3bl (MMKTOrPAMMBI M UHbIE H300pakaeMble 3HAKM), yKa3aHhe KapTHUH U UX
dparMeHToB ¢ IIOMOIILIO TPOIPAMMHO-AIIAPATHBIX CPEICTB, 3aJaHie PaCIBETKNA N300parKeHMuil,
HCIIOJIB30BaHIE MEHIO, TPAHCIIAPAHTOB, Tabj0, OOpaMJjeHUil U JIp., a TaK»Ke 3BYKOBbIE CHUI'HA-
JIBL W, BO3MOXKHO, PeYeBble CPEJICTBA BBOJA/BBIBOJA. JlaHHBIN IlepedeHb OTHOCHTCS K YPOBHIO
9€JIOBEKO-MAIIIMHHOTO uHTepdeiica mporpaMMHOil cucTteMbl. Korja pedsb HIET O MporpaMMax,
obecrevnBaONIMX JOCTYIl K BHEIIHEMY OOODPYIOBAHUIO, HAIIPUMED, O JApaiiBepax, pojib S3bIKa
UIPAIOT CUTHAJIBI-COODINEHNsST OT W JJIsl 9TOT0 0DOpPYIOBaHUsI, & TaKXKe CHUCTEeMa IPEPBIBAHMIA.
PaccmarpuBas MexkMomyIbHBbIE HHTEP@EHCHI, MOKHO 3aMETUTh, 9TO JIjIsI OKPYKEHUsI, UCIIOIb-
3YIOIIEro MOJIYJIb, IIPEIOCTABJISIEMbIE UM CPEJICTBA SIBJISFOTCS PACIIMPEHNEM SI3bIKA PeATM3aI[in
cucrembl. Takum o6pa3oM, BCIKHUil pa3, KOrja pedb uiaerT ob6 narepdeiice, Hy?KHO UMETh B BHUILY
TOT UJIU UHOM SI3BIK, IIPEJIOCTABJISEMbIil HA YPOBEHDb UCIIOJIBb30BAHNUSI, U KaK CJIEJICTBUE, €CJIU €CTh
BO3MOXKHOCTB BBIOMPATH SI3BIK, KPUTEPHUEM BBIOOPA €r0o CPEACTB TOJKHBI OBITH TPEOOBAHUS CO
CTOPOHBI TIOJIb30BATEISI.

Broinenenne Mojenn BHIYUCIEHH, ee 0TOOparkeHusI KaK peain3allid B IIPOrpaMMe W HHTep-
deficHOrO sA3bIKa YIIPaBICHUs OBEIEHNEM MOJEIN UMEeT PsJi MPUHIIUITNAIbHBIX CJIeICTBHI.
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(1) ITpu npoekTHpoOBaHUY IIPOIPAMMHOI CUCTEMBI 9TH TPU COCTABJISIIONINE PA3TPAHUIUBAIOT TPe-
OOBaHMS K IIPOIPAMMHOMY HM3JE/IHIO, YTO CO3AeT IIPEIIOCHLUIKH sl HE3aBUCUMOI'O ITOCTPO-
€HMsI MOJEJIN, MOBBIeHNs 3P (MEKTUBHOCTI peaan3aind U pa3paboTKu uHTepdeiica.

B peanbHOIl TpakTHKe HE3aBUCUMOCTDL YKA3AHHDBIX COCTABJISIONINX OTHOCHTE/HHA, MTOCKOJIb-
Ky CBSI3M MEXK]Iy HUMHU CYIIECTBYIOT Ha YPOBHE B3aUMOBJIMsHUs. Tak, MOXKHO 3allJIAHUPOBATH
BBIYUCJICHUs, KOTOPbIe He pean3yeMbl IIPpU 33 aHHBIX TpeboBaHUAX K 9(PHEKTUBHOCTH. Y IIPaB-
JISSEMOCTD TIOBEJICHUEM MOJIEJIN TaKyKe UMEET CBOU IIPeJIeJibl: Hejib3st TOBOPUTH 00 mHTepdelice,
ecji He (DUKCUPOBATDH YIIpaBJIsieMble O0BEKTHI, NX BO3MOYKHOE ITOBEJIEHHUE U T. II., HEJIb3sl CTPOUTH
unrepdeiic 6e3 ydera NpUeMJIEMbBIX IjIsi (PYHKINOHUPOBAHUsI CUCTEMBI XapaKTEepPUCTUK dPdhek-
TUBHOCTHU. TeM He MeHee IIPH 3aIaHHON (DYHKITHOHATBHOCTH OTODPaskeHNe MOJIE/IN Ha PEeAJIbHY O
OTIEPAIMOHHYIO CPeLy MOXKHO PACCMATPUBATh KaK BBIOOD peasin3allii, YIAOBICTBOPAOINIei Tpebo-
BaHUAM 3(DPEKTUBHOCTH, & IPOCKTUPOBAHNE UHTEPdeiica — KaK BBIOOD €ro s3bIKOBBIX CPEICTB,
aJIeKBaTHBIX MCIIOJIH30BAHIIO TPOIPAMMBIL. JTH JBE 3aJIa9M He TOJILKO MOXKHO, HO U I1€/1eCc000pas-
HO CTABUTH KAK HE3ABUCHMbIE, B YACTHOCTU II0 TOH MPUYMHE, UTO JIJI HUX PA3IUIHBI KPUTEPUH
0TOOpa TOIXOSIINX PEITeHHIA.

(2) fIBHOe pasrpaHMveHHe TPEX COCTABIISIIONINX KadecTBa I[O3BOJISIET CTABUTH 33Jady paspa-
OOTKM cepuil mporpaMm ¢ obIeil MOJIE/IbIO BEIYUC/ICHHI, TPETHA3HAYEHHDBIX JIJIs PA3JIUIHOTO
IIPUMEHEHNUS.

[Tpumepamu cepuii TAKOro poja sIBISIOTCH CUCTEMbI, YIUTHIBAIOIINE OCOOCHHOCTHU Tiepepaba-
ThIBaeMON mHMOpManuu Jist HoBbIeHns dpdekTuBHocTr Bhraucaenuii. [lombp3oBaTesio npemgo-
CTaBJIAETCA IIPABO BHIOOpA METOA PEIIEHU 3314, & KAXKIbII U3 METO/IOB, €CJIM UX OCODEHHOCTH
HE TPOSBJISIIOTCH B YIIPABJIEHUH, — 3TO BAPUAHT PeaU3allini OJIHOM U TON Ke BBIYUCJIUTEIHHOM
Mojiesn (ec/in yKa3aHHOE YCJIOBUE HE BBIMOJIHSETCsI, T.e. BIOOD METOJIA sIBJISIETCsI YaCThIO yIIPaB-
JIEHWSI, TO UMEET MECTO MOJE/Ib BBITUCCHUN, BK/IIOUAIONAA ¢ ceds BapUaHTHBIE METOJbI, & He
cepusi IPOrpaMM-BapUaHTOB). B psijie ciiyuaeB BO3MOXKEH aBTOMATHIECKUiT BBIOOD MeTo/Ia Ha OC-
HOBE aHAJIN3a BXOJHBIX JTaHHBIX, M TOTJA CAMa CEPHUs s M0JIb30BATE/ sl BHICTYIIACT KaK eIuHas
cucreMa.

Jlpyroit npumep cepuitHOCTH Ha OCHOBE OOIIEil MOJIEIN BBIYUC/ICHUN — Pa3/IUIHbIE TTPOTPaM-
MBI, UCIIOJIb30BAHUE KOTOPBIX CBSA3BIBAETCS C IIPUMEHEHNEeM ODOPYIOBAHUS ¢ HECOIMOCTABUMBIMHU
UHTEPGENCHBIMIA BO3MOXKHOCTSIMU. BBIOOD BapuaHTa IPOrpPaMMbl TAKUX CEPHUil I1e/1eco0bpa3Ho
BO3JIAraTh HA YCTAHOBKY CHCTEMBI.

CepuitHOCTh, yIUTHIBAKOIIAST OCOOEHHOCTH TepepadaThIBAEMbIX JIAHHBIX, OTPaXKaeT HEeOTHO-
3HATHOCTD KpuTepues 3ddexkTusnocT mporpamm. OHNM He CBOISTCS JIUITH K TPEOOBAHUIO ONITH-
MU3BAIIE — MUHUMU3AIUN JJIsi KOHKPETHBIX BBIYUCICHUI BPEMEHU BBIMIOJTHEHUST UJIA HEOOXO/ -
MO#t maMATH. BBIOoOp TOro wjim MHOrO aJIrOpUTMa J0/DKEH HAPsAIy ¢ OCOOEHHOCTsMEH 00pabaTbhi-
BaeMbIX JAHHBIX yUUTHIBATH APXUTEKTYPY BBIYUCIATETHHON CHCTEMbI, HA KOTOPOI BBIIIOJTHSIETCS
nporpamMma. Eciu craBuTcsa 3amada coOJIIONCHUS ONTUMAJIBHOCTU JIjIs PA3HBIX apXUTEKTyD, a
9TO XapaKTEPHO JiJisi OOJIBITUHCTBA BEIYUCIUTEIbHBIX OUOIMOTEK, TO CEPUNHOCTD YACTO YIAETCS
obecreunTh 3a CYeT KOMIIWJIAIWHN, U TOT/Ia MOXKHO T'OBOPHUTDL, UTO IIOJIB30BATEIIO IPEIJIAraeTCs
eJIMHasl MOJIEJb BbIUHCJIeHUN. B NpoTHBHOM ciiydae pellieHHe O BhIOOpE BapHAHTa IIPOIDAMMBI
JIOJIZKEH TPUHUMATH TI0JIb30BATENIb, /)i KOTOPOI'O BCE TaKUE BaAPUAHTHI €CTECTBEHHO PACCMATPU-
BaTh KaK CEPHIO.

