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Abstract Expressing relationships in data with functions is both useful and convenient. It allows us
to estimate dependent variables at values of independent variables not given in the data, take derivatives,
integrate, and even solve differential equations. This is done by interpolation in a precise way.
Interpolation is a set of function points that passes through each data point. Linear polynomial
interpolation, cubic spline, Lagrange and Newton are common interpolation methods. In interpolation
problems, spline interpolation is often preferred over polynomial interpolation because it gives similar
results even when using low-order polynomials, while avoiding the phenomenon common at higher
orders. will be We used simple linear functions to introduce some basic concepts and issues related to
spline interpolation. Then we derive an algorithm for fitting quadratic lines to the data. Finally, we present
material on the cubic spline, which is the most common and useful version in engineering practice. Cubic
spline is easy to display and calculate by Maple package. Because Maple is closed, the same math symbols
used in classrooms can be used to enter data. In addition, the Maple package has many features, including
converting outputs to MATLAB codes and LaTeX commands, where computational problems related to
the subject are presented with precise and explicit answers.

Keywords: cubic spline, interpolation, Maple package, natural spline.

Introduction
Before examining spline interpolation, we first discuss about spline polynomials because in
interpolation, the interpolation space is always involved and this space has foundations: for example,
in Lagrange interpolation, which is a special type of polynomial interpolation, several Lagrange's terms
form the basis of space, which is also the case in other types. Regarding spline interpolation, it can be
said that this interpolation is a linear combination of spline polynomials such as S;(x), which is
introduced below:

p() = ) CSi(0)

Once S;(x), is known, it suffices to obtain cis. In this case, the interpolation polynomials are
discovered. For this purpose, we first discuss the space consisting of spline polynomials[1].

A spline is a function which, together with its several derivatives, is continuous on [x,, x;,]
and is such that on each separate subinterval [x;, x;,,] it is some algebraic polynomial. The
terminology was introduced by I. J. Schoenberg in 1946, although the idea was used earlier
informally by several authors. Technically a ‘spline’ is a draughtsman’s flexible implement
which is used to draw ‘smooth’ curves through a series of points [2]. Splines were first introduced
in 1946 by a person named 1. J. Schoenbery [1]. The term “spline” originated from a thin, lexible
strip, known as a spline, used by draftsmen to draw smooth curves over a set of points marked
by pegs or nails. The data points at which two splines meet are called knots. The most commonly
used splines are cubic splines, which produce very smooth connections over adjacent intervals
[6]. Polynomial interpolation is an ancient practice, but the heavy industrial use of interpolation
began with cubic splines in the 20th century [8].The much broader application of splines to the
areas of data fitting and computer-aided geometric design became evident with the widespread
availability of computers in the 1960s [3]. Interpolation actually describes the problem of finding
a curve (called an interpolation) that passes through a given set of real values fo, f;....f, at real

data pointsx,, x; ... x,, Which are sometimes called abscissae or nodes [10].Spline becomes very
handy when considering functions that are used in applications requiring data interpolation
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and/or smoothing. Most graphic user interface software makes use of the spline interpolation for
data such as ASCII and image dataset. The interesting part of spline interpolation is its flexibility
to fits low-degree polynomials to small subsets of the values [5].

Materials and methods

Because of these tasks, spline, cubic spline and B-spline interpolation were carefully calculated
and analyzed using the following methods in MAPL.

Spline

We precisely defined the specified data points using the Maple Spline package. The result is a
piecewise polynomial. We also specified the independent variable and then defined the spline. As you
can see, we enter a list of data points in the first step to analyze the issue accurately.

> [[—5.5].[0,2].[4,0]]

[[ _55 5]7 [O= 2]’ [47 0]]
Now we specify the independent variable and then define the spline.
> s:= CurveFitting[ Spline]((1),x)

_A 1o 13
2 90x+ 60x—|—900x x<0
§=
49 1 o 3 .
2__ —_ _
90x+ 60x 720x otherwise

Now if we want to calculate a spline with specified end conditions, in that The Spline routine
computes a degree d piecewise polynomial in variable v that approximates the points
{(x0,v0), (x1, 1), (%, V) }. It should be said that if v is a numerical value, the polynomial value is
returned at this point. The default value of d is 3. This can be changed using the degree=d option.

The main purpose of the Spline function is to calculate and return the piecewise formula of a spline
interpolant. On numerical data, to perform fast spline interpolation, the Curve Fitting [Array
Interpolation] command should be used instead. We can call the Spline routine in two ways. First, Spline
(xydata,v,dgr,endpts) accepts a list, array, or matrix , [[xq, ¥ol, [x1, ¥11, -+ [%5, ¥,]] of data points.

Examples

> with( CurveFitting) :

> Spline([[0,0], 1,11, [2, 4], [3,3]], )

4 1

?34-?\/ v<1

—2v3+%v2—%v+% y<2

6 3 54 5 151 114
5 5 5 5

> Spline([[0,0], [1,5],[2, -11,[3,0]], v, degree = 2, endpoints = 'periodic')
16 o, 24 1
5 v+ 5 v v < 3
44 o 84 3
5 v+ 5 v—3 v < >
28 5, 132 | 147 5

S VTS vt V<3

% V- 7—52 v+ % otherwise

Returns the linear system of equations used to solve the cubic spline interpolants.

Description

e The LinearSystem command retrieves the matrix and vector in the linear system of equations
that were solved when computing the cubic spline interpolants.

otherwise
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e To calculate the cubic spline interpolants, the linear system of equations was solved and the
matrix and vector were recovered using the LinearSystem command.

e A POLYINTERP structure is created using the CubicSpline command.

e The LinearSystem command only accepts interpolation structures created using
theCubicSpline command, because the cubic spline interpolation method is the only method that has
an associated linear system [https://www.maplesoft.com].

Examples
> with ( Studen [NumericalAnalysis ) :
1 11 3 3 7 5 9 11 7
> xy:= 1,|—=,1 — L= =2 = = — | =1
wefon [ L L 22 2 2[5 2 A 2]
1 1 3 3 7 5 9 11 7
= 1, | = 1L |L—=|= 2= — — =1
xy [07 ]’[ 2 2 b b 10 :|5|: 2 9 4 :|3|: 9 8 :|3|: 2 9 10 :|5 |:35 10 ]’[ 2 b :|:|
)

> pl = CubicSpline(xy, independentvar ="x") :
> LinearSystem(pl)

1. 0. 0. 0. 0. 0 0 0 0.

0.5000000000 2. 0.5000000000 0. 0. 0. 0. 0 0.8291995878
0 0.5000000000 2. 0.5000000000 0. 0. 0. 0. -2.116798351
0 0 0.5000000000 2. 0.5000000000 0 0 0. 2237993817
0. 0. 0 0.5000000000 2 0.5000000000 0 0 | -1.135176915
0 0. 0. 0. 0.5000000000 2. 0.5000000000 0 1.102713844
0 0 0. 0. 0. 05000000000 2. 0.5000000000 -1.175678461
0 0 0 0. 0. 0. 0. 1. 0.

Linear Splines

The simplest connection between two points is a straight line. First-order contours for a group of
ordered data points can be defined as a set of linear functions [4]. With linear splines, straight lines
(linear functions) are used for interpolation between the data points [6]. An arbitrary collection of n
data points can be successfully interpolated by the linear spline. Linear splines, however, are not
smooth. This flaw in linear splines is intended to be fixed by cubic splines. Degree 3 (cubic)
polynomials are used in place of linear functions between the data points by a cubic spline [8].

The B-Spline curve

The B-Spline curve routine calculates a B-Spline curve based on control points. The B-Spline
routine computes a piecewise function representing the kth order B-spline in the symbol v. The non-
zero parts of this function are polynomials of degreek — 1. If the knots option is not provided, the
uniform knot list [0,1, ---, k] is used. The node list must contain exactly k + 1 elements. These elements
must be in non-decreasing order. Otherwise, unexpected results may be produced. Nodes can have a
number of up to k — 1. If the number of a node is m, the continuity in that node is C(k —m — 1). This
method returns a B-spline basis function.

Use the Curve Fitting[BSplineCurve] procedure to create a B-spline curve. This function is part
of the Curve Fitting package and therefore it can be used in the form of BSpline(..) only after executing
the command with (Curve Fitting). However, it can always be accessed via the long form of the
command using Curve Fitting[BSpline] [https://www.maplesoft.com/].

Examples

> with( CurveFitting) :

> BSpline(2, u)

0 u<0
u u<1
2—u u<?2
0 2<u

> BSpline(2, u, knots = [0, a, 2])
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0 u<0
X u<a
a
—uta <o
2—a
0 2<u

Cubic spline

The concept of a spline originates from the drafting technique of using a thin, flexible strip (called
a spline) to draw smooth curves through a set of points. In this technique, the draftsman places the
paper on a wooden board and nails or pins into the paper (and the board) at the data points. A smooth
cubic curve results from interweaving the tape between the pins. Hence, the name "cubic spline™ has
been adapted for polynomials of this type[3].Cubic splines give useful alternatives to plain
polynomials. Cubic splines are piecewise cubic functions s that are continuous and have continuous
first and second derivatives [9]. The objective in cubic splines is to derive a third-order polynomial for
each interval between knots [4]. Cubic splines may guarantee the continuity of the first and second
derivatives at the nodes and are therefore more commonly used in practice [7]. in cubic splines, third-
degree polynomials are used to interpolate over each interval between data points. Suppose there are
n + 1 data points (x4, y1), ..., (Xn+1, Yn+1) SO that there are n intervals and thus n cubic polynomials.
Each cubic polynomial is conveniently expressed in the form

Si(x) =a;(x—x)*+bi(x—x)*+Ci(x—x)+d;, i=12,-n

where a;, b;, ¢;, d; (i = 1,2,...,n) are unknown constants to be determined [6]. The Cubic
Spline command interpolates the given xy data points using the cubic spline method and stores all the
computed information in @ POLYINTERP structure. The POLYINTERP structure is then passed to
various interpolation commands in the Student [Numerical Analysis] sub package, where information
can be extracted from it and manipulated depending on the command. A residual term is not calculated
by the Cubic Spline command, so it cannot be used in conjunction with the Remainder Term command
or the Interpolant Remainder Term command. This method works numerically. That is, inputs that are
not numeric are first evaluated to floating point numbers before continuing calculations
[https://www.maplesoft.com/].

Examples
> with(Student] NumericalAnalysis]) :

> xy:=[[0,4.0],[0.5,0],[1.0, -2.0], [1.5,0], [2.0, 1.0], [2.5, 0], [3.0, -0.5]]
xy =[[0,4.0],[0.5,0],[1.0, -2.0],[1.5,0], [2.0, 1.0], [2.5, 0], [3.0, -0.5]]
> pl = CubicSpline(xy, independentvar = x) :

> expand(Interpolant(pl))

4. — 8.48076923076923 x + 1.92307692307692 x°
-5.13461538461539x + 3.44230769230769 — 6.69230769230769 x> + 6.38461538461538
21.2884615384615 — 58.6730769230769 x + 46.8461538461538x> — 11.4615384615385 x
15.0576923076923 x — 15.5769230769231 — 2.30769230769231 x> — 0.538461538461538:
-64.8076923076923 + 88.9038461538461 x — 39.2307692307692x° + 5.61538461538461
-52.4423076923077 x + 52.9807692307692 + 17.3076923076923 x* — 1.92307692307692

> Draw(pl)
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Figure 1 - Cubic spline interpolation natural boundary conditions.
> p2 = CubicSpline(xy, independentvar = x, boundaryconditions = clamped(0, 6) ) :

s> Draw(p2)
4
3
Bl
| /\

0

2 3

X

-1

| °  data poumts mterpolating polynonual - cubicspline |

Figure 2- Cubic spline interpolation clamped boundary conditions.
Conclusion

Interpolation is a set of function points that passes through each data point, and expressing
relationships in data with functions is both useful and convenient. This is done by interpolation in a
precise way. In interpolation problems, spline interpolation is often preferred over polynomial
interpolation because it gives similar results even when using low-order polynomials, while avoiding
the phenomenon common at higher orders. to be The Maple package has good computing capabilities.
We chose Mapel package for accurate data analysis. From Mapel package, you can use mathematical
symbols used in classrooms to enter data. In addition, the Maple package has many features, including
converting outputs to MATLAB codes and LaTeX commands, where computational problems related
to the subject are presented with precise and explicit answers. Using the capabilities of the
LinearSystem command, we recovered the matrix and vector in the linear system of equations that
were solved when calculating the cubic spline interpolants. Also, to calculate the cubic spline
interpolants, the linear system of equations was solved and the matrix and vector were recovered using
the LinearSystem command. We also showed that a POLYINTERP structure is created using the
CubicSpline command. The LinearSystem command only accepts interpolation structures created
using the CubicSpline command, because the cubic spline interpolation method is the only method that
has an associated linear system.
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Abstract. We present the research aimed at the current status of the programming Olympiads in
which Kazakhstan is involved and holds a positive line, we propose various pros and cons for the training
of the participants of these events. Since the participation of Kazakhstan in the International Olympiad in
Informatics (101) for schoolers and International Collegiate Programming Contest (ICPC), which is
upheld by Association of Computing Machinery (ACM), most of the better results were shown on 10l
rather than ACM ICPC, where still participants from our country demonstrate stable tendency at gaining
finals, however, still not receiving the prize pool consisting of the first twelve teams in the final rating.
The problem which is to be solved by participants can be also classified as polynomial (P-complete) or
non-polynomial (NP-complete), which, in turn, gives us the observation of what could be solved using
rational solution. We demonstrate this fact on examples of two problems from ACM ICPC.

