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Abstract. In this article we present the scheme of internal workload of typical relational database
supporting NoSQL human interaction protocol, we state that the production consumption of query
complexity cannot be avoided and modern techniques like explain plan play vital role in bringing the
functionality of database server to the end-user with support of open data storage like CSV file format
which, in turn, is textual — thus, the question of open storage is discussed in this work within the unlimited
support of table sheet formats like CSV, as to the modern Big Data trends we propose the solution used
supposedly empirically by popular SQL database systems — this is a plan to run the incoming query and
transform the result to the format which can be adopted for final output; we also develop the end
programmable product using C# programming language and .NET framework which are the modern
programming environments for proper development of platform independent software — the proof of
important theorems of relational database query complexity processing and optimization is also given.

Keywords: NoSQL, data processing, relational database, open storage.

Introduction

In the modern era the structured query language (SQL) became a standard for purpose of querying
data to obtain the results as per giving the limits and if-statements to get the more precise result of seeding
values. The NoSQL (not only SQL or no SQL) trend today is emerging as an alternative to the general
approach and gives the possibility of probable out-performance for the previous generations of SQL
database management systems (DBMS).

The work of addressing the OLAP feature in NoSQL databases [1] is solved by our definition of
structures along which we achieve the universality of using relational data over production system, the
definition of which is give later in this work.

From the other side [2] the NoSQL is giving more broad perspectives for Big Data, according to
the authors of referenced work the modern data storages approximate to petabytes. We give the solution
according to the optimizing explain plan for the relational database tuple to make the right decision of
choosing the data to be processed on server or specially developed RISC-machine.

The comparison of SQL and NoSQL databases is presented in [3]. As previously described we
prove by definition of tuple that SQL and NoSQL databases working time observes to be equivalent to
the theorem proof.

Java Script object notation (JSON) is discussed in [4]. For this time MongoDB or other systems
adopt this format for formal clauses which are equivalent to the SQL queries, the difference is in how
they are processed by the “black box™ or database engine for query processing and assembling of finite
data.

In [5] the way of optimization is presented with respect to the document and relational model. Our
approach based upon the law proof which, in turn, is an outcome defined by the main theorem and, thus,
the optimization is only a path through tuple elements giving better or best throughput.

The comparison of document-based MongoDB and relational MySQL is given in [6] — it turns out
that in some cases the non-relational approach is better for Big Data, however, we define that relational
and non-relational databases adhere to the same theorem of the complexity equivalence of this classes of
data processors.

For the purpose of our proof of concept we have developed the hybrid database system based on
the relational model with the support of non-relational features like NoSQL and typical join operations
[7]- In our model the open textual storage is used like comma-separated values (CSV).

SQL DBMS review
SQL database systems are widely used in the modern age, especially for the web applications and
4
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cloud processing of streams of data. They use typical relational database model for operational purposes
and to define the final human computer interaction with the end user. The SQL or query by example
(QBE) is used as a query language in order to get the results which are seeded by the predicates of the
formed query string.

The bottleneck of these systems is that they are highly inefficient and require special hardware
resources to process the query and store indexes and data — thus, the question of optimization arises and
is solved by introducing explain plan or other alternatives. Most of them are open-source and gives us
the possibility to fork the new database engine with the support of extended or NoSQL features.

Thus, the SQL database systems cover approximately more than fifty percents, or half, of the
Internet segment of the on-line services and are limited to the gigabytes of data to be stored and queried
on budget and on time.

NoSQL DBMS review

Modern trends like NoSQL arise to be an alternative to the industry standard like SQL
database. According to our research, most of them adapt JSON notation or any other document-
oriented format like XML, for example, which, in turn, is accomplished by the XSL assertion.

Thus, the NoSQL databases which are more efficient than its predecessors are available
today in the most common document formats —we consider this as a good addendum, meanwhile,
the other side is that the relational model which is simple for understanding cannot be achieved
and the broad perspectives of data modeling are omitted.

In the other hand, the relational model is very strict which gives the priority to the non-
relational databases to convert data to documents and operate on the higher level rather than
typical database schemes and constructed data models.

We define the paradigm between relational database and object-oriented programming
(OOP) to be equivalent according to the modern standards of workload of the today developed
systems by the use of persistence of objects in the relational model as a single separate table in
the database system.

Main theorem and its proof. We define the theorem for the relational data and the data which are
document-oriented which are subject of the joining different set of entities in one pre-defined tuple.
By this tuple we define the following expression:

<T, Q,R>,(1)

where T is a set of tables or document formats in non-relational database and Q is a set of queries
to the database engine incoming from end user, and R is a set of optimization rules — these rules can be
met as explain plan hints in Oracle database.

Thus, by defining the common model for both SQL and NoSQL databases which can be also
divided as relational or non-relational, we get the main theorem which states that the production rule for
internal joins adheres to the multiplication of all the tables for the given complexity of each query in Q
cannot be avoided and is supposed to be processed by the cursor:

O(Q) = ITa| * [T2| * ... *|Ta. )
While the cursor is to be defined as a state in the production rule (2):
CQ =M, ty ... t): ti=1.|Ti|, (3

where t; is a current step in the cursor for production consumption within the defined complexity
and |...| is a number of rows in the table or document to be processed by the query.

The proof of the theorem for any type of database, which can be both relational or document-based,
follows from the fact that the set R of optimization rules is limited to the set of complexity of cursor tuple
in (2).

By this proof we get that the join factor of several tables cannot be uniformly optimized in the worst
case of evaluation of the truth of the query predicate in Q by simple paths of explain plan, meanwhile, the
whole structure is to be preserved, so that any of the acceptable data are covered by each iteration of
querying process.
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As the cursor is common for both models, we can state that the optimization rules in set R are to be
constructed according to non-index approach — as we use open data storage in pure textual format. These
optimization rules reduce the production explosive complexity to the limited set of operations for which
the tuple evaluates to true and the query predicates hold true at the same time. This technique is effectively
used in the modern DBMS like Oracle, where user has the possibility to tune the execution plan of the
query according to hints which appear in comments for the query string; the explain plan feature is also

present in Oracle with respect to the user evaluation and tuning.

Proof of concept software description

For our purpose to prove the product-rule (2) explosion in (1) while evaluating the query, we have
developed the software available from GitHub [7].

In this manner we define some SQL-like clauses like logical operators as well as joining operator.

While evaluating the query expression, the optimization rule r in R can be applied to the cursor and
the order of acceptance or reject of current cursor can be determined.

Conclusion

Thus, we have given the proof of product explosion for relational model or document-based
model where relational operator cannot be avoided in general, if even we would consider the NoSQL
database system.

We have also developed the software for evaluation purposes which gives the outcome as the
relational model leads to the product explosion for complexity of processing the query.

We also give the solution for Big Data by applying the optimization rules in definition of tuple.
By this fact, we define the set of separated rules which are to minimize the set of elements in cursor
and, thus, leading to the more effective process of query evaluation within the product model for both
relational or non-relational databases within the entity join concept. This concept leads us to the fact
that relational model cannot be avoided as per the complexity of cursor manipulation over the whole
set of data stored in table or document storage.
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Angarna. byn makamaga 6i3 NoSQL maiianaHymIbICBIHBIH €3apa opeKeTTeCY MPOTOKOJBIH
KOJIAWTHIH THIITIK PETAIHASIIBIK JlepeKKOPIBIH 1K )KYKTEMEe CXeMachlH YChIHAMBI3, 013 CYpaHbICTApABIH
KYPAEiNiriH eHAIpiCTIK TYTHIHYAaH ayjaK 00Jia aIMaTEIHBIMBI3AbI JkoHe explain plan cUsAKTHI 3aMaHayn
smicTep NEpeKKop cepBepiHiH (PYHKIMOHAJABIFBIH allblK JepeKTep KOWMACBHIH KOJNJAWTHIH COHFBI
naiiTamaHyIbFa )KeTKi3y/1e MaHbI3IbI POJ aTKAPAThIHBIH MamiMaeimiz. CSV (aiii minrimi CUSKTHL, 01 03
Ke3eTiHJe MOTIHAIK OOJIBIN TaOBUIAIBI — OCBLIAMIIA, AllIBIK PEero3uTopuil Maceneci CSV CUSKTHI KecTe
(opMaTTapblH MIEKCi3 KOJAAY asChIHAA OCBl XKYMBICTa TaIKbUIAHA/IbI, Ka31pri 3aMaHFbl YIKEH JepeKTep
TEeHIEHIMsIapbIHA KeIeTiH Ooiicak, 0i3 SQL-miH TaHBIMal JAEPEKKOp KYHeIepi SMITMPUKAIBIK TYPHIE
KOJIJAHATBIH IIEMIIMAlI YCBIHAMBI3-OyJT Kipic cypayapl icKe KOCY XOHE HOTIKEHI TYNKUIIKTI IIemiM
KaObuIJay YIIiH KaObUIJaHybl MYMKIH (pOpMaTKa aifHANIBIPY JKOCTAphl MIBIFapy; coHaal — ak, 6i3 C#
Oarmapnamanay TutiH koHe.NET framework kemerimen OarmapiaManaHaThIH ©HIM/L JKacailMbI3, olap
OarmapiaMansbiK jkacakTama TuaThopMacklHAH TOYEINCi3 AyphIC 93ipiiey YIIiH 3aMaHayu OaraapiaManay
opTackl OOMNBIN TaOBUIAJBI-COHBIMEH KaTap pEJIMSIIBIK MONIiIMETTEp Oa3achblHa CYpaHBICTAPIbIH
KYPACTLIIriH 6HJeY JKoHEe OHTAMIaHIBIPY YIIiH MaHbI3Ibl TEOPEMaTap IbIH JSJIEI.

Tyiiin ce3gep: NoSQL, nepexrepai oHACY,pEISAIISUIBIK IepeKTep 0a3ackl, allblK CaKTay.