[Tpumepom cepuifHOCTH B 000MX acrieKTax MOXKET CJIyKuTh 6ubsmoreka Krylov [4], npenna-
3HAYEHHAST [T PEIIeHUsT CBepXOOJIBITNX CUCTEM JIMHEHHBIX ypaBHEHUN. AJTOPUTMBI PEIeHust
dopMaIbHO OJHON U TOH Ke 3aJadu CIENUaJTu3UPOBAHBI JJIsi PA3JIUIHBIX OCOOEHHOCTEH MaT-
PUIL C TIEJIBIO MOBBIIIEHUS TPOU3BOAUTEIBHOCTU pacdyeToB. [l 3a/laHHBIX ITapaMeTPOB 3a/1a4uu
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B aBTOMATU3MPOBAHHOM HJIM PYy9IHOM PEXKUME MOYXKET OBITH BHLIODAH TOT BAPUAHT, KOTOPBIH JaeT
MUHUMAJIBHOE BpPEMs CUeTa.

Eire 60stee Heonnozuavubl nHTEpMENCHBIE KPUTEPUHU, U 9TO O0YCJIOBIUBAET CEPUU, CBI3AHHbBIC
¢ BapHMaHTaMH yIpPaBJICHUs. PasHble MOIL30BATEIN 001aJAI0T WHANBALYAJILHBIMA U IPYIIIOBbI-
MU IICUXOJIO''MYEeCKUMU OCO6eHHOCTﬂ1\/H/I BOCIIpUATHUSA, U, KaK CJICJACTBUE, JJId UX HpO,ZLyKTI/IBHOI';I
paboTBl TpeOYIOTCSA pa3IuYHbIe CHOCOOLI B3aMMOIEICTBHA ¢ IIporpaMMHOil cuctemoii. Ha mosn-
30BaTEIbCKUE KPUTEPUU IPEANOYTEHNs] BJIMSIOT U yPOBEHb IIPEJIBAPUTEJILHON IOATOTOBKH, M
IPHUBBIYKH, U TO, 9TO II0 MEPEe OCBOCHMs CHCTEMBI TPeOYIOTCS Pa3JINIHbIC YPOBHU MOSCHEHUIA, 110-
MOIIY | T.JI. B 3T0ii CBA3M MOXKHO CTaBUTb 3aJjady KOHCTPYUPOBaHUA AMHAMUYHOIO nHTepdeiica,
T.e. SIBHO U/WMJIM HESIBHO HACTPAMBAEMOIO Ha OCOOEHHOCTH I0JIb30BATELCKOIO MPENOYTeHIs] 1
BOCHPHUATUAS UHDOPMAIUY.

B kadecTBe HAIIATHON MILTIOCTPAIMHU TOTO TMOJIOXKEHHMSI YMECTHO YIOMSIHYTH O TOM, KakK,
K upumepy, 6paysep Chrome [5] uiu YouTube [6] orGupaer u ynopsimounsaer uHMDOPMAIMIO
JUIST IPEbSABJICHNs MOIL30BATENIO ¢ YIETOM HCTOPUH B3aUMOJIECHCTBUS ¢ HUM. 110 MOHATHLIM
OpUYMHAM [IepBas U3 9TUX CHCTEM JeJIaeT 3TO Ha OCHOBe OoJiee TiIyOOKOTO aHaIn3a.

(3) IIpu cpaBHeHMU IPOrPAMMHBIX M3J€JUil CIe/lyeT pasrpaHnunBaThL COOCTABIEHIE X (DYHK-
IUOHAJIBHOCTH, 3(PPEKTUBHOCTH U UHTEPMEHCOB.

Ha mpaxTuke 3TO pa3rpaHuyeHue 3a4acTyI0 UTHOPUPYETCs, UTO CHUKAET II0JIE3HOCTH WH-
dopMarmu st I0JIb30BaTEIbCKOIO BBIOOPA MOIXOISAIIEr0 u3jie/ins. Kean Ipu MpoeKTHPOBAHUH
(dYHKIMOHAJIBHOCTD $IBJIAETCS 33/ JaHHBIM KPUTEPUEM IIPUI'OJHOCTU OyJIyIIEro M3Jesus, TO IIPH
CPaBHEHUU IIPOI'PAMM €€ POJIb JIBOSIKA.

Bo-tiepBbix, QyHKINOHAJBHBIE XAPAKTEPUCTUKHU OIPEMEJISIOT [PABOMEPHOCTD HUCIIOJIB30-
BaHWS MPOTPAMMBI JITISI aBTOMATHU3AINN KOHKPETHON AesTeMbHOCTH. 37eCh, CKOpee, CIeayeT
CPaBHUBATb HA3HAYEHUE COIMOCTABJISIEMBIX ITPOTPAMMHBIX IPOIYKTOB, a He TaKhe CBOMCTBA,
KaK I[PUMEHNMOCTb WX JIJIsi MacCOBOro omepupoBanusi (3()deKTUBHOCTb) U yJI06CTBO JIjIst
nosib3oBaress (nHTepdeiic).

Bo-Bropsix, cpaprenne 3pPeKTUBHOCTA HEBO3MOXKHO 0e3 BBISIBJEHUSI TOUEK IIEPECeUeHNsI B
Ha3HAYEHNH aHAJU3UPYEMBbIX IPOrPAMMHBIX U3JEINi, T.e. 6e3 BhIIeIeHNsT NX (PYHKIINOHAJILHON
OOIITHOCTH. DTOT ACIEKT CPABHEHUsI JIOCTATOYHO SICEH, U OOBITHO 3(PPEKTUBHOCTD IIPOBEPSIETCST
Ha oOImMX 3ajadaxX. 1eM He MeHee, MHOTJA HE YUUTHIBAETCsI, YTO (PYHKIIMOHAIbHAA OOIIHOCTH
— nousTre orHocutenbHoe. Tak, cpaBHeHne 3(pHEKTUBHOCTH KOMIMIITOPA, KOTOPLIN padoraeT
apaJijIeIbHO C IOJIb30BATE/ILCKAM BBOJIOM IIPOTPAMMBbI, 1 aBTOHOMHOI'O KOMIIJISITOPA, CKOpee
BCero, OyJIeT B IOJIB3Y IIOCJIEIHET0, a IIPOCTON peJaKTop IIPOrpaMM MOXKHO ¢IeaTh bosee s dek-
TUBHBIM, 9eM TEKCTOBBIH Iporieccop. Pasmast cKkopocTh paboThl 31eCh He SIBJISIETCST KPUTEPUEM
KaJueCcTBa [0 TOH MPUYUHE, 9TO 110 BHEITHEH CXOXKECTH IIPUMEHEHMsT ITPOTPAMM HEJIb3sl CYJIUTh 00
X (PYHKIMOHAJIBHOCTH B 1ejioM. JIpyrasi cuTyalns, B KOTOPO cpaBHUTEIbHAs 3(PHEeKTUBHOCTD
HE SIBJISIETCS KPUTEPUEM KAUeCTBa, — KOIIA y U3Je/Ius JOCTUTHYTA IIPUeMIeMast JIJIsi €10 MOJEJIH
BBIYUCICHUN 3(DPPHEKTUBHOCTD T.€. KOTJA ¢ TOYKHM 3PEHUs IMOJIE3HOCTA IPUMEHEHHUsI HET CMBIC/Ia
MOBBIATH 3(PPEKTUBHOCTD BBLIYUCICHUIA.

He menee BaxkHO pasrpaHudeHne TPEX COCTABJSIONINX KAadecTBa JJIs CpaBHEHUsT nHTepdeii-
coB mporpamM. [IpoekTupoBanne nnrepdeiica B OOJIbINEN CTEIIEHN UCKYCCTBO, YeM TEXHOJIOIHSI,
[IOTOMY JIJIsl HETO U KPUTepuu KadecTBa 6oJiee cyObekTuBHBL. HO Korya cpaBHeHmne nHTepdeiicoB
OTJIEJIEHO OT COITOCTABJIEHUST ITPOTCPAMM I10 JPYTUM COCTABJISIONINM KadeCTBa, BO3MOXKHA ITOCTa~
HOBKA OOIIUX BOIIPOCOB, OTBETHI HA KOTOPBIE TIO3BOJISIOT CAEJATH OIEHKY nHTepdeiica 00 beKTHB-
Hee.
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(4) IIpu onenke KauecTBa MPOrPAMMHON CHCTEMbI 6E30THOCUTEIHHO K JPYTUM AHAJIOIMIHBIM U3~
JEeUSIM HET CMbBIC/IAa TOBOPUTH O XOPOIIIEM WJIU IIJIOXOM IPOJYKTEe, €CJIM sIBHO He OD03HAYUTH
JIeSATEJIBHOCTD YeJIOBEKA, B KOTOPOH U3Jesue JOJIZKHO UCIOIH30BaThCA. TOMBKO € 9TOH TOYKU
3pEHUs [TPABOMEPHBI YTBEPKIEHUS O (DYHKIIMOHAJIBHON TPUTOTHOCTH CUCTEMBI, 00 3 dek-
TUBHON mn Hed(PEKTUBHON ee peaym3alnn, 00 yI00CTBax M0JIb30BATEIbCKOTO YIIPABICHUSI.