Keywords: Olympiad in Informatics, tendency, training, statistics.

Introduction

The problem which is to be solved can be classified as P or NP-complete. In fact, NP-complete
problem can be truncated up to the fixed constant of the complexity factor of the size of the input data
and, thus, forwarded further for being solved in polynomial time using brute force algorithm, which means
the evaluation of the whole state space of input data within the composition of the problem statement.
This problem can be also alternatively solved by using approximate algorithmic methods like Ant Colony
Optimization (ACO) [1].

According to obtained statistics our teams show great and brilliant results in 101, however, in ACM
ICPC for students the prize pool still remains not obtained for the past twenty years of the participation
of Kazakhstan in this event. On this occasion, we will try to justify what could be the possibility of this
outcome and define pros and cons according to the experience of the author of this work as participant of
ACM ICPC in 2004-2006.

Kearse et al. see the competition as a way of attracting the participant attitude towards Computer
Science [2] — their research and demonstrate that it’s one of the best educational practices for giving the
interest to the science.

Patterson gives the statistics according to countries which are leading in ACM ICPC [3], as they’re
China, Russia and United States of America. Basing upon these results we will give short outcome why
our finalists from Northern Eurasia Regional Contest (former Northeastern European Regional Contest —
NEERC) cannot get the prize place in the final command score.

We give concise and clear comparison of P (polynomial) and NP (non-polynomial) complexity
classes on the example of two problems [4, 5, 6].

We also show that solution is feasible within NP-complete problem if the number of elements in
input data is very low (< 20) as per bit set definition so that 2N < 10° which is measured in performed as
one second of processor operation cycle.

We will consider following problems to compare P and NP complexities:

* NP-complete: Problem "Box" [7];

* P-complete: Problem "Exploring Pyramids” [8].

The "P versus NP" theorem, which is still not proved, was formulated by Stephen Cook [5] and
implies the relation between these two classes of complexity.

The code for both problems can be obtained from repository [9].

P versus NP in Programming Olympiads. The problem "Box" is NP-complete, however, as the
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number of elements in input stream is less than 6, it can be solved in almost polynomial time:

const int N = 6;

bool check (int *P, int bitmask) {
for (inti=0;i<N; i++)
for (intj=0;j <N; j++)
if (F[i]G]0] !=-1)
if (A[P[II[FIIIGI0] ~ ((bitmask >> i) & 1)]
= A[POII[FLIGI2] ~ ((bitmask >> j) & 1)])
return false;
return true;

¥

void solve() {
int P[N];

for (inti=0;i<N;++i) {
PLi] = i;
}

do{
for (inti=0;i< (1L << N); ++i) {
if (check(P, i)) {
puts ("POSSIBLE");

return;

}
}
} while (next_permutation(P, P + N));

puts ("IMPOSSIBLE");
}

Solution for this problem is P-complete, where N = 6 and N! << 108 when the complexity,
however is O (2N * N! * N3), which is also much lower than average time of running the program in
few seconds on modern hardware.

And for the problem "Exploring Pyramids" [8], we use case marks in the global array in order to
save the time as per each case, when input is given in single file. We use the dynamic programming
approach with memorization.

The complexity of this problem, thus, is also polynomial and is defined in big-O notation as O
(N3).

The code for this problem is as follows:

const int N_MAX = 400;
typedef long long I1_t;
int S[N_MAX];

int P[IN_MAX][N_MAX];
II_t RIN_MAX][N_MAX];

It F(int I, int 1) {
11
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if (I==r)return1;
if (P[I][r] == CaseNumber) return R[I][r];
P[I[r] = CaseNumber, R[I][r] = 0;

for (inti=1+1;i<=r;i++)

if (S[i] == SIl])
RN = (ROI + F(+ 1, i - 1) * (i, r)) % 1000000000;

return R[I][r];

Pros and Cons of Olympiad Training

Here we devise the positive and negative sides of the distant training of the participants of
the Olympiad. It takes much more to probe through the different sides of the World Wide Web
(WWW or W3) community which give the helping hand in solving particular problems from
their volume sets. This approach recommended itself to be fast and simple when the user sends
his solution through the automated system which judges this solution in one of the programming
languages. The distant approach, however, practically shows worse results of preparation of
Olympiad participants, rather, than attending special events upheld by sponsoring organizations.

Attending training courses is also not a good alternative to the variants of obtaining
experience since the school of programming is formed by the authorities in this field who had a
good skill expertise on the official event like, for instance, ACM ICPC or IOl.

Another question which is important to learn is a way of teaching students the Dynamic
Programming (DP) [10]. In the statistics it’s known that almost every student meets the
difficulties of learning DP as well as other structures of the Computer Science in theory, which,
in turn, is essential since the methods are to be studied along with practical exercises.

We conclude that the person showing good expertise in specific field of Informatics and
Computer Science is able to demonstrate his skills on the event like Olympiad. However, another
practice shows that Olympiad participants are trained from the early age — this shows good
results, however, is more expensive in terms of time and management. We propose the easy way
of getting to the point by solving problems which are published around W3. The stable working
place would be also a better alternative for getting practical experience in the one of the
programming languages, on which the solution is to be realized and solved, and the practical
evaluation experience is obtained by giving the probe of realizing the classical algorithms and
other solutions using one of the programming flavors. The most popular of which are those which
aim for compiler rather than interpreter as the solving time is the primary goal on the Olympiad
stage.

In the next section we’ll continue the overview of the programming languages selection
criteria.

Selection of Programming Language

The practice shows that most of the solutions are solved using C++ programming language,
rather, than Java which is forwarded to be replacement being the second most popular realization
programming language. This difference is justified by the fact that C/C++ utilizes convenient
way of giving input and output to the problem solution, meanwhile, Java gives the additional task
of implementing scanner, tokenizer or parser of the input data.

Together these two languages form the group of programming languages which derive the
template library. Standard Template Library (STL) in C++ represents set of programming classes
and data structures as well as modules to operate on basic level and utilities like sorting — above
you can see the usage of “algorithm” module. The term “iterator” here is vital as STL bases itself
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by overriding standard comparison and equivalence operators, thus, giving the order of the
elements in a sorted collection like array, set (hash-set) or other user-defined data structure. It’s
quite enough to mention that it’s achieved by overriding only “<” operator as the STL recognizes
equivalence by using logical not “!”’-operator.

Java programming language is also well suited as it’s a virtual machine compiler and, thus,
allows to avoid the invocation of programming elements which are using memory pointers which
Is unsafe in general.

C# programming language could be also a better alternative which supports the template
library for data structures, however, it lacks 1/O routines as well as many other programming
languages.

Conclusion

We have defined the pros and cons of the elementary preparation of the participants for
Informatics and Programming Olympiads showing that collaborative work gives better results
when the financial sponsoring is limited.

Thus, we have devised that even NP-complete problems can be solved exactly with respect
to the computational volume of the state space without using dynamic programming, as when
the complexity fits into this volume.

We have also made an important conclusion of the programming language to be selected
in order to solve problems more effectively in the limited time during the programming contest.

The pros and cons for development of Programming and Informatics Olympiads in
Kazakhstan is also given and more is to be done as Kazakhstan still remains without prize place
on the finals, despite the stable advances of our teams to ACM ICPC finals. Meanwhile, 101
participants show better results which is due to the non-limited rating scheme which differs as
ACM problems are to be solved on the full set of tests and 101 problems are only scored for each
test case.
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OB3O0P IIEPCHHEKTUB NPOBEJAEHU S OJIUMIIUA/L 11O TPOT'PAMMUPOBAHUIO
B KABAXCTAHE
Mmup3zaxmeT ChI3IbIKOB
Kazaxckuii HallMOHaJIBHBIN HCCIEI0BATEIbCKUIM TEXHUUECKUH YHUBepcuTeT uMenu K.
CarnaeBa Anmartel, Kazaxcran
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AHHOTauus. Mbl IpeACTaBIsieM UcCIeJ0BaHUE, HAIIPABICHHOE Ha TEKYIIEe COCTOSHUE OJMMITHA
0 MIPOTPaMMHUPOBAHHIO, B KOTOPBIX yuacTByeT KazaxcraH U mpuIepKUBaeTCsl MOJIOKUTEIbHON JTUHHY,
MBI TIpejJiaracM pa3iiuyuHbe TUIFOCHI © MUHYCBHI JUIS TIOJATOTOBKH YYACTHHUKOB ATHX Meponpusitaid. C
MomeHTa yuactus Kazaxcrana B MexynapoaHoi omummuane mo nadopmaruke (101) mist mikonbHUKOB
u  MexayHapoIHOM  CTyJIeHUeCKOM KOoHKypce 1o mnporpammupoBanuio (ICPC), xoropsrit
noIepuBaeTcs Accoryanueii BeraucauTebHol TexHUKH (ACM), O0JBITUHCTBO JIYUIINX PE3yJIbTaTOBR
opn mokazanel Ha |Ol, a He Ha ACM ICPC, rnme mo-mipekHeMy YYacTHHUKM W3 Hallled CTpaHbl
JEMOHCTPHUPYIOT CTaOMJIbHYIO TEHACHIMIO B (hMHAJE, OIHAKO, MO-NIPEKHEMY HE IMOJIY4aroT MPU30BOH
(bOH, COCTOSIINIA U3 MEPBBIX ABCHAIATH KOMaH]l B UTOTOBOM pedTHHre. 3a/1a4a, KOTOPYIO MPEACTOUT
PELIUTh YYaCTHUKAM, TaKkKe€ MOXKET ObITh KiacCHU(PUIMpOBaHA KaK MOIMHOMUaNbHas (P-monHas) wmnmn
HenosimHoMuanbeHas (NP-mosHas), 4to, B CBOIO O4epenb, JaeT HaM MPEJCTaBICHUE O TOM, YTO MOXHO
OBUTO OBl PEIIUTH C MOMOIIBIO PATMOHATFHOTO PelIeHus. MBI IEMOHCTPHPYEM 3TOT (DaKT Ha MpUMeEpax
nByx 3ana4d u3 ACM ICPC.

KiroueBble ci1oBa: onumnuazaa no vHGOpMaTuKke, TEHAEHINS, 00y4eHHEe, CTaTUCTHKA.

KA3BAKCTAHJA BAFTJAPJIAMAIJIAY BOWBIHILIA OJIMMITINAJAJTAP/ABI OTKI3Y
KEJIEHIEI'THE IIOJIY
Mpeip3axmet ChI3ABIKOB
K. U. CorbaeB aTrinaarsl Kazak YITTHIK TEXHUKAIBIK 3€PTTEy YHUBEpcUTETI AnMarel, KazakcTan
mspmail598@gmail.com
ORCID ID: https://orcid.org/0000-0002-8086-775X

