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of our time.

THE “CORONA” CRISIS AND THE “DARK MATTER” OF DOLLAR

The ideas and methods of the general theory of evolution formulated by the author in previous publications have
been developed in the work. The provisions of the author's concept are systematized, which are presented in the form
of three laws of evolution concerning the essence and features of the functioning of the main concept of the theory —
the mechanism of evolution.

The First (basic) law of evolution states that the complexity of an evolving system always increases. Thus, an increase
in the complexity of one or another mechanism of evolution is a necessary condition for evolution, in the area where
this mechanism operates. The Second Law of Evolution defines the qualitative nature of the behavior in time of any
mechanism of evolution, that is, its temporal dynamics. When formulating the Third Law of Evolution, it is noted that
the increase in complexity is only a necessary, but not a sufficient condition for evolution. Under some circumstances,
the system gets the opportunity to demonstrate an abnormal increase in complexity, while practically not evolving.
As a result, a situation arises of an uncontrolled, "parasitic" increase in the complexity of the system, not directly related
to its evolution, which gives reason to single out a parasitic component in the complexity of the system, which gives
a constantly increasing load on the system. This is the basis for formulating the Third law of evolution — the law of growth
" parasitic" complexity, which explains the essence and causes of almost all evolutionary catastrophes.

The laws of evolution are illustrated by examples of the behavior of the genetic, neural, communication and financial-
information-network mechanisms of evolution. Of particular interest is the evolutionary interpretation of the inflationary
model of the Universe in the approach of Roger Penrose. In the spirit of the above conceptual provisions, an analysis was
made of the crisis associated with the COVID-19 pandemic (“Corona” Crisis”), which was used by the ruling circles as
an element of “controlled chaos”. Having produced a global disturbance of the world socio-economic system, the crisis
remained manageable to an acceptable extent. At the same time, the World Financial System with the dollar at the head
has withstood and, perhaps, even somewhat strengthened.

An analysis of all the mentioned phenomena and processes leads to the conclusion that in any system at a certain stage
of evolution, a structure begins to appear, consisting of three zones: controlled (managed); uncontrolled (unmanaged)
and intermediate between them — weakly (conditionally) controlled (managed). In terms of observability, it sounds like
any sufficiently complex system has an observable (“light”) part, an unobservable (dark™), and an intermediate (“gray”)
region between them. The noted effect is universal and manifests itself in almost all subject areas.

This approach allows, within the framework of a unified methodology, to analyze the phenomena and processes
of both natural and social history. The “Corona” Crisis, as a representative of a series of acute global crises of our time,
really turns out to be connected with the “Dark Matter” of the financial-information-network mechanism.

The author draws attention to the fact that crises and catastrophes occupy a very significant place in the arsenal
of Evolution's tools. This circumstance poses very responsible tasks for the scientific community.

IIInpokos B.A. Kpu3sa «Koponn» i «Temna Marepisi» foapa. ¥ po6oTi HaOy/iM pO3BUTKY iJiei Ta METOIU 3arajibHOL
Teopii eBosoLii, cchopMyJIbOBAaHOI aBTOPOM Y MorepeaHix nmyosikanisx. CucteMaTu30BaHO MOJOXEHHST aBTOPCHKOT
KOHLIeMLii, sIKi TpeicTaBeHi y hopMi TPbOX 3aKOHIB €BOJIIOLLIT, IO CTOCYIOTbCS CYyTHOCTI Ta 0COOIMBOCTEN (PYHKIIiO-
HYBaHHSI OCHOBHOTO KOHIUEITY T€OPil — MexXauizmy egonrouyii.

[Mepimii (OCHOBHMIA) 3aKOH €BOJIOLT CTBEPIKYE, 1110 CKIAMHICTh CUCTEMH, 1110 €BOJIIOLIIOHYE, 3aBXIU 3POCTAE.
TakuM 4YMHOM, 3pOCTaHHSI CKJIAAHOCTI TOTO UM iHILIOIO MeXaHi3My eBOJIIOLIT € HEOOXiTHOI0 YMOBOIO €BOJIIOLT Ha Tiki
JNUISIHL, e Jie faHuii MexaHi3M. Y JIpyromy 3aKoHi €BOJIOLIT BU3HAYAETLCS SIKICHUM XapakTep MOBEAiHKM Y Jaci
Oy/ib-sIKOTO MEXaHi3My eBOJIIOLLi1, TOOTO Iioro TeMiopayibHa nuHaMika. [Tpu dopmyntoBanHi TpeTboro 3aKoHy €BOJIIO-
i1 3a3HaYa€THCS, 110 3POCTAHHS CKJIAIHOCTI € JINIIIEe HeOOXiTHOIO, ajie He TOCTaTHLOIO YMOBOIO €BOJTIONII. 3a IeIKNX
00CTaBUH CUCTeMa Ma€ MOXJIMBICTh IEMOHCTPYBAaTU aHOMaJIbHE 3POCTaHHS CKJIAMHOCTI, IPU LbOMY MPAKTUIHO
He eBoMIoLIioHyI0un. B pe3ysibraTi BUHMKA€E CUTYalliss HEKOHTPOJIbOBAHOIO, «I[Iapa3UTHOT0» 30UIbIIEHHS CKJIaIHOCTI
CUCTEMM, He TTOB'sI3aHOT0 0e3MocepeIHbO 3 i1 €BOJIIOLIEIO, 1110 JA€ MiICTaBy BUAIMTYU Y BEJIMUMHI CKJIAAHOCTI CUCTEMU
Mapa3suTHY KOMIOHEHTY. Lle nae HaBaHTaXXeHHSI Ha CUCTeMY, sIKe TOCTiiiHO 3pocTae. BukianeHe nae miacraBu ais
dopmytoBaHHS TpeTbOro 3aKOHY €BOJIOLIT — 3aKOHY 3pOCTaHHS «MMapa3uTHOI» CKIIJHOCTI, IKUIA MOSICHIOE CYTh Ta
MPUYUHU TIPAKTUYHO BCiX eBOJIOLIMHMUX KaTacTpod. 3aKOHU €BOJIIOLIT MPOiTIOCTPOBaHI Ha TIPUKIIagaxX MOBEIiHKHI
TeHETUYHOTO, HEMPOHHOIO, KOMYHIKaIliifHOro Ta (hiHaHCOBO-iH(pOPMaliifHO-MePeXKeBOTO MEXaHi3MiB €BOJIIOLIII.
Oco01MBUii iHTEpec BUKJIMKAE eBOJIOLIHA iHTeprpeTalis iHdsuiitHoi monxeni Beecsity y miaxoni Pomkepa INeH-
poysa. Y nyci BUKJIaIeHIX KOHIICTITYaIbHUX TT0JI0KeHb BUKOHAHO aHaJli3 KpU3H, ToB's13aHoi 3 manmemieio COVID-19
(«Kpu3zoto «KopoHu»), BUKOPUCTaAHOT MPABISIYMMU KOJIAMU SIK €JIEMEHT «KepOBaHOTO xaocy». CIpUYMHUBIIN TJ10O-
OasibHe 30ypeHHS CBITOBOI COLIIaJIbHO-€KOHOMIUHOI CUCTEMU, KpU3a 3aJIUIIAJIACS MPUAHATHOK MipOI0 KEPOBAaHOIO.
[Tpu mboMy BcTOsIIa 1, MOKJIMBO, HABiTh JelIo 3MillHina CBiToBa (piHaHCOBa cucTeMa 3 10J1apOM Ha YOTi.
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XHYPE

AHaJi3 ycix 3ragaHux SIBUIIL i TTPOIIECiB Belle 10 BUCHOBKIB, 10 B OyIb-SIKili CUCTEMi Ha IIEBHOMY €Tarli eBOJIOLT
MOYMHAE TPOSIBIISITUCS CTPYKTYpa, 10 CKIATAETHCS 3 TPhOX 30H: KOHTPOJIBOBAHOI (KEpOBaHOI); HEKOHTPOJIbOBAHOT
(HeKepoBaHOI) Ta MPOMIXKHOI Mixk HUMM — cJ1abKO (YMOBHO) KOHTPOJIbOBaHOI (KepOBaHOi). Y TepMiHax CIIOCTepexy-
BaHOCTI 1€ 3BYYUTb TaK, 1110 OyIb-sKa JOCUTh CKJIaJHA CUCTEMA MA€E CIIOCTEPEXKYBaHY («CBIT/Iy») YaCTUHY, KPiM TOTO,
YaCTUHY sIKa HE CIOCTEePIiraeTbesl (TEMHY), i MPOMIXHY MiXX HUMM («Cipy») obJiacTb. 3a3HaueHUil eeKT € yHiBep-
CaJIbHUM i IPOSIBJISIETHCS MPAKTUYHO Y BCiX TpeAMETHUX rany3sx. Lleit miaxin m03BoJisie B paMKax € AMHOI METOM0JIOTii
BUMKOHYBaTH aHaJli3 SIBULL i TPOLECIB SIK MPUPOAHOI, TaK i couianabHOoi icTopii. «Kpuza «KopoHu», K npeactaBHUK
HU3KU TOCTPUX III00ATbHUX KPU3 CYYaCHOCTI, CITPaB/Ii BUSIBISIETCS TOB's13aHOI0 3 « TeMHOI0 Marepieto» (hiHaHCOBO-

iH(popMalLIiiTHO-MepeKeBOTO MEXaHi3My.

ABTOp 3BepTae yBary, 1110 B apceHalli iHcTpyMeHTiB EBostonii Kpusu Ta Katactpodu 3aiiMaioTh JyxKe BaxXJUBe
micue. L o6cTaBrHA CTaBUTH TIepel HAyKOBOIO CITUIBHOTOIO JTy>Ke BilIOBiIalbHi 3aBIaHHSI.

INTRODUCTION

On March 19, 2021, at the Kyiv House of Scientists of
the National Academy of Sciences of Ukraine, located on
Volodymyrska Street, number 45-a, in a beautiful man-
sion of the early 20th century, the author of this article,
at the request of the Kyiv scientific youth, gave a lecture
under that title. As everyone remembers, this happened in
the era of COVID-19, when, after its apotheosis in 2020
(the peak of the «corona crisis»), the authorities were just
beginning to ease pandemic restrictions. This was done
very carefully and rather inconsistently, which was dic-
tated by the great uncertainty of this global phenomenon
that engulfed the whole world, and a poor understanding
of its nature, causes and methods of dealing with it.

Be that as it may, the author, following all the pre-
scribed restrictions and precautions, gave this lecture, was
gladly subjected to the temperamental attacks of young
scientists and strengthened in the thought of the need to
publish a fundamental work, most likely a book on the
topics of evolution, a topic that served as a logical and the
factual basis of the lecture. Before that, I had repeatedly
raised the evolutionary topic and made reports on it for
completely different audiences, including at the meetings
of the N. M. Amosov Club, of which the author has the
honor to be a member, at the House of Scientists.

Time passed, but the process of writing the book slowed
down. Much more pressing matters arose, dealing literally
with matters of life and death. Analyzing these dramatic
events, I became more and more deeply convinced that
they are quite consistent with the evolutionary doctrine I
am developing, the first publications of which were car-
ried out several years earlier in the journal “Bionics of
Intelligence”! . And finally, at the suggestion of profes-
sor G. Chetverikov, through whose efforts the journal only
continued to exist in recent years, I found time and wrote
the text of the article with the announced title, which I
offer to the attention of readers.

Before starting the presentation of the main content, |
consider it necessary to make some clarification. The fact
is that for many, it may seem artificial and not intelligible

1 B.A.IllupokoB. DBOJIOLIUS KaK YHUBEPCATbHBII €CTeCTBEHHBII
3akoH (ITposeromMeHsl K Oyay1eit 001Iel TeOPUU IBOJIOLINN ).
«BMOHUKA MHTEJJIEKTA», NeNe 1-2, 2017, Nel, 2018.
B cBoGomHOM moctyme mo anpecy: https://ulif.org.ua/
page/evoliutsiia-kak-univiersal-nyi-iestiestviennyi-zakon-
prolieghomieny-k-budushchiei-obshchiei-tie

enough to compare such different things as the global pan-
demic and the matter of the dollar, moreover, dark (this
epithet can also cause perplexing questions). However,
below the author will try to present the phenomenology
and logic of this case in such a way that this comparison
would look not only quite rational, but even necessary.

To facilitate understanding of the content, let me
quote here the main provisions of the work cited above on
the general theory of evolution. Let’s start with this.

Part I. EVOLUTION AS A UNIVERSAL
NATURAL LAW

1.1. General Provisions and Fundamental Issues

We proceed from the conviction that the World is
evolving. We qualify this belief as the “Presumption of
Development” and further we will consider evolution as
one of the main properties of the World, perhaps even the
main one in general. There have been many attempts in
history to give a “strict” definition of the concept of “evo-
lution”. We believe that “evolution” is such a fundamental,
primary concept that it is impossible to give a strict defi-
nition of it. However, you can give examples, give some
explanations, explore its properties and establish patterns.
But, when it comes to regularities, it is subject to clarifica-
tion what exactly is meant. In our opinion, this clarifica-
tion is concluded in the answer to two questions that we
consider fundamental for the subject of our consideration:

1. If we analyze evolving objects, then:

is it possible to set those properties that can be correlated

with any process of evolution?

2. If it is possible to set these properties, then:

are they subject to generalization and/or are they reduc-
ible to some “general” concept that could be associated with
any evolutionary process?

The author claims that there is a positive answer to
both questions. To answer them, we define the conceptual
basis of our theory.

1.2. On the mechanisms of evolution.

We believe that the basic concept of the general theory
of evolution is the concept of the “Mechanism of evolu-
tion”. The brief content of this concept is revealed in the
following statements:

1. The evolution of the world is carried out in certain
discrete forms. These discrete forms we will call “mecha-
nisms of evolution”.
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2. Each mechanism of evolution is characterized by a
certain complex of materially expressed features, specific
to it, that allow it to be individualized and distinguished
from other mechanisms as some discrete entity?.

3. However, all mechanisms have some common prop-
erties, which allows them to be typified and attributed to
one class of phenomena, namely, to the class “Evolution”

In the cited work, the following evolutionary mecha-
nisms are singled out and considered with varying degrees
of detail:

So, the following diagram shows a picture where, in paral-
lel with the six mechanisms we have designated (squares
1 — 6), the cosmic (K), geological (G) and a number of

other possible others (X, Y, Z, ...) operate.

1 PHYSICAL i 7
\ 7
2 CHEMICAL \_ s
s X, v, Z. .. [ -
3 GENETIC
4 NEURAL Each mechanism of evolution operates on a certain
5 COMMUNICATION W class of objects, and its action is provided by the corre-
> sponding “substance”, a kind of “agent” system that im-
6 | PRODUCTION, consisting of the stages: _ plements the action of this mechanism. The noted facts
6.1. Consumer . are summarized in the table.
6.2. Exchange - MECHANISM
|z OF EVOLUTION OBJECTS «SUBSTANCES»
6.3. Financial g
i ) - % o Elementary
6.4. Financial Information e Physical particles, Physical interactions
. . . physical fields,
6.5. Financial-Information-Network Q .
nuclei, atoms
2 19999999999299929929299292992929929929| 2 | ? .
R T T I . . ((Pal.lll prlnclple»,
Electrons, which provides the
. . rotons, . . .
Note that each of these mechanisms has its own “fine . P order in which atomic
Chemical neutrons, bi filled and
structure”. Here we have explicitly listed only individual photons, atoms, | its are filled and,
. . . ’ ’ consequently, the
stages of the Production Mechanism, of which we cur- molecules .
) available set of atoms
rently number five and some which we plan to dwell on
in more detail. At the first glance at the table, one notices Genetic All living Genomes
that the last line consists of only question marks. This organisms
means that at the moment it remains unclear: how will Living
the Financial-Information-Network Mechanism end?, Neuronal organisms Neural systems
what will follow it?, how and when will the transition to Starvtllonril ‘thh
the next mechanism be carried out?, what will it be like?
and what will happen to the human race at that time (if it o Collective o
exists at all by that time)? Unfortunately, we do not know Communication (SOC'}?]) animals, | Signaling systems
. umans
clear answers to these questions, although there are a great
many futurological fantasies on these topics. A) Production- People Communication
Does the above list exhaust the set of all mechanisms consumer systems, tools
of evolution? The answer is obviously no. We assume that ) Communication
. . e B) Production-
this set is generally open. Moreover, the possibility of par- exchange People Systems, tools and
allel action and interaction of several mechanisms, and products of labor
not only those listed in the table, is by no means excluded. C) production- People Technique, techno-
_— ) financial- “...+...” logy, social, finan-
2 The principle of such individualization and selection, apparently, cial and economic
is close to discovered and described by us the lexicographic effect government, interna-
in information systems (see. B.A.Llllupokos. IHdopmartiiiHa tional and global in-
Teopist nekcukorpadiuamx cucreMm. — K. : Jloipa, 1998. — 331 stitutions, cognitive-
c. V. Shyrokov. “Language. Information. System” —K.; HaykoBa communicative and
nymka., 2021, 158 c.. Free access at: https://www.ulif.org.ua/ network systems.
system/ files/blok-shirokov_book.pdf.).
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1.3. Basic (First) Law of Evolution
and Complexity Theory

Let us now turn to the answer to the fundamental (in
our opinion) questions of the theory of evolution formu-
lated above. We argue that the cause and engine of all evo-
lutionary processes without exception is the complexity of
the evolving system. This means that an increase in the
complexity of a system is a necessary condition for its evo-
lution: if the system evolves, then its complexity increases.
Thus, we come to an empirical generalization, which we call
the First (basic) law of evolution and formulate as follows:

First Law of Evolution: The complexity of an evolv-
ing system always grows. In other words, an increase in
the complexity of one or another mechanism of evolu-
tion is a necessary condition for evolution, in that part of
it where this mechanism operates.

Of course, in order for the above statement to take on a
real meaning, it is necessary to define the concept of com-
plexity — the key concept of our theory. We adhere to and
develop a phenomenological approach to the interpreta-
tion and application of complexity. In accordance with it,
complexity is an exclusively multi-faceted, fundamental
concept, comparable in its ontological and epistemologi-
cal range with the concept of energy. However, they act
differently and reflect different properties of things. So, if
energy is a measure of the intensity of processes occurring
in certain objects, then complexity is a measure of het-
erogeneity, structure, irregularity of processes and objects.
Complexity, as well as energy, is characterized by an ex-
ceptional richness of forms of manifestation. If particular
forms of energy are work, heat, electromagnetic, atomic,
nuclear, gravitational energy, enthalpy, kinetic, potential,
internal and even “dark” energy, etc., then the forms of
manifestation of complexity are probability, fuzziness (in
the sense of Zadeh ), entropy, information (in the sense
of Kolmogorov), fractality, etc. The noted facts are given
in the table:

COMPARISON OF PROPERTIES
OF ENERGY AND COMPLEXITY

COMPLEXITY is
a measure of the hete-
rogeneity (structured-
ness, fuzziness, irregu-
larity) of processes
and objects

ENERGY is a measure of
intensity processes and objects

Dimension formula:
ML2t2T-!
Units:

Bit, Ccal-(K°)!; K° —
degrees Kelvin

Dimension formula:
ML2t2

Units:
1J=10.239 cal = 1.602:10-% eV

Manifestations (forms) of energy
In mechanics: kinetic,
potential,...
Electromagnetic field energy:
ED_ BH
2 2

In quantum mechanics:
E,= <y|Hly>
(energy in the state y)
...energy and heat,
energy and work, enthalpy,
internal energy, free energy,
energy and mass, dark energy... ,

Manifestations (forms)
of complexity
information, entropy,
probability, fuzziness,
«fractality»

It can be argued that energy and complexity are are
complementary categories (in the sense of the complemen-
tarity principle of N. Bohr), so that a sufficiently com-
plete description of a system must contain both energy
and complexity component. However, it should be noted
that so far the role and influence of this latter has been
underestimated. And even in theoretical works, com-
plexity was considered mainly in the computational
sense — as the complexity of algorithms and computer
programs. However, already V. A. Uspensky, a student of
A. N. Kolmogorov, spoke in the sense that if the 20th cen-
tury was a century of energy, then the 21st century will al-
ready become a century of complexity. The author shares
this point of view.

To operate with this concept, it is necessary to have some
measures that allow estimating complexity from a quanti-
tative point of view. The approach of A. N. Kolmogorov3
to the definition of algorithmic complexity can also help
here, which, in our opinion, has great methodologi-
cal strength and points the way to the development of a
phenomenological approach in this area, which allows to
quantify the complexity and its dynamics for objects and
processes of the real world . Especially valuable in the
mentioned work of A. N. Kolmogorov, in addition to the
formal definition of complexity, is the direct relationship
between complexity and information that he established,
moreover, the direct expression of the amount of informa-
tion of a constructive object through its algorithmic com-
plexity. By projecting this formal approach onto reality, an
insightful researcher will find conceptual and operational
resources for determining — already at the phenomeno-
logical level — measures of the complexity of real objects
and processes.

1.4. Measures and temporal dynamics
of the complexity of the mechanisms of evolution.
The Second law of evolution.

Note that the definition and construction of measures
of complexity for mechanisms of evolution in real con-
ditions and in certain phases of their dynamics is not an
easy task and has not yet been solved. Approaches to it are
currently semi-empirical in nature and are largely based
on the intuition of the researcher. In our work [1], we pre-
sented complexity measures for various mechanisms of
evolution and performed their comparison and analysis.

3 A.H.Kommoropos. Tpu rmoaxoma K onpeaeIeHUIO IIOHSITUS KO-
nyecTBa MHGopManmu. B kH. Teopus nHdopmaiinm u reopus
anroputMoB. — M.: Hayka, 1987. — C.220.
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In the table, as an example, we present the results taken
from there for the genetic, neural and communication
mechanisms.

MECHANISMS OF EVOLUTION
(COMPLEXITY PARAMETERS)
OBJECTS . .
OF THE Genetic Neural Communication
EVOLUTIONARY | Volume | Normalized Volume
SYSTEM of volume of the | of the sign
genomes | neural system («lexical»)
(in bits) (in bits) system (units)
Virus 103-10* 0 0
Bacterium 103 0 0
Ciliates 100 0 0
Worms 10° 10°-10! 0
Bees, Ants 107 103-104 100
Chimpanzee, 3 7 108
Dolphins 10 107-10 10000
7_109
Human 10° 10101t | From 10710
to>...

The table shows that the complexity parameters for
the genetic, neural and communication mechanisms are,
respectively: the volume of genomes, the normalized vol-
ume of neuronal systems and the volume of “lexical” sys-
tems. It is also seen that over time, as new species appear,
an increase in each parameter is observed. At the same
time, each of them arises “at its own time”, namely, when
its predecessor has already, as it were, “exhausted” the in-
tra-system possibilities of its growth. Another conclusion
concerns the acceleration of the growth rate of complexity
parameters. The analysis shows that if in the early stages of
genetic evolution the doubling time of the complexity pa-
rameter (genome volume) was more than 60 million years,
then the doubling of the communication parameter for
humans, judging by the studies of S.P. Kapitsa in the field
of human population growth*, occurred in a progressive
pace (starting from one thousand years in the era of the
Neolithic revolution and up to 50 years by the beginning
of the twentieth century. That is, the growth rate increased
by about 20 times in 10 thousand years). From what has
been said, the following conclusions can be drawn.

1. All mechanisms of evolution have one thing in com-
mon: the unfolding in time of any of them leads to the
complication of the evolving system. This means that in
the course of the temporal dynamics of a specific mecha-

4 Kamma C.I1. @eHOMEHOI0rMYeCKast TEOPHUsI POCTa HACEICHUST
3emiu. // YOH 166 63 (1996) ; Kanuia C.T1. OG1ast reopust
pocCTa YeIoBevecTBa: CKOJIBKO JIIONEei XKIIO0, KUBET W OymeT
KUTb Ha 3emute (M.: Hayka, 1999).; Kanuna C.I1. [Tapamokcel
pocta. 3aKOHbI pa3BUTUs yejaoBeyecTBa. M.: AJbITMHA HOH-
dukin, 2009. ; Kapitza S P Global Population Blow-Up and
After. The Demographic Revolution and Information Society
(A Report to the Club of Rome and the Global Marshall Plan
Initiative) (Hamburg: Tolleranza, 2006, Moscow, 2007).;
C.I1.Kanuua. K reopun pocra Hacenenust 3emun. YOH, 1. 180,
Ne 12, 2010 Cc.1337-1346.

nism of evolution, its complexity (estimated by the value
of the corresponding quantitative correlate) increases.

2. At the same time, each evolutionary mechanism —
the mechanism of evolution through the complication
of the system — has its own natural limit. It is, as it were,
“programmed” to achieve a certain maximum complexity
characteristic of this particular mechanism.

3. If an evolving system approaches this limit (its com-
plication resources are approaching exhaustion), it falls into
the so-called “complexity trap”, enters a critical phase and
“trying to find” other mechanisms that can ensure its com-
plication, and therefore continue the process evolution.

4. In the case under consideration, another one was
connected to the genetic mechanism (when it approached
its limit) at a certain stage — the neural mechanism and
evolution was continued. Then the neural mechanism
came close to exhaustion and the communication mecha-
nism kicked in.

Let’s summarize what has been said. As far as we can
judge from the analysis of the available data, the temporal
dynamics of all mechanisms of evolution have common
features. They are shown schematically in Figure 1.

,Complexity

exponent Crisis CATASTROPHE
— time

— """

Fig. 1. Generalized dynamics of a mechanism of evolution

polynom

Thus, at the initial stage of deployment of the evolu-
tion mechanism, the complexity grows linearly in time.
This era is relatively calm, predictable development of an
evolving system, its “golden age”. During this period, the
formation of the main system characteristics and deter-
minants of the system and their exit to the stage of domi-
nance takes place.

Then comes the era of polynomial growth in complex-
ity. The system develops its characteristic properties. At
the same time, development accelerates, revealing all the
potential possibilities of the corresponding mechanism of
evolution.

After that, the system enters a phase of exponential
growth in complexity. A characteristic feature of the expo-
nential period is that it occurs at the border of the limiting
possibilities for the development of the system within the
framework of the corresponding mechanism of evolution.
This period of complication is poorly amenable to or is no
longer amenable to control and management, and criti-
cal phenomena begin to grow in the system. Their reason
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is the internal inconsistency of the evolutionary process:
The basic law of evolution requires an increase in com-
plexity, and the need to ensure the controllability of the
system with the same necessity limits this growth to an
exponential region. Critical phenomena are growing and
can become catastrophic for the system. At this time, in
the depths of the system (and, possibly, outside of them)
there occurs (if it occurs) the birth of a new mechanism
of evolution (in the figure it is indicated by a dashed line),
with which approximately the same story occurs.

The foregoing is the content of the Second Law
of Evolution — the Law of the temporal dynamics of the
mechanism of evolution.

1.5. Parasitic complexity phenomenon.
The Third law of evolution.

From the foregoing, one might get the impression that
we imagine evolution as a monotonous process of a steady
increase in the complexity of the mechanism of evolution
until it enters the critical region. Such a conclusion could
be drawn if the “Generalized dynamics of the mecha-
nism of evolution” depicted in Fig. 1 is taken too literally.
1. But in fact, this is not the case, and the picture looks
much more ambiguous.

First, reality is arranged in such a way that it seems to
“resist” the evolutionary process, which is accompanied
by an increase in the complexity of the system. That is, in
parallel with the evolutionary processes, anti-evolutionary
processes can and do go on in the system. These effects
can be traced in every mechanism of evolution.

The following observation refers to the phenomenon
of anomalous growth in complexity observed in almost all
mechanisms of evolution. The noted anomalous growth
can be summed up in one term “inflation”.

For example, in the genetic mechanism, as in any oth-
er, the phenomenon of the “complexity trap” operates.
One of its manifestations, in our opinion, is the existence
of genomes of organisms that are simpler in their general
organization than higher animals and humans, but whose
genome complexity exceeds that of the human one. For
example, the wheat genome consists of approximately 17
billion base pairs, which is approximately 2.5 times higher
than the corresponding indicator of the human genome
(6.9 billion base pairs). Some species of amoeba generally
differ in the colossal length of the genome. Thus, the ge-
nome of the amoeba Amoeba dubia consists of 690 billion
base pairs. There is a large bibliography on this subject.
It is partially presented in our work [1]; here we will give
only two, in our opinion, the most characteristic refer-
ences to two remarkable works’. However, even they are
far from exhausting the subject.

5 Illep6akos B.I1. DBotolus Kak CONPOTUBIEHUE SHTPONUHU//
Kypnan obmeir 6nonorun. 2005. 66(3) : 195-211; A. B. Map-
KoB, B. A. Auucumos, A. B. Koporaes. BzanmocBsi3b pazmepa
reHoMa 1 CJI0KHOCTU OpraHM3Ma B 3BOJIOLNMOHHOM pALY

OT TIPOKApHOT K MJeKonuTarommM // [lareoHTonornyeckuii
xypHait. Ned, 2010. C. 3—14.

The situation is similar with the financial mecha-
nism. Following [1], we take the global volume of GDP
as a parameter of the complexity of this mechanism and
present the corresponding data from this work. So, for the
period 1970-2016. World GDP increased from $3398.7
billion to $75212.7 billion and increased by $71817 billion
or 22.13 times. A 22-fold increase in 45 years cannot but
look impressive (if not frightening). In more detail finan-
cial evolution will be considered in the second part.

Something similar happens in the field of the physi-
cal mechanism. In connection with the discovery of
the anomalous, time-accelerating expansion of the uni-
verse, scientists eventually came up with the so-called
lambda-CDM model. This model assumes that in the
early stages of the evolution of the Universe (age from
10~%3 sec to 10737 sec), it underwent a colossal expansion,
which led to exponential growth of all spatial scales. This
phenomenon is called the “inflationary model”, since the
term “inflation” in cosmology means a rapid growth in
scale, in which the growth rate is proportional to the value
of the scale itself. However, based on the observations of
supernovae carried out in the late 1990s, it was conclud-
ed that the expansion of the Universe is accelerating with
time, and such expansion refers to the present, and not to
the early stage of the Universe that took place immediately
after the Big Bang. These observations were supported oth-
er sources (measurements of relic radiation, gravitational
lensing, Big Bang nucleosynthesis). As a result, the analysis
of the phenomenon of the accelerating expansion of the
Universe led to the need to introduce the concept of “dark
energy” responsible for such an anomalous expansion.

Recently, Roger Penrose proposed a new interpreta-
tion of this behavior of the Universe, different from the
lambda-CDM model. In his remarcable lecture “Seeing
Trough the Big Bang into Another World” (“Is it possi-
ble to see the previous Universe through the Big Bang?”),
he suggested that the early (“post-Planckian”) inflation
of the Universe is nothing more than a trace of its previ-
ous (!) evolution, which led to the catastrophe (!) of the
Big Bang, and the late, modern inflation, accompanied
by exponential expansion, is already a consequence of its
modern natural evolution.

The author is very impressed with R. Penrose’s mod-
el. It fully corresponds to our evolutionary concept.
Moreover, it draws attention to the need to analyze the
traces of the previous evolution, which led to the catas-
trophe of the previous World and the emergence of a New
One. In addition, it suggests that the Big Bang, which laid
the foundation for our Universe, had been poccessed with
the evolutionary nature identical to the mechanism of our
Second Law of Evolution — the law of temporal dynam-
ics. Finally, the above methodology leads to conclusions
that clarify the supreme meaning of “dark” energy as the
evolutionary factor and so the need for its appearance. Of
course, this ideology — with appropriate clarifications
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— is applicable not only to the physical, but also to any
other mechanism of evolution. This issue will be analyzed
in detail in the second part of our work.

The above example and effects from completely dif-
ferent areas, it seems to us, are associated with one prop-
erty common to all evolving systems, which we called the
“parasitic complexity phenomenon”, which begins to
manifest itself especially clearly and even dominate at a
certain, rather late stage in the unfolding of any mecha-
nism of evolution.

The fact is that not every increase in the complexity
of a system leads to its evolution. Under certain circum-
stances, the system gets the opportunity to “accelerate”
its complexity to unthinkable values, while practically not
evolving, but in the process driving itself into a critical re-
gion. We have to state that the source and cause of evolu-
tion — the increase in the complexity of an evolving sys-
tem, sooner or later begins to give rise to crises or even
catastrophes in it. As noted above, increasing complexity
is just a necessary condition for evolution. But, unfortu-
nately, it is not sufficient.

Above, we have given examples of a colossal (exponen-
tial, “explosive”) growth in the complexity of the mecha-
nisms of evolution with an unimpressive evolution of the
corresponding systems. As a result, a situation arises of an
uncontrolled, “parasitic” increase in the complexity of
the system, which is not directly related to its evolution.
This circumstance gives us reason to single out the para-
sitic component in the complexity of the system and pre-
sent the total complexity of any evolving system as a sum:

Ctotal = Cevol + Cparaszte’ (1)

where C,,,; is the part of complexity corresponding to real
evolutionary processes; C,,,; — Parasitic complexity not
related to evolution; C,,,,, is the total complexity of the

system. We introduce the value ¢ (c-factor) as a factor in
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the efficiency of the evolution of the system, according to
the formula:
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Obyviously, the 6-factor reaches its maximum value of 1
only in the ideal case, when C,,,5, = 0.

The foregoing gives grounds for the formulation of the
Third Law of Evolution — the law of increasing “parasitic”
complexity, the brief essence of which is set out in the two
previous paragraphs.
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Part II. LIGHT, GRAY AND DARK SIDES
OF BEING

2.1. What is wrong with our financial system?

A striking example of the operation of the law of in-
creasing “parasitic” complexity is the behavior of the glob-
al financial system over the past few decades. Let’s try to
estimate the value of the o-factor for its main, dominant
subdivision, namely, the one that is based on the dollar as
the main world reserve currency with its principal and, at
the same time, factotum — the US Federal Reserve System.

We will proceed from the assumption that in the fi-
nancial system the main contribution to the production

of Cpam,e is made by inflation. Of course, in this context,
the term “inflation” is used not in the cosmological, but

in the financial sense. However, in fact, in this situation,
these meanings paradoxically coincide, which leads to
the idea of their isomorphism, and that behind this is the
same general pattern. Namely, from the law of temporal
dynamics and the law of “parasitic” complexity it abso-
lutely unequivocally follows: the complexity of an evol-
ving system will grow in time, and at an ever accelerating
pace, however, the evolutionary value of this complexity
will decrease in the same proportion, acquiring an in-
creasingly “inflationary” character.

Roger Penrose lectures: «Seeing Trough the Big Bang into Another World»
(https://www.youtube.com/watch?v=51B9m49zUag)
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To estimate the value of the “parasitic” term, we will use
the program posted on the website®, which allows you to cal-
culate the inflation rate of the US dollar for a certain period
online. Let’s calculate this level, starting from 1971 to 2017:

Mepebi Mecay : Bropoii Mecay:
fAugaps 1971 1 Oespans 2017 ]
Cymma BHavane:
1000 UsD
CymMma B KOHUe 8000-
m.
m.
$6120.68
m.
0

aer 1987 anp 204

Diwsaranca romeneram Les w-32 mechrm ¢ 218 1971 no kovew des
2017, Donrap, CLUA www statbureau.org

Calculation of dollar's inflation dynamics for the period
‘January 1971 — February 2017”

We calculate the efficiency value ¢ as an “inflationary”
ratio:

o= 100 416, 3)
6120.68

where 1000 is the amount at the beginning (January 1971),
and 6120.68 is the amount at the end (February 2017),
taking into account dollar inflation for this period. This
calculation shows that at least 83% of the resources of the
financial system during this period were spent on the produc-
tion of “parasite” complexity C,, 4z - It is possible that the
real value of the o-factor is actually much smaller, since
we took into account only one “parasitic” parameter — the
inflationary source of C,,,;, growth. But even from such
a rough estimate, it can be seen that the “efficiency” of the
modern global financial system is extremely low, and if this
evolutionary trend continues, it will progressively decrease.

Of course, there are many questions here. What are
the visible and invisible causes of “parasitic” complexity?
To what extent is it possible to deal with them in princi-
ple? How to increase the o-factor and decrease C,yiz?
To what extent is it generally possible (if possible) to im-
prove the efficiency of the existing financial system? Who
and what does it depend on? No less important is the
question: who mainly bears the burden of “maintenance”
of “parasitic” complexity and vice versa — who is the main
beneficiary of this status quo?

In order to answer these questions, it is necessary, at
least very briefly, to dwell on the history of the financial
mechanism and its substance — money. In this presenta-
tion, we will follow our work [1].

6 https://www.statbureau.org/ru/united-states/inflation-
calculators?dateBack=1971-1-1&dateTo=2017-2-1&amount=
1000
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2.2. Brief history of the modern World Financial System.

And what do the laws of evolution have to do with it?

According to history, money appeared about 5 thou-
sand years ago. Around the same time, the first state for-
mations appeared. Since then, the history of mankind has
been associated with the history of money. This history is
boundless and a colossal and also boundless literature on
economics, politics, technology, technology, history, ge-
ography, organization, culture, ethics, aesthetics, moral-
ity, psychology, medicine, law, forensics, etc., is devoted
to it of money. This entire period was associated with
the monopoly of the state on the issue of money, man-
agement and control of financial processes. However, in
1913 this monopoly was abolished in the United States,
where the so-called Federal Reserve System (also known
as the Federal Reserve or simply the Fed) was created,
which acts as the Central Bank of the United States, but
is a private organization. It was with the creation of the
Federal Reserve in the United States that the state’s mo-
nopoly on the issuance of money in favor of the Fed was
eliminated, which “pulled over” the role of a monopolist
in this matter.

The subsequent events (World War I, Great Depression,
World War 11, the creation of the Bretton Woods system,
etc.) suggest some kind of teleology in the creation of the
Fed, aimed at constructing the World Financial System in
the future — a kind of global financial pyramid, the top of
which is the Fed.

The author is far from conspiracy theories — rather,
the ideologists, creators and factotums of the Federal
Reserve managed to take full advantage of the opportuni-
ties provided to them by the vicissitudes of historical de-
velopment. However, one cannot deny the fact that such a
long-term and purposeful political and financial stratagem
could hardly be realized if it had not been induced and
stimulated by certain objective laws. We refer to these as
the Basic Law of Evolution, because the development of
the World Financial System was accompanied by a steady
increase in the complexity of the corresponding mecha-
nism of evolution, which will be demonstrated below.

It seems to us that the leaders of the Fed step by step
realized the new opportunities provided by the private sta-
tus of a monopoly-producer of the currency of a coun-
try like the United States. Already after the First World
War, where the United States, without making any special
efforts, managed to take advantage of a significant num-
ber of its results, it became clear that in the new world,
much more closely connected by various kinds of politi-
cal, economic and other relations, the role of money as a
universal agent intermediary between producers and con-
sumers, subjects and objects of the global social scene will
increase. And the winner will be the one who will be able
to adapt to the new conditions to a greater extent.

In 1933, US President Franklin Roosevelt signed
Executive Order No. 6102 on the actual confiscation
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from the population and organizations of gold located
in bars and coins. Thus, the gold standard, if not com-
pletely eliminated, was significantly limited. In fact, this
was not just a statement of the fact that, due to the greatly
increased scale of the economy, gold is no longer able to
cope with the function of a money stabilizer, but mainly
an action aimed at providing new degrees of freedom in
the financial sector to perform various kinds of maneu-
vers, including speculative. The Great Depression in the
United States served as an excuse (or maybe it was the
reason?) for the restructuring of the economy under the
tasks of dominating financial and political institutions
over purely industrial ones.

An exceptional event in terms of the prospects for ex-
panding the influence of the dollar system was the Second
World War. One gets the impression that it seemed to have
been specially organized in order to ensure the dominance
of the dollar in the world. To paraphrase a well-known ex-
pression, we can say that if the Second World War had not
broken out, then it would have to be invented only so that
the dollar would take a dominant position in the world’.

Even before the end of World War I1, in July 1944, the
so-called The United Nations Monetary and Financial
Conference, better known as the Bretton Woods
Conference, took place in Bretton Woods (USA, New
Hampshire). It was intended to lay the foundations for the
post-war financial world order.

In particular, the Bretton Woods system was estab-
lished — historically the third in a row, according to which
a fixed price was set for gold (35 dollars per 1 troy ounce).
As a result, the United States, represented by the Fed,
gained world currency hegemony. In fact, this led to the
emergence of the Gold Dollar Standard of an internation-
al monetary system based on the leadership of the dollar.
In the middle of the 20th century, the United States owned
70% of the world’s gold reserves. The dollar has become
the base of currency parities, the predominant means of
international settlements, foreign exchange interventions
and reserve assets. The national currency of the United
States, and in fact — the currency of the Federal Reserve
became at the same time world money.

It is characteristic that the USSR, despite the fact
that it was a participant in the conference and signed the
Bretton Woods agreements, did not ratify them in the fu-
ture, which severely limited the integrity of the world fi-
nancial system and, therefore, the hegemony of the dollar.
In our opinion, this became one of the main reasons for
the beginning of the Cold War, since it objectively nar-
rowed the area of the World Financial System based on
the dollar as the main reserve currency.

In 1976, at the conference of the IMF countries in
Kingston (Jamaica), a new — the fourth world monetary

7 The author reminds that he is not based on conspiracy theories.
Our conclusions are invariant with respect to the facts of the
existence or non-existence of a «world conspiracy» or a «secret
government»

system was approved. It attempted to eliminate some of
the contradictions of the Bretton Woods system. The gold
standard was abolished and the demonetarization of gold
was legally completed: its official price, gold parities were
canceled, the exchange of dollars for gold was stopped.
Now purely financial substances are almost completely
freed from the restraining bonds of matter in the form
of gold, which further stimulated the activation of their
“non-material”, “subjective”, “informational” properties.
The role of the SDR was declared as the main financial
instrument of the IMF3, but the dollar still remained the
leading world currency. Thus, a highly effective symbiosis
of the Fed system and the US state was finally formed. The
national idea and national treasure of the United States —
the dollar continued its victorious campaign in the World,
since now almost all the necessary institutions have been
created to form the global World Financial System. The
dollar, which became the world currency, more and more
definitely won the place of the main substance and subject
of the financial mechanism of evolution. The “financial
postmodern” has begun.

