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Abstract. In the article describe the estimation of the accuracy of image reconstruction by lifting filters, that
in video codecs, the main compression of the video stream is provided by eliminating inter-frame redundancy using
motion compensation methods for image fragments of adjacent frames. However, the use of motion compensation
methods requires the formation of additional data (metadata) containing information about the types of image blocks
used, the coordinates of their movement, etc. At the same time, in order to increase the compression of the video
stream without compromising its quality, a higher accuracy of motion compensation is required, which leads to an
increase in the number of blocks and, accordingly, to an increase in the volume of metadata that reduces the
effectiveness of motion compensation. This is the main problem of compressing streaming video without degrading
the quality of images. In addition, the higher accuracy of positioning blocks with motion compensation dramatically
reduces the speed of image processing, which is not always feasible in real-time systems.

Keywords: adaptation, the brightness control mechanism, processing dynamic image sequences,
reconstruction by lifting filters.

Introduction.

Digital image processing is a rapidly developing field of science. Research and development
of methods and algorithms for processing and analyzing information presented in the form of
digital images is a very urgent task.

The great contribution to the digital processing of television images was made by both
domestic scientists — V.T. Fisenko [3], M.L. Mestetsky [5], V.P. Dvorkovich, A.V. Dvorkovich
[1-9], M.K. Chobanu [5-6], V.N. Kozlov [2-7], V.N. Gridin [1-8], V.Yu. Visilter [4], A.L. Priorov
[3-4, 9], as well as by L. Shapiro [5-7], R. Gonzalez [1-7], R. Woods [17], G. Finlayson[7-8], C.
Wohler [10], R. Szeliski [6], D. Maier [5, 8].

The number of fundamental studies of Alpatov B.A., Atakishchev O.l., Bashmakov O.E.,
Bykov P.E., Gurevich S.B., Duda R., Hart P. and others are devoted to the development of methods

13



Bocomasn Meacoynapoonas nayuno-npaxmuueckas kongepenyus «BIG DATA and Advanced Analytics. BIG DATA
U ananu3 8blcoKo2o yposuay, Munck, Pecnyoauxa benapyco, 11-12 mas 2022 200a

for detecting and tracking moving objects, image processing and control of objects and purposeful
processes. Methods of digital image processing were considered in the works of Gonzalez R.,
Lukyanitsa A.A., Titov B.C., Filist S.A. Issues related to the transmission of video data were
investigated in the works of Zubarev Yu.B., Sogdulaev Yu.S., etc. Methods of recognition of static
and dynamic images based on spatio-temporal analysis of video images were covered in the works
of Favorskaya M.N., Soifer V.A., Fisenko V.T., Foresight D., Klyuchikov L.A., etc. At the same
time, the issues of recognition of moving people (dynamic images) in various situations and in
conditions of changing factors (interference, lighting heterogeneity, change of angle, etc.) remain
unresolved.

The analysis of the literature has shown that the systems using algorithms of applied
television are of the greatest interest. Such systems use the visible part of the electromagnetic
spectrum, which is convenient for practical use [2-3]. To date, applied television systems are
widely used to perform various kinds of measurement work: diagnostics of the road network [1-
2]; detection of pedestrians [2]; detection of obstacles on the runway [2-6]; collision prevention
on railways [2-8]; detection of obstacles in front of a mobile ground object [1-5]. All the listed
systems using the methods of applied television to perform their task analyze a specific type of
obstacle, without solving the problem in the general case. In this regard, a system of applied
television based on digital image processing is proposed to solve the problem of detecting
obstacles in the room by an autonomous mobile robotic platform, which characterizes in such an
obstacle, the system is the main color feature, information, which makes it possible to distinguish
the types of underlying surface.

The purpose of the scientific article is to develop models, methods and algorithms for
processing complex structured video data based on the use of methods to increase the contrast of
television images in video information systems.

Frequency methods of image transformations are based on the idea of the Fourier transform,
the meaning of which is to represent the original function as a sum of trigonometric functions of
various frequencies multiplied by specified coefficients. An important property is that the function
represented by the Fourier transform, after performing transformations on it, can be returned to its
original form. This approach allows you to process the function in the frequency domain, and then
return to the original form without loss of information. The Fourier transform can also be used to
solve image filtering problems. In a practical application, the implementation of frequency
approaches can be similar to spatial filtering methods.

Spatial image enhancement techniques are applied to raster images represented as two-
dimensional matrices. The principle of spatial algorithms is to apply special operators to each point
of the original image. Rectangular or square matrices called masks, kernels or windows act as
operators. Most often, the mask is a small two-dimensional array, and improvement methods based
on this approach are often called mask processing or mask filtering.

The existing methods of isolating (filtering) significant characteristics of individual image
components, some periodic image structures are not optimal from the point of view of Fourier
approximation in the specified frequency intervals in which filtering is carried out. Therefore, an
urgent problem is the creation of mathematical models and filtering methods that allow for
adequate consideration of the energy characteristics of images in selected frequency intervals. The
paper develops and theoretically substantiates a method of optimal linear image filtering based on
frequency representations, which is optimal in the sense that the spectrum of the image obtained
as a result of filtering has the smallest standard deviation from the spectrum of the filtered image
in a given two-dimensional frequency subinterval, and outside this subinterval has the smallest
deviation from zero.

Usually images are distorted under the influence of various kinds of interference. This
complicates both their visual analysis by a specialist and automatic processing using computer
technology. Attenuation of the interference effect can be achieved using various image filtering
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methods. When filtering, the brightness of each point of the source image distorted by interference
is replaced by some other brightness value, which is assumed to be distorted to a lesser extent.
Such a decision can be made based on the following considerations. The image is represented by
a two-dimensional function of spatial coordinates, the values of which change more slowly when
moving from point to point of the image than the values of a two-dimensional function describing
interference. This allows, when evaluating the value of the useful signal at each point of the image,
to take into account a certain set of neighboring points, taking advantage of a certain degree of
similarity of the useful signal at these points.

Therefore, in video codecs, the main compression of the video stream is provided by
eliminating inter-frame redundancy using motion compensation methods for image fragments of
adjacent frames. However, the use of motion compensation methods requires the formation of
additional data (metadata) containing information about the types of image blocks used, the
coordinates of their movement, etc. At the same time, in order to increase the compression of the
video stream without compromising its quality, a higher accuracy of motion compensation is
required, which leads to an increase in the number of blocks and, accordingly, to an increase in the
volume of metadata that reduces the effectiveness of motion compensation. This is the main
problem of compressing streaming video without degrading the quality of images. In addition, the
higher accuracy of positioning blocks with motion compensation dramatically reduces the speed
of image processing, which is not always feasible in real-time systems. Therefore, MPEG-4-10
codecs use a rectangular block structure of variable size, which provides acceptable image quality
at speeds of more than 3 Mbit/s. Thus, the main problem of compressing a video stream without
visually degrading the quality of images in real time is a fairly large amount of metadata required
to decode compressed images. To date, this problem has not yet been fully solved in world practice.

Additionally, the quality of images is indirectly affected by the amount of compression of
audio signals, since both video and sound are transmitted in a single stream at a speed of 2 Mbit/s.
At the same time, the volume of audio information, depending on the sound quality, can reach 10-
20% of the video. Therefore, we must strive to increase the compression of audio signals. In this
regard, the works aimed at improving the methods and algorithms of compression of streaming
video and sound, to increase the compression coefficients without a noticeable decrease in the
quality of the restored images and sound are of great scientific and practical importance.

Methodology

The analysis of the conducted studies showed that the best in image compression are VF
LeGall (5,3), Deslauriers-Dubuc (9,7) and Deslauriers-Dubuc (13,7). But since all the filters
considered use integer rounding of the division results, accordingly, with the reverse VP, some
distortions of the restored video data occur. Therefore, to assess the accuracy of video data
recovery by the considered VFS, a study of their effectiveness in processing 2 artificial and 2 real
images presented in Fig.5.19 and 5.20. The efficiency was evaluated based on the calculation of
the root-mean-square error (RMS) of the original and reconstructed test images after processing
by the LeGall (5,3), Deslauriers-Dubuc (9,7) and Deslauriers-Dubuc (13,7) VFS. According to the
results of the experiments, it was found that monochrome images of the type of Fig. 5.19, and all
the considered VFS are restored completely, without distortion.

As follows from the research results, the magnitude of the root-mean-square error of
restoring test images is mainly determined by the structure of the image itself, and not by the type
of the selected VF. Thus, the maximum error (2.9%) occurs when processing a fine-structured
mountain landscape, and images with a more homogeneous structure are restored with less
distortion, and Deslauriers-Dubuc filters have the best quality characteristics (13.7). However, to
build microprocessor video codecs, it is better to use LeGall (5,3) filters, which have 2-3 times
higher performance than Deslauriers-Dubuc filters, which allows using a cheaper and more
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accessible element base. And a small level of introduced distortion, not exceeding a few fractions
of a percent, is not perceived by the human eye.
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Figure 1. Errors in the recovery of test images after processing

The use of wavelet transformations, as well as DCP in codecs of standards (JPEG and
MPEG) does not in itself reduce the volume of video data, but only allows them to be represented
as chains of zero values of the coefficients of the decorated pixels. At the same time, video data
compression is performed by statistical compressors by packing chains of coefficients with zero
values. Thus, the more homogeneous the image was used, the longer the chains of zero coefficients
are formed after the VP and, accordingly, a greater compression of the video data volume can be
obtained. However, the problem with compression is that the amount of redundant information in
an image strongly depends on their plot. Thus, Figure 1 shows examples of compression of images
of various subjects without loss of quality [1].

Therefore, quantization is used to control the amount of video data compression, in which
the VP coefficients are divided into certain numbers, followed by rounding the result to integer
values. This, on the one hand, reduces the dynamic range of coefficients, which require fewer data
bits to be stored, and on the other hand, increases the length of zero coefficient chains, which
increases the image data compression ratio. However, the structure of these VP coefficients is
different than with PREP and represents nested quadrants. So Figure 2 shows the original image
and the result of a single VVP. To date, an effective mechanism of inseparable VP has not yet been
developed, so the transformation is carried out in 2 stages: first horizontally, then vertically. At
the same time, 4 regions are formed: containing only low-frequency coefficients - low-frequency,
only high—frequency coefficients - high-frequency and overlapping regions containing high-
frequency and low-frequency coefficients (Fig. 2). With a larger number of transformations, only
the low-frequency region (low-frequency) is processed, and the remaining regions remain
unchanged.

Figure 2. The initial image and the result of a single-level VP
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Thus, in the quantizer, the coefficients of the quadrants are divided by a predetermined
number, and each wavelet filter has its own coefficients [2].

Most wavelet codecs use scalar quantization. There are two main strategies for performing
scalar quantization. If the distribution of coefficients in each band is known in advance, then it is
optimal to use Lloyd quantizers - with limited entropy for each subband [3]. In general, we do not
have such knowledge, but we can transmit a parametric description of the coefficients by sending
additional bits to the decoder. However, in practice, a simpler uniform quantizer with a "dead"
zone is often used. Quantization intervals have size A, except for the central interval (near zero),
whose size is usually chosen 2A (Fig.3).

The value of the centroid of this interval is assigned to the coefficient that falls within a
certain interval. In the case of asymptotically high coding rates, uniform quantization is optimal.
Although in practical modes of operation, quantizers with a "dead™ zone are suboptimal, they work
almost as well as Lloy-da-Max quantizers, but much simpler in execution [26]. In addition, they
are resistant to changes in the distribution of coefficients in the subband. An additional advantage
of them is that they can be nested into each other to obtain a nested bit stream [4];

a) uniform quantizer with quantization interval A

+—+t—+r++—4 "1

-TA2  -BA/2 -3A/2 0 3A/2 5A/2 TA2

b) a quantizer with a "dead" zone with a quantization interval of 2A.

Figure 3. Variants of quantum converters with uniform and with a "dead" zone
Below in tabular form (table.1-3) the default quantization coefficients for some wavelet
filters are given depending on the depth of the VP, which in turn is also a variable number less
than or equal to 4 [4].