Angarna. bi3 KaszakctaH KaTbhIcaThlH JKOHE OH OaFbITTBhl YCTaHATBhIH Oarmapiamaliay
OJIMMITHA/IATIAPBIHBIH, aFbIMJIAFbl XKail-KyHiHe OaFbITTaNFaH 3epTTeyni ychiHaMbi3. OChI ic-TIapanapra
KaTBICYIIBUIAP/bI TAalbIHAY YIIIH SPTYPIIi OH JKOHE TEpPic JKaKTapblH YChIHAMbI3. Ka3akcTaHHBIH MEKTeI
OKyIIblIapbiHa apHaiFaH MHpopMatuka OolibiHINA Xaibikapaiblk ojgumnuagara (I0I) sxkoHe ecenrtey
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TEXHHUKAChl KaybIMaacTeirbl (ACM) KonmalThIH OarmapiaMarnay OOWBIHIIA XaJIBIKAPAJBIK CTYICHTTIK
koHKypcka (ICPC) xatpickan coTTeH Oactar, eH kakchl HoTmkenepaid kemmritiri ACM ICPC-ne emec,
I01-ne kepceTimai, oHma Oi31iH eMiMI3IIH KATHICYIIBUIAphl PUHANIA TYPAKThI TCHACHIUSIHBI KOPCETYIC
anaiaa, KOPBITHIHIBI PSHTHHITET AFaIIKbl OH €Ki KOMaHIalaH TYPaThIH KYJIe KOPHI 9111 e OyibipMait
Typ. Kareicymbunap memierin tancelpManbl kenmymienik (P-Tonbik) Hemece kenmymienik emec (NP-
TOJIBIK) JeTI KiKTeyTe O0mapl, OYJT 63 Ke3eriH/Ie YTHIMABI MIeTliM apKbUTHI He MIenTyTe 00JaThIHBI TYPajIbl
tycinik 6epeni. biz 0y ¢aktini ACM ICPC-TeH eki TanchlpMaHbIH MBICATIBI HETi31HAE KOPCETEMi3.
Kinrrik ce3nep: nadpopmarrka OJMMITNANACH], TPEH, OKBITY, CTATUCTHKA.
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Ane.: Syzdykov Mirzakhmet - Satbayev University, Almaty, Kazakhstan
Kas.: Ceiz30vik06 Muipsaxmem- K.M. Combaes amvinoazel Kasax yammelk mexHUKaivlx 3epmmey
yuugepcumemi, Armamul, Kazaxcman.
Pyc.:  Cuizobikos  Muipzaxmem- Kazaxckuil HAYUOHATbHBIL — UCCIE008AMENbCKUL  MEXUYEeCKUl
yuugepcumem umenu K.Y. Camnaesa, Anmamoi, Kazaxcman.
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Anparna. byn  Makanmaga MHTEUIEKTYalblK-aKHApaTTBHIK — TEXHOJOTHSIAP  CaJACHIHIAFbI
WHHOBALIMSJIBIK, 93ipJjieMeliep MEH OJIapibl OaraapiiaMaliblK iCKE achlpy HETi3iH[e OM3HEC MpOoLecTep/i
Oomxkay omicrepi ce3 Oomaapl. CoHmaii-ak, omapsl 00JDKay oiCTepIHIET )KaHa eHT131miMIep, HEHpPOHIBIK
JKeJIJIep JKaibl allbl KapacThIpbuIaIbl. KocimophIHIarsl 9KOHOMHUKAJIBIK Tal1ay MiHACTTEPIH ISy Ke3-
KEJI'eH YUBIMHBIH JAMYBIHBIH op Ke3cHiHIe Oocekere KaOUICeTTUNIriH apTThIPYAbl KaMTaMachi3 €TETiH
(haxTop OoJIbI TaOBLTA B, Byl Makaiaga KoCiOPhIH KBI3METIH 00JDKay1a ISpeKTeP Il 3UATKEPIIIK Tajlaay
omicTepiH KONAAHYABIH HETI3rl epeKIIeNiKTepi amblaabl, COHBIMEH Karap OJapAbl IIenrye
KOJITAHBIIATHIH TUIITIK €CENTep MEH aNTOPUTMIEP/IiH Ti3iMi KeNTipiireH.

Kinrrik ce3mep: OuzHec mporecTep, WHTEICKTYAIIbIK-aKIAPATTHIK TEXHOJIOTHS, HELPOHIIBIK
xkeminep, 6omwkay, OLAP, Data Mining.

Kipicne

Kazipri skoHOMHKa XKaFJailblHIa KOCIMOPBIHAAFbl K€3 KeJreH KbI3MET MIHIETTI Typhe
OapibIK MIAPYaIIbUIBIK OlepanusiapablH, OW3HEC MPOIECTEP/IIH KOHE Oacka Ja KaKeTTi
aKIapaTThlH ycak OeJIIeKTepiH KyXKaTTayMeH, TIpKeyMeH JKoHe JKa3yMeH, Oackalia ailTKaHza,
yiibIMIarbl OapiibIK aKMapaTThIK pecypcTapibl TIpKeyMeH Oipre Kypyl Kepek.

OmblY imiHAe MenriM KaOblaayibl Koujaay *Kyheci *KYMBICBIH KaMTaMachl3 €Ty, Ou3Hec
MPOIIECTEP KYMBICHIHIAFBI OOJIaIlIaK ©3TrepiCTepAl Kocmapiay >KOHE dKOHOMHMKAJBIK KbI3MET
KOpCeTKIITepi yIIiH 60KaM kacay MaKcaThIH/Ia aKMapaTThl TEPEH TaaayFa xKapaMIbl TYpre
TUIM/I1 )KUHAY, CaKTay JKOHE KEJITIPy MOcesecl TYbIHAAIbI.

[Ipouectepai Oomkay KaKeTTUIIN Ke3-KENTeH KOCIMOPBIHHBIH, aWMaKThIH, CallaHbIH
HeMmece OOTIMHIH CTPAaTErusChIH JKacay Ke31HJe TyblHAai1bl. ChIpTKbI OpTaHBIH TE3, allKbIH eMeC
MKOHE KYTIIEreH e3repicTepine OaillaHbICTBI O0JIKay Maceseci COHFbI Ke3/epl epekile Kypaeni
Oompin  kaTelp. boipkay MamaHmapbl apachlHIa SKOHOMHKA MEH CasiCaTThlH KONTETeH
dakToprIapbIHBIH OOHKAMCHI3IBIFEI MEH CEHIMIUIITIH €CKepe OTBIPHIN, Kallbl KaObUITaHFaH
MaTeMaTHUKAJIbIK 9AICTEpPMEH FhUIBIMH HET13/I€reH OomKaMaap »kacay MyMKIH €MECTIT1 Typajibl
MomimaeMenep maiaa 6onasl. Ockl kepaeH OO0KayAblH KOJAAHBICTAFbl OMICTEPIH KETUIAIPY
KOHE YKaHa 9MIICTEPIH 131y ©3€KT1 OOJIBIN TaObLIA IbI.

Bomkay b *aHa oicTepiH a3ipieyaeri mepcrueKTUBaIbl OaFBITTapAbIH 01pi — HEHPOHIBIK
xemiep oaici. HelpoHabIK jxemiaep 031H-031 OKBITY KaOUIET1 )KoHE opTYPJIl IEPEKTEp apachIiHaa
OaiinaHpIcTap MEH YATUIEp/l OpHATY apKbUIbl 00JKAY YKOHE MOJIENbAEY MJICeNeNepiH HIenrye
THIMJT1 O0JTYBI MYMKIH.

IgjeduerTepre Moy

JKyMbICBIMBI3Ia KAapacTBIPBUIBIIT OTBIPbIFAH HEUPOHIBIK eyl TexHojorusicel P.b.
CepruenkoHsbIH [ 1] OynbIHFBIp Kaccupukarop sxoHe B.B. ByxTospoBanbiH [2] HeHpOHABIK
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KEJUIEPAIH 631H-031 PETTEHUTIH Y)KBIMBIHBIH OICI CBIHIBI d3ipiieMenepid OipikTipemi. AWTHI
oTkeH, P.b. CeprueHKOHBIH OYJIBIHFBIP JKIKTEYIIIiHIH (KIacCU(PHUKATOP) apTHIKIIBUIBIFEI
MBbIHa/a, 0J1 O1p YaKbITTa KIKTEY aJITOPUTMI JKOHE JTUHTBUCTUKAIIBIK TYPJE KOPCETIITeH O1IiMIi
aJIy aJITCOPUTMI PETIHJIE OPEKET eTEe/Il.

HetiponapIk xenisiep 6oimkay soHe MOCIIbICY MoceleepiH menryae TaiM . HerpoHabik
JKENUIIEP YKBIMIAPBIH KAJIBIITACTRIPY/IBIH jkaHa dici (ByxTosipoB omici) Oip HEHPOHABIK KETiHIH
TUIMIUTITIHEH JKOHE HEMPOHIBIK JKEIUIep YKbIMIAAPbIH KAJbINTACTHIPYIbIH KOJJAAHBICTAFbI
onicrepineH (GASEN, Gabased 1, gabased 2) >xoFapbl THIMIUTITIMEH epeKIIeICHE .

HelipoHapIK eniiep YKbIMBIHBIH JKaJIITBI MISHTiMI )KeKe HEHPOHIBIK JKeJiaep KaObuiiaraH
mIemiMIep HETI3IHAE >Kacalajbl, SIFHM SKalMbl IIENIM JKeKe HEHPOHABIK JKeTUIepHiH
HienrMaepine Toyenai Keioip GyHKIMs 6061 TaObLTaAb!. JKabl MIeTIiM Tl KaIbIITaCTHIPYIbIH
IBOJIIONMSIIBIK TOCLTIHE OMICTEp Kipedi: BIKTUMAJIBIK DBOJIOUMSUIBIK 9JiC, TEHETHUKAJBIK
Oarnapnamanay by ruopuati anroputmi [2]. KosBoMOUUSIIBIK aITOPUTM 9p TYPIIi CTaHJapTThI
HBOJIIOLMSUIBIK AITOPUTMICPAIH OCEKENeCTIrt MEH KOOMepausaChl apKbUIbI MOCEJICHI IISIIe/].
CoHbpIMEH KaTap, €H JKaKChl MapameTpiepil TaHjaay Moceliecl MIeHIIeAl, KOIBOJIIOLHUSIBIK
QITOPUTM LIAPTCHI3 OHTAWIAHIBIPY €CENTEpiHIeri opTamia mapamerpiepi 0ap cTaHIapTThI
QITOPUTMIe KaparaHJa TUIMIIPEK JXOHE MIApPTThl OHTAWJIAHMBIPY €CEeNTEpiHAET! €H KAKChI
napameTpiiepi 6ap CTaHIapTTHI BOMIONUSIIBIK AITOPUTMI€ KaparaHaa THIMIIIPEK.

Ocpl MamMaHapAbIH 93ipiemMenepiH OipiKTipe OTHIPHII, ONapAbl OaFaapiIaMabiK MOAYJIbIe
EHTi3yre 9peKeT jKacallbIHa bl ONICTePIIH 031, 93IpJICHII KaTKaH OaFaapiamMa CUsSKThI, 9pTypii
cayanap/a KOJIJaHbLTYybl MYMKiH, Oipak 0oikay Ka)KeTTUIITHIH apTyblHa OaiIaHBICTHI 191 OCHI
OarbIT OaCHIMJIBIKKA M€ OOJIbI.

ojaicreMe

Bommkay Ke3-KenreH KOCIMOPBIHHBIH €H CYpaHbICKa He MiHAeTTepiHiH Oipi OGoJbm
Tabbu1aabl. by Tayapiapasl caTy sl 00JDKay, CYpaHBICTBIH €3repyi, Oara casicaTbIHbIH ©3repyi
xoHe T.0. alThim KeTe anambl3. bonamiakra OKHWFalapAblH JaMyblH €CKEpe OTBIPHII,
KOCIMOPBIHHBIH KBI3METIH HEFYpJIBIM HKEeMIl TYpAE JKoclapiiayfa, HEFYpJIbIM HeTi3JleNreH
Oackapy miemniMiepin KaOburmayra Oomnansl. Kemreren kocimopblHAap 63 KBI3METIHIH
HOTIKECIHJIE JIEPEKKOpJap MEH JepeKTep KoHManapbhlHa CaKTalaThlH aKNapaTThlH aybIp
KOJIEeMIH >KUHaKTaiabl. OChbl MOJIIMETTEp HETi31H1e O0KaMIbl yaKThUIBI KY3€Tre achIpyFa jKOHE
HET13/IeNIreH IemiMaep Kaoplaayra 6omaasl. bomkay MacenenepiH ety yiliH CTaTUCTHKAIIBIK
omicTepai A€, HEMPOHBIK KeTiIep/l e Konmanyra 6onaael. O YIIiH YaKbIT KaTapiapbIHBIH
HETI31HJIe 9p TYPJIi JKEKe 9JIicTep MeH 00JKay MOJIENbIEPiHiH Koll eKeHIiri 6enriii. byn anictep
HOTHDKETIEP/IIH AJAIN MEH KYPAEIUIiK Jopexeci OoiibiHIIa O1p-OipiHEH epeKIIeIeHe .

Heilponapik >kenizep Ooipkay ofiCTEpiHIH IIIIHAE epekile opblH anaabl. Kemrteren
CTaTUCTHKAJIBIK d/IiCTEP/ICH aifbIpPMaIIBUIBIFI, HEHPOH/IBIK KeJIep Toyeci3 alHbIMaIIbLIapIbIH
HIEKCI3 CaHbIH KOJJaHyFa MYMKIiHAIri Oap. Bip per KypbuUFaH KypbUIBIMJIBI jKaHa TOYelci3
MIHJIETTEp/l MIeNTy YIIiH KoJjaaHyFa 0omaapl. bipak HEMpOHIBIK kenuiepae 0oipkay OipkaTap
KEMIIUTIKTepre ue. ©eTTe, KoJailyibl MOJIeNb JKacay YIIiH KeNTereH Oakpliayiap skacal OThIpY
KakeT. OUTKEH1 OHJIa OKBITYABIH KOJIAMIbI KOA(DPUITUEHTTEPIH TaHIay1a KUBIHABIKTAp TYbIHAI
xKaTazpl.

Hotunxkenep MeH Tankbliay

Boimkam jxacay MakcaTbIH/a aKIapaTThl TEpeH TallayFa jkapaMbl Typre THIMJII KuHaYy,
CaKTay JKOHE KeNTIpy Maceseci TYbIHAANTHIHABIFBI Oenriti. Ochuiaiiina, MaiMeTTep 0a3achl Ke3-
KeJIreH 3aMaHayd YHWBIMHBIH OMIpJiK OEJICeHIUTITNHIH aXplpaMac aTpuOyThIHA aifHalajabl.
Kacinopsin nepekkopsl aaerte Oenrisi Oip HbIcaH bl Hemece (aKTiHI CUIaTTalThIH jka30amap/Isl
CaKTaWTHIH KeCTeNepHdiH YJIKEH O KABIHTBIFBIHAH Typajsl  (MBICANbl, TYTHIHYIIBLIAP,
KETKI3yIIiIep, TanchIpbicTap, caTy Kejemi Typaisl xka30anap). XKenen, conaii-ak e3repMenTiH
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JepeKTepAiH OYKUT aFbIHBI HEFYPJIbIM KYHJIbI aKMapaTThl, aTaln ailTKaHaa oenriut Oip n1epextep
apachIHAAFbl TEHACHIUSIIAP, 3aHIBIIBIKTAD MEH ©3apa TOYENIUTIKTep Typallbl aKImaparThl aly
Ko31 001a aiasl.