The consequence of this status quo was the possibility
of using dollar-based global financial instruments to solve
the US’s own problems. The reverse side of this opportu-
nity was the conviction of the United States in its exclu-
sive role in the world. This role, which manifests itself in
completely different forms (and in our time even in those
that resemble idée fixe), in fact, is based on the exclusive
financial status of the Fed — the status of the principal of
the global financial dollar pyramid. At the same time, it is
necessary to realize that this pyramidal structure crowned
by the Federal Reserve, performing the functions of an
evolutionary factor, can exist only in conditions of con-
stant growth of its distribution area.

From some detached point of view, this process looks
identical to the modern inflationary-exponential ex-
pansion of the Universe, which we mentioned above.
Therefore, the processes of globalization of the world that
began in that era actually demonstrated nothing more than
a natural form of evolution of the World Financial System
itself, subject to our First, Second and Third Laws. So
the laws of evolution really have something to do with it.
And the historical role of the United States and its Federal
Reserve was reduced to supporting and accompanying all
the tools and institutions that ensure this evolution.

The foregoing formed the basis of the new World Order.
This expansion was limited only by the existence of a so-
cialist system associated with the USSR, which was not
part of the dollar pyramid, which became the main rea-
son for its dismantling, which ended with the liquidation
of the USSR in 1991. Thus, all obstacles to globalization,
and in our terminology — unrestricted «inflation» — were
swept away. “To develop”, in the sense of fighting with

8 https://www.imf.org/en/About/Factsheets/Sheets/2016/08/
01/14/51/Special-Drawing-Right-SDR
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restrictions, was no longer with anyone, because there
were no longer any borders. This gave Francis Fukuyama
reason to imagine that history was already over’.

But in fact, it has only just begun.

After all, the next decade has convincingly demon-
strated that in reality we are dealing not so much with the
end of history as with the beginning of a certain new stage
in it. Which confirms the well-known idea that history is
still ahead of thinking. For us, this new stage is associated
with the formation of the financial-information-network
mechanism of evolution.

2.3. Financial-information-network (FIN) mechanism
and assessment of its complexity

We emphasize that the onset of certain stages of the
Production Mechanism occurs, as they say, “in due time”
and correlates with the corresponding social and techno-
logical phenomena of an innovative nature. In this regard,
we note the chronology of the latest stage of financial, as
well as informational and network evolution.

We associate the beginning of the newest histori-
cal stage of the financial phase with the creation of the
Fed in 1913, after which a number of social upheavals
of a global nature occurred (World War I, the collapse of
the Russian Empire and the creation of the USSR, the
Great Depression in the USA, World War 11, the creation
of the Bretton Woods system, the collapse of the British
Empire). We attribute the beginning of the information
phase of the FIN stage to 1974 and associate it with the
first world energy crisis. A detailed justification for such
an accurate dating is given in our work [1]. The beginning
of the network phase of the FIN stage — around 1990 —
we associate with the creation and spread of the Internet.
We attribute the unconditional approval of globalization
as the main trend of world development to 1991 and mark
it with the liquidation of the USSR.

It is necessary to note the content heterogeneity of the
factors FIN-stage, namely: the Internet is an information
technology factor, the collapse of the socialist system is
political, and globalization is socio-economic. All of them
contribute to determining the measure of the complexity
of the evolutionary mechanism and its dynamics.

Above, we analyzed the financial aspects of complex-
ity, which concentrate the socio-economic and political
components.

In recent decades, information and network aspects
have become especially active. At the same time, in

9 As early as 1989, Francis Fukuyama’s essay «The End of His-
tory?» appeared in The National Interest. (Francis Fukuyama,
«The End of History?»), and in 1992, based on this article, his
book saw the light of day under the eloquent title «The End of
History or the Last Man» (Francis Fukuyama. The End of His-
tory and the Last Man.1992. Free Press, P. 418;), without the
question mark in the title. In this regard, the author cannot but
recall the ironic expression of a much more insightful writer —
M.E. Saltykov-Shchedrin from his «History of a City»: «History
has stopped its course.»
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scientific papers devoted to the theory of complex net-
works, their complexity, as a rule, is not analyzed quan-
titatively.

At best, a reduction to some computational scheme
is proposed, for which the computational complexity can
be estimated, which is then compared to the complexity
of the analyzed system. It is clear that in a literal setting
to use such approaches in our case is not entirely appro-
priate. Based on the phenomenological understanding of
complexity, we choose the total amount of information
circulating in the Web as an integral measure of the com-
plexity of the FIN-stage of evolution.

This indicator has recently been actively scanned. In
particular, according to IDC, the amount of data stored
on the Internet approached 487 exabytes (487 billion GB)
in 2009 and was projected to double within about a year
and a half. But already in 2012, IDC announced that in
2011 the total global volume of data created and replicat-
ed by humanity exceeded 1.8 zettabytes (1.8 trillion GB),
more than double the previous forecast rate. According to
further IDC forecasts, the amount of data on the planet
will at least double every two years right up to 2020, which
has happened and continues to happen in our time.

There are two important aspects to this process. The
first concerns the actual volumes of information that
humanity is no longer able to process and comprehend.
The second is related to the fact that, according to some
estimates, most of the information in circulation is ac-
tually parasitic in nature and does not contribute to the
evolution of mankind. In these aspects, the laws of evo-
lution find their manifestation, prescribing as a necessary
condition an increase in the complexity of an evolving
system, and as the volume and rate of growth of com-
plexity increase, an uncontrolled growth of its parasitic
component, which does not contribute to the evolution
of the system, but constitutes an unbearable load on its
functional subsystems. Thus, the global information sys-
tem of mankind, along with others, has now acquired a cri-
sis, almost catastrophic character. And indeed, due to the
network, inflationary nature of modern civilization, these
critical phenomena are characterized by universality, they
are broadcast to all the main aspects of its functioning and
generally threaten the existing World Order. This is mani-
fested in the permanent crises of the global financial sys-
tem, international, interstate and humanitarian relations,
etc.

So, if we rely on the data growth rate of information
on the Web as a quantitative correlate of the measure of
complexity of the FIN-stage of evolution, then we should
conclude that the world has entered a critical — exponen-
tial period of growth in the complexity of its FIN of the
evolutionary mechanism.

As for crises, there is much more data here. For ex-
ample, in the financial sector. As noted in [1], in the pe-
riod from 1970 to 2013, there were more than 400 major
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banking, currency or debt crises. Internet data on this
subject go off scale!?.

Critical phenomena have swept over the Network it-
self. Recently, global hacker attacks have been extremely
intensified, so they are already talking about full-scale in-
formation wars, cyber wars and hybrid wars. Cyber troops
are being created in the military and special structures of
various countries.

We will return to the analysis of critical phenomena,
since their common internal source, as it seems to us, is
the uncontrolled increase in the complexity of the corre-
sponding systems and the resulting impossibility of their
effective management. In fact, in our time, global govern-
ance has been reduced to one parameter — the volume of
the dollar issue, and elementary control theory affirms the
fatal inevitability of crises in a system of great complexity,
controlled by just one parameter.

Thus, we come to a statement of the main contradic-
tion of the modern era, which we formulate as follows:

“On the one hand, there is a need to increase the com-
plexity of the world system to ensure its evolution, and on
the other hand, and at the same time, there is a need to
reduce the same complexity due to the impossibility of ef-
fectively managing a system of such great (exponentially
growing) complexity that the “Network of Networks” ac-
quired.

Analysis of the main contradiction thus formulated al-
lows us to write down the symbolic relationship between
the controllability of the system and its complexity:

1

<Controllability>= ——————,
ontrofablity < Complexity >

“4)

Formula (4) demonstrates that the controllability of
a system is inversely proportional to its complexity; that
is, the more complex the system, the more difficult it is
to manage. In the limiting case (at the singularity point)
<Complexity> — oo, therefore, <Controllability> — 0.
Thus, when entering the exponential zone of complexity
growth, the system falls into the “exponential uncontrol-
lability hole”, that is, it becomes practically uncontrolla-
ble, which serves the main cause of the crisis phenomena
developing in it, which can even lead to a catastrophe and
the collapse of the system.

2.4. System structure of an evolving object.
Consequences of growth of parasitic complexity.

The stated facts and the conclusions following from
them regarding the control of evolving objects locat-
ed in the exponential well are depressing. Obviously,
the simultaneous satisfaction of such defiantly oppo-
site requirements as those formulated above, basically a

10 As of October 13, 2022:

World Financial Crisis b ¢
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contradiction, is impossible. But there is no hope that the
problem will “solve itself” either. Therefore, it is neces-
sary to propose some measures. For example, temporar-
ily sacrifice evolution in favor of the controllability of the
world system. Or take a risk and surrender to the will of
the evolutionary elements. Or vice versa — to more care-
fully analyze the sources of parasitic complexity, localize
them and take vigorous measures to eliminate them or at
least reduce their influence. Or something else. To begin
with, at least analyze the considerations we have outlined
about the causes of modern crises.

However, the author is quite conscious of the fact that
the world bodies exercising global governance (if any) are
not at all obliged to know our theory. At the same time,
an analysis of world processes allows us to conclude that
the mentioned bodies, apparently, are guided by ideas, if
not literally coinciding with ours, then, in essence, very
close to them — if not in form, then in anyway, in terms
of content. Moreover, it seems that they even know some-
thing more, with which we congratulate them. We are led
to this conclusion by the options for overcoming global
crises. In [1], we considered and analyzed several such op-
tions. Let’s list them.

Option number 1. Controlled chaos.

Option number 2. Modification and transformation of
the MFS (doctrine of “controlled complexity”).

Option number 3. Restriction of the integrity of the
MEFS.

Option number 4. Cosmic evolution.

Option number 5. Scientific and technological pro-
gress.

Option number 6. Quantum information and quantum
civilization.

Due to space constraints, we are not in a position to
analyze all these options in detail here. Therefore, we re-
fer the reader to our work [1], and here we will say a few
words only about option No. 1 — controlled chaos.

We have to admit that it is the most practically devel-
oped and even actively used in practice in our time. His
main method is based on the empirical observation that if
instabilities of not very clear origin arise in a complex sys-
tem, then a quasi-random “chaotic” effect is introduced
into the system to combat them. Experience shows that
during such an operation, the system very often “calms
down” for a while and its parameters stabilize. The doc-
trine of “controlled chaos” was developed in the USA. Its
authors usually include Zbigniew Brzezinski (author of
The Grand Chessboard: America’s Dominance and Its
Geostrategic Imperatives), Gene Sharp (author of From
Dictatorship to Democracy), and Steven Mann, who
published in 1992 in the National War College Journal in
Washington, D.C. “Chaos Theory and Strategic Thought”.
All of them are related to the “color revolutions” in the
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countries of the former USSR, Yugoslavia, and then in
Egypt, Tunisia, Libya, Syria, as well as in the post-Soviet
countries (Ukraine, Georgia, Kyrgyzstan, ...). Numerous
examples of the application of the “controlled chaos”
method can be observed in our time..

Unfortunately, it should be recognized that “controlled
chaos” is apparently not a good solution to the problem,
and the stabilization of the world order is getting worse
and worse, since its means and methods are themselves
very poorly controlled and therefore fraught with unpre-
dictable consequences up to a global catastrophe, which
make all “measures taken” meaningless. Especially dan-
gerous here is that this catastrophe can happen quite by
accident, as a result of the action of the notorious “human
factor”.

As for the other options, theoretically, as far as we
know, they are being developed. However, the real and
tangible practical results of this activity are unknown to us.

2.5. Cirisis of “Corona” and its evolutionary-systemic
interpretation.

As it was said at the beginning of our article, in late
2019 — early 2020, a global pandemic caused by corona-
virus SARS-CoV2-COVIDI19 arose and began to devel-
op. The first outbreak was recorded in Wuhan, China in
December 2019. Already on January 30, 2020, the World
Health Organization declared this outbreak a public health
emergency of international concern, and on March 11, a
pandemic. Thus began the global social crisis. It was aggra-
vated by the fact that the population in its mass, and, appar-
ently, most governments had little or no idea of the causes,
threats of this disaster and effective methods of dealing with
it. As a result, panicky rumors spread, outbreaks of social
destabilization spontaneously arose, and so on.

In fact, as of mid-March 2021, over 120 million cases
of the disease have been registered worldwide; more than
2.6 million people have died and about 91.2 million have
recovered, and COVID-19 has begun to decline. True,
new strains of it began to appear along the way, new out-
breaks were observed in different regions, but they no
longer had a global character.

However, the COVID-19 pandemic has had severe so-
cial and economic impacts, including the largest since the
Great Depression global recession and massive famine af-
fecting some 265 million people.

This has led to the postponement or cancellation of
numerous sports, religious, political and cultural events,
and widespread supply shortages have been exacerbated
by panic buying.

Schools, universities and colleges were closed either
on a national or local basis in 172 countries, affecting
approximately 98.5% of the world’s school and student
populations.

Numerous sporting events have been canceled or post-
poned, including European national championships in
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almost every sport; The European Football Championship
2020 has been postponed for a year, as well as the 2020
Summer Olympics, which were supposed to start on July
24 in Tokyo.

Numerous cultural events such as festivals, exhibi-
tions and competitions have been canceled or postponed,
including the Moscow and Cannes International Film
Festivals, the Farnborough Air Show, the Eurovision Song
Contest 2020, etc.

The COVID-19 pandemic — we call it the Corona
Crisis — has dealt a severe blow to the economies of all
countries. According to experts, the most serious eco-
nomic crisis since the Second World War was expected.

The authorities in some countries have tried to pro-
vide massive financial support to companies, families and
the most vulnerable groups. In total, since March 2020,
according to some estimates, about $12 trillion has been
spent on these purposes.

However, the infusion of public money did not save
the economy from falling, and sometimes collapse due to
the cessation of business activities, travel, disruption of
supply chains, and so on. The fall in global GDP, accord-
ing to the Organization for Economic Cooperation and
Development (OECD), was expected at 4.5%.

A report from the United Nations Conference on
Trade and Development (UNCTAD) released at the end
of November 2021 warned that the crisis could push an-
other 130 million people out of poverty and worsen in-
equality and social protection.

In the first nine months of 2020, global hours of work
fell by 11.7 percent, equivalent to the loss of 323 mil-
lion permanent jobs, according to the United Nations
International Labor Organization (ILO). The reduction
in working hours resulted in $3.5 trillion in revenue loss,
or 5.5% of global GDP.

It seemed that the Corona Crisis brought the world
to the threshold of an unprecedented catastrophe, but to
everyone’s surprise and massive eschatological expecta-
tions, nothing of the kind happened.

At the end of March 2020, the Chinese media called
the coronavirus pandemic the beginning of the de-dol-
larization of the world. The Chinese edition of The 21st
Century Business Herald published an article in which the
journalist outlined the economic problems of the United
States during the pandemic, and also explained why the
COVID-19 crisis could take away the status of the world
reserve currency from the dollar, that is, lead to de-dollar-
ization of the world. Over the years, China has assumed
an increasingly important role in trade relations, but the
dollar has only strengthened its position as the dominant
reserve currency. Despite the Belt and Road Initiative,
which was supposed to promote a new model of interna-
tional cooperation and development, China’s share of the
trade sector, denominated in yuan, was only 14%. Since
the 2008 crisis, the volume of non-bank debt in US dollars



THE “CORONA” CRISIS AND THE “DARK MATTER” OF DOLLAR

almost doubled, while the share of other major currencies
stagnated or declined. The Corona crisis, as many hoped,
would intensify de-dollarization processes. But that didn’t
happen either.

The question arises: why?

It seems to us that the Corona Crisis, despite its hu-
manitarian and dramatic nature, was used by the ruling
circles in the way it should have been used — in a com-
pletely pragmatic vein, namely as an element of “con-
trolled chaos”. In what follows, we will use such an inter-
pretation of “controlled chaos” that is consistent with our
evolutionary approach.

There is no doubt that the Corona Crisis introduced a
disturbance into the world socio-economic system, and,
unlike, so to speak, the standard disturbances of “con-
trolled chaos”, it no longer had a local, but quite a global
character. At the same time, it remained manageable to an
acceptable extent, since the actions of governments, one
way or another, “on average” coincided with the desires
and aspirations of the peoples and were aimed at protect-
ing against a danger that was seen as quite mortal. As usu-
al, the fear of death was the most effective factor.

Consciously or due to circumstances — it does not
matter, but the measures taken in their mass contributed
to the reduction of the “parasitic” complexity of the glob-
al economy and finance. Let’s list these factors:

1. Decrease in activity in the field of show business,
sports, tourism, other aspects of the “consumer society”.

2. The growth of unemployment, the reduction in the
total amount of working time.

3. A sharp increase in distance, online methods of
work and education.

4. Hunger.

5. Ban on mass gatherings.

6. Lockdowns.

7. A sharp decline in the activity of stock markets.

8. Reducing the environmental burden.

No matter how cynical and inhumane it may seem at
first glance, but an elementary analysis shows that in each
of the above factors one can feel and designate in words
a “antiparasitic” component. Thus, the World Financial
System with the dollar at the head has withstood and, as
it seems to us, even somewhat strengthened. And this de-
spite the seemingly completely inflationary multi-trillion
dollar emission during the pandemic!!, designed to com-
pensate for business losses and stimulate business activity.

Despite the intuitively felt “antiparasitic” nature of the
factors listed above, it is not possible to more or less cor-
rectly quantify their effect. Anyway, the author does not
know how to do it. We have to state only the most general
features of what happened, namely:

11 According to some reports, the amount of money supply “un-
der COVID-19” in the United States amounted to 5.9 trillion
dollars, which, in turn, is 38% of the total money supply, and
is also equal to the volume of emission over the past 40 years.

“CROWN?” showed the characteristic evolutionary
features of society: on the one hand, the presence of
“official”, “permitted”, “legal”, “legal”, “permitted”,
etc. efc. , and on the other — not quite permitted, and
even directly prohibited forms of social structure, hos-
tel and functioning..

2.6. Fundamental structure of an arbitrary rather
complex system

Let’s move on to generalizations.

In connection with the foregoing, there is a strong
feeling that there are some hidden parameters operating in
the world in general. They seem to be affected sometimes,
but not always. This requires some special approach and
special tools with which you can manage situations within
certain limits. Let us try to carry out a small analysis of the
controllability of systems, if possible, without resorting to
standard methods of control theory.

Controllability (manageability), first of all, implies
that the subject of management has tools to control the
parameters of the managed object. For this, of course,
it is necessary that they be known. Then it is necessary
to find out which of these parameters are observable
quantities and which are not. For the classical assumption
of absolute observability has long been refuted. The idea
of observability, which was developed in detail for the first
time in the history of science when substantiating quan-
tum mechanics, is, on the whole, very productive from a
methodological point of view as applied to the description
of complex processes. As A. Einstein noted in his discus-
sion with W. Heisenberg in 1926 during a discussion of the
foundations of quantum mechanics'2, it is impossible to
build a theory only from observable quantities (although
without them, no scientific theory is generally unthink-
able). Finally, only the theory itself should determine
which of its quantities are directly observable and which
are not. In particular, in quantum mechanics, states are,
generally speaking, not directly observable quantities. The
latter correspond to operators of a certain type, acting in
the state space and whose eigenvalues correspond to the
values of observables.

Thus, in the world, and hence in cognition, there is
an “invisible”, that is, something that cannot be directly
observed. This gives us grounds for recognizing the role
of faith in cognitive-intellectual processes, which, in the
words of the Apostle Paul, is “certainty in the invisible”!3,

However, it should be recognized that the deeper epis-
temological reasons for observability are not disclosed
in quantum theory either. We believe that these reasons
lie in the phenomenology of the complexity of manifested
being. Any reality, being an object of observation (in oth-
er words, entering into a “subject-object” relationship),

12 Teiizen6epr B. ®usuka u dwrocodust. Yacts u uenoe. Iep.
¢ HeM. — M.: Hayka, 1989. — Cc. 191-196.

13 “Faith is the substance of things hoped for and the certainty of
things not seen.” St. Ap. Paul, Heb 11:1.
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manifests its essence in some limited forms that can be
perceived by the subject. The manifested complexity of
the noted forms (potentially it is infinite — after all, matter
has no boundaries of divisibility, so to speak, “deep” and
does not allow control of all its interconnections and me-
diations) turns out to be compensated, consistent with the
“perceptual-sensory” apparatus of the perceiving subject
or device (which, basically the same). The mechanism of
complexity self-compensation seems to us to be such a
universal “universal” of the “subject-object” relationship
that, perhaps, it should be attributed to the basic princi-
ples of system analysis.

The next question concerns the real possibilities of
the control system to obtain the necessary data, process
it within an acceptable time frame, develop a rational de-
cision based on them and take effective measures for its
implementation. All this should take place in real time and
take into account the specifics of controlled objects and
control subjects, their inertia, etc. Unfortunately, the listed
operations for an object located in the exponential well, as
arule, are on or even beyond the capabilities of the control
system. We can say that the complexity of the controlled
object at a certain stage of evolution begins to exceed the
capabilities of the control system. At the forefront here, as
we see, are also the relations “subject-object”. The struc-
ture of these relations is quite bizarre, since what we call
the “object of control” constantly “goes beyond” and be-
gins to show the features of subjectivity, finding completely
unexpected substantial resources for this. Thus, in order to
conduct a correct system analysis of relations of this kind,
we believe it is necessary to somewhat clarify the concept
of a system, which consists in explicitly taking into ac-
count the action and interaction of the basic components
of any system, namely: <Structure>, <Substance> and
<Subject>. A detailed presentation of this clarification is
presented in our works'4.

So, in an arbitrary rather complex system, due to the
limited nature of its resources, which always takes place,
at a certain stage of evolution, a structure consisting of
three zones begins to appear:

controlled (managed) zone;

uncontrolled (unmanaged) and

intermediate between them is weakly (conditionally)
controlled (managed).

In terms of observability, it sounds like any sufficiently
complex system has an observable (“light”) part, an un-
observable (dark™), and an intermediate (“gray”) region

14 Ilupokos B.A. CucremHi edekTu IIpu JiIeKCUKOTpadiyHOMY
onuci moBu. C.25 //System Analysis and Information
Technologies 16-th International Conference SAIT 2014.
Kyiv, Ukraine, May 26-30, 2014 Proceedings. Nataliya D.
Pankratova (Ed.). B.A.lllupokoB. JINHIBUCTUKA U CUCTEM-
Hbiii monxon. Yacts I. buonuka natetekra. 2015. Ne 1 (84).
C. 3—12. V. Shyrokov. “Language. Information. System” — K.;
Haykosa nymka., 2021, 158 c.. Free access at: https://www.ulif.
org.ua/system/files/blok-shirokov_book.pdf.)
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between them. Schematically represent this in the form of
a partly “Manichaean” picture:

LIGHT, GRAY AND DARK SIDES
OF THE EVOLVING WORLD

The noted effect manifests itself in systems and subject
areas that are completely different (practically, in all) in
their origin and nature. Recently, K. V. Anokhin noted the
effects of dark matter and dark energy even in the struc-
ture and operation of the human brain'?. In our further
work, we will show how these effects manifest themselves
in the linguistic consciousness of a person and the hu-
man community. Now let’s move on to examples and start
with the evolution of the physical world, which we already
talked about in the first part.

According to the data of observations of the Planck
space observatory published in March 2013, interpreted
taking into account the standard cosmological model
Lambda-CDM, the total mass-energy of the observable
Universe consists of 4.9% ordinary (baryonic) matter,
26.8% from dark matter and 68.3% from dark energy.
At the same time, ordinary matter from interstellar gas,
masses of stars, planets, etc. The concept of dark matter
was introduced to theoretically explain the problem of
hidden mass in the effects of an anomalously high rota-
tion speed of the outer regions of galaxies and gravita-
tional lensing. The composition and nature of dark mat-
ter is currently unknown. The most likely candidates for
the role of dark matter particles are hypothetical weakly
interacting WIMP particles that do not participate in
electromagnetic interactions. We mentioned dark energy
above; it is responsible for the anomalous (“inflationary”)
expansion of the Universe. According to some hypothe-
ses, the expanding power of the dark energy will continue
to increase indefinitely until it surpasses all other forces
in the universe. In this scenario, dark energy eventually
breaks all gravitationally bound structures of the Universe,
then surpasses the forces of electrostatic and intranuclear
interactions, breaks atoms,nuclei and nucleons and will

15 TemHast matepus u TeMHasi sHeprus Mosra.K B AHoxuH.
(“Dark matter and dark energy of the brain”). https://www.
youtube.com/watch?v=HtZLZz1LLGM
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destroy the Universe in a Big Rip. Unless, of course, the
World Mind chooses any other scenario for It.

Apparently, it is not given to us to become participants
or even witnesses of such outstanding events. But science
at the moment asserts precisely the described structure of
the matter of the Universe, 95.1% consisting of dark mat-
ter and dark energy, which, in general, corresponds to the
above evolutionary ideas, however, up to some termino-
logical inversion, the essence of which becomes clear from
the following table.

PHYSICAL TERM EV;);;EE(I)(()}I;IJ%RY
Baryonic matter Light matter

Dark matter Gray (Deep) matter
Dark energy Dark matter

Similar reasoning is applicable to the Internet — the
World Wide Web (W3 — WWW), in which the following
structure was built in the process of its evolution::

Usual Web (”Light Web”) — is available to users using
standard browsers;

Deep Web, Deep Net — a set of Web pages of the World
Wide Web that are not indexed by search engines. Part of
the deep web is the Deep Web, hidden web, which consists
of web pages that are dynamically generated in response
to queries against online databases:

DarkWeb, DarkNet — segments of the Network, al-
though connected to the general Internet, but requiring
special software tools for access. Darknet (DarkNet, also
known as the “Hidden Network”, “Dark Web”, “Shadow
Network”, “Dark Web”) is a hidden network, the con-
nections of which are established only between trusted
peers, sometimes referred to as “friends”, using non-
standard protocols and ports. This also includes the so-
called Anonymous Network, which represents a system
of unconnected virtual tunnels that provide encrypted
data transfer. To designate the Darknet, the Anonymous
symbol is sometimes used — the mask of Guy Fawkes,
a participant in the so-called Gunpowder Plot (England,
1605).

In recent years, the term “Deep State” has gained
considerable popularity, which is most often used to re-
fer to a certain part of the state apparatus and structures
affiliated with it, pursuing an independent, unofficial,
law-bound policy in their group (clan, oligarchic, etc.)
interests. The Deep State is often considered a conspira-
cy theory term, though it has taken on an almost official
meaning lately. In the given meaning, the deep state acts
as an opponent or even antagonist of the official state, al-
though their interests and goals may well coincide. Often
the border between them is almost indistinguishable. As
for the Dark State, this phenomenon undoubtedly takes
place, although the term has not yet gained popularity. In
our understanding, the Dark State is illegal, including in-
ternational entities, pursuing their policy with harsh and

even terrorist methods. As such, one can name the Islamic
State (ISIS, ISIS, DAISH), the features of the Dark State
have national mafia structures, etc.

In the course of evolution in areas not regulated by law
(such as crypto-currency activities, new types of weapons,
cardinal private scientific and technological discoveries),
one should also expect the emergence of structures capa-
ble of usurping important state functions and, de facto,
playing the role of the Dark State.

It seems to us that a similar three-zone structure can
be found in any object that is at a certain stage of evo-
lution. It would be very interesting to analyze from our
point of view the three-zone structure of the genetic
mechanism, where, using the example of Amoeba dubia,
we can expect the value of the o-factor at the level of only
one percent and, accordingly, the volume of gray and dark
genetic matter at the level of 99%. We will not undertake
this analysis here, leaving this work to competent profes-
sionals in the field of genetics, if our approach arouses
their interest.

Let’s move on to the analysis of the three-zone struc-
ture of money using the example of the dollar, the most
advanced on the evolutionary ladder of the world cur-
rency.

2.7. “Dark matter” of dollar

If the image of a ladder came to us when we started
talking about the evolution of the dollar, then let us
continue this metaphor using the image of a ladder
developed by Lionel and Roger Penrose!®:

This paradoxical image — “Up the stairs leading
down” — shows how to draw the impossible in the real
world on a flat picture.

“Aber sieh, — as Franz Kafka noted in the famous pa-
rable “The trees”, — sogar das ist nur scheinbar'””

The history of the Fed and further the IMF expres-
sively says that it was all devoted to strengthening the in-
fluence of the dollar, expanding its geography, so that it
became planetary, increasing its functionality, including
purely speculative ones, which as a result far exceeded

16 GUIDE: The author himself put a red dot on the picture
to indicate the beginning of the movement and red arrows
to indicate its direction. So that the Reader does not go wrong
by mistake.

17 «But see, even that is only appearance”.
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the functions of ordinary money. But then this story be-
came more and more like running up the Penrose stairs.
The more the possibilities of the dollar increased, the
more universal the financial instruments associated with
it became, the faster the “parasitic complexity” associated
with it grew.

Its original monetary matter grew with new substances
— numerous derivatives, special drawing rights and many
others.

In the dollar, criminal relations began to be hidden more
and more often and more sophisticatedly. The volume of
a kind of “dark matter” and “dark energy” hidden in it has
grown steadily and continues to grow.

The mentioned substances, without making a signifi-
cant contribution to world development, give a large, con-
stantly growing and in no way compensated burden on the
world production and economic system.

Formally speaking, the dollar is currently in a super-
position of three main states:

ordinary legal money (light part);

derivatives, SDRs, cryptocurrencies, etc.(deep part);

illegal money or money with an illegal (criminal) origin
(dark part).

Symbolically, this can be represented using the for-
mula:

V=0, ¥t opg¥pe + g ers (6)

where ¥, Ypg, ¥cr — functions of light, deep and dark
states; o, 0pg, 0cg — corresponding weight coeffi-
cients — numbers showing how much the corresponding
state contributes to the superposition ¥. The formula (6)
demonstrates the logical structure of money, consisting
of Light, Gray (Deep) and Dark zones. But unfortunately,
there are no markers of “parasitic” factors in it, so finding
the values of weight coefficients and establishing “golden
proportions” for them, and even more so, effectively man-
aging their value is almost impossible.

Truly, as they used to say in the old days: “Money does
not smell!”.
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For Rome, as everybody knows, this idyll ended by ca-
tastrophe.

On this major note, we conclude the presentation
of the main content and proceed to concluding remarks.

CONCLUDING REMARKS

As can be seen from the above, the author's evolution-
ary approach works on the entire range of the Universe.
At least in all cases of its application, it gives more or less
correct qualitative results.

And what is even more valuable, in our opinion,
is that the main concept of the theory — complexity — is,
in principle, a measurable quantity for which it is possible
to develope even formalized quantitative models.

What else we consider valuable in this approach is that
it allows, within the framework of a unified methodology,
to analyze the phenomena and processes of both natural
and social history. This gives reason to once again think
about the fact that we live in a single, very connected,
interdependent world. Therefore, as John Donne wrote:
“...never send to know for whom the bell tolls; it tolls for
thee”.

And finally.

The three-zone structure (Light, Gray and Dark
zones) can be considered an established and universal fact
of our evolutionary concept. And the “Corona” Crisis”,
as a representative of a series of acute global crises of our
time, really turns out to be connected with the Dark
Matter of the financial-information-network mechanism.
Unfortunately, this crisis is not the last one. No sooner
had it ended than a new one began, in the epicenter
of which was Ukraine.

The author would not like to draw eschatological pic-
tures, but, as we have seen, Evolution is a consistent and
unsentimental person. In the arsenal of its tools, catastro-
phes occupy a very honorable place.

Let’s hope that the World Mind will choose any other

scenario for us.
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using cellular automata (CA) is proposed. The principles of the implementation of image processing operations with
the use of KA (in particular, pre-processing operations, contour selection and recognition) are considered. The pecu-
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Beryn

B panuit yac oTpumaliu 3HAUYHMUIA PO3BUTOK TeOpe-
TUYHI Ta OPaKTU4Hi JOCJIiIXKEHHS IpoOJieMU pO3Mi3Ha-
BaHHS 00pa3iB y peaqbHOMYy uaci [1, 2]. Po3nizHaBaHHS
o0paziB BUpilllye JIBa OCHOBHUX 3aBHaHHS: ileHTU(iKa-
1ito Ta Bepudikauito. 3aBaaHHs ineHTUdiKalii 3a3BUYaii
MOJISITA€ B TOCiZOBHOMY MOPiBHSAHHI 300paXkeHb BUSIB-
JIEHOTO 00’€KTY 3 300pakeHHSIMU aHAJIOTiYHUX 00’ EKTIB,
1o 36epiralotbes B 6a3i gaHux. Meta Bepudikaliii nmo-
JISITA€ B TIOPIBHSIHHI OTPUMAHOTO PE3yJIbTyI0uoro 300pa-
>KE€HHS 3 BiIlTOBITHUM €TaJIOHOM (B pa3i HOro HasIBHOCTI)
Ta KiIBbKICHIM OLIIHII iX OJIM3BKOCTI, 1110 JO3BOJISIE BigHE-
CTU BUSIBJICHUI 00’€KT 10 AESIKOTO KJIacy.

I1pu uboMy BUHMKAE HEOOXiMHICTh BUPIILIEHHS LIiJ101
HU3KM CKJIQJHUX 3aBIaHb, 30KpeMa, 3aBIaHHS TMHAMIU-
HOTO TIOLIYKY Ta JETeKllii 06’€kTa B 4Yaci Ta MpPOCTOpi
3 BUKOPUCTAHHSIM HasiBHUX Bigeokamep. B pazi BHKO-
pUCTaHHSI KaMep Cy4acHUX MOOITbHUX TeaedOoHiB BOHU
MaroThb OyTH OCHAIleHi MOAATKOBUM CIIelliali30BaHUM
mporpaMHuM 3abe3nedeHHsIM (I13) mis omepatuBHOTO

po3mi3HaBaHHS aHaTi30BaHUX 300paxeHb. Take [13 Mmoxe
CMIPUSITU, HATIPUKJIIAM, BUPILIEHHIO MTPOOJEeMU pO3Mi3Ha-
BaHHS 30pOBUX 00’€KTIB JJIsI KOPUCTYBayiB 3 OOMEXXEHU -
MM MOXJIMBOCTSIMU 30POBOTO CIPUUHATTS. I1pu 1iboMy
MaloTh 3aCTOCOBYBAaTUCH iHTEJIEKTyaIbHi TEXHOJIOTII, 1110
IO3BOJISIIOTh  KOPHMCTyBadyaM KOMIICHCYBAaTH IIpOOJIeMU
3 30pOM ILJISIXOM YaCTKOBOTO TMEPEHECEHHS X 30POBUX
dyHK1IiT HA 00YKCTIOBATIbHY TEXHIKY.

OCHOBHOIO MEePeBaroi TaKoro Miaxoay € TOCTYITHICThb
MOOIIBHUX TIPUCTPOIB Yy Pi3HUX LIHOBUX CErMeHTax.
CMaptdoHM 3 KamepaMu, IO JTO3BOJISIOTH OTPUMYBaTH
JaHi y BUIIISIAL 300paXkeHb a00 BifIcO € LIIJIKOM HOCTYII-
HUMMU JUIs1 OUTBLIOCTI MOTEHLIMHUX KopucTyBauiB. [1pu
LIbOMY CJIil BiI3HAUYUTW BapiaTUBHICTb BUKOPUCTAHHS
Pi3HUX 3a L[iHOIO MOOITBLHUX TMPUCTPOIB, IO Tepeada-
YaloTh MOXJIMBICTb 3aBaHTaXKEHHS Ta BUKOPUCTAHHS
MporpaMHUX 3aco0iB po3Mi3HaBaHHSI aHaJli30BaHUX 30-
OpaxeHb. Taki mporpamMHi 3aco0M MalTb HM3KY Iiepe-
Bar Ta HemoJiikiB. JIo mepeBar MoxXHa BiTHECTH BiTHOC-
HY TPOCTOTY ¥ IIBUAKICTH X PO3POOKM, OCKIIBKM ISt
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MOOITPHUX MPUCTPOIB HA OCHOBI CyYaCHUX OTepaLliitHUX
cucteM (3okpeMa, onepauiitHux cucreM iOS ta Android)
iCHYIOTb OKpeMi MOBU ITpOTrpaMyBaHHS 3 BEJIMKOIO KiJb-
KicTio 0i0J1ioTeK 3pa3KiB 300paXkKeHb JJIs1 HaBYaHHSI He-
MpOMEPEXKEBUX MOIEIEH , IO BUKOPUCTOBYIOTHCS IS
pO3ITi3HaBaHHS Ta Kiaacuikallil BUSIBICHUX 00’ €EKTIB.

HeponikaMu Takoro pillleHHsI € 0OMEXeHiICTh SIKOCTi
300paxkeHb, 10 MepeJaloThbcsl Yepe3 Kamepy MOOiTbHUX
npuctpoiB. Take oOMekeHHSI OOYMOBIIOETHCSI, 30Kpe-
Ma, HEOOXiIHICTIO TIOCTiHHOTO TepeMillleHHsI MOOilb-
HOTO MPUCTPOIO B IPOIIECi MOIIYKYy 00’€KTa, 4epe3 IIo
Ha SIKiCTb OTPUMMYBaHOI1 BifeoiHdopMallii CyTTEBO BILIU-
BalOTh JUHAMiuHi BUKPUBJIEHHS 300paXkeHb. Y TaKOMy
pa3i BUHUKA€E HEOOXiMHICTh 3aCTOCYBAaHHS iHTEJIEKTyab-
HUX 3aco0iB, sIKi MOXYTbh HiBe/JOBaTH ab00 3MEHIIyBaTU
BILJIMB BUKMIIIB Ta MEPELIKO B IPOLIeCi po3Mi3HaBaHHS
00’ekTiB. JIo Takux 3ac0o0iB CJIi BiTHECTH BUKOPUCTAHHS
KkiTnHHUX aBToMariB (KA) B cxemax HelipoMepeKeBOro
HaBYaHHS CUCTEM pO3Ti3HaBaHHSI.

V naHiil poO6OTi MPOMOHYETHCST TEXHOJIOTisI PO3Mi3Ha-
BaHHS CTAaTUYHUX Ta AMHAMIYHUX 300paKeHb, sIKa OCHO-
BaHa Ha BUKOPMCTAaHHI y3arajbHEHOI MOJeJi po3IMi3Ha-
BaHHSI 00pa3iB 3a JOIMOMOTOK MOEIHAHHS MOXIUBOCTEM
KA Ta 3roptkoBux HelipoHHUX Mepexx (3HM). Metoro
3aCTOCYBaHHS 11i€1 TEXHOJIOTIi € MiIABUILEHHS TOYHOCTI
Ta MBUIKOCTI PO3Mi3HABaHHST CKIaIHUX 300paXkeHb.

BigmoBigHO A0 MOCTaBJIeHOI METU, HEOOXiTHO BMPi-
IIUTYU HACTYIHI 3aBAaHHS:

— aHaJli3 NpUHLIUIIB 0OpOOKM 300paxk€Hb 3 BUKO-
puctaHHsaM KA;

— aHasi3 ocobnuBocTeit BukopuctaHHd 3HM misg
po3Ii3HaBaHHsI 300paKeHb;

— aHaJi3 MOXJUBOCTI iHTerpauii KA B HelipoMmepe-
JKEeBY MOJIeJIb pO3Ii3HABaHHS 300pakeHb;

— po3pobKa Ta MporpaMHa peajisaliisi HelipoMmepe-
JKEBOI TeXHOJIOTII po3Mi3HaBaHHS 300paxkeHb 3 BUKOPUC-
taHHaM 3HM Ta KA;

— MOJEIOBaHHS 3alpONOHOBAHOI TEXHOJIOTil (Ha
MpUKJIafi MpobieMUu po3MiZHaBaHHS 30pOBUX 00’ E€KTIB
JIJIS1 KOPUCTYBaviB 3 00OMEXKEHUMU MOXKJIMBOCTSIMU 30PO-
BOT'O CIIPUMHSATTS).

1. ITpunnunu o6po6Ku 300paxeHb 3 BAKOPUCTAHHAM
KJIITHHHUX aBTOMATIB

OcTaHHiM YacoM HaOyBalOThb PO3BUTOK JOCiIKEHHS,
MOB’s13aHi 3 BUKOPUCTAaHHAM KJIITUHHUX aBTOMATIB IS
00po0OKM 300paKeHb, OCKIJIbKI MOXJIMBICTD IX IMTOEAHAH -
Hs i3 HelipoMepeKeBUMU TEXHOJIOTISIMU HAZa€ MOXJIM-
BiCTh MiIBUILIUTU PiBeHb HAAIAHOCTI pPO3Mi3HABAHHS 30-
poBux 00€KTiB [3-35].