YMeCTHO pa3rpaHnInBaTh JIBa POLA AESITEILHOCTH, s MOAEPsKKIA KOTOPBIX MOXKET UCITOJIhb-
30BATHCS IIPOCPAMMA: ABMOMATMUSUPYEMGA JCAMEALHOCTVL, CYIIECTBYIOMAst U 06e3 TPUMEHEHU S
[IPOTPAMMHBIX CPEJICTB, U H06aA JeAmesbHocmsb, KoTopast Oblia ObI HEBO3MOXKHA 0e3 OlleHUBae-
MOil mporpaMMbl. B mmepBoM cirydae IporpamMMHasi CUCTeMa — ONUH U3 MHCTPYMEHTOB HeATe b
HOCTHU, 1 €€ MO2KHO CpaBHHUBATDH C IIO3UINN 3aMEHAEMbIX MJIN JOIIOJTHAECMbBIX HeaBTOMaTU3UPOBAaH-
HBIX aHAJIOrOB. HBIMU clIoBaMM, 37€Ch aHaIoraMu (pUKCUpPOBaHa (PyHKINOHAJbHAS MOIEIb, a O
Ka4deCTBe U3ejind MO2KHO CYJIUTH IO TOMY, HACKOJIBKO S(I)(beKTI/IBHee OKa3aJlaCh BBIIIOJIHAEMad
¢ IOMOIIBIO IPOrPAMMBL JEATENbHOCTD 110 CPABHEHMIO C HEABTOMATU3MPOBAHHLIM BapUAHTOM.
[TousaTHo, uTo mMeercsa B BUAY 3DDEKTUBHOCTD HEATEILHOCTH, & HE IPOTPAMMBI. KaK BOILIO-
[eHnsT MOAen. B dgacTHOCTH, 3(pPEKTUBHOCTL TAKOH JeATEeJHLHOCTH CYIIECTBEHHO 3aBUCHT OT
aJIeKBATHOCTH YIIPABJISIONINX BO3/IEHCTBUIL, T. €. OT IpeiaraeMoro narepdeiica. Moxno Kiac-
c(UIIPOBATH BO3MOXKHBIE MHTEP(MENCHBIE CPEICTBA IO CTEITEHN UX BINSHASA Ha 3P (PEKTUBHOCTD
JIeSITeIbHOCTH, 1n0d0upams unmepgetic oJi KOHKPETHBIE YCJIOBUS IPUMEHEHUS IPOI'PAMMBI, aHA~
JINBUPYS MOJIydaeMble Pe3yIbTaThI.

Bo BTopoM ciydae aHaJI0roB IPOrPaMMHOIO HHCTPYMEHTa He CYLIECTBYET, U, CJIEI0BATEILHO,
KPUTEpUH KadeCTBa MEHSIIOTCSI. 37€Ch OIIEHKOM IIPOrpaMMHOTO U3JIEJIUsI CIyXKAT Pe3yJIbTaThl HO-
BOI1 1€ TEJILHOCTH, TO, KK OHA BCTPAUBAETCS B CHCTEMY IPYIUX JedrejbHocreil. TakuM obpasomM,
BKJ1aJ1 9 HeKTUBHOCTU U nHTEPdeEiica B OIEHKY KAadeCTBA MPOIrPAMMHOIO U3JE/INUs OKA3hIBACTCS
MeHee BECOM II0 CPABHEHUIO ¢ PYHKIMOHAJBLHOCTLIO. TeM He MeHee, ecyin U3e/iie IPeTeHLyeT Ha
JIOCTATOYHO JMIOJITOE CYIIECTBOBAHUE, BOIMPOCHI 3 dpeKTuBHOCTH U HMHTepdeiica TaKXKe TOIKHDBI
paccMaTpUBaThLCA KakK CyllecTBeHHbIe. [loaToMy BMecTO moadopa HHTEP@ERCHBIX CPEICTB MOXKET
OBITH PEKOMEHIOBaHA CTPATETHS HACMPOUKY unmeppetica, OCYIMECTBsIeMasi MOJIb30BATEIEM: B
XOJIe IKCILIyaTallid IPOrPaMMHOM CHCTEMBI, OyIyT BBISIBJIEHBI KejlaTejbHble "Toukn pocra'ee
3 HEKTUBHOCTH U JIOTIOJTHUTEIBHBIE YIIPABJISIIOIIIE BO3/IeCTBUs. BO3MOXKHOCTD U Ie1eco00pas-
HOCTBH TAKOT'O Pa3BUTHS IIPOrPAMMBbI HAIO ILJIAHHPOBATH.

3 3ajmava KOHCTpyupoBaHus mHTepdeiica

PazButrble TeXHOIOTUM TPOTPAMMUPOBAHNUS IIPEIOCTABISIOT PA3HOOOPA3HBIE CPEJICTBA PeaAIn3a-
IIIU MOJTeJIeH BEITUCIEHU CTIOKHBIX TPOTPAMMHBIX CHCTEM U IOCTHZKEHUS TpebyeMoit 3 deKTnB-
HoCcTH. Kak mpaBmjio, OHU UCXOMAT U3 BHEITHUX CIIeNUMUKAIUIN KOHCTPYUPYEMOTO IIPOrPAMMHOTO
MPOYKTA, B KOTOPBIX MOYKHO JTOCTATOYHO TOYHO (DPUKCHPOBATH, UTO JOJKHO OBITH CIAETAHO, a
CJIeJIOBATEIBHO, IPOBEPKA (PYHKIIMOHAJIBHOCTH U OIIPEJIEJIEHUE JJOCTUTHYTOrO YPOBHS 3DMEKTUB-
HOCTH B IPUWHIIAIIE HE 3aTPYIHUTETHHBIL.

Nuade obcrout neno ¢ unrepdeiicom. Kora uarepdelicHbie KpUTEPUH YIAETCS OIUCATH STBHO
(HampuMeD, B cilydae MEXKMOJLYIbHOrO nHTepdeiica), ero paspaboTka He TpeOyeT 3HAUNTEbHBIX
YCUJIUI ¥ CBOJIUTCS K TIOJTAIONIIIMCST PAITHOHAINBAIINN COTIacoBanusiM. MHTepdeiicubie Tpy -
HOCTHU BO3HUKAIOT MPY KOHCTPYUPOBAHUE TOJIb30BATETHCKOTO PEJCTAB/IEHNST TPOTPAMMHOM CH-
crembl. [7laBHas pwamMHa WX B TOM, 9TO pas3spabOTUMKU 3a9acTyio ¢1abo TPeICTaBIdioT cebe,
KTO U KakK Oy/lerT IpUMeHSTb uX usiesne. VHOTIA OHU J1arke 3asBJISIIOT TPUMEPHO CJIELYIOIIee:
"Bam mpeocTaBiiena MporpaMMa ¢ OMpeIeIeHHBIM HaOOPOM CPEJICTB, & KaK PACTIOPSIINTHCST TMHI
— Barra npobjema". DTo B KOpHE HEBEpHOe yTBep:KjeHune — 3ab0Ta O TEeXHOJOTUU [PUMEHe-
HUsI TIpejiaraeMoro (IporpamMm, obopy/I0BaHusI, JOKYMEHTAIUH U JIp.) — CYIIeCTBeHHAas 3a/a4a
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OTBETCTBEHHBIX PA3pPabOTINKOB, MMEHHO OHW MOTYT W JTOJIZKHBI TOUHEe JPYTUX OTBETUTH HA BO-
MPOCHI O HA3HAYEHUU U3JIEJIHSI.

Bes yuera npu paspaborke "moprpera'mnosb3oBareiis, 6e3 MPOAYMBIBAHUS PEIJIAMEHTOB W
METOJIOB MIPUMEHEHUST TPOrPaAMMBbI TIOTPEOUTENHCKAST IIEHHOCTD MPUJIOYKEHUsT CHUKaeTcsa. PyHK-
[IMOHAJIBHO XOPOIIHe MPOrpaMMbl HE BCErJa B COCTOSIHUU YJIOBJIETBOPUTH IIOJIb30BATEJISI C €ro
3aITpOCaMU, OOYCIOBJICHHBIMU OCOOEHHOCTSIMY €r0 KOHKPETHOH JesarenbHocTr. VHOTIA Tpuemie-
MBI [ OJTHUX TieJielt maTepdelic OKa3bIBaeTCs HEYIOOHBIM I APYTUX U3-33 CMEIIECHUN MEeXK Ty
HA3HAYEHMEM U MPUMEHEHHEM IIPOrPaMMbl (COOTBETCTBYIOIINE IPUMEDDI YAAIHBIX U HEYIAUHbIX
uHTephEHCHBIX Pelennii MOXKHO HaiiTh B [7]).