MyH7aii aknapat KeHiHHEH KOCIOPbIHIAFbl AHATUTUKAJIBIK KBI3MET YIIiH KOJIaHbLIa bl
Mpicanbl, caThill anmy ceOeTiH Tanjaay, TOyeKelJep, CTPATEerHsUIbIK >KOHE OMNepaldsIbIK
xocnapiay, Oenrimi Oip PKOHOMHKAIBIK OOBEKTUIEp MEH CYOBEKTUICpAIH IMHAMHUKAIBIK
TEHACHIMSIIAPbIH 00JKay HEMece OKUFaHbl PETPOCHEKTHUBTI MAJIIMETTEpP HET131H/Ae MOJEINbLY
[3].

backaa aiiTkania, IMKi 1epekTep/il TEPEeH TallayFa kapamibl TYpre TYPJICHIIPY JKy3ere
aceipbutazbl. [1uki gepexTepai eHaey1i KaMTamMachl3 €Ty YIIiH ci3re KaxeT 2 Hopce 0ap (kecte
1).

XKorapeina ailThuTFaHmapra coiikec, KocimopblHa IepeKTepAl 3UATKEpIIiK Tanuay
KypaJgapblH KOJAAUTHIH aKIapaTThIK AaHATUTHKAIBIK KYle eHT131Ty/Ie.

HapbIKThIH Ka3ipri kaFaaiblHIa MYH/Iall aHAJIMTUKAJIBIK Mocemenepai menry yurin Data
mining >xone OLAP texHonorusmapsl xuil KoaaaHbuiaas! (arsiimn. online analytical processing,
HAaKThl yaKbITTaFbl aHAIUTUKAJIBIK OHJIeY) [4, 123].

Onrap KoanreiH anbikTamachiHa coiikec, OLAP nepektepai eHAey TEXHOJIOTHSICHIHBIH
HETi3ri MIHJCTI KOl eJmeMIl TPUHIMI OOWBIHINA KYPBUIBIMIAIFaH JEPEeKTePAiH YIJIKCH
MacCCHBTEPIH TajlJiay HETi31HJe KUHAKTAJIFaH aKnapaTThl JailbiHaay Oombin Tadbuiansl. OLAP
TEXHOJIOTUsUIaphl Ou3Hec-ananuTuka (Business Intelligence, BI) Garnapiamansik eHiMaepiHiH
Kypamzac 6e:iri 00bI TadbLIa s [5].

2.KacinopeiHaarsl
1.lepexTepai OypMaJiaychbi3 Kajabipa IKOHOMMKAJIBIK,

OTBIPBII, KAJKeTTI CypaHbICTapAbl MaceJiesiepai menry
OPBIHIAYFA KOHE €H a3 YAKbIT YLIiH osapaaH 6ijximM

IIBIFBIHAAPBIMEH YJITiIepi xacayFa aJly MaKcaTbIHAA

MYMKIiHJiK OepeTiH 1epexTepai LIHKI 1epeKkTepai
0acKapyabIH THIMII MeXaHU3MIH icKe TAJAAy TeTiKTepiH

KOCBIHbI3: icKke KOCBIHBI3.

Cyper 1 - Illuki nepekTepi eHaeyai KaMTaMachi3 €Ty

HeiipoHHBIH MaTeMaTHKaIIBIK MOJETI OHBIH CHIATTaMaJIapblH ©3TepTyTe, TOJBIKTHIPYFa
JKOHE PEeTTeyre MYMKIHAIK OepeTiH omOeOar CBI3BIKTBHIK €MeC AJIEMEHT OOJBIN TaObLIaIbI.
Mynpaaii xemisiepaiH OacThl €peKIeNiri — oJjiap HaKThl MBICAIApMEH ©31H-031 OKBITYFa
KabinerTi. HelpoHIBIK Kemiepi 3aHAbUIBIKTAp KACBIPBUIFaH Kipic KY)KaTTapbIHbIH YJKEH
KeJieMi Oap TarceipMaiap/ia KOJIIaHFaH KOH.

HeipoHpIK skeniyiepi KOJJaHy KeITereH KOJAaHOalbl SKOHOMHUKANBIK Mocesenepi
nrenry e Tuimai. Kapikel canacbiiia HEMpOHIBIK JKejiep KITMEeHTTepA1H MiHe3-KYJIKbIH OoJrkay,
aJarel MoOMUIE ToyeKenepiH Oaranay, Hecue OepyIIIepAiH bIKTUMaJ alasKThIK opeKeTTepiH
OoipKay YIIIH KOJJIAHBUTAABl. DJKOHOMHUKAJBIK KBI3METTI JKOCHapiiay Ke3iHae HEHpOHJIBIK
KeJiep caTy KeJeMiH aHbIKTayFa, OHAIPICTIK KyaTTap/bl )KYKTEYTe, )KaHa OHIMIe CYPaHbICThI
Oormkayra KaTtbicybl MyMKiH. busnec-ananutuka sxone CIITIP xyilenepiHiy kyMbIChIHIA
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HEHUPOHJBIK JKeJiiep Oocekenec GupManapbl CalbICTRIPMAIbl TaljayFa, (UIHAIIAPIbIH
JKYMBICBIH TalljayFa KaThICAIbl, JaMy TEHICHIMSUIAPBIH, JCPEKTEPIiH YJIKCH KOJIeMiHJIEri
KOppesiuusiapabl aHbIKTay1a KOJIAaHbUIa b [6, 455].

KonpanOanbl ecentepai MICMIKEH Ke3[e €H THIMII KipicTepli (SFHU alHBIMAbUIAP.IbI)
aHBIKTAy YIIiH Oip anropuT™Mai KOJAaHy YCBIHBUIAbI, COAaH KEHIH OChl MOIIMETTEp HETi3iHje
Oenrini Oip HOTHXKEHI OoJpKay yIIiH Oacka alropuTM KoJAaHbUiaabl. Jlepekrepni enaipy Oip
MHTEJJIEKTYalbl KYPBUIBIMFA CYHEHE OTBIPBIN, KOINTEreH MOJENbAEpAl KypyFa MYMKIHJIIK
Oepexi, ocbutaiiina 6ip JepeKTep i OHAIpy MICTIMIHIH 06Tl peTiHe KIIacTepiey alTOPUTMIH,
IICNIM aFallbIHBIH MOJICIIH, COHJAW-aK JACPEKTEePIiH OPTYPal KOpIHICTepiH aiy YIIiH
KeHUIeTireH baiiec anropuTMmiHIH MOJENIH mMainananyra Oonazipl. bip memiMae keke
TarchIpMaliapbl OpbIHAAY YIINIH OipHENIe aaropuTMaepal KoimaHyra Ooiajnbl. MeIcalbl,
perpeccusi apKbUIbI Kap>KbUIBIK OOKaMIap/ sl aimyFa 00Jiaasl, al HEHPOHIBIK XKl aaropUTMi
apKBUIBI CaTy KOJIEMIHE dcep €TeTiH (haKTopsIap bl TaJIayFa 00JIabl.

Benrini 6ip ecenTi 1menty yiiH aaropuTMAEp/i TaHAAY Ikl )KEHUIIETY YIIIiH Kellecl KecTeie
Op aITOPUTM OCTTE KOJIIAHBUIATHIH €CENTEPAIH TYPJIepl KeNTipiareH (kecte 2).

Kecre 2. Ecenrtepain TypJepi

TalICprMaJIap}IbIH MbICaJIIapbI

Coiikec anropurmaep

JuckperTi aTpudyTTHI 00/1KAY

- KimenTrepai aneyerTi cathin anymisiap Ti3iMiHeH
YKAKCBI KOHE KaMaH YMITKepJep peTiHje Oenriney.
- Keneci antel aif imiHae cepBepiH ICTEH IIBIFY
BIKTHMAJIJIBIFBIH €CETITEY.

- [TauuenTrepain aypyJiapblH
HYCKAJIAPBIHBIH  KIKTENMyl  KOHE
(bakTopyapibl 3epTTeYy.

JTAMBITY
OallJIaHBICTHI

- Hlemim kaObUiiay araiibIHBIH
(’KIKTey aFalllbl HEMece perpeccus
araIlbl) aIrOPUTMI

- Keninperinren
ANrOPUTMI

- Kitacrepney anropurmi
- HelipoHabIK JKelti anropuTMi

baiiec

Y3aikci3z aTpu0yTTHI 60/KAY
- Keneci »butra caty 601KaMbl.

- Hlemim xaObUimay aramibIHBIH

OTKeH XKbUIIap MEH MayChIMJIBIK TEHACHIUSIIAPABI | adTOPUTMI
€cKepe OTBIPBIN, CalTKa KIpYyLIUIep CaHbIHBIH | - VYaxkspIT KaTapJIapbIHbIH
00JKaMBl. aJITOPUTMI
- JlemorpadusiHpl eckepe OTBIPBIN, TIYEKeNadl | - CBI3BIKTBIK perpeccust
Oarayay/ipl KJIBIITACTHIPY. AITOPUTMI

PerrinikTi 60/15K2Yy
-KomnanusiHeIH BeO-CalThI
OarbITHIH TAJ/AY.

- CepBepaiH  icTeH
(bakToprap/ibl TangAy.
XKannsl ic-opexerrep OOMBIHIIA YCBIHBICTAPABI
TYKBIpBIMJIAy MaKcaTbIH/1a eMXaHara Oapy Ke3iHaeri
1C-KUMBUIIAp PETTUIITIH KaJarajiay JKoHe Tajjiay

OolbIHIIA KO3FasbIc | - T130€KTi KilacTepiey alropuTMi

HIBIFYbIHA ~ OKEJETIH

Bbenrini Oip xonnanOabl TarnchblpMaHbl IIEHIETIH Oip Kyiene OipHelle MHTEeIIEKTyall bl
’KOHE aKMapaTThIK TEXHOJIOTHsUIapAbl O6JICY/IIH €Kl o/IiCiH axkbIpaTyFa Oonazsl. bipinmi afic —
TaTCBIPMaHBIH JKAJIIbl HICHIIMIH jKacay YLIIH OipHelle MHTEeJJIEKTYalabl TeXHOJOTHsIap.Ibl
OeJticy, OJ1 )KacaH/Ibl HEHPOHIBIK YKETIep Y)KBIMBI OCBIH AN O1pJECTIKTIH MBICAJBI 00Ja amajbl.
MyHpaii 6ipiecTikTep/ie MoCeeHl JKallbl MY IiH *KOJBIH TaHAay Typajibl MOCeNe MaHbI3/IbI
00JbIIT TaOBLTAIBI.

bip »xyiiene akmaparThlK TEXHOJOTHSHBI OIpIKTIpYMiH eKiHIII Tociali — OacKarapbiH
aBTOMATTHI TYp/E k00anay yuIiH Keloip TexHoaorusaapasl Kongany [2]. Mynnait GipiecTikke
JIeTeH KaKeTTUTIK MHTEJUIEKTYaJ/IbIK-aKIapaTThIK TEXHOIOTUS AU3aHBIHBIH THIMALTITIH
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apTTelpy  Kaxkerrunirimen ge, WMAT Herisimgeri okyienepali skobamay — IpoOIECiH
aBTOMATTaHJBIPyFa JETeH YMTBUIBICIICH Je Heri3genyi MyMkiH. CoHFBI Jomen, ocipece,
TEXHHUKAJIBIK KbI3METTIH KONTEreH cajallapblHbIH Ka31pTi KarJaiiblHa TOH YaKbITILA )KOHE alaMU
pecypcrapra IIEKTEYJEpHiH KAaTaHIbIFBI MEH aKMapaTThIK TEXHOJIOTUSHBI KOJIJaHATHIH
JKYHeENepIiH ociIl KeJie )KaTKaH ayKbIMbIHA OalIaHBICTHI 6T€ MaHbI3AbI 00IBIN KopiHeai. Omap bl
OipiKTIpyAiH Oip MBICATBI — HEUPOHIBIK JKEIUIEP Il )K00aay KOHE OKBITY YIIIH 3BOJIOIHUSIIBIK
ANTOpUTMACPl KoaaHy. MHTeUIeK Ty albIK-aKIapaTThIK TEXHOJOTHIMEH OOJICYIiH €Ki 9iciH
Oip okyiiene OIpiKTIpy TEXHOJNOTHSIIAPABI TE€HEpauusiay IPOLECTePiH KYIICHTY JKoHE
aBTOMATTaHJBIPY apKbUIbl OHBI jK00ajay YIIiH KaKeTTi KbIMOAT pecypcrapra KOWbUIATHIH
TajanTapabl a3aiTy Ke3iHJIe OChIHAaW KYHEHIH KOMETIMEH allblHFaH IIeHIiMACPIiH CarachiH
eIoyip apTThIpyFa MYMKIHIIK Oepesi. Caifblll KeNreHae, OChIHAaN O1pJeCcTIKTepiHiH JAePEKTEePiH
3UATKEPIIIK Tanjgay YUIH MaijaigaHy agaM KbI3METIHIH KONTEreH caylalapblHAa KoJgaHOaibl
Mocesenepal MICIIyAiH THIMIUITIH eadyip apTThipa amaabl. VHTerpanusiaHraH sIPOHBI
OarmapraMaliblK  iCKe achIpyJbIH HOTIKECI OargapiaMainblK  KOMIIOHEHT (KOMITBIOTEp
Oarnapiiamacsl) 6061 TaObIIaAEI. OFaH KOWBLIATBIH TajJanTap, OHBIH iITIHAC TyTacTail arraHaa
AHATATHUKAIIBIK MOJTYJIbI'€ KOWBUIATHIH TATANTAP AHBIKTAIA B,

OYHKIMOHANIBIK TalanTapbIH 3 TYPiH KOPCETE ajlaMbl3:

1. AHamuTUKanBIK MOIYJBIIH WHTETPAllUsUIAHFAaH  SIPOCBIHBIH  OaFaapiamMalibiK
JKacaKTamMachl JIEPEKTEpJll OHIEYre >KOHE NEpeKTepl TajaayAblH Kellecl THNTIK MJIceleNnepiH
HICUTYiH HOTIKENIEPiH YChIHYFa MYMKIHJIIK Oepyi Kepek:

a) MozenbAey. MareMaTUKanblK MOAENbIACPIAl KYPYAbl, THIMIUTIKTI Tanfayabl KoHE
KOJIJIaHy IbI KAMTHIBIL.