Table 1. Values of the quantizer matrix for the Legal wavelet filter (5,3)

) ) The depths of the discrete wavelet transform (DWT)
Level Orientation
0 1 2 3 4
0 NN 0 4 4 4 4
1 VN - 2,2, 1 2,21 2,2, 1 2,21
2 VN, NV, NN - - 4,4,2 4,4,2 4,4,2
3 VN, NV, NN - - - 55,3 55,3
4 VN, NV, NN - - - - 7,7,5

Table 2.Values of the quantizer matrix for the wavelet filter Deslauriers-Dubuc (13,7)

) ) The depths of the discrete wavelet transform (DWT)
Level Orientation
0 1 2 3 4
0 NN 1 5 5 5 5
1 VN - 3,31 3,31 3,31 3,31
2 VN, NV, NN - - 4,4,1 4,41 4,4,1
3 VN, NV, NN - - - 55,2 55,2
4 VN, NV, NN - - - - 6,6,3
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Table 3.Values of the quantizer matrix for the wavelet filter Daubechies (9,7)

. . The depths of the discrete wavelet transform (DWT)
Level Orientation
0 1 2 3 4
0 NN 1 3 3 3 3
1 VN - 1,1, 1 1,1, 1 1,1, 1 1,1,1
2 VN, NV, NN - - 4.4, 2 4.4, 2 4.4, 2
3 VN, NV, NN - - - 6,6,5 6,6,5
4 VN, NV, NN - - - - 997
Results

The brightness control algorithm is designed to correct image defects by applying the
formula (1) [1; 15-16-c.].

Zn = U2y (5C€) Upons (5C) [20 + Z221 Ui (5€) e = wid| +
U9_—11 (% C) Un-1 G C) [29 + Zz;rll Ug-k-1 (% C) (u — Uk)] 1)

where: z, and z, - rows of source data for calculating correction coefficients, they are set
directly from the image (these are the first and last rows of the area under study);

Ug2,- the inverse matrix of the Chebyshev matrix polynomial in degree 8 —1; Ug2,_,-
matrix Chebyshev polynomial in degree 8 — n — 1; C — the square Jacobiev matrix is a tridiagonal
matrix, an argument for calculating Chebyshev polynomials U,,;

Uj—, matrix Chebyshev polynomial in degreek — 1; u; and v,-control parameters in the
form of vectors; n — row number in the correction factor matrix for the brightness matrix; k — the
current index of the summed array; 6 — a parameter indicating the dimension of all the matrix
(brightness, correction) control vectors.

As a result of processing, the required brightness is achieved, which allows you to adjust the
brightness of pixels in the selected area of the image due to control coefficients.

In addition, as a result of the algorithm, two results are obtained:

1) The area of the image where the defect was is corrected in accordance with its
environment.

2) The control coefficients u and v are calculated for the entire section where the correction
is performed. They can be applied to subsequent images with the same defect and its surroundings.

This algorithm uses two basic formulas: U,,,(x) = 2 * Upiy(x) — Up(x),n =0,
Uy(x) = 1,U;(x) = 2x, (2) where: U, - Chebyshev matrix polynomial calculated at the next
step (n+2 — degree of the polynomial); U,,,; Chebyshev matrix polynomial, which was calculated
in the previous step (n + 2 — the previous degree of the polynomial); U, Chebyshev's matrix
polynomial, which was calculated two steps before the current one; x — the input parameter on the
basis of which the polynomial is calculated U_,(X) = E, U_;(X) =0, Uy(X) = E, U;(X) =
2X, where E —single, and 8 — zero matrix.

Thus, by searching for control coefficients u, v, using Chebyshev polynomials of the second
kind (1) and (2), itis possible to adjust the brightness in accordance with a givenrange (8 — ¢, 8 +
€), where (8 - minimum brightness, € — the difference between maximum and minimum
brightness, z; ;- the brightness of this point) within the workspace. As a result of the measurement
B, € the brightness range is being set (8 — €, B + €), which should include all points from the
workspace after correction. In this case, two additional matrices are created with the size of the
selected image area, which are filled with values U and V. Next, the algorithm looks through all
the points of the image and calculates the values for each one by iteration U and V, corresponding
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to the condition, and the values found are then written to the corresponding elements of additional
matrices. After all the points are viewed, the process of summing their current values with the
calculated ones takes place U and V, i. e.
Zl,,’] = Zi,j + Zl,,j
where Z and Z' — matrix of brightness values before and after correction, U and V - matrices
of control values. As a result of this step, the sharpness and clarity of the image increase.

Discussion

By varying these numbers for different conversion levels and different quadrants, you can
control the degree of video data loss in the image, thereby changing the compression ratio and the
quality of the restored images. At the same time, to ensure the constancy of the bitrate of the
compressed video stream, an adaptive change in the values of the quantization coefficients is used,
which maintains the constancy of the frame compression ratio when excessive information
changes in them. At the same time, the quantization coefficients calculated in the compressor are
stored in the output array for proper operation of the decompressor. However, an increase in video
data compression leads to an increase in irreversible data loss, which affects the visual quality of
the restored images. Therefore, determining the optimal values of the quantizer is a rather difficult
task and requires further research.

One of the most urgent tasks in the field of audio-video data processing is the improvement
of audio-video data compression methods, taking into account the elimination of temporary
redundancy of TV images and audio accompaniment. This problem is very relevant in conditions
of limited frequency resources. In addition, it becomes possible to significantly reduce the
preparation time for television reports to be broadcast directly from the event sites by transmitting
signals from TV cameras directly to the installation hardware of television centers over cellular
networks. At the same time, there is no need to use expensive and not always available broadband
communication channels.

As a result of the conducted research, TV images have code, intra-frame statistical,
psychovisual, structural, temporal or inter-frame redundancy, when eliminated, image information
reduction or video data compression is achieved.

Statistical redundancy is eliminated by the use of spectral transformations based on PREP
and VP and allows you to compress images by 20-20 times for PREP and 30-40 for VP, and with
virtually no data loss.

The presence of psych visual redundancy allows you to control the codec compression ratio
by removing that part of useful information that is either not perceived by our visual system, or
makes it little noticeable. This approach makes it possible to increase codec compression and,
while maintaining visual quality, image compression can be obtained up to 40 times with PREP
and 60-70 times with VP. However, with high compression ratios, there are noticeable image
distortions in the form of a block structure in PREP or loss of clarity in VP.

The presence of inter-frame redundancy makes it possible to further increase the
compression of the video stream to about 80-90 times due to the use of various motion
compensation methods. However, these methods for the correct recovery of images during
decoding form an additional array of metadata carrying information, but new coordinates of the
moved blocks, pointers of block types, etc. Metadata is added to the compressed image data in a
single digital stream and must be protected from possible errors, otherwise it will not be possible
to restore the image. Moreover, to ensure a higher compression ratio, a more accurate operation of
the motion compensator is required by reducing the size of the blocks, changing their geometry or
adapting their shape to the configuration of the video objects of the scene (adaptive compensation).
However, this leads to a significant increase in the volume of metadata, and accordingly to a
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decrease in the resulting compression ratio of the video stream, negating all the advantages of
motion compensation. Therefore, increased compression can only be achieved by degrading the
quality of the images.

Fractal compression methods based on the elimination of structural redundancy can provide
the required compression of the video stream by 150-200 times, but they have very low
performance and currently cannot provide real-time processing of the video stream.

Thus, to date, existing image processing algorithms can only achieve 130-150 times
compression of the video stream due to a noticeable deterioration in their visual quality. Therefore,
to ensure good quality of TV images with a frame size of 8-10 kbytes, it is necessary to develop
new effective methods for processing video streams that significantly minimize the amount of
metadata (no more than 500 bytes per frame), or do not use motion compensation at all.

Conclusion

Experimental evaluation of the efficiency of compression of audio files by fractal and fractal-
spectral codec. To evaluate the effectiveness of the proposed method of audio signal compression
based on the elimination of temporary redundancy of audio frames, an experimental study of the
compression of audio files of various genres with various errors in the identification of audio
frames was conducted.

Currently, Haar wavelets are widely used for information compression, which is
characterized by simplicity of implementation, since it has only 2 coefficients. However, the Haar
wavelet is not very suitable for compressing audio signals, because it does not provide a high
degree of compression of the ZS, since when a large number of conversion coefficients are
discarded, distortions occur in the form of extraneous noise, crackling and rumbling. To eliminate
this disadvantage, higher-order wavelets can be used, for example, Daubeshi-4th order, having 4
coefficients and Daubeshi-10, having 10 coefficients [4,14]. Moreover, the functions of higher-
order wavelets have a more "smooth™ shape, due to which the compression ratio can be increased
while maintaining the sound quality. Therefore, for the implementation of the compression
algorithm, it is most advisable to use the Dobshy wavelet of the 10th order, since on the one hand,
it provides greater conversion accuracy, and on the other, it does not significantly reduce the
processing speed.
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AHHoOTanus. B crartbe omnrcaHa OlleHKAa TOYHOCTH BOCCTAHOBIICHHS M300PaKCHUS C MOMOIIBIO (QUIBTPOB, B
BUJICOKO/IEKaX OCHOBHOE CIKaTHE BUICONOTOKA 00€CIIEYMBACTCS 32 CUET YCTPAHEHUs MEIKKAIPOBON N30BITOYHOCTH C
HCITIOJIb30BAHUEM METOJIOB KOMIICHCAI[UKM JBUMXKCHUS Ui (DparMeHTOB H300pa)KCHHs COCCTHHMX KaapoB. OHAKO
HCIIOJIb30BAaHUE METOJOB KOMIICHCAIIMMA [BW)KCHUS TpeOyeT (OPMHUPOBAHUS JOMOJHHUTCIBHBIX JaHHBIX
(MeTaZaHHBIX), COACPXKAIIMX HHPOPMALHUIO O THIAX HCIOIBb3YEMbIX OJIOKOB H300paKCHHS, KOOpPJIMHATAX HX
TepeMeIeHnust U T.4. B To ke BpeMs, 4ToOBl YBEIWYHTH C)KAaTHE BHICOMOTOKa Oe3 ymepOa A ero KadecTBa,
TpeOyeTcs OoJiee BRICOKAs TOUHOCTh KOMIICHCAITUH IBIYKCHUS, YTO TIPUBOIUT K YBEITHYCHUIO KOJINIECTBA OJIOKOB ,
COOTBETCTBCHHO, K YBEIMICHHUIO 00BheMa METaJaHHBIX, YTO CHIDKACT 3(h(h)eKTHUBHOCTh KOMITCHCAIINH JIBIKCHUS. DTO
OCHOBHas Tpo0iieMa C)KaTHs TOTOKOBOTO BHAEO 0e3 YyXyAIIeHHWs KadecTBa n3zoOpaxkeHwit. Kpome Toro, Oomee
BBICOKAsl TOYHOCTDH MTO3UIIMOHUPOBAHUS OJIOKOB C KOMIICHCAIMEH JBIDKCHHS PE3KO CHMKAET CKOPOCTh 00pabOTKH
n300payKeHMH, YTO HEe BCETIa BO3MOYKHO B CHCTEMaX PeaqbHOTO BPEMEHH.

KiroueBble cioBa: ajantamnusi, MEXaHU3M PETYJIUPOBKH  SIPKOCTH, O0O0pabOTKa JAMHAMUYECKUX
MOCJIeI0BATEIILHOCTEH N300pasKEHUM, PEKOHCTPYKIIKS C MTOMOIIBIO TIObEMHBIX (DUIBTPOB.
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Abstracts. This article is devoted to the Agile Marketing methodology in such aspects as: essence, procedures
and benefits. Agile approach was introduced as a flexible way of software development. By breaking down work into
small mini projects (sprints), gathering continuous feedback, and allowing for flexibility to adapt to changes, agile
helps software teams thrive. Last periods this approach has been so successful that a lot of disciplines, including digital
marketing, have started to incorporate Agile practices into their processes.

Keywords: gile marketing Manifesto, Agile marketing, productivity, team work, scrum, sprint, Agile tools,
principles, benefits, efficiency, digital marketing.

Introduction. Agile as the most appropriate development methodology is based on the three
key elements that bring the success: collaboration; focus on business value; appropriate level of
quality. “Agile marketing” term is borrowed from the software development practice (is declared
by Agile Marketing Manifesto in 2012). Manifesto is considered as mindset on delivering value
and interaction with customers on the base of four pillars [1,2]:

1. Individuals and interactions over processes and tools.

2. Working software over comprehensive documentation.

3. Customer collaboration over contract negotiation.

4. Responding to change over following a plan.

Agile methodology is referred to these values and use special tools and frameworks for
implementing them: Scrum, Kanban, Extreme Programming (XP), etc. [3].

Scrum. Scrum breaks down the development phases into stages or cycles called ‘sprints’. The
development time for each sprint is optimized and dedicated only to one sprint at a time. This is a
methodology in which a small team is led by a scrum master, whose main job is to clear away all
obstacles to completing work. All responsibilities for the cycles and final result are delegated to
the team members. After one sprint ends, corrections are made to make packages which are taken
to the next sprint.

Kanban. This is visual methods for developing and managing projects. Kanban concept is
connected to the concept of “just in time” (JIT) philosophy and initially was introduced as a lean
manufacturing system and now is considered as a way to Agile activity.
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Extreme Project Management (XPM). A methodology where the project plan, budget, and
final deliverable can be changed to fit evolving needs, no matter how far along the project is.