[Tpobaema paspaborku mHTEp(Eiica, COOTBETCTBYIONIEr0 MOTPEOHOCTH MTOIb30BaTe e, B TOM,
YTO 3apaHee HE [OJIYYIaeTCs ONPEIeTUTh UCTHHHYIO TOTPeOHOCTD. JIst ee Ipeoo/ieHrst Mbl IIPe/I-
JlaraeM CIeINATbHBIN TTPHEeM, KOTOPBIH COOTBETCTBYET XOPOIITO H3BECTHOMY TMAOIOHY TPOEKTUPO-
Banus nporpammubix cucreM MVC (Model-View-Controller) [8]. B coorBercrsum ¢ srum mmabiio-
HOM TIpHU pa3pabOTKe apXUTEKTYPDI U PEATU3AIINHN, BBIICTEHHBIX B Hell KOMITOHEHT, CJIEAYeT TIPe/I-
cTaBUTh (BYHKIMOHAJIBHOCTH IPUJIOZKEHUs KaK ero modeasv evuucaenuti (Model) u ynpasaerue
(Control) cocrostHUSIME MOJI€JIH, TIOHUMAEMO€e KaK KOMILIEKT BO3JIeHiCTBH, IIPUBOJISAIINX K H3Me-
HEHWIO COCTOsTHUsI. MHpopManus o COCTOSTHUU JTOCTYIIHA, JIJIsT TPUHATHS PEIIeHUN 0 TOM, KaKue
BO3IL€I71CTBI/IH HY2KHO OCYIIECTBUTD JIJIfd IEPEBOJa CUCTEMbI U3 TEKYIIEr'o COCTOAHUA B 2KeJIaeMOe.
Ona mepemaeTcst KaK €O CTOPOHBI MOJIEJH, TaK OT YIPABJEHUS B TaK HA3BIBAEMOE npedcmas-
senue (View) Jyisi BHEIIHErO HMCIIOJIb30BaHUs. B3anMoeiicTBue 10JIb30BaTeNs C IPUIIOKEHUEM
OCYTIIECTBIISIETCST Uepe3 mpejicTaBaenue. s pa3HbIX TUTIOB MOJIB30BATENIeH MOTYT TpebOBATHCS
pa3InydHbIe TIPeJICTABIECHNS.

[Ipu pazpaboTke mpejcTaBIeHUi HEOOXOINMO TOHUMATD, UTO KaXK/IbIH MOJIb30BATEb TTOHN-
MaeT MOJIeJIb U yIpaBJIeHHe MPUJIOXKEHUs 0-CBOEMY. DTO CBS3aHO C TE€M, UTO OH BCTPAUBAET
MPUIOKEHNE B CBOIO JESATENbHOCTh B KAYeCTBE WHCTPYMEHTA. A MOCKOJIBKY 3Ty JIEATeTbHOCTH
MOJIL30BATEISI U CBSI3aHHBIE C HEH JIPyTHe JeATeJTHLHOCTH MPEICKa3aTh HEBOZMOXKHO, He CTOUT Ha-
JAeATbCA Ha TO, 9YTO IIOJIB30BAaTE/ILCKOE ITOHUMaHNEe MOJIC/IN U YIIPpABJICHUA 6yﬂyT COBIIaJIaTh C TEM,
9TO MpeJIaraeT MporpaMMa MPUIoKeHusl. 3ajiada KaxKI0r0 U3 MPeJICTABICHNN, TPeITaraeéMbIx
Pa3HBIM THUIIaM moJb3oBaTesiell COCTOUT B TOM, LITO6]31 IOCTPOUTH COOTBETCTBUEC ME2KIY MOJIEC/IBIO
U yIpaBjeHUeM TPUIOXKEHUs U MmoJib3oBareeil. Mest BBUIY HEOOXOMMMOCTE TOIEPIKKI ITOTO
COOTBETCTBHUS IIpU paboTe IMPUIOKEHNsT KAK OCHOBBI €I0 MOJIE3HOCTH, UJIH, 9TO TO Ke, 103a0u/Iu-
TH TIPOrPAMMHON CHCTEMBI B TIEJIOM, 3a]1a1a KOHCTPYHPOBaHus WHTepdeiica pasdbuBaeTcst Ha JIBe
JaCTH:

[ ] Pa3pa6OTKa CpeJICTB B3aI/IMO,I[ef/iCTBI/IH CHUCTEeMBI C II0JIb30BaTeJIeM B BHU/I€ IIPOI'PaMMHBIX WMH-
TepdeiicoB, KOTOPbIE 00ECIIEYNBAIOT OCYIIECTBUMOCTD BBITOJIHEHUS BCeil (pyHKINOHAILHOCTH
npuiaoxenust. KOMIJIEKT TaKUX CPEICTB Jajiee HA3BIBACTCA aOCMpakmmbLm uhmeppeticom.

e Pa3paboTka BU3YaJbHBIX U/WJIN HHBIX CPEJCTB IPEbIBICHNS NHMDOPMAIIUH JJIsT TOJb30BaTE-
Jisl U 3aJIaHUsI BO3JIEHCTBUN HA CHCTEMY, KOTOPBIE PEAIU3YIOTCs KaK obpalleHue K 3JIeMEeHTaM
abcrpakTHoro marepdeiica. KOMIIEKT TaKuX CPEJCTB Jajiee HA3LIBAECTCA KOHKDEIMHbLM UH-
mepgeticom.

Ha puc. 1 mpejicrasiiena cxema, WLIIOCTPUPYIOIIAst 3a/1ady KOHCTPYUPOBaHUsT HHTEpdeiica,
coryiacoBanHoro c¢ absionom mpoexktuposanus MVC. Ilabsion ecrecTBeHHBIM 00pa30M 3a/aeT
«BOZIOPA3/Ie/l» MeKJy abCTPAKTHBIM (OTHOCSIIUMCS K BBIYUCJICHUSIM) ¥ KOHKPETHBIM (CBSI3aH-
HBIM C JICITEIbHOCTBIO TTOJIB30BATEIsT) YPOBHSIMU IIPUJIOZKEHIsT, K KOTOPBIM OTHOCSITCS JIBE TaCTH
unrepdeiicHoil 3amaun. Ha cxeme oHU pasgesieHbl KUpHOM juHEeH. Mojens u yupasjeHue ¢
TOYKHM 3PEHUs 10JIb30BaTe/Is 0003HaYeHbl 3amrpuxosanubiMu 6sokamu U-Model u U-Control,
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COOTBETCTBCHHO.

Monbsosarens
o
KoHKpeTHbIA
mnTepdeic

©]
o

Puc. 1. Model-View-Controller u unrepdeiic nosab3oBaresis

-~

nHTEpbEc
DYHKLMOHUPOBaHME CUCTEMDbI

[TorsiTHST AOCTPAKTHOTO M KOHKPETHOTO MHTEP(ENRCOB B TOYHOCTU COOTBETCTBYIOT TTOHSITUSIM
abCTPAKTHOIO U KOHKPETHOI'O CHHTAKCHCOB U3 00JIaCTH KOHCTPYHPOBAHHST KOMIUJISTOPOB (CM.
[9]). I B ToM, u B Apyrom ciydae abGCTPaKTHOE SIBJISIETCS MHBAPUAHTOM MHOXKECTBA KOHKDET-
HOT'O: BCE BApHUAHTHhl KOHKPETHOI'O BBIYMC/IUTEJHPHO SKBUBAJIEHTHI, T.€. MPUBOJAT K OJHUM U
TeM JIEHCTBUSIM MOJEIN W yIpaBjieHns. AHAJIOrns paclIpoCTPaHAeTCd W Ha pasjejeHue 3aa49u
KOHCTPyHUpOBaHus narepdeiica Ha IBe YaCTU: B APXUTEKTYPE KOMIIMJIATOPOB €My COOTBETCTBYIOT
OIIEPUpPOBAHUE CEMAHTUIECKOH mHMOpMaIueil 1 CUHTAKCHICCKUN aHAINS.

4 JleATeJapbHOCTHh NOJb30BaTedsd U pa3dpaborka mHTepdeiica MPUIIOXKEHUS

JIBa acmexkTa 3a1a9i KOHCTPyHUpOBaHusi nHTepdeiica TpedYyIoT pa3jMdHBIX METOIOB PEIeHUs.
Pazpaborka koHKpeTHOrO MHTEp(dEeca NCXOANT U3 TAKUX MOHSITHH, KaK AM3aiiH 9KpaHa, SProHO-
MHUYHOCTD, IICUXOJIOTHYECKUE OI'PAHUYEHUSI, UCIIOJIb30BAHKIE CTAHIAPTOB U CJOXKUBIIEHCS TPaKTH-
K1 OpOPMJIEHHST B3AUMOJEHCTBUI ¢ mpuioxkenneM. IIpu mocTpoernn abcTpakTHOrO nHTEpdeiica
CUTYyaIlusl MHadA. 3JeCh IJIABHBIM SIBJISIETCS 0DeCIiedeHre aBTOMATU3UPYEMOH MPUIOKEHNEM JIe-
ATEJIbHOCTU MaKCUMAJIbHO BO3MOXKHOMN MOIepKKOi. [TOHATHO, 9TO 3TO TOJBKO MOTEHITHAIbHAS
BOBMOXKHOCTDb, KOTOPas MOXKET ObITh HAYMCTO YHUITOXKEHA IJIOXUM KOHKPETHBIM HHTep@EHcoM.
Takoro poma npumepsr, npusoaut k. Packun B [1]. On cdopmymupyer psiJi yHUBEPCATBHBIX
MIPUHITAIIOB pa3pabOTKn MHTEPdEHCcoB ¢ yIeTOM KOTHUTHUBHBIX OCOOEHHOCTEH BOCHPUSITHUS WH-
dopmanuu. B pabore [7| Mbl 06CyzK1a/u S3PrOHOMUIECKHE U [ICUXOJIOMMYECKIE OPPAHUYEHUs, a
TaKK€ POJIb MPUBBIYEK U CJIOXKUBIIUXCS CTUXUITHO CTAHIAPTOB BO BJIMSHUU HA Ka9eCTBO KOH-
KpeTHbIX uHTepdeiicoB. [1o sTuM npudnHaM HMKe 00CY>KIAI0TCSA BOIIPOCHI, CBA3aHHBIE IIPEUMY-
IITECTBEHHO € abCTpaKTHBRIMU HMHTepdeiicaMu B acmekTe ero (hOpMUPOBAHNS Ha OCHOBE aHAJIM3a
IT0JIb30BATEIbCKON JIEATEILHOCTH.