BHYTPEHHS S PABOUYASI HATPY3KA PEJISIIIMOHHOM BA3BI JAHHBIX
NOSQL
Mpip3axmet ChI3AbIKOB
Kazaxckwuii HalMOHANBHBINA YHUBEpCUTET UMeHH anb-Dapadu, Anmarsl, Kazaxcran
mspmail598@gmail.com
ORCID ID: https://orcid.org/0000-0002-8086-775X

AHHoTanms. B 310l cTaThe MBI IIPECTAaBIAEM CXeMy BHYTpeHHEW pabouell Harpy3Ky TUITMYHOM
PeNSIMOHHOM 0a3bl TaHHBIX, HOAEPKUBAIOLIEH MPOTOKOJI B3aMMOJIeiicTBUS ¢ mosb3oBaTeneM NoSQL,
MBI 3asBJISIEM, YTO HeNb3s H30eXaTh NPOM3BOACTBEHHOIO IOTPEOJICHUS] CIOKHOCTH 3alpocoB, a
COBpEMEHHBIE METOJBI, Takhe Kak explain plan, WrparOT >KM3HEHHO BaKHYIO POJIb B JIOBEJCHUU
(YHKIMOHAIBHOCTH cepBepa 0a3 MaHHBIX 10 KOHEYHOI'O I0JIB30BATENS C IOAJEPKKOH OTKPHITOTO
XpaHWIHILA JaHHBIX, TAKOTO Kak ¢opmar ¢aitna CSV, KOTOpHIiA, B CBOIO OYepeb, SIBISETCS TEKCTOBBIM
— TakuM 00pa3oM, BOIPOC OTKPBITOTO XpaHWIHIIA OOCYXKJaeTcs B OTOH pabore B pamkax
HEOTPaHMYCHHOW TMOAJCpKKH QopMaToB Tabmui, Takux kak CSV, 4To KacaeTcs COBPEMEHHBIX
TEHIEHIMI B 001acTH OOJBIIMX JaHHBIX, MBI IIPeUIaraeM peLieHne, MPeanoNoKUTeIbHO IMIIMPUIECKU
UCTIOJIb3yeMOe TIOMYJISIPHBIME cHCTeMaMu 0a3 gaHHbIX SQL — 3To 1uiaH 3amycka BXOSIIEro 3anpoca U
npeoOpa3oBaHus pe3yibTaTa B POpMaT, KOTOPBIH MOXKET ObITh MPUHST IS OKOHYATEIIEHOTO BHIBOJIA; MBI
TaKXe pa3padaTbiBaeM KOHEUHBIH TPOrPaMMHUPyEMBIH POILYKT, UCHOMNb3YS S3bIK MporpaMmMupoBanus C#
u .NET framework, KkoTopble SBISIOTCS COBPEMEHHBIMU CpeJaMy MPOrPaMMHUPOBAHUS AJIsl TPAaBUIILHON
pa3paboTKH HE3aBHCUMOrO OT IUIATGOPMBI MPOTPaMMHOTO OOECIIEYeHUs] — TakKe TPUBOJUTCS
JIOKa3aTeJIbCTBO BaKHBIX TEOpeM 00pabOTKM M ONTUMH3ALUHU CIOKHOCTU 3alpOCOB K PEISIIUOHHBIM
0a3aM JaHHBIX.

KaroueBbie cioBa: NoSQL, o0OpaGoTka JaHHBIX, peJsIlMOHHAs 0a3a JaHHBIX, OTKPHITOEC
XpaHWIIHIIE.
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Yalda Qani
Department of Mathematics, Faryab University, Maymana, Afghanistan
e-mail: yalda.gani@gmail.com

Abstract. This article discusses the Newton-Coates formulas for the numerical integration of the
Maple package, which have been discussed. In this study, for the purpose of numerical integration of
trapezoidal method, Simpson method and Simpson 3/8 method, we examined. We analyzed the function
f defined in the interval [a, b] at point f (x) by presenting several analyzes. The Maple package provides
the latest applications of numerical analysis in a shorter and more efficient way, which has led to the
solution of important scientific and technical problems today. With the help of Maple software, we solved
our desired changes on its clear and reliable forms.

Key words: Maple, Newton-Coates formula, Trapezoid, Simpson's Rule, Simpson's 3/8 Rule.

Introduction

Computing software has advanced a lot in recent decades. Today, computing software is
used not only in specialized work, but also in educational affairs, academic research and textbook
writing. Founded in the early 1980s at the University of Waterloo, Canada, Maple software, in
newer versions, offers many computational problems with accurate answers. This software is
easy to learn because the same math symbols used in classrooms can be used to enter data.
Numerical analysis is one of the most important methods that is very important for performance
in many algorithms. Modern numerical analysis tries to understand the data in a shorter or more
concise way. Any approximate method must converge to the correct answer [7].

Today, using the latest applications of numerical analysis, they try to calculate the data in
a shorter and more efficient way. The Maple package provides numerical methods that lead to
the solution of important scientific and technical problems. Maple package also has features for
input and output of image and output files. We analyzed the Newton-Coates formula in the Maple
package considering other methods. Integration is the technique of calculating the area plotted
on a graph using a function [1].

I = jbf(x) dx

Materials and methods
Because of these tasks, interpolation-based numerical integration using the following
methods is accurately demonstrated by Maple.
A. NEWTON-COTES FORMULA
We study Newton-Coates formulas using some Maple computational capabilities with
respect to the approximate function at distances [a, b] for the integral f (x) [2].

Examples
8.0

> J, In(x) dx
1.1
9.630691136
> with(Student| Calculus1]) :
> Approximatelnt(In(x),x = 1.1..8.0, method = newtoncotes[1]);
9.600011676

> Approximatelnt(In(x),x = 1.1..8.0, method = newtoncotes[2]);
9.630586303

> Approximatelnt(In(x),x = 1.1..8.0, method = newtoncotes[3]);

8
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9.630643941
> Approximatelnt(In(x),x = 1.1..8.0, method = newtoncotes[4]);
9.630690519
> Approximatelnt(In(x),x = 1.1..8.0, method = newtoncotes[ 6]);
9.630691129

B. TRAPEZOIDAL METHODS

The trapezoidal rule is a Newton-Cotes formula for approximating the integral of a
function f using linear segments. Let f be tabulated at points x, and x; spaced by a distance h,

and write f, = f(x,). then the trapezoidal rule states that f;}l f(x)dx =~ h(fy + f1)/2.

Examples
> polynomial .= CurveFitting[Polynomiallnterpolation]( [xo,)c1 ], [£(0),f(1)], z) :

X
1

> integrated := J polynomial dz :
X
0

> factor(integrated)

-3 (o — %) /(1) +7(0)

> with(Student| Calculus1]) :
> Approximatelnt(sin(x), x = 3 ..5, method = trapezoid)

1 . 1 . (16 1 . (17 1 . (18 1 . (19 1 .
1Osm(3)—i-ssm( 5]+Ssm( 5]+Ssm( 5]+Ssm( 5]4—551n(4)

1 . (21 1 . (22 1 . (23 1 . (24 1 .
—+—5sm[5)+5sm[5)+5s1n[5)+Ssm[5)+1osm(5)

> Approximatelnt(cos(x), 1 ..100, method = trapezoid, output = animation)

‘an:nq | |

\
_IJ [0 thUU“

10}
Figure 1 An animated approximation of | Fix) dx using
1
trapezoid rule, where f(x) = cos(x) and the partition is uniform.
The approximate value of the integral is 1 615815314,
Number of subintervals used: 110,

C. SIMPSON’S RULE

Simpson's Rule is a numerically accurate method of approximating a definite integral usi

ng
9
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a three - point quadrature obtained by integrating the unique quadratic that passes through these
points [3,5]. for some c in the interval [xg, x,], provided that f (iv) exists and is continuous.
Concluding the derivation yields Simpson’s Rule [2,6]:

X

i h hs
[ r@dx =35 00+ 4 + 32 - 55,

90
Xo
Where h = x, — x1 = x1 — Xo and c between x, and x,.
Examples
X, —l—x1 1
> polynomial .= CurveFitting| Polynomiallnterpolation | o T N f(O),f( > J ,f(1) }, z

X

1

> integrated :=J polynomial dz :
X

0

> factor(integrated)
% (=) (1) +47( 5 ) +700)

> with(Student[ Calculus]]) :

> Approximatelnt(sin(x), x = 2 ..-3, method = simpson)

1 . (5 1 . (11 1 . 1 . 1 . (9
5 sm[ 2] 3 sm( ) ) 2 sin(3) 2 sin(2) 3 s1n(4)

> Approximate]nt(cos(x), 1..100, method = simpson, output = animation)

| /

0]

=

[ ]

o

= 4

oy

L

—— -
T

0

-03

NIBRAR d i ﬂ

Ll
Figure 2 An amimated approximation of | flx) dx using
1
Simpson's rule, where f{x) = cos(x) and the partition is
uniform. The approximate value of the integral 1s 5.1 150500235,
Number of subintervals used: 10.

D. THE GENERAL FORMULA OF SIMPSON’S 3/8 RULE

Let the values of a function f(x) be tabulated at points x; equally spaced by h = x;,; —
X;,80 fi=f(x1),fo = f(x3), ..., fa = f(x4). Then Simpson's 3/8 rule approximating the
10
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integral of f(x) is given by the Newton- Cotes like formula [7]
f(x)dx =—h(f1 +3f3+f) - —hS(E)

This method is completely based on cubic interpolation [8]. With this method, we
demonstrated some computational capabilities of the Maple package [4].