Professionals have started to use this instruments (initially born in IT sector) in digital
marketing in order to increase business productivity.

Research and discussion. Agile marketing is considered as a process of finding, testing and
implementing a series of specialized projects which are related to the marketing strategy and value.
This definition represents the essence of this marketing category. “Agile, in the marketing context,
means using data and analytics to continuously source promising opportunities or solutions to
problems in real time, deploying tests quickly, evaluating the results, and rapidly iterating. At
scale, a high-functioning agile marketing organization can run hundreds of campaigns
simultaneously and multiple new ideas every week” [4]:

Major Agile marketing values are based on the followings [5, 6]:

1. Focusing on customer value and business outcomes over activity and outputs.

2. Delivering value early and often over waiting for perfection.

3. Learning through experiments and data over opinions and conventions.

4. Cross-functional collaboration over silos and hierarchies.

All versions of Agile marketing share multiple key characteristics (picture 1).

Data-driven Rapid &
decision iterative
making releases

Adherence to

Teamwork and the Agile
collaboration marketing
Agile Manifesto

Marketing

Picture 1. Agile marketing key characteristics

Very important to emphasize and clarify such characteristic as data-driven decision.
This method uses data, acquired through customer interactions, and from third parties to gain a
better view into customers' motivations, preferences and behaviors.

Everything in Agile marketing is data-driven. Key marketing decisions should always be
informed, measured and verified by data. In Agile marketing practice never could be made the
decision simply rely on opinion, assumption or feeling. Exactly, there room for the creativity:
discussable ideas, inventive solutions or innovations. But all of them should be clear determined
and measured for the adjusting team’s efforts.

Agile approach in marketing is considered as project management and problems solving
through teams’ network. It allows to organize well-ordered enterprise control that support and
motivate a strong leadership and human resources adjustability. Finally, business agility will make
company faster, more productive and client-centric (picture 2) [7].

The results of Agile principles implementation will be the followings: get to market faster;
adapt and respond faster; be more productive; enhance prioritizations of the higher-impact
activities; deliver customer-centric outcomes.

Agile marketing is a tactical marketing approach in which marketing teams collectively
identify high-value projects on which to focus their collective efforts. This methodology
streamlines workflows to be resource-efficient.
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Picture 2. Business problems solving on the base of Agile technique

Before implementation Agile marketing in organization need to clarify benefits and
advantages of such decision (table 1). More powerful benefits company could earn trough the
followings: adaptability, collaboration, measurability and cross-department transparency [6 ,7].

Table 1. Agile marketing benefits

Benefit Comments
Productivity Data analysis and sharing efforts among prioritized tasks and projects will
optimize the resources allocating to the right place. Such actions will allow to
reach maximum productivity.
Transparency Agile marketing transparency allows to observe how resources are used and

distributed among the projects and needs.

Effective Priority
Management

Data-driven strategy of Agile marketing helps to distribute the work to maximize
high priority projects.

Measurability

Agile marketing is an opportunity for data-driven decisions - to measure all
results. It helps to recognize when and where to adjust task / product / process
or cycle in order to maximize the effectiveness of marketing and business.

Adapt to Change

Agile approach helps to recognize all areas that need change and support the
changes at any project stages to reach the success.

Customer
Satisfaction

Companies constantly improve their workflows and correspondingly increase
product quality — this is the basic for higher customer satisfaction .

Competitiveness

Scrum technology increase entire team competitiveness and product
competitiveness on the market: companies seek to become better, and do not
become outdated. This helps to create high-quality products.

Improved Internal
Communication

Teams of agile marketing work closer together on high-value projects,
communication becomes more important and efficient: transparency information
and right resources allocation provide a better way for internal communications

Greater Planning &

Teams can benefit from planning and flexibility for projects. Data and

Flexibility analytics help recognize how many resources need to complete a project, and
re-distribute tasks - to finish high value and priority projects faster.

Efficient & As efficiency is increased for high-quality projects, this leads to growth within

Continuous teams and other projects. More valuable experience and more valuable

Improvement information will improve other aspects of the business.

Increased ROMI

Decreasing negative losses due to proper using resources will increase return
on marketing investment and dedicate finance and time to new projects.

Scale for Growth

Successfully completed project allows businesses to start new projects - this
scaling allows for businesses to grow
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Agile marketing principles are the background of the values in the marketing activity [6, 9]:

1. Customer satisfaction —the priority of Agile marketing is to satisfy the customer through
early and continuous delivery of marketing offering that solve problems.

2. Welcome change — teams welcome change within the project.

3. Frequent delivery — Agile methodology prefers a shorter time cycle vs. traditional
marketing deadline (it requires to spend time for large programs preparing). Agile marketing
deliver smaller iterative programs (products increments).

4. Collaboration — Agile marketing has close alignment with the business people, sales,
and development. Through regular communication and transparency everyone knows what is
happening to reduce delays or to improve the quality.

5. Motivated team — develop marketing programs around motivated individuals.

6. Learning feedback loop — learning through the build-measure-learn feedback loop.
Measurements are the only way to gather data and improve.

7. Constant pipeline — marketers work at a steady rate and operate through the pipelines
metrics.

8. Learn from failure — conduct measurements and data sharing allow everyone to learn
and to improve processes.

9. Focus on marketing fundamentals — attention to marketing fundamentals and good
design enhances agility. Utilize your experiences and include experiments that could be measured.

10. Keep it simple — simplicity is essential. By understanding the desired outcome and
simplest way of problem solving will make individual work smarter.

All specified principles easily adapt to digital marketing techniques and tools. There are
many strategies to get businesses to work at an efficient level, but Agile marketing is faster and
beneficial.

To follow Agile principles and strategies all marketing activities could be grouped in several
clusters: marketing research, advertising campaigns, new product development, SEO, content and
copywriter’s, UX design & HTML, lead generation, customer| acquisition, web-analytics, sales
and sales promotion, marketing and sales processes automation, and etc. All this clusters are
managed by professionals: in house or outsourced. All described clusters could be considered as a
marketing projects — it is easy to divide all of them into to the short sprints and provide execution,
control and change (if need) under scrum team responsibility (picture 3).

Scrum
Marketing /_ _\
Strategy \ _/
Sprint

Picture 3. Marketing strategy and process in Agile methodology

All described marketing and sales processes and techniques could be presented as two base
groups [6].

First group- is connected with a processes automation on the base of software platforms and
applications — modern IT-solutions which are dedicated to the marketing and sales processes
support. This direction is responsible for the business digitalization, including Big Data and Al
implementation.

Second group — new products development (NPD) and customized services.

Typical examples of marketing activities which are dedicated to the first group:
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1) Algorithmic marketing: this is an approach for scientifically managing a full range of
marketing issues: targeted offers, communications and pricing. It employs advanced analytical
methods, including predictive statistics, machine learning and natural language text mining.

It employs advanced analytical methods, including predictive statistics, machine learning
and natural language text mining. In social media (SMM), algorithms help maintain order and
assist in ranking search results and advertisements. Algorithmic marketing supplies automation of
marketing and business processes and is deeply incorporated with Agile.

2) Programmatic advertising: programmatic advertising is the automated purchasing
of online advertisements on websites or applications. Real-time bidding (RTB) provides the
possibility to purchase and display targeted advertisements in an auction process (in less than a
second). Advertising exchange Platform for Automated Ad Buying and Selling brings together
Demand Side Platforms (DSPs) on the buy-side with Sell-side platforms (SSPs). This includes
media buying, advertising placement, performance tracking, and campaign optimization.

3) CRM-marketing: the effective model of interaction with clients (Customer Relationship
Management) which is performed by processes digitalization and automation.

Each of these activities could be judged as marketing projects which use certain algorithms,
procedures and tools. Thanks to the IT-solutions such projects are performed automatically as a
sprints and accumulate data files about customer’s contact points, user experience, market
situation, communication channels, traffic and conversion rate, competitors, price and pricing, etc.
Productivity assessment of the described marketing projects is carried out by monitoring of
numerous metrics and KPI that allows to make operative decisions on the chosen strategy —
implement changes incrementally.

Typical examples of marketing activities which are dedicated to the second group:

1) New Products Development (NPD), product updating and modernization. Exist two well-
known project management methodologies which widely used in NPD — Agile and Waterfall. Both
of them are popular in software development but need understand — which one is the best suited
for different types of projects. The main difference is that Waterfall is a linear system of working
that requires the team to complete each project phase before moving on to the next one, while
Agile encourages the team to work simultaneously on different phases (sprints) of the project.

Agile methodology is a promising way in creation of MVVP — minimum viable product. The
main value and purpose of building a MVP for business is that it allows to do market research for
customer demand and get feedback from real users spending a minimum of time and resources. It
becomes possible to regularly upgrade the product to meet the real user needs at the stage of
development.

2) Omnichennel marketing: this method treats every channel as its own entity, forcing to
create unique content for each channel. Each channel has its own specific target audience and
informational requirements. In this case one media plan creation and coordination should be
considered as a project. But fulfillment of this media plan — should be done on the base of sprints,
which are dedicated to each channels separately.

Teams who use Agile marketing approach are empowered to launch faster. Switching to
Agile techniques in marketing has helped to prioritize tasks better and deliver a more relevant
solution to the customers.

Conclusions and recommendations. Agile was developed as a flexible method that
welcomes changes of direction even in the late process stages — these system better fit and easily
could be applied to the marketing projects. Agile marketing postulates and principles could be
interpreted as follows [9-11]:

Data and analytics has a priority over established opinions and intuitive decisions. This
principle assumes continuous research (the market, clients, products), measurement of results,
testing of hypotheses, introduction of decisions.
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Cooperation and orientation to satisfaction of the want of clients. This principle consolidates
efforts and focuses all employees of the organization on creation of value for clients and formation
of streams of the income.

Flexible planning with modification possibility has a priority over the confirmed plans of
marketing. It gives the chance to consider results of current researches and the analysis of a
feedback for a duly estimation of new hypotheses and modification of marketing plans, including
redistribution of budgets.

Design iteration including working out of new products/services, has a priority over global
decisions. Short-term testing of hypotheses should support long-term projects.

Agile does not give accurate instructions with the described procedures. It is the concept
which each company should adapt under real market conditions. Agile marketing can be
considered as an application of the Agile approach to the strategy and marketing tactics to satisfy
requirements of clients and to solve their problems at the expense of duly granting of value.
Marketing has to become Agile in case if it is: stay relevant with change of customer expectations;
create a culture of nonstop improvement within the organization; improve team communication
and interactions.

Company must be flexible enough and allocate relevant resources to the automation and
assets through Agile marketing to still be efficient.
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Oxonuuna bBenopycckuii 2ocyoapcmeennulii ynugepcumem u Axademuro ynpagnenus npu Ilpesudenme
Pecnybonuxu Benapyco. Hmeem muocoaemuuii onvim pabomsl 6 peaibHom cekmope skonomuku (HITO «HUnumeepany).
Ilpenooaem 6 benopycckom ecocydapcmeennom ynugepcumeme urgopmamuxu u paouosnekmponuru. IIpogooum
Hayumvle UCCIe008aHUs 68 O0NACMU COBPEMEHHbIX MEXHONO02ULl MeHeOICMeHma U yugdpoeol mpancghopmayuu
obusneca.

AuHoTamusi. B 1aHHOW cTaThe paccMoTpeHa metomoiiorus Agile-mapkeTuHra: CymHOCTB, MPUHIIUIBL,
npoueaypsl ¥ Beiroasl. Agile-moaxon u3HawaneHO OBUT BHEAPEH Kak crmocod TpaHcdopMmanuu pa3paboTKu
IPOTPAaMMHBIX MPOAYKTOB. Pa30uBasi Bce paboTBl Ha MHHH-TIPOCKTHI (SPrint), m3ydvasi oGpaTHYIO CBSA3b W BHEIPSS
ruOKU MOAXOJ K M3MEHEHHSM, CO3MAIOTCS YCIOBHS Ul YCIEIIHOW KOMaHAHOW paboTel. B mocmenmee Bpemst
IOAaHHBIA [OAXOX CTal HACTOJBKO YCICHIHBIM, YTO MHOTHE [JWCHMIUIMHBL, BKIIOYAs MAapKETHHT, CTalH
HHKOpHOpHpoBaTh AJile-mpakTiKy B CBOH IIPOLIECCHL

Kiawuessie ciaoBa: Agile manudect mapkerunra, Agile-mapkeTuHr, mpoayKTHBHOCTb, KOMaHIHAs paboTa,
scrum u sprint, Agile-urCTpyMEHTBI, IPUHIHIIBL, G )EKTUBHOCTD, IPEUMYIIECTBA, HH(POBON MAPKETHHT.
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Abstract- The article describes the directions of development of intellectual information knowledge systems
and methods of their implementation; features, characteristics and capabilities of the intellectual information
knowledge system; features and characteristics of model-based knowledge demonstration models in the system of
intellectual information knowledge; intellectual information is aimed at solving important tasks on the development
trends of the knowledge system.