4.1 OOwre HOJIOXKEHNA AeATEJIbHOCTHOrO II0AX0aa

[TousaTne neaATeIbLHOCTH — KJIIOYEBOE I NPOEKTUPOBAHUS IMIPOrPAMMHBIX CUCTEM, U 3TO Te-
Ma OTJIEJILHOI'O PACCMOTPEHHsA. 3/1eCh Mbl PACCMOTPHUM TOJBKO T€ €€ aCHeKTbl, KOTOPbIE UMEIOT
oTHOIIeHUE K pa3paborke muTepdeticos. V1 mepBoe, HA UTO CTOUT OOpATUTHL BHUMAHUE, — 3TO
cmpyKmypa deameavHocmu: I3 KaKUX 9JIEMEHTOB OHa, cocTonT?! EcTecTBeHHOE OrpaHuvIeHue mpu
OTBeTe Ha TOT BOIIPOC — PACCMATPUBATH TOJIHKO IeJIEHAIIPABJIEHHbBIE JlesTebHocTH. Kak ciej-
CTBUE, TOSIBJISIIOTCSI CJIEJLYIOIUe AaeMeHmb. deameavrocmu (CM. puc.2):
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Lenb

Martepuanbin
pecypchbl

CybbeKT PesynbTtat

CpeactBa u
WHCTPYMEHTbI

MeTtogbi

Puc. 2. DjieMeHThl NedTe/IbBHOCTH

Heﬂb — JJId 9€T0 OpraHu3dyeTcd AedATe/IbHOCTU, T.€. KaKUe IIPOJAYKTHBI 1 C KaKUM YPOBHEM Ka-
YeCcTBa MPEJNUCAHO MOJTYIUTh TIPH €€ BBITOJTHEHNUH;

Pesysmbrar — 9TO (haKTHIECKU MTPOIYIMPYETCsT B XOJI€ BBITIOJTHEHUST JIesITeTbHOCTH. Pe3ynbrar
He BCerjia COOTBETCTBYET Iein. Ec/in OH BKIIFOUaeT BCe, UTO IIPEJITACAHO [IEJIbI0, IesITeIbHOCTD
CUUTAETCS YCNewHot, nHade — HeycnewHnot. B 060X caydasx MpU BBITOJHEHUH JeATeTHHO-
CTH He TOJILKO T€ MIPOJLyKThI, KOTOPBIE COOTBETCTBYET IeJii (HAIPUMED, OIIBIT Pa3pabOTINKOB,
OTXOJIBI 1 JIP.);

CyOBbeKT — TOT, KTO BBIIIOJIHSAET JAeATeIbHOCTh. DTO HeO0SA3aTe/IbHO UHUBUJLYYM, TOCKOJIBKY
JIeSITEJIBHOCTh MOYKET BBIMIOJIHIATHCST aBTOMATUYIECKHU, W HEOOSI3aTEIbHO PEAJIBHBIN WHINBHULY-
yM, T.K. JeATeTbHOCTh MOYKET OBITh KOJIJIEKTHBHOI, M TOT/IA YI0OHO TOBOPUTH O BUPTYAJTHLHOM
cyobekTe. He j11000i1 cyObEKT TIPUTOJEH JIJIsi BBITOJTHEHUS JIeATeIbHOCTH — OH JIOJI?KeH 00J1a~
JIATh BIIOJIHE OIIPe/IeJIeHHbIMU aTpubyTaMu (HalpuMmep, COOTBETCTBYOIeH KBamdukaueii),
KOTOPBIE HEOOXO/IMMBI JIJIsi BBIIIOJIHEHUS JIeSTETbHOCTH;

Martepuajbl U pecypcbl — TO, U3 9€ro MPOAYIUPYIOTCH pe3y/IbTaThl jessTejibHocTr. MaTrepu-
aJIbl MOT'YT OBITh KaK MaTepUaJIbHbIE, TAK U WH(POPMAIIMOHHBIE, 8 PECYPCHI — PACXOyeMbIMU
WJIM HE ONPaHUYEHHbIE (CUUTAIOTCS TAKUMH);

CpeacTBa U UHCTPYMEHTBI — C MOMOIIBIO Yer0 MPOYIUPYIOTCH PE3YIbTATHI JIeITEeIbHOCTH;

MeTtoabl — yKasbIBAIOT HA TO, KAK BBIIOJIHSITE JAEITEIbHOCTD JIJIsl [TOJIYI€HUs [IEJIEBBIX PE3YIlhb-
TATOB, OTPEDJISI €6 MaTepuajbl U PECYPCHI.

JedaTe/IbHOCTh MOXKET HAXOJUThCA B OJITHOM M3 CBOMX cocmoanudl. IX MOXXHO pacCMaTpUBaTh
B KA4YeCTBE XaPAKTEPHUCTUK BBINMOJHEHUSA JAeATeJbHOCTA. Ha MHOXKeCTBEe COCTOSHUiT oIpejesie-
HO OMHAapHOE OTHOIIEHNE BO3MOXKHOCTH I1€PEX0/Ia M3 OJHOI0 COCTOSHMS B Jpyroe. Tem caMbIM
sajiaercst rpad cocrosuuit. Ilepexo Mexkiy cocTosiHusiMU (€CIM OH BO3MOXKEH) IIPOUCXOJUT B
pesysbTare deticmeuti CyObeKTa, UCIOIb3YIOMNX JIEMEHTHI AesITe/IbHOCTU. JlomycKaioTes n3me-
HEHUsl COCTOsTHUI 1 6e3 ydacTusi cyObekTa (npumMep — KOHKYPEHTHOE UCIOJIb30BAHUE PECypCa,
06IIIero Jisi pa3HbIX JIEATEIHLHOCTE ).

B rpade cocrosHUit BBIIETEHBI HA4AALHOE COCMOAHUE, B KOTOPOM JIEATEIbHOCTH aKTUBU-
3UPYeTCs, U MHOXKECTBO 3AKANUYUMEALHBIL COCMOAHUT, B KAXKJIOM M3 KOTOPBIX JeATEeIbHOCTb
MOYKET 3aBEpINTHCs. HeKoTophble n3 3aK/II0YUTEILHBIX COCTOSHUN OMPEIEISIOTCA KaK UeAe8ble
— CUHUTAETCs, YTO B HUX II€JIU JeATEIbHOCTH JOCTUTHYTHI.

[TocetoBaTEILHOCTD COCTOSIHUIM, KOTOPas BRICTPAUBAECTCS B PE3YJIbTaTe AefCTBUN CyObeKTa,
HA3BIBAETCSI ONEPAUUOHHBIM MAPULPYMOM JesaTebHocTH. ONeparmoHHbIl MapIIpyT HA3bIBAETCS
NOAMDIM, €CJIU OH BEeJIeT OT HAYAJbHOI'O0 COCTOSHUA B 3aK/ounTesabHoe. [losHbIN omeparmon-
HBII MapIIPYT, IPUBOISAIINN K [IEJIeBOMY COCTOSIHUIO, CIUTACTCA Ycnewhvim. B oTmmane oT Tak
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HA3BIBAEMBIX CUEHAPUEs, KOTOPhIe JIsI MTOIAIaHis B IEJEBOE COCTOSIHHUE IIPEIIUCHIBAIOT CYOhb-
€KTY OIpeJIe/ICHHbIE TI0C/Ie0BATEILHOCTH AEHCTBUA, OlepAIMOHHbBIE MaPIIPYThl BHICTPAUBAIOTCSI
cyOBbEKTOM, T.€. JIOIYCKAIOT CBOOOHBIN BBIOOP OUEPEIHOIO COCTOSIHUS, ITO OOJiee TOYHO OTpa-
JKaeT peabHOCTh IeJIeHAIIPABICHHBIX AesITe/IbHOCTEN.

JlesiTe IbHOCTD BCETJIa BBITIOJIHSIETCSI B HEKOTOPOM OKPYHCEHUU, T3 KOTOPOTO MOCTABJISIIOTCS
ee 9JIEMEHTBI, I B KOTOPOE IIEPEIalOTCA €€ Pe3yIbTaThl B KAIeCTBE 9JIEMEHTOB JIPYTUX JIeATeIbHO-
crell n3 Opr)KeHI/IH. CBﬂBaHHbIe ATUMHM OTHOIMCHUAMMN JeATCJILHOCTU MOFyT 1"pyl_Il_II/IpOBaTbCEI7 n
TaKue IPYIIIbl MOKHO TPAKTOBATh KaK CaAMOCTOATEIbLHDIE JeITeILHOCTA CO CBOMMU OKPYKEHUsI-
MU U 3j1eMeHTaMu. TakmM 06pa3oM 00pasyoTcs cucmemas deamesvbHocmed, B KOTOPOH KaxKiasl 13
JIeSITeJIbHOCTEH COCTABJISIETCS U3 APYIUX JeITeIbHOCTEH, aKTyadu3upyIOIIX 3JIEMEHTHI IPYIIIIHL.