KiitTuHHI aBTOMATU € JUCKPETHUMM AMHAMiYHUMU
CHCTeMaMH, TOBeliHKa SIKMX TOBHICTIO BU3HAYAETHCS B
TepMiHax JIOKaJAbHUX 3ajiexkHocTeil. B 3HauHiil mipi KA
MOXYTb OYTHM 3aCTOCOBaHi i JJI OMUCY BEJIMKOTrO Kia-
cy OesnepepBHUX AUHAMIYHUX CHUCTEM, MOJAEIi SIKUX,
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HaInpuKjaa, BU3HAYAIOTHCS PIiBHSIHHSIMU B YaCTKOBUX
MOXifHUX. Y LIbOMY CEHCi KJIITUHHI aBTOMAaTU MOXYTb
(yHKIIOHYBaTH y MPOCTOPi, IO MPeACTaBIeHUI piBHO-
MIipHOIO CiTKOIO, KOXXHA KOMipKa SIKOi MiCTUTh OeKilbKa
oitiB naHux. [Ipu pomy ¢yHuionyBanHsi KA peanizy-
€TbCSl y NMCKPETHOMY 4aci 3a 3alaHUM HabOpOM MpaBuJl
(HampuKiIam, TabJUIICIO, 3a SIKOIO Oymb-sKa KITHMHA Ha
KOXHOMY KPOLIi OOYMCIIIOE CBili HOBUM CTaH 3a CTAaHAMMU 11
6u3bKuX cyciniB). KiniTUHHI aBTOMAaTH 103BOJISIIOTH T10-
OynyBaTH KOPUCHI MO sl MPUKIAAHUX JOCTiIKEHb
B MPUPOAHMUYMX HayKax i KOMOiHATOpHiil MaremaTulli,
sIKi MOXYTb OyTM 3aCTOCOBaHi JJ1s1 BUBYEHHSI €BOJIIOLL1
Gi3nyHUX cUcTEeM pPi3HOro (PYHKIIIOHATBHOTO MpPU3HA-
yeHHsd. Crif 3a3HA4YUTH, 110 KJIITMHHI aBTOMAaTu yTBO-
PIOIOTh 3arajibHy IapaaurMy IapajedbHUX OOYMCIICHbD..
KnituHHI aBTOMaTH, BaXXJIMBE 3aCTOCYBaHHSI B SIKOCTI
KOHILIENTyaTbHUX 1 MPaKTUYHUX MOJEJEe MPOCTOPOBO
PO3MOIiIIEHNUX AMHAMIUHUX CUCTEM, IJIs1 SIKUX (Pi3uuHi
CUCTeMH € MEeBHUMMU TpoToTunaMu. OCHOBHUI HampsiM
MOCTiIXKEHHs KJIITUHHMX aBTOMAaTiB — aJropUTMiuHa
BUPILLIYBaHICTh MOCTaBJeHUX 3aAay (BKJIIOYHO MUTAHHS
BU3HAYCHHS ITOYATKOBUX CTaHIB, TPU SKUX KIITHHHUN
aBTOMAT MaTUMe 3MOTY IX BUPIIIICHHST).

KniTuHHI aBTOMaT MOXYTb, 30KpEMa, BUKOPUCTOBY-
BaTUCS JUIs1 pi3HUX 3aBIaHb 0OOpOOKU 300pakeHb, cepen
SIKMX: TeOMETPUYHI MEPETBOPEHHSI, (PiABTPYBAHHS 1IIYMY,
BUSIBJIEHHSI OCOOJIMBOCTEM, BUSIBJIEHHS KOHTYpiB. [lpu
LIbOMY HEJOCTaTHbO BUBUYEHOIO MOXHA BBaXaTu IpoobJie-
MY CerMeHTallii Ta po3Mi3HaBaHHSI 300paXkeHb Pi3HUX THU-
MiB 3a JOIOMOTI0I0 KJIIITUHHUX aBTOMAaTiB. BukopucraHHsi
aJITOPUTMIB KJIIITUHHMX aBTOMATIB IIJISI CErMEHTallil 30-
OpaxkeHb Ta 1X MOJATBIIOTO PO3Mi3HABAHHS MAa€ TakKi Ba-
roMi mepeBaru:

— TIPOCTOTa BIPOBAIKEHHS;

— TapaJjiejibHa peanizallis;

— JIOBiJIbHA KiJbKiCTh C(OPMOBAHMX KjaciB TIpHU
MPOBEACHHI cerMeHTallii (MOXJIMBa cerMeHTallisl 300pa-
KeHb i3 IBOMAa MITKaMU Ta 3 KiJIbKkoMa MiTKaMu);

— BapiaTUBHICTDH IIPaBWJI TIEPEXOIy CTaHIB (3a3BMYail
IIJIST X TIPABWJI BUKOPUCTOBYIOTHCS 3MiHM 3HAYeHb iH-
TEHCUBHOCTI IMiKCeJiBY, ajie B MeXaHi3M OHOBJIEHHSI MO-
XyTh OyTH BKJIIOYEHI i iHII YyHKII1 300paxkeHHs1, TaKi
SIK TEKCTypa abo Kpai);

— MOXJIMBICTh pOOOTH 3 300paXk€HHSIMU OYIIb-SIKOTO
po3Mipy (Ha oOYMCIIOBAIbHY CKJIAIHICTh Mpoliecy 0e3-
nocepeaHbO He BIUIMBA€E PO3Mip 300paKeHHsI ab0 Kijib-
KicTb (yHKIIil 300paxkeHHs1) [6].

B 006po011i 300paxkeHb 3a3BUYail BUKOPUCTOBYIOTHCS
nBoBuMipHi KA. Tlikceni 300paxkeHHS SIBJSIIOTh COOOIO
koMipku KA i BOHM OHOBJIIOIOTH CBiii CTaH Ha OCHOBI
CTaHiB cycigHix Komipok (mikceniB). Kinbka craHiB Ko-
Mipok KA 103BOJSIIOTH 00pOOJISITU 300paXkKeHHS Ciporo
MaciTady abo KOJbOpoBi 300paxkeHHs. BuszHaueHHs
MpaBuJl, 1110 3aCTOCOBYIOThCS 10 KOMIpPOK, 11100 BiJIMOBi-
CTU Ha MEBHUM 3aIUT Npu 00poO1Li 300paXkeHb, € HETPU-
BiaJIbHM 3aBIAaHHSIM.
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Posrasinemo 38’5130k nBoBUMipHOTO KA 3 300pakeH-
HsIM. 300paxeHHs1 [ y 3aralbHOMY BUIJISIII MOXe OyTu
oInucaHe sIK ABOBUMipHa (PYHKIIisI:

I=f(x,y), (1)
IIe X i y — IIPOCTOPOBi KOOPIMHATH.

Awmrutityna f B Oynb-sIKiil T1api KoopauHaT (x, y) BU-
3HAYa€ iHTEeHCUBHICTh [ UIs1 CipuX 3HauYeHb LMMPOBOTO
300paxkeHHs. Llugpose 300paxkeHHs [ mpeaCTaBISIETbCS
€IMHUM IBOBUMIipPHUM LIJIMM MacUBOM JUIS1 300pakeHHSI
ciporo Macutady Ta cepii 3 TpbOX IBOBUMIpHUX MAacHBiB
IJIST KOXKHOT KOJbOPOBOi cMyTu. JIjisi 300pakeHHsI, 110
3aJa€ThCSI JBOBUMIPHUM MAacUBOM m X K TMiKCeJiB, BU-
KOPUCTOBYEThCSI NBOBUMipHa ciTkoBa moneiab KA. Ilpu
1IbOMY 300paKeHHSI PO3IJISIIAEThCS SIK JTBOBUMipHMIA
KA, ne KoxxHa KoMipKa BiIlOBiga€ Mmikcesto y 300paxkeH-
Hi, a IHTEHCUBHICTb MiKCeJs MPEACTaBIEHAa CTAHOM L€l
KOMipKH. 3HadyeHHS KOJbOPIB ITiIKCEIiB OHOBIIOIOTHCS
CUHXPOHHO B IMUCKPETHOMY Yaci.

Tonosorito citku nBoBuMipHoro KA 3 okojoM ¢oH

Heiimana HaBeneHo Ha puc. 1.
L 1 H H

H

4
T
i
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{
‘|,,
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Puc. 1. TonoJoris citku ABoBuMipHOro KA
3 0KoJioM ¢hon Heiimana

Taka TomoJiorist, e MOB’sA3aHi Julle HaHOIMXKYi Cy-
CilM aHaJIi30BOHOI KOMipKU (TliKcesst 300paXeHHsT), BU-
3Hauae okin ¢oH HelimaHa 3 pagiycom r = 1. 3arayiom,
Pi3Hi OKOJIM BU3HAYAIOTHCS Pi3HUMU HabopaMu 3B’SI3KiB
(puc. 2).

Puc. 2. Jleski Tunu okoJ1iB ABoBuMipHOro KA

Ha puc. 2 naBemeHo (3/1iBa HampaBo) HesIKi TUIIH
HaMOUIbII BXMBAHUX OKOJIiB ABoBUMipHOTo KA: (oH
Heiimana (paziyc 2), Mypa (paaiyc 1) i BunagkoBuii.

TakuM 4YWMHOM, ABOBUMIpDHMII KIITMHHMII aBTOMAaT
CKJIQAEThCS 3 PEIliTKU KBaApaTiB L = m X n, e KOXEeH
KBampaT (KIiTrHA) mpeactaBiaeHuit omHuM KA.

3MiHHI KOMIpOK y MeXax OKOJIiB BUKOPUCTOBYIOThCS
IUJIS. OL[IHKM HOBUX 3HAY€Hb OHOBJIEHOI KOMIpKM 3a J0-
nomoroto (GpyHKIIii (mpaBuia) nepexony

Bbynb-sike npaBuiio nepexomy @(f) Moxe OyTu 3amuca-
He y BUIVISIAI GYHKIIL @(7), BAKOPUCTOBYIOUU CTaHU O(f)
BCIX KOMipOK B OKOJIaX:

o; (t+1) = o(o; ,(k, 1) |o; ,(k, 1) €N), (2)
e N — MHOXMHA eJIEMEHTIB OKOJTY (BKJTIOUHO LIEHTPaJIbHY
KOMIpKY)

ITpaBusioM nepexony ¢(f) Moxe OyTH OyIb-sIKe MO-
€THaHHS apUMMETUYHUX i JOTIYHUX OIepalliil, BKIIO-
yaroun (yHKLil. 3a3BUuYail MpaBuja Tepexoay MaloTb
abo dopmy TabmuLIi Mepexomdy, 1110 BUBHAYAE 3aJIEKHICTh
3HaUYeHHS BUXOAY BiJ BXiIHMX 3Ha4YeHb, ab0 (opmy
KOMIT IOTEPHOI IIPOTPaMU.

KinpkicTe mpaBWI CTPIMKO 3pOCTa€ 3i 3pPOCTAHHSIM
KiJIBKICTi cycifiB Ta cTaHiB (Tabu. 1).

Taomansa 1

3aieXHiCTh KiJIbKOCTI mpaBui ABoBuMipHOro KA
Bi/I KTbKOCTI CTaHIB Ta cyciiB

Kinbkictb Kinbkictb Kinbkictb
CTaHiB cycinis TIpaBUIT
2 2 16
2 3 256
2 5 4294967296

HaBuyaHHS KIIITMHHUX aBTOMATIB IJIS 3aBIaHHS 00-
poOKM 300pakeHb O3HA4Ya€ BUOIp ONTUMAIBHOTO Habo-
py MpaBWJI cepell yCiX MOXKIIMBUX TIpaBUJI, sSIKi HalKpaiie
BilIMOBiIal0Th KOHKPETHOMY 3aBIaHHIO.

Otpumatu eeKTUBHI MpaBuia sl JOCITHEHHS 0a-
KaHOro pe3yJibraTy AyxKe ckjaaaHo. HaBiTh ajist GiHapHMX
300paxeHb KiJbKiCTh KOMOIHAIliil BCiX MOXIMBUX IIpa-
BWJI € 3aHAATO BeuKa. B 1iomy 6e3 nepepaxyBaHHS BCixX
KOMOiHallili ONTUMaJIbHUUN BUOIp MpaBU HE MOXe OyTU
rapaHTtoBaHuii. HeoOXiZiHUM € MOLIyK ITOEAHAHb MixX
MpaBUIaMU 3 BUKOPUCTaHHSIM ONTUMi3alliiHUX METOiB.
B po6Gori [7], Hampukiam, 3aIpONOHOBAHO BUKOPUCTO-
ByBaTu reHeTUUHU# anroputm (I'A) njs BupilieHHS Tpo-
OsieMu BUSIBJIEHHSI KOHTYpiB 300paxkeHsb (edge detection)
3a noromororo KA.

Inimiamizaniss TA 3AiACHIOETBCS LISIXOM TOOYHO-
BU BUIIAJAKOBUM YMHOM IIAKETiB IIPaBWJ, OTPUMaHUX 3
okoniB mozaeni KA Ha Bcbomy 300paskeHHi. JIyist Bu3Ha-
YEHHS €JIEMEHTIB KOHTYpY [A 3IiliCHIOE TOLIYyK cepen
MMOTOYHUX ITaKeTiB BXiIHOTO 300pakeHHs MpPaBUJIO, IO
BiIMOBiJa€ OKOJY aHa/i30BaHOTO MiKcessl, Ta Moaudi-
KY€ LIEHTPaJIbHUI IiKCeJIb BiAMOBIIHO A0 BU3HAYEHOTIO
repexomy.

IMpaBunmo mepexomy KA TpencTaBisiEThCS 3a ITOIO-
MOTOI0 KOHKaTeHallii KJIiTMH CTaHy OKOJY KOMIipKHU IO
OHOBJIEHHS Ta JAOJAaBaHHAM ii MaliOyTHHOTO CTaHY MiCIs
oHoBieHHs. lle mpaBwio (11aGJIOH) TPaHCHOPMYETHCS
SIK JIIHIAHUHA hopMaT XpOMOCOMM.
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®yHK11is diTHeCY, IKa BUKOPUCTOBYETHCS JIJIST BUSIB-
JIGHHST KOHTYPiB, Ma€ TaKuii BUTJISIA:

F=1— (Err/LxH), 3)

ne L ta H — mupuHa Tta BUcoTa 300paxeHHs1; Err =
KinbpKicTh mikcesniB, ne ImageED #ImageldealED (ED —
Edge Detection).

®yukuisg Err 00YKMCIIIOE KiJTbKICTh HECHiBIIaIaloumnX
TOYOK Ha OTPUMAHOMY Ta imeaJbHOMY 300pakeHHSX.
Jani reHepyeTbCsl HOBa CYKYITHICTb 3 3aCTOCYBaHHSIM Xa-
pakTepHux st [A omepaTopiB cesekllii, KpocoBepa Ta
mytalii. Llei mpouec TpuBae 10 THX Iip, TTOKU He Oyne
BimOyBaTucs Todajiblie MOJiniueHHs (QyHKUii (iTHecy
a00 10 BCTAHOBJIEHOT MaKCUMaJIbHOI KiJIbKOCTI iTepalliii.

TakuM 4YMHOM, BUSIBJIEHHSI KOHTYpiB 300pa)keHb
(a0bo parMeHTIB 300paxkeHb) MOXHA IHTEPIIPETYBaTH
K eBomoLiiiHui (eHoMeH MHOXMHU KA, KepoBaHuit
Kpamumu naketamMu npasui KA, 3acTocoBaHuUX A0 30-
opaxkeHHs. Koau Taka cucrema Oyne HaBYeHa Ha Habopi
300paxkeHb KOHKPETHOTO TUITY, BOHA 3MOXe 00POOJISATH i
iHIII 300paXk€HHS LIbOTO TUITY.

VY Bunaaky i3 300paxkeHHSIMU Yy BiITiHKaX ciporo
TpeHYBaJIbHUI TIpollec IJISI TaKoi CUCTeMHU Oyae HeIIo
ycKJIagHeHuit. B pasi BukopucraHHs1 okoniB Mypa, ne
KOMIpKM MOXYTb MaTH 256 MOXJIMBUX iIHTEHCUBHOCTEIA,
IUISL LIEHTPAIBLHOTO MHKCENs 3i 3HAYeHHSIM MOXJIMBI 2568
Mofeneil cyciactpa. Ao 3agaHe 300paXkeHHSI Ciporo
MacIITady IepeTBOPIOEThCS Ha OiHapHE IIISIXOM IOPO-
roBOI IEKOMITO3U1lii, TOAi pe3yJbTaT MoIepeIHbOro Po3-
JIIJTy MOXHa 3aCTOCYBaTU A0 OTPUMAHOTO 300paKeHHS.
Haii6inbin npuilHAITHUM METOIOM TaKoOi JEeKOMITO3UILil
ciig BBaxkatu Meton Ouy [8]. 3aBAsIKM BIACTUBOCTI Mi-
HiMi3yBaTM AUCIIEPCiI0 B MeXaxX KJIacy Ta MaKCUMi3yBaTu
MiX aucnepcieto kiacy, Meton Oy 3maTHUI BigoOpaxka-
TU MaKCUMaJIbHY KiJIbKICTh 00’€KTiB, PO3TAlIOBAHUX Ha
300pakeHHi, Ha TTOPOroBe 300pakeHHSI.

B po6ori [9] HaBeaeHO pesynbraTi HaBYaHHS KA mist
BUKOHAHHS Pi3HMX 3aBHaHb 00poOKu 300paxeHb. [1pu
LIbOMY MOXJIMBUI Habip MpaBu 3MEHINYEThCS 3 256 10
51 Ha ocHOBiI cuMeTpil Ta peduiekcii s HeHTpaTbHUX
yopHO-Oinux mikceniB. Ilicas 11boro mMpoBOOUTHCS Ha-
BUAHHS Ha OCHOBI CKOpPOYEHOT0 Habopy MpaBul.

KoxeH 3pa3ok npaBuiia y3roxKyeTbCs i3 CXEMOIO Cy-
cizcTBa mikcesiB 300paxkeHHs . SIKIo BiH 30ira€rbcsi, TO
KOJIip LEeHTpaJIbHOTO TiKceNsl iHBepTyeThes. Ilepen 00-
pOOKOIO KOXHE MpPaBWJIO MEPETBOPIOETLCA HA 8-OiTHUM
PSIIKOBMIA 111a0JIOH i TOTIM Y3rOIKY€EThCS 3 MepeTBOpe-
HOIO CXEMOIO OKOJIy TliKcesst 300paxkeHHs. st TpeHy-
BaHHS CUCTEMU METHU BUKOPUCTAHO METOJ IMOCIIiZOBHOTO
miaBatoyoro mnoiuyky Brnepen (SFFS) 3 3actocyBaHHAM
HiIbOBOI (PYHKIIIi cepeaHbOKBAAPATUUHOT MOXUOKMU MixX
BXiJTHUM Ta LiJIbOBUM 300pakeHHSIMU.
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2. Oco0.MBOCTI BUKOPUCTAHHS 3rOPTKOBUX
HePOHHMX MepeK IS PO3Mi3HABAHHS 300paKeHb

Jo HaibiaplI PO3BUHEHUX Ta €(PEKTUBHUX HAIMPSIM-
KiB HelipoMepexkeBoi 0OpOOKM CTAaTUYHMX Ta TUHAMiy-
HUX 300pakeHb CJIil BiIHECTH 3aCTOCYBAHHS 3rOPTKOBUX
HelipoHHux Mepex (3HM; anrn. CNN — convolution
neural networks). B 3aranmpHOMYy Bumanky mepexi 3HM
MaroTh BXiIHUIA piBeHb (input), BUXiZTHMI piBeHB (output)
i KiJTbKa MPUXOBAHUX 1IAPIB.

bazoBy apxitektypy 3HM, npusHayeHoi 1Sl Kjiacu-
¢ikawii Ta po3smizHaBaHHS 00’€KTiB (30Kpema, 300pa-
KeHb), HaBeleHO Ha puc. 3. B wiit apxiTekTypi mpucyTHi
JIBi OCHOBHI YaCTWHM: BUAICHHS O3HAK 00’eKTiB (feature
extraxion) Ta kiacudikarlist (classification). BumineHns
O3HAaK € iHCTPYMEHTOM 3TOPTKU, SIKWUI PO3MiJIsSE Ta ineH-
TUGIKYE Pi3HI XapaKTEPUCTUKKU 300paxkeHHs VIS 1X aHaTi-
3y Ta MOAAJbIIOr0 BUKOPUCTAHHS Ha eTarli Kjaacudikailii.

Fully
. Connected
Convolution
Input Pooling __..--- Output
o} 20

O
O
o
O
o

Feature Extraction Classification

Puc. 3. basosa apxitektypa 3HM
s Kaacudikamii 300paxeHb

Mepe:xka BumiieHHs o3HaK 3HM ckiamaeThcs 3 bara-
ThOX Map 3ropTKoBUX (convolution) Ta 006’eAHYBaJbHUX
(pooling) mapiB. Llg mepexka Mae Ha MeTi 3MEHIIUTHU
KiJIBKiCTb O3HAK, MPUCYTHIX y HaOopi gaHux. [1pu pomy
MOXYTb CTBOPIOBATHCS HOBI (DYHKILii, SIKi y3araJbHIOIOTh
icHyI0Ui (pyHKIIII, 1110 MIiCTSITbCSI B OPUTiHAJIbHOMY HA0O0-
pi QYHKILI.

3ropTKOBUIA 1Iap € MEePIIUM IIapOM, SIKUI BUKOPUC-
TOBYETBCSI I BUAUICHHS Pi3HUX (DYHKIIN i3 BXiZHMX
300paXkeHb. Y 1IbOMY LIapi BUKOHYETbCS MaTeMaTU4Ha
orepallisi 3ropTKM MiX BXiIHUM 300pakeHHSM i (ilb-
TpoM (SIIPOM), IIIO € KBaApaTHOIO MaTpUICIO # X n (n —
HemapHe uwucio). [lepecyBaHHSI sapa MO BXiJHOMY 30-
OpaxkeHHIO J03BOJISIE CPOPMYBATU CKANSIpHUI TOOYTOK
MiX SIAPOM i YacTUHAMM BXimHOTro 300paxeHHs. Ilim yac
00YMCIIEHHSI HOBOTO 3HAUEHHSI 0OpaHOro MiKcess SiApo
3TOPTKM <«IIPUKJIATAETHCSI» CBOIM ILIEHTPOM [0 TAHOTO
nikcensi. HaBkonuiinHi mikceni Tak caMO HaKpUBalOTh-
cs stmpoM. Jlaimi BUpaXoOBYEThCS Cyma, A¢ CKIaIOBUMU €
MOMHOXEHi 3HAUeHHs IMiKCesiB Ha 3HAYeHHsI KOMipKu
sanpa, 110 Hakpuiaa maHuil mikceab. Cyma IiTMTbCS Ha
KoedilieHT HopMmyBaHHS (div) abo Ha cyMy BCiX eJieMeH-
TiB siapa 3roptku. OTpuMaHe 3HAYEHHSI € HOBUM 3Ha-
YeHHSIM 00paHoro mikcesnsi. Ko 3acTocyBaTU 3TOPTKY
JI0 KOXHOTO TKCeNsl 300paXeHHs, To Oyne OTpUMaHO
pe3yJIbTaT, 110 3aJIEXUTh BiJil 00PAaHOTO SApa 3TOPTKU.
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IMpuknan pobotu siApa 3ropTKOBOTO 1IAPY HABEAECHO
Ha puc. 4.
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Puc. 4. IIpuknaa po6oTu simpa 3ropTKoBOro mapy

Pesynbrar omepailii 3ropTKUM Ha3UBAETHCS KapTOlO
dbyHKI, gKa Hagae iHpopmMallito po 300paxkeHHsT (Ha-
MpUKJaA, Mpo KyTu Ta Kpai). [Ti3Hile 1 kapra GyHKIIH
MnepeJaeTbesl Ha iHIII 1Iapu JJisi BUBUEHHSI O0COOJMBOC-
Teli BXiTHOTO 300pakKeHHSI.

Anpo nepeminryeTbcs Mo BCili 06acTi KapTu (GyHK-
Lifi i 3HaXOAUTb MeBHi 03HaKu 00’ekTiB. Hampuknan,
SIKILIO MEpeXy HaBYyalu Ha MHOXMHI 300paxkeHb 0cid, To
OfIHE 3 SIAep B IMpolieci HaBYaHHS MOXKe BUIaBaTU Haii-
OLIbIIMIA CUTHAJI B 00JIaCTi OUeii, poTa, iHIlIe SIAPO MOXKe
BUSIBJISITY iHII O3HAKU. SIKIIIO po3Mip siapa HEAOCTaTHI,
TO BOHO HE 3MOX€ BUAUIMTU MOTPiOHI O3HAKU, SIKIIO X
3aHAATO BEJIUKUIA, TO 30iIbLIYETHCS KiTbKICTh 3B’S3KiB
MiX HeilpoHamu. 3a3BUYail po3Mip siapa 3aAaloTh B Jia-
na3oHi Big 3x3 go 7x7. dAapo peanidye cucteMmy MoOfi-
JIIOBAHMUX Bar, 110 € OJHI€I0 3 TOJOBHUX OCOOJIMBOCTEH
3HM. VY 3Buuaiiniii 6araTomapoBiii HEUPOHHIN MepexXi
iCHye 3aHaaTO OaraTto 3B’sI3KiB (CMHAIICIB) MiX Heipo-
HaMU, 110 CYTTEBO YMOBITBHIOE MPOLIEC AETEKTYBaHHS.
YV 3HM y3zaranbHeHHSs Bar J03BOJISIE 3MEHITYBAaTH YMCIIO
3B’SI3KiB i 3HAXOOUTU OAHY i Ty caMy O3HaKy IO BCiii 00-
J1acTi 300pakeHHsI.

PiBens 3roptku B 3IIM mnepenae pe3ynbrar Ha Ha-
CTYMTHUU piBeHb (IIapyu 00’€THAHHS) MiCJ 3aCTOCYBaH-
HS omepallii 3rOpTKU y BXiIHUX AaHUX. 3TOPTKOBI LIapu
B 3IIM 3a6e3rneuytoTh 0e3MepepBHICTb MPOCTOPOBOIO
BiIHOILIEHHST MiX MiKCeIIMU 300paKeHHS.

OcHOBHa MeTa CyOAMCKpeTH3YlouMx IapiB o0’en-
HauHS (Pooling Layers) — 3MeHIIIUTHA po3Mip 3rOPTKOBOI
KapTu GyHKIIIN, 100 CKOPOTUTU BUTPATU HA OOUUCIICH-
Hs. Lle BUKOHYETBCS LIISIXOM 3MEHILEeHHS 3B’S3KiB MixX
LIapaMU Ta He3aJeXXHO Mpalloe Ha KOXHil KapTi 00’ €KTIB.
Li mapu 3a3Buyaii po3MilaloThCs OApa3y IiCast 3ropT-
KOBHUX IlIapiB, TOOTO BUXOAM 3rOPTKOBUX IIApiB € BXO-
IaM# UIST CYOMMCKPEeTU3YIOUNX IapiB Mepexi. Omnepartii
00’eMHaHHS CKOPOYYIOTh PO3MipH KapT XapaKTepUCTUK
3a paxyHOK BUKOPWCTAHHS IOeIKUX (DYHKIIN msg y3a-
TaJIbHEHHsI CYOperioHiB, HaPUKJIaI, B3SITTS 3arajJbHOTO
abo MakcuMmanbHoro 3HauyeHHs. Illapu cyOomuckpern-
3allii HalliJIeHi Ha MOCTYIOBe 3MEHILEeHHSI pO3MipHOCTI
JIaHUX i, OTXKE, JOJATKOBE CKOPOYEHHS KiJbKOCTI mapa-
METpIB, a TAKOX CKJIAJHICTh TPOLEAYPU MOAEII i, TAKUM
YUHOM, KOHTPOJIb Haj MATAHHIM IepeHaBYaHHs. IcHye
psa MeTodiB 00’eaHaHHS (MakcuUMalbHe O0’€IHaHHS,

cepelHE 00’€HAaHHSI, CTOXAaCTUYHE O0’€THAHHS, CIIEeK-
TpaJibHe 00’€HaHHS, 00’€IHAHHS MPOCTOPOBOI Mipami-
1, 00’eAHAaHHS 10 HOpMi L2 Touio).

3ajexHo Bil METOMY, SIKUil BUKOPUCTOBYETHCS, peasli-
3yIOThCS KiJIbKa THUIIiB onepaliii 00’eqHaHHsA. 30KpeMma,
onepauist Max Pooling nossirae y BU3HaueHHi HaiOiIb-
1IOro eJleMeHTy 3 KapTu ¢yHKiii. g onepauist po3mi-
JIsiE BXiIHE 300pakeHHs Ha Habip MPsSIMOKYTHUKIB 0e3
MEePEKPUTTIB, i IJIsI KOXHOI TaKoi Migo0aacTi BUBOAUTH
il MakcumyMm. I1pu 1IbOMY TOUHE TTOJOXEHHS O3HAKM HE
TaK BaXXJIMBe, SIK il MOJOXKEHHS BiIHOCHO iHILMX O3HaK.
O0’emHYBaJIbHUI AP CIIPUSIE ITOCTYIIOBOMY CKOPOUYCH-
HIO TIPOCTOPOBOTO PO3Mipy TIPEICTaBICHHS IJIsST 3MEH-
LIEHHS KUIbKOCTI TMapaMeTpiB Ta 00’e€My OOYUCIIEHb
y Mepexi, i BiiTak TaKOXK JUIs1 KOHTPOJIIO TiepeHaBUYaHHSI.
Omnepatiisi Average Pooling oOuMciIioe cepelHE 3HAYEH-
Hsl €JEeMEHTIB JJisi 300pakeHHsl ITIomNepelHbO BU3HAUE-
HOTO PO3Mipy. 3arajgbHa CyMa €JIEMEHTIB Y ITOIePeIHbO
BU3HAUYEHOMY (DparMeHTi BM3HAYAETHCS K 00’ €THaHHS
CyM eJiIeMeHTiB. PiBeHb 00’eqHaHHS 3a3BUYAil CIIY>XUTh
MOCTOM MiX 3rOPTKOBUM piBHEM i piBHEM KJiacuikallii.
g momens 3HM y3aranbHIO€ 03HaKM, BUTSTHYTI IIIapOM
3rOPTKHM, i AOTIOMAarae Mepexkam po3IizHaBaTh (PYHKIIiT
He3aJieXkHO. 3a JOIIOMOTOI0 IIHOTO TaKOX 3MEHIIYIOTh-
cd obuuciaeHHsT B Mepexi. Hailloutblll mommpeHuMm €
00’€IHYBAIbHUN 1Iap 1Iap 3 SApaMu po3Mipy 2X2, 110
3aCTOCOBYIOTbCSI 3 KpoKoMm 2. B Takomy 1mapi 3HUXKY-
€ThCS JTUCKPETU3aLlid KOXHOIO 3pi3y INIMOMHU BXOAY B
2 pa3u K 3a IUPUHOIO, TaK i 32 BUCOTOIO, BiAKMIAIOUYN
75 % 36ymxenb. B apxitTekTypi 3HM iHKOJIM BCTABISIOThH
00’ € THYBAIBHUI IIAp MiXK TTOCTiTOBHUMM 3TOPTKOBUMU
apamu.

OO0’enHyBaJbHUM AP, SIK i 3rOPTKOBUI TaKOX Mae
KapTu. OOTHUM 3 BaXJIMBUX 3aBIaHb LIOTO IIapy € 3MEH-
LLIEHHSI pO3MipHOCTI KapT MoIepeaHboro mapy. Sxiio Ha
MonepeaHilt onepallii 3ropTKu Bxe OyJiu BUSIBJICHI AesKi
O3HaKM, TO JUIsl omepallii 00’eaHaHHs TOKJaaHe 300pa-
>KEHHSI BX€ He MOTPIOHO, i BOHO CYTTEBO YIIITbHIOETh-
cg. Cnig Bin3HauuTH, 1110 (PiabTpalis BXe HEMoTPiOHUX
nerajgeil 3MEHIIYye PU3MK BUHUKHEHHS TepeHaBUYaHHS
Mepexi. Y mpoiieci ckaHyBaHHS SIpoM 00’ € THYBaJbHOTO
apy KapTH IIOIepeAHBOIrO IIapy, CKaHyiode SApo He
MEePeTUHAEThCS Ha BiIMiHY Bill 3TOPTKOBOrO IApYy.
3a3Buyaii, KoxHa KapTa Ma€ sIpo po3MipoM 2X2, 110
IO3BOJISIE 3MEHLIUTU TOMNEepenHi KapTh 3rOPTKOBOIO
mapy B 2 pa3u. Bcst kapTa 03HaK MOOiISIEThCST HA OCEpe-
KM 2 X2 eJIeMEHTH, 3 IKMX BUOMPAIOThCS MaKCUMaJIbHi 3a
3HAYCHHSIM.

IMoBHo3B’ 130U piBeHb Fully Connected (FC) Buko-
PUCTOBYE BUXiTHI aHi MpoleCy 3ropTaHHs Ta Iepeada-
yae Kiaacudikalliro 300paxkeHHsI Ha OCHOBi O3HaK, BU/Ii-
JIeHUX Ha nonepenHix etamnax. Lleii piBeHb cKagaeTbes 3
Bar i 3MillleHb pa3oM i3 HelipoHAaMU Ta BUKOPUCTOBYETh-
cd Ui 3’€MHAHHS HEMpOHIiB MixX JBOMAa Pi3HUMU Iapa-
mu. Lli miapu 3a3Buuaii po3MillyroOThCs Nepel BUXiITHUM
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1IAPOM i YTBOPIOKOTh KiJIbKa OCTAHHIX LIAPiB apXiTeKTypu
3HM.

YV uboMy BUMNAAKY BXiIHE 300pakeHHs 3 MOMEepeaHixX
1IapiB BUPIBHIOETHCSI Ta TMOJAETHCSI Ha MOBHO3B’SI3HUIA
map FC. Ilotim criomeHuit BEKTOpP IIPOXOMUTH IIIe
Kimpka mapiB FC, me 3a3BMuYail BUKOHYIOTBCSI OIepalii
MateMaTuyHuX (GyHkUid. Ha npoMy erami MmoYyMHa€ETh-
¢l npouec kiaacudikaiiii. JouibHICTh 3’€IHAHHS ABOX
1IapiB MOJISITAE B TOMY, 1110 IBa MOBHICTIO 3 €HaHI 1Iapu
MpaIoBaTUMYTh Kpallle, HixK ONMH 3’€IHaHUI 11ap.

IToBHO3B’SI3HMIT IIap 3a3BMYaili MOJIEIIOE CKJagHYy
HENiHIAHY (YHKIIiI0, ONTUMI3allisl SIKOi CHpHUSIE MiABU-
LIEHHIO SIKOCTI Kiacuikalii Ta po3ni3HaBaHHS 00’ €KTiB
Ha BXiTHUX 300paXKeHHSIX.

HeiipoHu KoXHOI KapTu IOINepeaHboro ob’emnHyBa-
JILHOTO 1Iapy TIOB’si3aHi 3 OJNHUM HEHPOHOM ITOBHO-
3B’I3HOr0 I1mapy. TakuM YWMHOM, 4YHCJIO HEWPOHIB
ITOBHO3B’SI3HOTO IIIapy JOPIBHIOE YMCIY KapT 00’emHY-
BaJIbHOTO IIapy, ajie¢ Mpu LbOMY TUIBKM YacTWHA He-
WPOHIB OyIb-SKO1 3 KapT 00 €IHYBAJIBHOTO IlIapy MOXeE
oymu noe’sa3ama 3 nepuium HeipoHOM HNPUXO0B8AHO20 ULapy.
YacTtuHa, 1110 3aJMILIMIacs, MOXe OyTH MOB’s13aHa 3 Apy-
TUM HEHPOHOM IIPUXOBAHOTIO IIApY.

BusHaueHHsI KiJbKicTi HEHPOHIB y 11api € BaXXJIMBUM
eranioM noodynoBu 3HM. Ha cboronHi He icHye yHiBep-
CaJIbHUX peKOMEHAallill 10 BUOOPY KiJIbKOCTi MpUXOBa-
HUX LIAPiB Ta KiJIbKOCTi HEIPOHiB B HMX. X HeZOCTaTHS
KiJIbKICTh HE JO3BOJISIE MepeXi e(eKTUBHO HaBYATHUCS, a
3aHAJITO BeJIMKa KiJIbKiCTh 3HAYHO 301bIIYE Yac HaBYaH-
H1 3HM abo mpm3BOAWTH MO ii IepeHaBYaHHS (aHIJ.
overfitting). B pa3i BUHMKHEHHS TIepeHaBYaHHS CTBOpE-
Ha MOJIeJIb TIOUMHAE TTOSICHIOBATH JIMIIIE MPUKJIaIn 3 Ha-
BUAJIbHOI BUOIpKHU, aJanTylouuch A0 HUX. Pazom 3 Tum
BOHA HE BUMTHUCS KJacu(iKyBaTU MPUKIAIN, SIKi He 3a-
JIydaJiicsl 10 ydacTi B HaBYaHHI, 1110 3MEHIIYE 31aTHICTh
Mepexi 10 y3araJbHEHHSI MOXIMBUX CUTYallili Kiacudi-
Kallii 300paxKeHb.

Haii6inpu nommpeHuM eMImipuyHUM METOIOM 3aro-
biraHHs nepeHaByaHHi0 B 3HM € MeTon BUKIIIOUEHHS
(anrn. dropout). Ines MeToma mosisira€ B TOMY, 1110 B IPO-
1ieci HaBYaHHS BUITAJIKOBO i3 3arajibHOI Mepexi OaraTo-
pa3oBO BUIANSIETHCA AesIKa IiaMepexka, OHOBJICHHS Bar
BUKOHYEThCSI TIIbKU B Mexax L€l migmepexi. Heliponu
MOTPAIUIAIOTh B MiAMepexXy 3 UMOBIpHICTIO p, sika Mae
Ha3By KoediuieHT aporayta. Ha HacTymHoMy eTami Ha
IaHUX TPEHYEThCS JIMIIE pPeayKoBaHa Mepeka, Micius
Yoro BUJAJIEHi BY3JIM TTOBTOPHO BCTaBIsIOThes 10 3SHM
3 TIEPBUHHUMM BaraMu (puc. 5).

TakuM uYMHOM, TIpOlieJypa BUKITIOUEHHS JIO3BOJISIE
YHUKATU HEOOXiTHOCTI TPeHYBaHHS BCiX BY3JiB Ha BCiX
TPEHYBaJbHUX JAHUX, 110 3HUXKYE MPOsIB edeKTy Iepe-
HaBuaHHsI. BoHa TakoX 3HAYHO IMOKpAIIy€E IIBUIKICTh
TpeHYBaHHsI Ta JO3BOJISIE 3iICHIOBAaTH IPaKTUYHE II0-
emHaHHg mozeneit g 3SHM.
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3a MeToaom Dropout

OpnHielo 3 HaWBaxIMBIIMX 3agad nooygosu 3HM
€ BMOiIp (pyHKUiM akTuBauii. BOHM BUKOPUCTOBYIOTHCS
JUISI BUBYEHHSI Ta aIllpoKcuMallii Oyab-gKoro Bumy 0e3-
MEePEePBHUX 1 CKIIAAHUX 3B’SI3KiB MixX 3MiIHHUMU MepexXi.

3a3Buyaii, B 00’€IHYBaJIbHOMI IlIapi 3aCTOCOBYETb-
cs ¢yHkuisg aktuBauii ReLU (anra. Rectified Linear
Units — 3pi3aHi JiHiliHi By3au). Lleit map 3acTocoBye He-
HacUYyBaJIbHY TlepeaaBaabHy ¢GyHKII f (x) = max(0, x).
Bin mmocuioe HeliHilHI BIIaCTUBOCTI (DYHKIIIT yXBaJleHHS
pillleHHS 1 MepeXi B LJIOMY, HE 3adilaloyd pelenTUB-
HUX TIOJiB 3rOpTKOBOTO Inapy. JIjisi TOCWIeHHS Hei-
HilfHOCTI 3aCTOCOBYIOTbCSl W iHILI (PYHKIIiI, HAPUKJIAI,
HacUYyBaJIbHi TinepOoiyHUil TaHTeHC f(x) = tanh(x),
fix) = |tanh(x)|, curmoingHa dynkuia fix) = (1+e¥)~!
Ta Softmax (HopMmamizoBaHa cirmoima). Koxna 3 mmx
¢yHKUiA Mae MeBHI peKOMEHHAAallil 10 BUKOPUCTAHHS:
3pizaHOMY JliHiliHOMY BY3J10Bi Rel U 4yacTo BiaaaloTh Ie-
peBary nepen iHIMMMKM QYHKILSIMU, OCKIJIbKY BiH TPEHYE
HEMPOHHY MepeKy AOBOJi IIBUAKO 0e3 BTpaTh TOYHOCTI
y3araJlbHeHHsI; CUTMOINHA (DYHKIIiSI BUKOPHUCTOBYETHCS,
3a3BUYal, M1 OiHapHOI Kiacudikaitii, a Softmax — nnsa
GaratokiacoBoi Kiacuikariii.

Kpim cranpaptHux apxitektyp 3HM ocTaHHiM yacom
HaOy/ M MOIIMPEHHSI HOBI CIOCOOM TMOOYI0BU 3rOpPTKO-
BUX IIIapiB, 1100 MiIBUIIUTH €(PEKTUBHICTH HaBYaAHHS.
Lli apxiTekTypyu HagarTh 3arajibHi apXiTeKTYpHI peKo-
MeHalil [jIsg MNpaKTUKiB MalIMHHOIO HaBYaHHS, SIKi
HEOOXiTHO afarnTyBaTW JIS BUPILIEHHS Pi3HOMaHITHUX
npobjieM KoM totepHoro 3opy. Lli apxiTekTypu MoxHa
BUKOPUCTOBYBATHU SIK €KCTPAKTOPU OaraTux (OyHKIIiN 1151
Knacugikaliii Ta posmizHaBaHHS 300paxkeHb. Jlo mep-
CeKTUBHUX MoaudikoBaHux apxitekryp 3HM cin, 30-
KpeMa, BilHeCTH KOMOIHOBaHi apXiTeKTypu 3 BUKOPHUC-
TaHHIM MOXJIUBocTeil KA.

3. InTerpanis KIITHHHHX aBTOMATIB
B HelipomMepeKeBy MOJIeJb PO3Mi3HABAHHS 300pazkeHb

PosriasitHeMo 03HaKu TMEBHOI €KBiBaJIGHTHOCTI Kili-
TUHHMX aBTOMATIB Ta 3rOPTKOBUX HEHpPOMeEpPEXKEBUX MO-
JIeNeH.

Busznaunmo KA gk puHamiuyHy cuctemy 3 M MOXIH-
BUMM CTaHAMU, sIKa OHOBJIIOE CBOE 3HAYEHHS Ha OCHO-
Bi CBOrO MOTOYHOIO 3HAYEHHS Ta 3HA4YeHHs D IHIIMX
KJIiTHH (OGe3mocepenHiXx CyciliB y KBaapaTHIiil CiTii).
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BoueBuap icHye MP MOXIMBUX BXiIHUX PAOKIB G IS
dynkuii KA, gki MU iHIUBiAyaJIbHO MO3HAYAEMO SIK G.
KnituHHuit aBromat peanizye oneparop G(o), IKUii Mo-
BHICTIO 3a/1a€ CITMCOK MpaBWJI mepexony 6 — m, m € 0,
1,..M — 1. llpu uboMy icnye MMP MoXIMBUX YHIKAIb-
HuX G(G), KOXEH 3 AKNX peayli3ye CBiif HaOip IIpaBuII.
Hanpuxnan, aisg rpu B xutts M =2, D=9, a G(o) —
OyneBa (pyHKIs, sIKa BigoOpaxkae KOXeH 3 512 MOXJIM-
BUX 9-0iTHUX BXiIHUX PSIAKiB B ONMH OiT. BusHavyaibHOIO
ocobnuBicTio KA € 10oKalbHICTh AMHAMIYHOTO OHOBJICH-
Hsl TIpaBuUJja, 110 rapaHTye OOMeXKeHiCTb 00J1acTi IMpaBuJl,
nie po3Mip D 0OyMOBIIIOE 11 BEpXHIO MEXY.