Keywords: intellectual information system, intellectual information system of knowledge, models, systems of
knowledge.

Today, artificial intelligence is becoming more and more popular in almost every aspect of
our daily lives. Artificial intelligence is usually concerned with the creation of computer systems
with the capabilities of the human mind: understanding, learning, discussing, solving problems,
translating, and so on. During the study of artificial intelligence, human-intelligent programming,
technologies and tools for designing intelligent systems, databases, knowledge bases, database
management systems, speech interfaces, computer linguistics, computer graphics, computer
networks and web programming , information security in computer systems.

The main purpose of artificial intelligence was originally to play the role of an “enhancer”
of the human mind, and this allowed it to solve a problem that required such knowledge,
experience, and a way of thinking that it could not. It was not considered necessary or purchased
until he encountered the problem. For any typological category of intellectual system (ES, NS or
hybrid) to fully meet this goal, it must have the qualities (characteristics and abilities) of an ideal
human assistant: - honesty, understanding, receptivity and diligence. If we turn to more specific
concepts, then from the point of view of IS construction theory and practice, these qualities are
interpreted as follows: - communication, interpreted as different ways of communicating with the
existing system for all categories of users; - universality of the various tasks that make up the range
of problems in which the system must operate; - "ability” to learn on the basis of experience and
knowledge, change the conditions for solving the problem of adaptation; - appears for
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reconstruction when changing the basic rules (concepts) of the subject (and therefore the problem)
area [1].

Intelligence is the ability of the human brain to solve intellectual problems. The process is
based on the experience of receiving, remembering, and modifying target knowledge, as well as
adapting it to different contexts.

The word "knowledge" in the above definition refers not only to the information received by
man through the senses, but also to the interconnectedness of all the objects in nature that surround
us.

Everyone stores in their brains all the visual and auditory information around their location.
Knowledge, therefore, is the result of an idea that has been tested in practice and logically
determined. Basically, knowledge is a person's understanding, thinking, and theory, and it
develops as a result of learning in the course of life [2].

Acrtificial intelligence is the ability of automatic systems to perform specific functions of
human intelligence. For example, it is necessary to answer the optimal question by selecting on
the basis of previous experience and analyzing external influences.

Work in the field of artificial intelligence is aimed at creating methods, tools and
technologies for designing computer systems (training, expert, consulting, robotics, etc.) to solve
traditional intellectual problems. is one of the most important tasks in design.

The resolution of the President "On measures to create conditions for the rapid introduction
of artificial intelligence technologies™ is also in line with the strategy "Digital Uzbekistan - 2030"
and the rapid introduction of artificial intelligence technologies and their widespread use in the
country, expanding the use of digital data. was accepted for training. This decision approved a
program of measures for the study and introduction of artificial intelligence technologies in 2021-
2022. The program identifies a number of tasks related to the development of artificial intelligence
development strategy and regulatory framework, its widespread use in improving the quality of
public services, the creation of local ecosystems of innovative developments in the field and the
development of international cooperation [3].

Artificial intelligence is a technology that focuses on thinking and acting like humans on
computers, artificial intelligence requires high-powered computers, data, artificial intelligence
algorithms to work. According to the definition of scientists, artificial intelligence is an intellectual
artificial system that performs the logical and creative functions of man. Artificial intelligence is
extremely relevant in the current information age, and humanity will find positive solutions to the
global problems of the XXI century through the discovery of new opportunities in science through
artificial intelligence. It will also increase the availability of quality services in medicine,
education, energy, agriculture, urban planning and all other areas. By September 1, 2021, a digital
data platform will be created for the population and the necessary users to use artificial
intelligence-based software and other data. Each of these educational institutions attracts highly
qualified specialists in artificial intelligence from abroad. In addition, special courses on the
application of artificial intelligence technologies in sectors of the economy and public
administration will be organized at 15 universities. Any achievement of science and technology
should serve the development of mankind. At the heart of the state programs aimed at the
development of artificial intelligence in our country is the noble goal of improving the quality of
services provided to the population, saving time and money of citizens, as well as the development
of the industry at world standards.

The following areas of information technology are studied in the study of artificial
intelligence: programming and object-oriented programming; intelligent
programming;technologies and tools for designing intelligent systems.Databases, knowledge
bases and database management systems:speech interface, computer linguistics and
computer;computer networks and Web applications; information security in computer systems;
Practical geographic information systems.
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A graduate of the specialty "Artificial Intelligence™ can work in enterprises and organizations
that manufacture and operate computer equipment, computer systems and networks, software. Our
country has set many tasks aimed at the introduction of artificial intelligence technologies, their
widespread use, expanding the use of digital data, training qualified personnel in this field, in short,
the development of the industry at the level of world standards.

In this regard, strategies for the development of artificial intelligence have been adopted in
more than 30 countries, including the United States, Germany, Japan, France, Korea and Canada.

In conclusion, it should be noted that the "Joint Union" for the development of artificial
intelligence is being formed in government agencies, commercial banks, large industrial
enterprises. This alliance will serve for the rapid and joint implementation of priority projects for
the introduction of artificial intelligence technologies in the economy and the social sphere, public
administration, optimization of costs for their development, dissemination of best practices in this
area among government agencies and bodies. The system increases the quality of service in all
areas.
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AHHoTauusi B crarbe omMCcaHBl HampaBICHUS PA3BUTHS HMHTEIUIEKTYaJbHBIX HWH(OPMAIMOHHBIX CHCTEM
3HAHUH W METONBl WX pealn3alid,; OCOOEHHOCTH, XapaKTePUCTHKH W BO3MOXKHOCTH WHTEIUIEKTYaJIbHOU
MHQOPMALMOHHOW  CHCTEMBl 3HAHMH, OCOOCHHOCTH W  XapaKTEPUCTHKH MOJENBHBIX  IPEICTaBICHUN
MHTEJUIEKTyaJ bHBIX HH(POPMAIMOHHBIX CHCTEM; HHTEIICKTYalbHas HHPOPMAIMs HallpaBJieHa Ha PeIIeHUe BaKHBIX
3ajJau 10 HAIPaBICHUAM Pa3BUTUS CUCTEMBI 3HAHUI.
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cucTeMa 3HaHUM, MOJIENH, CHCTEMbI 3HAHUI.
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Abstract. The future of the world economy is usually associated with the development of an innovative sector,
where human capital is the main production factor. Despite the general trend of growth in the service sector, a strong
manufacturing industry remains a prerequisite for the innovative development of the economy, especially the most
innovative part of manufacturing including the production of electronics, robots, machinery and equipment, and
vehicles. The degradation of industrial capacity deprives a national economy of growth opportunities, increases its
dependence on foreign manufacturers of high-tech products and components, and hinders innovations, since the scope
of their application is narrowing. In this paper we’ve processed statistics to view the regional structure of the world’s
advanced manufacturing in dynamics. Such an analysis could be useful to track structural shifts that occur in the
geographical location of innovative production over time, to identify countries and regions in which the advanced
manufacturing industry is developing at a faster pace.

Keywords. Advanced manufacturing. Input-output analysis. Multi-regional input-output tables.

Definition of advanced manufacturing
In the scientific literature, there is a traditional reference to the definition of advanced
manufacturing proposed in [1]: “a family of activities that (a) depend on the use and coordination
of information, automation, computation, software, sensing, and networking, and/or (b) make use
of cutting edge materials and emerging capabilities enabled by the physical and biological
sciences, for example nanotechnology, chemistry, and biology™
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Another the most cited relevant result is an exact set of “top 50 industries that constitute the
advanced industries sector” proposed by Muro, et al (2015) [2]. Among those industries 35 belongs
to advanced manufacturing, including, for example, Aerospace Products and Parts,
Communications Equipment, Computers and Peripheral Equipment, Resins and Synthetic
Rubbers, Fibers, and Filaments, Pharmaceuticals and Medicine, etc. In categorization industries
as “advanced”, the authors used 2 criteria: R&D spending exceeds 450 USD per worker, and over
21 percent of an industry’s workforce can be found in occupations requiring a high-degree of
STEM knowledge. For operationalization purposes, it’s important that all 35 advanced
manufacturing industries are defined by authors at the four-digit North American Industry
Classification System (NAICS) code level.

Paying tribute to such an approach, we still see several problems with it.

First of all, it is based on and applies to the specifics of the US economy in 2014-2015.
Whether it is fully applicable to other economies of the world and whether it is still relevant in
relation to the values of the selection criteria is an open question. As a sub-problem one should
remember about NAICS conversion to other systems — International Standard Industrial
Classification of All Economic Activities (ISIC), Chinese Industry Classification System (GB/T
4754), United Kingdom Standard Industrial Classification of Economic Activities (UKSIC),
Russian Economic Activities Classification System (OKVED), etc.

Another problem arises in relation to the nature of advanced manufacturing. It’s not about
formal statistical grounds, it’s about engineering properties of products and technological
processes. Traditional statistical classification wasn’t designed to fully grasp advanced
manufacturing innovativeness. Under the same statistical category, one can have a variety of
manufacturing activities, from rather “primitive” to highly “advanced”.

To our view, there is still no single one-fits-all approach when using traditional statistical
data. To make an accurate measurement of advanced manufacturing we need additional primary
data based on engineering expertise and not usually incorporated in existing official statistics.
Under these circumstances, one should not be deceived by using sophisticated multi-item
categorization scheme, because it doesn’t always mean more accurate analysis. Without primary
engineering data, there is room only for describing tendencies in rather broad categories.

One example of a simple classification and a non-detailed approach can be found in (Richter
et al., 2019). While using input-output methodology, the authors refer to advanced manufacturing
such (rather high-level classified) industries as Primary metals, Fabricated metal products,
Machinery, Computer and electronic products, Electrical equipment, appliances, and components,
Motor vehicles, bodies and trailers, and parts, Other transportation equipment [3].

In further analysis for indirect estimations of advanced manufacturing, we use different sets
of statistical entities due to data available (Table 1).

The problem of statistical analysis

Typically, statistical analysis uses indicators of the industry share in the GDP. For example,
UN statistics shows the value added created in manufacturing as a percentage of GDP for each
country [4]. Such an indicator in 2015, for example, was 10.5% for the UK, 11.7% for the US,
20.9% for Japan, 22.6% for Germany, 29.4% for China, 37.5% for Ireland. These figures reveal
the sectoral structure of the analyzed economies, but they do not show the contribution of each
country or a region to the global production of the given product. In addition, the UN statistics
presents the entire manufacturing industry (see ISIC, section D), but not advanced manufacturing.
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Table 1. This paper’s categorization of advanced manufacturing industries

MRIO Industries
name
Eora No 9 — Electrical and Machinery
No 10 — Transport Equipment
WIOD C21 Manufacture of basic pharmaceutical products and pharmaceutical

preparations

C26 Manufacture of computer, electronic and optical products
C27 Manufacture of electrical equipment

C28 Manufacture of machinery and equipment n.e.c

C29 Manufacture of motor vehicles, trailers and semi-trailers
C30 Manufacture of other transport equipment

OECD- D21 Pharmaceuticals, medicinal chemical and botanical products
ICIO D26 Computer, electronic and optical equipment

D27 Electrical equipment

D28 Machinery and equipment, nec

D29 Motor vehicles, trailers and semi-trailers

D30 Other transport equipment

The regional structure of advanced manufacturing is described in reports of leading
consulting companies. The report on the Global Industrial Machinery Industry describes this
industry in details with the estimated volume of the world market of 566 billion USD in 2020 [5].
The structure of manufacturing output as a percentage of global production is given in the
statistical reports of UNIDO [6]: in the third quarter of 2019, Europe accounts for 23.5% of global
manufacturing output, North America takes 20,0% and China take 19,2%. HowMuch.net contains
data on world’s manufacturing output in 2019, according to which China produced by 4 trillion
USD, the USA produced by 2,3 trillion USD and Japan earned 1,0 trillion USD [7]. Brookings'
report “Global manufacturing scorecard: How the US compares to 18 other nations” provides data
for 2015, according to which China produced goods worth 2 trillion dollars, which accounted for
20% of the global manufacturing industry, the share of the United States was 18%. According to
the UN, however, in 2015, the value added of the manufacturing industry in China amounted to
3.2 trillion dollars, which differs from Brookings’ estimates. Chinese value added in
manufacturing was 3.9 trillion dollars in 2019, which is close to the estimates of HowMuch.net.

When comparing data from wide range of sources of information, one can notice various
inconsistencies. It is not always clear which indicators are being compared: gross output or gross
value added. The absolute and relative values of these indicators for the same period may differ in
different sources. In addition, it is quite difficult to find statistics on individual products of the
manufacturing industry that make up advanced manufacturing.