CucreMbl JesiTe/IbHOCTENl 00pa3yloTCs Ha OCHOBE OTHOIIEHUS MCIIOJb30BAHUS IIPOLYKTOB U
PEe3yJIbTATOB, ITEPEIaBAEMbBIX OT OJTHON JIeATeIbHOCTH APYTOil. DTH U CBSI3aHHBIE C HUMU ITOHSITHS
YTOUHSIIOTCSI CJIETYFOIITIM 0Opa30M:

PesynbraTr /1eIT€IbHOCTH — BCe, UTO IIPOU3BOJUTCS B HEll, HE3aBUCUMO OT TOT'O, UCIIOJIb3Y-
eTCst 9TO WM HET B KAKON-JHO0 PYroil AesdTeJbHOCTH (B MOCIEIHEM CIIydae UCIIOJIb30BAHIE
paccMaTpUBaeTcsl BHE U3YyJ4aeMOl CHCTEMBbI);

Ilponykt mesarenabHocTu im — Ta yacrhk pesysnbrara [Jlim, KoTopas HCIOIB3yeTcss B JPYIroi
gesitesibHOCTH Jlu B KadecTBe KAKOro-TO ee 3djieMeHTa. MHOXKeCTBO TaKhX JiesiTe/IbHOCTEeH
A={My, ..., d,} ouens Besuko. B 4acTHOCTH, OHO COJIEPYKUT BCE BAPDHAHTHI UCIOJIb30BAHMUSI
BCEX TI0JIb30BaTENEH MPOIyKTa,;

ITeneBoit (0ocHOBHOI) MpoayKT AesiteabHOCTH Jlit — To, uTo 3asBiieHo B o kak ee 1eiib,
T.e. obosHavensl Hekue Jesrenbroctu Ap = {du;, i € {1,...,n} |dun; € A}, o koropbix
[IPEJIIIOIAraeTCs, UTO OHU OYIIYT UCIOJIB30BaTh MPOLYKThI JLim;

Ilo6o4unbIit TpoaykT Jnm— Ta vacTh pe3y/bTrara, He SBJIAIONIAICS IEJEBBIM IIPOIyKTOM, JIJIs
KOTODOii €CTh UCIOB3YIOMast ero gesreabHocts Jdu € A\ Arp;

ComnyrcrByommii npoayKT JIn — tor npoaykT (BO3MOXKHO, JPyroii jesreabHocTh ), 6e3 Ko-
TOPOTO UCIIOJIB30BAHIE I[EJIEBOTO IPOIYKTa 3aTPYAHUTEIBHO (B PA3HOM cTereHn).

Puc. 3 mnmocrpupyer BBesiennble moHsATHA. CBET/IbIE CTPEJIKH YKA3BIBAIOT Ha, OJIOKU, PACKPBI-
BaloIIie Pe3yJIbTaThl JIesITeIbHOCTEN, KOTOPBIE MIPEIOCTABIISIOT TIeJIEBble U TTOOOYHBIE TPOIYKThI
JIPYTHM JIeATEeIbHOCTSIM (OHH BBIJEJCHHBIX OBajiaMu). TeMHBIE CTPEIKH OTPaKAIOT UCIOIB30Ba~
HHUE IIPOJIYKTOB.

ApToMaTu3alus JesTeJJbHOCTH — 3TO HOAMEHA KAKUX-TO €€ 3JIEMEHTOB IIPOrPaMMHBLIMUI aHa-
JioraMu. Takasi mojMeHa Henm30eXKHO BJledeT M3MEHEHHEe M JPYLUX JIEMEHTOB 38 HCKJIIOYEHHEM
ee IeJI — HOBBI MHCTPYMEHT TpebyeT HOBBIX METOHO0B pabOThl ¢ HUM, APYToil KBaIu(pUKAINH
cybbekta u np. s adbdexkTuBHOro (Bo Bcex CMBIC/IaX) BBIIOJIHEHUs CYO'bEKTOM JIesTEIbHOCTI
He00X0AUMO, 9TOOBI €r0 HOBDLIE OIEPAIIMOHHBIE MapIIPyThl ObLIM ObI CXOIHBIMHU C PAHEe peasin-
3yeMbIMH MapIIPpyTaMH, B 9aCTHOCTH, OHM HE JIOJI>KHBI JIOMATh IPUBBIYHBIE CTAHIAPTHI B3AUMO-
JIECTBUSI C CHCTEMOM. DTO CIIPABEJINBO U IIPU KOHCTPYUPOBAHUU HOBOM JIESITEIBHOCTH, KOTOPAast
IpeJIrnoJiaraeT JOCTUKEeHNEe HOBBIX Iesieil. B 0bonx cirydasix aHaJIOrdst IOMOTraeT OCBOGHHIO aBTO-
MAaTU3UPOBAHHOU JI€ATEJIbHOCTH.

CXOACTBO HOBOI'O ONEPAIIMOHHOIO MapIIPyTa C paHee OCBOCHHBIMI ITOJIb30BATEISIM, YKa3bIBa-
€T Ha TO, 9TO JesATeIbHOCTh, KOTOPYIO PEaIM3yeT 3TOT MAPIIPYT, pa3duBaeTcs Ha (pparMeHTHbLIE
JIesITeJIbHOCTH, I HEKOTOPbIE M3 HUX COOTBETCTBYIOT CPOPMUPOBABIIUMCS Y [IOJIH30BATEIIST IIOBE-
JeHYECKUM MJIM MHBIM cTepeoThuriaM. Korma cTepeoTHIibl 0TBEYaioT SProHOMUIECKIM U KOTHUTUB-
HBIM OIPAHIYEHHSM, IPOU3BOANTEBLHOCTE TPY/Ia IMOJb30BATESI MMOBBIIAETCI. DTO HAOJIOAEHIE
pacIpoCTpaHsieTCs W Ha pelleHne 3aja4d KOHKpeTHOro unrepdeiica. s pazpaborku abcTpakT-
HOrO mHTepdeiica OHO MOXKET CIYKHTb PEeKOMeHIallneill [Jisi BhIOOpa ITOAXOJSINNX I1ab/I0HOB



342 Beraucnurensuble Texaosiornu, T.20, 2015 Becruuk KasHY, Ne 3(86), 2015

Ueneeoie
{Tbi

POaY -

ConyTCTEYHOUWME NPOAYKTHI

[ue ]
[P el Pe |
[ e |

Puc. 3. Pesynprar u npoayKThl JeaTeIbHOCTH

B Ka4ecTBE aTOMapHBIX €IMHUI] JeHCTBUIl, TaK HA3bIBAEMbBIX BUJIXKETOB — IIPUMUTUBOB I'pacu-
TecKoro mHTepdelica MOJIb30BaTENsI, NMEIOINI CTAHIAPTHBIM BHEITHUI BUI W BBITOJIHSIFOIINH
craiaprible jeficrsus [10].

4.2 KoucrpyupoBaHue abcTpakTHOro uarepdeiica

IIpenpraytiee obcyKaeHre TOKA3BIBAET, UTO JIJIsI pa3paboTKi abCTPaKTHOrO nHTepdeiica HeoOXo-
M QHAJII3 OIEPAIMOHHBIX MapIIPYTOB, IIPH KOTOPOM PEIIAETCsI, UTO JTOJXKHO IPEIbIBIISTHCS
[I0JIb30BaTE/I0 B KadecTBe MHMOPMAIUU W JJjIsi BHIOOpa BapUaHTOB JIEHCTBUIL, HO HE KaK 3TO
[IPEeIbSIBJISIETCS: TTOKA3BIBAETCsI, paccKasbiBaeTcst U Ap. llocaennee — 3amada aHagmsa u pOPMU-
pOBaHUsI IPEJCTABJICHNI KOHKpPETHOro nHTepdeiica, KOTOPYIO HYXKHO PEIlaTh II0C/Ie TOro, KakK
NPUHSITH PEIeHnsT Ha abCTPAKTHOM yPOBHE.

BapuaHTOB olrepaliioOHHbIX MAPIIPYTOB CJIUIIKOM MHOI'O, 9TOOBI ILITATHCS OXBATHTH MX BCE.
BwmecTo 3TOr0 1e/1ecoo0bpasHo MOCTPOUTH THIIOBBIE CIIEHAPHUH II0Jb30BATEILCKON JIesITeIbHOCTH,
KOTOpPbIE OIPaHUYMBAIOT PACCMOTPEHHE IOCIEI0BATEIbHOCTIMEI COCTOSIHUM JeSITEIbHOCTH IIPH
JIBIPKEHUW K IIeJI. B OT/Imdme OT CIIeHAPUEB, MpeJIaraeMbIX II0JIb30BATEJII0 B KAIeCTBE PYKO-
BOJICTBA, aHAJIUTHIECKHUE CIeHAPHUH I KasKIOI'0 COCTOSHHMS COIPOBOXKIAIOTCS MH(OPMAaIei o
TeX COCTOAHUAX, B KOTOPbIE MOXKHO Hepef/iTI/I B IIPDUHITAIIC. C TOYKHU 3peHud OTACJIBHOI'O CII€eHa-
pust 6OJIbINAs 9acTh IEPEXOI0B B TAKUE COCTOSHUsT — 3TO omuoKku. OgHaKO HEe MCKJ/II0YEHO, ITO
JIPYTHe CIeHApUK OPraHUu3yIOT MOCJIEI0BATEILHOCTA COCTOSHUIA, JIJIsI KOTOPBIX JaHHbIE [I€PEX0IbI
npaBoMepHbl. [loiesHoe cocrosinne He OyaeT YIYIIEeHO He TOJIBKO, KOIa JAPYroi CIeHapUil yIKe
BXOJIMT B YHCJIO TUIOBLIX, HO U CJIydYasixX, KOIJa €ro II0JIE3HOCTh BLISICHUTCS B JajibHeHIneM, u
[PUIETCS MOAEPHI3UPOBATH CUCTEMY.