Examples
S 2xy+x; xyt+2x
polynomial := CurveFitting[ Polynomiallnterpolation]| | x,, 3 , 3 . X, |» [ £(0),
1 2
() 2) ]
X
1
> integrated :=J polynomial dz :
%o
> factor(integrated)
1 . (2 (1 .
o (xo —xl) [f(l) +3f[?] +3j(?j +f(0)j
> with(Student| Calculusl1]) :
> Approximate]nt[sin( x),x=1..6, method = simpson , j
8
1 . (11 3 . (17 5 1 3 . (31
8s1n(2]+16sm(3J+ sm(6j 6 +16sm[6
3 16 1 3 23 1 . (25
+ T sm[ 3 )—f- 2 sin(5) + T sm( 3 + 2 sin(4) + T sm( 3 )
3 13 1 9 3 1 3 .(29 3 17
+ 6 sm[ 3 )—i— 8sm[2)+ 16 sm( 3 )+ 16 sm( 5 )~I— 16 sm( 5 ]
1 3 19 3 10 1 7 11
+ 8sm(3)—i— 6 sm[ ; )—i— 6 sm( 3 )—}- Ssm[2j+ T sm( 3 J
3 5 3 1 . 3 13 3 7
+ 6 sm(3j+ T s1n[ 5 + 2 sin(2) + T sm[ 5 j-l- T s1n[3j
1 3 8 3 . (7 3 4 1 3
+ Ssm(z)—i- 16 sm(3j+ 16 sm[6)+ 16 sm(3)+ SSIH(Z)
1
+ T sin(1)

> Approximate]nt(cos(x), 1..100, method = simpson - , output = animation]
8

The results show that the Maple package has good computational capabilities and can be
very useful for analyzing generalized numerical integration methods of a software. We tested
some of the computational capabilities of the Maple package using the Newton-Coates formula
for numerical integration.
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100

Figure 3 An animated approximation of | flx) dx using
1
Simpson's 3/8 rule, where /(x) = cos{x) and the partition is
uniform. The approximate value of the integral is
=-0.0034001 10048, Number of subintervals used: 10.
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—
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—
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Conclusion
The results show that the Maple package has good computational capabilities and can be
very useful for analyzing generalized numerical integration methods of a software. We tested
some of the computational capabilities of the Maple package using the Newton-Coates formula
for numerical integration.
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Abstract. Finite element method is a numerical method solutions of differential equations,
found in physics and technology. The emergence of this method associated with solving
problems of space research. It was first published in the work of Turner, Cluj, Martin and Topp.
This work contributed to the emergence of other works; a number of articles have been published
with examples of the finite element method to the problems of construction mechanics of
continuous media. The main idea behind the finite element method is that any continuous
quantity such,like temperature pressure and displacement, can be approximated by a discrete
model, which is built into a set of piece-continuous functions defined on a finite number of
subdomains.

The main idea of the finite element method is that any continuous quantity, such as
temperature, pressure and displacement, can be approximated by a discrete model, which is built
on a set of piece-continuous functions defined on a finite number of subdomains.

Keywords: Finite element, pipe, motion, cross section, compression, lubrication, system,
vibration, equilibrium, continuous value, discrete model, node.

Introduction

In the general case, a continuous quantity is not known in advance, and it is necessary to
determine the value of this quantity at some internal points of the region. A discrete model,
however, is very easy to construct if one first assumes that the numerical value of this quantity
at each interior point of the region is known [1]. After that, we can pass to the general case. So,
when constructing a discrete model of a continuous quantity, proceed as follows:

1. A finite number of points are fixed in the area under consideration. These points are
called anchor points or simply nodes.

2. The value of the continuous quantity at each nodal point is considered a variable to be
defined.

3. The domain of definition of a continuous value is divided into a finite number of
subdomains, called elements. These elements have common nodal points and together
approximate the shape of the regions.

4. A continuous value is approximated at each element by a polynomial, which is
determined using the nodal values of this value. For each element, its own polynomial is
determined, but the polynomials are selected in such a way that the continuity of the value along
the boundaries of the element would be preserved [2].

The finite element method is based on the idea of approximating a continuous function by
a discrete model, which is built on a set of piecewise continuous functions defined on a finite
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number of subdomains called elements. A polynomial is most often used as a function of an
element. The order of the polynomial depends on the number of continuous function data
elements used at each node.

Main part
A one-dimensional simplex element is a straight line segment of length L with two nodes,
one at each end of the segment [3].

T = @iT, + @,T,
—X X — X

X2
P = L P2 =
A two-dimensional simplex element is a triangle with straight sides and three nodes, one
for each vertex. Logical numbering of element nodes is required.
T=0q, T11+ P2T, + @3 T3
@1 =5,(a1 +bix+cry)
{31 = X2¥3 — X3¥2

b; =y, —y3
€1 =X3 =X

1
Q2 =ﬂ(az + bx + ¢ y)
a, = X3Y1 — Y3l
{ b, =y3—y;
C2 = X1 — X3

1

@3 =ﬁ(a3 + b3x +c3y)
az = X1Y2 — X2)1

{ bs =y, =y,

C3 =X —Xq
1 X1 W
2A=|1 Xy V2
1 X3 Y3

We consider the three-dimensional simplex element [4]:
T=0:T1 + 92T, + 93T+ @, Ty

Consider the three-dimensional function T(X, y, z), whose value is given at the corner points of
the parallelepiped (1,2,...8) (1-T, 2-T,...8-T) (Fig. 1)

, 7 (x-v
(X V. 28) (X7 ynz7)
|
|
5 i 1 ) ﬁ(x ! Z)
Xz, Ve Z . 6 Ve 2
55 4_(x4_‘.}4‘i4)_ _d oo 3 ez
/
/
/
i/
1 (4, 90,21) 2 (% y022)

Figure — 1. parallelepiped
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If the length of the parallelepiped along the x— 2a, along the y— 2b, and along the z—
2c,then the coordinates of the corner points relative to the center of the parallelepiped will
be[5].

1- ('a; B, 'C)= (Xl, ylﬂzl)

2- (a; B; -0)= (X2, ¥2,22)

3- (a; -B; 'C)= (X3, y3,Z3)

4- (-a; -B; -¢)= (X4, Y4, Z4)

The value of the function T (X, y, z) to an arbitrary point (X, y, z) inside the
parallelepiped isapproximated as follows.

T(x,y,z) =7 +2Ax1 +A3y1 + A424 Q)
To determine the constants Ai (i = 1; 8), we compose the following control system[6]:
Ty=T(x1, y1,21); T2= T(X2, Y2, 22); T3= T(x3,¥3, 23);

. Ty = T(x4,Y4,24); (2) _
Substituting the values of the arguments, we get the system of equations:

MFANx 3y, + 02, =T
MA2Ax + A3y, + 2042, =T,
M+ Ax3 + A3y +A23 = T;
M F2Ax, + A3y, 242, =T,

3)

Solving this system of linear equations, we obtain the values of the coefficients A;, A, ... A5

( /\ _ T8+T7+T6+T5+T4+T3+T2+T1

1 8
Az ZTetT7HTe=Ts =Tyt T3+T,-Ty
- i ™
Ao TTom Ty T Ts—Ta=T3 +Ty4 Ty
3 8b
A= Tt TrHTetTs—Ty=T5-T,-T,
\ M4 8cC

(7) substituting these values into equation (2) we obtain:

T(Xa Y, Z): (P1(X, N Z) * Tl + ¢2(X1 N Z) * TZ + (,03(X, Y Z) * T3 + (p4T4- + (pS(XJ Y Z) *
Ts + @6(x,y,2) * Tg + 97(x,y,2) * T7 + @g(x,y,2) * Tg; 4)
-a<x<a;-b<x<b;-c<xZgc;

Here i(i= 1, 8) are defined as follows: [7]

p1(X, Y, 2)= (——%+5—é_;; E
P G o o e e
P D= G o Gt et e ) ®
P D= G e e g ™ e )
PG S S i ™ e et )

why -a <x <a; -b <y <b; -c < z<c.
The value of the functions oi(X, y, z) (i=1,8) at the corner points of the
parallelepiped isdetermined as follows[8]:

©1(x1, Y1, 21)= 15 @1(x1, Y1, 21)= @1(x2, Y2, Z2)= 91(X3, ¥3, Z3)= @1(X4, V4, Z4)= @1(Xs,
16
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Vs Z5)= 01(X6s Vo1 Z6)= ©1(X7, Y7, 27)= 91(xg, g, 25)=0

©2(X2, Y25 22)= 15 @2(X1, Y1, 21)= Q2(X2, V2, Z2)= ©2(X3, Y35 23)= P2(Xa, Ya, Z4)= @2(xs,
Vs Z5)= P2(Xes Vo1 Z6)= ©2(X7, Y7, 27)= P2(xXg, Vs, Z5)=0

®3(x3, ¥3, 23)= 15 03(x1, Y1, 21)= @3(X2, V2, Z2)= 93(X3, Y3, 23)= P3(X4, Ya, Z4)= @3(Xs,
Vs Z5)= 93(X6, Yo, Z6)= P3(X7, Y7, Z7)= 03(xg, Vs, 2g)=0

04Xy Var 24)= 15 04(X1, Y1, 21)= QalX2, Y2, 22)= ©a(X3, V3, 23)= Pa(Xs, Yar Za)= Qa(Xs,
Vs Z5)= Pa(Xe, Vor Z6)= PalX7, V7, Z7)= Pa(xg, yg, 25)=0

©s(xs, Y5y 25)= 15 @s(x1, Y1, 21)= @s5(X2, V2, Z2)= ©5(X3, V35 23)= P5(Xs, Va, Z4)= @s(xs,
Vs Z5)= Ps5(Xes Vo1 Z6)= ©s(X7, Y7, 27)= @5(xXg, Vs, Zg)=0

©6(X6, Yor Z6)= 15 06(X1, Y1, 21)= P6(X2, V2, Z2)= ©6(X3, V35 23)= P6(Xa, Var Z4)= Pe(xs,
Vs Z5)= P6(Xes Vo1 Z6)= V6(X7, V7, 27)= P6(Xg, Vg, Z5)=0

©7(x7, Y7, 27)= 15 07(x1, Y1, 21)= @7(X2, V2, Z2)= 97(X3, Y3, 23)= 97(X4, Ya, Za)= @7 (X5,
Vs Z5)= 97(Xes Yor Z6)= ©7(X7, Y7, 27)= @7(xg, Vg, Z5)=0

©s(xg, Vg, Zg)= 1; 0g(x1, Y1, 21)= Pg(X2, V2, Z2)= Ps(X3, Y3, 23)= Pg(Xa, Ya, Z4)= Pg(Xs,
Vs Z5)= Pg(Xes Ver Z6)= Vs(X7, Y7, 27)= @g(xg, Vs, Zg)=0 (6)