0) 6omxkay. bomkamael MonenbaepAl Kypydbl, THIMIUTIKTI Taaaaydbl sKoHE KOJAAHYIbI
KAMTHU/IBI.

6) xiktey. On KYKTENreH JepeKTepMeH CHUMNaTTalFaH oO0beKTuIepAiH Oenriiai Oip
CBIHBINITAPFA JKATATBHIHIBIFBIH AHBIKTAYIBl KOHE OCBHI MPOLEAYpPaHbl KY3ere achIpyIbIH
TUIMJIUTITIH Oaranaybl KAMTUIBL.

2. barmapnama maiigananymisl HHTEpQErci apKbUIBI 12, OHBI ATy apKbUIBI a Tajlay YIIiH
Oackapy napaMmeTpiepiH aHBIKTay >KOHE JepeKTep/l *KYKTey MYMKIHJINH KamTaMachl3 €Tyi
Kepek KoHurypauus Qaingapel MeH Aepektep QailigapbIH TYCIHAIPY.

3. barmapmama MiHAETTEpAl WIeNly YVIIH aKMapaTThIK TEXHOJOTHSHBI Mailanany
TUIMJUTITIHE CTATUCTUKAJIBIK 3€PTTEYJIEP JKYPrizy MYMKIHAINH KaMTaMachl3 €Tyl THIC.

4. barmapmama KYMBIC HOTIDKENEpiH (KYpacTBIPbUIFAaH MOJEIbAEp, OomkaMaap,
AITOPUTMAIK SIIPOHBIH CBIHAK HOTIDKEJEepl) MaijanaHyiibl uHTepdeiiciHe ne, OepuireH
KYPBUIBIMBI Oap daiinaapra aa TycipyAi KaMTaMachl3 €Tyl KepekK.

KopbITbIHABI

KopbiTbiHapmait  kenme,  Oi311H  JKYMBICBIMBI3/Ia  MHTEJUIEKTYaAbIK-aKIapaTThIK
TEXHOJIOTHSUIAP CAJIAChIH/IaFbl MHHOBAIMSIIBIK d31pJieMeNiep sKoHE oJiap/abl OaraapiaaMaiblK 1CKe
acelpy Heri3iHzae Ou3Hec mpouecTepAl Ooikay oicTepiHzeri jkaHa eHri3uliMaep kaubl ce3s
oonael. HoTmxkecinae, OuzHec mporectepAl Ooipkayna AEpeKTep/ll MHTEIUICKTYalabl Tallaay
O/iCIH KOJNJAHYIbIH, COHBIH 1IIiHAEC HEHPOHMBIK >KeIUIepai KOJJaHYAbIH apThIKIIBUIBIKTAPbI
aTaJIbIN OTTI.

Ocputaiiiia, KOCIMOPBIH KBI3METIH Taliaylarbl OOJpKay MacelenepiH Ienry OypbiH
aHBIKTAIIMaFaH TOYENIUTIKTEpP/l aHBIKTAayFa, CaTBIl Ay CYPAaHBICBIHBIH JaMy BEKTOPJIAPBIH
Oaranayfa, KIMEHTTEPIH MiHe3-KYJIKbIH TajlayFa MyMKiHAIK Oepeni. Bys peTTe aHaIuTHKAIBIK
wiatdopmanapapl naiasany KaObUIgaHAThIH OacKapy MICHIIMAEPIHIH TUIMIUIITIH apTThIpyFa
MYMKIHJIIK Oepeni, IIBIFBIHAApAbI, CaTy KeJIeMiH OHTaWJIaHIbIpyFa, HApBIKTHIK >KaFIaiabl
Oaranmayra BIKMAJ eTeql, Oy OapplHINA Taijga amyra MyMKiHmIK Oepeni. CoHBIMEH KaTap,
QJIBIHFaH JKOHE JKYHMeJeHreH JepeKTepai Oakpliay *KyHeciH YHbIMIAcThIpy YIIIH MaiiianaHyra
Oomanpl, OyJ1 TyTacTail anFaH/ia KOCIMOPbIHHBIH THIMILIITIH apTThIpyFa KOMEKTeCe/Il.
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INNOVATIVE DEVELOPMENTS IN THE FIELD OF INTELLECTUAL AND
INFORMATION TECHNOLOGIES AND INNOVATIONS IN METHODS OF FORECASTING
BUSINESS PROCESSES BASED ON THEIR SOFTWARE IMPLEMENTATION

A.M. Akhmetova, A. S. Shayakhmetova, D. O .Zhakan
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Abstract. This article will focus on innovative developments in the field of intellectual and
information technologies and methods of forecasting business processes based on their software
implementation. Innovations in their forecasting methods and neural networks are also revealed. Solving
the problems of economic analysis at the enterprise is a factor that ensures the competitiveness of any
organization at every stage of its development. This article reveals the main features of the application of
data mining methods in forecasting the activities of an enterprise, and also provides a list of typical tasks
and algorithms used in their solution.

Keywords: business processes, intellectual and information technologies, non-neural networks,
forecasting, OLAP, Data Mining.
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MHHOBALIMOHHBIE PASPABOTKH B OBJIACTU UHTEJUVIEKTY AJIBHO-
NHOOPMAINNOHHBIX TEXHOJIOTUH U HOBOBBEJIEHUSA B METOJAX
IMPOI'HO3NPOBAHUA BUSHEC-ITPOHECCOB HA OCHOBE UX IMPOIr'PAMMHON
PEAJIM3ALINA

A. M. AxmetoBa, A. C. lllasxmerona, JI. O. XKakan
Kazaxckuii HallMOHANIbHBIN YHUBEPCUTET UM. Anb-Dapadu, Anmatel, Kazaxcran

AunHoTauus. B nmanHO#l crathe peur moiaeT 00 MHHOBAIMOHHBIX pa3pabOTKax B 00JIACTH
MHTEIUIEKTYJIbHO-HH()OPMAIMOHHBIX TEXHOJIOTHI U METOJaX MPOTHO3MPOBAHMS OM3HEC-TIPOLIECCOB HA
OCHOBE WX TMPOTPaMMHON peanu3anud. Takke PpacKphIBAIOTCS HOBOBBEICHHMS B METOAAX UX
MPOTHO3UPOBAHMsI, HEMPOHHBIX CeTAX. PerieHune 3agady SKOHOMHYECKOTO aHannM3a Ha MpeAnpHsITHN
aBysieTcst (PaKTOPOM, 00ECIEUNBAIOIINM MOBBIIIEHHE KOHKYPEHTOCIIOCOOHOCTH JF000H OpraHn3aliy Ha
KQ)XIOM JTame ee pa3BUTHSA. B maHHOW cTaThe pacKphIBalOTCS OCHOBHBIE OCOOCHHOCTH NPUMEHEHHS
METOJIOB MHTEIUIEKTYaIbHOTO aHAIW3a JAaHHBIX B MPOTHO3MPOBAHHMU AEATEIBHOCTH TPENPHATHS, a
TAKXXC IMMPUBOAUTCA NMEPCUCHDb TUIIOBLIX 3a1a4 U aJITOPUTMOB, UCIIOJIB3YCMbBIX IIPHU UX PCHICHUH.

KaioueBble cioBa: Ou3HEC-IPOIECCH], HHTEIUIEKTYAIbHO-HH(POPMAIMOHHBIE TEXHOJIOTHH,
HEIPOHHBIE ceTH, mporHo3upoBanune, OLAP, Data Mining.
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TEXHOJIOI'MH OPTAHU3ALIMUA XPAHEHUS U 3AIIPOCA BOJIBLIINX
KOJUIEKIHUU XML-AOKYMEHTOB

A.A. MyxurtoBa'?, A.C. Epuméerosa®®, B. Bapaxuun*

!Kaszaxckuii HalMOHAILHBIN YHUBEPCUTET UMEHH ab-Papadu, Anmartel, Kazaxcran
2IHCTUTYT HH(OPMALMOHHBIX M BBIYMCIUTENBHBIX TexHooruii MOH PK,Anmarsl, Kazaxcran
Satbayev University, Anmarel, Kazaxcran
‘®enepaneubnii Uccnenosatensckuii Lentp MHPOPMAIMOHHEIX ¥ BEMHCIMTENBHBIX TEXHOIOTHIA,
PAH, 630090, HoBocubupck, Poccus
'ORCID ID: https://orcid.org/0000-0002-4081-7694, mukhitova.aigul@gmail.com
20ORCID ID: https://orcid.org/0000-0002-2013-1513, aigerian@mail.ru
*ORCID ID: https://orcid.org/0000-0003-3299-0507

AnHortamus. B HacTosmiee Bpems BeO-mpuiiokeHus, wucmnonb3yomue XML penosuropun
(6aHKOBCKOE 1eN0, OyXTalTepCKUil ydeT, yIpaBieHHE MEepCOHATIOM, Pe3epBUPOBAHNE aBUAKOMITAHHH,
MOHUTOPUHT W MPOTHO3HPOBAHHME MOTOABI, 3JEKTPOHHOE YIpPAaBICHHWE M HJICKTPOHHAs KOMMEPIIHS)
00pabaThIBalOT OrPOMHOE KOJHYECTBO WH(OPMAIIMKH BPEMEHHOTO XapakTepa W HYXIAIOTCS B MOJHON
UCTOPUU U3MEHECHUS TAHHBIX U CXeM I 3()(HEKTUBHOTO U MPO3PAvHOTO YIpaBIeHUs] HH(POPMAIMOHHON
cucremo. CymectBytonmme XML CYBJ u XML-uHCTpyMEHTH HE WMEIOT MOJACPKKU JaHHON
(GYHKIWY, B CBA3U C YeM BO3HHKACT CJIIOKHOCTh MOCTPOCHHS UCTOPUH H3MEHEHHH, CII0OKHOCTh BO3BpaTa
K MPEIbIIYIIEMY COCTOSHHIO, BO3MOXKHOCTh TIOTEPH JAHHBIX. B cle/cTBHE Yero BO3HUKAET mpodieMa
3(()EeKTUBHOTO yNpaBICHUS XPaHEHUEM BPEMCHHBIX JAHHBIX MPH padoTe ¢ OONBIIUM KOJIMYECTBOM
HeOompuX XML-10KyMEHTOB U MHOXKECTBA JOMOJIHUTEIBHBIX 3JICMCHTOB/aTPUOYTOB.

KaroueBbie cioBa: cxema kommpoBaHus XML, oroOpaxkenue XML-maHHBIX, 0a3a HaHHBIX
NoSQL, obpabotka u onTumuzanus XML-3amnpocos.

BBenenne

XML 06bl1 pa3paboTaH B KadyecTBE CTaHJApPTHOIO si3blka U ¢opmaTa Ae-pakTo B
NPOMBIIIJICHHOCTH JJIsi XpaHEHWs U OOMEHa JaHHBIMU MEXIY pPa3HOPOJIHBIMU CHCTEMaMHU.
Wepapxuueckas npupoga XML mnocrtaBmia MHOXKECTBO HCCIIEIOBATENbCKUX 3aJlad Iepea
coobmiectBoM 6a3 pgaHHblX [1]. OpHa ¢yHaameHTanbHas mpoOieMa 3akKI4aeTcsl B
3 PEKTUBHOM XpaHEHUH U 3aIIPOCE TAKUX JAHHBIX C APEBOBHIHOU CTPYKTYPOIi.