Bu3HaunmMo KOHBOJIOLITHY HEHPOHHY MEPEXy SIK
dyHKIiI0, sIKa mpuiiMae Ha BXi OaraTokaHajbHE 30-
OpaXkeHHsI, 10 SIKOTO 3aCTOCOBYETHCSI CEpisl JTOKAIbHUX
3rOpPTOK uepe3 «sapo», 10 HaBYAEeThCs. Te came sapo
3aCTOCOBYETHCS 10 BCiX ITiKcCeJliB 300paXkeHHSI, i KOXeH
3TOPTKOBUI IIap MOETHYE iH(hOopMAaIiio B MeXax (iKco-
BAHOTO JIOKAJBHOTO Pajiycy KOXXHOTO MiKcessl BXiIHOTo
300paxkeHHs [8]. baraTo cTaHmapTHUX KOHBOJIIOLIAHUX
apXiTEeKTyp BKJIIOYAIOTh «00’€HYIOUi» IIapH, SIKi 3HUXKY-
I0Thb JUCKPETU3ALlil0 MOIEePEeIHbOr0 1Iapy i THM CaMUM
KOHCOJIIIYIOTh JIOKaJIbHY iH(MOpMallilo Ha Bce OUIBIINX
MIPOCTOPOBUX MaciTabax; ogHak, Bci 3HM, 1o po3sris-
JTAfOThCST B LIl CTATTi, HE BKIIIOYAIOTh KPOKU 3HIKCHHS
JIUCKpeTHu3alii i, TaKuM YMHOM, 30epiraloTb MOBHY PO3-
MipHIiCTb BXiIHOTO 300pakeHHSI.

Posrnsnemo KA gk pekypeHTHI Mepeki mlpconv.
OcCHOBHA aHAJIOTisI MiXK KJIITMHHUMK aBTOMAaTaMHU i Tpa-
IUIIMHAMEA 3rOPTKOBUMHM HEMPOHHUMU MepeXaMy BU-
HUKAaE yepe3 JIOKATbHICTh TMHAMIKH i OTHOYAaCHE TEMIIO-
pajibHe OHOBJIEHHST BCiX TTPOCTOPOBUX TOYOK. OCKIJIbKU
HEWMPOHHI MepexXi B MPUHLUIT MOXYTbh JisITU SIK YHiBep-
callbHi ampokcuMaTtopu (yHKIIi, JOCUTh CKJaaHa ap-
XiTeKTypa HEMpPOHHOI Mepexi Moxe OyTM BUKOpUCTaHA
JIJISI TIOBHOI alipoKCcUMallii KOKHOTO MpaBujia G — m, 110
craHoBUTh GyHKIII0 KA G(0). TToTim 1ieit onepatop s
OTHOTO OKOJIy MOXe OYTH peasli3oBaHUli K 3rOPTKOBUI
omnepaTtop y ckiani 3HM, 110 103BojIsSIE CUHXPOHHO 3a-
CTOCOBYBaTH MOTO 10 BCiX OKOJIIB IMTiKCEIiB Ha BXiTHOMY
300paKeHHi.

Takum umHOM, TipencraBieHHS KA 3a mormomoroio
3HM BuMarae 1BOX KPOKiB: BUIYYEHHS O3HAK JJId ileH-
tudikanii KoxHoro 3 MP BXiTHUX BUNAIKiB, IO OMU-
CYIOTh KOXEH OKiJI, a TIOTiM acolliallilo KOXXHOIo OKOJy
3 BIiATOBIZHUM BUXiZHUM MikceseM. MoXHa ToKa3aTu,
SIK MpeacTaBUTU Oyab-sikuii KA 3a moromororw oaHO-
ro 3ropTKOBOTO IIapy, a MoTiM i 1x1 3ropTkoBUX LIapiB.
ITpuiiHATHI Baru MOXHa 3HAUTU aHATITUYHO, BUKOPUC-
TOBYIOUM aHanii3 caMoi KA, a He 1IJIIX0M aJIrOPUTMiYHO-
ro HaBYaHHSI Ha BXiIHUX JHaHUX. TaKUM YMHOM, OMH i3
MOXJIMBUX BapiaHTiB BU3HAYA€ MEPEXKYy, Ka OJHO3HAY-
HO 3icTaBisie KoxeH 3 MP Bxonis G i3 11a6JI0HOM, y TOM
yac SK IHIIMK BapiaHT po3MJIsIIae LIapyd Mepexi siK piB-
Hi AepeBOMOAIOHOTO MOIIYKY, SIKUI iTEpaTUBHO 3BYXKYE

KOXEH 3 BXOJIiB G /10 0a)KaHOTO BUXOMY /1.

K11040BMM acnekToM Takoro MiIxomy € BUKOpHC-
TaHHS JIMIIE OJHOTO HEONMHUYHOTO 3rOPTKOBOIO IIApYy,
KU € MeplInM TMPUXOBaHUM IapoMm B Mmepexi. Ilome
LIMX KOHBOJIIOLIMHUX HEMPOHIB €KBiBaJeHTHO OKojay D
KA. ¥ci HacTynHi mapu ckiiagaioTbes 3 1x1 3ropTok, ki
He KOHCOJIiAyIOTh XOJHOI J0AaTKOBOI iH(popMallil npo
cyciniB. BukopuctanHst 3roptok 1x1 mis peanizaitii Jio-
riku Tabnuwi npaBun KA mae miaBuiutu e(eKTUBHICTh
MepexXi Ta 3MEHIIUTU OO0YMCIIIOBalbHI BUTpaTu. binblie
Toro, s Takoi peamizauii KA mepexka He morpeOye
00’eTHYBaIBHUX IIapPiB, IO POOUTH MEPEXY eKBiBaJICHT-
HOIO YCTAHOBLII HEBEJIMKOIrO KOHBOJIOLIINHOrO Oararo-
IIapoBOTo MepuenTpoHy («mlpconv») Ha KA [8].

PosristHeMo cTpykTypy Ta (yHKIIii 1IbOTO Pi3HOBUIY
3HM. BaraTtomapoBuii repuenuiiiH1ii 3ropTKOBUIA 11ap
(mlpconv) € KoM0OiHaIli€l0 HU3BKOPiBHEBUX (DYHKIIIN 3a
JIOTIOMOTOI0  y3arajJbHEHO1 JIiHiiHOT Mojeni TMoOyaoBU
3HM. BTtiM peasibHi JaHi 4acTo € HeJiHiMHUMU, TOMY
JOLJIBHUM € BUKOpPUCTaHHSI kKoMOiHauii Conv + MLP
(3ropTka + OaraTollIapoBUil TIEPCENTPOH) 3aMiCTh OIle-
pauii JiHifiHOT 3rOPTKU, 1100 TOJIMIIUTY 3JaTHICTh Me-
pexxi oTpuMyBaTH aOCTpakKTHI (PYyHKIIT Ta 3iliCHIOBATH
y3araJbHeHHS. Mlpconv MoXHa pO3TIsgaTh 9K MiHia-
TIOpHY 0araTollapoBy 3rOPTKOBY MEPEXY, 1110 MiCTUTh-
Csl B JIOKQJIbHOMY PELIENITUBHOMY ITOJi KOXHOI 3TOPTKHU.
KackagHuuii mpouec iHTerpauii KapTku Kpoc-(pyHKIii
MOXe€ JO3BOJIMTU MepeXi BUBUATM CKJIAOHI (DYHKILI.
Kpoc-kaHallbH1I apaMeTpU30BaHUI 1Iap CIIPUNHSTTS
eKBiBaJIeHTHMI 3roprtii 1x1.

Ha puc. 6 ta 7 HaBeaeHO JUTsl TIOPiBHSIHHS 3arajibHi
cxeMu MnoOymoBM JiHiliHOro 3roptkoBoro iapy 3HM
Ta 1mapy mlpconv.

Ro=me====y

Puc. 6. 3araibHa CTPYKTYpA JiHIiiHOrO 3rOPTKOBOTO IAPY

™

Puc. 7. 3araabHa cTpykTypa mapy mlpconv

25



Ykpaineub O.€., YanoseHko C.I"., Yana J1.E., LLlepriH B.J1.

IMTpuuyuna Bubopy MLP nossirae B ToMYy, 110 LS 3a-
rajapHa (QyHKIIisl alpoKcuMallii cymicHa 3 6a30BOI0 apXi-
Tektypotro 3HM, moxe Oytu morimbieHa cama Mo cobi
(mMoBTOpHE BUKOPUCTAHHS (DYHKIIiN) i MOXe OyTU HaBue-
Ha 3 BUKOPUCTAHHSM CTAaHAAPTHOIO aJITOPUTMY 3BOPOT-
HBOTO MOLIUPEHHS MOMUIKU

Takuit miaxin 10 TiOpUAHOrO BUKOPUCTAHHS MOXJIU-
Bocteii KA Ta KOHBOJIOLifHOro 6aratoiapoBoro mnep-
LIENTPOHY MOXHa MOPIBHATU 3 BUKOPUCTAHHIM 0a30BUX
3HM nns po3napanentoBaHHS MPOCTUX omepauiid aBiii-
KOBO1 apu(PMeTUKH, ajie BiH BiIpi3HSETHCS BiJ CIIpOO BU-
KOPUCTaHHS MEHII MOUIMPEHUX TUIIB MepexX 3 O6JioKaMu
CUTMa-IIi, B SIKUX KOXEH €JIEMEHT y BXiTHOMY BEKTOpi
PO3LIUPIOETHCS MOIMAPHOI0 KOMOiHALIIEID MOMHOXKEHUX
BXO[IiB, a OKpeMi BXifHi OiTU MOXYTb OJOKYBaTU OAWH
oaHoro [9].

4. ApxiTeKTypa Ta NPHHIMI Jii MPOMOHOBAHOT
CHCTEMH PO3Mi3HABAHHS 300PaKeHb

Hacamnepen pos3rissHeMoO aJrOpUTMIYHY ITOCTiIOB-
HicTh TpencraBieHHs noBiibHOro KA 3a momomororo
3HM.

IMokaxkemo, sIK cTaHAapTHUIA OararorapoBuii mlpconv
nepcenTpoH 3 akTuBaliero ReLU 3maTtHuii mpeacraButu
noBiibHUM KA 3 M cranamu KA 3 KiHIIeBOIO TJIMOUHOIO
Ta 00OMEKeHOIO KiJIbKICTIO HeilpoHiB [§].

PosrasiHemMo aaropuT™ 3icTaBiaeHHS TaOIWI MPaBUII
KA 3 Mepexero 3HM, 110 mictuth map mlpconv.

HoBinbHuii nBoBUMipHUil KA 3 M ctanamMu Mae crio-
yaTKy OyTM TIepeTBOpeHMI y OiHapHe MpeacTaBJIEeHHSI.
Mg 3agaHoro L x L 300paxeHHsI c(hOpMYEMO NBIMKOBUI
creK L x Lx M 300paxkeHHs IJ19 aKTUBAallii CUCTEMU PO3-
MMi3HaBaHHS 3 BUKOPMCTAHHSIM HACTYIMHUX [iiA, 110 pea-
JI3yI0ThCSl OaraToIIapoOBUM 3TOPTKOBUM TI€PCENTPOHOM
mlpconv:

— 3TOpPHYTHM BXiIHUI 1ap 3a J0ornomoror M pi3HUX
3roptok 1x1 (inbTpiB 3 OIMHUYHMMHU BaraMu Ta 3Mi-
LIeHHsAMHU, 3agaHumu sk 1, 0, -1, .. . — (M — 1); 3acTo-
cyBatu gami aktuBalio ReLU;

— 3TOPHYTU OTPpUMaHE 300paXkeHHSI 3a JOIOMOTOI0
3roptkui M 1x1 inbrpiB 3 HYJTLOBUMM 3MilllEHHSIMU.
Koxen 3 mepimx (M-1) 3ropTKoBUX (PibTpiB MepeBipsie
nocainoBHy napy [1,-5,0,...,0],[0,1,-5,0,...,0],
[0,0,1,-b,0,...,0],...,]0,...,0,1,—b], ne b — mo-
3UTUBHA KOHcTaHTa b M/(M — 1); ocTaHHii1 3ropTKOBUit
¢inetp [0, . . ., 0, 1]; 3acTocyBaTH 3HOBY aKTHUBALIilO
RelLU.

Takum 4yMHOM, ITiCJI BUKOHAHHS 3a3HAYCHUX iid
chopmoBaHo MacuB Lx Lx(M — 1), o Bignosinae oxa-
HOPa30BOMY KOIYBaHHIO 3HAUCHHST KOXKHOTO TIKCEJIS 30-
OpaxkeHHs B ciTui Lx L. Jdani 1mabyoH 3iCTaB/IsIE KOXEH
i3 MP MoXIMBUX BXOMiB 3i CBOIM BiATMOBIZHUM BHUXij-
HUM 3Ha4YeHHsIM. BigzHaummo, 110 KiJIbKiCTh aKTMBHUX
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cranu B KA Mae OyTu 3amaHi 3a30aeriap i JOpiBHIOBAaTA
AMP (). — nmapamerp JlenrroHa) [17]. Jani oLiHIOBaHHS
KiJIBKiCTb 111a0JIOHIB [JIS1 BiAMOBiAHOCTI (TOOTO KilbKiCTh
rapaMeTpy) MOXHA 3MEHIIUTU B A pa3. TOMY 10 TiJIbK1
aKTHBHI MpaBuja, sSKi 1al0Tb HEHYJbOBUI pe3yJibTaT, Ma-
10Th OyTU BpaxOBaHi.

[Ticns popmyBaHHSI MacuBY KOAYBaHHS 3HAYEeHb ITiK-
CeJliB He0OXiTHO:

— mobymysatu 6ok MP, mo mictuts SxSx (M - 1)
3ropTok (ibTpiB, Ae S BiANMOBiZaE PoO3Mipy OKOJY IBO-
puMipHoro KA (§ = 3 mrg cranmaptHoro KA 3 okomom
Mypa). Koxen i3 ¢dinsrpiB MP mpocto Binnosinae 30-
OpaXkeHHIO MOXJIMBOTO BXiJHOTO CTaHy, IO IOPiBHIO-
I0Th OJWHUII JUISI KOXHOTO HEHYJIBOBOTO €JIEMEHTY 30-
OpakeHHS i BeJIMKi Bil’€MHi 3HaueHHs (Oinbiue D(M —1)
IIJIST KOKHOTO HYJIBOBOTO eJIeMeHTY. 7151 BUnanKiB, KOIU
M > 2, rnubuHa KOXHOTO 3ropTKOBOIO siipa J03BOJSIE
3MICHUTH TOYHE 3iCTaBJICHHS Pi3HMX HEHYJIbOBHMX 3Ha-
YeHb.

— INIPU3HAYUTHU 3MillleHHA KoxXHoMy 3 MP (inbrpis
Ha ocHoBI Tabnuui npaBun KA. JInsg BxomiB SxSx (M —
1), ki BiAMOBiZAlOTh HEHYJbOBUM 3HAYEHHSIM ¢, MPU-
3HauUuTU 3MileHHs (¢ — 1) — (L — 1), ne L — KinbKicTh
HEHYIbOBUX By3JiB B okoni L D(M — 1). lle rapaHtye,
IO TiJIbKW TOYHI 30iru 3 NpaBujioM cHOpMyIOTh AOJATHI
3HA4YeHHS MJIS1 €JIEMEHTIB 3ropTKU Mepexi. s BXimHux
JIaHMX, SIKi MalOTh BimoOpaxaTucs Ha HyJb, CJIiJ TpU3Ha-
yuTH Oyab-sikuit 3cyB L = D(M — 1);

— 3acTocyBaTu (pyHKUi0 akuBailii ReLU.

HaBeneHmit anroput™M OOYMOBIIOE ITPOIIOHOBAHMUIA
BapiaHT apxiTeKTypu mlpconv HeiipomMepekeBoi peai-
3allil po3Mi3HaBaHHs 300paXkeHb, HAaBYEHOI Ha OiHApHUX
KA, sixa Moxe 0yTu BizoOpaxkeHa TaKO CXEeMOIO:

INPUT—[CONV3x3(1LAYER,100FILTERS)]—
[CONVIxI(11LAYER,100FILTERS)|-RELU—
[CONVIxI(LAYER,IFILTER)| > RELU—
FC(SOFTMAX)—OUTPUT.

Mepexa ckiamaeTbesd 3 0a30BO1 apXiTeKTypu mlpcony,
1110 BiIMOBiga€ OAHOMY 3rOPTKOBOMY Iapy 3 X 3, 3a IKUM
cIimye 3MiHHA KiJTbKiCTh 3ropTKOBUX mapiB 1x1 [28].
OO0’enHyBajbHI 1Iapy TIPU LIBOMY HE BUKOPUCTOBYIOThb-
cs, a mapaMmeTpu 1mapiB 3x3 i 1x1 HaBYalOTbCS pa3oM.
OcTaHHIili 1Iap 3OiCHIOE 3Ba)KeHe ITiJICYMOBYBaHHS,
sIKe TeHepye IepeadavyeHe 3HAYeHHS HAaCcTYyMHOIO CTa-
Hy mingHku citku KA. BKIIOYeHHSI OCTaHHBOIO IIapy
3 KiacudikaTopoM softmax MprCKopioe HaBYaHHS Ha 0i-
HapHux KA, 3MeHIy04r 3a1eXHiCTb 30i>KHOCTI Bia Mo-
YaTKOBUX Bar HEMPOHIB.

Mepexka HaBYA€ETHCS 3a TOMOMOTOI0 OJHOTO 3 OITU-
Mi3aTopiB (30KpeMa, OITHMizaTopa Amama 3 (PYHKITIEIO
BTpar L2, 3 rimepmapaMeTrpaMu (IIBUIOKICTH HaBYAHHSI,
MOYaTKOBI Baru i T.1.), ONTUMi30BaHMMU 3a JOTIOMOTOIO
MnoIyky uepes citky KA.
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5. Po3po0Kka Ta TeCTyBaHHS MPOTrPAMHOTO JA0JATKY

3rifHo 3i CXeMOI MPOMOHOBAHOI HENMpoOMeEpeKeBOl
TEXHOJIOTil po3mi3HaBaHHSI 300paxKeHb OyJIOo 3AiliCHEHO
il mporpaMHy peasi3allilo 3 BUKOPUCTAHHSIM MOBU MPO-
rpamyBaHHs1 Python i 6iomiorek TensorFlow ta Keras,
110 TO3BOJISTIOTH IIBUIKO TTOOYIyBaTH i HATpEHYBAaTH He-
iipoHHy Mepexy. IIporpama nependadyae MOXIUBICTH i1
iHCTaIsILil Ha MOOIIbHI TPUCTPOI.

HaBuanHs nporpamu ontumizatropoM Adam Ta ii mo-
Janbllie TeCTyBaHHSI BinOyBaiucsl 3 BUKOPUCTAHHSIM Ha-
BUQJIbHUX BMOIpOK, 3aBaHTaXKEHUX 3 JaTaceTy s po3-
mi3HaBaHHS TpoayKTiB Products-10K (dataset https: //
products-10k.github.io/).

3okpema, oJHa 3 HaBuYaJIbHUX BUOOpoK (Fruits) ckia-
nanacst 3 ¢ororpadiit GPyKTiB, pO3IMOIIICHUX 3a TEB-
HUMU KaTeropisimu: s16ayko (apple), 6aHaH (banana),
anenbcuH (orange) Toio. BoHa Oyia momiieHa Ha MHO-
xuHU train i valid (250 ta 70 06’€KTiB BiAMOBITHO).

OcCKiJIbKM TeHepyBaHHSI HOBUX HaBYAJIbHUX JaHUX
He TIOTpeOye BEIMKUX OOYMCIIOBAIIBHUX BUTpPAT, IS
KOXXHOTO eTally HacTPOIOBAaHHSI TilepriapaMeTpiB reHe-
pyBaBcsl HOBUI Habip gaHux st Bajigauii. Kpim toro,
BaJIifallisi poBOAMIIACS 3 BUKOPUCTAHHSIM BUIIAJIKOBO
BUOpaHux HabopiB mpaBuia KA, 1mo0 rapaHTyBaTH, IO
rineprnapaMeTpyu Mepexi He Oy/Iu HaJalllTOBaHi HA KOH-
KpeTHi npaBuia. I1ig yac HaBYaHHS TOro X HaboOpy Mpa-
Bui KA reHepyBaBcs Ipyruii BajigaliiiHuii HaOip 1aHuX,
po3Mip sikoro ctaHoBuB 20% Bin po3Mipy HaBYaIbHUX
naHux. JIisi KOHTPOIIIO TOro, sIK BUOip onTHUMi3aTopa Ta
¢yHKIIT BTpaT BIJIMBAE HAa HaBYaHHS, OyJud CTBOPEHi
Ta HaBYEHi perulikaTUBHiI aHcaMOJii Mepex mlpcony, ki
Manm Ty camy dopmy Mepexi (12 mapiB mo 100 HeifipoHiB
KOXeH), ajie iHIIy (byHKIIiI0 BTpaT Ta ONTUMIi3aTop, IJIs
SIKMX OyJu oOpaHi pi3Hi OINTUMAaJbHI TileprapamMeTpu.
(Tabauus 2).

Ta6mansg 2
TounicTh HaBYeHOT Mepexki (mlpconv | CA)
B 3aJ1€2KHOCTI Bi/I TUIY ONTUMI3aTOPY

OnTumizarop (a;l;?;zi;;]; % ITomuiika (loss)
Adam 96,74 0.1521
SGD 82,65 0.2787

Rmsprop 94, 35 0.16.98

JocnifHuM 1uisixoM OyJI0 BU3HAYEHO ONTUMAJbHY
KiJTbKICTh €MOX HaBYaHHS. Dyno mpoBeieHO HaBYaHHS
Mepexi MpU Pi3Hili KiJTbKOCTI eMoX Ha TeCTOBiil BUOipLi
(3 onTumizatopom Adam). PesynbraTu eKCHEPUMEHTY
BimoOpaxeHo y Tabuuui 3. OnTuMaibHa KiJbKiCTh €IOX
HaBYaHHS ckiana 40.

Taommug 3
ToynicTs HaB4eHOT Mepexki (mlpcony | CA)
B 3QJI€3KHOCTI Bi/I KiJIbKOCTi €noX HaBYaHHS
KinbkicTb ermox 20 30 40 50
HaBYaHHS
Tounicrs 91.55 | 92.68 | 96.74 | 95.12
(accuracy), %

HaBuaHH$ ycnilIHO 3aBepIIMIOCS 151 BCiX PO3TJISHY -
TuX HabopiB npaBus KA. BigdHauuMo, 1110 BUKOPUCTaH-
Hsl apXiTeKTypu 3TOPTKOBOI Mepexi CIIPOIIyE HaBYaHHSI
MOBHOI TabU1Ii TIpaBu. Y pe3yabTaTi BCi HAaBUEHI Mepe-
XKi Oyny mpaue3naTHUMU, MPOTe TPUBATICTD i JUHAMiKa
HaBYaHHSI CYTTEBO BIIPI3HSIMCS 3aJI€XKHO BiJ HaboOpy
mpasmt KA. Ockinsku KA Mmae Tinbku MP MoximBux
mnmap <«BXiI-BUXill», a He HEOOMEXEHUII MPOCTip BXOIIB,
TO HaBYaHHsSI 3YIUHSIIOCh, KOJM MOJe/ib 00pobsiia
Bci Bxoau. Cmin Big3zHaunTH, 1o Mepexka mlpconv+KA
MOXe KOJyBaTH TOTEePETHE OUiKyBaHHS JJIsI TOBITbHOTO
BXOJLy, SIKIIIO BOHA Oyyia HaBueHa Ha KA meBHOro Tury.

3ayBaxKUMo, 1110 peasibHi MepexXi, HaBYEHi ONTUMi3a-
TopoM Adam, MOXYyTb 3HAWTH iHII BapiaHTU 3aCTOCY-
BaHHS mlpconv mis peasi3zaliii 1oBiTbHIX KA.

Jlns1 po3poOKM MOOIIBHOrO AOAATOKY, IO peajli3ye
IHCTAJISLII0 Ta 3aCTOCYBAHHS PO3MJISTHYTOI TEXHOJIOTi1
po3ri3HaBaHHs 300paxkeHb, OyJ0 BUKOpPUCTAHO 0i0JIio-
TeKy react-navigation.

J71st oTpUMaHHS JTOCTYMy [0 KaMmMepu MOOLIbHOTO
MPUCTPOIO (B eKCIepUMEHTaX BUKOPUCTOBYBaBCsI Apple
iPhone 10) Oyna BmKopmcTaHa 0i0ioTeKa expocamera.
ITicns otpuMaHHS 300paXkeHHSI 3 KaMepu, Mepel TUM,
K BiANpPaBUTU MOro Ha BXil 10 MOAEdi Helipomepe-
XKi, mepeadadyeHa oOpizka 300paKeHHs 3TiJHO 3 paMKa-
MU, IJISI YOrO0 BUKOPHUCTOBAHO 0i0JIiOTEKy expo-image-
manipulator.

I1ig yac mpakTUYHOTrO TECTYBaHHSI pO3pPOOJIEHOr0 MO-
OUTbHOTrO MOAATKY iHKOJAW BUHUKAJIW MPOOJIEMU SKOC-
Ti po3Mi3HaBaHHS 300paXeHb, siIKi OOYMOBJIEHI TAKUMU
MPUYMHAMMU:

— BIICOTOK MpaBMIbHOI KiacHu@ikallil 3HUKYETHCS,
KOJIM OCBITJIEHHSI € HEIOCTaTHIM, a Ha 300pakeHHI Mpu-
CYTHi TiHBOBI IJISIMU;

— BiICOTOK MPaBWIbHOI KJacudikallii 3HUXKYEThCS,
KOJIM B MOJIi 30py KaMepu MPUCYTHI OMHOTUIIHI 00’ €KTU
3 OJIM3bKUX KJIACiB Ha HEIOCTaTHIM BilcTaHi OAWH Bil O/~
HOTO.

B ymoBax, koinu Mepexa He OyJia HaBYeHa Ha HeoO-
XiTHMX TIpUKJIaJax Ta He MOXE TOUYHO KiacuQiKyBaTh
NeIKUii 00’€KT, TO MOAATOK HOro imeHTUudikye K Hali-
OifbLI MOAIOHUIT 00’€KT, a0 OroJIOLIYE PO HEMOXKJIU-
BiCTb pO3ITi3HaBaHHSI.

Ha puc. 8 HaBeneHo npuKJIag po3MizHaBaHHS 300pa-
XKeHHs 00’eKTy 3 Kiacy «Fruits».
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Puc. 8. IIpuknan po3ni3HaBaHHs 300pakeHHs 00’ KTy
3 knacy «Fruits».

OCKIiTbKM [TOJZATOK OpIEHTOBAHO Ha KOPHCTYBadiB
3 O0OMEXXEHUMU MOXKJIUBOCTSIMU 30POBOIO CIPUAHSTTS,
TO B HbOMY TiependayeHo (popMyBaHHS BiATIOBiIIHOTO To-
JIOCOBOTO TOBIIOMJIEHHSI 3a pe3yjibraTaMy pO3Mi3HaBaHHS.

BucHoBkn

Jlo BaXXIMBUX 3aBHaHb PO3IMi3HABAHHS CTATUYHUX Ta
IUHAMIYHUX 300paXkeHb Clil, 30Kpema, BiIHeCTH 3a-
BIAHHS IMHAMIYHOTO MOIIYKY Ta JeTeKIlii 00’ekTa y yaci
Ta IMPOCTOPi 3 BUKOPUCTAHHSIM HasIBHUX BiZecoKamep

[NepcrieKTUBHUM HAIIPSIMOM BUPIIICHHS LINX 3aBIAHb
€ 3aCTOCYBaHHSI METOJMIB Ta 3ac00iB OYMC/IOBAJIbHOIO
IHTEJIEKTY. Y CTaTTi HaBeIeHO pPe3yabTaTu PO3pOOKU Ta
MporpaMHOI peatizallii HelipoMepexKeBOi TEXHOIOTii po3-
Mi3HaBaHHS 300pa’keHb 3 BUKOPUCTAHHSM 3TOPTKOBUX
HEeMPOHHUX MepeXK Ta KJIITUHHUX aBTOMATIB.

ITo6GynoBy KOMOiHOBaHOI HEWPOHHOI Mepexi 3Miii-
CHEHO 3 YaCTKOBMM BUKOpUCTaHHSIM 0ibnioTekn Keras
IIJI1 MOBU MporpamyBaHHs Python. [Iis dopMyBaHHS Ha-
0opiB 300pakeHb B poOOTi BUKOPUCTOBYBABCsI AaTaceTy
IS po3nizHaBaHHA MpoaykTiB Products-10K. s pos-
PpOOKM MOOIJIBHOTO 10JAaTKa, 110 peali3ye BCTAHOBJIEHHS
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Ta 3aCTOCYBaHHSI PO3IJISIHYTOI TEXHOJIOTIT pO3Mi3HaBaH-
HS1 300paxeHb, Oyjna BUKOpUCTaHa O6i0ioTeka react-
navigation.

Pesynbrat mIpoBeIeHOTO TeCTyBaHHS 3aIlpOIIOHO-
BaHOI CUCTEMU pO3Ili3HaBaHHS 300paXkeHb IOOYTOBUX
00’€KTiB TATBEPIKYIOTh 11 IMpaue3gaTHICTb (30Kpema,
Ha TeCTOBili BUOIpIi cepeaHs] TOUHICTb MPOTrHO3Y H0-
piBHI0€ 94.6%, 110 € LIJIKOM 3aJ0BUJIbHUM DPE3yJIBTaTOM
IIJISE 3TOPTKOBUX HEHPOHHUX MEpeX 3 ypaXyBaHHSIM Ma-
JIOi KiIbKOCTi eJieMeHTiB BUOipku). Po3pobieHa cucrte-
Ma po3Ili3HaBaHHs 300paXkeHb 3 BUKOPUCTAHHSIM MO-
OUTPHUX MPUCTPOIB € THYYKOIO Ta PO3LIMPIOBAHOIO, 1110
poOUTh MOXJIMBUM 1i MOJAbIIE YIOCKOHAJIIEHHS Yy Ha-
MPSIMKY MiIBUIIEHHS TOYHOCTI PO3Mi3HABAHHS Ta PO3-
MpeHHs GyHKUii. s migBUIeHHS TOYHOCTI CUCTEMU
JNOUUIBHO 30iAbLIMTU HaBYaJibHy BUOIPKY, PO3LIUPUTH
Jiara3oH TIpeICcTaBJeHUX Yy Hiii 300paXkeHb Ta O0JaTH
Yy CTBOPEHY CUCTEeMY JOJATKOBi JaHi PO OCOOJIMBOCTI ii
3aCTOCYBaHHS (HaINpUKIIal, CKOperyBaTy Habip rimepria-
paMeTpiB Mepexi BiNMOBIAHO A0 MobaxaHb KOPUCTYBa-
YiB 3 0OMEXXEHUM 30POBUM CIIPUNHSITTSIM).
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NOLWYK NMPALE3AATHUX PROXY-AOPECIB 3 BUKOPUCTAHHAM
HEMPOMEPEXXEBOIO NigxoAy

J1s1 MigKII0OYeHHS KOpUCTyBaya 10 [HTepHEeTY MOXXHa BUKOPUCTOBYBATU Proxy-cepBepHU, siki 3a0e3MeuyroTh pi3Hi
PiBHi (DyHKIIOHATBHOCTI, 6e3MeKu Ta KOH(IASHUIIMHOCTI, 1 IKi MOXHAa HaJIallTYBaTH 1K BeO-GbiabTpy a00 OpaHaMayepu,
110 3aXUIIAI0Th KOMIT FOTep BijI iHTepHeT-3arpo3. [1ix rmpalie3maTtHicTIo proxy-aapeciB MaeThcsl Ha YBa3i MOKJIMBICTD Bill-
MPaBJIsITU 3alIMTU Ha Pi3Hi pecypcu ado cepBiCU Ta OTPUMYBATH BifdIoBiai. K110 3anut OyB BiANpaB/ieHW, a BIMOBiAb TAK
i He OTpMMaHa, MOXHa 3pOOUTH BUCHOBOK, 1110 proxy-aapeca He mpaue3aaTHa. Y BUNaAKy OTpUMaHHS BiIOBIII MOXHA
3pOOUTH BUCHOBOK, 1110 proxy-aapeca npauesfatHa. Po3misiHyTi dakTopu, siki MOXYTb BIUIMBATU Ha BiANpPaBIEHHS 3a-
MUTY Ta OTPUMaHHSI BilMOBI/i BiJl pecypcy. AHaIi3 po3MIsSIHYTUX (DaKTOPiB MOKa3aBs, 110 HEMOXKJIMBO OHO3HAYHO 3pOOUTH
BUCHOBOK IPO Mpale3laTHICTb Proxy-aapecu, Ko OpaTu 10 yBaru Jidiie (hakT HassBHOCTi 00 BiICYyTHOCTI BilMOBi/i Bil
pecypcy. BuaisnieHi ymoBu 1151 iATBEpIXKEHHST a00 CITPOCTYBAHHS Mpalle3aaTHOCTI proxy-aapecu, sIKi B3sITi 3a BXiJHi AaHi
MoOJIeJIi, sIKa MPOITOHYEThCS IS OLIIHKM Tpalie31aTHOCTI proxy-aapecu. B sskocTi Mozeni BUKoprcTaHa HeifpoOHHA Mepeka
y BUIJISIII TPUILAPOBOTO MEPCENTPOHY, HABYAHHSI SIKOi BUKOHYETbCSI METOIOM 3BOPOTHOTO PO3MOBCIONKEHHST TTOMUIIKH.
CTBOpeHy MoJieJb OyJI0 TIEpeBipeHO Ha BU3HAYEHHSI CTaHY Mpale3IaTHOCTI Proxy-aapeciB 3a 10MOMOT0I0 TECTOBUX HA0OPiB
nanux. Ha ocHOBi pe3ysibTatiB JOC/iI>KEHb Ta TPOBEIEHUX €KCIIEPUMEHTIB OYB CTBOPEHUIA AOAATOK, SKMI BUKOHYE MOIIYK
B [HTEepHeTI pecypciB 3 proxy-aipecamu Ta MepeBipsi€ iX Ha Mpale3aaTHICTb.

PROXY-CEPBEP, PROXY-AIPECA, 3AIIUT, BIAIIOBIADb, TPALUE3AATHICTh, KOPUCTYBAY, PECYPC,
HEWPOHHA MEPEXA, IOJATOK

Korablyov M.M., Fomichev O.0., Vasyuk D.V. Finding operability proxy addresses using a neural network approach. Proxy
servers can be used to connect the user to the Internet, which provides different levels of functionality, security, and privacy,
and can be configured as web filters or firewalls that protect the computer from Internet threats Under the health of proxy
addresses, we mean the ability to send requests to various resources or services and receive responses. If the request was sent
and no response was received, it can be concluded that the proxy address is not working. If a response is received, it can be
concluded that the proxy address is operational. Factors that can influence, sending a request and receiving a response from
a resource are considered. An analysis of the considered factors showed that it is impossible to unambiguously conclude the
performance of a proxy address if we take into account only the fact of the presence or absence of a response from the resource.
The conditions for confirming or refuting the performance of a proxy address are identified, which are taken as input data of
the model proposed for assessing the performance of a proxy address. As a model, a neural network in the form of a three-
layer perceptron was used, the training of which is performed by the method of error backpropagation. The created model
was tested to determine the health status of proxy addresses using test datasets. Based on the results of research and experi-
ments, an application was created that searches the Internet for resources with proxy addresses and checks their performance.

PROXY-SERVER, PROXY-ADDRESS, REQUEST, ANSWER, OPERABILITY, USER, RESOURCE, NEURAL
NETWORK, APPENDIX
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Proxy-cepBep € cucremoro abo MapuHIpyTU3aTO-
poM, SKHUiIl 3abe3mevye LUTI03 MiX KOpPUCTyBauaMu Ta
IHTepHeToM, 110 HomoMarae 3amoOirTd MPOHUKHEHHIO
Kibep-3T0BMUCHUKIB Y TIpMBaTHY Mepexy. Moro mMoxHa
HaJallTyBaTU SIK BeO-(iabTp a00 OpaHaMayep, 1110 3aXU-
IIa€ KOMIT FOTep Bill iHTepHET-3arpo3, HAIIPUKIIAI, TAKIX
K LIKiIIMBE MporpamMHe 3a0e3reueHHs. Proxy-cepsep
MOX€e 3HaXOIUTHCS Ha JIOKAJIbHOMY KOMIT IOTepi KOpHC-
TyBaya abo B OyIb-sIKiil TOUIli MiXX KOMIT IOTEPOM KOpPHC-
TyBaya Ta LiJJbOBUMU cepBepaMu B IHTEpHETi.

IcHyloTh amapaTHi Ta mOporpaMHi Bepcii proxy-
cepBepiB [2]. AmapatHi 3’€qHaHHS 3HAXOASATBCSI MiX
KOMIT'IOTEPHOIO Mepexelo Ta [HTepHeToM, Jie BOHU OTpU-
MYIOTb, HAJICUJIAIOTh Ta TMEpecuialoTh AaHi 3 [HTepHeTy.
IIporpamHi proxy-cepBepud 3a3BUYail PO3MIILYIOTHCS
y TocTavajibHUKa ab0 3HaxomsThes y xMapi. Tomi HeoO-
XiJTHO 3aBaHTaXXUTU Ta BCTAHOBUTHU BiIMIOBiIHY IIpOrpamy
Ha KOMIT'IOTep, $IKa TIOJICTIIYE B3aEMOMII0 3 Proxy-
CepBEpOM.

Konu xomm’rotep minkimouaetbes 10 [HTepHETY, BiH
BuKopucTtoBye IP-agpecy, sika cxoxka Ha MOIITOBY aapecy,
MOBIZOMJISIIOUM BXiAHI AaHi, Kyau WTH, i MO3HAYal0Y1 BU-
XiIHi JaHi 3BOPOTHOIO aapecoro I aBTeHTU(IKAIIil iH-
IIHUX IPUCTPOIB. Proxy-cepBep — 11e, 110 CyTi, KOMIT IOTEP
B InTepHerti, sxuit mae BaacHy IP-agpecy. Ockinbku
proxy-cepBep Mae BiacHy [P-anpecy, BiH i€ sk mocepen-
HUK MiX KoMIT'toTepoM Ta IHTepHeTom. KoM’ 1oTep 3Hae
LIO ajpecy, i KOJIU TOJAEThc BeO-3anmuT g0 IHTepHeTty
Ha BUKOPHUCTAHHS pecypcy, BiH HAJICUIAETLCS HAa Proxy-
cepBep, SKUI OLIiHIOE 3alUT Ta BUKOHYE HEOOXiIHi Me-
peXeBi TpaH3aKllil: OTpUMYE BiAMOBIAb BiJ BeO-cepBepa
i mepecusiae gaHi 3i CTOpiHKM 10 Opay3epa KOMIT 1oTepa.
Lle no3Bosisie CIPOCTUTH, KOHTPOJIIOBATU CKJIAIHICTh 3a-
nmuTy ab0 HaJaTH JOJATKOBI MepeBaru, Taki sK OajaHcy-
BaHHs HaBaHTaXXeHHs, KOHDineHIiliHiCTh a00 Oe3meKa.