Conclusion
In the result, there is obtained common variation functional for defining the law of
temperature distribution in the body of rectangular 3D cube form. Results of this work can be
used to determine the law of temperature distribution in three-dimensional rods in the form of a
parallelepiped. There is executed practical implementation of the developed approach as a
concrete example, when heat flux is directed to one of 3D cube’s facets, and on the opposite facet
there occurs heat exchange with the environment. There was shown temperature values proximity
of corresponding nodes of rectangular 3D cube upon separation of its facets for one, two and

three intervals.
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AngaTna. AKBIpIBl JJIEMEHTTEp ofici — (QU3MKa MEH TEeXHUKaga Ke3JeCeTiH
nuddepeHIHaNIBIK TeHISYIeP Al MEIyIiH CaHIbIK d9/ici. byt oicTiH maiia 001yl FapBIIITHI
3epTTey MacenesepiH menrymen Oaimansictel. On anram per Tepuep, Kimyx, Maptun xone
TonnTeIH KYMBICBIH/IA KapusiaaHraH. byn eHOek Oacka eHOEKTepAiH maiifa O0MybIHa BIKIAJ
eTTi; Y3MIiKCi3 OpPTaHBIH KYPBUIBIC MEXaHUKAChl MOCEJCNIEPIHE COHFBI JIEMEHTTED OMICIHIH
MBICAJIJIapbIMEH OipKaTap Makajajgap >KapusilaHibl. AKBIPJIbI 3JEMEHTTEp OMICiHIH HETri3ri
UJCSICHI - TEMIIEPaTypa KBICBIMBI JKOHE OPBIH aYBICTBIPY CHSKTHI K€3 KEIreH Y3JiKCi3 IIaMaHbI
1K JTOMEHJEPAIH IIEeKTEyIl CaHbIHIA AaHBIKTAJFaH Y3llicci3 (yHKUUSATIAp >KUBIHTHIFbIHA
KipiKTipUIT€H AUCKPETTI MOJIEIb apKBUIBI KYBIKTayFa O0Iabl.

AKBIpIIBI 3JIEMEHTTEp OICIHIH HETi3Ti HUAEsIChl TeMIepaTypa, KbICBIM OHE OpPbIH
aybICTBIPY CHSIKTBI K€3 KEITeH Y3MIKCi3 IIaMaHbl iIKi JOMEHAEPHAiH WICKTEYyJi CaHbIHIA
aHBIKTANIFAaH Y3UTicCi3 (QYHKIUSIIAP JKUBIHTBHIFBIHA KYPBUIFAH JTUCKPETTI MOJEIb apKbLUIbI
KYBIKTayFa 00JIaIbI.

Tyiiin ce3aep: AKBIPJbBI 3JIEMEHT, KYOBIp, KO3FalbIC, KMMa, KbICY, Mailnay, xyiie, Aipii,
Teme-TeH IIK, Y3/AIKCi3 mama, JUCKPETTI MOJIeNb, TYHiH.

YYET PACIIPEJAEJIEHUA TEMIIEPATYPbBI TEJIA B BUIE
MNMPAMOYT'OJIBHOT'O MAPAJUIEITUIIEJA C YYETOM TEIVIOOTJAAYHA C
HNCITIOJIb30BAHUEM BAPUAIIMOHHOT O ITOAXOJA

3. Omuorek, A.A. Tames, P.K. Ka3pixan
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WNucTuTyT HHQOPMAIIMOHHBIX M BRIYHCIUTENFHBIX TEXHOIOTHIA, AnMaThl, KazaxcraH,
Kazaxckuii HallMOHAIBHBIN YHUBEPCUTET UM. alib-Dapadu, Anmatsl, KazaxcraH,
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AOcTpakT. MeTon KOHEYHBIX DJEMEHTOB MPEACTABISIET COOOW YHCICHHBIM METOJ
pemienuss nudQepeHIMaNbHbIX  YpaBHEHHM, BCTpEYAOMMUXCS B (GU3NKE W TEXHHKE.
BoO3HUKHOBEHME 3TOr0 METOJA CBSI3aHO C PEHICHHEM 3aJlad KOCMHYECKHX HWCCIETOBAHUM.
Brnepsrie o Obu1 onyOnukoBaH B pabore Teprepa, Kimyxka, Mapruna u Tomnma. Orta pabota
CcrocoOCTBOBaJIa TOSIBICHUIO JPYTHX paloT; OMyOJIMKOBAaH pAJl CTaTed C TpUMEpaMH
MPUMEHEHUST METOJA KOHEUYHBIX JJIEMEHTOB K 3a/a4aM CTPOUTENBHOM MEXAaHHUKH CIUIOLIHBIX
cpen. OcHOBHasi wuIes METOJa KOHEUHBIX D3JIEMEHTOB 3aKJII0YaeTcs B TOM, 4YTO JIHOOast
HENpephIBHAST BEIMYMHA, Takas Kak TEeMIEparypa, JaBICHHE U TepeMEIIeHHe, MOXET OBbITh
arnmpOKCUMUPOBaHA JUCKPETHON MOJIENBI0, KOTOpasi BCTpOeHA B HAOOP KyCOUYHO-HEMPEPHIBHBIX
GYHKIU, ONIPeICIICHHBIX B KOHEYHOM YHCIIe MOA00IacTe.

OcHoBHas uiess METOIa KOHEYHBIX DJIEMEHTOB COCTOUT B TOM, YTO JIFOOYIO HETIPEPHIBHYIO
BEJIMYMHY, TaKyl0 Kak TEMIIEpaTypa, JABJICHHE U MEPEMELIEHHUE, MOKHO aIlllPOKCUMUPOBATH
JTMCKPETHON MOJIEIBIO, IIOCTPOCHHON Ha HA0Ope KyCOYHO-HENPEPHIBHBIX (QYHKIIUM, 3aIaHHBIX
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Abstract. The modern world and our immediate future depend on applied intelligent systems, as
new technologies develop every day. One of the tasks of intelligent systems is machine (automated)
translation from one natural language to another. Machine translation (MT) allows people to communicate
regardless of language differences, as it removes the language barrier and opens up new languages for
communication. Machine translation is a new technology, a special step in human development. This type
of translation can help when you need to quickly understand what your interlocutor wrote or said in a
letter.

The work of online translators used to translate into Kazakh and vice versa. Translation errors are
identified, general advantages and disadvantages of online machine translation systems in Kazakh are
given. A model for the development of a post-editing machine translation system for the Kazakh language
is presented.

OpenNMT (Open Neural Machine Translation) is an open source system for neural machine
translation and neural sequence training. To learn languages in OpenNMT, you need parallel corpuses for
language pairs. The advantage of OpenNMT is that it can be applied to all languages and can handle large
corpora. Experimental data were obtained for the English-Kazakh language pair. Experimental data were
obtained for the English-Kazakh language pair.

Applied intelligent systems play an important role in the modern world. One of their tasks is
machine translation (MT) from one language into another one. MT allows people to freely communicate
despite language barriers. This new technology is a special step in helping to understand what a
companion speaks, or writes to you. Automatic post-editing is the task of correcting errors present in texts
as a result of machine translation. Since MT cannot always give the desired result, it becomes necessary
to edit the translation. The drawbacks of the translation have to be eliminated by post- editing. This need
for post-editing is largely determined by the quality of machine translation: low-quality translation leaves
a lot of room for post-editing, and high-quality and human translations require minimal text editing. This
work describes the development of the light post-editing module for the English-Kazakh language pairs.
The neural network model is trained on pairs mt, pe and triplets src, mt, pe using the OpenNMT
framework. Then the results of the BLEU metrics mt - pe and mt - ape are compared, and a conclusion
about the quality of post-editing is made.

Key words: Opennmt, neural machine translation, bleu, automatic post-editing, network model

Introduction

Post-editing is one of the first and superficial stages in the ma chine translation (MT) post-
editing system. The light post-editing module includes getting the raw MT output and making as
few changes to the text as possible to make the translation clear, accurate in facts, and
grammatically correct [1]. The light post-editing module includes the following post-editing
tasks:
correction of only the most obvious typos, vocabulary, and grammatical errors
correction of machine errors
removal of unnecessary or redundant translation options created by the machine
agreement on the key terminology, but without careful check ing of terms
When translating from any language into Kazakh, we use different online translators. Very
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popular online translators: Yandex, Google.

But even in these online translators there are errors. Basically, errors are obtained when
translating complex sentences.

Also when translating phraseological units. In the online translator, phraseological units
are translated to as if. Also, some terms are changed, even if this was not taken into account.

The Kazakh language is a complex language in structure. Therefore, after receiving the
translation, human editing is required. This is called automatic post-editing.

There are three kinds of automatic post-editing. Such as full post-editing, medium post-
editing, light post-editing. All of these edits are included in automatic post-editing. After the
model is created, the translation is automatically edited. Created prior to this model, not all the
requirement fulfills the post-editing of the Kazakh language.

Therefore, post-editing of the Kazakh language requires the creation of a model. The article
created a transformer model. Also created post-editing model for the Kazakh language can be
used for other Turkic languages.

Because these languages are similar in vocabulary and also in the structure of languages.
In the following table, you can see the similarity of Turkic words.

Table 1. Turkic words
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But languages are different from other languages, they have special characteristics:
proximity of the lexical structure;

e the law of harmony;

agglutination — a series of affixes;

lack of a category;

lack of auxiliary words (prepositions);

special word order;

Therefore, when translating, the Turkic languages give out morphological, lexical, and
semantic errors. This article discusses training parallel corpus in Opennmt. The advantage of
Opennmt is its universal applicability to different languages, including the Turkic languages. We
also get the results of computational experiments for the Kazakh language. The rest of the paper
is organised as follows:

o Section 2 provides an overview of previous work carried out in this area.

o Section 3 presents Opennmt for Kazakh-English, English-Kazakh language pairs.

o Section 4 presents experimental NMT results for Kazakh-English, English-Kazakh
language pairs.

o Section 5 presents conclusions and suggests directions for future work.