YrtoOBbI 3arrpocuTh 60MIBIIYI0 KOJUTeKIHI0 XML -10KyMEHTOB, aHATUTUKU JAHHBIX OOBIYHO
CO3JIAI0T CIICIUAIIFHBIE IPOTPAMMBI JIJIsl TOMCKA BO BCEX JOKYMEHTAX OIPEIEICHHBIX TErOB HITH
MECTOIMOJI0KEHUH, YTO 0OBIYHO MPUBOJUT K 3HAUUTEILHOMY KOJMUYECTBY (DalJIOBBIX ONEepaIuii
BBOJIa-BbIBO/IA, YTO HE MOKa3bIBaeT cBoel 3 pextuBHOCTU. [IpeodpazoBanne XML-nokymenToB
B OTHOIIEHUS U, CJleloBaTeNbHO, peoldpa3oBanue XML-3anpocoB B SQL-3ampockl 1o 3tum
OTHOIICHWSIM  SIBIISIETCST  OOIIETPU3HAHHBIM ~MEXaHH3MOM, HO BCE €IIe CYIIECTBYIOT
HecooTBeTCTBHs Mex 1y XML-CcTpyKkTyprpOBaHHBIMU JIaHHBIMHU M JaHHBIMU OTHOIIEHUIT [2-3].
Kpome Toro, Takue MeTo/Ibl He MOTYT OOECIIEYHTD yIOBJIETBOPHTEIBHYIO TIPOU3BOIUTEIHLHOCTD
U OOBIYHO HE MAacCHITabUpYyIOTCA 10 Mepe pocTa KOJMYecTBa JOKYMEHTOB. Jlpyrum
HaIpaBJIECHUEM YCOBEPIIICHCTBOBAHUSI SIBJISICTCS aJanTamus COOCTBEHHBIX 0a3 maHHbIx XML,
takux kak BaseX, Sedna u XDB. Xors 3Tu 6a3bl JaHHBIX UMCIOT 3HAYUTEIIBHBIC TIPEUMYIIIECTBA
C TOYKH 3pEHHUsI YI0OCTBa HMCIIOJIIb30BaHMs, HO OHU HE HCIOJB3YIOT CIOKHBIE BO3MOXXHOCTH
XpaHeHUs U 00pabOTKH 3aMpOCOB.

Cuctemsl 3ampocoB K koswtekiusim XML-mokyMeHTOB, paccpenoToueHHBIX 1o P2P-cetsm
U JICIICHTPAJIN30BaHHbIC CUCTEMbI MHTETpanuu naHHbIX 111 XML (manpumep, Piazza [4]) moryT
MOBBICUTH MTPOU3BOAUTENBHOCTE 00paboTkn XML-3anpocos 3a cuet metona ¢pparmentauu. K
COXAJICHUIO, 3TH METOJbl BCE JK€ HMEIOT HEKOTOpble HEIOCTaTKH. Bo-NepBbIX, TPYAHO
ocMbIcTIeHHO pactipenenuts XML-maHHbIe MO y3:1aM JTaHHBIX, ITOCKOJBKY paclpeieiieHHbIE
daiinoBbie cucTteMbl 00bIYHO He mojaepxkuBaoT (opmar XML. Bo-BTOpBIX, MOCKOJIBKY
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o0pabotka XML-nanHbIX HE ABIsSETCS NMPOCTOH 3amaveid, pazpadoTUMKaM HPUXOAMTCS OO
UCIIOIB30BaTh CTOPOHHUE OMOIMOTEKM WM MHCTPYMEHTHI, Takue kak Avro m Mahout, mu6o
nucaTh CBOM COOCTBEHHBIE HHTEep(eiichl. B-TpeThux, n3sieueane XML-naHHBIX U3 3TUX CHCTEM
criocoboMm, 1momo0HBIM XQUEry, HEBO3MOXKHO 0€3 JIOMOJIHHTEILHOT'O YPOBHS YIPABJICHHS
JAHHBIMH TTOBEPX PacHpeeeHHON (aiyIoBO CUCTEMBI.

Cy1iecTByeT MHOXKECTBO SI3bIKOB M CHUCTEM OOpabOTKM JaHHBIX, Pa3paOOTaHHBIX IS
MacITabupyeMbIX apXUTEKTyp, Takux kak MapReduce u Dryad mmst o6sadHbIX BeIYKCIcHUN. B
yactHoctH, Pig, Hive, Jagl u Scope moxxHo ucmonb3oBath it xpaHnenuss XML-10KyMeHTOB 1
3arpocoB K HUM. O/IHaKO, KaK MOKa3ajl pe3yJibTaT MPOBEACHHOTO HAMHU SKCIIEPUMEHTA, MHOTHE
CUCTEMBbI HE ONTUMHU3UPOBAHBI, B PE3yJIbTAaTe YETO0 BO3HUKAIOT MPOOIEMbI IPOU3BOIUTEIBHOCTH,
BKJTI0Yask BRICOKHE TPEOOBAHUS K XPaHWIUILY, JITUTEILHOE BPeMs 3arpy3KH U JUTUTEIbHOE BpEMsI
BBITIOJTHEHHU S 3aIIPOCOB.

Cnoco0bl xpaHeHus u 3anpoca XML-10KymMeHTOB

XML ¢ penayuonnsix 6azax oannvix

[IpennpuHUMaroOTCs 3HaYUTEIbHBIE YCUITUS 110 XpaHEHUIo U 3anpocy XML-10KyMeHTOB ¢
HCIIOJIb30BaHUEM PENALIMOHHBIX 0a3 naHHbIX. KimroueBoit mpo0ieMoit SBIsSeTCs COMOCTaBICHHE
BJIO’KEHHBIX 3JIEMEHTOB C INIOCKUMU Tabaunami [5]. B 1iesom cyniecTByromye MeTo1bl MOXKHO
KJIaCCU(UIIUPOBATH KaK OTOOpaKEHUE HOPMATIU3alluK U KOJIMPOBAHUE y3JI0B.

[Ipenpinymue pe3yiabTaTbl IOKa3ajdd, 4YTO OTOOpa)KEHHWE HOPMAIM3alUMU CIIOCOOHO
obecrieunTh xopoinyr 3(dexkTuBHOCTh 3ampocoB. XML-cxema u HOpManmu3anus IJaHHBIX
ABIIAIOTCS ABYMsI KpAa€yroJIbHBIMU KaMHSIMM JUIsl 0OecriedeHns Takoi npousBogurenpbHoctu. C
JIPYroi CTOPOHBI, OTOOpa)KEHUE C KOJIUPOBKOW y370B obecrieunBaeT Ooiiee ollee pelieHue -
BCE 2JIeMEHTHI ¥ aTpuOyThl XML nipeacTaBieHbl YUCIOBBIMU KOJAMU MECTOIIOJI0KEHUN y3J10B B
XML-nepese, nampumep Dewey Order [6], Ordpath [7]. MepapxuuecKue OTHOMICHHS M IOPSAI0K
JIOKYMEHTa HESBHO (UKCUPYIOTCS CTPYKTYPHBIM COCIMHEHHEM KOAUPOBOK 31eMeHTOB. Ilpu
COIOCTaBJIEHUHU C KOJUPOBKOH y3J710B TaOJIUIIbI JAHHBIX BCET/a IIJIOTHBIE, a SJIEMEHTHI U3 OJTHOTO
XML-nokymeHTa XpaHSTCS MocienoBarenbHo. M3-3a OTCYTCTBUSL HH(pOpPMAIMH O CXEMe
00pabOTKH 3aIPOCOB C CONOCTABICHUSIMH KOJIUPOBAHHS Y3JI0B, KaK IIPABUIIO, TAKKE pa3pabOTKH
OYCHb 3aTPaTHBI.

Bo BpemeHnHoi1 HacTpoiike nanHble XML MOryT pa3BuUBaThCi MO BPEMEHU TpPaH3AKIMU
W/  JIOMyCTUMOro BpeMeHH. TakuMm o0pa3oM, OHH MOTYyT HMMETh BpEeMs TpaH3aKIIUH,
JI0OCTOBEpHOE BpeMs win BpeMeHHbI ¢opmar. Korga ganusie XML pa3nnyHbIX BpeMeHHBIX
¢opMaToB MOTYT COCYyLIECTBOBaTb B OJHOM M ToM e XxpaHwmme XML, umenyemsiii
MHOTOMOJIb30BaTeNbCKUM perno3utopuem XML.

Coocmeennvie 6azvt oannvix XML

Cucrembl 0a3 mannbix Native XML (NXD) co3patorcst ¢ Hynas i xpanenuss XML-
JOKyMeHTOB U 3amnpocoB k Hum: Berkeley DB XML, Apache Xindice, eXist, doXMKL, Sedna,
BaseX, xDB u OrientX. Dtu cuctemsl uzHavaibHO XpaHsaT XML-1aHHbIe ¢ HCIOIb30BaHHEM
TPEX OCHOBHBIX TEXHOJIOTMI XpaHEHMsI, a UMEHHO METO/IOB HA OCHOBE TEKCTa, MOJIENIEH U CXEM

[8].

baza Hcnonv3yeman  mexnonozus  xpanenus  XML-

OAHHBIX O00KyMeHm o8

Berkeley DB 0asa [aHHBIX THNA «KIIOY-3HAYEHUE», XpaHuT XML-

XML JOKYMEHTHI B UX pOJHOM (hopMare, OCHOBAHHOM Ha TEKCTOBOM
MOJIXO0JIE K XPaHEHHIO

Xindice, eXist, xpaHuT XML-IOKYMEHTbI B KOJUISKIIMSX KaK JIOTHYECKUE

dbXML €AMHUIIBl XPAHEHUS, WCIOJIB3YS MOAXOA K XpaHEHUIO Ha
OCHOBE MoJenen

Sedna UCTIONIB3YET OJIOKH/HA0OPHI JIAHHBIX B Ka4EeCTBE JIOTHUECKUX

€AMHUL] XpaHeHHs M XpaHUT XML-IOKyMEHTBI, HCHOJb3Ys
MOJIX0J] KJIACTEPHOT'O XPAHEHUS HA OCHOBE CXEMBI
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BaseX UCTIONB3YeT  TaOIMYHOE  TPEACTaBICHHE  APEBOBUIHBIX
cTpykTyp XML nns xpanenns XML-10KyMeHTOB

EMC xpaHUT XML-IOKyMEHTBI B HMHTETPUPOBAHHOW OOBEKTHO-

Documentum OPHECHTHPOBAHHOM 0a3e MaHHBIX

xDB

OrientX ynopsnounBaeT XML-IOKyMEHTBI B COOTBETCTBUM C HX

CXEMOM H COXpaHAC€T UX B Ha60an JAaHHBIX KaK JIOTHYCCKHEC
CAWHUIIBI XPAHCHUSA Ha OCHOBE KJIACTCPpHOro ImoAaxXxoda K
XpaHCHHUIO C UCIIOJIE30BAHUEM 9TOM CXEMBI

CoOcTBennblie 6a3pl JaHHBIX XML uMeroT JIydInyro Iporu3BOAUTEILHOCTD 110 CPAaBHEHHUIO
¢ moaxomamu «XML Ha pensuuoHHBIX 0a3ax MaHHBIX». OIHAKO ITH CUCTEMBI UMEIOT 1B
MOTEHLMAIBHBIX OTpaHUYeHUs. Bo-1iepBbIX, pa3Mep Kak JaHHBIX, TaK U HHJIEKCa, TOTPeOIsIeMbIX
cobcTBeHHOM 0a3oit JanHbIXx XML, HamHOr0 OO0JIBIIIE, YeM B COOCTBEHHBIX 0a3ax maHHbIX XML
[9]. Bo-BTOphIX, cOOCTBEeHHBIE cucTeMbl 0a3 maHHbIXx XML He HCHONB3yIOT CI0XKHBIC
BO3MOYKHOCTH XPaHEHHsI U 3aIIPOCOB, YK€ MPEJOCTaBIIEMbIE CYIIECTBYIOIIUMHU CHCTEMaMu 0a3
naHHbIx [10].

XML ¢ pacnpeoenennvix cucmemax xpanenus

Pa3Butne ognopanrosoro (P2P) obmena nHdopmanmei npoioxkuiao myTh K MOAIEPIKKE
npuioxeHnid ynpasinenus XML-maHHBIMEH B pacrpeneneHHoi cpene. B HexoTopwix Oonee
paHHUX paboTax U3y4yalloCch COBMECTHOE HCTOIb30BaHUE JaHHBIX P2P B HECTPYKTYpUPOBAHHBIX
cersx, Bkimoyas Piazza [11] u PeerDB [12]. OGe oHU SIBJISAIOTCS OJHOPAHTOBBIMU CHCTEMaMHM
yOpaBlIeHUS! JAHHBIMHU, KOTOPbIE MO3BOJIIOT COBMECTHO HCIIOJIb30BAaTh Pa3HOPOIHBIE JaHHBIE
pacmpenelieHHBIM M MaciuTadupyemMbiM  oOpazoM. OcHOBHas mpoOiieMa I3THX CHCTEM
3aKJII0YaeTCsl B TOM, YTO 3alpoChl MOTYT TMepelaBaThCsi BCEM OJIHOPAHTOBBIM Y3JaM, YTO
3HAYUTEIHHO YBEINYMBAET CETEBOU TpauK.