Authors propose to make statistical comparisons of data based on multi-regional input-
output tables (MRIQ), since the indicators in these tables are uniform. The names and the number
of sectors (or products) for each economy is the same for a long period. The values of indicators
of gross output, value added, final demand etc. are measured in the same money units for all
countries, sectors and periods. Any MRIO is a model of global economy which is more or less
balanced and consistent (though the data itself has flaws, the use of mathematical algorithms
allows to make best possible estimates).

34



Bocomasn Meacoynapoonas nayuno-npaxmuueckas kongepenyus «BIG DATA and Advanced Analytics. BIG DATA
U ananu3 8blcoKo2o yposuay, Munck, Pecnyoauxa benapyco, 11-12 mas 2022 200a

MRIO Eora, WIOD, OECD-ICIO: opportunities and limitations

A multi-regional input-output table is used primarily for measuring value added in trade, or
degree of backward and forward integration within value chains, but it can also be used for cross-
country comparisons of statistical indicators. The known MRIO covering a significant part of the
world economy are: the World Input-Output Database (WI10D), the Global Trade Analysis Project
database (GTAP), and the OECD-ICIO database. We have used also the data of another well-
known multi-regional 10 table - "Databases of the global supply chain Eora" [8, 9].

When choosing between Eora, WIOD and other multi-regional tables, we were guided by
such considerations as coverage of the largest time interval for analysis, as well as the largest
number of covered countries. According to these criteria, Eora was selected, in which data are
presented for the period from 1990 to 2015. OECD-ICIO and WIOD provide data since 1995 and
2000 respectively. Eora is characterized by the most complete coverage of countries in the world,
distinguishing 190 countries versus 43 economies in WIOD and 64 economies in OECD-ICIO.

The problem arising when using any MRIO, is unreliability of the data. The paper [10]
provides information on the deviations of the indicators of various MRIOs from the data of the
UN System of National Accounts, taken as a standard. The WIOD estimates of the GDP differ
from the reference ones by + 7%. For GTAP, the deviation of this indicator is more significant:
for most economies it is underestimated by an average of 7%, but sometimes it differs from the
benchmark by 12-14%. Domestic demand, exports and imports also differ from benchmarks, up
to 40%, more often downward. Eora’s data accuracy is analyzed in the paper [11].

Methodology and results

In the selected version of MRIO, Eora26 [12], all economies are divided into 26 sectors (or
products), based on the ISIC Rev. 3. Among 26 sectors used in Eora26, authors took N9 —
Electrical and Machinery and No.10 — Transport Equipment. In our opinion, these are the sectors
that make up advanced manufacturing or at least are the best approximation of it given the specifics
of Eora 26.

When choosing indicators of statistical evaluation between gross output and gross value
added, we selected gross (total) output. Our choice is due to the fact that modern innovative
products include the services of third-party organizations (R&D, Software, other business
services), the costs of which are not reflected in gross value added.

We used R language in RStudio IDE for working with Eora26 tables and Microsoft Excel to
visualize final results. Data on advance manufacturing total output by country retrieved from Eora
database was processed further by several simple procedures:

(@) Share of each country in the world advanced manufacturing total output in the respective
year was calculated, thus giving the time series of such shares in 1990-2015.

(b) Four countries (former USSR, Armenia, Kazakhstan, Guyana) were deleted from the
list because of obvious inaccuracies in the relevant data.

(c) All other economies were grouped in 4 regions of the world: North America, Europe,
Asia and the Rest of the world. North America includes the United States and Canada, Europe
includes all contemporary EU members, Asia includes all geographically Asian countries, with the
exception of the republics of the former USSR.

(d) Countries were ranked by the average share in total output (averaged for the mentioned
period).

(e) Top-7 countries were selected for special analysis and forecast.

(f) Forecast (simple linear trend) for these 7 countries was made for 2021-2022 based on
Eora 26 data for 2010-2015 and World Development Indicators [13] data for 2016-2019.

Results of calculations in regional contribution to the global advanced manufacturing are
shown in Figure 1.
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Figure 1. Dynamics of world advanced manufacturing total output at basic prices by region in
1990-2015
Source: Calculated by authors with data from MRIO Eora 26.

Results of forecasting for 2021-2022 and dynamics of total output by the top-7 countries
during 1990-2019 are visualized in Figure 2.
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Figure 2. Dynamics of advanced manufacturing total output by country in 1990-2019 with
forecast till 2022
Source: Calculated by authors with data from Eora 26 and World Development Indicators.
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The growing role of China
From the analysis of Figure 2, the growing role of China is obvious. This role is even more
noticeable when considering the share of intermediate consumption of products of advanced
manufacturing within the country (domestic intermediate consumption) in relation to the world
output of advanced manufacturing (Figure 3).
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Figure 3. Dynamics of the share of domestic intermediate consumption to global intermediate
consumption in advanced manufacturing
Source: Calculated by authors with data from OECD-ICIO.

In 2000, China's share was just over 5%, and already in 2014, it was almost 35%. This
indicates that in the Chinese economy, national inter-industry chains in the field of high-tech
industry have significantly developed and become more complex, and China has ceased to be just
an assembly shop.

Using the approach described in the paper [14], according to the OECD-ICIO data, it is
possible to calculate and visualize the dynamics of the contribution of individual industries to the
trade balance, taking into account the added value they create (in exported goods and services) and
the final and intermediate imported goods and services consumed in absolute terms (Figure 4).

As the analysis shows, despite China's significant success in advanced manufacturing, yet
taking into account the final imports of knowledge-intensive products and the intermediate imports
required for the functioning of such an industry, China still needs external goods and services.

However, a more detailed analysis shows (figure 5) that two industries have a stable positive
contribution: Computer, electronic and optical equipment and Electrical equipment.
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Figure 4. Dynamics of the contribution of individual industries to the trade balance, taking into
account the added value they create and the imported goods and services consumed (thousands
USD, absolute terms)

Source: Calculated by authors with data from OECD-ICIO.
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Figure 5. Dynamics of the structure the contribution of advanced manufacturing industries to the
trade balance, taking into account the added value they create and the imported goods and
services consumed
Source: Calculated by authors with data from OECD-ICIO.

Conclusions, discussion and future research
Until 2008, Europe and North America dominated in terms of output in the advanced
manufacturing of the world. Japan and South Korea also made a significant contribution. After the
2008 global financial crisis, the situation changed dramatically, American and Japanese
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manufacturers began to lose market share, yielding to Asian manufacturers. China annually
increased its share in the world market of advanced manufacturing products by almost 1%, Japan
and the United States together lost 1% of this market annually.

In the short term, China remains the largest producer of electronics, machinery and
equipment, and vehicles, as well as their most important exporter. The powerful industrial sector
is a base for the innovative development of Chinese economy in the future.

MRIO databases are a handy statistical tool and data source for analyzing global production
and markets. The accuracy of the given results needs additional verification, but as the MRIO data
and methodology improves, accuracy will increase.
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AnHotanus. bynyiiee MEpOBOH SKOHOMHUKH OOBIYHO CBSI3BIBAIOT C Pa3BUTHEM HHHOBALIMOHHOT'O CEKTOPA, T/IE
YeJOBEYECKUH KaIlUTal SIBJISETCS OCHOBHBIM (haKTOpOM Ipon3BojcTBA. HecMOTps Ha OOIIyI0 TEHASHIHUIO POCTa B
cdepe yciIyr, MPEANOCHIIKOH HWHHOBAIMOHHOTO DPAa3BUTHA 3KOHOMHKHM OCTaeTCs CHIIbHas oOpabarkiBarommas
MPOMBIIIICHHOCTh, OCOOEHHO B ¢¢ Hanbojee WHHOBAIIMOHHON YacTH, BKIIOYas MPOM3BOJICTBO 3IICKTPOHHKH,
po6OTOB, MalIMH U 000PYIOBaHMS, TPAHCIIOPTHBIX CPEACTB. Jlerpaganus Mpou3BOJCTBEHHBIX MOIIHOCTEH JHIIaeT
HaIlMOHAJIBHYIO 5KOHOMHKY BO3MO)KHOCTEH POCTa, YBEJIMUNBACT €€ 3aBUCHMOCTh OT 3apyOeKHBIX IPOU3BOJHUTEINCH
BBICOKOTEXHOJIOTHYHON TPOAYKIIMH M KOMILIEKTYIOLINX, CICPKUBAcT MHHOBAIMH, ITOCKOJIBKY CyXaeTcs cdepa ux
npuMeHeHusa. B nmaHHOW paboTe Ha OCHOBE JaHHBIX MEXPETHOHAJIBHBIX TaOJHUI] «3aTPAThl - BBITYCK» JEJAeTCs
MOMBITKA OLIEHUTh PErHOHAIBHYIO CTPYKTYPY HAyKOEMKOM IMPOMBIIITIEHHOCTH B Mupe. Takoil aHamu3 MoXeT ObITh
TOJIE3€H ISl OTCJIEKHUBAHHS CTPYKTYPHBIX C/IABHTOB, IPOUCXO/SIINX BO BPEMEHH B reorpaduueckoM pazmenieHun
WHHOBAIIMOHHBIX ITPOU3BOJACTB, JUIA BBIABICHUS CTPaH M PErHMOHOB, B KOTOPBIX OINEPEKAIOIIMMU TEeMIIaMH
pa3BUBaeTCa HayKOeMKasl IPOMBIIIICHHOCTb.

KiroueBnle cioBa. HaykoeMkas HMpOMBIIIJICHHOCTh. AHAJM3 «3aTPaThl - BBITYCK». MexXpernoHajibHbIC
TaOJHIBI «3aTPAT-BBILYCK.
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Abstract. Successful and productive development of the country's digital economy is a key factor in
sustainable development, production growth in all areas of socio-economic activity, which increases the country's
competitiveness, the quality of life of citizens, ensures economic growth and national sovereignty. Currently, modern
vocational education is moving to a qualitatively new level in connection with the introduction of a competency-based
approach, which aims to provide students with tools for both understanding and action, allowing them to perceive new
socio-economic realities, as well as navigate in changing conditions learning and work.

The authors of the article are offered a multi-parameter model that analyzes all the parameters of a graduate based on
big data and provides estimates for the qualifications of graduates.

Keywords: education, teaching methods, intellectual analysis, assessment, qualification, competence, learning
process, innovation.

Today, the labor market requires highly qualified, highly competent personnel. The curricula
of universities are adjusted to the requirements of the labor market. E-education around the world
is rapidly developing and the main problem is the timely provision of students with high-quality
educational information. This task cannot be solved without analyzing the large flow of
information that enters the information environment of e-education from the participants in the
educational process - students, teachers, administration, etc. There are many different types of
data, both structured and unstructured, that are difficult to process with traditional statistical
methods.

E-education reveals new, sometimes hidden, relationships in big data, new knowledge (data
mining), which can be used to improve the educational process and increase the efficiency of its
management. To classify electronic educational resources, identify patterns (templates) of students
with similar psychological, behavioral and intellectual characteristics, develop individualized
curricula, the article proposes to use big data analysis methods.

To date, many software applications for big data mining have been developed. These
software products can be used for classification, clustering, regression and network analysis of
educational information. The use of these methods in e-education will allow teachers to receive
information about students in a timely manner, quickly respond to any changes in the learning
process, and make timely changes to educational content. As well as the data obtained make it
possible to manage the student's educational trajectory.

The trend that takes into account the individual characteristics and personal qualities of
students gives a transition to student-centered learning standards. Today, it is especially important
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in the context of the introduction of such "future technologies” as expert systems, robotics and
additive manufacturing methods. Educators are making efforts to find a model of an individual
approach in mass education, which will allow the use of an adaptive approach in education that
takes into account the individual characteristics of each student. In the 19th century, this was
achieved through the individual work of the teacher with each of the students, identifying his
preferences, inclinations, determining the material that the student did not learn. This is not
possible in modern streaming teaching, as teachers are overloaded due to the increase in the
number of classes that the teacher works with. In addition to this, the number of students, subjects
taught and the amount of “paper work™ are growing. In this situation, many children have reduced
motivation to study, which remains with them even at the stage of obtaining higher education at
the university. One of the results is that the vast majority of university graduates work outside their
specialty. Of course, there are exceptions to these rules, but, in general, the situation does not
change. As a solution to the problem, it can be proposed to build an individual learning trajectory.
In the case of mass streaming education, the task of constructing an individual learning path can
be solved using machine learning algorithms and statistical methods.