Previous scientific work

In our country, in Kazakhstan, MT (machine translation) of the Kazakh language has been
developing since 2000. Professor U. A. Tukeyev was one of the first to study machine translation.
He managed to create a scientific school that is actively engaged in research in the field of MT.
Among domestic students, one can note the study of models and methods of semantics of
machine translation from Russian into Kazakh language [2], a statistical model of the alignment
of English-Kazakh words using the machine translation algorithm [3].

To improve the morphologies of the Turkic languages, vocabulary training on a parallel
corpus was used [4-6]. Learning on the parallel corpus of the English-German language pair in
Opennmt, studied in foreign works. In this work, 50k vocabulary was learned for each pair and
it was shown that in Opennmt Bleu was 17.60 [7]. Opennmt showed a better result than in the
Nematus Bleu system by 0.5. Also, the architecture and applicability of Opennmt in other areas
were considered.
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Automatic post-editing (APE) is an area of research aimed at studying methods that apply
editing operations to MT output to obtain better translations. APE covers a wide range of post-
editing approaches, from regular expressions applied to MT.

APE systems convert mt, a text received by MT, into mt’, a corrected version of the
translation in the same language. The APE task can be thought of as a monolingual translation
task in which the source and target languages are the same. Thus, APE implementations are very
similar to MT systems and even use similar methodologies. However, in the MT scenario, the
system learns pairs of sentences src, pe, where src is the texts in the source language, pe is the
high-quality texts in the target language. In the APE script, training Such data allows you to
successfully train the system to identify both simple spelling and syntax errors, and the
consistency of words in the original sentences. The learning process depends on the availability
of a sufficient amount of data and high-quality texts in the target pe language.

Algorithm for post-editing

An algorithm is used to post-edit a translation from a machine translation. The algorithm
is performed as follows: neuron machine translation from the target language x1: s to the desired
language W1:T p(wyrlx) = [T p(We|wie—1, x; 0) translates with distribution. Post-editing
model wl, w2, .., wt-1 translates source vector words into hidden vector words hl,... hs. The
target decoder in the model combines the source words with the vector and the corresponding
hidden words, and assumes the probability of the next processed words to appear [8,9]. The
maximum probability p (w_t | w_ (1: t-1), x; 0) is then used to obtain a sequence of processed
words. A hidden word sequence is needed to link the original word sequence to be translated and
the sequence of words to be translated. To maximize the probability of the model, it is necessary
to read and study the whole sequence of sentences in the case. Figure 2 shows the training of
neuron machine translation model in OpenNMT.

Cizgivi || pectin ! Cis O linse

Figure — 1. OpenNMT for learning neuron machine translation model

OpenNMT is an open source generated by neurons. OpenNMT can be downloaded from
GitHub (https://github.com/OpenNMT/OpenNMT). Thanks to OpenNMT, data does not take up
much memory, machine translation training takes less time. Implementation of training consists
of three stages [10]:

1) Data preparation. It consists of words, phrases and sentences in Kazakh and English,
created in parallel in two files.

Data preparation is performed using the code onmt_build_vocab -config toy_en_de.yaml -
n_sample 10000. The location of the file must be specified. Type in the YAML configuration
file:

data:

corpus_1:
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path_src: toy-ende/src-train.txt

path_tgt: toy-ende/tgt-train.txt
valid:
path_src: toy-ende/src-val.txt
path_tgt: toy-ende/tgt-val.txt
YAML configuration file Add the following information:
Monenbai OKBITY:
src_vocab: toy-ende/run/example.vocab.src
tgt_vocab: toy-ende/run/example.vocab.tgt
# Train on a single GPU
world_size: 1
gpu_ranks: [0]
# Where to save the checkpoints
save_model: toy-ende/run/model
save_checkpoint_steps: 500
train_steps: 1000
valid_steps: 500
In this model we prepare a learning step and a neural model. Then we run this model
onmt_train -config toy_en_de.yaml.
3) Translation
In translation, it translates 1000 words or sentences from a pre-rendered file. To translate
it, write onmt_translate -model toy-ende / run / model_step_1000.pt -src toy-ende / src-test.txt -
output toy-ende / pred_1000.txt -gpu 0 —verbose code.
To create a dictionary for further study, it is necessary to process (tokenize) the data
collected in a parallel cas
data:
save_data:OpenNMT /MT_ corpus/
eng _kaz/preprocessed_data/mt kaz/
src_vocab:OpenNMT/MT corpus/eng_kaz/
preprocessed_data/mt kaz.vocab.src
tgt_vocab:OpenNMT/MT corpus/eng_kaz/
preprocessed_data/mt kaz.vocab.tgt
train:
path_src:OpenNMT/MT_corpus/APE_data/
Eng _kaz data/eng_kaz 45000/mt_kaz_ train.txt
path_tgt:OpenNMT /MT corpus/APE data/
Eng _kaz data/eng_kaz 45000/pe_kaz train.txt
valid:
path_src:OpenNMT/MT_corpus/APE_data/
Eng kaz data/eng_kaz 45000/ mt_kaz_ valid.txt
path_tgt: OpenNMT /MT_corpus/APE_data/
Eng kaz data/eng_kaz 45000/ mt_kaz_ valid.txt

#Saving checkpoint

save_checkpoint_steps: 2000

To obtain a quality result, thetransformermodel was used to train the parallel corps.

50,000 steps were used to teach 45,000 parallel sentences in the case. Commonly used
settings can be seen in the following code:

#Validation steps

valid_steps:2000

#Training steps

train_steps:50000

#Optimization
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optim : adam

learning rate:2.0

# Model

decoder_type:transformer

encoder_type:transformer

The experiment was performed on a computer with the following characteristics: CPU -
Core i7 4790, 32 GB of RAM, 1 TB SSD and GPU-RTX 2070 Super.

Results

A Kazakh-English language pair was used for training. 109,772 sentences were used in the
corpus. These proposals were taken from the website : Akorda, Primeminister, mfa.gov.kz,
economy.gov.kz, strategy2050.kz. Of these, it was taken for train 80000, test 20000, validation
9772.1t took 36 hours to train at Opennmt.

OpenNMT is a deep learning framework specializing in the Sequence-to-sequence model
and covering a wide range of tasks related to machine translation, speech recognition, image- to-
text conversion, and more. Corpus training for post-editing is implemented using it. This
experiment explores post-editing for an English-Kazakh language pair. Obtained from open
sources and using the Bitextor application, 45,000 English-Kazakh parallel sentences were used
in this experiment. The parallel corpus for the English-Kazakh language pair was collected from
various official sites, and the corpora were aligned and tokenized. The translation As you can see
in the table BLEU is less compared to other languages as for English- German, English-French
pairs. Because the structure of the language of the Turkic languages is different from these
languages. More parallel data is required to improve this metric.

Table 2. The result

Language pair BLEU(MT) BLEU(APE)
Kazakh-English 18.45 20.56
English-Kazakh 16.55 20.05

The original src English corpus has been implemented by such machine translation systems
as Prompt, Yandex, and Webtran. To train the post-editing model mt - pe , the data was divided
into training 80%, validation 10% and test 10%.

The analysis of the results of improving MT was carried out using the bilingual evaluation
understudy (BLEU metric). BLEU is an algorithm for evaluating the quality of text translated
from one natural language to another. Quality is interpreted as the correspondence between the
results of the work of a machine and a person.

Conclusion

Additional experiments showed that OpenNMT improved the quality of translation by
creating a model of neural machine translation and processing the Kazakh translation from
Google, Yandex online translation. In the article, the model read and processed more than 100
thousand parallel sentences, which showed a much higher rate than after the machine translation.
In the article, the Kazakh language was chosen as one of the Turkic-speaking languages as an
experiment. As a result of the experiment on the Kazakh-English language pair, after processing,
the BLEU value was 20.56. The value of the translation from the unprocessed direct machine
translation was 15.70.

Reading the data takes less time and saves memory. As a result of experimental research,
it can be seen that the Kazakh-English and English-Kazakh language pairs gave good results in
translation. For further research, this model is to obtain translations from other Turkic-speaking
languages. For this purpose, a corpus will be assembled for other Turkic-speaking languages.
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Post-editing for the kazakh language

. . Z. Omiotek, D.R. Rakhimova, A.Zh. Zhunussova
KapaMacCTaH COUJICCYTC MYMKIH/IK 66p6,£[1, OUTKCHI OJI TULAIK KCACPI1iH1 KOSAJAbI JKOHC KaPpbIM-KAaTbIHAC

YILiH )KaHa TiaAep i amagsl. MamuHaibK aynapMa — Oy ’KaHa TEXHOJIOTHsI, alaM JaMybIHIaFbl epeKiIe
KajmaMm. AyJapMaHbBIH Oy Typi €Ki Typiii TiIme ceilleceTiH agaMaapIblH XaTTa He jKa3FaHBIH HEMece
alTKaHBIH Te3 TYCiHyTe KoMeKkTeceni. VHTepHeTTer! OHIaliH ayAapMalibUIapIblH MaKCaThl Ka3ak TilliHe
JKOHE KepiciHie aynapy. Makanaja ayqapMma KaTeliepi aHbIKTaIbl, Ka3akK TUTIHIET] OHJIAiiH MallnHAaIbIK
aynapma KyHeJepiHiH jKajImbl apTHIKIIBUTBIKTAPEl MEH KeMIIUTIKTepi KenTipinai. Kasak Timine apHanran
OHJICyIeH KeHIHT1 MalIMHANKBIK ayJapMa KYHEeCiH a3ipiey YArici YChIHBUTFaH.