1. Bubip Tumy proxy-cepsepa

Ilepiu HiX MOYaTH MOLIYK ProXy-cepBepiB, HEOOXITHO
3PO3YMITH, 1110 iCHYE KiJlbKa JOCTYMHUX 1X TUITiB, KOXEH 3
SIKUX BUKOHYE pi3Hi pyHKiIii [3-5]. Tomy Baxk1Bo BUOpa-
TU TpPaBWIbHUI Proxy-cepsep sl Bammx rmorped. Crif
3a3HAYMTH, IO HE BCi proxy-cepBepH IPAIOIOTH OTHA-
KOBO. BaxyiuBo 3po3ymiTu, sKi (PYHKIII BU OTPUMYETE
Bill proxy-cepBepa, i MepeKOHaTHcs, 10 AaHUl cepBep
BiIMoBigae BallMM LiJISIM BUKOpUCTaHHs. Haituacrilie
proxy-cepBepu 3aCTOCOBYIOThCS JJIsSI TAKUX Lijei [2]:

— 3a0e3rneyeHHs JIOCTYITy KOMIT'IOTepiB JIOKaJIbHOI
Mepexi 1o [HTepHerTy;

— KeUyBaHHS JaHUX: U1 3HUKEHHST HaBaHTaXKeHHST
Ha KaHaJl y 30BHIIIHIO MEpPeXy Ta MPUCKOPEHHS OTpU-
MaHHSI KJIIEHTOM 3amuTaHol iH(popMmallii, SKIIO 4YacTo
BimOyBalOThCS 3BEPHEHHS A0 TMX CaMUX 30BHIlIHIX pe-
CYpCiB;

— CTUCHEHHSI HAHMX: ProXy-cepBep 3aBaHTaXYE
iHbopMmalito 3 IHTepHeTy Ta mnepenmae iHdopmallito
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KiHIIEBOMY KOPHUCTYBa4YeBi B CTHCJIOMY BUIJISIII JUIST €KO-
HOMIii 30BHIIITHBOTO MepeXXeBOoro Tpadiky KJIi€HTa;

— 3aXKCT JIOKAJIbHOI Mepexi Bil 30BHIIIHbOIO HO-
CTYIly: HampuKIal, MOXHa HaJlallITyBaTU Proxy-cepBep
TakK, 110 JIOKaJbHi KOMIT'IOTepU OyIyTh 3BEpTATHUCS IO
30BHIlLIHIX PEeCypCiB TiJIbKM Y€pe3 HbOTrO, a 30BHIllIHi
KOMIT' IOT€PU HE 3MOXKYTh 3BePTATUCS JI0 JIOKAIBbHUX B3a-
raii (BoHU O6ayaTh TiJIbKU ProXy-CepBep);

— oOMeXeHHST AOCTYIY 3 JIOKaJbHOI Mepexi 10 30-
BHIIIIHBOI: HAMpPUKJIAZ, MOXHa 3a00pPOHUTU JTOCTYII
0 TMeBHUX BeO-caiTiB, OOMEXUTU BUKOPUCTAHHS
[HTEepHETY TOKAIPHUM KOPUCTYBadyaM, BCTAHOBUTHU KBO-
TH Ha TpadiK Yu CMYTy MPOMYyCKaHHS, QiIbTpyBaTH pe-
KJaMy Ta BipycH;

— aHOHIiMi3allisg TOCTYIy 0 Pi3HUX PecypciB: Proxy-
cepBep MOXe MPUXOBYBATH iH(pOpPMALil0 Mpo IXKepenao
3anuTy abo KOpucTyBaya. ¥ TaKoMy pasi LiJIbOBUIL cep-
Bep 0auuTh JuIle iHdOpMaIilo PO Proxy-cepsep, Ha-
npukian oro IP-agpecy, ajle He Ma€e MOXJIMBOCTI BU-
3HAYUTH CIPABXHE JKEpPEIO 3aIlUTy; iCHYIOTh TaKOX
CMOTBOPIOIOYi Proxy-cepBepu, SKi IepeaaroThb LHiTbOBOMY
cepBepy HempaBAuBY iHOpMallito Mpo CIPaBKHLOTO KO-
pHCTyBaya;

— 00Xim 0OMeXeHb JOCTYITY: BUKOPHCTOBYETHCS, Ha-
MIPUKIIaN, KOPUCTYyBadyaMM KpaiH, ¢ ITOCTYIT A0 JEIKUX
pecypciB 0OMeXeHU 3aKOHOIABUO Ta (PiIBTPYETHCS.

BukopucraHHs proxy-cepBepiB Ma€ psi nepesar [6]:

— TMOCWIEHUM 3aXMUCT: Proxy-cepBep MoxKe HiITH SIK
OpaHaMayep MiX BalllMUMU cucTeMaMu Ta I[HTepHeToMm;

— TIPpUBATHUM TEPETyIsia, IIPOCIYXOBYBAaHHS Ta IIO-
KYIKH;

— MOXHa BUKOPUCTOBYBATH TSI OOMEXEHHSI TOCTYITY
IO TIEBHMX CaMTiB.

PasoMm 3 TUM, y proxy-cepBepiB € HeIOiKu [6]:

— BIACTEXEHHS: OaHi Kelly, $IKi BUKOPHUCTOBYIOTb
proxy, MOXyTh 3aIlaM’SITOBYBaTH BCIO OCOOMCTY iH(DOp-
Mallito, BKJIIOYaloYu MapoJi, i € HMOBIpHIiCTb, IO CITiB-
pOOITHUKM, $IKi TPALIIOTh IIif Proxy, 3J0BXUBaIOTh
Lieto iHpopmallielo;

— Oe3srmeka: xo4a proxy 3abe3IeuyioTh fepeBaru aHo-
HIMHOCTI, IM He BHCTaYa€ U@ pyBaHHS;

— BapTICTh: HAJAIITYBAaHHS Ta OOCIYrOBYBaHHS
proxy-cepBepa MOXYThb OyTH JOPOTUMU;

— KoHdirypauii proxy morepeaHbo 3amporpaMoBaHi
TSI OHI€T KOHKPETHOI METH.

[Ipu migkitouyeHHiI KomIT'oTepa O0 IHTepHeTy ue-
pe3 proxy-cepBep BaXJIMBUM SIBJIIETHCS BU3HAYCHHS
Oro Mpare3maTHOCTI, IO BIUIMBAE HA SAKIiCTh ITOCIYT,
SKi HamawTbesd. BpaxoBylouM HaBeJeHi BJIaCTUBOCTI
proxy-cepBepiB HEOOXiJHO MPOBECTU aHasli3 TMiAXOMdiB,
sIKi BUKOPUCTOBYIOThCSI [IJIsl aHaJi3y ix Ipale3IaTHOCTI,
¢axTopiB, SIKi Ha 1I¢ BIUIMBAIOTh, a TAKOX YMOB JIJISI BU-
3HAUEHHS TMPaLE3IaTHOCTI Proxy-aapecis.
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2. IIpane3aaTHicTh proxy-ceppepa

ITig npaue3naTHICTIO ProxXy-cepBepy Ma€eThbCsl Ha yBa-
3i MOXJIMBICTh BiIMpaBJISITU 3alWTH Ha Pi3HiI pecypcu
abo cepBicU Ta OTPUMYBATH BiAMOBiAi (request/response)
[7]. Axiio 3amuT OyB BiampaBieHWi, a BiIMOBiAb TaK i
He OTpMMaHa, MOXHa 3pOOMTH BUCHOBOK, IIIO Proxy-
cepBep, KNI BUKOPHUCTOBYBABCSI B 3aIlUTi, HE IIpalle3-
JMaTHUI. Y BUIIaJKy OTPUMaHHS BiMOBiIi MOXHA 3pO0Ou-
TU BUCHOBOK, 1110 ProxXy-cepBep IMpaue3aaTHUA.

AJle Bce He TaK OJHO3HAYHO. 3 JIOTIYHOI TOUKU 30Dy,
SIKIIIO pe3yJbTaT OTPMMAaHMUIl, TO Proxy-ceppep Ipalies-
IAaTHUM, SIKIIO pe3yabraT OyB He oTpuMaHwuii, To Hi (1
abo 0). Ase He y Bcix Bunankax. Ha BignmpaBieHHs 3anu-
Ty, 3 BAKOPUCTAHHSIM Proxy-aJpecu, Ta OTPUMAaHHS Bifl-
MOBIii Bil pecypcy MOXYTb BIUIMBATU HACTYITHI (pakTOpU
[8-101]:

1) connection timeout — MPOMIXKOK 4acy, MPOTITOM
SIKOTO CJIil BCTAHOBUTH 3B’SI30K MiX BiIIIpaBHUKOM 3a-
MUTYy Ta PECYpCOM BiaNoBigaya;

2) request timeout — yac OYiKyBaHHS BiAMOBiJi Bij
pecypcy. Ilicnst BctaHOBGHHST 3’€AHAHHS MiX BilIpaB-
HUKOM Ta PecypcoM, BiAlpaBHUK MOBUHEH MEPiOAUYHO
iH(opMyBaTH pecypc Ipo Te, 10 BiH 1Ie TaM, IMOCUJIal0-
yn iHpopmallilo Ha 1eit iHpopMmaniitHuii pecypc. Ao
BiAMpaBHUK HE MOXe HajAcuJaTh Oyab-sKy iHdopMallito
Ha pecypc y BKa3aHUIl 4Yac, pecypc MpOCTO 3HIMa€ lie
MiAKITIOYEHHSI, OCKiJIbKU BiH «IyMa€», 1110 BidllpaBHUKA
Oisbllie HeMaE, 100 He BUTpayaTh MapHO PECypcu;

3) 3aBaHTaXXEHICTh Proxy-aapecu — KiJbKiCTh KOPUC-
TyBadYiB, III0 OMHOYACHO BMKOPHUCTOBYIOTb OHY I Ty 3K
proxy-anpecy. Bin mporo dakropy 3ajiexxatb IBO€E MOIe-
penHix haxkTopis;

4) 3aBaHTaXEHIiCTb pecypcy — MaKCUMasbHa Kijlb-
KiCTh OTHOYACHO 0OPOOJIIOBAaHUX 3aITUTIB;

5) MBUAKICTh Proxy-aapecy — 3aJIeXUTh Bijl IIBUIKO-
cti IHTEepHeTY;

6) HecTabiNbHE 3’€qHAHHS 3 IHTEPHET MEPEXKEIO.

Axuo 6patu 1o yBaru Toi (akT, 110 BUKOPUCTOBY-
IOTBCSI ProxXy-ajJipecy, siKi 3HaXOASIThCS Y BUIBHOMY 10-
CTyIli, MOXHa JOMOBHUTU CHUCOK (PAKTOPiB HACTYITHU-
mu [8-10]:

1) XWUTTEBWIA Tepiom — 3a3BUYAil proxy-aapecw 3
BiJIBHOTO IOCTYIYy MaroTh XXUTTEBMI Iiepiom B 2-3 IHI.
ITicns TpeTboro AHSI UMOBIPHICTh MpaLE31aTHOCTI Proxy-
aJipecy Maiike HyJIbOBa;

2) MOXJIMBA HasIBHICTh aBTOpU3allii Ha proxy-cepBepi;

3) mimpoOka proxy-aapecu — JIesKi CepBiCHM HaroTh
0e3KOIITOBHO KOPUCTYBAaTHUCh IX proxy-ajapecamu, aje
3a3majerigb pa3oM 3 Ipale3gaTHUMU ampecaMy WOyTh i
MiapoOKu;

4) crapi proxy-aapecu — pecypc, 3 SIKOro 0epyThbCs
aZpecu, MOXe PiKO OHOBJIIOBATH CBiil CITMCOK.

BpaxoByroun 1 akTopu, MOXHA BiI3HAYUTHU,
II0 HEMOXJIMBO OIXHO3HAYHO 3POOUTH BHMCHOBOK IIPO
Mpane3aaTHICTh Proxy-aapecH, SKIIO OpaTd OO0 yBaru

BCbOTO Jiviie (akT HasIBHOCTI BiIMOBIfi Bia pecypcy abo
il BigcyTHOCTi. Tomy [J1s TIOLIYKY Mpale3daTHUX Proxy-
agpeciB  HEoOXigZHO 3acTOCOBYBaTH (popMallizoBaHMIA
Mmiaxin, 3acHOBaHWI Ha BUKOPMCTAHHI MaTeMaTUYHOI
MoJeli, SKa 06 103BoJisia OiJIbII 00’€KTUBHO i TOYHO OLIi-
HIOBATH IIpalle3daTHICTh ProxXy-aapeciB.

PosrisinemMo yMOBM ISl BU3HAUEHHS Mpalie31aTHOCTI
proxy-anpeciB. Ha ocHOBi (hakTopiB, 5SIKi MOXYTb BILIU-
BaTW Ha BiICYTHICTh BiAMOBiIi, MOXXHA BUIITUTU HACTYII-
Hi YMOBHU JJIs1 MiATBEpIXKEHHsI a00 CIPOCTyBaHHS Ipa-
LIe3IaTHOCTI proxy-aapecu [6-8]:

1) HasIBHIiCTb BiAMOBii Bil pecypcey;

2) yu OyB proxy-anpec JOJaHU paHille, Yu MOTOY-
HUIi anpec OyB JOMaHUIA BIieplie;

3) HasIBHICTb BiIMOBii B ITOMEpeaHii pa3s;

4) mepeBipKa gaTy NoJaHHS B 0a3y JaHUX, AaTa J0-
JIaHHSI MOXe Oibliie ado MeHIle TPhOX JHIB;

5) 4YacToTa OHOBIIIOBAHHS Proxy-aapecu, SIK 4acTo
proxy-ajipeca MoTparuisie B 0a3y 1aHUX;

6) BiZICOTKOBE BiHOIIEHHSI MiX KUJIBKICTIO YCITIIITHO
OTpUMaHUX BiIOBiAeH BiJ pecypcy Ta KiJIbKiCTIO HeBIa-
JIVX, T 9ac MepeBipKU Proxy-aapecu;

7) BiICOTKOBE BiJHOIIEHHSI MiX KIJBbKICTIO YCITiILIHO
OTpUMMaHUX BiJIOBiAEH BiJl pecypcy Ta KiJIbKICTIO HeB/Ia-
JIUX, Mill Yac BiAMpPaBKM 3aIUTIB Bil KJIi€HTA;

8) mepeBipka Ha KiJIbKiCTb HEBAAJIO OTPUMAHUX Bif-
MOBiei MOCIiJIb.

BusHaueni ymoBM OyaeMoO BBaXkaTW 3a BXiOHi JaHi
MoJiesli, sika Oyae BUKOPUCTOBYBATUCS JJIs1 OLIIHKM Ipa-
LIe30aTHOCTI Proxy-aapecH.

3. Mopneb OiHKH NMPAne31aTHOCTi
proxy-aapecu

JUts OLiHKM Tpale3naTHOCTI Proxy-aapecu MOXHa
BUKOPUCTATU Pi3HI MOJENi, 1110 OCHOBAHi Ha 3acTOCY-
BaHHi TUX YU iHIIMX METOMIB iHTEJEKTyaJbHOI OOPOOKU
iH(opMallii, OCHOBHUMM 3 SIKUX € Taki [11]:

1) wtyuni HelpoHHi Mepexi (HM), nepeBaroio sskux
€ 3[aTHICTb MPEACTaBIATH OYIb-sKy OOMEXeHy OesIe-
pepBHY (YHKIIiIO 3 OyIb-SIKOI HEBEJIMKOIO ITOMUJIKOIO
arpoKcumallii;

2) HediTKa Jiorika, sika J03BOJISIE BimoOpaxkaTu BXigHi
JaHi a00 3MiHHI B TpoOJieMi pillleHHS TakK, SIK JIOAU Mip-
KYIOTh IIPO HUX;

3) eKCIepTHi CUCTEMMU, SIKi 3aCTOCOBYIOThCS JIJIsI OTIH -
cy npo0OjeMu i BUKOPUCTOBYIOTh iHTEJIEKT OJHOro abo
KUIbKOX i1eHTHU(iKOBaAaHUX EKCIIEePTiB;

4) eBOJIIOLIIHI OOYMCIEHHS, SIKi XapaKTepu3ylIThCs
3aTHICTIO afarnTalii 3 MeTOI MPUCTOCYBAHHS 10 HABKO-
JIMIIHBOIO CEPENOBUILA, MOJIEIIOIOYN MOSABY, BUXKUBAH-
H$ Ta BIOCKOHAJICHHS TOITYJIsILii iHIUBIIiB;

5) MyJBTUAareHTHiI CUCTEMH, IO CKJIAAalOThCs 3 TPYII
areHTiB 3 Pi3HMMHU LUISIMUA Ta 3aBIAaHHSIMU, SIKi MamOTh
MEBHI XapaKTEPUCTUKU, 1 SBJISIOTHCS aKTUBHOIO C(epolo
JOCITiIKEHb Y CKJIaJHUX A0JaTKaX.
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JIist  cTBOpeHHSI Mojei OLIHKM Tpale3aaTHOCTI
proxy-aapeciB OyaeMO BUKOPUCTOBYBaTU Helpomepe-
KEeBUIM Miaxim, sIKUii € e@EeKTUBHUM [IJi PO3B’sSI3aHHS
LIMPOKOTO CIIEKTpa 3aJay iHTeJeKTyaJIbHOrO aHali3y aa-
HUX, A0 SIKMX MOXHa BiJHECTM i 3ajadyy aHajli3y proxy-
anpeciB. IcHye Benuka KijibKicTh THIiB HM, KoxHa 3
SIKUX BUKOPUCTOBYETHCS JISI PO3B’SI3aHHS BiAMOBIAHOI
3agavi [12]. B sikocTi Moaeni aist OLliHKY Mpaue3aaTHOC-
Ti proxy-aapecu IOCTaTHbO BUKOpUCTaTU mpocty HM y
BUTJISIII TPUILIAPOBOIO MepcenTpoHa (puc. 2).

BxiaHi gaH1

Buxigsi
JIaHl

Puc. 2. HeiipomepexkeBa MO€eIb LIS OIHKA
Npane3aaTHOCTi proxy-ajapecis

BxinHuii map ckJIagaeTbCs 3 BXiAHUX HEHWPOHIB, Ha
AKi MONAIOThCA 3Ha4eHHA (S5, — ;) KOHBEPTOBAHUX
YMOB TIpalie3AaTHOCTI proxy-aapecu, KOXXHe 3HauyeHHS
akux popiBHI0€ 0 a60 1. 3 BXiZHUX HEMPOHIB iH(popMAaIlis
3 BaraMu (CHMHAICaMM) TIePEeIa€ThCs B IPUXOBAHUM 1IIap,
SIKUI CKJIAJa€eThCS 3 OAHOrO HEMpoHa i peaizye HelliHiii-
HY (YHKIIiIO:

F:¢(2wj-sj)
j=1

3 CUTMOIIAJIbHOIO (PYHKIIEIO aKTUBALIil

1
¢(u)_1+e—_“ ,

ne S = {sl,sz,...,sn} — BXigHi 3MiHHI; W = {wl,wz,...,wn} —

HaOip Bar, 110 YTBOPIOIOTh MaM’ITh HepoHa.
IIpuxoBaHuit map, B CBOIO 4Yepry, rnepenae iHopma-

1[I0 y BUXiIHWIA 1Iap, SIKMA CKJIATAEThCS 3 OTHOIO He-

ipoHa, B SIKOCTi (PYHKIIii aKTHUBALlii |y SIKOro obopaHa 0Oi-

HapHa Moporona QYHKILis:

1, axio ¢ (w,s) >0,5;

0, akuo ¢ (w,s) <0,5.

R=y(0(w,s)) ={

32

Ha Buxomi mepcenTpoHa OTPUMYEMO 3HAYEHHS IIpa-
1Ie30aTHOCTI proxy-aapecu: 1 — proxy-ampeca Ipalies-
nmatHa, 0 — Hi.

Posrasinemo BxigHi 3MiHHI HM, skux Bicim, i yMOBU
iX KOHBepTallil y BilMOBiIHI 3HAYEHHSI.

S, — HagBHICTb Binnosiai Big pecypcy. Akiuo min
yac TeCTyBaHHSI proxy-ajapecu BilIOBiab 3 pecypcy Oyna
oTpUMaHa, 3HaueHHIO Oyae MpUCBOEHO 1, Ko Hi — 0.

S, — uuM € JaHa proxy-ajpeca HOBOW, 4M Hi. Ko
proxy-ajipeca HOBa, TO 3HAUEHHIO Oyjie TMPUCBOEHO 1,
ko Hi — 0.

S, — HasBHICTb BIANOBiAi MiJ yac MepeBipKU B IO-
nepeHiil pa3. Axiio Bianosiap Oyj1a oTpuMaHa B IO-
MnepeaHiili pa3, 3HaueHHIO Oyne MPUCBOEHO 1, B iHIIOMY
Bunazaky — 0.

S, — 4M MpOMILIO 3 MOYATKY JOJAHHS Proxy-aapecu
10 0a3u JaHUX TPU JHi, UM Hi. SKII0 TPOMIXKOK Yacy Mix
J1aTOIO JOAHHS Ta MOTOYHOIO Oijibllie a00 JOPiBHIOE TPU
100U, 3HaUYEHHIO Oyne MpucBo€eHo 1, sgkio Hi — 0.

S5 — HagBHICTb Proxy-aJpecy Ha Pi3HUX JKepeJiax.
SIKI110 KiNbKIiCTh JIKepes y cyMi ckiamae 35 i Oinblie Bim-
COTKIiB, 3HaYE€HHIO Oyne mpucBoeHo 1, sikio Hi — 0.

S — KUIbKiCTb pa3iB, KOJI1 OyJI0 OTPMMAaHO BilllIOBilb
Bill pecypcy ITiI Yac TECTOBOI MEPEeBIiPKU Proxy-aapecH.
SIxio KinbKicTb pasiB y cymi ckiianae 30% i 6iiblire, 3Ha-
YeHHI0 Oyae mprucBO€EHO 1, ko Hi — 0.

S, — KiJbKiCTb pa3iB, Ko OyJ0 OTPUMAHO BilNOBiNb
BiJl pecypcy Mill yac BiAMPaBKU 3aMUTiB KIiEHTOM. K110
KiJIbKICTh pa3iB y cymi ckianae 7 i Oinblie BiACOTKIB, 3Ha-
YeHHIO Oyie IpUCBOEHO |, B iHIIoMy Bumnaaky — 0.

Sy — HagBHICTb I'ATU MOCIiJIb HE OTPUMAHUX Bil-
MOBiAel Bi pecypcey. AKio ymoBa Oyae BUKOHaHa, 3HA-
YeHHIO OyJe mpucBO€eHO 1, akio Hi — 0.

BuxigHoto 3miHHOIO HM € 3HaueHH$ Mpane3naTHOCTi
proxy-anpecu R: 1 — npauesnatHa, 0 — Hempalue3naTHa.

4. ExcnepuMeHTAJbHI 10 CTiKeHHS

[Ilo0 mepeBipUTH MPaBWILHICTb (HYHKIIOHYBaHHS
HM, 6yno 3agaHo Habip 3 10 mpuKiIamiB TECTOBUX BXill-
HUX 3Ha4YeHb, AKi HaBeleHi B Tabu. 1, ne (N, — N,)) —
HOMEpM TEeCTOBMX JaHux, (S, — Sg) — BXigHi naHi,
R — pesyabrat podotu HM.

Ta6mms 1

S| S | S| S, | S| S |S S| R

=
(==
(==
(=)
o
(==
—_
—_
—_

0

=
(e}
(e}
(e}
—
(e}
—_
—_—
(e}
(e}

=
(e}
(e}
(e}
-
_
_
_
(e}
-

Ny | 0 0 1 1 0 0 0 0 1
N 0 1 0 1 0 0 0 0 0
N. 1 0 0 0 0 0 0 0 1

~




MOLLIYK MPALIE3JATHUX PROXY-AZLPECIB 3 BUKOPUCTAHHAM HEMPOMEPEXEBOIO MIAX0AY

Ny | 0 0 0 0 0 1 1 1 0

N, 0 0 1 0 1 1 1 1 0

Ny | 1 0 0 1 0 0 0 0 1

Jlnst rectyBanHss HM Ha BXin ronaBaBcst Habip TecTo-
BUX gaHux ( N, — N,,), AKi BKaszaHi B Tabn1. 1. Baru 4
KOXHOTO BXO[y Oy/ju 00paHi BUMTaJKOBUMMU:

w, = 0.6294, w, = 0.8116, w, = — 0.7460,
w, =0.8268, w; =0.2647, w, = — 0.8049,
w, = — 0.4430, w, = 0.0938.

IMicng 3agaHHs Bar BUKOHyBajacst cumysisiis HM,
pe3yJIbTaTu SIKOi MpeacTaBieHi B TabJ. 2, e ZW — cyma
Bar KOXHOTO BXiIHOTO 3Hau€HHs, F' — pe3yJbTaT Ha BU-
XOJIi HelipoHa MPUXOBAaHOTO Iapy, R — BUXigHE 3HAUCH-
Hsa HM.

Tabmmns 2

S| S, [ S5 1S, Ss | Se | S5 | S 2w F |R
N[ O[O0 00T |1]0]0] 35146 |0.8431 |1
N,[O]O0[0]0]0|1]|1]0] 46324 0.9904]1
Ny OO (0| 101 |1]0]0.051 051401
N, O[O0 T L 1]|1]O0|-440860.0120 0
N[O (O] 110]0]0]0]| 478221099171
Ng[ O 1O 1[0 0]0]O0} 05608 |0.6366 1
N, | 1{0]0]O0]0]0]0]0]| 51370 | 09942 | 1
Ng| 0[O0 [0]O0| 1] 1|1]|-05044|0.3765]|0
Ng [ OO 1|0 1] 11} 4385]09877 1
Nl 1{O[0[1]{0]0f00] 05607 |0.6366 |1

3 mpoBeneHOi cuMyJsii (Tabs. 2) MOXHa 3poouTH
BUCHOBKMU, 11O 11 Pe3yJbTaTU HE 30iratloTbCsl TECTOBUMU
BXiZTHUMM gaHumu (Ttabu. 1). Jas oTpumMaHHS MOTpPio-
HUX pe3yJbTaTiB HeooXigHo HaBuuT HM. 3 1ieto MeToro
OyB ckafaeHuit HabOip 3 30 KkoMObiHalLi/t HABYAJIbHUX 3HA-
YeHb, 3a SIKMMU IpoBoauiaocs HaBdaHHS HM merogom
3BOPOTHOTO PO3ITOBCIOMKEHHS MOXUOKU. By orprmaHi
HOBI, OB KOPEKTHi 3HAYEHHS Bar:

w, = 0.6294, w, = 0.8116, wy; = — 0.7460,
w, = —4.8160, w; = —4.8074, w, = —4.8077,
w, = —4.8076, w, = — 4.8187,

Ta TpoBe/ieHa CUMYJISISI Ha TeCTOBUX AaHuX (Tadu. 1).
Pesynbratu po6ott HM npencrasieHi B Tabut. 3.

Tabmmua 3

S LS|85 84|85 86|85 | S 2w F R

N OO0 O T]|1]0f0]|-35812| 0.0016 |0
N, O[O OO0 T]1]0]|-64568 0.0016 |0
Ny O[O O] T]{0}1|1]0]-11.2547 1.2946e-05 | 0
N OjOjo 1T 1|1[0]|-144831|5.1292e-07|0
Ng| OO 1 1T]0]0f0) 0] 83244 0.9998 1
Ng| 0| 1[0 1 0]0]0]0 10.5064 1.0000 1
N, 100|000 |0]O0]151222 1.0000 1
Ng{ 0101010101 |1]1/|-231957|8.4379-11|0
Ng{ O] O[T {0 T |1 |1}1]-133018 1.6716e-06 | 0
Nyl 1[O[O0]1]0[0]0]0]10.3242 1.0000 1

I3 pesynbratiB cumynsiii (Tada. 3) MoxXHa 3pOOUTU
BUCHOBKHU, 110 HM 111e He 00YMCIII0e TOTPiOHI 3HAYEH-
HS i MOTpeOdye OiNbIIOI KiJIbBKOCTI HaBYaJIbHUX HAOOPiB.
HomaTtkoBo Oy/0 BUKOpPUCTaHO Iue 60 KoMOiHaliii Ha-
BUAJIbHUX 3HA4Y€Hb, 32 SKUMU MPOBOAUIOCS IO HaBYAH-
Hs HM i Oynu oTprMaHi HOBi 3HaUYE€HHS Bar:

w = 151222, w, = 15.3044, w, = 13.1223,
w, =—4.7979, wy = — 3.2284, w, = — 3.2284,
w, = — 3.2284, w, = — 16.7389.

Pesynsratu po6otu HM miciisg npoBeneHoi cuMyJisiiii
npencrasieHi B Tad. 4. BunHo, 1110 oTpuMaHi pe3ysbra-
™ (Tabia. 4), 30iratotbesl 3 TecToBUMU (Tada. 1). Takum
YUHOM, MOXHa 3poOUTH BMCHOBOK, 1o HM ycminiHo
3aBepIInIa HaBYaHHSI.

Ha ocHOBi mpoBeaeHMX OOCIIIXEHb 10 HAaBUYAHHIO
i TectyBaHHI0O HM, 1110 OlLIiHIOE Tpaue3aaTHICTb Proxy-
anpeciB, mobymoBaHo cepBic «ProxyClassifier», skuii
MpuitMae MacuB KJlaciB i KOHBePTOpiB yMOB. JlaHi kiacu
KOHBEPTYIOTh MMOTOYHUI CTaH Proxy-aapecyu B 3p0o3yMii
IIJIsT HbOTO 3HaYeHHS — 0 abo 1, micist yoro BigOyBa€eTh-
csl TIpOLIeC aHajli3y proxy-aapecu Ha ii mpale3aaTHIiCTb.
V pasi ycmilmiHOro miATBEpIKEHHS Oyae MoBepHYyTO 1,
B iHIIOMY Bumanky — 0.

Tabuuus 4

Sy 18, (S5 84|Ss [ Sg | S5 | Ss 2w F R

N O[O0 O] 1]0|0}f-1.1027 | 02492 |0
Ny[O]O0 (0|0 0|1 1]0] LII91 0.7538 1
N;{ 0|00 T O]T]|1]0]-07898 | 03122 |0
N OO0 1 f1}j1]1]0] 06025 0.6462 1
Ng[O O[T ]1]0|0f0]0] 59900 0.9975 1
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Ng| O 1O 1100 0]0]-1.4840 0.1848 0
N,{1]0{0]0 0]00]0] 66357 0.9987 1
Ng[ 00100 f0|1[T]1]-26600 0.0654 |0
Ny OO 1 0T 111 -10.2696 | 3.4672e-05| 0
Npl1[0]0]11010]0]0 3.8676 0.9795 1

Ha ocHOBi pe3ynbTaTiB AOCTiIXKEeHb Ta MPOBEAESHUX
eKCIIEpUMEHTIB OYB CTBOPEHMIA JOAATOK, SIKMII BUKOHYE
noulyk B IHTepHeTI pecypciB 3 proxy-ajapecamu Ta Iepe-
Bipsi€ 1X Ha Tpale3naTHicTb. B 0CHOBI 10AaTKy BUKOpHUC-
ToByBajacsi MoBa mporpamyBaHHsg PHP Ta dpeitmBopk
Symfony. 3HaliaeHi proxy-aapecu 30epiraloTbcs B 0asi
JIaHUX, sIKa BUKOPUCTOBYEThCS B aomatky (MySql). Lle
MOB’s13aHO 3 TUM, 1110 (peiiMBopK Symfony Mae BOyaoBa-
HUI (QYHKIIOHAI JIJIs IIBUJIKOTO MiAKIIOYEeHHS i 0e310-
cepenHboi pOOOTH 3 pessilliiHUMU 6a3amMu faHuX. JlaHuii
JIOIaTOK OyJIO peai3oBaHO SIK KOMaHJy, SIKy MOXHa 3a-
IyCKaTH B peaIbHOMY 4Yaci i pe3yJIbTaT BUKOHAHHS SIKO1
3aHOCSThCS B 0a3y gaHuX. Po3pobieHuit 1oJaTOK MOXe
oyt MoaudikoBaHUi ab0 IHTErpOBaHUIl K CEpPBIC B
1HIII JOMATKU.

BucHoBku

Proxy-cepBep 3ajieXXHO Bim MOTpe® BUKOPUCTAHHS
3abe3mneyuye pi3Hi piBHI (PyHKIIOHATBHOCTI, Oe3MeKu Ta
KOHMIICHIIIMHOCTI, i IKMiT MOXKHA HaJIAIITYBaTH SIK BeO-
¢ineTp abo OpaHmMayep, IO 3aXUINAE KOMIT'IOTEP Bil
iHTepHeT-3arpo3. [Ipy MigKIIOYeHHI OO0 Proxy-cepBepy
HEeoOXigHO BU3HAUATU HOro npaue3aaTHICTh, TOOTO MOX-
JIMBICTh BiIpaBJIsATU 3allUTU Ha Pi3Hi pecypcu abo cep-
BiCH Ta OTpUMYBATH BiIIOBiIi (request/response).

BigzHaueHi akTopu, sIKi MOXYTh BIUTMBAaTW Ha Bif-
MIpaBJICHHS 3aIlUTy, 3 BUKOPUCTAHHIM Proxy-ampecu, Ta
OTPUMaHHS BiAMOBIAi Bil pecypcy, a TaKOX PO3IJISTHYTi
YMOBH [IJI1 BU3HAUYEHHS Ipale3daTHOCTI Proxy-aiapecis.
byno npoaHanizoBaHO poOOOTY proxy-aapeciB, pProxy-
CcepBepiB, Ta YMOBH, INPU SKUX MOXKHA BBaXaTU Proxy-
ajapecy Mpale3naTHolo, a Mpu SIKUX Hi.

Jlnst  cTBOpeHHSI Monedi OLIHKW Mpale3gaTHOC-
Ti proxy-aapeciB OyJ0 3aCTOCOBaHO HeWpoMepexkeBUi
minxin. B sKocTi Moaeni sl OUiHKM Tpaue3aaTHOCTI
proxy-anpecu BukopuctaHo HM y Burisiai TpuiiapoBo-
ro nepcentpoHy. bynu chopmoBaHi Habopu HaBYATLHUX
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JTaHUX, 10 BiNMOBIIAIOTh CTaHY MPALE3MaTHOCTI Proxy-
azpeciB, KOTPi 3HAXOAATHCS Y BIIBHOMY IOCTYIIi, i BU-
KOoHaHe HaBuyaHHs1 HM MeTomom 3BOpOTHOTO pO3MOBCIO-
JKEHHST TTOMUJIKH.

CtBopeny HM 0OyJio nmepeBipeHO Ha BUBHAUEHHS CTa-
Hy Tpale3naTHOCTI Proxy-aapeciB 3a JOTMOMOTOI0 Tec-
TOBUX HaOopiB gaHuX. OTpuUMaHi pe3yabTaTy MOKAa3aIu
3natHicTe HM BUSBAATU Mpalie3naTHi Ta He npale3aaTHi
proxy-aipecu.

Ha ocHOBi pe3ynbTaTiB AOCTiIXKEHb Ta MPOBEASHUX
eKCIIEpUMEHTIB OYB CTBOPEHUI 10JaTOK, SIKUA BUKOHYE
noiyk B IHTepHeTi pecypciB 3 proxy-aapecamu, NepeBi-
ps€ 1X HA TTpale3IaTHICTh Ta MOXe OyTU MonubiKOBaHUMN
a00 iHTEerpoBaHUil SIK cepBic B iHILI 1OJATKU.
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[IpoBeneHo MaTeMaTU4HE i KOMIT IOTEpHE TOCTIKEHHS TEXHOJIOTIYHOI CUCTeMU — 06’ eMHOTiIpoh06i30BaHU I
Hi3aproBaTUii 6ETOH aBTOKJIABHOT'O TBEPAHEHHS 3 KPEMHIOpraHiYHOIO TTOIIMETHIICHIIOKCAaHOBOIO f06aBkoio (ITMC-
100). 3a 1OITOMOTrO10 CUMITLIEKC-TIJIaHYBaHHS €KCIIEPUMEHTY ITOKAa3aHOo, 110 B3aEMO3B’SI30K MixK CKJIAZIOM CUPOBUHHOT
CyMillli, TEXHOJIOTIYHUMHU (haKTOpaMU, CTPYKTYPOIO Ta (Pi3MKO-MeXaHIYHUMHU BIACTUBOCTSIMU Hi3IPIOBATOrO OETOHY
OIMUCYETHCS MOJESSIMU Y BUTJISII TJIAHIB APYTroOro MOopsiiKy Ha TinepKyoi BianmoBigHoi po3mipHoCTi. JIIsi BUBHAYEHHS
aucnepcii BiITBOPIOBAHOCTI BUKOHAHO TPUpPa30Be MOBTOPEHHS AOCTIMIB MPU 3HAUYCHHSIX BXiIHUX MapaMeTpiB Ha
HYJIbOBUX PiBHSIX.

MOIEJIIb MATEMATUYHA, CUMITJIEKC-TTJIAHYBAHHS EKCITEPUMEHTY, ®AKTOP BAPIFOBAH-
Hs, TIAPAMETP OIITUMI3ALLIL, BETOH

Yaroslav Liashok, Serhii Podkopaiev, Oleksii Povzun, Svitlana Virych, Valerii Kalynychenko. Mathematical modeling
of a technological system using simplex planning of the experiment. Mathematical and computer research for optimization
of'the composition of bulk hydrophobized cellular concrete of autoclave hardening with silicone polymethylsiloxane ad-
ditive PMS-100. Using simplex planning of the experiment it is shown that the relationship between the composition of
the raw mixture, technological factors, structure and physical and mechanical properties of acrated concrete is described
by models in the form of second-order plans on a hypercube of appropriate dimension. To determine the reproducibility

variance, the experiments were repeated three times at the values of the input parameters at zero levels.
MATHEMATICAL MODEL, SIMPLEX EXPERIMENTAL PLANNING, VARIABLE FACTOR, OPTIMIZA-

TION PARAMETER, CONCRETE
Betyn

IMepcriekTBHUM TeT10€(EeKTUBHUM OYdiBEJIbHUM
MartepiajloM € Hi3aproBaTuii OeTOH, YyacTka BUPOOIB 3
SIKOTO B 3arajlbHOMy 00cCsI3i CTiHOBMX MaTepiajliB HUHi
CTaHOBUTD 6-8%. 3a MPOrHO3HUMU JAHUMU OOCSTIB PO3-
BUTKY >KUTJIOBOTO OYAiBHULTBA piuHa MoTpeda y Hi3aplo-
BaTOOECTOHHMX BUpOOaAx 3pocTe B 15 pasiB MOpPiBHSIHO 3
icHy1oUMMU oOcsiramu ioro BUpoOHuIITBA. Lle moB'si3aHo
3i CBITOBOIO TeHIEHLI€0 MiABUILIEHHS OIMOPYy TeIlIome-
penayi CTiIHOBUX KOHCTPYKIIiiA.

Po3pobieHHS HOBMX TEXHOJIOTiii BUPOOHUILITBA BU-
po0iB 3 Hi3aploBaTUX OETOHIB AO3BOJIMTH BUIOTOBJISITA
BUPOOHU, MPU 3aCTOCYBAHHI SIKMX 30BHIlLIHI OTOPOJXY-
BaJIbHI KOHCTPYKIii OyAyTh BiAMOBiAATM HOPMATUBHOMY
3HaYeHHIO oTTopy Terutonepenayi — 1,7-2,2 M>°C/Br w4
Pi3HUX KJIIMAaTUYHUX 30H.

1. ITocTanoBka 3amaui

Heo0xigHicTh eKOHOMII MaTepiaJbHUX Ta EHePreTUYHUX
pecypciB Mpu BUPOOHUIITBI Hi3APIOBATOr0 O€TOHY BUMArae
YiTKOTO KepyBaHHS TEXHOJIOTIE€I0, BIACTUBOCTSIMU MaTepi-
aly Ta SIKiCTIO TOTOBOI MPOAYKIIii B 11iJIoMy. TeXHOJIOTiYHU I
MpoIleC, 10 MICTUTh CYKYITHICTb TiCHO IIOB’SI3aHUX MixX
00010 (haKTOPiB, € CKIATHOIO CTATUCTUYHOIO CHCTEMOIO.

EdextuBHuii aHamiz Ta JOCHIIXEHHS OO0’€KTIB TaKOro
POy MOXJIMBI HA OCHOBI CUCTEMHOTO IIiIXOMY, IO Tepe-
Oauae MoOymoBY y3arajJbHeHOI Mojesi, sika 0 BimOuBama
B3aEMO3B’SI3KM MiX eJleMeHTaMU cucteMu [1].

OnHak 3a yMOB BEJIMKOI KiJIbKOCTI (haKTOpiB, IO
BIUTMBAIOTh Ha BJIACTUBOCTI MaTepiaiy, IMPaKTUYHO He-
MOXJIMBO pPO3POOUTU MOJEdb, 3AaTHY edEeKTUBHO
(GyHKLIOHYBaTU JIsI OYAb-sSIKOI TEXHOJOTIl Ta Oyab-sIKO1
CHUPOBMHMU. Y TaKOMY BUINAAKY 3aJaya 3BOAUTHCS 1O MO-
JIeTIOBaHHS MIPOIIECY OIepKaHHsS OeTOHY Ha OCHOBI IIe-
MEHTY, BalTHSIHO-KPEMHE3EMUCTOTO B’SKYy4Oro, KpeMHe-
3¢MHCTOr0 KOMITOHEeHTa (MeJIeHUI KBapIIOBUIA ITICOK) Ta
KpeMHillopraHiyHoi 100aBKU.

2. AHaui3 nocJipKeHb i myoJrikamiii

3aCHOBHMKAMM BHMKOPHMCTaHHSI CHUCTEMHOIO TIijI-
XOJly IO BUBYEHHSI TEXHOJIOTil Hi3IploBaTUX OETOHIB €
0.0. ®enin, €. M. Yepnumos ta B.O. Bo3HeceHchKui
[2-6]. B poGori [5] meTasbHO HaBeAeHO MPUKIAINA 3a-
CTOCYBaHHSI NBOGAKTOPHOTO OPTOTOHAJIBHOTO KBalpa-
TUYHOTO IIJIaHy, 1B0(aKTOPHOTO IIaHy 32 11 modynoBu
HETOBHUX KYyOiYHUX Mojelieil, TpudakKTOPpHOro HEKOM-
no3uilifiHoro riaHy tuny bokca-beHkiHa, nBodakTOp-
HOTO CUMILIEKC-CYMYIOUOTO TUTaHy (Ha TIpUKJIadi BBe-
JIEHHS B CyMilll MiKpOom00aBOK — pEryjasiTOpiB SIKOCTI
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MaTtepiajiB WIS 3a01aKeHHS 1e(iUUTHOrO KOMITOHEH-
Ta), TEXHIKO-€KOHOMIYHY iHTepIpeTalio MoAedi i oLi-
HIOBaHHS BIUIMBY (baKTOpiB Ha BUXiI (HA MPUKIIAAi s
Hi3IpIOBaTUX KOMITO3UTIB) TOIIO.

JJ1s €IMHOTO MPOCTOPY TPHOX PELIENTYPHO-TEXHOJIO-
riunux dakropiB (PTP) orpumano 24 ekcriepuMeHTab-
HO-CTaTUCTUYHI MOJEJi, 110 CTBOPIOIOTb JIBa MOPiBHIO-
BaHi KOMILUIEKCH: «CTPYKTYPHI Xapakrepuctnku — PTd»
i «TexHiuHi BracTuBOCcTi — PT®», sIKi BinOMBAIOTH 3aKO-
HoMmipHocTi BBy PT® (ckiagy Hi3aproBaTOOETOHHOT
cyMilli, BUy ra30yTBOPIOBaya i TPUBAIOCTI i30Te€pPMiuHOT
BUTPUMKHU) HA XapaKTEePUCTUKU CTPYKTYPH i BIACTUBOCTI
marepiany [7].