Elective modules allow students to independently form up to 30% of the educational
program. The task of this part of the educational program is to teach the student to make decisions
independently, make informed choices, find their own deficits and ways to fill them, focusing on
the goals and objectives set for themselves, understanding the image of the profession, analyzing
the external situation, their own experience, changes in metropolis environment [2]. Such a system
of choice allows each student to complete an individualized training program and receive a unique
competency map as a result. Models for building educational trajectories within the modules make
it possible to maximally systematize and logically connect the elements of the modules and the
technologies for their implementation through the practical application of the acquired skills in
everyday and professional activities, as well as through the acquisition of experience in social,
project and research work. The choice of these modules is carried out by students every semester
in the information environment. After that, study groups are formed from among the students who
signed up for a particular module. The ranking of the most popular elective modules among
students in the 2019-2020 academic year is as follows: psychology of interpersonal relationships,
psychology of emotions, psychology of family and family education, self-development and
personal growth, psychology of conflict, life hacks for the future professional, psychological
technologies for discovering and developing oneself, emotional well-being and personal
achievements, history of cinema, psychology of extreme situations, japanese is easy for everyone.

The University is constantly improving models and methods for choosing elective modules.
In order to form in the information environment a personalized set of recommendations from
elective modules for building individual educational trajectories of students, a solution was
developed and tested based on data mining (artificial intelligence). Recently, intellectual analysis
of educational data (Educational Data Mining, EDM) has been increasingly used in the information
environment of the university and is being introduced as new services to improve the educational
process [3]. One such example is the development of a recommender system at the University of
California at Berkeley, which aims to help students make decisions about choosing elective
courses [4]. Neural networks, in particular RNNs, are used as the main methods for generating
recommendations.

In, a hybrid multicriteria recommender system with genetic optimization is used to help
students with the choice of elective courses. It uses two multi-criteria systems: the first is based on
a collaborative filtering model, and the second is based on content filtering. As input parameters
with information about the student, the student's grades for previous courses, the level of
satisfaction and the chosen direction of education are used. The following parameters are used to
describe training courses: information about teachers, competencies obtained from the training
course, area of knowledge of the training course, description of the course in the form of keywords
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[6]. Machine learning algorithms are used as the main ones for generating recommendations [7].
In particular, in [8] a comparative analysis is performed for popular algorithms kNN (k-nearest
neighbors), singular value decomposition (P-SVD), sparse linear method (SLIM). Approbation of
these methods was carried out on the basis of a Chinese university, where among the three listed
methods, KNN and SLIM showed the best values.

In connection with the transition of the education system to a competency-based approach
actual is the problem of evaluating learning outcomes, as well as building an individual trajectory
of student learning, the solution of which requires the use of modern information technologies. In
accordance with the federal state standards of higher professional education (FGOS VPO) of the
third generation, which determine the requirements for the results of mastering basic educational
programs, up to 50% of disciplines have a variable character, those. depends on the choice of the
student. It's significant is reflected in the results of the formation of various competencies.

The article discusses models, methods and algorithms for finding the optimal individual
educational trajectory student
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HNPUMEHEHUSA MAIIIMHHOI'O OBYYEHMUS ITPU YIIPABJIEHUU
TPAEKTOPUEN CTYJIEHTOB

D.M. AJIHMOBA
Cmapwuii npenodasamens TYUT

Tawxenmckuil yHugepcumenm uH@opmMayuoruslx mexronoeuu umernu Myxammaoa an Xopasmuil.

AHHoOTauMs. YCICIIHOC U TPOIYKTHBHOE Pa3BUTHE IH(PPOBOH IKOHOMHUKH CTPAHBI SBISCTCS KIFOYEBBIM
(hakTOPOM YCTOHYHMBOTO Pa3BUTHS, pOCTA MPOU3BOJICTBA BO BCeX chepax CONUAITLHO-IKOHOMUYECKOH ACATEIILHOCTH,
YTO MOBBIMIACT KOHKYPEHTOCIIOCOOHOCT CTPAHbI, KAYECTBO YKU3HU TPaKJaH, 00eCIeuynBacT SKOHOMIUYECKUI POCT U
HAIIMOHANIBHBIN CyBepeHUTET. B HacTosIee BpeMs COBpEMEHHOE MpodeccCHoHalbHOe 00pa30BaHKe MMEPEXOINT Ha
Ka4eCTBEHHO HOBBIN YPOBE€Hb B CBA3M C BHCAPCHHUEM KOMIICTCHTHOCTHOI'O MOAXOAA, LEJIBIO KOTOPOIo ABJIACTCA
MpEaOCTABJICHUC 06yanOH_U/IMCH WHCTPYMCHTOB KaK INMOHMMaHHA, TaK U }Iel\/’ICTBI/IH, TIO3BOJIAOINNUX BOCIPHUHUMATH
HOBBIC COIMUAJIBHO-ODKOHOMHUYECKHUEC pC€aiih, a TaKKE OPHUCHTHUPOBATHECA B M3MEHAIOMIUXCA YCIOBHUAX O6yquI/I${ )5
paboTHI.

KaroueBble ciaoBa: oOpa3oBaHwe, METONbI OOy4YeHHUs, WHTEIUICKTyaJbHBIH aHajdW3, OIlEHUBaHUE,
KBaI[I/I(bI/IKaLII/Iﬂ, KOMIIETECHTHOCTB, IIPOLIECC O6y‘IeHI/I${, WHHOBAIUU.
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Abstract. This paper describes the results of handwritten signature recognition. A handwritten signature
database of 40 people made on paper and a publicly available Bengali handwritten signature database of 100 people
were used for the experiments. A handwritten signature database of 40 people was collected with 10 authentic and 10
fake signatures for each person made by other people. A Bengali handwritten signature database of 100 people was
collected 24 authentic and 30 forged signatures for each person. For this experiment, 20 people were randomly selected
from the Bengal Handwritten Signature Database. Four options were used to reduce the signatures to sizes: 200%120,
250%150, 300150, and 400x200 pixels for classification. These images served as input data for the proposed network
architecture.

As a result of testing the proposed approach, the average accuracy of correct classification for the first base of
handwritten signatures reached 90.04%. For the base of Bengal handwritten signatures 97.50%.

Keywords: Recognition, verification, handwritten signature, classification, FRR, FAR.

Introduction.

Handwritten signatures are an undeniable and unique way of confirming a person's identity.
Because of its simplicity and uniqueness, it occupies an important place in the field of behavioral
biometrics. Signatures are the most widely used biometric attribute, they are widely used in many
banks, business transactions and documents that are approved with signatures and therefore secure
authentication becomes an imperative.

Biometrics by the type of biometric parameters used are divided into two types into
physiological and behavioral, where physiological features include facial shape, fingerprint, iris,
retina, DNA. [1, 2, 7, 8], behavioral biometrics include handwritten signature, gait, voice. [6, 9].

With the development of technology today, there are a large number of financial transactions
that need to be verified for authenticity. Today, most institutions actively use traditional signature
verification methods. For the most part, traditional methods are manual and require experienced

44



Bocomasn Meacoynapoonas nayuno-npaxmuueckas kongepenyus «BIG DATA and Advanced Analytics. BIG DATA
U ananu3 8blcoKo2o yposuay, Munck, Pecnyoauxa benapyco, 11-12 mas 2022 200a

professionals for this purpose. Manual verification is time consuming and is a completely
subjective process which depends greatly on the experience of the specialist verifying the signature
in question. Biometrics plays an important role in development of a modern automatic
identification and verification method [10].

Handwritten signature identification can be done statically in online mode and dynamically
in off-line mode. Static or off-line signature recognition is performed after its image on paper has
been digitized. The digital images are then transformed and analyzed [3]. In dynamic or online
recognition systems the analysis begins during its creation. Additionally, information about the
sequence of x- and y-coordinates of the signature points, information about the pressing force,
writing speed etc. is collected. The static mode of signature verification has fewer informative
features, which makes its process more complicated [11].

Many different approaches have been proposed to solve this problem. The accuracy of their
recognition was tested on publicly available datasets, such as GPDS960, GPDS-4000, MCYT,
BHSIig260 and CEDAR, etc. All of these datasets contain three groups of signatures, genuine,
random and qualified fakes.

The use of neural network technology helps to verify signatures more accurately. This is
because neural networks effectively build non-linear dependencies, which describe the data more
accurately, they are more robust to noise in the input data, and adapt to changes in the data.
Reviews of these works are given in [3-6].

The authors of [12] proposed a method for static signature verification based on a
convolutional neural network. They have investigated, that in the process of signature verification
the manually created features have no or very little resemblance to the signature. The authors
reported that convolutional neural networks produce more relevant features than manually created
features. This paper used publicly available GPDS, PUC-PR datasets to evaluate the effectiveness
of the method. They stated that their approach achieved the lowest EER (ratio of falsely accepted
fakes to total fakes), but there was an imbalance between the false positive rate (FPR) and false
negative rate (FNR). The authors later extended their work [11] and analyzed the deeply studied
features that were extracted in [12]. They investigated different architectures and reported the
lowest EER in the literature on the GPDS dataset.

The authors of [13] in their paper applied a Siamese convolutional network architecture for
signature verification. A Siamese network has two identical networks with common weights, the
same parameters and configuration, which accept different pairs of images as input. A Siamese
network has two identical networks with common weights, identical parameters and configuration
that take different pairs of images as input. These two networks are connected using a contrast loss
function. According to the loss function, the similarity score between the two images is computed
using the Euclidean distance, during back propagation the parameters are updated in the same way
in both networks. The network was trained to reduce the distance between the "genuine - genuine™
pair and increase the distance between the "genuine - fake" pair. The authors evaluated their
method on completely different datasets, e.g., BHSig260, GPDS, CEDAR. But this method
requires a large amount of time and high computational power, since two networks are trained
simultaneously.

For estimation of efficiency of recognition and verification such indexes are used, as an error
of the first kind FRR (ratio of the number of incorrectly rejected authentic signatures to the total
number of authentic signatures), an error of the second kind FAR (ratio of the number of
incorrectly accepted fakes to the total number of fakes) and measure EER - the level of equal
probability of errors, at which FAR and FRR are equal [14].

FAR and FRR are determined by the formulas:

FP

FP+TN | FPR = False positive rate;
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FN

FRR=FNR=——
FN+TP  FNR = False negative rate;

FP (False positive) - False positive solution, also called 1st kind error. The model predicted
a positive result, but in fact it is negative;

TP (True positive) - a true positive solution. The model predicted a positive outcome, the
prediction matched reality;

FN (False negative) - False negative decision, also called 2nd kind error. The model
predicted a negative result and in fact it was positive;

TN (True negative) - a true negative solution. The model predicted a negative result, the
prediction matched reality;

To evaluate the classification of our model, we used a function (Accuracy). The authors of
the article [10] believe that the Accuracy function determines the share of correct answers and can
be briefly translated as correctness or accuracy. When the number of objects of both classes is
equal, this function can be used to estimate the classification results.

TP +TN
TP +TN + FP+FN

Accuracy =

Preparation of data for handwritten signature recognition on images.

Two handwritten signature databases were used as experimental data for training the
handwritten signature recognition system, one of which contained 800 handwritten signature
images of 40 people. The database contained 10 authentic and 10 fake signatures of each person.
Figure 1 shows examples of handwritten signatures for the first database.

This database of handwritten signatures was collected with the help of students at the
Fergana branch of the Muhammad al-Khwarizmi Tashkent University. The signature samples were
scanned at 800 dpi (dots per inch) and each signature was cut at 850x550 pixels. Figure 2 shows
examples of Bengali handwritten signatures for the second base. A Bengali handwritten signature
database of 100 people was collected with 24 authentic and 30 fake signatures for each person.
For this experiment, 1,080 handwritten signatures of 20 people were randomly selected from the
Bengal handwritten signature database.

The images of the handwritten signatures were converted to halftone and then to binary. For
this purpose, a method of Otzu was used. This method is used to calculate a threshold t that
minimizes the average segmentation error, i.e., the average error from deciding whether image
pixels belong to an object or background [15-16].

Applications of a convolutional neural network.

A convolutional neural network is a very broad class of architectures, the main idea of which
IS to reuse the same parts of the neural network to handle different small local sections of inputs.

To distribute the image classes, directories were created, with two subdirectories created in
each directory, according to the names of the classes: genuine and forced.

Experiments were performed with the reduction of captions to 200x120, 250x150, 300x150,
and 400x200 pixels.
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Figure 1. Examples of handwritten signatures for experiments
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Figure 2. Examples of Bengali handwritten signatures for experiments

The architecture of the convolutional neural network.
The deep learning model used to produce the results is described below:

1. Convolution layer, kernel size 3x3, number of feature maps - 32 pieces, ReL U activation
function.

2. Sub-sample layer, maximum value selection from 2x2 square.

3. The convolution layer, kernel size 3x3, number of feature cards - 32 pieces, ReLU
activation function.

4. Layer of subsample, maximum value selection from 2x2 square.
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5. The convolution layer, kernel size 3x3, number of feature cards - 64 pieces, ReLU
activation function.