OpenNMT (Open Neural Machine Translation) — HefipoMaHabIK ayapMara )oHE HEUPOHIBIK
Ti30EKTI OKBITYFa apHajJfaH amblK Oactanmkel kyiie. OpenNMT Timinae Tinaepni yipeHy yuwiH Tin
JKYTITAaphl )KUHAKTAJIFaH Mapajuiens Kopirycrap KaxeT. OpenNMT ap TBIKIIBUTBIFBL - OHBI OapJIbIK TUTAEpTe
KoJIJaHyFa OoJajpl JKOHE YJIKEH KOpIycTapAbl eHAeH anaabl. AFBUINIBIH-Ka3aK Timi >kyObl OOHBIHIIA
9KCIIEPUMEHTTIK JiepeKTep aiubiHabl. KonnanOansl HHTEIIEKTYal bl )Kyienep Ka3ipri 3aManfbl MaHbI3]Ibl
pen atkapaapl. OnapaplH MiHIETTEepiHIH Oipi - Oip TiAEH eKiHmm Tinre mMamuHameK ayaapma (MT)
konmany. MT agammapra TUIIIK KeAeprijiepre KapaMacTaH epKiH ceiiecyre MyMKiHIiK Oepeni. by skaHa
TEXHOJIOTHSI CEPIKTECTIH Ci3re HE COMICHTIHIH HeMece JKa3FaHbIH TYCIHYIe KOMEKTECETIH epeKIIe KajiaM
OonbIlT TaOBIIAABI. ABTOMATTHI OHJEYJEH KEHiHT OHAey — MAaIIWHANBIK ayldapMa HOTKECiHJE
MoTiHAepaeri Kartenepai Tysery MiHgeri. MT opkamaH KaXeTTi HOTIKEHI Oepe anMalTBIHIBIKTaH,
aylapMaHbl OHJIIEY KaxeT OoJiajpl. AymapMaHbIH KEMIIUIIKTEPiH KCHIHTT OHJIEY apKbUIBI XKOK KEpeK.
IMoct-penakroprney Oyl KaKETTUTIr HEri3iHeH MalllMHAJBIK ayJapMaHbIH CalachbIMEH aHBIKTAJaJlbl:
TOMEH camaibl ayJapMa KeWiHT1 eHJaeyre Kell OpbIH KaJABIPAbl, ajl KOFaphl CAlalibl )KOHE aJaMJIbIK
aymapMmajap MOTIHII €H a3 eHJIEYyli KaKeT eTeli. bys jKyMbIC arbUIIIBIH-Ka3aK TUTIHJETI JKYNTapra
apHaJFaH JKEHUT OHICYJICH KEWIHTT MOIYJbIIH JaMyblH CUIATTaiael. HeWpoHabIK kel Momeni
OpenNMT KypbUIBIMBI apKBIITBI Mt, pe jkaHe triplets src, mt, pe kynrapbiaaa oKeITeLansl. Coman Kehin
mt - pe sxoHe mt - ape BLEU MeTpuKachIHBIH HOTHKEIEPi CATBICTHIPBIIAIEI JKOHE KeHiHT1 OHIeY carmachl
TypaJibl KOPBITBIHBI JKacaja bl

Tyiiin ce3mep: Opennmt, HelipoMalIMHAJIBIK ayAapMa, bleu, aBTOMaTThl KeHiHTT OHEY, JKENiJIiK
MOJIETh.
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AnHotamusa. CoBpeMeHHBIH MUp W Hamie Oirpkaiiiee Oyayiiee 3aBHUCAT OT MPHUKIATHBIX
WUHTEJUIEKTYAIBHBIX CUCTEM, TaK KaK HOBbIE TEXHOJIOTHH Pa3BUBAIOTCS KaxIbli JieHb. OJHON M3 3a1a4
MHTEJUICKTYAIBHBIX CHUCTEM SIBJSIETCSl MAIIMHHBIA (aBTOMAaTU3MPOBAHHBINA) MEPEBON C OJHOIO
€CTECTBEHHOr0 s3blka Ha JApyrod. Mammuubii nepeBon (MII) mo3Bonser monsMm oOmaThCs BHE
3aBHCUMOCTH OT SI3BIKOBBIX PA3NIUUWi, TaK KaK CHUMAET SI3bIKOBOM 0aphep M OTKPHIBACT HOBBIE SI3BIKU
uid oOmeHus. MaIIMHHBIA TepeBoJ — 3TO HOBas TEXHOJIOTHS, oco0as CTYNEHb B Ppa3BUTHU
yenoBeyecTBa. ODTOT BUJ IEPEeBOJa MOXKET IMOMOYb, KOTJa BaM HYXHO OBICTPO IMOHATH, YTO Ball
co0eceTHUK HAIMCAT UK CKa3all B MUChME.

Pabota oHmaitH-IEpeBOIYNKOB HCIIONB3YETCS IS MEPEeBOAa HAa Ka3aXCKHUH SI3bIK M HA0OOpOT.
BruBisitorest ommMOKM TepeBoAa, MPUBOIATCS OOLIME MPEUMYIIECTBA M HEJAOCTATKH OHJIAWH-CHCTEM
MAIIMHHOTO TIepeBOJia Ha Ka3axCkuil s3blk. [IpencraBieHa Monenb pa3pabOTKH  CHCTEMBI
MOCTPEAAKTUPOBAHHS MAITMHHOTO TIEPEBO/IA /ISl Ka3aXCKOTO SI3bIKA.

OpenNMT (Open Neural Machine Translation) — 3To cucrema ¢ OTKPBITBIM HCXOIHBIM KOJIOM
JUTs HEHPOHHOTO MAIIMHHOTO TIepeBoAa U 00yUYeHHs] HEHPOHHBIX MocieaoBaTenbHocTeil. s nzyuenus
s1361k0B B OpeNnNMT Hy»KHBI IapauiejbHbIe Kopiyca IS S3bIKoBBIX map. IIpenmymiecteo OpenNMT B
TOM, 9YTO €ro MOXHO NPUMEHSATh KO BCEM s3bIKaM U 00pabaThiBaTh OOJBIIME KOPITyCa.
OKcriepuMeHTaNbHbIE JaHHbIE OBUIM TONyYeHBI [T aHIJI0-Ka3aXCKOW S3bIKOBOW maphl. [lpuknanHeie
MHTEJUICKTYaJIbHbIE CUCTEMBI UTPAIOT BayKHYIO POJIb B COBpEMEHHOM Mupe. OAHOM U3 UX 3a1a4 sSBISETCS
MamuHHOTO nepeBoaa (MII) mepeBox ¢ omgHOro s3pika Ha Apyroi. MT mo3BoisieT 0aIM CBOOOIHO
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Post-editing for the kazakh language

Z. Omiotek, D.R. Rakhimova, A.Zh. Zhunussova _ .
O6I_HaTI>C$I, HECMOTpsS Ha SA3bIKOBLIC 6ap1>ep1>1. 3Ta HOBadA TCXHOJIOIUA — OCOGBII/I miar, ImoMorarommum

MOHSATB, YTO COOECETHUK TOBOPHUT HJIU MUIIIET BaM. ABTOMAaTUYECKOE ITOCTPEAAKTUPOBAHUE — JTO 33/1a4a
WCTIPaBIIEHNs OMMOOK, BO3HUKIINX B TEKCTaX B PE3yJbTaTe MAaIIMHHOTO repeBoja. Tak xak MII He
BCET/Ia MOJXKET NIaTh JKEIaeMbIil pe3ylIbTaT, BO3HWKAET HEOOXOAWMOCTh PEeNaKTHPOBAaHUS IEepeBOjA.
Henocratku miepeBojia MPHUXOMUTCS YCTPAHATH MOCTPENAKTUPOBAHUEM. OTa MOTPEOHOCTh B
MOCTPENaKTUPOBAHUN BO MHOTOM OIIPENIEISIETCS Ka4eCTBOM MAITMHHOTO TepeBOja: HeKadeCTBEHHBIN
MEPEeBOJ] OCTABIISIET MHOTO MECTa IS TOCTPENAKTHPOBAHNS, 3 KAYECTBEHHBIM M YEIIOBEYECKHIA TTEPEBOT
TpeOyeT MUHHMAJILHOTO PEAaKTUPOBAHHS TEKCTa. B maHHON paboTe omuchiBaeTCs pa3paboOTKa JIErKoro
MOJTyJISI IOCTPEAAKTUPOBAHUS [V aHTIIO-KA3aXCKUX S3BIKOBBIX Map. Moieb HeMPOHHOM ceTr 00y4aeTcst
Ha mapax Mt, pe u Tpumierax SIC, Mt, pe ¢ wucmoab3oBanueM @peiimBopka OpenNMT. 3arem
CpPaBHHMBAIOTCS pe3yibTathl MeTpuk BLEU mt - pe u mt - ape u nemaercss BBIBOJ O KadecTBE
MOCTPEIaKTUPOBAHUSL.

KiaoueBbie ciaoBa: Opennmt, HeHpOHHBIA MaIIMHHBIA mepeBod, bleu, aBroMaTHuecKoe
MOCTPEeIaKTUPOBaHUE, CETEBAsT MOJIEITb.
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Abstract. A convolutional neural network is the structure of a neural network with multiple hidden
layers that combines artificial neural network and deep learning. At present, the convolutional neural
network, as a deep learning method widely used in various computer fields and effective in processing
image information, can learn the features in the image after training, and complete the extraction and
classification of image features. Therefore, it is widely used in computer vision research such as image
processing and pattern recognition. Although the general structure of the convolutional neural network is
very similar to the ordinary artificial neural network, it has a perfect effect on large-scale image datasets.
This paper aims to sort out the convolutional neural network and its structural characteristics and
advantages, introduce and analyze the basic working principle of the convolutional neural network, and
realize the application example of CNN model training in image feature extraction and recognition.

Keywords: Deep learning; Convolutional neural network; image processing; image recognition

1. Introduction

With the rapid development of Internet information technology, processing more and more
image data has become one of the popular research directions in the field of computer vision. As
one of the ways to process image data, deep learning is also developing rapidly. It has been
widely used in speech recognition, natural language processing, computer vision, and other
fields, and has achieved great success. This article mainly introduces a neural network that is
very effective for processing images-convolutional neural networks. The characteristic of
convolutional neural networks is that the characteristics of each layer are obtained by the local
area of the previous layer through the convolutional core excitation of shared weights. This
feature makes convolutional neural networks more suitable for the learning and expression of
image features than other neural network methods, and they have very good results on large-
scale image data sets. This article will conduct comprehensive research on convolutional neural
networks, which mainly includes the basic structure and working principle of convolutional
neural networks, followed by examples of the application of convolutional neural networks.