IlepBblii mar aHa/m3a CBA3aH ¢ IOCTPOEHUEM M MCCJIEI0BAHIEM BCEX OIIEPAIMOHHBIX MAPIIPY-
TOB aHAJUTUIECKHUX ClieHapueB.B pesyibrare I/ KaXKI0r0 COCTOSHUSI pas3spabOTUUKU JTOJIZKHBI
OIIPEJIC/IUTH:

o Kakmne sjieMeHTHI AeATEJIbHOCTU UCIHOJIB3YIOTCA B ITOJIB30BaTE/JIbCKOM ,HeflCTBHH, KaK M3MEHA-
IOTCd SJIEMEHTDHI JedATe/IbHOCTH,

o Kakoii pe3yJbTaT IIPOAYIUPYETCs IIPU IIepexXoe B HOBOE€ COCTOAHNSA U B KaKUX JJEeATEJIbHOCTAX
HUCIHOJIB3YIOTCA IIPOJAYKTDI;
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e B kakoii mporpaMMHO#l TIO/IEPKKE HYKIAIOTCSA 9TH JICHCTBUSI.

Ha ocnoBe 3700 mH(pOpMAIMY BBIIOJIHSIETCS CJIELYIONIUHI Al aHAM3a — IIPOBEPKA (PYHKYU-
0HAABHOT, NOAHOMDBL, T.€. COOTBETCTBUE IIPEJIAra€MbIX CPEICTB MOJTHOMY HADOPY aBTOMAaTH3UPY-
eMbIX (DYHKIWI, HEOOXOANMBIX JIJIsI IIOJIb30BATENbCKUX JeiicTBuii. [lotHOTA IIpOBEpsIeTCsT MCXOIsT
U3 TEKYIIero MOHUMAHUS TOTPEOHOCTE IO0JIb30BaTe s, W, UTO TO Ke, Ha OCHOBE BCeX Jeil-
CTBUII CyObeKTa Ha BCEX MPOAHAJM3MPOBAHHBLIX OIIEPAIMOHHBIX MapIIpyTax. HKciam B mporecce
pa3paboTKy TPOTPAMMHOTO IMIPOJIYKTa WK JTaXKe B XOJe €r0 SKCILIyATAIlUN BLISICHAETCA HAPYIIIe-
Hre QYHKIIMOHAJILHON OJTHOTHI, TO KOMILJIEKT IIPEIIaraeMbIX CPEJICTB PACIINPSIETCs, U IPOBEPKa
IOBTOPLAETCH.

N3 pyHKIIMOHAIBHO ITOJTHOTO HAOOP CPECTB BBIACSIIOTCS 0G308vL€ IAEMEHITbL MOIEIN BbITHC-
JIeHUil 1 TpebyeMoro yupaBJieHus abCTpaKTHOrO ypoBHsI. Habop 9THX 3/71eMeHTOB J0/KEH ObITh
JIOCTATOYEH JIJIsI PEAJTU3AINEI BCEX aBTOMATU3UPYEMbBIX (DYHKIIUI, 9TO O3HAUaeT TpeboBaHue pe-
AAUSAUUOHHOT TOAHOMDBL. DTO JOCTUTAETCS IMyTeM YHUMUKAINNA U KOMOMHIPOBAHNSA JIEMEHTOB,
a mpu HEOOXOJIUMOCTHU, UX JeKoMIo3uiuu. Peam3aius 6a30BbIX 3JIEMEHTOB OCYIIECTBISETCS B
paMKaxX MPUHATHIX JJIsI IIPOEKTa apXUTEKTYPHBIX pelleHnil u TpeboBanmii 3(pPEeKTUBHOCTH C HC-
IIOJIB3OBaHUEM KaK O6H_LeCI/ICTeMHI)IX, TaK U CIIeIaJIbHBIX IIPOI'PaMMHBIX CPEJICTB. B pe3yabTare
paboT, CBA3aHHBIX ¢ obecIeveHrneM pean3aIliOHHON TOJTHOTHI, B apXUTEKType (bUKCUpyeTcst 10-
CTUTHYTHIN YPOBEHDb (DYHKIIMOHAJBHBIX BO3MOXKHOCTel. B Tepmunax mabiona MVC sro o3Hagaer
criennGUKAITIIO MOJEIN, YIIPABJICHUS U PEAJTU3AIMOHHON JacTn IpeacTaBiennd. Ilocaeamnee ectb
OCHOBa KOHCTPYMPOBaHUsI KOHKPETHOrO MHTep(deiica, T.e. TOI YacTu MpPeJICTABICHUSI, C KOTOPOIi
UMeeT JeJI0 MOJIb30BaTe/b.

Hapsiny ¢ pyHKIIMOHAIBHON U peaM3alliOHHON TOJTHOTOI MMeeT CMBICJI PACCMATPUBATDL UH-
mephetichyro noaromy, IOHUMasl ee KaK 3aJlaHie sSI3bIKa YIIPABIEHUsI [TOBEIEHIEeM MOJIEJIH, aIeK-
BATHOIO BOCIPUATHIO IPOTPAMMHOM cHCTeMBbI moJb3oBaTeseM. Ecianm 3amgada ompeseaeHust ab-
CTPaKTHOTO HHTepdeiica pelreHa, To opejesieHa U CeMaHTHKa TAKOTO s3biKa. U Torma /st MoxK-
HO MOAOWPATH BapUaHThI BO3MOXKHOTO HHTepdeiica, yINThIBast PTOHOMAYECKIE U KOTHUTHBHBIE
OrpaHUYeHHsl, O KOTOPBIX yoeaurebao rosoput k. Packun|[l]. CaMblii rIaBHBINH aclieKT UHTED-
deficHOI MOJHOTBEI — MOAEPKKA BCEX CTOPOH ABTOMATHU3UPYEMON 1edATeTbHOCTH, B YaCTHOCTH,
B nHTepdeiice TOIKHBI OBITh PACIIOZHABAEMBI BCE 3JIEMEHTBI J1eTEILHOCTH.

JlJ1st KaXK10ro BapuaHTa KOHKPETHOro nHTepdeiica, YA0BIeTBOPAIONIETO OTPAHUIEHUIM, B X0O-
Jie TIPOBEPKH TOI'0, JOCTUTHYTa JIU MOIIEPXKKA BCEX CTOPOH aBTOMATHU3UPYEMON AeSITeIbHOCTH,
BBISICHSIETCSI €r0 COOTBETCTBHE abCcTpakTHOMY mHTepdeiicy. B To e Bpewms, cpenu KpuTepuen
KadecTBa He IOCJIeIHee MECTO 3aHNMAET TOYHOCTD: CPEIH MTPEJOCTABIAEMbIX SJIEMEHTOB M300pa-
JKEHU, 3BYKOBBIX M WHBIX CUTHAJIOB HE IOJKHO OBITh HUYErO JIMIITHEr0. DTO HE O3HAYAET, UTO
B mHTepdeiice HET MeCTa JeKOPATUBHBIM 3/IEMEHTaM. XOPOIIO JO3WPOBAHHBIE TAKHE IJIEMEHTHI
CIIOCOOCTBYIOT KOM(OPTHBLIM OILYIIEHUSIM [I0JIb30BATEsI IIPU PA00TE C IMPUIOKEHAEM.

HpeﬂCTaBJ’[eHHaH TOJIBKO 9TO CX€Ma IPpUMEHEHU A ITPUHIUIIOB ITOJTHOTHI HY2>KJ/Ta€TCdA B JIOIIOJI-
HEHNM, KOTJa PEe3y/IbTaThl IPOBEPKH IOJHOTHI U TOYHOCTH HEYIOBJIETBOPHUTEIbHBI, HEOOX0IuMa
peBu3ud IpoeKTa. B 9TOM ciyuae ciie/lyeT BepHYThCA K TaIly, KOTOPbIi CTaJl IPUInHOM nedekTa.
YTouHeHHas cxeMa IpecTaBeHa Ha puc. 4.

5 3akJroueHue

B nmamnoii pabore npecraBieHbl T€ aClIeKThl KOHCTPYUPOBaHUS IIPOrPAMMHBIX CUCTEM, KOTOPBIE
3aTparnBaloT KOHCTpyHpoBaHue uHTepdeiicoB. Kak mokaspiBaeT aHaIU3 MHOTUX IPOrPAMMHBIX
pa3paboTOK, YacTO IOJIEPyKKa JAeATe/IbHOCTH B IIE€JIOM IOAMEHSIETCS peaJin3alyeil TpebyeMbIx
dyHKIM 6e3 3a00ThI O TOM, KaK ¥ JJIsl 9ero I0Jb30BaTeIb aKTUBU3UPYET TH (DYHKIUH. DTa
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Puc. 4. Cxema npuMeHeHNs NPUHIINAIIA [TOJTHOTHI

IIO3UINS IIpUEeMJIeMa, KOIJa B JedATe/IbHOCTH 110J1b30BaTelsl UCI0Ib3YeTCd, K IIPUMEPY, JIUIIL BbI-
YUCJIUTEJIBHBIA PE3Y/IbTaT, MOJIyYeHne KOTOPOTro He Tpebyer ympaieHus. Kcau ke mporpamma
HCITOJIb3YEeTCsl KAK WHCTPYMEHT JIeITEIbHOCTH, HeOOXOIMMO IIOHNMAHIE BCEX ACIIEKTOB 9TOW Jie-
ATEJIbHOCTH, T.€. KOMILJIEKCHBIII CUCTEMHBII 1I0AXO0J K OPTaHU3aIUU IIPEIbABIISIEMbIX CPEICTB.