6. Layer of subsample, maximum value selection from 2x2 square.

7. Layer of conversion from two-dimensional to one-dimensional representation.

8. Full-link layer, 64 neurons, ReLU activation function.

9. Dropout layer. This is a thinning method which is used to average the training results.

10. Output layer, 1 neuron, sigmoid activation function.

Layers 1 to 6 are used to select important features in the image, and layers 7 to 10 are used
to evaluate the classification result.

Results.

To train, validate and test the model, 800 handwritten signature images were used for the
first base in an 8:1:1 proportion, respectively. Half of them were images of genuine signatures and
the other half were images of fake signatures. For the second base, 1080 images of Bengali
handwritten signatures in the proportion of 21:4:2, respectively. The computational experiment
was performed on the https://colab.research.google.com/ platform.
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Figure 3. Training and validation graph with 250x150 image resolution for first base
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Figure 4. Training and validation graph with image resolution for the Bengali 250x150 base
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Table 1. Results of signature recognition

Handwritten

The correctness
of recognition

The correctness
of recognition

The correctness
of recognition

The correctness
of recognition

Signature Bases | with a 200x120 | with a 250x150 | with a 300x150 | with a 400200
extension extension extension extension
Base 1 88,31 90,04 89,12 88,74
Base 2 (Bengali) 94,48 97,50 96,40 95,65

Table 1 shows the results of the experiments. The trained neural network model showed the
best result in both bases at handwritten signature resolution of 250x150 pixels.

In order to create a handwritten signature recognition system, several programs were
developed in Python using deep learning models. The work of this software can be divided into
several stages: preparation of the dataset, image acquisition with simultaneous preprocessing,
training on the collected data through the prepared learning model. The results of this experiment
can be found on GitHub.com [17].

Conclusion.

Off-line signature verification is inferior to on-line technology in accuracy. The results of
the experiments described in the article have shown that the approach to handwritten signature
verification is promising.

The average accuracy of correct classification of signatures was achieved for the first base
on images of size 250x150, and is equal to 90.04%, for the second base on images of size 250x150,
and is equal to 97.50%. In the future, it is planned to improve the algorithm and increase the
recognition accuracy, as well as to form a larger sample size. The main direction of further research
will be the allocation of informative features that allow high recognition accuracy.
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AnHoTanus. B naHHO! paboTe OMUCHIBAIOTCS PE3yNbTATHl PAacHO3HABAHUS PYKOMUCHBIX MOAMHUCEH. s
SKCIICPUMEHTOB HCIOJBb30Banachk 0a3a PYKONHMCHBIX mmonnucedl m3 40 dYelnoBeK, BBIIOJTHEHHBIX Ha OyMasKHOM
HOCHUTEJIe, a TaKXKe 00IeToCTYIHbIH 0a3a beHranpckux pykomucHbIX moamnucei w3 100 genoBek. baza pykommcHBIX
nognuceit m3 40 yemoek Obwio cobOpano 10 mommuHHBIX B 10 TMOANENBEHBIX MOAMHUCEH U KaXXIOTO YEIIOBEKa,
BBITIOJTHEHHBIX JPYTMMH JI0AbMH. ba3a BeHraimbckux pykonmucHbIX moamuced u3 100 gemoBek Obuto cobpano 24
MOATUHHBIX ¥ 30 MOAIeNbHBIX MOAMUCEH ISl KaK0T0 YenoBeka. J[ist JaHHOTOo SKcnepuMenTa u3 beHrambckoit 6a3brl
PYKOIHCHBIX HoAmHced ObUT0 paHIOMHO BBIOpaHO 20 deioBek. Jlns KimaccMpUKANWK HCIONB30BANNCH YETHIpE
BapHaHTa yMEHbBIICHHWS moamuceil mo pasmepon: 200x120, 250x150, 300%150 u 400%200 mnumkcenei. Otu
M300paKEHHS CITY>KAIH UCXOTHBIMU TAHHBIMH IS TIPEAJIOKEHHON apXUTEKTYPBI CETH.

B pe3ynbraTe TeCTHPOBAaHUS TNPENIaraéMoro TIOAXOIa JOCTHUTHYTAa CpEeAHSAs TOYHOCTh KOPPEKTHOI
KIacCUpUKAIMU JJIsI TIepBoi 0a3bl pykonucHbIX moamnucei 90,04%. st 6a3b1 beHTanbCKuX pyKOMUCHBIX TOIICEH
97,50%.

KaroueBble cnoBa: PacniozHaBaHue, BepuuKanys, pyKkoIucHas nmoanuck, kinaccudukamms, FRR, FAR.
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Abstract. Big data is a collection of vast amounts of useful information that cannot be read with standard
computational structures. Big data is more than just data; it has become an entire field of tools, contexts, and structures.
They use complex data sets for direction, course selection, and direct management within organizations. This article
discusses the process of application of electronic payment systems using Big Data technologies, identifies the main
stages of implementation of Big Data technologies in these systems, analyzes the experience of implementation and
prospects of Big Data technologies.
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Introduction.

One of the directions of development of financial technologies may be the introduction of
the Big Data concept for the country's financial sector. The transition to this concept implies the
development of data processing centers with the receipt and analysis of information obtained not
from the documents provided directly by individuals and legal entities, but through electronic
payments. At the same time the government will have access to reliable information, which will
allow for making more accurate and informed strategic decisions, reducing the level of corruption,
while increasing the transparency of information about the companies. Implementation of Big Data
systems in the public e-payment systems will significantly speed up the process of obtaining
statistical information. Now reports of the Central Bank on some indicators, which can be collected
just technically, are released with a delay of several months to several quarters, with the
improvement of information tools, private companies that use official statistics will have more
flexibility tools in the decision-making process. The formation of a single information space on
financial indicators will create a unified environment between the state, business and the
population [1].

An important aspect of implementing Big Data in the public e-payment systems is ensuring
data security and developing the right clustering and hierarchy of data access. With e-commerce
payment processing solutions, there’s a set order process you can follow to keep a steady cash
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flow alongside a trustworthy sales procedure. This is below so you understand each step in the
compliance procedures:

PO Creation: Purchase orders are approved or prepared.

Purchase Order Approval: After a PO is made, it’s sent to sign-off.

PO Dispatch: When the PO is approved, they’re sent to a selected vendor.

Binding Contract: There’s a contract created when the vendor takes on the PO.

Goods Delivery: The vendor delivers the goods.

PO Closure: An invoice is forwarded to close the transaction.

There are many advantages of e-commerce payment systems.

These include: reducing your business' paperwork load; reducing the costs of transactions;
reducing the labor costs; lower transaction costs; high security standards from a payment gateway
provider; it’s user friendly for employees and customers; it’s less time-consuming than a manual
payment system; it helps your business to scale-up and expand your market reach.

There are also downsides to consider. As they’re familiar with credit cards and paper checks,
it may be a slight shock to the system to have to adapt following decades spent using cards. But
you can get around this to provide support to customers unsure about using your new system. You
can: provide guides to assist those new to the technology; offer customer support guidance to talk
them through any issues; highlight the convenience and security benefits of your new system;
ultimately, there’s always going to be an overlap of customers adapting/struggling with your new
approach to payments [2].

As long as you offer the support they need, you can increase churn rates and improve
customer acceptance of the new methods. Choosing an e-Commerce Payment Processor Choosing
a secure platform that’s right for your business and customers is one of the big keys to your success.
This process can vary, depending on your business and the type of processes you want to follow,
but it’s a standard example of what happens during a transaction—from start to finish.

The delineation of rights of access to financial information requires a clear definition of
boundaries. Here it is important to define at the legislative level the completeness of information
disclosure by the state. In general, the state can and should receive full information about financial
transactions of individuals and legal entities, as a minimum to get a quick, accurate and objective
situation in the country. This will allow to make optimal decisions and react flexibly to changing
external and internal conditions of the financial market. But in this case there is a question about
the protection of human rights and freedoms and the inability to use data for personal
purposes [3].

It is also important for private companies to have access to broad financial information in
order to do business properly and compete with foreign companies. However, the level of access
to information may already be reduced because private companies do not have significant
obligations to the public. There is also the question of creating developmental competition and the
absence of monopoly. The development of Big Data systems now forces large companies to
allocate substantial funding for the modernization of their information systems and the
introduction of new software products. At the same time, the creation of state repositories of big
data entails the further improvement of methods of analysis and processing of information, as the
data collected and the information obtained from them are completely different concepts. In the
issue of countering monopoly it is important to establish that companies with state participation
will not be able to get access to more information than other companies, as this would give them
significant advantages and the possibility of using insider information for profit.

Materials and methods.

Experts believe that the changes in modern industry (some of which are already taking place)
that 'digital manufacturing' implies will take place in the following key areas:

- Digital modelling - the concept of a digital twin, i.e. manufacturing a product in a virtual
model that includes equipment, production process and plant personnel, is developing.
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- "Big Data" (Big Data) and business intelligence that emerges from the manufacturing
process.

- Autonomous robots, which will gain greater industrial functionality, independence,
flexibility and execution ability than the previous generation.

- Horizontal and vertical systems integration - most of the huge number of information
systems currently in use are integrated, but there needs to be greater collaboration at different
levels within the enterprise as well as between different businesses.

- The Industrial Internet of Things, where information from a large number of sensors and
equipment coming from production is networked together.

One of the hallmarks of 'digital manufacturing' is the presence of an intelligent control
system, i.e. the ability to tightly integrate existing process equipment and obtain a wide range of
process information from anywhere in the production ecosystem [4].

Today, data is one of the most important components of society and every person's life. The
modern stage of society is characterised by a constant increase in the volume of data. Data comes
from many different sources, such as data from GPS navigators, satellites, Internet queries, social
networks, and data from the 10T (Internet of Things). The structure and composition of this data
is often not defined. Big Data (Big Data) has the following properties: huge size, heterogeneity
and disorderliness, require fast processing. Big Data technologies are a set of tools, approaches
and methods for processing both structured and unstructured data of huge size for further use.

The main Big Data technologies and tools include:

- Hadoop & MapReduce;

- NoSQL databases;

- advanced analytics (statistics, predictive analytics and Data Mining, linguistic text
processing);

- Data Discovery class tools.

Practical implementation of Big Data technologies are modern neural networks and
derivative systems based on them, such as pattern recognition systems, simulation modelling,
machine learning and predictive analytics. Big Data technologies are widespread in the banking,
telecommunications, industry, healthcare, energy, insurance and trade sectors. Large industry has
been collecting huge amounts of data for many years to improve product quality and production
efficiency [2]. The main materials for research on the subject area are: a sample of scientific and
professional works of domestic authors in the field of Big Data technologies, processing of huge
amounts of data, Internet resources on the subject under study. The research methods are
comparative and system analysis, logical approach.

Results.

Blockchain is a new, but so far costly, national technology that can be used to securely store
and process data. Blockchain is a distributed database whose storage devices are not connected to
a common server. Thus, this database will store an ever-growing volume of information in the
form of ordered block records. At the same time, each block will refer to the previous block, which
may be stored in a completely different place. Thus, the distribution of access keys, according to
the developed hierarchy, will allow to delimit the level of access to information by the state, private
companies and individuals. At the same time, the use of the production capacities of companies
and individuals will reduce the economic costs of implementing the new system (Figure 1.). It is
important to establish the degree of control over the system and the technology, as only
government regulation can lead to excessive bureaucracy on the one hand and lagging behind
foreign partners and corporations on the other [5].
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Figure 1. Blockchain based based e-payment systems

Blockchain technology is now being used to create cryptocurrencies (Figure 2), which are
already having a huge impact on financial markets, leading to the simplification of transactions
and the elimination of many "unnecessary" transactions. This is due to the fact that by using
blockchain technology and cryptocurrencies as a monetary unit, payment can now not be tied to a
specific bank account, when one way or another there is a physical movement of funds. The
cryptocurrency market is now established, and the main issue now is its official recognition at the
national and international level. Today, there is significant volatility in cryptocurrencies, and
therefore it is dangerous for the Central Bank to conduct operations with them [6].
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Figure 2. Cryptocurrencies based e-payment systems

The application of blockchain technology not only to create cryptocurrencies, but also to
form a new large-scale Big Data base is advisable as a consequence of counteracting international
interference and unscrupulous partners obtaining financial information about domestic companies
and government services. At the moment, blockchain technology is as secure as possible, as the
data is not stored on a single server, information from which can be illegally obtained by third
parties. In addition, the formation of a new financial information system Big Data will contribute
to the further informatization of the population, and the penetration of Internet technology among
the population [7].

Conclusion. Thus, the development of e-payment systems is not possible without the
development of financial information technology, taking into account the harmonization of the
interests of all stakeholders and the consolidation of labor, organizational and financial resources
of business and government.