2. Convolutional neural network and its structure
2.1 Convolutional neural network

Convolutional neural networks originally originated in 1962. Biologists Hubel and Wiesel
[1] discovered a cell that covers the entire visual domain and is sensitive to local areas of the
visual input space, called the sensory field. In 1980, Fukushima proposed a neurocognitive
machine with a similar structure based on the sensory field [2]. Neocognitron is a self-organizing
multi-layer neural network model that stimulates the response of the local sensory field of the
previous layer to each layer. It is also the main learning method of convolutional neural networks
in early learning. After that, in 1998, LeNet-5 proposed by Lecun[3] et al. used a back-
propagation algorithm to conduct supervised training of neural network networks. The trained
network converts the original image into a series of feature vectors through alternately connected
convolutional layers and downsampling layers, and finally classifies the feature expression of the
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image through a fully connected neural network. This is the earliest convolutional neural network
model. In 2012, A. AlexNet proposed by Krizhevsky [4] and others won the championship in the
image classification competition of ImageNet, a large-scale image database, with a huge
advantage of accuracy exceeding the second place by 11%, making convolutional neural
networks the focus of academia, and it is widely used in optical character recognition, face
recognition, image classification, identity recognition, traffic sign recognition, aircraft image
recognition and even graph feature analysis.

Convolutional neural networks are a deep learning method specially designed for image
classification and recognition developed on the basis of artificial neural networks.

Traditional artificial neural networks consist of three layers: an input layer and an output
layer, with multiple hidden layers in the middle. There are several neurons in each layer, and
each neuron in the latter layer between the two adjacent layers is connected to each neuron in the
previous layer, and there's no association between the neurons within the same layer (Figure 1).

hidden layer 1  hidden layer 2 hidden layer 3

input layer

Figure- 1. An example of an artificial neural network model with an input layer, output layer, and
3 hidden layers [5].

When this kind of neural network is trained, each neural network can be used, but because
the neurons in the two adjacent layers are all connected, the image processing speed will be
limited by the many parameters generated. Therefore, based on artificial neural networks,
convolutional neural networks add partially connected convolutional layers and dimension
reduction layers in front of the original fully connected layers, and all the upper and lower
neurons of CNN are not directly connected, but through the ‘convolution kernel’ as an
intermediary. The same convolution kernel is shared among all images, and the image still retains
its original positional relationship after the convolution operation. For images, if there is no
convolution operation, the number of parameters learned is disaster-level. The reason why CNN
is used for image recognition is precise because the CNN model limits the number of parameters
and excavates the characteristics of the original structure. In addition to snappily training images
through this special convolutional structure, CNN can also reduce the quantum of memory
enthralled by the deep network and palliate the overfitting problem of the model.

At the same time, compared with fully connected neural networks similar to CNN, CNN
has the characteristics of local connectivity and weight sharing. This kind of neural network not
only reduces the training parameters a lot but also conforms to the characteristics that the closer
the pixels in the natural image, the greater the impact on the pixels next to it. The weight sharing
of the convolutional neural network constitutes the convolutional nucleus, and after it is
convoluted with a given image, certain features of the image can be extracted. In the process of
image processing, through the training of many different convolution kernel parameters, different
image features of the same image can be automatically extracted [6].
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2.2 Structure of convolutional neural network

The structure level of convolutional neural networks is more complex than traditional
neural networks. The convolutional neural network consists of an input layer, a convolutional
layer, a pooling layer, a fully connected layer, and an output layer to form the basic structure.
The input and output layers are responsible for receiving and outputting. Convolutional layers
and pooling layers generally alternate in pairs. Since the neurons of the characteristic surfaces in
the convolutional layer are locally connected to their inputs, the corresponding weights are
weighted and summed with the local inputs, and the bias values are added to obtain the input
values of the neurons. This process is equivalent to the convolutional process, and the
convolutional neural network is also named after it.

Convolutional neural networks belong to feedforward neural networks. Through
convolution, pooling, and nonlinear activation perform mapping, high-level semantic
information is stripped from the original data layer by layer, which is a feedforward operation.
After each convolutional layer, there will be a pooling layer. This is because the information is
mapped from low-dimensional to high-dimensional at this time. There are many parameters and
the dimension is too high. It is not suitable as the input of the next layer of neurons, so the output
of this layer must be processed in a dimensionality reduction, so the pooling operation is
introduced. However, it's easy to get overfitting and indeed lead to a dimensional disaster, If you
don't reduce the dimension of the data.

3. Principles of convolutional neural network extraction of image features and
recognition

Convolutional neural network recognition of an image divides a complete picture into
many small parts, extracts the features in each small part, after multiple or parallel automatic
feature extraction, and then summarizes each image feature together. The image recognition
process can be completed with a high degree of accuracy once the similarity is compared.

3.1. Extraction and recognition of image features

3.1.1Establish a convolutional layer to extract preliminary features.

After the input layer converts an input picture into numerical data that the computer can
understand, the convolutional layer will divide the picture data received from the input layer into
blocks and extract features from each block. The convolutional nucleus is at the core of the
convolutional layer and is responsible for extracting local features from the picture. Each
convolution core has a constant bias in the convolution layer, which is a numerical matrix. The
elements of the matrix plus the bias contribute to the weight of the convolution layer, and the
weight is used for updating the network iteratively. Weight sharing and a local sensory field each
convolution operation only needs to consider the colors, contours, textures, and other information
present in the part of the area where it is performed; the size of the local sensory field is the scope
of the convolution kernel. There is only one convolution layer. In multilayer convolutional
networks, it can be fed back layer by layer. As a result of repeated iterations, the size of the
sensory field in the original input image, as well as that of the multi-layer convolution layer, can
be determined. All previous convolution layers of the layer are related to the convolution kernel
size. This is known as weight sharing. Each convolution kernel is unchanged except for the
weight update after each iteration. If the value of each convolution kernel is different, the
convolution kernel is different as well. The convolution kernels extract features from the image
if some convolution kernels extract the color characteristics of the image, contour characteristics,
etc. The convolutional layer is made up of multiple feature surfaces. Multiple neurons from each
feature surface and each of these neurons are connected to the local area of the feature surface of
the previous layer through the convolutional nucleus. The feature map of the previous layer is
convoluted by a learnable convolution kernel, and then the output feature map is obtained through
an activation function. In the output feature map, the values of multiple feature maps can be
combined and convolved.
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3.1.2 Create a pooling layer to extract the key features.

After each convolutional layer, there will be a pooling layer. This is because the
information is mapped from low-dimensional to high-dimensional at this time. There are many
parameters, and the dimension is too high. It is not suitable as the input of the next layer of
neurons, so the output of this layer must be processed in a dimensionality reduction, so the
pooling operation is introduced. The pooling layer is more effective than convolutional in
reducing the dimensions of data. The pooling layer obtains features with spatial immutability by
reducing the resolution of the feature surface, which plays the role of secondary feature
extraction. Doing so can not only greatly reduce the number of calculations. If the pooling layer
does not remove the unimportant feature information in the feature matrix, it can easily cause
overfitting and even lead to dimensional disaster. The commonly used downsampling layers are
maximum downsampling, random downsampling, mean downsampling, etc. Mean
downsampling is to take the average value of the downsampling part to replace all the values in
this part; when maximum downsampling is performed, the maximum value is taken in the
sampling area; when random downsampling is performed, random values are taken in the
sampling area according to certain algorithm criteria.[7] The main roles of downsampling are to
reduce the spatial size of the data body, reduce the number of parameters in the network, reduce
the overhead of computing resources, and more effectively control overfitting.

3.1.3 Establish a full connection layer to summarize the functions of each part

In the convolutional network structure, at least one fully connected layer is connected after
the last pooling layer. Each neuron in the completely connected layer is completely connected to
all neurons in the former layer. The fully connected layer can integrate local information with
category differentiation in the convolutional layer or the pooling layer. The output value of the
last completely connected layer is passed to the output layer. In actual use, the fully connected
layer can be realized by a global convolution operation; that is, a convolution kernel of the same
size as the image matrix output of the previous layer is used to do convolution operations with
the output of the previous layer so that a matrix can be mapped to a number, and a combination
of multiple such convolution kernels can map the image matrix output of the previous layer into
a fixed-length feature vector. In general, the length of the feature vector corresponds to the
number of categories classified. This feature vector is obtained by highly purifying the image
features obtained through multiple convolutional layers, pooling layers, and activation functions.
This feature vector has high-level feature information, that is, it contains the combined
information of all the features of the input image after various operations. This information is the
most characteristic feature of the image. Therefore, the image can be classified by outputting the
probability value of the specific category to which the image belongs through this information.

From the different and common features of an image, a neural network can be used to
identify a specific image among tens of millions. After analyzing the image processing process
of convolutional neural networks, the special hierarchical structure of CNN has a very good effect
on image feature extraction. In summary, the convolutional layer of CNN is responsible for
extracting local features in the image; the pooling layer is used to significantly reduce the order
of parameters (dimensionality reduction), and the fully connected layer is similar to the part of a
traditional neural network and is used to output the desired results.

3.2 Example of building a simple convolutional neural network model to process images

To realize the training operation of convolutional neural networks, this paper builds an
image classification model of convolutional neural networks based on the TensorFlow deep
learning framework and studies the steps of data preprocessing, model design, and construction,
iterative training, and predictive evaluation. Compared with TensorFlow, Keras uses the least
program code and takes the least time to make a deep learning model, train, estimate the delicacy,
and make prognostications. Enter the CIFAR-10 data set in the Python environment, normalize
the picture, data enhancement, and other preprocessing, and use Keras to construct an improved
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VGG16 convolutional neural network structure to model and predict the CIFAR-10 image data
set, and finally compare the accuracy and many different models by comparing different batch
sizes.

Keras is an open-source advanced deep learning library. Its design refers to Torch, written
in Python language, supports GPU and CPU, and is a highly modular neural network library. At
present, Keras provides two back-end engines: Theano and TensorFlow. On top of the two, Keras
provides APIs that allow users to focus more on model design and conduct model experiments
faster. These APIs encapsulate many small components from TensorFlow and Theano in the form
of modules, so the network that can be built using these two can also be built through Keras, and
there is basically no performance loss. The biggest advantage of using the Keras framework is
that it can save more time when building a new network structure.