3ampornoHoBaHa PO3paxyHKOBa MOIEIb 3BOAUTHLCS IO
PO3B’sI3aHHSI CUCTEMM PiBHSIHb, B IKUX MIiLIHICTh Ha CTUCK
Hi3ApIOBaTOro OETOHY BUpaXkeHa SIK BiIHOILEHHS MaKCH-
MaJIbHOTO HaBAHTAXXEHHS JI0 TUIOLLI eJIeMEHTAPHOI HECYUOl
koMipku. Ha mincraBi goCTOBipHOI 3a/IesKHOCTI MIiLITHOCTi
Ha CTUCK i 11 rpadiyHMX i3071iHil, ogepKaHUX MTPU MaTeMa-
TUYHil 00pOOLIi pe3yabTaTiB eKCIIEPUMEHTY, JOBEACHO, 1110
BU3HAYAJIbHUM (DAKTOPOM OMNTUMI3allii € CMiBBIAHOLIEHHSI
MiX TOBLIMHOIO MiXITOPOBOI TEPETOPOJAKHU i JiaMeTpoM
Mop, SKe IS Pi3HUX BUIIB Hi3IPIOBATOTO OETOHY MOXeE
cratHoButu 0,1-1,0. MonemoBaHHSI CBiIYWUTH PO HasIB-
HICTh Yy Hi3AptoBaTOMY OETOHI MCEBIOHI3APIOBATOI KPYII-
HOKAMiJISIpHOI, Hi3IpIOBAaTOI KamiJIIpHOI OZHOPiZHOI abo
KPYITHOMIOPOBO1 HEOAHOPIAHOI CTPYKTYPU.

B po6ori [9] 3a MeTOIOM OPTOTOHAJIBHOTO LIEHTPaIb-
HOTO KOMITO3UILIIHHOrO TJIaHyBaHHS (3 MOOYAOBOIO Bil-
MOBIAHUX HOMOTpaM) IIPOBEIECHO YOTHUPUDAKTOPHUIA
ekcriepuMeHT. [licast cTaTUCTUYHOI KOMIT IOTEPHOI 00-
pOOKM eKCNepUMEHTaIbHUX JaHuX OyIu onepxkKaHi
MOJiHOMIialbHi MOJENi APYroro MOPsAKY 3MiHM Mill-
HOCTi Ha CTMCK, CepedHbOl TYCTMHM Ta KoedilieHTa
PO3M’SIKIIEHHSI CUJIIKaTHUX 3pasKiB. BusiBieHo omnTu-
MaJjibHi cKJlaau OyaiBeJIbHMX MaTepiajliB aBTOKJIAaBHO-
ro TBEPAHEHHSI, MPOBEIECHO MOCHiIKEHHS BIUIMBY OK-
pPeMUX KOMITOHEHTIB i peXXUMiB aBTOKJIaBHOT OOpOOKHU Ha
iX TEeXHOJOTiYHi Ta (pi3MKO-MexaHiuHi BJIacTUBOCTI [9].

3. @opmy.I0BaHHA WiJIi Ta 3aBAaHb JOCTIKEHHS

TeopeTnuHi y3araJIbHeHHS i MMPUKIAAHI PO3B’sI3aHHS
MUTaHb HAyKOBO-iHXKEHEPHOI TMpoOJEMU yIpaBlliHHS
TEXHOJIOTIYHMMU IIpoliecaMu i SKiCTio OymiBeJIbHUX Ma-
TepiaJliB CTAHOBJIAITh HUHI OIHE 3 HAallaKTyalbHIIINX Ha-
MPSIMKIB JOCTIIKeHb. 3 PO3pO0JeHHSIM IILOTO HATIPSIMKY
MOB’s13aHi YMOBHU i TIEPCHEKTUBU «HAYKOBOTO BOJOMiHHS
BUPOOHULITBOM» 1 MOXJIMBOCTI Mepexoay BHUPOOHMILITBA
Ha TPUHLUMIIMA ONTUMAIbHOCTI XiMiKO-TEXHOJOTIYHUX
pillieHb 3a KPUTEpPiSIMU MaTepiajlo- Ta €HEProEMHOC-
Ti omepxKaHHsI OyAiBeJbHUX MaTepiajliB, BUPOOiIB, KOH-
crpykuiii. ITo cyri ipeTbcsi MPO CTBOPEHHS LiIiCHOL
CUCTEMU YIPaBJIiHHS TEXHOJIOTIEI 1 SIKICTIO MPOAYKIIii,
IO SIBJISIE COOOI0 0OaraToILIaHOBY 3amady, IEHTPATbHOIO
YAaCTUHOIO SIKOI € PO3KPUTTS (Pi3MKO-MeXaHiuHOi, Me-
XaHO-XIMIYHOI CYTHOCTI (pOpMYyBaHHSI SIKOCTi IIPOIYKIIil
LIJISIXOM 11 ONTHMi3allil.
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Memoro pobomu € 3a TOTTOMOTOI0 MAaTEMATUYHOTO MO-
JIeJIIOBaHHS i ONITUMI3allii 3aJIeXKHOCTI 3MiHU (Pi3MKO-Me-
XaHIYHUX BJIACTUBOCTEH Bill TEXHOJOTIYHMX MapaMeTpiB
aBTOKJIABHOTO TBEPAHEHHS Olep>KaHHSI BUCOKOEHDEKTUB-
HOTO PeCypCOEKOHOMIYHOTo 00’ €MHOTiAPod00i30BaHOTO
Hi3IpIOBAaTOro OETOHY.

BukopucToBylourn KOMITIOTEpHI MporpamMy ONTUMi-
3alliifHOTO0 KOHCTPYIOBaHHS OYmiBEJIbHUX KOMIIO3UTIB,
3Q680AHHAMU  00CAIOMNCEHHS €:

1.Po3pobutu MmaTeMaTu4Hy MOJEIb

2.TToOyayBaT HOMOTpaMU 3aJIeXKHOCTEN MapaMeTpiB
onTUMi3alii cucteMu Bif (pakTOpiB BapiloBaHHS

3.Bu3HaYMTU ONTUMAaIbHUIA CKJaJ Hi3AploBaToOro oe-
TOHY

4. BuknaieHHs OCHOBHOTO MaTepially JOCTiIXKEeHb

AK 00’€KTH JTOCTIIKEHHS MPUITHSITO:

— KPEeMHEe3eMUCTHII KOMIIOHEHT — MEJICHUI KBap110-
BUIA TTiCOK;

— mopTiaHaleMeHT Mmapku M500;

— BarnHo KoMoBe HerameHe 3a JICTY b B.2.7-90:2011;

— KpeMHillopraHiyHa no0aBKa — MOJiMEeTUJICUIOKCA-
HoBa (ITMC-100);

— Boaa 3a ICTY b B.2.7-273:2011;

— Ta30yTBOpIOBAY — MyApa aJioMiHi€EBa MirMeHTHA
(TTAITI-1).

JIist BUBYEHHSI B3a€EMO3B’SI3KY MIiX TEXHOJIOTIYHUMU
(hakTopamu, CTpYKTYypOIO Ta BJIACTUBOCTSIMU Hi3IpIoBa-
TOro OETOHY aBTOKJIABHOI'O TBEPAHEHHS OYyJI0 3aCTOCOBA-
HO CUMIIJIeKC-TIJIaHyBaHHs ekcriepuMeHTy. Lleit B3aemo-
3B’S130K OTMUCYETLCS MOACISIMU Y BUIJISIAI TJIaHIB IPYroro
MOPSIKY Ha rinepKyoi BiAMoBiAHOT po3MipHOCTi [5].

BigmoBigHO 10 aaropuTMy CHUMILIEKCHOTO METOIy
[10] excnieprMeHTaIbHE BUBHAUEHHST ONTUMAaIbHUX 3Ha-
YeHb WiJbOBOI (PYHKUIi 3AiiiCHIOBAIM 3a TaKOlO MOCJIi-
JIOBHICTIO:

1) obupanu 1ibOBY (YHKIIiIO, iHTEpBaan BapiloBaH-
H$1, iHTepBaIu (PakTOpiB BapilOBaHHS i BUKOHYBaJIU KO-
JyBaHHS (haKTOPiB;

2) YTOYHIOBAJIU TIJIaH €KCITEPUMEHTY, TOOTO O0UYHUCITIO-
BaJli KOOPAWMHATH ITOYATKOBOTO cuMILIekca. KilbKicTh
nmocmigiB N =k + 1;

3) mpoBOAMIN BiAITOBIAHI JOCTIIN 3a TIJIAHOM €KCIIe-
PUMEHTY;

4) yropsaKOBYBaIM BiAT'YyKW 3TiTHO 3i CTyIleHeM ix
3MEHIIICHHSI i BUAUISUIM HaiiMEeHIe 3HAUYeHHS BiATryKy
Y,nin» SIKE TIOTIM BiIKMIAJIN;

5) OyayBanu HOBUiT cuMILIeKc. BiH yTBoproeThest Bep-
IIMHAMU, 1110 3aJTUIIWINCS, BUXiIHOTO CUMILIEKCa i HO-
BOIO BEPIIMHOIO, SIKA BUXOIUTDH ILISIXOM JA3€PKaTbHOTO
BiIOUTTSI BiIKMHYTOI BiTHOCHO TMPOTUJIEKHOI TpaHi BU-
ximHoro cumruiekca. KoopauHaTt HOBO1 TOUKU X 0O0UMC-
JIIoBau 3a (popmysioro:

s

2 o 4
X :;(x1 x4 x4 X +...+xk+')—x’ =

2k+1 ; 2 ; (1)
2; X — ;4‘1 X
i=1



MATEMATUYHE MOZE/IIOBAHHSI TEXHOJIOTMHYHOI CUCTEMY 3A IONIOMOI OO CUMIT/IEKC-TJIAHYBAHHS EKCITEPUMEHTY

Je x' — KOOpAMHATU BEPIIMHU BUXIJHOIO CUMILIEKCA
3 HAaAMEHIMM 3HaYE€HHSM LiJIb0BOI (DYHKIIIi.

IToGynoBa niaaHy y BUTJISAAI CUMILIEKCA JO3BOJISIE BU-
3HauYNTH (NIepeadaynTH) BiAryK y HOBiil BepinHi X

2k+l ) 2 )
Se_ < L B E

6) IPOBOIMIIM €KCIIEPUMEHT Y HOBiil Touwi x* i ozmep-
JKyBaJly eKCIIEPMMEHTAJIbHE 3HAYEHHS Y LIILOBOI (DYHK-
1ii;

7) MOCTiAOBHO MePeMilllyBaiM CUMILIEKC, i Yac 4OTro
Ha KOXHOMY Kpoli BimOyBajioch CKMIAHHSI BEPIIMHU
cUMILIeKca 3 HaliMEHIIIMM 3Ha4YeHHSIM 1IiJIbOBOI (DyHKIIiT
1 peajizallis gocjiny y HOBiii BepiuuHi. Ilpu upomy Ha-
MIPSIMOK PYXY CITiBIIaIa€ 3 HaIIpaBJICHHSIM Ipadi€HTa.

PiBHi BapitoBaHHS TEXHOJIOTIYHUX (HAKTOPiB MPU3HA-
YyaJau Ha OCHOBI MOMEPEeIHbO MPOBEAEHUX OAHOMAKTOP-
HUX eKCIIepUMEHTIB. Pe3ynbraT eKcrepuMeHTiB 00po-
OsiTM MeTomaMHM MaTeMaTu4yHoi ctatuctuku [11], [12].
[1o6GynoBy mnojiHOMiaJIbHUX MOJEJel 3AifCHIOBaIU 3a
METOIOM ITOBHOTO TepeOopy, IO J03BOJISLIIO Cepell MHO-
KWHUA MOXJIUMBUX (TIpU 3aJaHill CTpyKTypi) obpatu Haii-
Kpaiiry Mozesib 3a Kputepiem @imrepa. JoBipui iHTepBa-
JIM OLIiIHOK OTPUMaHUX Pe3yJbTaTiB BU3HAUaId Ha OCHOBI
pe3yJbTaTiB BUIIPOOYyBaHb MajiuX BHUOIPOK i3 3acTOCy-
BaHHSIM posnoginy CTblofeHTa TIpU HAAIAHOCTI, IO
nmopiBHIoBana 0,95. JInsg oOUmMCciIeHHsT TUCIIepCii BiaTBO-
PIOBAHOCTI BMKOHAHO TPUPa30Be MOBTOPEHHS MOCHiAiB
MpU 3HAYEHHSIX BXiAHUX MapaMeTpiB Ha HYJbOBUX PiB-
Hsax. OIHOPIAHICTL AUCTIEPCiii MePEeBipsIIN 3a KPUTEPIEM
KoxpeHa. AnexkBaTHiCTb MOJei TIepeBipsIIv 32 KPUTEPi-
em Dimepa.

JUtst cuctem, 1O € CyMilllaMM Pi3HUX KOMITOHEHTIB,
3MmiHHi x; (i=1, 2, 3, ..., n) € nponopuisiMu (BiATHOCHUM
BMiCTOM) KOMITOHEHTIB CyMillli Ta 3aI0BOJIbHSIOTh YMOBI:

inzl

1<i<n.

3)

TeomeTpuuHe Miclie TOYOK, 110 3a10BOJBHSIOTh YMOBI
HOPMOBAHOCTI cyMU 3MiHHUX (3), sBJsIE cobow (n—1)-
MipHMI TIpaBUJILHUI CUMILIEKC (TPUKYTHUK ST h=3,
Tetpaenp mist n=4 touo). KoxHiii To4li TaKoro cuMIl-
JIeKca BiIMOBifa€e CyMilll BUBHAYEHOI'O CKJIaay i, HaBMa-
KM, Oynb-sIKiii KoMmOiHalii BiZTHOCHMX BMICTiB KOMIO-
HEHTIB BiIMOBia€ BU3HAUEHA TOUYKA CUMILIEKCA.

KoopayHaty KOMITIOHEHTIB BU3HAYalu y CUMILIEK-
CHIlf cCUCTeMi KOOpAMUHAT, B SIKiii BiTHOCHiI BMIiCTU KOX-
HOTo KOMIIOHEHTA BiIKIamarThCs B3MOBX BidIOBiMI-
HUX CTOpiH (rpaHeit) cuMruiekca Bim 0 mo 1. Otpumani
aMpOKCUMYIOUi MOJEIi MOXYTb OYyTM BUKOPUCTAHi IS
nepeadavyeHHs BIATYKiB B OyIb-sKiil TOYL CHUMILIEKCY.
TouHicTh mependayeHHs BiATYKY B Pi3HUX TOUYKAX CUMII-
JIEKCY pi3Ha i OKpiM KOOpAMHAT TOUKM 3aJIEXKUTh Bill €KC-
TpeMaJbHOI cuTyallii (Iucrepcii fociny, KiIbKOCTi mapa-
JISTBHUX CTIOCTEePEKEHb Y By3/1aX CUMILICKCHOI I'PATKH).

Jtst migbopy Ta MOAEIOBaHHS pelenTyp Hi3aproBa-
TOOETOHHOI CYMillli TIPOBEJAEHO MiATOTOBKY CUPOBUHHMX
KOMIIOHEHTIB, 1110 BKJI0oYaja 31piOHEeHHS i ycepeaHEeHHS
CKJIaJIOBUX, MiAirpiB BOAM i MPUTOTyBaHHSI BOAHO-aJIO-
MiHi€BOI CyCIeH3ii.

BB muMpokoro giarna3oHy KOHLIEHTpaLiii KpeMHi-
MOpraHiyHoi MOJiMEeTWICWIOKCaHOBOI nobaBku [TMC-
100 Ha MILIHICTh Hi3APIOBATOrO OETOHY Ha CTUCK BU3HA-
yanu Ha 3paskax-Kyoax 100x100x100 mm. 3pasku Oyim
BUTOTOBJIEHI 3rifHO 3 BUMoramu [13] 3 GeTOHHOI cyMi-
wi peuentypu (Llement : Bamuo : ITicok) 1 : 0,61 : 0,89.
Pyxowmictb cymimri 3a Cyrrapmom [14], [15] - 14£2 cwm.
3pa3ku BUTpUMYBaJIU B (popMax 10 aBTOKJIaBHOI 00po0-
K{ BIPOOOBX 12 ToauH, Micjs 4oro 3amaproBajud B Jia-
GopaTopHOMY aBTOKJIABi MicTKicTio 0,07 M3 3a pexxumMoMm:
MporpiB Ta miaitoM Tucky napu a0 1 MIla - 3 ronuHu; BU-
TPUMYBaHHS pH TUCKY TTapu 1 MIla — 6 TogvH; 3HKEH-
HSI TUCKY TTapy 3a PaxXyHOK IIPUPOIHOIO OXOJIOIKEHHS.

3 MeTol MOJEI0BaHHS CKJaay Hi3IpioBaToOETOHHOT
cyMimni (Taba. 1) mpoBeAeHO aHali3 MPOLECIB CUHTE3y
rigpocuiikatiB 3 BUKOPUCTAaHHSIM pPO3pO0JIeHOI Teope-
TUYHOi Moneni. KpeMHillopraHiuHy mojiMeTuICuIoKca-
HoBy no6aBky ITMC-100 npuitMaeMO B pO3paxyHOK SIK
BHCOKOAKTUBHUM KPEMHE3EMUCTUIN KOMIIOHEHT, BBaXKa-
04U, 1110 MPUCYTHICTh OPTAHIYHOT CKJIAA0BO1 1OOABKYU HE
BILJIMBA€E CYTTEBO Ha CKJal HOBOYTBOpeHb. KoedilieHT
rimpaBiigHoOi akTUBHOCTI 106aBku [TMC-100 mpuitMemo
0,5, a g micky 0,035.

TatGaumug 1

Burtpara KoMnoHeHTIB Hi3IpIOBATOOETOHHOT CyMmili
/151 BUTOTOBJIeHHs1 0eToHy rycTunoio 400 kr/m3

BuTpara KOMIOHEHTiB Ha | M3, KT

KpeMHe- .
" AJIFOMIHI1EBA
BaIlmHO | HEMEHT 3EMUCTUU BOda ﬂ,O6aBKa
nyapa
KOMITOHCHT
95,28 | 155,64 138,17 155 7,8 0,55

36inbienHst BMicty mobasku [IMC-100 moHan 2%
CIIPUYMHSIE 3HWXEHHSI MIlIHOCTI TOTOBUX BUPOOIB.
OmHieo 3 MOXJIMBUX MPUYUH TAKOTO SIBUIIA € TOHAMI-
OINTUMaJIbHA aBTOKJIaBHA 00poOKa (TOOTO, MOUYMHAIOUYH 3
10-1 ronMHY HOBOYTBOPEHHS MEPEKPUCTATI3Z0BYIOThCS Ta
YKPYITHIOIOTBCS, 110 BUKJIMKAE MMOPYIIEHHS CTPYKTYPH).
IHI00 — yTBOpeHHs JiH3 TigpodobizaTopa, 110 Crpu-
YUHSIOTh PO3KJIMHIOIOUY JIi0 Ta BUKJIMKAIOTh TTOPYIIIEH-
HS 3B’SI3KiB MiXK HOBOYTBOPEHHSIMU.

HocnimkxyBana nodaBka ITMC-100 ¢akTuuHO pearye
BXe Ha cTajii 3MillyBaHHsSI, (h)OpMYBaHHSI Ta TOaBTO-
KJIaBHOI BUTPUMKU. TOMY JTOpEUHUM CTajl0 PO3IVISIHYTHA
PO3paxyHOK CUHTE3Y 32 YMOBH, III0 100aBKa Ha IMOYaTOK
cuHTe3y (To6To B 0 rOAMH) MOBHICTIO MEPEXOAUTh Yy HO-
BOYTBOpeHHsI. ONTUMAaJbHI CKJIaAU BUCOKOE(HEKTUBHOTO
PeCypCOEeKOHOMIYHOTO 00’€MHOTIAPO(OOI30BaHOrO Hi3-
JIpIOBaTOro OETOHY BM3HAYalIM SIK ONTHMMaJbHi 00JacTi
JOITyCTUMUX 3Ha4YeHb (DakTopiB BapitoBaHHA X|, X,, X3
(Tabu. 2).
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Ta6amus 2 Ta6muns 3
3HaveHHs (haKTOPiB BapilOBAaHHS ITapameTpu ontumi3amii cucremu
®Diznunuii 3micT dakropa Ko ra- TpaHnyHi
BaploBaHHA Ne | pamerpa ®Di3uvHuUI 3MiCT MapameTpa 3HAYCHHSI
Bwmicr Bumicr Bwicr 3.1I.| OITHU- ONTUMI3aLii yHKIi
CucreMa MOpTJIaH/I- 00aBKU Mizarii BIATYyKY
BaIHa,
LIEMEHTY, IIMC-100, R
r KT “r | Y MiLHICTb Ha CTUCK OETOHY, G, 2,90;
X X X ! MIla 3,27
; 1 2 3 5 Y Mopos3ocriiikicTs 6eTony, F, > 25;
wpioss |10 | 20 | LU -
Hiznpro- PI') - 3 Y3 Bononoraunanss 6etony, W, % <8;<8
o iBHi
BaTUil tbaxropa -1 120 40 1 Y, CepenHsi rycTuHa OETOHY, p,,, KI/M> | 351; 449
0eTOH . .
Y KOIOBaHMX _8] }i g 28 3 CUpOBUHHY CyMIilll TOTYB&IM IIUIIXOM CIIUIBHOTO
yucIax MepeMilllyBaHHSI LIEMEHTY, BalTHSIHO-KPEMHE3eMUCTOTO

Lli onTuManbHi 06JacTi 0OMeXeHi MOBEPXHSIMU PiBHS
(YHKILIT BiATyKYy 3a KOXHHUM 3 TapaMeTpiB ONTHUMi3alii
(tabm. 3).

Matpulisl TUlaHyBaHHSI €KCIIEPUMEHTY i OTpUMaHi
3HAYEHH MapaMeTpiB ONTUMi3allii HaJaHi B Ta0. 4.

3a KpuUTepiil ONTUMAIbHOCTI TJIaHy MPUAHSTO KPU-
Tepiit D-ONTUMAaNbHOCTI, SIKMIi TIOB’sI3aHUI 3 MiHiMi3a-
1iero 00’eMy eircoiny po3citoBaHHS OLIHOK TTapaMeTpiB
piBHsIHB perpecii [16]. JIyist cTBOpeHOTro IUIaHy eKcrepu-
MEHTY 3a METOIOM HaWMEHIINX KBaIpaTiB OOYMCIICHO
koedilieHTH piBHSAHB perpecii 3a Bupazom [17]:

bi — (X*'X)'l . X*Y,

ne b;- koedilieHT piBHSIHHS perpecii; X - MaTpULs TU1aHy
eKCIIepUMEHTY; X' — TPaHCIIOHOBAaHA MaTPULA IJIAHY EKC-
nepuMeHTy; (X*-X)! — matpuus, o6epHeHa 100yTKY Ma-
TPUL TUTAHY EKCIIEPMMEHTY Ha Oro TpaHCIIOHOBaHY Ma-
TpULIIO; ¥ — BEKTOP-CTOBIIELb pE3YJILTaTiB €KCITIEPUMEHTY.

3a mIaHOM 3 ONHIEI0 LIEHTPAJIbHOIO TOYKOIO JOCIi-
IKeHO 15 cywmitmeii (Taba. 4).

B’SXy4Oro, KBaplioBOTO IMicKY, Bonu, nodasku [TMC-100
Ta BOAHOI cycnieH3ii antominieBoi myapu (ITAII-1) ta no-
BepxHEBO-aKTUBHOI peyoBuHU (ITAP).

BamHsHO-KpeMHe3eMHCTe B’SDKyde TOTYBAIM CITiJIb-
HUM TIOMEJIOM BamHa Ta MiCKy y chiBBimHouieHHi 1:1,8
10 mMToMOi noBepxHi 550 M2/KI. AKTUBHICTb BaITHSIHO-
KPEMHE3eMHUCTOTO B’SKY40oro craHoBuia 44%.

CycneHsilo ra3oyTBOpioBaya TrOTYBaJM IPU iHTEH-
CUBHOMY MepeMilnyBaHHI amiominieBoi mympu ITATI-1
3 BoIOIO Tipu TeMreparypi 60-65 °C. Burpara ITAIT-1 Bix
0,2% no 0,6% Big Macu CyxXuX KOMIIOHEHTIB.

V Bcix Toukax rutaHy MPUIAHSATO BUTpATy BOIM, 1110 3a-
Oe3redye pyxoMicTh cymilni Ha Bickosumetpi Cyrrapaa 16
cMm. IIpu 1boMy BOmOTBEpAE BiZHOLIEHHST 3MiHIOBAJIOCS Y
mexax 0,4-0,5.

O0OpobKa pe3ynbTaTiB eKCIEPUMEHTY i OOYMCIIEHHS
Koe(illieHTiB piBHAHb perpecii 3 ypaxyBaHHSIM 1X 3HaUy-
LLIOCTi TO3BOJIMJIM OfiepXKaTy MOJiHOMiaabHi MOJEJI.

CTaTUCTUUYHUI aHaji3 OTpUMMaHUX pe3yJIbTaTiB Mic-
TUTh MEPEBIPKY ABOX CTATUCTUYHUX TiMOTE3:

Ta6aung 4
Marpuns njiaHyBaHHs Ta pe3yJbTaTH eKCIIePUMEHTY
ITnan Pesynbrar

Ne X, X, X, Y, Y, Y; Y,
Y Yo Yy, Yy Y, Yy Yy Yy
1 2 3 4 5 6 7 8 9 10 11 12
1 -1 -1 -1 20,8 26,1 19 21 5,0 5.8 412 420
2 -1 -1 +1 26,2 28,1 20 22 0,8 1,2 380 392
3 -1 +1 -1 22,0 24,1 20 24 4,9 5,6 386 408
4 +1 -1 -1 21,8 23,6 20 22 5,1 5,8 404 412
5 -1 +1 +1 24,6 26,2 20 22 0,8 1,4 410 418
6 +1 -1 +1 21,0 22,8 19 20 1,0 1,3 398 420
7 +1 +1 -1 22,6 26,8 21 23 4,6 4,8 402 414
8 +1 +1 +1 29,1 32,1 21 24 0,8 1,2 396 416
9 +1 0 0 34,1 36,2 26 30 1,2 1,9 380 410
10 -1 0 0 36,1 38,2 24 26 1,9 2,2 390 420
11 0 +1 0 32,0 34,0 25 30 1,4 2,1 380 420
12 0 -1 0 31,8 35,1 27 31 1,7 2,2 385 415
13 0 0 +1 28,1 32,1 22 26 1,0 1,3 402 412
14 0 0 -1 27,4 32,6 20 21 4,2 5,0 380 416
15 0 0 0 32,6 34,1 24 28 1,6 2,4 394 414
Hopmatus 28,97 32,74 >25 >25 <8 <8 351 449
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— TIPO 3HAYYUIICTh OTPUMAHUX KOeDilliEHTIB MOJENI; PesynbraTu po3paxyHKy MaTeMaTUYHOI MOJENi 3 Mo-
— MpO aIeKBaTHICTb MpeAcTaBAeHHS pe3yJbTaTiB  CJiJOBHUM perpeciiHuM aHali3oM HaBeAeHO Ha puc. 1 —
eKCIIEpUMEHTY 3100yTUM PiBHSIHHSIM perpecii. puc. 4.
1.0
LU ] uh=0.65
] X3 0.0
X3 0.0 b
E un=383.19 E
E _1.0:
1.0
X2
a
1.0 4
1.0 ]
4| akc=418.8 E
] X3 0.0
X3 0.0 E
E il .g:
1.0J WH=410.50
X2 ? 0
6 Puc. 3. Homorpama 3aexHocTi (hyHKIii BiATyKy
Puc. 1. Homorpama 3anexxuocTi GpyHKuii Biaryky (BOJONOITMHAHHS Hi3/IPIOBATOTO OETOHY)
(cepeaHs rycTHHA Hi3APIOBATOro 0eTOHY P,) Bin BMicTy BamHa i BMicTy mo6asku [TMC-100
BiZ BMicTy BamHa i BMicTy no06asku IIMC-100 a) - (tS)e=0,229; 6) -(tS)e=0,279
a) - (tS)e=2,517; 6) -(tS)e=6,0 102
1.0 ]
E X3 0.0
X3 0.0 ]
E 1.0
1.0-
ST T,
X2 a
1.0- HH=23.64
.U+ ]
E X3 0.0
) - :
] 1.0
1.0 uH=26.61
: ;

Puc. 2. Homorpama 3anexHnocti pyHKuii Biaryky Puc. 4. HOMO.IPa.Ma 3aerXHOCTi ¢yHKnil BiTyKy
(MiLHicT Hi3IPIOBATOrO GETOHY HA CTHCK ;) (mopo3ocriiikicTs Hizaproaroro Gerony F)
Biz BMicTy Banna i BMicTy go6asku [IMC-100 BiJl BMiCTy BarnHa i BMicTy no6asku [TMC-100

a) - (tS)e=2,517; 6) —(tS)e=2,79 a) - (tS)e=2,027; 6) —(tS)e=2,280
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Ha ocHOBI aHani3y pe3y/bTraTiB €eKCIIEPUMEHTY BCTa-
HOBJICHO ONTUMAJIbHUI CKJal CUPOBUHHOI CyMillli ISt
aBTOKJIAaBHOTO 00’€MHOTiApOo(h00i30BaHOIO Hi3apIoBaTo-
ro 0eToHY, 1110 3a0e3mnevye MigBUIeHi (hi3nKo-MeXaHiuHi

XapaKTepUCTUKH (TalI. 5).
Tabauug 5
OnTUMaJIbHUI CKJIAM Hi3IPIOBATOrO 0ETOHY

KomrmoHeHT BwmicT, % Bin Macu cyxux
IMopriaaHaLeMeHT 140 kr (35%)
Barnxo 60 xr (15%)

ITicok KBapLOBHit 189 xr (47,25%)
Jo6aska [IMC-100 2%
0,55%

0,2%

TazoyrBOproBau

[ToBepxHeBO-aKTUBHA peYOBUHA

BucHOBKM Ta HAIIPSAAMOK
NOAANBIINX JOCJiKEHb

Ha mincraBi po3pobieHoi MaTeMaTHYHOI MOJei 3a J10-
TOMOTOI0 CUMILIEKC-TJIAaHYBaHHST €KCIIEPUMEHTY Hi3apIo-
BaTHi1 0ETOH ONMTUMAJIBHOTO CKJIAy XapaKTepU3y€EThCS i~
BUIIEHOIO SIKICTIO.

3a BMicTy 2% (Bim Macu Cyxux KOMITOHEHTIB) KpPEeMHi-
opraHiyHoi mojimMeTuacuiokcaHoBoi godasku (ITMC-
100) ¢izuKo-MexaHiuyHi BJIACTUBOCTI AOCIiIXKYBaHOIO
Hi3IpIOBAaTOro OETOHY € TAKUMU:

— cepenHs ryctuHa — 400 kr/m3;

— MIIHICTh Ha CTUCK - 2,9 MIla;

— MOPO3OCTINKICTh — 25 LIMKIIIB MOIepeMiHHOTO 3a-
MOpPOXKYBaHHSI—-BiITaBaHHS,

— BogornormuHanHsg — < 5%.

IMopanbuii po6oTH OyayTh MPUCBSIYEHI BIPOBAIKEH-
HIO pe3yJbTaTiB HAyKOBMX JOCIHiIXeHb Yy BUPOOHU-
LITBO (BUIYCK IOCJIiTHO-IIPOMUCJIOBOI ITapTii 00’€MHO-
rimpodo06i30BaHOTO Hi3IPIOBATOTO OETOHY aBTOKJIABHOTO
TBEPIHEHHS).
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OESAKI ACMEKTU MOAEJTIOBAHHA NPUPOAHOMOBHUX NMPOLECIB
TATX 3ACTOCYBAHHS NMPU BUKJIAQAHHI B BULLLUX Y4BOBUX 3AKJIAOAX

CraTTs IpUCBsTYeHA aHaJIi3y MTPOOJIeMU CTBOPEHHS CUCTEM IITYYHOTO iHTENEKTY, SIKi TO3BOJISTIOTh MOJIETIOBATU
Ha JIOTIYHOMY Ta arapaTHOMY PiBHSIX JIIHIBICTUYHI BiIHOIIEHHS 110 ONMUCaHi aaredpo-JOriYHUMHA OTepallisiMi Haf
MPUPOIHOIO MOBOIO, i SIKi € eJlIeMeHTaMU K-3Ha4HOI CTPYKTYPHOI opraHisalii iHpopMaLiiHO-iHTeIeKTyaIbHUX TeX-

Houoriii: ACIT-cTpyKTypu.

JIOTIKA, TPUPOJTHA MOBA, IITYYHUM IHTEJEKT, k-3HAYHA CTPYKTYPA, ACTI-CTPYKTYPA

Betyn

YV XXI croniTri BUHUKIA MaTepialbHO-eHepreTuy-
Ha Ta COliaJbHO-€KOHOMiYHa KpM3a CYCIiJIbHOIO BU-
POOHUIITB, BUXOAOM i3 SIKOi CTaB Mepexil eKOHOMiuHO
PO3BUHYTHUX KpaiH Bif MaTepiaJbHO-€HEepreTUMYHUX TeX-
HOJIOTiii BUPOOHUIITBA Ta CIIOXXKMBAHHS 10 iH(pOpMaIliii-
HO-iHTeJIeKTyaJIbHUX TEXHOJIOTii, J1€ €KOHOMis MaTe-
piaJTbHO-EHEePIreTUYHNX PECYPCIB JTOCATAETHCS IIJISTXOM
rnepexoAy Bif ompalioBaHHs iH(popMmalii 10 oO0poOKHU
3HaHb. [HTeNeKTyallbHAa ITATPUMKA CYCITiIbHO-€KOHO-
MiYHUX TIPOLIECIB MTO3BOJISIE pAIliOHAJBHO PO3B’SI3aTH
TPUEAVMHE 3aBJaHHSI MPOTpecy CydyacHOl LMBuIi3allii —
MiaBUILIEHHS €(heKTUBHOCTI, TYMaHICTUYHOCTI Ta €KOJI0-
rivHocTi BupooHuuTsa [1-3].

CycninbHa e(eKTUBHICTh B YMOBaX Mepexoy A0 COLIi-
aJIbHO OPIEHTOBAHUX PUHKOBUX BiTHOCHUH MPUHIIUIIOBO
3aJICXKUTh BiJl IKOCTi MIPUUHSTTS YIIPABIiHChKUX PillleHb.
Lle Hamae akTyaJlbHOCTI IIpoOIeMaM CTBOPEHHSI CHUCTEM
LITYYHOTO iHTENEKTY, sIKi TO3BOJSIOTH (popMallizyBaTu
Yy BUIJISIAI 3HaHb iHTepecu CyO’€KTiB rocroaaploBaHHS,
MOJIE/IIOBAaTU OCOOMCTICHUI (akTop TIpuU TNPUNHSTTI
€KOHOMiuHUX pilieHb. [TpoTe mpoekTyBaHHS Ta BIIpOBa-
JDKEHHSI B MPAKTUKY TaKUX CUCTEM IOTpeOye He TiJIbKu
PO3B’SI3aHHS TEOPCTUIHMX IPOOJIEM y Tay3i MOomaHHS,
MOIMOBHEHHSI, OOpOOJIEHHsI Ta 30epe’KeHHsI 3HaHb CTO-
COBHO MPOrpaMHOI iX peajtizallii, a i JOCTiIKeHb Yy raiy-
3i CTBOPEHHSI HOBUX CTPYKTYPHUX i €IEeMEHTHUX PillleHb,
pO3poOKM Teopii Ta METOAIB e(PeKTUBHOIO KOAYBAHHSI.
HaitmBuami cynepkoMITIoTepd ChOTOJHI IPaIliolOTh
HabaraTo MOBIJBHIIIIE, HIK 1 IOTPiIOHO 11 poOOTU
3 JAaHUMU i 3HAHHSIMH, TIOJAHUMHW MOBHUMU MOJIEJISIMU,
IO OIMUCYIOTh OMUCOBI HaykW. Po3B’s3aHHS 1€l mpo-
0J1eMU 3aIeXKUTh Bifl TOTO, Y4 OYAYTh CTBOPEHI BiAMOBiA-
Hi KOMIT'IOTEpHi CUCTEMU, 3AaTHI MpaloBaTH 3i HIBUA-
kictio y 1000 paziB 0inbII0I0, aHiK iCHYIOUI HAWOIIbIIi

cynepkomm’iotepu [1-3]. [ToHATTS ,,HOBI iH(bOpMalLiiiHi
TEeXHOJIOri1” nependavyae BMiHHSI KOPUCTYBaTUCS cydac-
HUMU 3aco0aMu Ta METOAAMU JOOYBaHHS, ONpalloBaHHS
1 cucremaTu3allii 3HaHb.

CyugacHa cucreMa mrydHoro iHrenekty (II) (EOM
5-ro TIOKOJIiHHS) mependadyae HOBI JOAATKOBI KOMITO-
HEHTH, He BJACTUBI TpaauLliiHUM apxiTeKTypaM Ha 0a3i
HoiiMaHiBchbKUX MpollecopiB, a caMeé — JIiHIBICTUYHOTO
npoiiecopa (TpaHCAsATOpa), BUpilllyBaya 3agay Ta Oa3u
3HaHb, KOOpAWHALlA Ail SKUX Peai3ye€ThCsl 3 JOMOMO-
TOI0 LIEHTPAJIBHOTO TIpOoIIiecopa.

OueBUAHO, 110 €NIMHUM BiTOMUM HaM, 00’€KTUBHUM
HOCI€EM 3HAHHS Ta iHTEJEKTY € JIIOAWHA, a BUPA3HUKOM,
3aC000M J10 30BHIIIHBOTO CITIJIKYBaHHSI Ta HOCIEM iHTe-
JIEKTY € JII0JICbKa MOBa.

[TpobGiemMu nomaHHs 3HaHb i PpOOOTY 3 HUMU 3a3BU-
Yyail BiTHOCSTH 0 Tally3i iHpOpMaLliiHUX Y1 IHTEIEKTY-
aJTbHUX TEXHOJIOTiM, BUXOOSIYM 3 MaTEeMaTHKO-IIpOrpa-
MiCTCBKOTO TiIXOAY A0 MOCTAHOBKM 1ILOTO MUTaHHS. Mu
K MIPOITOHYEMO “TIPUPOIHILINI™ PO3TJIsL MpodieMu 1Mo-
JIaHHS 3 TTO3ULLii BIIKpUTUX CUCTEM i 3HaHb, Ta iHTEIEKTY
SIK TIPOLIECY.

1. Meta po6oTu

OCHOBHMM 3aBHaHHSM IIi€i poOOTU € BUKIIAL HOBO-
CTBOPIOBAHOI KOHIIEIIIil opraHizalii iHgopmaliiiHo-
IHTEJIEKTYaJlbHUX TEXHOJOTIM Ta iHTeJeKTyaJlbHOI Mifa-
TPUMKM CYCITiIIbHO-€KOHOMIYHUX MPOLECiB, 30KpeMa
NiSITBHOCTI (DiHAHCOBO-KPEeAUTHUX yCTaHOB. [IpeameTom
JIOCHIAXEHb € MOJACIIOBAHHS iHTEIEKTyaJlbHOI MIislib-
HOCTI JIIofiel SIK y 30BHIIIHbOMY ii MpOsIBi (BUPILLIEHHS
CKJIQIHUX 3aBAaHb, PO3YMiHHS MPUPOIHOI MOBH, iHTEp-
npeTallisl BizyaabHol iHDopMallii Ta MOBU), TaK i y BHY-
TpillIHbOMY (HAKOTUYEHHSI, HaJaHHS 1 BUKOPUCTAHHS
3HaHb).
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2. OCHOBHI NOHATTS Ta BU3HAYEHHS

V Teopii Mi3HaHHS MOCTYJIIOIOTHCS 711 HOBOCTBOPIO-
BaHUX TEOpiil 1Ba OCHOBOMOJIOXHUX MPUHLUMU: «SIKILIO
iCHye 00’€KT, TO MOro MOXHa JOCJiIXKyBaTHU» Ta «I1100
YHUKHYTH TPYIHOILUIB B3a€EMOPO3YMiHHS, HEOOXiIHO
Meplll 3a BCE MOPO3YMITUCh i3 OCHOBHUMU BU3HAYEHHSI-
MU», SIKi CTOCYIOThCS JaHO1 Teopii. BinnmoBigHo, HaouHow
4y NpobAeMHOW 2any33:0 MU Ha3MBaTHMEMO CYKYITHICTb
MaHUX 1 3HaHb, IO TPEICTABISIETHCS MOCTATHIM IS
iHdopMarliiiHOTO (3a7aHOrO0 Ha KOHTEKCTHO-3aJIeXKHIl
MOBI) 3a0e3MeUeHHsI pillleHHS ACSKOi 3a1adi 9M CYKyIl-
HOCTI 3aBIaHb iHTEJEKTYaJIbHOI CUCTEMMU.

CKIIamHICTh TTOHSTTS 3HAHb, 3aBXKIW BUPA3NMO Ha JIe-
SIKifi MOBI BiTHOILIEHb, ITOJISITA€E B MHOXXWHHOCTI MOKJIM -
BOCTel ii peaiizailii i HEPO3PUBHOCTI 3 MOHSTTAM JAaHi,
8 0e3nepepeHoMy npoueci ix 3MiHU, 8paxye8aHHs K020 3d-
be3neuye peanizauito KOHMEKCMHO20 36 13Ky 0aHUX.