Big Data technologies are now quite a workable set of technologies used in almost all areas
of human activity and have great potential for further development.
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Unfortunately, according to experts, Uzbekistan is still about 3-5 years behind the leading
countries of the world in the use of Big Data technologies. The reasons for this lag are the low
level of automation, the scattered nature of the data being collected, and the insufficient number
of real projects. Technologies used in the West cannot always be adapted to the Uzbek reality. In
addition, there is an obvious shortage of Big Data specialists.

The introduction of Big Data technology requires not only technical support, but also
organisational support. The first involves organizing data extraction, data storage, unified
workstations for analysis, digital modeling, optimization and forecasting. The second direction
will require the formation of appropriate qualifications in the Big Data business. Professionals
with the new qualifications of "data engineers", "data scientist” for modelling, optimisation and
forecasting are needed. In addition, training of Big Data technologists, planners and managers
from business will be required.

Nevertheless, the potential of the uzbek big data market is enormous and in the coming years
its rate of development will be many times higher than that of the global market.
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Annotanusi. bonbiye 1aHHbBIE - 5TO COBOKYITHOCTH OTPOMHOM IOJIE3HOM MH(POPMAIMH, KOTOpasi HE MOXKET
OBITH MPOYNTAHA C TOMOIIBIO CTAH/IAPTHBIX BHIYUCIUTEIBLHBIX CTPYKTYP. bolbiline qaHHbIE - 3TO HE MPOCTO JaHHBIE,
OHHM yX€ CTalu LeJIoW 00JacThio, BKIIOYalomeil B cebs HabOp MHCTPYMEHTOB, KOHTEKCTOB M CTPYKTyp. OHH
UCTIOJNIB3YIOT CIIOXKHBIE HAOOPHI TaHHBIX JUIS BEIOOpA HANPaBJICHHs, Kypca M HEOCPEICTBEHHOT'O YIIPaBJIEHHS BHYTPH
opranusanuii. B naHHONM cTaTbe paccMaTpuBaeTcs HPOLIECC MPUMEHEHHUS AJIEKTPOHHBIX IUIATEKHBIX CHCTEM C
HCIIONBb30BaHNeM TexHooruii Big Data, onpenensrorcss OCHOBHBIE ATaIbl BHEIpEHUs TexHooruid Big Data B maHHBIX
cucTeMax, aHAJTM3UPYETCs OIBIT BHEAPEHHS U MEPCIEKTHBHI TexHooTnit Big Data.

KaroueBbie cioBa: Big Data, snexTpoHHass KOMMEpIHs, 3JIE€KTPOHHBIN OH3HEC, HU(PPOBas IKOHOMHMKA,
Blockchain, kpunrosamtora, puHaHCOBast 6€30MACHOCTD, HIEKTPOHHBIE TUIATEXKH.
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Abstract. The all-pair shortest paths problem on large-size graphs has many crucial application domains in
science, engineering and economics. Such computer architectures as multi-core systems explore hierarchical memory
consisting of local and shared levels, which differ on memory capacity and data transfer time delays. The cores read
and write data through the fast local caches, therefore running algorithms which support locality in big data
processing are most efficient. The paper develops an inference technique at the aim of creating all-pair shortest paths
algorithms that improve the spatial and temporal reference locality and reduce the cache pressure. It proposes and
transforms a graph-extension-based shortest paths search algorithm that obtains the reference locality properties and
recalculates the lengths of shortest paths at each step of adding a vertex to the graph. Every step of algorithm
transformation introduces additional temporal or spatial locality. Computational experiments carried out on two
types of multi-core processor and on graphs of thousands of vertices have shown about 40% speedup of the proposed
algorithm against the classic Floyd-Warshall one. The proposed algorithm has also shown a gain of 25 — 35% over
the blocked Floyd-Warshall algorithm, which has the property of spatial data locality.

Keywords: multi-core processor; hierarchical memory; cache; shortest paths algorithm; big data; spatial
locality; temporal locality; algorithm transformation; inferring technique.

Problem formulation
Modern multi-core processors have hierarchical memory architecture shown in Figure 1.
Every core has local caches L1 and L2, and all cores have a shared cache L3, which communicates
to main memory. Data may transfer in both directions from core to main memory and vice versa.
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Additionally, the cores may transfer data to each other through the shared cache. The memory
capacity increases from L1 to L2, from L2 to L3, and from L3 to main memory. The data transfer
latency increases in the same direction. Larger memory capacities cause higher latency. The data
transfer time in hierarchical memory contributes significantly to the overall execution time of
program.

Cache L1 Cache L1
1 1
Cache L2 Cache L2
1 1
Cache L3

Figure 1. Hierarchical memory of multi-core processor

Locality is a predictable behavior occurring in computer systems. Locality of
reference [1-3] is one of the key principles of constructing computer architectures and developing
high-performance software. It means the access of processor to the same set of memory locations
repetitively over a short period of time. The reference locality can be of two basic types: temporal
and spatial. Temporal locality refers to the reuse of specific data within a relatively small-time
duration. Spatial locality (also known as data locality) refers to the use of data elements within
relatively close storage locations. Spatial locality has a special case termed sequential locality,
which occurs when data elements are arranged and accessed linearly. Traversing elements of a
one- or many-dimensional array allocated in row-major memory layout is an example of sequential
locality. Such techniques as caching, prefetching and branch predicting increase locality of
reference.

A working set of information W(t, 7) of a process at time t is the collection of data referenced
by the process during the time interval (t- 7, t). The working set window dynamically measures the
size of working set and estimates reference locality. If the size matches the cache size, the data
transfer between the cache and the lower-level memory is not high. The data traffic increases when
the active data accede the size of cache. If the working set size is larger than the cache size,
intensive data transfer between the memory levels occurs.

The problem of finding shortest and longest paths in a weighted directed cyclic graph [4 — 7]
has many important practical applications: reducing city traffic, optimizing network infrastructure
in data centers, planning tasks, implementing augmented reality, network analysis,
microelectronics, programming, computer networks, computer games etc. Many algorithms
developed and published in the literature [8-22] solves the problem. Floyd—Warshall’s Algorithm
1 (FW) is a basic one among them. Its computational complexity is O(n®) where n is the number
of graph vertices. Although other algorithms have been developed of lower complexity, the Floyd—
Warshall algorithm has several advantages: it is applicable to a graph containing positive and
negative weights of edges; its space complexity is O(n?) due to the use of a single displacement
array; it has a compact and simple description as a nest of three loops.
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Algorithm 1: Floyd-Warshall (FW)

Input: A matrix W of graph edge weights
Input: A size N of matrix
Output: A matrix D of path distances
D«W
for k< 1to N do
fori<« 1toNdo
for j« 1toNdo
sum <« di + d;
if dij > sum then djj < sum
return D

Algorithm 3: Block calculation (BCA)

Input: A size S of block
Input: Blocks B?, B2 and B®
Output: B! — recalculated block
fork < 1toSdo
fori« 1toSdo

Algorithm 2: Blocked Floyd—Warshall (BFW)

Input: A number N of graph vertices
Input: A matrix W of graph edge weights
Input: A size S of block
Output: A blocked matrix B of path distances
M« N/S B[MxM] <« W[NxN]
form« 1toMdo
BCA (Bmm, Bm,m, Bm,m) // DO
fori« 1toMdo
if i # m then
BCA (Bim, Bim, Bmm) /I C1
BCA (Bm,i, Bmm, Bm,) I/ C2
fori« 1toMdo
if i = m then
forj« 1toMdo
if j = m then
BCA (Bij, Bim, Bmj)  //P3

forj« 1toSdo return B
sSum <« bzi,k + b3k,j T
if bij > sum then b'jj < sum
return B!
1 te N 1 2 3 4

Figure 2. lllustration of algorithm operation a) Floyd-Warshall; b) Blocked Floyd—Warshall

Observing the Floyd—Warshall algorithm we conclude that each iteration along k accesses
all elements of matrix D. Totally, every element has N attempts to update. The algorithm operation
time crucially depends on which level of memory the matrix D fits completely in. If level L1 or
L2 do, the algorithm runs quickly. If level L3 does, the data transfer time delay is higher, and the
algorithm runs slower. The slowest case takes place when the size of matrix D is larger than the
size of cache L3; elements of D are read from and written to main memory k times, which produces
big cache pressure and consumes too much time.

The blocked Floyd-Warshall (BFW) Algorithm 2 proposed in [13, 14] has changed the
situation. The algorithm introduces spatial locality by decomposing matrix D into blocks of size S
and forming blocked matrix B[MxM], where M = N / S is the number of blocks per row. It provides
sequential data locality for each block. Its main loop has M iterations, S times less compared to
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FW. Therefore, every iteration updates each element of the matrix as many as S times, performing
update locally by using one to three blocks simultaneously. Algorithm 3, BCA implements the FW
algorithm, recalculates block B! and consumes two additional blocks B? and B2, It is possible to
choose the block size in such a way as the processed blocks can be deployed in fast caches
simultaneously, which reduces the data traffic between memory levels.

Graph-extension-based shortest paths algorithm

The FW algorithm assumes that a graph G =(V, E) is constructed of vertex set V of
cardinality N and is represented by matrix W of weights. In our graph-extension-based algorithm,
we consider a sequence G(1)... G(k)... G(N) of graphs constructed of 1 to N vertices. We associate
the construction process with stepwise adding vertices to graph G. Matrix D(K) describes distances
between pairs of vertices in graph G(k). We represent our algorithm as a recurrent procedure
(Figure 3) that calculates matrix D(k) from matrix D(k-1) and weights wix and wy; of the edges
connecting the added vertex k to vertices i, j € {1,...,k-1}. The procedure first adds row k and
column k (operation Ax) to D(k-1) obtaining D(k) and then updates (operation Uy) all elements of
D(k-1).

Figure 3. Recurrent procedure of computing distance matrix D(k) from D(k-1)

Equation (1) allows calculating elements dik(k) of column k.

dy (k) = min (d (k-1 +w;,) (1)

Equation (2) allows calculating elements dij(k) of row k.

dy; (k) = iip..il[l—l(wki +d; (k _1)) (2)

Note that element dij(k-1) is common for (1) and (2). Then the procedure carries out operation
U of updating elements of matrix D(k-1) to elements of matrix D(k) using (3):

d, () =min{d, (k=1), d, (k) +d,, (k)| @3)

where i, j € {1,...,k-1}. We describe the calculations represented by (1), (2) and (3) with a graph-
extension-based shortest paths Algorithm 4.
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Algorithm 4: Graph-extension-based shortest paths algorithm (GEA)

Input: A matrix W of graph edge weights
Input: A size N of matrix
Output: A matrix D of shortest path distances
D«W
for k< 2toNdo
fori<1tok-1do /I Add Ax
forj«~1tok—-1do
So < dij+djx if dik> So then dik < So
S1 < dki+dij ifdgj>sithen dyj <« s:
fori<1tok-1do /I Update U
forj«~1tok-1do
S2 < dik+dj ifdij>s2thendij« s>
return D

Algorithm 4, GEA obtains new properties compared to FW. The iteration scheme of two
loops along i and j has changed. The loops perform k iterations instead of N ones in FW. They
process submatrices of size [1x1], [2%2], ..., [NxN] in N iterations along k. We can observe that
in contrast to FW, which processes full matrix D[NxN] in each iteration, GEA has the property of
temporal locality. In GEA, the number of body iterations of the most nested loops and the overall
amount of processed data are three times less than those in FW.

Resynchronization of computations in the algorithm

The recurrent procedure is iteratively executed over all vertices of graph G(k) producing a
sequence of pairs of the operations: A1U1—A>U>—...—AnUNn. It is easy to see that the add and update
operations of pair AkUx are incompatible in sense of merging two nests of loops along i and j.
Instead, the operations of pair UkAx+1 are compatible, therefore, it is preferable to use the
resynchronized sequence UiA,—U2As—...—Un1An—Un considering that A; is replaced by a zero
initialization of matrix D(1). In the Ux.1A« pair, operation Uk-1 is a delayed update of matrix D(k-
1), which is carried out simultaneously with the addition Ax of row k and column k.

Algorithm 5 represents GEA after resynchronization of the add and update operations. The
pseudocode consists of two nests of loops. The first nest has the depth of three loops, and the
second nest has the depth of two loops. The first nest consists of a loop along k of N iterations
whose body includes two sequential nests each of two loops along i and j. In the first nest, which
performs operation U1 by using one addition +, one comparison > and two assignments, the loops
along i and j have k-1 iterations each, and in the second nest, which performs operation Ak by using
two additions +, two comparisons > and four assignments, the loops have k iterations each.
Algorithm 5 finalizes computation of matrix D by performing the update oper