Paspabortannass tiatpopma KadoP  omupaercs Ha  HM3BECTHYIO  TEXHOJOTHIO
pactipeaeneHnbix xoui-radmaun (DHT) ana nmogaepKku ClIoKHBIX 3anpocoB K obmum XML-
nanueiM [13]. ABropsl [14] paspaboranu metos s oueHku XPath-zanmpocos k XML-nepesy,
KOTOPOE PAa3/IeICHO MO TOPU3OHTAIN M BEPTHUKAIM M PACTPEACTICHO MO HECKOJBKUM CaiTaMm.
OHAKO 3TOT MOIXO0/T UMEET JIEJI0 TOJBKO C JIoruueckumu 3arnpocamu XPath u 3anmpocamu XPath
C BEIOOPOM JTaHHBIX.

XML 6 obnaunvix cucmemax xpanenus

MHorHe CHUCTeMBI, SI3BIKM M MOJENW ITaHHBIX ObUIM pa3paboTaHbl I 00pabOTKH
MacCHBHBIX HAOOPOB JIAaHHBIX MOBEPX paclpeleleHHbIX (ailnoBsix cucteM (Hanpumep, HDFS)
u B pamkax MapReduce. Tunuunsie npumeps! Bkiodatot Jagl, Pig, Hive, Scope, HadoopDB,
HadoopXML u ChuQL. Pig — 3T0 quHAMUYECKH TUIMHU3UPOBAHHBIN S3bIK 3AIPOCOB C THOKOMA
BJIOKEHHOW PEISIIIMOHHOW MOJICNTBIO JIAHHBIX U YIOOHBIM CHHTAaKCHCOM, IMOJAO0HBIM CKPHIITY,
I pa3pabOTKKM TOTOKOB JaHHBIX, KOTOpbIe OICHHWBArOTCsA ¢ momoinsio MapReduce. Hive
UCIIONIB3YeT THOKYI0 Mojenb JaHHbix 1 MapReduce ¢ cuHTakcucoM, ocHOoBaHHBIM Ha SQL.
Scope ot Microsoft umeer te xe QyHkuum, yro u Hive, 3a HCKIOYEHHEM TOro, YTO OH
ucnione3yer Dryad B kadectBe mapaiienbHOW cpenabl BbimonHenus. HadoopDB sisnsercs
pacupenueM Hive u 3ampainmBaeTcsi ¢ TOMOIIBIO sI3bIKa 3apocoB, mogodHoro SQL. Bmecto
XpaHCHHs JTaHHBIX B pacnpe/esicHHOH (aitnoBoii cucteme Hadoop oH ynpaBiseT HECKOIBKHUMU
sK3eMIuIsipamu POStgres s xpaneHust 1aHHbIX. OH TepseT YHUBepcainbHOCTh HAadoop, koTopsiit
HOJIJIEPKUBACT MPOU3BOJIbHBIC MOJICNIM JaHHBIX, HO YIydlllaeT ypoBeHb XpaneHus Hadoop,
npuOJIMKas yacTu 3ampoca K ganaeiM. HadoopXML — 3T0 cuctema, koTopasi 0JTHOBPEMEHHO
00pabaThIBa€T MHOXECTBO 3aIIPOCOB IIa0JIOHOB BETOK I 00JbIoro oobema XML-naHHbBIX ¢
nomotnsio Hadoop. ChuQL — arto pacmmpenre MapReduce mist XQuery aiis oopadotku XML
¢ momonipro Hadoop.

beun pa3paboTaHbl HEKOTOpBIE HOBBIE IIATPOPMBI, Mpeanaramimue Oonee oOIIMe
omepatopbl, Bikmtouas Hyracks wu Nephele. Hyracks mnpenocraBnser pasaeneHHyO
napajuieIbHyI0 MOJENb JUIS BBITIOJHEHUS BBIUMCICHUNA C WHTEHCHUBHBIM HCIIOJB30BAaHHEM
JIAHHBIX B KJIacTepax 0e3 COBMECTHOTO ncronb3oBanus. Nephele — sto yHuBepcanbHas cucrema
JUIst 0OpabOTKM JaHHBIX B BeO-macmitabe. AOCTpakiueil mporpaMMUPOBaHUS ISl HAITUCAHUS
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3aja4 ABIAIOTCS KOHTpakThl napaenusanuu (Parallelization Contracts - PACTS), cocrositue
13 KOHTPAKTOB BBOJa/BeiBOJIa. Kamauo-Ponpurec u ap. [15] npeacrasunu noaxon PAXQuery
JUTSL HESIBHOTO pacrapaienuBanus XQUery mocpeacTBoM mpeoOpa3oBaHus alredpandeckoro
mana XQuery B napauienbHblil oian PACT.

Hpyroe HampaBienue — otoOpakenue XML-gokymMeHTOB B pa3nuuHbie 0a3bl JaHHBIX
NoSQL. Bce xpanmmma NOSQL co3ganbsl Ha OCHOBE JeKJIapaTUBHON 00pabOTKH 3ampoOCOB C
ucnoib3oBanueM XQUEery u UCroiib3yIT CTPATETUU OTOOPAXKCHHSI MOJICIIH TAHHBIX, TAKUX KaK
KIIF0Y/3Ha4eHHe, CTOJIOIBI 1 OPUEHTHPOBAHHbBIE HA JOKYMEHTHI, B MOJIeJIb JaHHbIX XDM.

Kamauo-Poapurec u gap. [16] omucanu MexaHU3M pacHpelesIeHHBIX 3alpoOCOB IS
ynpasienus 6oapimumu oobeMamu XML-gokymentos mosepx Amazon Cloud. IpencraBnenst
TPU CTpaTerud WHICKCUPOBAHUS M peaiau3oBaHo moaMHoxkecTBo XPath u XQuery. B
uccinenoBanuu, nposeacaaom Wen-Syan et al. [17], o6maunoe nH(DOPMAIIMOHHOE YCTPOMCTBO
nox HazBanueM Xbase mpemiaraetcs CHEUUATBHO ISl KPYIMHOMACIITAOHBIX M CIIOXKHBIX
MEIUIIMHCKUX MpuiIokeHuid. Xbase npumeHseT THOPHIHBIA TMOAXOA K paclpene/ieHHbIM
penosutopusim XML-nokymentoB Ha ocHoBe RDBMS u Hadoop HDFS, uto oGecnieunBaer
0oJiee BBICOKYIO MPOHM3BOAUTEIHLHOCTH 0OpaOOTKM 3alpOCOB, a TAaKXKE CHUXKAET 3aTpaThl Ha
MIPOSKTUPOBAHUE CUCTEMBI.

[Ienk u ap. [18] pa3paboTaiu NOCTOSHHOE XPAHUITHIIE [10]] Ha3BaHHeM X0moda, koTopoe
oroOpakaet XML-1aHHple B XpaHWIWIIE C IMAPOKMMHU croiaOmamu. B Xomoda XML-
JOKYMEHTBI pa3OUThl HA Y3IIbl, U 3TH Y3Jbl MHACKCHUPYIOTCS ABYMsI Pa3HBIMH HHJIEKCAMHU.
Xomoda umeer Hekotopsie oOmue ueptsl ¢ XML2HBase, Ho oTiimdyaercss IByMsl BaXKHBIMH
acriektamu. Bo-miepBbix, Xomoda ¢okycupyercst TOJIbKO Ha 3ampocax oceii XML, u aBTopsI He
obcyxmanu apyrue oneparuu ¢ jgaddeiMd XML. Bo-BTopeix, Xomoda xpaHuT BCiO
uH(popMalnio (BKJIIOYas WHIEKC MyTH, UM, THUIl, 3HAUEHUE U KOJIMYECTBO OJHOYPOBHEBBIX
y3710B) Kaxk1oro y3ima B XML-nepese B HBase, uto B cBoro ouepenp co3/1a€T OrpOMHYIO TabJIUIlY
JAHHBIX U IPOOJIEMY C IPOU3BOJAUTEIHHOCTBIO.

AHAJIN3 ¥ BLIBOABI

Bce BpInIen3nokeHHbIE TMOAXOIbI OBUTH MPEUIOKEHBI C IETbI0 XPAHEHUS M U3BJICYCHUS
pasHOPOAHBIX JaHHBIX Ha ocHoBe XML. OcHOBHas cTpaTerusi 3ampocoB, HCIOJIb3yeMas s
PEIIIMOHHBIX PEIICHUH, 3aKIIF0YaeTCsl B U3BJICUCHUN TaOJIHMYHBIX JAHHBIX C MCIOJIB30BAaHHEM
TPaJUIIMOHHOTO JEKIapaTHBHOTO si3bika 3ampocoB: XPath wimm XQuery. Ho ux ucnosnb3oBanue
JUIsl oOecrieyeHHs] BO3MOYKHOCTEH YIyUlIeHHs] CKOpOCTH OOpabOTKM M MaclTaOWpOBaHUS
sBJsieTcs Maso3(PeKTUBHOI.

Ha sTom ¢one Oonpire mpenmyInecTBa B pacipeieIeHHON U mapajiyieibHOM 00paboTke
umeroT 6a3bl JanHbIX NOSQL. OHU NIMPOKO HCHONB3YIOTCSA [T KPYITHOMACIITAOHOTO XpaHEHUs
OOJIBITNX JAHHBIX M BEICOKOTIPOU3BOUTEIBHBIX BEIYMCICHHM.

OO6nauHble cUCTEMbI IPEHA3HAYECHBI I 00€CIIeYeHUs JOCTATOYHOr0 00beMa MaMATH U
KOMITHIOTEPHBIX PECYPCOB ISl YIIPABJICHUS U COBMECTHOTO MCITOIB30BaHMS OOJBIINX HAOOpOB
Pa3sHOPOIHBIX TAHHBIX. DTO MO3BOJISET NPEAOTBPATUTH HEONPABJAHHYIO H30BITOUHOCTh JJAHHBIX
B CETH Ha OCHOBE CEPBHC-OPHEHTHPOBAHHON apXUTEKTYPHI M COOTBETCTBYIOIIUX MPOTOKOJIOB.
WHTerpanus JaHHBIX MOJIEPKUBACT ONEPAlMN C KOMITO3UIMENH U BPEMEHHBIM (BUPTYaJIbHBIM)
NPEJICTaBJICHUEM JAHHBIX, XPAHAIIMXCS y Pa3IMYHBIX BIaAenblieB. J[aHHBIE OCTAIOTCSA TIOA
KOHTPOJIEM BIJEblla U HU3BJIEKAIOTCS MO TPeOOBAHMIO KIMEHTOB JJISI MHTEIPUPOBAHHOTO
JIOCTYTIa, BO3MOXKHO HA KOMMEPYECKOM MM CBOOOHON OCHOBE.

3akioyenue
B nanmpHeimem, B TPOBOJMMOM HAaMH HCCJICIOBAHWM TI0 BHEIPEHUIO aJallTHBHOTO
rpapuueckoro pemaktopa XML-3amuceit B pacnpeneneHHOH WHGOMAIMOHHONW CHUCTEME,
TpeIoIaraeTcsi J00aBIeHHEe B CUCTEMY BEPCHOHHUPOBAHHS TOKYMEHTOB, M, KaK CIIE/ICTBUE,
no0aBiieHHEe B MPUJIOKEHHE PEeNaKTUPOBAHUS TeTeporeHHbIXx XML-10KyMEeHTOB MOAEPKKU
BEPCHOHMPOBaHUS. Takxke IIaHupyeTcs T00aBICHUE TIOAIEPIKKN TEMITOPATBHBIX (BPEMEHHBIX )
JIOKYMEHTOB, C pa3HbIMU BEPCUSIMH OJTHOTO U TOT'O XK€ JJIEMEHTa B IOKYMEHTE, a TAaKXKe MYyJIbTH-
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Abstract. Currently, web applications using XML repositories (banking, accounting, personnel
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management, airline reservations, weather monitoring and forecasting, electronic control and e-
commerce) process a huge amount of temporary information and need a complete history of data and
schema changes for effective and transparent management of the information system. Existing XML
DBMS and XML tools do not support this function, which makes it difficult to build a history of changes,
difficult to return to the previous state, and the possibility of data loss. As a result, there is a problem of
effective management of temporary data storage when working with a large number of small XML
documents and many additional elements /attributes.