Bidznauumo cgpepy npedmemmuux eanyseil, de Haildo-
yinbHiwe npayroeamu 3 O0AHUMU [ 3HAHHAMU, NOOAHUMU
MosHUMU modeasmu. Lle eanysi 3 nepesaxcanHam emnipuy-
H020 3HaHb, de CKAadHicmb akmie i ix onucie sukaw4ae
BUKOPUCMAHH MOBU MAMeMAMUKU — MAaK 36aHi ONUCO8I
Hayku, SKi, 3aearom, i cmaiu maxkumu, 60 8us4aromo me,
wo He Modxce bymu adeK8amHo ONUCAHe MOBOH Mamemd-
Mmuku — GIOKpumi cucmemu 8 iX NPUpPoOOHOMY OMOYEHHI,
cucmemu, CnOCmepedcy8ati Ha pieHi anapamy AiHe@ICMUKU.
Ak Oyne BUAHO 3 MOAAIBIIOTO, camMe TaKMW MiAXim mo-
3BOJISIE JOOUBATUCS HAUOIIBIIOTO CTYIEHSI aeKBaTHOCTI
OIMUCY Ti€l YW iHIIOI CUCTEMHU, OCOOJMBO MpPU BBEJAEH-
Hi MOHATTS 3MiHM (DOPMaAbHO-JIOTIYHUX BJIACTUBOCTEN
JIIHTBICTMYHOTO arapary Mia Ai€lo BXigHuX iHdopmalliii-
HUX MOTOKIB.

CkazaHe BUIIIE O3HAYa€E, 110 CYKYMHiCTh 3HAaHHS—IaHi
B 3aBIAHHSX YIPaBJIiHHS TTOMAETHCS NESKOK CeMiOTHY-
HOIO cucTeMoro B3araji Kaxydu, mif ceMiOTMKOI pO3y-
MI€EThCS HayKa IPO 3HAKM 1 3HAKOBI CUCTEMH, a TaKOX
PO MOBH, SIK 3HAKOBi CUCTEMM, TIPUIOMY 3aTaIbHMIA TIil-
Xill 10 MOBHMX 3HAKOBUX CUCTEM, 110 BKJIIOUAE HE TUTbKU
TpanauiliiHe MOHSATTS MOBH, ajieé i MOBU 3arlaxiB, CBUCTY,
abCTPaKTHOTO XMBOIMMUCY i TOMY MOAiOHE, BUMArae Iie
CBOT'O TEOPETUYHOTO OOIPYHTYBaHHsI. MOBOIO MOXe OyTU
Bce, 1110 3a0e3Mneyye BUHUKHEHHS i iCHYBaHHSI KOMYHiKa-
TUBHOI (PYHKIII1 IUIs1 CBOIX KOPUCTYBayiB.

VY ceMioTUUHIN cUCTeMi 3a3BUYail BUILIISIOTh TPU ac-
MEKTU: CUHMAKCUYHUL, CEMAHMUYHUL | NpazmMamu4Huil.
Takoro poay posnijieHHS! LiKaBUTb HAaC i3 HaCTYITHOI
MpuIrHK. BigmoBigHO 10 mepepaxoBaHMX TPHOX acCIleK-
TiB CEMIOTUYHUX CUCTEM HEOOXiIHO BUAIUTU Mpu munu
3HAHb, AK MPU MUNU BIOHOUIEHb MIJC OaHUMU; CUHTaKCUI-
Hi, CEMAHTWYHI i TparMaTUy4Hi.

3HAHHA CUHMAKCUYHO20 MUNY XapaKTEepU3yeE CUHTAK-
CUYHY CTPYKTYpYy MOTOKY iH(dopMmallii, sika He 3aJ1eXUTh
Bill CEHCY i 3MiCTy BUKOPUCTOBYBAHUX TPU LILOMY IO-
HSITh, TOOTO iHTENEKTYyaJIbHY CUCTEMY HE YTBOPIOE.

Cemanmuune 3HAHHA PO3TISHAETHCS SIK CTPYKTypa,
YTBOpIOIOYA IMOTOYHUI KOHTEKCT. BOHO MiCTUTH iH-
dopmartiio, 0e3mocepenHbO IMOB’SI3aHY 3 MOTOYHUMU
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3HAUEHHSIMU i CEHCOM OIMMCYBAHUX MOHSITh i 3yMOBJIIOE
CTaH 3B’S3KiB TaHUX B iH(popMalliiiHiil 6a3i.

IIpaemamuune 3HanHa 3yMOBIIOE HANOIIbBII Biporia-
Hi 3B’I3KM, 110 OMUCYIOTh JaHi 3 MOTJISIAY BUPIillyBaHO1
3afayvi (y3arajbHeHMH 4YM “00’€KTMBHUI” KOHTEKCT),
HamnpuKJiIaa, i3 ypaxyBaHHSIM cHeUMMIUHUX KPUTEPIiiB
i yrom, 1110 Iil0Th y JTaHOMY 3aBIaHHi.

IToHATTS 00’€KTUBHOCTI BIIOBIZA€ TPaKTyBaHHIO
MMparMaTUKM, IParMaTUIHOTO aCIEKTy CTBOPEHHS iHTe-
JIGKTYaJIbHOI CHCTeMU, SIK CIPSIMOBAaHOTO OOMEXEeHHS
il “cBoOOIM BOJi”, OOMEXEHHSI HEMOTPIOHUX 3B’SI3KiB
i “daHTasii 3B’43KiB 32 KOHTEKCTOM” MJISI CUCTEMU, Bij
SIKOI MU HEe YEKAEMO HAJUIUILKY iHTeJIeKTyaabHOCTI. s
MOPiBHSIHHSI MPUTaJaEMO, 1110 MM MaEMO Ha yBasi, KOJU
JTAEMO JIIOIMHI XapaKTEePUCTUKY “IparMaTuk’”.

3 iHXXEHepHOI1 TOYKU 30Dy, CHHTAaKCUYHA, CEMaHTUY-
Ha i mparMaTU4YHa CTOPOHU 3HaHb € PiI3HUMMU 3B’SI3KaMU
OJHOTO YY TPYNU TePMiHiB (I1aHMX) 3 IHIIMMMU 3alucamMu
B iH(opMmalliliHiii 6a3i.

3i cka3aHOTO0 3pO3YMiJIO, 1110 HAOIIbIII 3arajbHa IIpPo-
OJiemMa 1moOya0BU CUCTEMU YIIPABIIiHHSI CEMAaHTUYHOTO Y1
CEMaHTHUKO-TIparMaTUIHOTO PiBHS B3aEMOl, ITOB’sI3aHa
3 BUOOPOM TEXHOJIOTii KOHTEKCTHO-3aJIeSKHOTO TTOHAHHS
3HaHb, MOOYA0BOIO iH(popMalliiHUX 0a3 (TaHUX i 3HAHb)
Mpo MpeaAMETHY Tajqy3b i MeXaHi3My BUCHOBKY ISl OTPU-
MaHHSI HEOOXiTHUX pillleHb.

Jlorika uporo MexaHizaMy Moxe MiHSITUCS 3aJ1eXKHO BiJl
KOHTEKCTiB B3aEMO3B’sI3KiB 3HaKiB (iX mparMaTUKM), 1110 €
OJIHI€10 3 HAMBaXXJIMBILIMX MPUYMH MTOYATKOBOI OpraHiza-
1Ii1 BCiX MpaKTUYHUX POOIT TiIbKK Ha MPOOJIEMHO-OPiEH-
TOBaHii MiAMHOXWHI KOHTEKCTHO-3aJIeXKHOI MOBH, TOOTO
TaMm, € MU CIIOJIiIBAEMOCS Ha AEsIKY MOCTiiHICTh KOHTEK-
cry Lls yMoBa € KOpUCHOIO TiJIBKU B CEHCI 3a0e3neueHHsI
JIesIKO1 TOYaTKOBOI MPOCTOTU 1T00YI0B. Ajie, Ha BiIMiHY
BiI “4mcTux (PopMaIbHO-JIOTIYHUX CUCTEM”, YMOBA IO-
CTIAHOCTI KOHTEKCTY He € i Hac 00O0B’43k0BOI0. Bci
Hallli MTOOYIOBU OPi€EHTOBAHi, KiHEllb KiHIIEM, came Ha
MiHJIMBOCTi TOTOYHOTO KOHTEKCTY, 0€3 YOT0 MU HE MAaEMO
MpaBa rOBOPUTHU TPO iHTEJIeKTyalIbHi CUCTEMM.

CTpyKTypyBaHHSI MOBU e yepe3 (hopMyBaHHs Oa-
30BOro Habopy BimHoumeHb (iX yucao He Oinbiie 200):
YacoOBHUX, IMPOCTOPOBUX, Ka3yallbHUX, KBaAaHTUQIKyIOUUX
(6iHapHi, TepHapHi) Toio. MeTtanpoueaypu — e Ii-
JlecIpsIMOBaHMIA MOILIYK Y Ja0ipuHTI MOXJIMBOCTE, MO~
OyIoBa YU MOLIYK HOBMX JIaOipUHTIB, CTPYKTYpYyBaHHSI,
JIEKOMITO3M1IisI 3a/1a4 Ha Imia3amadi, ¢popMyBaHHS 3aKO-
HOMIpHOCTEI Ha MiAcCTaBi CrocTepeXeHb. ¥ OCHOBi Ha-
LIKXX 3HaHb MIPO CBIT JieXaTh CUCTEMU Kilacudikaii, sgKi
JI03BOJISIIOTh HaM CIPUMMATU CBIiT, SIK CTPYKTYpOBaHUM
3a Mipo1o 3arajbHOCTi 00’ €EKT.

3. O0po0.IeHHSI MOB IEKJIAPATHBHOTO THILY

MoBu JeKJapaTMBHOIO TUITY 3pYy4Hi AJisi onucy (mo-
naHHs) 3HaHb y cuctemax LI [1-3]. O6po6ieHHsS MOBU
JIEKJIApaTUBHOIO TUILy MOXKHA PO30MTHU Ha [ABi YaCTUHMU:

— Te, IO IEKJIapye JIOANHA;

— Te, 10 ornpanboBye EOM.
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IMonepenHe 00pOOTEHHST JIOAWHOIO MOJSATae B ab-
CcTparyBaHHi peajbHOI MpobjieMu B (pi3MUHY UM MaTeMa-
TUYHY MOJIE/Ib. Y TTONaIbIIOMY MaTeMaTUIHA MOJIEIIb T1e-
PETBOPIOETHCST B MAIIMHHO-OPiEHTOBAHE BiTOOpaskeHHS,
ke cnpuitMae EOM. CkiiagaHHs BiIMoOBiAHOI TporpaMu
TSI IepeTBOpeHHsI (hopM MojaHHs iH(opMallii MoXJITiBe
JIULIE 3 TOMOMOTO0 CEMAaHTUYHOTO omnpaloBaHHsg. EOM
MpU LILOMY 3OiMCHIOE JIUIIE MATPUMKY 0OpOOJAEHHS, 1110
oro 31iMiICHIOE JTIONMHA.

OCHOBY TakOi MalIMHHOI MOBU CKJ1aAal0Th:

* OCHOBHi ITOHSATTS;

* CeMaHTHKa (Ha OCHOBI BIAMIOBITHOTO CUHTAKCUCY);

* TIpoLIeAYypHi 300pakeHHs, 110 OIMUCYIOTh

CeMaHTUYHi OOUHMUILI;
* BiJMOBIAHI MTpaBuJja CTPYKTYPYBaHHS MOHSIThb
(cMHTaKCUYHi MpaBuia).

MexaHizmMu 00po0eHHs (ix po0OoTa) BM3HAYAIOThCS
CeMaHTHUKOIO Ta CMHTakKcucoM MoBHU [1-3]. MoBu mpo-
1IeJlypHOTO TUITY € MOBaMU OITUCY, 1110 0a3yIOThCs Ha ce-
MaHTULI mpouenyp. OmnepauiifHi MexaHi3MM LHMX MOB
BIiIITOBiNaOTh (DYHKIISIM OOpPOOJIEHHS Ta IEPETBOPEH-
HS iH(oOpMallii, a CTPYKTYpHi €J€MEHTU MOBU HE Ma-
IOTh HIYOTO CIIJIBHOIO 3 00’€KTaMU pealbHOIO CBiTY.
IIpouenypHa cemaHTHKaA PO3IJISIHYTA i OMKcaHa B TeOpii
00YMCIIeHb, 110 JO3BOJISIE OTPUMATH TTOBHOLIIHHUI TEO-
PETUYHMIA OMTUC CUCTEMU 00poOJIeHHs 3HaHb y L.

MoBa aekapaTUBHOIO TUIY OIMMPAETHCS HA BIiAIO-
BiIHY 1ii CTPYKTYpY naHux. [lpu yoMy CTpyKTypa AaHUX
BiIIOBiIa€e KOHIIENTYalbHill CTPYKTYpi CBiTY. CTpyKTypa
JTAaHUX MOBH JIEKJIapaTUBHOTO TUITY BKJIIOUYAE B ceOe KOM-
TMOHEHTH, IKi BU3HAYAIOThCS CTPYKTYypolo mam’sti EOM.
Y MoBax AekJapaTUBHOIO TUIMY CHiBBiIHOILIEHHS CHH-
TaKCUC-CEMaHTUKA aHaJIOTiuHi CIiBBIZHOIIEHHIO IIpU-
poIHa MOBa — PUCYHKMU, Tpadu, MPOCTOPOBi 300pakeH-
Hs1, 6231 JaHUX TOLIO.

basu pganux — ue abCTpakTHi Mopesi OoOMeXeHOi
MPUKJIAJHOI rajy3i (rajy3i 3HaHb), SIKi MOAUISIOTHCS Ha:

a) imxeHepHi BJI;

b) iepapxiuHi;

C) MEpEeXeBi;

d) pensuiiiHi;

€) MOCTPeJISIIiHI.

IMonanust Mozeneit fexIapaTUBHUX MOB 3IiICHIOETh-
¢S mpenuKaTaMu, MaJlloHKaMU, KpecJIeHHSIMU, Tpadamu
ToII0. MareMaTnyHa CTPyKTypa JaHUX y AeKJIapaTUBHUX
MOBaX 0a3yeTbCd Ha CHUCTeMaX MNPEIUKATHUX PiBHSIHb
y anreOpi CKiHYeHUX MpeauKaTiB a00 Ha aKCioMaTUYHii
Teopii MHOXUH, Yy SIKiii TeOpist MHOXXUH IHTePIPETYEThCS
SIK CTPYKTypa JaHUX.

TakuM YHUHOM, TIPUXOAWMO AO MOXKJIMBO €EIUHOIO
LIJISIXY, SIKUM HaWMOBHillle, Hailo0’€KTUBHIIIE 1 Haii-
edekTuBHilIEe Tpeba i MOXHA WTU LLJISXOM CTBOPEHHS
cuctem LI — e nuisix aHami3zy, Moae/IOBaHHs Ta CUH-
Te3y MOBHOTI'O iHTEJIEKTyaJIbHOTO iHTepdeiicy i3 1omomo-
roto ACII, 3aco0iB k-3Ha4yHOI JIOTIYHOI CUCTEMHU Ta Bif-
MOBIAHUX CTPYKTYP i KOAYBaHHSI.

ACII [1] € y3aranbHeHHSIM ajredpu JIOTiKM i BU3HA-
YyeHa sIK:
S X, o= 1,
¥ =0s ()
x, 0 =0,
Iie & — CTeIiHb apTyMEHTY.

TenepanbHow igeero ACII € posmmpeHHsT 00JacTi
npoGiraHHs & 10 {agy, @y, ..., Qy_ |}, A€ g, Ajy .oy Aj_ |
k-3HayHi 3MiHHi. Buxoasuu 3 1boro, 3aga0Thcs PYHKILT
PO3Ii3HaBaHHA CUMBOJIB @; 3MiHHOI X:

. Lx=a,
x" = (2)
0, x#a,.
IIpy nboMy (hiKCye€TbCS MHOXWHA 3MIHHUX X| ... X,
Ta CKiHUeHMX 00acTeil mpobiraHHs

KOXHOI 3MiHHOI X; SIKi MOXYTb OyTH JOBITbHOI 3HAYHOCTI.
@yHKIIil po3mi3HaBaHHS 3’€MHYIOThCS OTEpALlisIMU
&, V' OyJiBChbKOI anredpu, y pe3yiabTaTi 4Oro OTpUMY-
10Tbcs Bupasu x4 & (y? V' x¢), HasBaui B [1] ckiHueHUMU
npeavkaramMu. BoHu TpakTyioThes SIK GYHKIIT BUIY:

FA X ...xA,—1{0, 1} 3)

Lle, mo cyti, xapakTepucTU4Hi (YHKII1 k-3HAa4yHOI
Jioriku, aie, Ha BigMmiHy Bin Hel, B ACII yci ¢yHKIIiT MO-
KYTb IPUIAMAaTH 3HA4YEHHS JIMlue 3 MHOXUHHU £, = {0, 1}.
Omnepamii (1) po3mizHaBaHHs, & Ta V' YTBOPIOIOTH (DYHK-
LIiOHAJIbHO MOBHUI 0a3uc y MHOXUHI (yHKIIi BULy (3).

Teopis iHTeJleKTy — 1€ HayKa Ipo JeTepMiHOBaHi,
JIUCKPETHi i CKiHYeHi (pyHKIUii iHAWBiAyaabHOTO JIOI-
cbKoro iHtenekTy [1-3]. Take BU3HAYEHHS iCTOTHO 00-
MeXY€E MoJie AisIbHOCTI JJIs1 JOCTiAHUKA iHTEIEKTY.

Ilo-nepire, 11e BU3HAYCHHSI BUMAarae, 1iodu Teopis
iHTeJIEKTY 0OMEeXMIacsl BUBYCHHSIM Jiviie (PyHKIiOHAb-
HOI CTOPOHU iHTEJICKTY, 3/IUIIAI0UYA OCTOPOHBb CTPYKTY-
py Itoro MarepianbHoro Hocis. Ilpu 1bomy 3a MexkaMu
Teopil IHTEJAEKTY 3aJIMILIAIOTHCS TaKi LiKaBi i BaXKJIUBI MU-
TaHHS, SIK OyI0Ba MO3KY i HEpBOBOI CUCTEMU JIIOAWHH,
(YHKIIIOHYBaHHS X OKPEMMX YACTUH i CTPYKTYP.

[To-apyre, Teopist iHTENEKTY BU3HAYAETHCS SIK TEOPist
IHIWBITyaJIbHOTO JIIOACHKOTO iHTEeNIeKTy. OTXe, 3 Teopil
IHTEIEKTY BUKIIIOYAIOThCA MPOLECU B3aEMOMIIl JtoAei
OIWH i3 OOHMM, a II¢ BeIe OO0 BUHECEHHS COLiaIbHUX
SBUII 3a 11 Mexi. KpiM Toro, Takum BU3HAYEHHSIM BU-
KJIIOYAlOThCS 3 PO3MISIAY iHI, 111€ He BiIKPUTI HAyKOIO,
MOXJIMBI BUJIM iHTEJIEKTY, a TaKOX (B3aEMOJIisI MixX iHTe-
JIEKTOM Pi3HUX BU/IIB.

ITo-TpeTe, mpuitHATe TYT BU3HAYEHHS Teopii iHTe-
JIGKTY BHMAara€ BUKITIOUCHHS 3 PO3INISIAY Oe3MepepBHUX
i HeCcKiHYeHHMX iH(OpMaLiifHUX MpOLEeCiB, BeAe M0
3MEHILEHHSI poJli YMHHMWKA BMUITAJKOBOCTI B HisUIbHOCTI
inTenekTy. Hemocrtatok Takoro miaxomy MpUBOIUTH, 30-
KpeMa, 0 HEMOXJIMBOCTI YCECTOPOHHBOTO BWBUCHHSI
Ha MOT0 OCHOBI CUCTEMU <«iHTEJIEKT — 30BHIllIHiil CBIiT».
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IrHOpYBaHHS CTaTUCTUYHOI IPUPOIU CUTHAIB, IIIO HAJl-
XOISITh IO iHTENEKTY i3 30BHILIHBOIO CBiTY, TAKOX iCTOT-
HO 30imHIOE Teopito iHTesnekTy. baxaHHs oGiliTucs 6e3
Oe3repepBHUX MOJIeNIeil CUJIbHO YTPYIHSIE BUBYEHHS PO-
0OTU OpraHiB UyTTS, OPraHiB PyXy i MOBU JIIONUHU.

TakuMm 4yuMHOM, TIpUIHATE HAMMU BU3HAYCHHSI Teopil
IHTEJIEKTY cTpaxaae Oaratbma HeIOJiKaMu, BOHO 00-
MEXY€E MpeaMeT 1i€l HayKu MOPiBHSIHO By3bKUMU paMKa-
MM, TIpU LIbOMY 6araTo MpOLECiB i MEXaHi3MHU, SIKi JIIOAU
CXWIbHI iHTYITUBHO BiTHOCUTHU IO PO3PSIAY iHTEJIEKTY-
JIbHUX, 3aJULIAIOThCS 3a MEXaMU LIbOTO BU3HAYEHHS.
Huxue npuBoaaThCS MipKyBaHHS, 110 CIIOHYKaJd Hac,
HE AWBJISTYMCH HA HAroJIOIIeHi MOMEHTH, 3yMIMHUTHCS Ha
TaK HeJJOCKOHAJIOMY BU3HAY€HHI Teopii iHTEIEKTY.

Ilepiu 3a Bce, c1im B3SITU 10 yBaru Ty oOCTaBUHY, 110,
HaBiTh AKIIO 0 MU BpaxyBaJu BCi Ti IOMOBHEHHS, SIKi
TUIBKM 1110 OyJIM 3rajaHi, Bce OJHO MOBHOTA BU3HAYEH-
Hsl Teopii iHTeIeKTy He Oyna 6 nocsrHyTta. [HTenekT — e
Taka CUCTeMa, SIKa 3HAXOJUTBhCS B MOCTIHHOMY PO3BM-
TKY; HIXTO HE B 3MO3i Nependayaty BCi MOXJIMBI Hampsi-
MM 1 HAC/iIKM LIbOTO PO3BUTKY. He BUKIIOYEHO TaKOX,
110 3 YaCOM OyIyTh BiAKPUTI HOBi BUAM iHTEICKTY, IIPUH-
LIMMOBO BiIMiHHI BiJ J10ACbKOT0. ToMy BU3HAUEHHS T€O-
pii iHTEJIeKTY, IK OM MU He CTapajucs, y Oyab-sIKOMY BU-
naaky Oyie HEeMmOBHUM. 3 iHIIOTO OOKY, B MAalOYTHbOMY
y 3B’I3KY 3 YCITiXaMM Ti3HaHHS iHTEeJIeKTY Hilllo He mepe-
IIKOJUTh MOTO AOCTIMHUKAM PO3LIMPUTU PAMKU TEOpii
iHTEJIEKTY, KOJIU B LIbOMY 3’SIBUThCS HEOOXinHicThb. B ma-
HUII MOMEHT, MPOTE, Taka HEOOXiAHICTh FOCTPO HE Bil-
yyBa€Thbcs. HaBiTh Te, MOPiBHAHO By3bKe, BU3HAUEHHS
Teopil IHTEJIEKTY, IKe MPUIHITe HaMU, CTABUTh Macy Ili-
KaBUX 3a/1a4; pillleHHs L1X 3a71a4 i MpaKTUYHEe BUKOPUC-
TaHHS OCSITHEHb TEOPil iHTeNeKTy 00ilsge BeauKi Oyara
moAcTBY. B maHuit yac, moKM Teopisl iHTEJIeKTy 3Haxo-
MIUTHCS 1E Y CTaAil 3apOIKEHHS i pOOUTH Mepiili KPOKU B
CBOEMY PO3BUTKY, BeJIbMU PO3IIMPIOBAIbHE TIYMAYSHHS
il mpeaMeTy Hajgano O i «BeAMensuy Mociayry», 6o mo-
Typasio 0 PO3MWJIIOBAaHHIO HAYKOBUX CUJ i 3aC00iB, po3-
Tpati 3yCWJib y O€3IIiAHUX clpoOax BUpilllyBaTu 3aaadi,
CKJIAJIHICTb SIKMX MEepEeBePIIyE MOKIMBOCTI CydacHOI Ha-
yku. I, HaBMmaku, Biaje THMYacoBe OOMEKEHHS TPEMETY
Teopii iHTEIEKTY J03BOJUIIO O CKOHLIEHTPYBATU 3YCUJLIISI
Ha TIepIIOYeProBUX 3aJauax Teopii iHTENIeKTY, MOCTYXH-
JIO O CTUMYJIOM JI0 SIKHAUIIBUIIIOTO ii PO3BUTKY.

BusHavatoun Teopilo iHTENEKTy TaKUM YMHOM, SIK
11e 3pobjieHo B podoTtax [1-3], MU BUXOAWIM 3 TOTO IO-
MISIAY, WO AETEPMiHOBAHUM, AUCKPETHUM i CKiHUEHUM
npouecaM B iHTENEKTyallbHiil JisUTbHOCTI HaleXWUTh
MpoBiAHA POJib. BeJbMU BaXJIMUBOIO OOCTAaBUHOIO, IO
BIUTMHYJIa Ha BUOip TAKOTO BU3HAYCHHSI, MTOCTYKMJIa Ta-
KOX HAasIBHICTb B JaHUII Yac yHiBepCaJbHUX LUGPOBUX
00YMCIIIOBAILHUX MalluH. JleTepMiHOBaHi, IUCKPETHi
1 CKiHYeHi Mpolecu — 1ie B TOUHOCTI Ti MPOLECH, SIKi B
MPUHLMITI MOXYTh OyTM pealli3oBaHi Ha LU(GPOBUX 00-
YUCMOBATbHUX MamuHax. Lle Hamae B po3MopsiKeHHS
Teopii iHTEJIEKTY YHiBepcalbHUI 3acid ISl MPaKTUIHOT
MepeBipKHU i anmpoballii BCix ii BUCHOBKIB i peKOMEHIALIiA.
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IIpu npuitHATOMY BU3HAYEHHI TeOpisd IHTENEKTY CTa€
MOTYTHBOIO PYIIIMHOIO CUJIOI0 B CHpaBi MOJAIBIIOrO
BIOCKOHAJICHHSI 3acO0iB OOUYMCIIIOBaJIbHOI TexHiku. lLle
BIOCKOHAJICHHSI, Y CBOIO 4Yepry, CIIPUYMHUTH CEPUO3HY
CTUMYJIIOIOUY {10 HAa PO3BUTOK CaMOl TeOpii iHTEJIEKTY.

OOMeXeHHsI Teopii iHTeJNeKTy AeTePMiHOBAaHUMM,
JMUCKPETHUMHU i CKIHUEHMMU TIpoIlecaMu Ja€ MOXITH-
BiCTh 3a0e3meyuTu i yHiBepcaJlbLHUM MaTeMaTUYHUM
armapatoM Uisl (popMaJIbHOTO OMUCY JOBUIBHUX CKiHYE-
HUX BiIHOIIEHb. ¥ poOOTi SIK TaKWii anapaT 3arpoIoHO-
BaHa ajirebpa cKiHueHMX MpeaukatiB. Ha Ham mormsia,
ACII Moxe cly>XXuTu MilTHUM (pyHIAMEHTOM Teopii iHTe-
sekty. Came 3aBASIKA HASIBHOCTI LIi€T aJireOpyu MU 3BaXKU-
JIMCS BUIUIUTU TEOPilO IHTEIEKTY B PO3PSI CAMOCTIHO1
HayKOBOI TUCIUTUTIHU.

CtBopenHs1 ACIT noBoauTh 10 JOTIYHOTO KiHLS MO-
LIYKW YHiBepCalbHOI MaTeMaTUYHOI MOBHU [JISI OMHUCY
JIeTepMiHOBAHUX, TUCKPETHUX 1 CKiHUeHUX iHdopMalliii-
Hux npoueciB. ACIT y BitoMOMy 3HaY€HHI € y3arajJbHeH-
HsIM anapaty OyneBuX (PYHKLI# (mepexin Bim IBiAKOBUX
3HaKiB 0 OyKB) i amapaTy 0araTO3Ha4yHOI JOTikU (Tepe-
Xim Bim dyHKIi# mo BimHomieHb). Bukopucranus ACII
y Teopil iHTeJIeKTy TIPUBOAUTH 10 BUKIIOUEHHST TIOTEH-
LilAHOT HECKIHYEeHHOCTI 3 (hOpMaJIbHUX OIMUCIB iHTEIeK-
TyaJIbHUX MPOLIECiB, 1110 3abe3Ieuye Kpalue HabIMKEeHHS
OIEP>XKYBaHUX MOJEJeH J0 MiCHOCTI, HiXX Te, sIKe MOXe
natu anapat Teopii aroputMmiB. ACIT BBOIUTH Y BXKUTOK
CKiHYeHi andaBiTHi omeparopu, amekBaTHill maust (op-
MaJIbHOTO OIUCY JAETEPMiIHOBAHMX, AUCKPETHUX i CKiH-
YeHUX iH(GOPMAaLiifHUX MPOLECiB, HiXX Ti IO HIUPOKO
BUKOPUCTOBYIOThCSI B JaHUIA Yac JUIS Ti€i K METH TIOTEH-
LIiliHO HeCKiHYeHHI aJihaBiTHI orepaTopu.

BaxnuBo minkpeciautu, mo ACII He € yumMoch 30-
BHIIIIHIM CTOCOBHO Teopii iHTesnekTy. BoHa € He Tinbku
3acio opmasibHOrO onucy (yHKII iHTEeIEKTY, aje B il
dopMynax ykiameHa caMma CyThb iHTEJIEKTYaJlbHUX ITPO-
ueciB. @opmynu ACIT npupomgHUM YMHOM iHTEPIIPETY-
IOTbCS SIK TMIOHSITTS i1HTEIEKTY, ii PiBHSIHHS — SIK TYMKM,
JIyMKU 1HTEJIEKTY, a mpollec pilieHHs piBHsAHb — ACIT —
SIK JTisSUTbHICTD iHTEIEKTY.

Hasasuicts ACII BigkpuBa€e MOXJIMBICTb MEPEX0O-
Iy Bif, aATOPUTMIYHOTO OMUCY iH(GOpPMaLiiiHUX MpolLe-
CiB 10 OMUCY iX y BUMJISAI piBHSHb. MU BBaxaeMo, 1110
MOBa piBHSIHb A00pe BiAmoBimae crenudili iHTeJeK-
TyalbHUX TpoueciB. Ha BinMiHy Bii airoputmis i mpo-
rpam i1 EOM, piBusiHasim ACII, sk, Btim, i Oyab-
SIKUM iHIIUM PiBHSIHHSIM, HE BJacTWBa CIIPSIMOBAHICTh
nii. ANTOPUTMIYHMIA TpOLEC 3aBXIW peaslidye OesiKy
¢yHK1iI0, 3 HOro IOMOMOTrol0 MPOBOIUTHCS BU3HAUEH-
HS1 3HAYeHb 1€l (PYHKIIT 3aJIeXXHO Bil 3HAUYEeHb ii apry-
MeHTiB. PiBHSIHHAMM X MOXHa 3a1aTh BiJHOCUMHU MixX
3MiHHMMU. Bci 3MiHHI B piBHSHHI piBHONpaBHi, Oyab-
SKi 3 HMX, 3aJIeXKHO BiJ HalIOro OaxkaHHSI, MOXYThb BU-
CTyINaTH K B POJIi He3aJeKHUX, TaK i B poJii 3aJiesKHUX
3MiHHUX. AJITOPUTMU i IPOrpaMu OMUCYIOTh QYHKILIOHY-
BaHHSI CHCTEM 3 BXoJaMmu i Buxomamu, a piBHsiHHST ACITI
OMUCYIOTh (DYHKIIOHYBAaHHS 0araTOMOJIOCHUX CHUCTEM.
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B nmepmioMy BUNaaKy BXif i BUXil CUCTEMU XOPCTKO 3a-
(hikcoBaHi, B ApyroMy BUMAAKY BXiHi CUTHAJIU MOXYTb
rnojaBaTUcCsl Ha Oyab-KOro MOJIOCU, a 3HIMaHHS BMXif-
HUX CUTHAJiB TaKOX MOXKE MPOBOAUTUCS 3 OyIb-SIKHUX
MOJIIOCIB.

Oco0n1Ba nepesara crnocoo0y ornucy 00’eKTy 3a I0M0-
MOTOI0 PiBHSIHb Y MOPIBHSHHI 3 AJITOPUTMIYHUM OMTUCOM
MOJIAITa€ B TOMY, 110 32 PiBHSHHSIMMU MOXHa BU3HAYU-
TU peakilil 00’eKTy mpu Oyab-IKOMY CIOcobi po3mofi-
JIy BXiIHUX 1 BUXiZHMX CHUTHAaJiB MiX HOro IoJiOcaMM.
Ao yucao 3MiHHUX Y PIBHSIHHSIX BeJIUKE (2 B PIBHSH-
HSIX, 110 OMMUCYIOTh iHTENEeKTyaJbHi MpoLecHu, lie YhC-
J10, TI03a CYMHiBOM, Oy/e ayXe BEeJMKUM), TO TaKUM Ke
BEJIMKUM OyJe i YMCIIO MOJIIOCIB y 00’€KTa, OMUCYyBaHO-
ro UMM PiBHSIHHAMU. YKCI0 X BCiX pi3HUX cMOCOOiB
PO3MOIiNY BXiTHMX i BUXiZTHUX CUTHAJIB MiX TMOI0CaMKU
00’exTy Oyne acTpOHOMIYHO BEJIMKMM. Y LIMX yMOBax
MPaKTUYHO HEMOXJIMBO CTBOPUTHU TTOBHMII Habip ajro-
PUTMiB, KOXHUI 3 IKUX OOUYUCTIOBaB OU peakllii 00 €KTy
MpHU SIKOMYCh OJTHOMY CITOCO0i PO3MOIiJly BXiZHUX i BU-
XiITHUX CUTHAJIiB MiX MoJitocaMu 00’ €KTY.

PiBHSIHHSI BUTiIHO BiPi3HSIOTHCS Bijl aJITOPUTMIB 111e
i TUM, 1110 JO3BOJISIIOTH PO3PaxoByBaTH (X04a i HETOYHO)
peaxiii OnmMcyBaHOrO HMMHU OO0’€KTY HaBiTh MPU HETO-
BHOMY Iioro 3aBaaHHi. He MOBHICTIO XX po3po0JieHuit an-
roput™ Oyae MpocTo Herpale3gaTHUM. Onuc o0’ekra y
BUIJISI/Ii CUCTEMU PiBHSIHb MOXKHA JIETKO YIOCKOHATIOBA-
TH, TIPOBOMISIYM B HHOMY JIMIIIE JTOKAJIbHI 3MiHU IIJISIXOM
lofaBaHHS ad0 BUKJIIOYEHHSI OKpeMUX piBHsSHb. HaBiTh
y MpOLECi CBOET PEKOHCTPYKIIii CUCTEMa PiBHSIHb 3aBXIU
3JIUIIAETHCS TOTOBOIO 0 BUKOPUCTaHHS. OMUCYI0UM K
peaxiii 00’eKTy 3a JOIMOMOTIOI0 aJITOPUTMY, MU PU3UKYE-
MO 3iTKHYTHUCS 3 HEOOXiIHICTIO KOPiHHOI NMepepoOKu aj-
TOPUTMY TIPY IIOHAWMEHIIIMX 3MiHaX HaIlIMX 3HAHb IPO
00’exkT. Onuc o0’eKTiB 3a MOMOMOTOI0 PiBHSIHb — Tpa-
IMLIAHWI crnocid HaykoBoro omucy cBity. Lleit crocio
LIXPOKO MOIIMpPeHUuit y (i3ui, Ximil, TexHilli i 6araTbox
iHIMX HayKax. Ham mipeacraBisieTbes, 110 MPUIAIIOB Yac
BUKOPUCTOBYBAaTH MOTO TAKOX i TIPU OMUCI TUCKPETHUX
iH(popMaLiiTHUX MMPOIIECIB.

AnroputMu i nporpamu st EOM, 3 ogHoro 0oKky, i
piBHsiHHS ACIT — 3 iHIIOTO, 1110 PO3MISAAIOTHCA SIK 3a-
co0U MaTeMaTUYHOIO OTMUCY CKiHYEHUX 00’ €KTiB, Bipi3-
HSIIOThCS 111€ B OTHOMY BEJIbMU BaXKJIMBOMY BiIHOIIIEHHI.
AJropuT™MHU i mporpamMu, ONUCYOUM AesKuil 00’€KT, pa-
30M i3 TUM MICTITh Yy CcOOIi 11ie i peLenT 00YMCIeHHS pe-
aKlliil HbOro 00’€KTY Ha 30BHIllIHI Aii. YKJIamay aaropur-
MY YM MIporpaMy BUMYILIEHMI BUpILyBaTH Bimpa3y IBi
3amavi: 1) TpUpOAHUYOHAYKOBY 3a/adyy MAaTeMaTUIHOTO
onucy 00’exTy; 2) opmanbHO-JIOTIYHY 3aJa4y BU3HA-
YeHHs1 peakliii 06’ekTy Ha 30BHilUHi nii. PiBHSIHHS X,
OIMUCYIOUN 00’ €KT, HE MICTATh y COOI peLenTy O0YnCIeH-
Hs1 peakliil boro o6’exTy. [1lo6u 11i piBHSIHHSI MPUBECTU
B 10, iX HEOOXiJHO pPO3B’sI3aTH 3a JOTIOMOTOIO CIelialb-
HO po3pobjeHoro metony. Ilpu MaTeMaTMYHOMY OITUCi
00’€KTy 3a IOMIOMOTIOIO PiBHSHB iX yKJIagad BUPILIYE He
o0uABi 3ajayi, a TiIBKKM ONHY 3 HUX — mepuy. BiH He

pOOUTh HIYOTO 3aliBOTO, HE 3axapalllye onuc iHpopmarli-
€10, 1110 HEe BiIHOCUTHLCS A0 CIIPaBU, TOMY IPUPOIHO Ye-
KaTu, 1110 MaTeMaTUYHUI omuc 00’€KTIB 3a JOMOMOIOIO
PiBHSIHb Oy/ie MPOCTILIMM, HiXX OIMUC TUX Xe 00’€KTIB 3a
JIOTIOMOTO10 aJITOPUTMIB 1 Tporpam. Mu cnoaiBaemMocs,
o piBHSIHHS ACII cTaHyTh OCHOBHUM iHCTPYMEHTOM B
crpaBi MOAEIOBAHHS iHTEJEKTyalbHUX TMPOLIECIB.

BBazkaemo, 1110 MOBa piBHSIHb A0OpE BiANOBIga€ crie-
uudini iHTenexkTyaqabHux npouecis. Ha BinMiHy Bin ai-
roput™miB i nporpam mis mugposux EOM piBHSIHHSIM
ACII, gk, BTiM, i OyAb-SIKMM iHIIUM pPiBHSIHHSM, He
BJIACTUBA CHPSIMOBAHICTh Mii. AJTOPUTMIYHUI Tpoliec
3aBXIU peallidye JesaKy (PyHKIiio, 3 Moro a0moMororo
MPOBOAMTLCSI BU3HAYEHHS 3HAYeHb i€l (pyHKIIT B 3a-
JIEXKHOCTI BiTHOLIEHb TOILO); MOHSTTS aJredpu JIOTiKU
i GaraTo3Ha4yHOI JIOTiKW; JesKi TOHSTTS, IMOB’SI3aHi 3
npoliecaMu o0OpoOKM BUPa3iB (CJIIOBO, MTOBXWHA CJIOBA,
3’€IHAHHS CJIiB, yIaKoBKa BUpa3y, 00’€JHaHHS BUpa3iB
TOILIO); MPOCTi JIHIBICTUYHI MOHSITTS (IOJOCHI, LLIMWILIS-
yi, eJIeMEHTU MapagurMaTudyHoi Tadauui toiio). B wmii
raaysi e HajaeXXuTh BUKOHATU BeJIMYE3HUI 00CsT pOOiT.
Ix 3aBepiuenHs o3HauaTMe opMaiszariio Beiei cucre-
MU TIOHSITh, SIKOIO BOJIOMIE JIIOACHKMIA iHTEJIeKT. Y Mipy
pPO3IIMPEHHSI Kpyra IOHSTh, MaTeMaTUYHO OIMCAHUX
3acobamu ACII, ii MoBa cTaBaTUMe BCe OLJIbII EMHOIO i
a0CTPaKTHOIO, MOCTYIMOBO HAOIMKAIOYMCh 10 CBOIM CHIIi
i BUpAa3HOCTi A0 MPUPOJIHOT MOBU.

BaxyinBoio mpo0yieMo1o Teopii iHTeJIeKTy € po3podKa
MeTO/IiB i 3ac0o0iB a1 BupileHHs1 piBHsIHb ACIIT. BoHu
HeoOXigHi 11 (i3MYHOro BiITBOpEeHHS iH(MOpMaLiiHUX
npoliieciB, GopMalibHO OMMCAHUX TEOPi€I0 iIHTENEeKTY. bes
BKa3aHUX METOMIIB i 3aC00iB MaTeMaTU4Hi MoJesi (PyHK-
Liil iHTEJICKTY 3aJUIIaThCs TUTBKM MEPTBUMU 3aIlCaMU
Ha marnepi. Ha manwuit yac 3po0yeHi nepili KpoKu y Ha-
MpsiMi pilIeHHS i€l MPobJeMUu: MOOYIOBaHI AITOPUTMU
pimieHHs piBHIHBb ACII 1HuIsixoM npuBeaeHHS iX 10 J10-
CKOHAJIOI 13’ IOHKTUBHOI HOPMaJIbHOT (POPMU 1 LUISIXOM
MOCiIOBHOI MiICTAaHOBKU B PiBHSIHHSI 3HAWAEHUX 3HA-
YyeHb 3MiHHUX; po3pobJieHi MeToaM MiHiMizalii hopmya
i MeToau nekomro3ulii piBHsIHb ACIT; 3HaitneHi croco-
Ou SIBHOTO BUpa3y HEBIMOMUX IS PiBHSIHB i3 MOCTIHHU-
MM i 3MiHHUMHU MapaMeTpaMU; OTTMCAHUI psii TOTOXKHOC-
Teii, Ha OCHOBI SIKOi MOXYTh BUKOHYBATHUCS CITIPOIICHHS
¢opMys1 3a HasIBHOCTI B HUX CHMBOJIIB BHUILOTO PiBHSI
abcTpakilii, 1110 CKOpOUYIOTh (3amepeyeHHs1, iMILTiKallis,
00’eIHAHHS MHOXWH, 3’€IHAHHS CJIiB, YITaKOBKa BUpa-
3iB TOILIO).