KoMItekCHOCTh aBTOMATU3AINH TOIB30BATE/ILCKON [IeATEJIbHOCTH IIPEIIIOJIAraeT, 9To pas-
pabOTINKH [TPU KOHCTPYUPOBAHUN IIPOIPAMM HE OIPAHUYIUBAIOTCS YIETOM SPrOHOMUYIECKUX, KO-
THUTUBHBIX U [ICUXOJOTUYECKUX OI'PAHUYEHUN, 8 CTPEMSTCS K JIOCTUXKEHUIO COOTBETCTBUS [IPE/I-
JlaraeMbIX CPeJICTB CTPYKTYpPe JesTeTbHOCTH, IOHUMAIOT, ITO aBTOMATU3UpyeMasl JIesITe/IbHOCTh
€CTb YacTh OOJIBINON CUCTEMBI JeATEILHOCTEH, NTHOPUPOBAHUE KOTOPOH TTPUBOIUT HEOOXOTNMO-
CTU TIPUCTIOCADIMBATBCS K OCOOEHHOCTSIM MporpaMMbl. Ha 3T0 yike JIOBOJIBHO JIABHO yKa3bIBAJ
[.I1. [lempoButikuit B NCCIEIOBAHUSX IO OOINEH TEOPUH JEATEILHOCTH U €€ TTPUJIOKEHUIO K PO~
eKTUPOBOYHON siesiresibHOCTH. Ero crareio [11] MOXKHO paccMarpuBaTh Kak METOIOJOIMIECKYIO
OCHOBY TTPOBEJIEHHOTO B HACTOSIITEH paboTe aHaIM3a M BBIABUTAEMBIX TPUHIUITOB KOHCTPYUPOBAa-
HUsT THTEP(ENCOB.

PaccmoTpenne 3aa9u KOHCTPYUPOBaHUSI UHTEPMENCOB ¢ MO3UITHIT TEOPUU JIESITEIHHOCTH TPU-
BOJUT K TOMY, UTO XOPOIIO cebsI 3apeKoMeH10BaBmmil mabjon npoektuposanns MVC momxen
OBITH JOIOJIHEH HNOHATHUSIMHU a0CTPAKTHOIO M KOHKPETHOIO MHTEPQECOB, Ha OCHOBE KOTOPBIX
[PEeJJIAraeTCsi OCOOBIH MOAX0/ K IMPOEKTUPOBAHIIO M peajusanuu uHrepdeiico. OIHUM U3 HaU-
6oJiee BayKHBIX COIVIAIIEHWI 3TOr0 MOAXOA sIBJISIETCS IIPUHIIAII ITOJIHOTHI MOIIEPXKKI aBTOMATH-
3UPYEMOIl eI TeIbHOCTHA, KOTOPBINl €CTECTBEHHBIM O0PA30M IMPOSIBIIAETCS B (PYHKIIMOHAJIBHYIO,
peaIM3aIMOHAYI0 U MHTEePQEHCHYIO MOJHOTY. BBLIO MMOKa3aHo, KaK MOYKHO OpPraHM30BaTh KOH-
cTpyupoBanue nHTepdeicos.

[Toaxomn, KOTOPBIH MBI TIpe/JIaraeM Jijist KOHCTPYUPOBaHUs HHTePdEicOB 1 He TOJIBKO UX, HO U
JAPYTHUX COCTABJISIIONINX Pa3spabOTKU IIPOrPAMMHBIX IIPOEKTOB B PsAJIE ACIEKTOB IEPEKJIMKACTCS C
TeM, 4TO npemiaraercs B jokymenre PMBOK [12]. Onnako Hesib3si He OTMETHTD IPUHIUIIAAT b
noe ommane: PMBOK opuenTtupoBaHn Ha 1porieccHoe mpejicTaBieHne TPOeKTHON JIesiTeIbHOCTH,
B KOTOPOM HET MeCTa CYObEKTaM, Pa3rPAHUYCHUIO IPOIYKTa U PE3y/abTaTa, IPYTUM IJIEMEH-
TaM JiesiTeIbHOCTH. B pesysbrare mpoeKTHBIE HeITeTHLHOCTH U UX YAaCTU OKA3BIBAIOTCS I€PHBIMU
AMMKAMU CO BXOJAMU U BBIXOJAMU, PA30aBIEHHBIMU WHCTPYMEHTAMU, KOTOPBIE BJIUAIOT Ha, BbI-
mosiHeHne mporecca. 1o 3Toif mpuvnHe KOHIENINUSA AeSITELHOCTOTO IIPEICTABJICHUs TPOEKTOB
[peJicTaBjsieTcs Hojiee MEePCIeKTUBHON TeM OoJiee, KOra pedb UAET O KOHCTPYUPOBAHUU UHTED-
deiicos.
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Awnnoranusi. B pabore paccmarpuBaercs 3a/1a4a BOCCTAHOBIIEHNsT MHOYXKECTBA TOUEK Pa3pbIBa TEH-
30pHBIX IMOJIEl MaJIoro paHra, 33/ JaHHBIX B €IUHUIHOM KpPyTe, IO WX U3BECTHBIM JIYIE€BBIM IIPe0d-
pazoBanusaM. J[jisi BU3yasn3anuu MHOXKECTBA TOYEK PA3PbIBA T€OMETPUYECKUX OOBHEKTOB HCIIOJIb-
3YIOTCA OIlepaTOPBbl OOPATHON IPOEKIWH, JIeUCTBYIONNE Ha JIydeBble IIPeOOPA30BAHUS, U AIllapaT
TEH30pPHOTO aHa/m3a. MaremaTnaeckoe onucanne yKa3aHHOTO MHOYKECTBA TOYEK TpeOyeT mpuBJede-
HUsl alllapara CTATUCTHIECKOrO aHAJM3a. 3ajady OlpeJe/IeHns] BeJIMYUHbI CKaYKa, Hapsily ¢ METO-
JaMU MaTeMaTUYeCKOI'o aHaJIN3a, MOXKHO HCCJIEOBATH C IIPUBJIEYEHHUEM allllapaTa WHTErPaJIbHOI'O
omeparopa Pypbe. Pazpaboranbl u peasm30BaHbl HEKOTOPBIE AJITOPUTMBI PEITEHUsT TOCTABIEHHBIX
3a/1a4.

KuaroueBslie ciioBa: Tomorpadusi, TEH30pHOE I10JIe, TOYKU Pa3pbIBa, JIyYeBoe IPeoOpa3oBaHue, CTa-
TUCTUYECKUN aHAJN3.

1 Bsegenune

Bo MHOrnX BasKHBIX, — C TOYKH 3pEHUsI IPAKTUKH, — €CTECTBEHHOHAY YHBIX U TEXHUIECKUX 001~
CTeAX OOBEKTBI MCCJIEJIOBAHUI MaTEMaTHIECKH OIKMCHIBAIOTCS BEJIMYUHAMU, TEPISIUMUA Pa3PbIB.
Takne 0ObEKTHI 9aCTO BOZHUKAIOT B 3a1a9aX, HCIOIb3YOMNX JUCTAHITHOHHBIE METOIbI M, B 9aCT-
HOCTH, B 3a1a4ax Tomorpadun. Tak, B medeKTocKonnu 00HAPYKEHNE TPEIUH B ITPOMBIIIICHHBIX
U3JIEJINAX IOCPEICTBOM HEPA3PYIIAIONIEro KOHTPOJIS CTOJIb YKe BaykKHasl 3ajada, KaK U Olpeje-
JIEHWE OTKJIOHEHUI BHYTPEHHEI'O CTPOCHMSI M3JE/IUsl OT 3TajJoHa. Bo MHOrMX 3ajavax reopusu-
KI YCTAHOBJIEHHE MECTOIIOJIOXKEHUSI TPAHUIL, PA3IEISIONNX OJIOKU C PA3TUIHBIMYA (PU3UIECKIMEI
CBOMCTBaMU, SIBJISETCS IIEPBBIM 3TAllOM B JAJIBHEHIINX HCCIIEIOBAHUSX, HAIIPABJIEHHBIX Ha OlIpe-
JesieHne (PU3NIEeCKUX BEJIMYNH, XaPaKTEPU3YIOMX BHYTPEHHEEe CTPOCHUE 3EMJI.

B mporecce cranosienust Tomorpadun mpobieMa peKOHCTPYKIIMH O0BEKTOB C Pa3pBbIBHBIMU
dU3NIECKUME CBOMCTBAMHU BBIJIECINIACH B CAMOCTOATEIbHYIO 3a1a4y. TIarebHOe TEOPETHIECKOE
omnucanne OObEKTOB C Pa3pPbIBHBIMU CBOMCTBAMHM B paMKaX WHTErPAJLHON T'€OMETPUU IIOCPEI-
cTBOM 00001meHHbIX (byHKIHIT (pactupeesernit) 6110 1pepioxkeno B 1962 rogy B Monorpadun
[1]; masbHeiinee passurue Teopun, yke B TOMOrpaduIecKUX MOCTAHOBKAX, MOXKHO HANTH, Ha-
upumep, B paborax [2], [3]. B nacrosiiee Bpemsi pazBuTie TeOPETUUECKUX METOJIOB MCCIIEI0BAHMSI
reOMeTPUIECKIX OOBEKTOB C PAa3PbIBHBIME CBOWCTBaMU (PAa3pbIBBI CAMUX OOBEKTOB M PA3PBIBBI
UX TPOU3BOJIHBIX) OCYIIECTB/ISIETCS KAK B TPAJUIIMOHHBIX PAMKAX TEOPUH PACIIPEICICHII, TaK U,
B OCHOBHOM, CPeJICTBAMHU MHUKPOJIOKAJBHOIO aHaau3a. TakuMm obOpa3oM, K HACTOSIIEMY BPEMeHH
MaTeMaTUIeCKU alapar OMUCaHus 00bEKTOB TaKOro poja JOCTATOIHO XOPOIIo pa3paboran. B
TO K€ BpeMsl aJI'OPUTMUAYECKasl U IPOrpaMMHasl peajin3alisl 3TOTO allllapaTra 3aK/aodaeT B cebe
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