Keywords: XML encoding scheme, XML data mapping, NoSQL database, XML query processing
and optimization

XML KYKATTAP/ZIbIH YJIKEH KOJJIEKIUSICBIHA CY¥PAHBICTAP MEH
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Annparna. Kasipri yakeirra XML penosuropuiiiepin KoJamaHaThiH BeO-KochMITanap (6aHK ici,
OyXTaJTepIIiK ecell, aJaM pPecypcTapbliH 0ackapy, aBUaKOMIIaHUsIap/Isl OpoHIay, aya paiiblH OakbLIay
XoHEe OoJDKay, AJIEKTPOHBIK YKIMET JKOHE JJICKTPOHIBIK KOMMEPIIHsS) YIIKEH KeJeMJeri yakbITIIa
aKImaparThl OHJEH I J)KOHE aKMapaTThIK XYHEH! THIMIL )KOHE alIbIK 0acKapy MaKcaThIHAA IePEKTep MEH
CXeMa e3repiCTePiHiH TONBIK TapuxbiH KakeT eteni. Konnansicraret XML JIKBX sxone XML kypanmapst
OyJ1 QYHKIMSIHBI KOJIAaMai b1, OYJ1 ©3repicTep TapUXbIH KYPYAbl KHBIHAATAIbI, aJIbIHFBI KYHTe OpaiTy bl
KHMBIH/IaTaIbl )KOHE JCPEKTEPIiH KOFaITy MYMKIHIITIH Ty ApIpanbl. HoTmwkecinae, yakbITiia MaTiMETTEp Il
cakraynsl THIMAI Oackapy maceneci kenrtereH marblH XML KykaTTapbIMeH XoHE KONTETEH KOCHIMIIA
JJIEMEHTTEPMEH/aTpHOY TTapMEH )KYMBIC ICTEreH/IC TYBIHAAMIBI.

Kinrrik ce3aep: XML koxaray ceizdacer, XML nepexrepin canbicteipy, NOSQL nepextep Kopsl,
XML cypaHbICTapbIH OHJCY JKOHE OHTAMIAHABIPY.
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Abstract. In this article we present the modern trends like Explainable Machine Learning (EML)
versus classical Machine Learning (ML), the computer security is to be evaluated from the point of view
of the hashing and authentication schemes in Hyper-Text Transfer Protocol (HTTP), most of the emphasis
of this work is made towards hashing in representing the identity of data sources and making possible to
use these hashes as crypto currencies in block-chaining technology, the survey also gives the definition
of the basic hashing algorithm in the assumption that P not equals NP, where P is the polynomial class of
complexity and NP is a non-polynomial class, since this fact was proved before as equality between P and
NP, this is still remains challenging to prove that hashing function can be dual for either input or output,
thus giving the possibility of compromising the computer security system and obtain the prior hash in
hashing queue in block-chaining and, probably, partial chunks of the hashed data.

Keywords: hashing, algorithm, block-chaining, computer security, artificial intelligence.

Introduction

We present the description of HTTP-protocol authentication schemes like “basic” and “digest”
based upon encoding and hashing validation of the user identity.

Even since, the proof of equivalence of complexity classes it doesn’t mean that there could exist
the inverse function for hash as this question remains open — we give the strict proof that even since
assumption of equality of P and NP-classes (P = NP), this is still impossible to create the inverse function.
This proof is based upon definition of the universal hashing algorithmic steps which are dependent on the
input. At any time and at each point this becomes evident that data to be obtained from the inverse steps
cannot lay within the hash size which should as small as possible with respect to the average size of input
data which are hashed on the one-direction function like hash probing.

We also give the notion to the rapidly growing interest of variety of communities for Machine
Learning. We give the definition of algorithm of Explainable Machine Learning in order to define the
extensible role of the ML in the field of algorithmic approach rather than resorting to the classical
approach of neural networks.

HTTP basic authentication

Authentication schemes like basic and digest were presented in the official standard [1]. The basic
authentication scheme prerequisites are discussed in [2]. As we operate on HTTP it's necessary to study
the initial version of the protocol [3] — to the present day the version “2.0” is in active usage by many
software servers like Apache or nginx, we name our project as “Alumni”, version 1.0. The extension to
the digest authentication protocol is presented in [4]. The security issues were well studied by author in
[5]: these issues commonly are of programmatic case like buffer overflow conditions, when stack is
rewritten in the limited space and the return address is thus modified giving the possibility of
compromising the system and running arbitrary shell code [5].

According to the server statistics in World Wide Web (WWW) the most popular web servers are
I1S, Apache and nginx.

The authentication scheme of the basic authentication is provoked by the server response if
“Authorization: “-field is missing and authorization token is followed encoded using base 64 encoding
algorithm, the encoded string contains both login and password separated by “:” symbol.

In turn the server sends “WWW-Authenticate: basic[/digest], realm="..."”” response if the
authentication values are missing and authorization is required for the requested source. In this response
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the field “realm” corresponds to the arbitrary identification of secured source.

The Socket Security Layer (SSL) is used in the modern web software and, thus, avoids the
evaluation of data by reading data directly on Transfer Control Protocol (TCP) level.

The basic architecture of the web server is based upon the queues and, thus, represents the
classical example of the system of mass-servicing.

The basic authorization can be replaced with the usage of hash token after validating the user
data.

Hashing as a Modern Trend

The hashing is the term which is about to obtain the short part describing the whole part of the
input data, most of these functions are to be one-directional thus giving the protection against the
inverse determination of the hashed data.

The example of algorithm to be studied for the case of security level is presented in [6] and is
named as a Whirpool algorithm.

In other meaning the hashing functions give the time complexity and performance of O(1) for the
hash trees which are widely used in the modern Database Management Systems (DBMS) like Oracle,
etc.

The block-chaining based upon the hash algorithm which describes the crypto currency is a task
of obtaining the new hash at each transaction with the help of encryption algorithm — we divide these
algorithms as past and present, which was elaborated by the author of this work. The classical example
of hashing in block-chain is to hash the prior value to the values like additional attributes and, thus,
giving the new value for the next crypto currency transaction. We elaborate and give the simple
algorithm to obtain these hash values:

Generate random hash and encrypt using one-way algorithm with arbitrary key;
Decrypt the hash value;

Add amount of crypto currency as a big number to the hash;

Encrypt the next value;

Yield the value from step 4.

S

From the above algorithm, it follows that we don’t need the classical approach of mining in order
to obtain the hash values at each step as this process by itself compromises the security risks of data
collection by third parties and, thus, is vulnerable to the hashing attacks.

The last statement is prevalent since the MD5-hash was compromised in a distributed network in
year, circa, 2003.

Our algorithm is secure as the key-values evaluation relays on the SSL connection, where the
encryption key can be secured and stored in the local storage — this technology is widely used by the
modern browsing software like Google Chrome and Microsoft Edge.

The basic hashing algorithm is defined as the number of steps for the data-window of the fixed
size to be processed against the larger amount of data:

1. Generate window length less than input;

2. Set current position to zero;

3. For each input symbol module current position increment, set the value in the window array to the
bit-mask operation like exclusive-OR.

4. Repeat the step 3 until the end of input.

As we have stated before, the hashing function cannot be inversed — we prove it by using the
above example: since the window is less than input it’s obvious that the whole part of data cannot be
obtained even if the algorithm is known to the performer of this task.

Explainable Machine Learning

Modern trends of Machine Learning like the TensorFlow and imaginary detection is briefly
discussed in [7]. The existing algorithms are described in [8] along with a neural network method. The
use of Machine Learning in the present day within the practical experience is presented in [9] — this
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research states the question of the evaluation of Machine Learning in different types of application and
its impact on the global stage. The modern usage of ML in wireless networks as the application is
presented in [10].

After the overview of the research on the latest publications for Machine Learning and its
application with pros and cons, we present the algorithmically practical solution for ML, known as
Explainable Machine Learning, or, simply, EML.

EML relays on input data and can be represented as the matrix of sorted elements by the category
and priority at each row and column, the steps of building this matrix and evaluation of the query are
defined as follows:

1. Sort the input data matrix with given priority of each factor;

2. Query the result for each data in the sorted matrix for the short-coming range of lower and upper
row;

3. For the number values do the floor or ceil of the value and compare it same way as the word entities
in the input matrix.

Neural networks which are based upon sigmoid function can be extended for EML as the
algorithm for arbitrary function with respect to the term various probability type which is well-known
in modeling theory of mass-servicing queues.

The algorithm for arbitrary function f(x) is as follows:

1. Define the function f(x) and its range L and R;
2. Compute the minimum and maximum values of function f(X) on this range using differential
calculus;
3. Train the neural network by applying function f(x) divided by the minimum and maximum, with
subtraction of minimum.
The steps above give the novel example of the arbitrary learning without usage of sigmoid-
function for neural network training.

Conclusion

Thus, we have presented the novel block-chaining algorithm which is secure and fast and doesn’t
require expensive mining operation to be performed on the specific devices which utilize Nvidia chipset
bundle for this purpose.

The trend for computer security is also given with respect to the hash evaluation after authorizing
user using standard methods or methods which involve security token or “cookie” safety.

We have also represented the modern results on the Machine Learning, which is named in this
article as Explainable Machine Learning and, thus, is more relevant and doesn’t require the neural
network to be trained as the EML-decision tree can be expanded by online query also in the linear time
as well as the query performance time O(n), where n is the number of factors in the data matrix of the
input.

Thus, the modern trends are to be seen from other point of view with respect to the prior results
on algorithmic stage like the prior experience of the authors of these methods.
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AHHoOTanus. B 3Toii cTaTbe MBI IPECTABIISIEM COBPEMEHHBIE TEHICHITNH, TAKE KaK O0BSICHAMOE
mammaHoe oOyuenne (EML) mo cpaBHEHHIO C KJIACCHYECKMM MamHMHHBIM 00yuenuem (ML),
KOMITBIOTEpHAsT O€30MacHOCTh JOJDKHA OIIGHUMBAThCS C TOYKH 3PCHHS CXEM XJUIUPOBAHUS U
ayTeHTU(UKAIMH B TPOTOKOJIe nepeaayn rurnieprekcta (HTTP), ocHOBHOI akIeHT B 3TOH paboTe clienan
Ha X3IIUPOBAHUS JJIS PEACTABICHNS HICHTHYHOCTA HCTOYHUKOB JJAHHBIX M 00eCTIeUeHUS BO3MOKHOCTH
WCIIOJb30BaHMSI 3THUX XJIIeH B KAYeCTBE KPUIITOBAJIIOT B TEXHOJIOTUM OJIOKYCHH-IICIIOUCK, B
WCCJICJIOBAHNH TaKXKe JaeTCs OmpeeiicHue 0a30BOro aJirOPUTMa X3IIUPOBAHUS B MPEANOJIOKESHUH, YTO
P we paBao NP, rme P - mommHOMUuanpHBIN Kiacc cioxHocTH, a NP - HemonmHOMHMaNBHBINA KIlacc,
MOCKOJIBKY ATOT (hakT OBbLI JOKa3aH paHee Kak paBeHCTBO Mexay P u NP, Bce emie ocraeTcst ClI0xKHOMN
3aJiaueii JI0Ka3aTh, 4TO ()YHKIIMS XIUTUPOBAHMS MOXKET ObITh JBOWHOM KaK s BBOJIA, TaK U JIJIS BHIBOJIA,
YTO JaeT BO3MOXKHOCTH IOCTAaBHTH IMOJI YTPO3y CHUCTEMY KOMITBIOTEPHON O€30MacHOCTH M TONYYHTh
MPEIBITYIIUN X211 B 04epel XAIIMPOBAHUS B OJI0YHOHN IEMOYKe U, BO3MOXHO, YaCTUYHBIE ()parMeHTHI
X3IIUPOBAHHBIX JIAHHBIX.

KiroueBble ci1ioBa: XEIIMPOBAHUE, aJITOPUTM, OJIOUHAS ICTI0YKA, KOMIIBLIOTEpPHAs 0€30MaCHOCTD,
WCKYCCTBEHHBIH WHTEIJICKT.
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Anparna. byn wmakanmaga 013 KJIacCHKaJIbIK MallMHANBIK OKbITyMeH (ML) canbicThipranma
TycinAipMe MamuHaNbIK OKbITY (EML) cHsKTBI 3aMaHayH TeHACHUUIIAPAB! YCHIHAMBI3, KOMIIBIOTEPIIIK
Kayinci3aikTi runepmatinai 0epy nporokonsiaaarsl (HTTP) xamrey xkoHe ayTeHTHQUKAINS ChI30aIaphl
TYPFBHICbIHAH Oarajay KepeK. bys1 sKyMBICTBIH Heri3ri OarbIThl IepeKTep KO3/AEpiHiH COUKECTIriH KopceTy
JKOHE KamTaMachl3 €Ty YLIiH xomrey Oonein Tabbulaabl. bynm xsmTepai OnokueiiH Tiz0eri
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TEXHOJIOTHSICBIH/IA KPHUIITOBAIIOTA PETiHAC Maiaanany MYMKIHIIKTEpi, 3epTTey coHbiMeH Katap P NP -
re TeH eMec JereH OOJDKaMMEH HETi3rl X511 alrOpUTMiH aHbIKTaliabl. MyHOarbl P-KONMYIIeiK
KYpACTiIiK Ki1ackl, am NP-kenmMymrenik emMec kiacc, edtkeHi oy ¢gakt oypsiH P men NP apaceiHmarsl
TEHIK PeTiHIE MANIEIICHTeH, X3ITey (QYHKIHUACH €HTi3y VIIIH e, MbFapy YIIH e Kocapibl 00Tyl
MYMKIiH €KCHIH IQJNieNJiey oJli Ji¢ KHBIH MiHJAST OOJbIN TaObUIaAbl. By KOMITBIOTEpPIiK KayilcCi3mik
JKYWeciHe Kayill TeHAIpyre »oHe AaJIBIHFBICBIH allyFa MYMKIHZIK Oepemi OmokdeitHmeri Xsmrey
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