3.2.1. Development environment

This practice uses the Python + TensorFlow + Keras development environment for
programming and model training. Among them, the Python programming language has a clear
structure, a rich standard library, and a strong third-party ecosystem, which can efficiently
implement complex machine learning algorithms; TensorFlow is a powerful deep learning open-
source framework developed by Google, which can easily perform high-performance numerical
calculations; Keras belongs to TensorFlow's advanced API, which encapsulates multiple module
components for deep learning, which can efficiently and quickly build complex neural network
models.

3.2.2 Model design

The CIFAR-10 data set contains 60,000 natural images, which are divided into 10 types.
Contains 50,000 training pictures and 10,000 test pictures. The data in the data set exists in an
array (stored in rows, each row represents an image). The first 1024 bits are the R-value, the
middle 1024 bits are the G value, and the last 1024 bits are the B value. In this article, the
experimental data set is simply cut and whitened, and the pixel values are sent to the neural
network for training[8]. In this article, a deep convolutional network model is designed based on
the CIFAR-10 data set. The architectural parameters of the model are shown in figure 2.

8 def create_model(input_shape):
# building the model
model = Sequential()

i

model. add (Conv2D
model.add (Activa elu”
model.add(MaxPooling2D(peol_size=(2, 2)))
model . add (Dropout(@.25))
model.add(Conv2D(filters=64, kernel_size=(3, 3), padding="same"))
model.add(Activation("relu"))

<=64, kernel size=(3, 3), padding="same"))

o
model.add(Conv2D(filters=128, kernel_size=(3, 3), padding="same"))
model.add(Activation("relu"))

model.add(Conv2D(filters=128, kernel_size=(3, 3), padding="same"))
model.add(Activation("relu"))

model.add(MaxPooling2D(pool_size=(2, 2)))

model. add (Dropout(@.25))

# flattening the convolutions

model.add(Flatten())

# fully-connected layer

model.add(Dense(1024))

model.add(Activation("relu"))

model.add(Dropout(0.5))

model.add(Dense(num_classes, activation="softmax"))

# print the summary of the model architecture

model . summary ()

# training the model using adam optimizer
model.compile(loss="sparse_categorical_crossentropy”, optimizer="adam", metrics=["accuracy"])
return model

Figure- 2. The CNN model structure in python environment (In order to train the model for
accuracy, the Adam optimizer is used)

33



Image processing technology based on convolutional neural network
Sh. Bakytnur, P.N. Abilova, N. Tasbolatuly

3

P
*
.."‘«“.

predicted label

predicted label dog

ot true label
true label dog

e sample image

[110.44705

sample image

true label

predicted label

airplane

sample image

true label

airplane

sample image

(0. 1. 1.1 (1. 1. L] 1. 1. 1.] ... [0.9921569 0.96470594 0.92549026] [0.9058824 0.74509805 0.66.

111, 1. 1.1..10.9450981 0.82745105 0.7411765 110.79215693 0.454902 0.2627451 110.83921576

Figure- 3. A simple image recognition Web page based on the Python+TensorFlow+Keras
development environment, some of the results obtained are shown

3.2.3 Example analysis

In this paper, the TensorFlow deep learning framework is used to train the CNN model,
and it is trained and tested on the CIFAR-10 data set. The training method of cross-verification
of the data set is used to iteratively obtain the optimal model (figure 3).Through practice,
although the model training method has not reached the high accuracy rate of the CIFAR-10 data
set, it provides some ideas for the realization and training of the CNN model.

4. Conclusions

This paper studies the image processing technology grounded on convolutional neural
networks, combs the convolutional neural networks and their structural characteristics, builds a
simple CNN model, combines the existing image algorithms based on convolutional neural
networks, and uses CIFAR-10 as the data set to train its application analysis in image feature
extraction and recognition. It can be concluded that compared with traditional neural networks,
and convolutional neural networks, the convolutional structure of CNN and its own local
connectivity and weight sharing characteristics greatly reduce the complexity of the network
model. When entering a multidimensional image, the advantages of this feature are even more
obvious. It avoids the process of feature extraction and data reconstruction in traditional
recognition algorithms, making the calculation more concise. In general, convolutional neural
networks have unique advantages in the field of image processing and computer vision.
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KOHBY.JIbCHUSJIBIK HEMPOHABIK KEJI HETI3IHAE KECKIHJIEPII
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Anjnarna. KOHBOJIONMSUTBIK HEHPOH/BIK JKeli jKacaHAbl HEHPOHBIK JKeJli MEH TepeH OKYJIbI
OipikTipeTiH OipHele >KacbIpblH KabaTTapbl Oap HEWPOHIBIK JKeli KYpPBUIBIMBL. Kasipri yaksiTTa
KOHBYJIbCUSUTBIK HEHPOHIBIK KeJll 9p TypJii KOMIIBIOTEPIIIK cajiaiapia KeHIHEH KOJIaHbLUIAThIH JKOHE
KECKIH TypaJlbl aKmapaTThl OHJIEY/Ie THIMAI TepeH OKBITY 9JIiCi PETiHJe KATTHIFy/IaH KeiiH KeCKiHHIH
EPEeKILETIKTEPIH 3epTTEN, KECKiH OenriiepiH ajay MEH JKIiKTeyai askrail amajapl. COHIBIKTaH OJ
KeCKIHZep/li OHAEYy JKOHE YIATiIHI TaHy CHSIKTHI KOMIBIOTEPIIK Kepy 3epTTeylepiHlie KeHiHeH
KoJ1aHbU1a(bl. KOHBYIIBCHSITBIK HEHPOH/IBIK JKETiHIH JKaJIBI KYPBUIBIMBI 9JIETTET] KacaH bl HEUPOHIIBIK
JKellire eTe yKcac OOJFaHbIMEH, OJ1 YIIKeH MacIlTa0TaFbl KECKIH MOJIIMETTEPIMEH KaKChI JKYMBIC 1CTEHII.
By MakanaHbIH MaKCaThI-KOHBYJIbCHSIIBIK HEHPOHIBIK JKEJiH1, OHBIH KYPBUIBIMIBIK CHIIATTAMaIapbl MEH
apTHIKIIBUIBIKTAPBIH TYCiIHY, KOHBYJILCHSUIBIK HEHPOHJBIK JKENiHIH HETi3ri NMPHHIWITH YCBIHY JKOHE
Taynjay, COHBIMEH KaTap KeCKiHHIH OenriyiepiH any skoHe TaHy yiriH CNN MoJieNniH OKBITYIbIH MBICAIIBIH
KOJIJaHy.

Tyiiin ce3aep: TepeH OKBITY; KOHBYJIbCUSUIBIK HEHPOHBIK KeJi; CypeTTi OHAeY; CypeTTi TaHy.

TEXHOJIOTUSI OGPABOTKH M30BPAKEHUI HA OCHOBE
CBEPTOYHOW HEMPOHHOM CETH
BakwiTayp 1., Adusosa I1.H., Tac6oaarynsr H.
Mexnynaponuslii yausepcureT Acrana, Hypcynran, Kazaxcran
shuakbakytnur@gmail.com
ORCID ID:https://orcid.org/0000-0002-0511-7000

AnHotanusi. CBepTouHas HEWpPOHHAS CETh CTPYKTypa HEHPOHHONW CETH C HECKOJBKHMH
CKPBITHIMH CIIOSIMH, KOTOpasi COYETaeT B ce0e MCKYCCTBEHHYIO HEHPOHHYIO CETh U TITyO0OKOe 00y4YeHHE.
B Hacrosmee BpeMst cBepTOYHash HEWpOHHAs CETh, KaK METOJ TIIyOOKOro OOYyYeHHUs, UIMPOKO
HCIOJIb3YEMbIH B Pa3IMYHBIX KOMIIBIOTEPHBIX 00MacTsaX U 3(h(EKTUBHBIN Ipu 00padoTKe HH(OPMAIIUU
00 M300paXeHNH, MOKET H3yJaTh 0COOCHHOCTH N300 PaKEHUS TIOCTIC OOYICHUS 1 3aBEPIaTh N3BICUCHIC
U KiIaccu(hUKAIUIO0 MPU3HAKOB M300paxkeHus. [103TOMy OH IIMPOKO HCIOJB3YETCS B HCCICIOBAHUSIX
KOMITBIOTEPHOTO 3pEHUS, TAKUX Kak 00paboTKa N300pakeHUH U pacro3HaBaHue 00pa3oB. XOTs oOmas

35


mailto:shuakbakytnur@gmail.com
https://orcid.org/0000-0002-0511-7000
mailto:shuakbakytnur@gmail.com
https://orcid.org/0000-0002-0511-7000

Image processing technology based on convolutional neural network
Sh. Bakytnur, P.N. Abilova, N. Tasbolatuly

CTPYKTYpa CBEPTOUHON HEHPOHHOM CETH OUYEHb IMOX0kKa Ha OOBIYHYIO HCKYCCTBEHHYIO HEHPOHHYIO CETbh,
OHa MpeKpacHo paboTaeT ¢ KpynHOMacIITaOHBIMU HA0OpaMH JaHHBIX H300pakeHuid. Llens aTol cTarbu
- pa3o0Oparbcsa B CBEPTOYHON HEHPOHHOW CETH, €€ CTPYKTYPHBIX XapaKTepHUCTHKaX U MPEUMYIIECTBAX,
MIPEACTaBUTh U MPOAHAIM3UPOBATH OCHOBHOM MPHUHITUI paOOTHI CBEPTOYHON HEHPOHHOMN CETH, a TaKKe
peayiM3oBaTh MpUMEp NpPUMEHEHUs oO0yueHuss Moxenu CNN s M3BJICUCHHS W PaCIO3HABAHUS
MIPU3HAKOB H300paskKeHHUS.

KuaroueBnble cioBa: [ mybokoe o6yduenue; CBepTodHas HEHpPOHHAS CETh; 00paboTKa N300paKECHUL;
pacmo3HaBaHue U300paKeHUH.
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