PilmeHHs1 piBHSIHB, 110 OIMMCYIOTh CKJIaAHi iHTeleK-
TyaJdbHi TIPOLIECH, MOXHA IOAaTU sSK OaraTosipyCHU
Mpoliec, 3MIMCHIOBAaHUI Ha Pi3HUX PIBHIX aOCTpakilii.
IIo6 mnoBHIiCTIO aBTOMATU3yBaTU TMPOLEC, HEOOXiTHO
3a3/aJieTigb BUKOHATU JyKe BEJIUKY poOOTYy 11010 (op-
MaJIbHOTO OIUCY BIACTUBOCTEN TOHSTH Pi3HOTO PiBHS
abcTpakilii, CTBOPUTU TEOPil0 TOTOXHUX TEePEeTBOPEHb i
cripolieHHsT (hOpMyJT Pi3HMX KOHCEPBATUBHUX PO3IIN-
penb ACII. Ak mepimii KpoK B 1Iiii Tanmy3i po3poOJieHi
MOYaTKW Teopil BUpa3ziB, B SKiil (opmasbHO oOmucaHi

45



YeteepukoB I'.I"., Cukan I.M., TabakoBa I.C.

MPOCTi MEPETBOPEHHS MOCIiTOBHOCTE! CUMBOJIIB (ce-
JIeK1isl, KOMyTallisl, 3CyB, TepecTaHOBKa, BUOipKa, po3-
MHOXEHHSI, 3HUIIEHHS, 3aMiHa OyKB BUpa3y, MiJipaxyHOK
OYKB BUpa3sy, BilHIMaHHs BUpPa3iB TOILO).

HacyimHoto 3amaueto Teopii iHTENEKTY € CTBOPEHHS
YVHiBepCcaJlbHOIO BUpilllyBaua 3afay, SIKWil Ha MepLIOMYy
eTarni poOiT MOXHa MOJATU y BUIJISIAL CceliaJbHOl Mpo-
rpamu st uugpoux EOM, po3B’s130K MEBHOIO Kjacy
piBHIHb ACII 3 CUMBOJIIKOIO JOCTATHBO BUCOKOTO PiBHS
abcrpakuii. PimeHHs wiei 3amavi go3Bosuiao O B3arami
BiIMOBUTHCSI BiJl CKJIallaHHSI TIporpaM it 0aratbox 3a-
Jay, CKJIAOHICTh SIKMX He MepeBepllye NesKUil 3aJaHuit
piBeHb. JocTtaTHbO O OyJi0 3amucaTd yMOBU 3aJayi y BU-
rsiai cucteMu piBHAHBb ACII i BupimmT cuctemy 3a 10-
TOMOTOI0 YHiBepCaJbHOTO BUpIillTyBaya.

Hpyruit eTan poOIiT y LIbOMY HamnpsiMi MpeacTaBisi-
€TbCS SIK CTBOPEHHS CMeliali3oBaHO1 MAlllMHU 11 BUPi-
meHHs piBHsSHb ACII 3agaHoro piBHS cknamgHocTi. Taka
MallrHa, Mo CyTi, BUsBWIacs O BiAlpaBHUM MYHKTOM B
CIpaBi CTBOPEHHSI CUCTEMU IITYYHOTO iHTENEKTY. Y Mipy
TOTO SIK Y TIPOLIECi BIOCKOHAJIEHHSI MAIlIMHU 30i/IbIIyBa-
Jacst 6 rpaHUYHA CKJIaJHICTh BUPILYyBAaHUX HEIO PiBHSIHbD,
a TakoX pocyii 6 piBeHb aOCTPAKTHOCTI i YHUCIO OCBOE-
HUX HEIO TOHATh, CIOCTepiraBcsl O MOCTYIOBUIT pO3BU-
TOK 11 iHTeNeKTy. 3apa3 3po0JieHi MeBHi 3ycUsUIs y Hampsi-
Mi CTBOpEHHSI MepeayMOB [0 MOOYIOBM TaKOi MaIlWHU.
Po3pobseHi moyaTku Teopil JIAaHUIOTIB MEepeMUKayiB i
Teopii iIAKOM CKiHYEHUX aBTOMATIB, PO3IJISIHYTI CIIOCO-
Ou cxeMHOI peajtizallii [esIKUX MEPBUHHUX MAaTEMATUYHUX
CTPYKTYp i omepauiii (MHOXUWH i BiIHOIIEHb, OIepalliii
Hal HUMU, OyJeBUX i mepemMuKadiB (PyHKILiH, apudme-
TUYHUX [Oiii, ornepaliil HaJ BUpa3aMu i CJIOBaMU TOLLO).

4. Mopdooriunmii anai3

Mopdghonoeiunuii ananiz — 11e 06poOIeHHS CI0BO(POPM
6e3 3B’s13Ky 3 KoHTeKcToM. CitoBoopMa — 1ie BiITUHOK
TEKCTY MiX JBoMa MpocBiTkamu. Po3ainoBi 3Haku BBa-
KaIOThCSI OKPEMUMH CIIOBOGOPMAaMMU.

VY uentpi yBaru MopdoJorii CToiTh CJIOBO 3 HOTro
rpaMaTMYHUMU 3MiHaMM. Y JIiHTBICTMYHIi JjiTepary-
pi TepMiH “MopdosIoris” BXMBAETbCS IS MO3HAYECHHS
BiIMOBIIHOT CUCTEMMU BCEPEIMHI MOBHU, Y SIKY BXOIWTb
CJIOBO3MiHa (CJIOBOTBOPEHHS PO3IJISNAETHCS SIK CaMO-
criiiHa cuctema) [1].

ITin c10BO3MiIHOIO PO3YMIETHCS YTBOPEHHS (HOpM
OTHOTO ¥ TOTO X CJIOBa, IO iCHYE B MOBI, SIK CHCTEMa
dopm (cnoBodbopMm). CroBoDOpMU «MOXKHA BU3HAYUTH,
K peryjspHi BUIO3MIHU CJIOBa, 00’€IHAHI TOTOXHICTIO
Oro JEeKCUYHOIro 3HAUeHHS i HEOAHAKOBUMU MOpP(dO-
JIOTIYHMMM 3HaYeHHSIMM» [1]. 3ampornoHoBaHe BHM3HA-
YEHHSI OXOTLTIOE TaKi 3MiHU, 3a IKUX 30€pira€ThCs UiIUM
JICKCMIHE 3HAYCHHS CJIOBA.

Huxue 06’ekToM (hopMaabHOIrO OMUCY € MUCHbMOBA,
T0OTO OporpacdiuHa, a He (poHEeMaTUIHA peasti3allis CJIo-
BoopM ykpaiHchKoi MOBU. Taka cdopma 3amucy ycyBae
HEOOXiTHICTh TOTaTKOBOTO 0OPOOICHHS ITif] 9ac YBEICHHS/
BUBEACHHS TEKCTiB, a TaKOX JIO3BOJISIE YCYHYTH i3 OIMUCY
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aKIIEHTHUIT KOMITOHEHT. [Ipu 11bOMy, OKpPEMOIO CJIOBO-
(GopMoI0 € BIITMHOK TEKCTY MiXK IBOMa TTPOMiXKKaMMU.

VYTBOpeHHs cJIoBa 3BUYAlHO BiAOYyBa€TbCs 3a JAOMO-
MOTOIO CMELiaJIbHUX CIOBO3MiHHUX MopdeMm. ITig mop-
deMoro OyaemMo po3yMiTH MiHIMaJbHY 3HAuYylly OAU-
HUIIO MOoBM: «Mopdema — lie HaiiMeHIlIa HemomiJibHa
3Havyllla YacTUHA CJIOBa € OJWHUIIS MOBU, a3 B MOBi BU-
CTYMNalTh OKpeMi TNpeACcTaBHUKU MopdeM, sIKi 3pydyHO
Ha3zuBatu Mopdamu» [1].

3a 3HaueHHSIMU i PYHKIIIEI0 B CTPYKTYPi CJIOBa MOP-
deMu MoAiISIIOThCS HA KOpeHeBi i ciyk00Bi. Mopdh —
KOHKPETHUII BUSB MopdeMu, HaliMeHIIa 3Havylla
YaCTUHA, 110 BUAUISETHCSA Y CKJIa[i MEBHOI KOHKPETHOI
cioBodopmu ciioBa. OcoOIMBY POJIb TTif Yac CIIOBO3MIiHU
BimirpaloTh 3akiH4eHHs cjioBodopM (ekcii), 1o me-
penaroTh, SK IMPaBUIO, TpaMaTUYHi 3HAYCHHST B YKpaiH-
CbKHUX cjoBax. 3aKiHUEHHS 3aBXIU BUCTYMAE B IMEBHil
CHUCTEMi CJIOBO3MiHM 3MiHIOBAHUX YAaCTUH MOBHU.

Tunu BigMiHIOBaHHS iIMEHHUKIB, TIPUKMETHUKIB,
YUCIiBHUKIB, 3aiiMEHHUKIB PO3Pi3HSAIOTHCS CUCTEMOIO
3aKiHY€Hb, SIKi BUpaXxaloThb I'paMaTU4Hi 3HAYEHHS Bid-
MiHKa, poay i uucia abo nuile BigMiHKa (B KiIbKiCHUX
yuciaiBHUKax). Hanpukian, y iMeHHUKIB (ieKcil 3aBep-
LIYIOTh MaTepiajibHy TOOYIOBY, 3aKpillIsSIlOTh JEKCUKO-
rpaMaTUyHe 3HAYEeHHsS CJIiB, CIPUSIOTh BiOOpakeHHIO
TaKMX KaTeropiiHMX O3HaK $IK Pil, OIYXOTBOPEHICTh,
YHUCJIO, BiAMiHOK. Jli€ecioBa MalOTh CKJIAJHY CUCTEMY [li-
€BiAMIHIOBaHHS 3a oco0aMu, poJaMU i YMcliaMu, OCHO-
BHUMH MMOKAa3HUKAMU STKUX € 0COOOBO-, POJIOBO-UYUCIIOBI
daekcii.

bynemo knacudikyBaTu GbJjekcii Ha peryyisipHi Ta He-
peryispHi. PerynspHi ¢aekcii — Halipo3MoBCIOMXKEHIIIT
i1 mpuitMaloThest 3a HopMmy. OTMcaHa HUXKYe MaTeMaTud-
Ha Mofesb 0a3yeThcsl Ha hopMasbHilt Moaesi Mopdoio-
ril yKpaiHCbKOi MOBH.

Y mopdoorii ykpaiHCbKOi MOBM iCHY€E IeBHa 3a-
JIEXHICTh (BIAHOLIEHHSI) MiX (bJIEKCi€l0 Ta OTOYYIOUUM
il TekcToM. 3aBOaHHS TIOJIITA€ B MaTeMaTUYHOMY OITH-
Ci iCHYI0YO1 3aJIEXXHOCTi, TOOTO y hopMalti3allii MOHSATTS
draekcii. TekcT, 110 OXOIUIIOE 3aKiHYEHHS, € HEOIHO-
PiIHUM ILIOAO HbOrO. bynemMo po3pi3HATU HAUOIXKUYMA
TeKCT (110 MeXYe 0e3MocepeaHbO i3 3aKiHYEHHSIM Y CJI0-
BoopMi) i MmoganblIuii TEKCT, (110 MEXYE 3 CI0BOdOP-
MOI0, y sIKili mepedyBae 3aKiHUE€HHSI, 1110 HAC LIiIKaBUTh).

V pob6ori [1] yBeneHe MOHSTTSI TEKCTOBOIO BiHOIIEH-
Ha T(X, Y), ne X — HabGip rpaMaTUUHUX O3HAK, 1110 BUIIJISIE
MiAMHOXWHY YCiX TEKCTIB i3 1€SIKO1 MHOXWHU Pi3HOMaHIT-
HUX PSAOKIB 00MeXeHOI TOBXUHU, YITOPSIIKOBAHUX i3 OYKB
cKiHueHoro andasity; ¥ — TeKcT. TeKCT po3risIaeThes K
OaratopiBHeBa CTPYKTypa, Y sIKiil i3 OyKB YTBOPIOIOThCSI
Mopdu, a 3 MopdiB — caoBodopMHU, i3 C10BOHOPM — pe-
YeHHS, Ta 3 peyeHb — ab3auu. OKpemi YaCTMHM L€l KOH-
CTPYKLii Ha3BaHi (hparMeHTaMu TeKCTy (OykKBuU, MOpDHU,
c/1oBo(bOopMU, peuyeHHs TOILO). Y MaTeMaTU4Hili Moaemi
CHUCTEMHU YKPATHCBKOI CJIOBO3MiHM, SIK (DpPArMEHT TEKCTY
BUCTYIIAIOTh CJIOBO3MiHHI MopdeMu, 10 MOXYTb OyTH

cydikcaMu W 3akiHUEHHSIMU. BpaxoByrouu BUCIIOBIIEHE



JESKI ACMIEKTV MOZEJTIOBAHHS IMPUPOAHOMOBHWX MPOLIECIB TA IX SACTOCYBAHHS NPV BUKJTALIAHHI B BULLIMX Y4E0BUX 3AKTTALAX

paHilie 3ayBaxKeHHSI 1110J10 PoJii (hJIeKciii y mpoluecax cjio-
BO3MiHH, 30CepearMO TOAANBIINI PO3IJIsA HA METOAMLIL
(G opMaIbHOTrO OMUCY MPOLECIB 3MiHU CJIiB (32 JOMTOMOTOI0
¢nexciit), 110 MOXHa 3aCTOCyBaTH i 10 iHIIMX JIIHTBiC-
TUYHHUX OTWHUIIb TEKCTY.

Jlito TekcTy, 110 OTOYYE 3aKiHYEHHS (K OJIMXKYOTo,
TakK i MOAAJBIIOr0), 3aMiHUMO YBEAEHHSIM JI€SIKOro Ha-
0opy 03HaK, SIKMIT TPOIHTEPIIPETYEMO SIK CMUCA 3AKIHYEH -
na [1]. Iig cMucaom 6yneMo po3yMiTH Habip MPOMiXHUX
3MiHHUX, 110 3B’SI3yI0Thb PiBHSAHHS, SKi OINUCYIOTH 3a-
KiHUEHHS, 3 PIBHAHHSIMH, 110 OMUCYIOTh PEIITY YacTH-
HU TeKcTy. Habip 3HaYeHb LIMX 3MiHHUX OyaeMo iHTep-
TPETYBaTH SIK 3HAUeHHsI cMuciay. CMUCT PO3TTISIIAETCS
AK 3MiHHuit Bektop X = (X|, X5, ..., X,)), e m — 4ucio
KOMIIOHEHTIB BEKTOPa CMUCILY, a 3MiHHI X|, X, ..., X,
KOMITOHEHTH CMMUCITY.

Hexait ¥, 1, ..., ¥, — 3aKiHY€HHs, — JI¢ 3HAYCHHAM
Y, cnyxutp i-a 3a paxyHkoMm OykBa 3akiHueHHs. HaOip
Y=(Y,, Y, ..., ¥,) OykBeHnux aminuux Y|, Y, ..., ¥, Ha-
3BEMO 3MIHHUM 3aKiHYeHHM, HAOip 3HaUYeHb LIMX 3MiH-
HUX — iHOU8i0yanbHumM 3aKiHYeHHSAM 9U TIPOCTO 3aKiH-
YyeHHAIM. 3MiHHI 3MIHHOIO 3aKiHYEHHs, IX 3Ha4YeHHS
Ha3BeMO 3HAYCHHSIMU KOMITOHEHTIB 3aKiHUCHHSI.

ITin yac moOymoBM MaTeMaTM4HOI Moneli ¢aekcii
OIMUCYETLCS  hpacmenmue Mmopghosoeiune BimHOLIEHHS
L (X, Y), mo BinTBOpPIOE 3B’S130K MixX cMUCIOM X i 3MiH-
HuM parmeHToM (diekciitHum Mopdom) Tekcty V.
ITapameTpaMu yBeIeHOrO BiZHOIIEHHS MOXYTh OyTH
Oyab-sKi i3 KOMIIOHEHTIB BekTOpa cMmuciy. [Ipu upomy
Xe H, Ye M, ne H — MHOX1Ha HaOOpiB 3HaYe€Hb KOM-
MOHEHTIB cMuciay, M — MHOXWHA pPi3HUX IOCIiI0B-
HOCTEIl CKiHYE€HOI MOBXMWHU, YIMOPSIAKOBAHUX i3 OYKB
YKpaiHChKOTO ajdaBiTy Ta CUMBOJy Hpomixka (L—),
IO CJHYXWTh IJIs 3alOBHEHHS BIIbHUX Big OYKB ITO-
3ULIN Y 3aKiHUEHHSIX.

BBazkaemo, 1o MopdoJoriute BigHomeHHs L (X, Y)
BUKOHYETHCS TOAI 1 TIILKU TOAI, KOJU Y nepenae 3HaueH-
HsI KOMITOHEHTIB cMmucily X. MoBHa TpakTuKa roBOPUTh
Mpo Te, 110 pe3yJbTaT MepeBipKU YMOBU BUKOHAHHS
MOP@OJIOTIYHOrO BiIHOIIEHHS TOBUMHEH OYyTHM OJIHO-
3HAYHUM (y MPOTUJIEKHOMY BUTIANIKY JIIOAWHA HE 3MOTJIa
0 epeKTUBHO (POPMYBATU TEKCTH).

3rigHO 3 BUKJIAACHWM BHIIEC TTPUHIIUIIOM OTHO3HAY-
HOCTi, 3aKiHYEHHSI 3aBXIW OJHO3HAYHO 3aJIeXKUThb Bi
cvmcay. Lleit TpUHLIMIT MOXHA iHTEPIIPETYBaTH SIK BU-
MOTY TIOBHOTM HabOpy O3HaK (KOMITIOHEHTIB CMUCIY),
i3 IOMOMOTOIO SIKOTO 3IiMCHIOEThCSI BUOIP iHAUBITYyab-
Horo 3akiHyeHHs1. HabGip o3Hak OygeMoO Ha3MBaTU IO-
BHUM, SIKIIIO BiH ITpU OYIb-IKNX 3HAYCHHSIX O3HaK 3a0€e3-
Mevye OMHO3HAYHICTh BUOOPY BiANIOBITHOI HOMy (hiieKcii.
V gkocTi cmuciy npuiiMmeMo Oyab-sIKUil Habip 03HaK, IO
3a/10BOJIbHSIE BUMO3i MOBHOTHU. [lix MOBHMM CMMHCIIOM
daekcii 0yaeMo po3ymiTh Habip, CKJIaAeHU 3 AeSIKUX
KOMITOHEHTIB BeKTopa cmuciy X. Cmuci ¢iekcii, y mpu-
WHATOMY paHiule 3Ha4YeHHi, OyaeMO Ha3uBaTU HOGHUM
cmucaom. TTOHSTTS TIOBHOTO 1 HETTOBHOT'O CMUCITY (hJIeK-
cii yBeAeHi 3a aHaJOTi€0 3 BiIMOBIAHWMU TMOHSTTSIMU

st pparMeHTy TekcTy. MojaeatoBaHHSI (parMeHTHOTO
BiIHOIIIEHHST HEOOXiAHO MoYaTu 3 BUOOPY CTPYKTYpHu Oa-
raTOKOMIIOHEHTHUX BeKTOpiB X Ta Y. fIK KOMIOHEHTHU
BeKTOopa Y HeoOxigHO BUOpaTu OyKBU 3aKiHYeHHs. [1pu
LIbOMY HyMepallisi OyKB BeleThCsl B MexKax (hJeKcii 3/1iBa
HamnpaBo. I1o X cTocyeTbcss BUOOPY CTPYKTYpH BeKTOpa
cMuciy X, TO TYT 3Ha4HO BCe CKJIAgHilIe.

Jg toro, mo0 OTpUMATH KOMIIAKTHUI Ta TOBHUM
ornmuc (parMeHTHOTO MOpPQOJIOTiYHOIO BiTHOIIEHHS
L (X, Y), HeoOximHO BHOpaTM KOMITOHEHTH BeKTOpa X
i3 ypaxyBaHHSIM BHYTPIlIHbOI CTPYKTYpU MOBHU. s
palioHaJIbHOTO BUPILIEHHS 1LLOTO 3aBAaHHS OyaemMo
crypatucs Ha TOHATTS, copMysibOBaHi MOPGOJIOTiEl0
yKpaiHCbKO1 MOBU. KpuTepieM IiJ yac OLiHKUA MPUITyC-
THUMOCTi BXXWUTKY TOTO UM IHIIIOTO TOHSTTSI, BUPOOJIC-
HOro MOBO3HABCTBOM, TMOBUHEH OYTHU, OUEBUIHO, YCITiX
dopManizanii nmpupoaHoi mMoBu. Yepes Te, 10 0O €EKT,
SIKU MOJENIOETHCSI, € NJOCTaTHBO CKJIAJTHOIO IJISI MaTe-
MaTUYHOTO OIKCY CUCTEMOIO, 3pYyYHO PO30MTU Oro Ha
psn mimcucTeM (sIKi OymeMo Hajajli Ha3uBaTU «MOBHUMU
OI0KaMm»), IO ITi3HilIe 00’€THYIOTHCS TEOPEMOIO IIPO
pO3KJIaJlaHHS B ajire0pi CKiHYeHUX Npeaukartis [1].

JUUIsT KOXKHOTO MOBHOTO OJIOKY (DiKCyIOTh 3HAaY€HHS
NIeSIKMX i3 KOMITOHEHTIB CMUCIY, SKi MU Ha3zBeMo 00-
MexeHuMmu. Hanpuknan, ogHUM i3 TaKMX KOMITOHEHTIB
CMUCIIy MOKe OyTH O3HaKa YaCTUHU MOBH, 1110 J03BOJISIE
dopManizyBatu (uekciiiHe o0po0JeHHS KOXHOI 4YacTU-
HU MOBHU OKpeMo. JApyry rpymny o3Hak, 110 Cay>KaTh 0e3-
MOCepeaHbO IS BUOOPY 3aKiHUEHHS YCepeauHi NesKOro
MOBHOTO 0JI0KY, Ha3BeMO 3MiHHUMU. HeoOxigHo Big3Ha-
YUTU, 110 HA3BU JBOX I'PYIT O3HAK YMOBHI, OCKiJIbKW Ha-
CIpaBi BCi KOMIIOHEHTU BEKTOpA CMUCIY € 3MiHHUMMU.
OOMeXyBaIbLHUM O3HAKaM IOCTaBUMO Y BilIOBigHICTb
3MiHHy &, a 3MiHHUM — X. TaKMM YMHOM, MAEMO MOX-
JINBICTh YTOYHUTH CTPYKTYPY BEKTOpPA CMUCITY

X: (ga X) = (E.ala &27 cees &ks X]a XZ; ceey X])9

Ie k, | — arcio 0OMeXKyBaIbHUX Ta 3MiHHUX KOMITOHEHTIB
BEKTOpa CMUCITY BiIIOBITHO.

3MiHHI 03HAKM B CBOIO Yepry HEOMAHOPIAHI 1I0J0 3a-
KiHueHHs. Panille BxXe migKpeciroBajlaCcb HEOAHOPII-
HIiCTb TEKCTY, 110 OTOYye (haeKkcio. BrmBoBi OJMKHBO-
ro TeKCTy Ha 3aKiHUYeHHSI OyAdyTh BilIOBigaTH JIEKCUYHI
03HaKW, a TTONAJIBIIIOT0 — CUHTAKCHYHI.

[IloOKn BU3HAUUTHU CKJIaJd 3MiHHMX O3HAaK MaTeMaTuy-
HO1 MoJesi, HeOOXiTHO c(POpPMYJIIOBATU TaKy BUMOTY /10
Hei: 3akiHueHHs Y, sike mepeOyBae B MOp@OJIOTriyHOMY
BiIHOILIEHHi 31 cMMCJIOM X, TTOBUMHHO OJHO3HAYHO BU-
3HauaTUCs cMUCAOM (Y BIiAMOBIZHOCTI 3 TPUHIUIIOM
OIHO3HAYHOCTI). YHACIig0K 1IbOTO, M0 CKJIaay 3MiHHUX
KOMITOHEHTIB BEKTOpa CMMCJY BKJIIOYEHHI K CJIOBO-
3MiHHI KaTeropii (Il NMPUKMETHMKIB — pil, YMCIIO,
BiIMIiHOK), TaK i HECJIOBO3MiHHi, ajie TakKi, 10 KepyloTh
YTBOPEHHSIM pi3HMX BapiaHTiB ¢opm. Hampuknan, Ha-
SIBHICTb Y AESKMX CJIiB CydaCHMX Ta apXalYHUX BapiaHTiB
dopm ycra, TIepcT — apxaiune, TyOU, TaJellb — Cy4ac-
He. ToMy mo cKilamy 3MIiHHUX O3HaK BKIIIOU€HA O3HaKa
3i 3HaYeHHsIMU: cydacHe (c), apxaiuHe (a). He 3aBxmau
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3aKOHOMIPHOCTiI B YTBOPEHHi BapiaHTiB ()OpM HACTiJb-
KM OYEBU[IHI, 1110 IM MOXHa IMOCTaBUTH y BiAIOBIIHICTh
Oyab-sKy MOp(doJIOriuHy KaTeropito. Y moaibHux BUma-
Kax OyaeMo YBOAMTU TaK 3BaHi YMOBHi MopdosoriyHi
KaTeropii, 1110 BiIMOBIAAIOTH TTPOCTOMY TepepaxyBaHHIO
BapiaHTIB oOpM.

Otxe, 3aBAaHHS ToJsrae y (popMajbHOMY OIMUCI 3a-
cobamu ACII ¢parmMeHTHOTO MOP(OJOTiYHOrO BiIHO-
weHHs L = (éa X) = (&lr &25 I ‘t:kﬂ Xl> X2, i Xl, er YZJ
.y ¥,), W0 Oyne monemno uaekciiiHoro oO6po0ieHHs
yYKpaiHChKUX cjioBoopM. MopdosoriuHe BimHOIIEH-
HSI BUBHAYAETHCSI CBOEIO XapaKTePUCTUYHOIO (PYHKIIIEIO
L, (X, ¥), 1110 3a1a€ThCsI HACTYITHUM YMHOM:

L(p X, Y)=
_ {1, ko X i Y 3B’sa3aHi MOpMOJOTiYHUM BiTHOLIEHHSIM;
0, y MpoTUIeXXHOMY BUMAIKY.

BinHomieHHst (6) € MpeaMkaToM, BHU3HAYEHMM Ha
CKiHYEHili MHOXWHI mpeaMeTHOl ranysi. BiH mo3Bouisie
IHTepNpeTyBaTU Pi3HOMAHITTS IpaMaTUYHOIO 0OpOOIeH-
HST YKpaTHChKUX (hJIeKCiit (aHami3, CMHTE3, HopMati3allis,
KOperyBaHHsI TTOMUJIOK TOII0), i3 TOMOMOI0I0 PO3B’S13KiB
KaHOHIYHUX PiBHSAHB BUIy L, (X, V) = 1.

ITonamo MopdosoriuyHy yHKIIiIO Y SBHOMY BUIJISII:

V= Fy(&, X), 1<)j<n,

Bona Oynme ommcaHa, gKIIO HaM yAacTbes IOnA-
TH y BUIIAAI GopMysl npeaukatu Fy, 1€ G HaJEXWUTb
MHOXWHI 3Hau€Hb, SIKi MPUMAaIOTh OYKBU 3aKiHYEHb.
Mpenukatu F (&, X) 3amaroTbesi pisSHOMAHITHUMM iieH-
trdikaTopamu (posmizHaBayamu) y°; Ik 3MiHHOI Y.

TyT NpuiiHATO MapajeJbHUI METOA ONMKUCY MHOXUHU
duexciitHux MopdiB [1], 3rigHO i3 SIKUM YTBOPIOETHCS
MHOXMHA Miclb IJIs YCiX (pJIeKCili, 110 MiasraoTh ONu-
cy. KoxxHoMy Miclilo j CTaBUTbCSl y BiAMOBIIHICTb CBOSI
3MiHHa y;. SIK bopMabHUI eKBIBAIEHT (hieKcii mpuiima-
€MO Habip 3HaYCHB YCiX 3MIHHUX V. 3HaYeHHIM 3MiHHOL
Y; € CTaH Miclst j JUlsl iHIMBiyanbHOro Mopda.

Takum 9mHOM, 3amada OIMMCY MHOXWHHU (hICKCIAHUX
Mop®}iB 3BOAUTHCS 10 GOPMaTBLHOIO ONKUCY (PYHKILT BULY

V%= Fo(&p, &y s & X1, Xy, - X)), 1SS0,
BucHoBkn

1. Chepu mpenMeTHUX Tany3eil, ne HaWAOLIbHILIE
MpaIfoBaTy 3 TaHWMU i 3HAHHSIMM, TTOAaHUMU MOBHU-
MM MOJEISIMU — 1€ Tajly3i 3 MepeBakaHHAM eMITipuy-
HOTO 3HaHb, Ji¢ CKJIaJHICTh (haKTiB i IX OMUCIB BUKITIOYAE
BUKOPUCTAaHHSI MOBU MaTeMaTUKM i 30KpeMa iHdhopma-
LHiAHO-THTEJEKTyaIbHUX TEXHOJOTIM Ta iHTEJIEKTyaJIbHOT
MiATPUMKU CYCIIJIbBHO-€KOHOMIYHUX TMPOLECiB Hisb-
HOCTi (piHAHCOBO-KPEAUTHHUX YCTAaHOB.

2. Haii6inbin 3arajibHa mpobyiema MmoOya0BU CUCTeE-
MM YIIpaBJIiHHS CEMaHTMYHOTO YM CEMaHTHKO-IIparMa-
TUYHOTO DiBHSI B3a€EMOJii, MOB’si3aHa 3 BUOOPOM TeX-
HOJIOTiT KOHTEKCTHO-3aJIeXKHOTO TIOJaHHS 3HaHb, I00Y-
JIOBOIO iH(opMaliitHuX 0a3 (IaHUX i 3HAHb) MIPO MpPEa-
METHY Tally3b i MeXaHi3My BHCHOBKY IJis OTPHUMaHHS
HEOOXiTHUX pillleHb.
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3. €1UHO BiIOMUM HaM, 00’€KTMBHUM HOCIEM 3Ha-
HHsI Ta iHTEJIEKTY € JI0AMHA, a BUPAa3HUKOM, 3aCO00M 10
30BHILIHBOTO CITIJIKYBaHHS Ta HOCIEM iHTEJIEKTY € JIIOA-
CchKa MOBa, 110 1 cKiIajaTuMe 00’€KT i HalmpsIMOK AOCITi-
JI)KeHb Y HACTYIMHUX YaCTUHAX POOOTH.

4. MareMaTtuyHa CTPyKTypa JaHUX Yy NEKJIapaTUBHUX
MoBax 0a3yeThbCsl Ha CUCTeMax MPEeIUMKATHUX PiBHSHb Y
anreOpi CKiHYEHUX MpeauKaTiB abo0 Ha aKCioMaTUYHil
Teopil MHOXWH, Y SIKili TEOPisi MHOXUWH iHTEPIPETYETHCS
SIK CTPYKTYpa JaHUX.

5. IIpobaema ctBopenHs LI nonsirae He B TOMY, 11100
«OynyBaTH INTYYHUX JIIOJAEH», a B TOMY, LIOO Ii3HATH
MPUPOJHI OPTraHi3MU HACTUIbKU, 10O BUKOPUCTOBYBATHA
iX Ha piBHi cUCTEM, TOOTO B KEpOBAaHOMY a00 KOpEeKTOBa-
HOMY pPeXUMi, 3p0OUTH 1X KEPOBAHUMU.

6. Koxuwnit arpndyt cucremu I cam moxe Oyt
YHiBepCaJIbHUM (DYHKIIOHAJIbBHUM MEepeTBOpIOBavYEM, aje
IHIIIOTO iepapXiyHOTro piBHS. 3 IOTO BUILIMBAE, 1110 YHi-
BepcaJbHUI (PYHKIIOHATBHUI MEPETBOPIOBAY € CUCTE-
MOIO PEKYPCUBHOIO.

7. Ha mincraBi BUBYEHHS JaHUX (OHETUKU i opdo-
rpadii yKpaiHCbKOT MOBHU pO3pO0OJIEHO:

* METOAMKY (OpPMaJbLHOTO OIUCY OYKBO-(OHEM-
HUX BimHOIIEHb, IOOYIOBaHI MaTeMaTW4YHI BigHOIIEHb
TOJJOCHUX Ta MPUTOJOCHUX 3BYKiB YKPAalHChKOiI MOBH,
Ha OCHOBi $SIKMX (hOpMasi3yloTbCsd 3aKOHOMipHOCTI
MO€EIHAHHS TOJJOCHUX i MPUTOJOCHUX OYKB Ta 3BYKiB, 1110
YTBOPIOIOTH Mapy 3a A3BiHKICTIO-TNIYXiCTIO i TBEPIiCTIO-
M’SIKiCTIO, @ TAaKOX 11032 TTapHUX TIPUTOJIOCHUX;

¢ MaTeMaTUYHY MOIEJIb aKIEHTHHX XapaKTepHCTUK
YKpPaiHCBhKOI MOBM. YCi Wi pe3yjbraTd TO3BOJISIOTH OT-
pUMaTU KOMIIAKTHY MOJAEJIb [JII €KOHOMHOTO 3aIlucy
CJIOBHMKIB MPpUPOAHOI MOBM B nam’siTi EOM.

8. I3 momomoroio ormmcy OyKBO-(POHEMHUX 3B’SI3KiB
y BUrsiai cucteMu piBHsiHb ACIT MoxHa:

— B iHTeneKTyaabHOMY iHTepdeiici 3miicHuT hop-
MaJbHUI Tiepexin Big (OHETMYHOro 3amucy cJioBa 10
iioro rtpagdigHoro 3o00paxkeHHs (3amada (POHETUIHOTO
aHaJisy);

— 3a gaHuM opdorpadiyHUM TEKCTOM OTPUMATH
1ioro (hOHETUYHY TPAHCKPHUIIILLiIO (3a1a4a CUHTE3Y MOBH);

— TIEPEUTH 0 CUCTEMHOTO Ta CTPYKTYPHOTI'O CUHTE3Y
npouecopiB (PYyHKLIOHATBHO-30PIEHTOBAHUX Ha aHali3
Ta CMHTE3 MOBHU, $SKi € HEOOXiTHOIO CKJIag0BOIO YaCTU-
HOIO CHUCTEM IITYYHOTO iHTEJEKTY.
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MINIMIZING THE COSTS OF BUILDING COMPLEX CROSS-PLATFORM
APPLICATIONS WITH FLUTTER AND FIREBASE

| 2

In our time one of the most if not the most common types of services is client-server ones. There are many frameworks
written in many programming languages for both client applications and server ones, especially considering many different
popular operating systems that are used by people today. With this many options, the question of which technologies
to use to achieve the goal with minimum sacrifices is always relevant and in this article, we research what might be one
ofthe most convenient technologies for client-server development not only for applications with relatively small amount
of users but huge ones as well that allows for 1-2 developers to relatively quickly develop, release and maintain big systems
with multiple client applications.

As a result of the work, there has been performed a research on the technology for developing cross-platform
applications — Flutter, the easiness of its use, and its advantages compared to alternatives, on Firebase services for
minimization of the costs to customize the server and on the combination of these technologies for modern client-server
application development.

INFORMATION SYSTEM, SERVERLESS, FIREBASE, FLUTTER, DART, CLEAN ARCHITECTURE.

I.A. PeBenuyk, E.B. Ocramko. MiHiMi3anisi BUTpaT Ha CTBOPEHHS CKJIAJHUX KPOCIIATGOPMOBUX JOJATKIB 3a J0-
nomorow Flutter Ta Firebase. Y Haiil yac onHUM i3 HaMOIMMPEHIIUX, SKIIO HE HANMOIIMPEHIIUM BUIOM CEPBiCiB
€ KJIieEHT-cepBepHi. IcHye Oarato ¢hpeiiMBOPKiB, HANTMCAHUX OaraTbMa MOBaMU MPOTPaMyBaHHS SIK JUISl KJTIEHTChKUX
TpOTpaM, TaK i AJIsI CEPBEPHUX, OCOOJIMBO BPAXOBYIOUH OaraTo Pi3HUX MOMYISIPHUX OTMIEPALIITHUX CUCTEM, IKUMU KO-
PUCTYIOTbCSI HA CbOTOIHSIIHIN JeHb. 3 TAKOIO KiJIbKICTIO BapiaHTiB MUTaHHS PO Te, SIKi TEXHOJIOTii BAKOPHUCTOBYBATU
JUUISI JOCSITHEHHSI METH 3 MiHiMaJIbHUMM BUTpaTaMU, 3aBXAW aKTyaJIbHE i B 11ili CTATTi MU TOCIIIXKYEMO TEXHOJIOTI1, SIKi
MOXYTb OyTH OHUMU i3 HAU3PYUHILLIMMU 7151 KITIEHT-CEPBEPHOT pO3POOKU HE JIUILIE TSI JOJATKIB 3 BiTHOCHO HEBEJH -
KOI0 KiJIbKiCTIO KOPUCTYBAUiB, ajie i 1Sl BEJIUKUX, 1O T03BOJIIOTH 1-2 po3poOHUKaM BiTHOCHO IIBUAKO PO3POOJISTH,
BUITYCKATH Ta MiATPUMYBATH BEJINKi CUCTEMH 3 KiJTbKOMa KITIEHTCHhKUMU TIpOrpaMaMu.

3a pesynsraTaMy poObOTH OYJIO MPOBEACHO AOCIIIKEHHST TEXHOJIOTIl PO3POOKHM KPOCTUIaT(OPMHUX TOAATKIB —
Flutter, mpocToTH ii BUKOpUCTaHHS Ta IepeBar rnepes aabrepHaTiuBaMu, cepBiciB Firebase mist MiHiMi3zallii BUTpaT Ha
HaJallTyBaHHsI CEPBEPHOI YACTUHU Ta B3a€EMOIii LIMX TEXHOJIOTiH U151 pO3pOOKU CydyaCHUX KITiEHT-CEPBEPHUX ITPOTPaM.
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Introduction

Cross-platform development is the most effective when
it comes to client applications since you use one code
base for multiple applications simultaneously increasing
amount of people the app is available for and amount of
people that are needed to develop it. Fewer code results
in fewer bugs, their faster resolution, and quicker imple-
mentation of new features. Respectively fewer hours of
work are required for the whole cycle of development that
results in the same goal being achieved with a lot fewer
resources than if each application had been developed
by separate teams using native development frameworks.
This approach has been spreading rapidly since its first in-
troduction and is one of the most popular ones at the time
of the article.

Today many such cross-platform frameworks exist and
so the problem of choosing the most suitable one arises
again. Different frameworks support different operating
systems, use different programming languages, and have
communities of different sizes. That is where the Flutter
framework, that we are researching in this article, shines
in theory, not only is it the most modern cross-platform

framework at the time of the article, which means it in-
corporates the most modern approaches in software de-
velopment it also supports 6 of the most popular operat-
ing systems with the single codebase (Android, i0OS, Web,
Windows, Linux, MacOS) [1]. The practical side of this
framework is what needs to be researched to find out if the
framework can be used in most use-case scenarios.

For the client-server application, the client alone is
obviously not enough so the question arises of what tech-
nology to use for the server side. Just like with a client ap-
plication, many options are available for back-end devel-
opment, but the simplest one of all is to use the so-called
“serverless” approach. That approach means using exist-
ing services such as Amazon web services or, in our case,
Firebase, that do most of the work, such as scaling, secu-
rity, and open API for us. Not having to set up and pro-
gram the server site has its disadvantages, which we will
talk about later, but in most cases, such an approach saves
a lot of time and money speeding up the development
process and moving release deadlines earlier. Since con-
figuring the server using the “serverless” approach does
not require coding, minimum training and education are
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required so the same experienced developers that are de-
veloping the client application can take on this job as well
subsequently making the need for front-end and back-end
teams to use the time to communicate and sync their work
non-existent.

1. How Flutter works

During Flutter development, applications run on a
virtual machine, which allows you to reflect changes in
the codebase without the need to completely recompile
the application, which speeds up the development sig-
nificantly, especially compared to native mobile devel-
opment (Android/iOS). For the release version, Flutter
applications are compiled directly into machine code,
regardless of whether it is on Intel x64 or ARM, or even
on JavaScript if we compile for the web, and as a result,
we get an installation file specific for the target platform.
The framework is open access and has an active ecosystem
of third-party packages that add functionality to the basic
framework [2][3].

1.1. Structure

Flutter exists as a series of libraries divided into dif-
ferent layers (pic. 1) that can be replaced if needed [4].
No layer has privileged access to the layers below it, and
every part of the framework is designed to be replaceable
or completely removed as needed.

The lowest layer, called Embedder, is the layer that
procures the cross-platform capabilities of the Flutter
framework. It’s written using the programming language
corresponding to the target platform (Java and C++ for
Android, Objective-C for i0S, etc.), so each platform that
Flutter supports has its own embedder. This layer ensures
the native thread setup for Flutter to work and contains
native plugins to allow the framework to use the plat-
form’s native capabilities, such as a camera for mobile
and many more. Also, this layer converts the application
interface configuration, provided by the higher layers, into
native drawn elements.

gramewcrk Material Cupertino
art
Widgets
Rendering
Animation Gestures
Foundation
Engine Service Protocol Composition Platform Channels
C/C++
Dart Isolate Setup System Events
Dart Runtime Mgmt Frame Scheduling Asset Resolution
Frame Pipelining Text Layout
Embedder ’ ‘ | ‘ | |
Platform-specific

Fig. 1. Flutter’s architectural layers
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The next layer above the Embedder is a Flutter Engine
that is written in C++ and supports primitives, required
for the Flutter applications. The engine rasterizes the
composite scenes each time a new frame needs to be ren-
dered. It provides a low-level implementation of Flutter’s
core interface, including graphics, text composition, file
system access, plugin architecture, and a Dart compila-
tion toolchain. The engine is available for frameworks
through the corresponding package — dart:ui, which
wraps the underlying C++ code in Dart classes.

The top-level layer is the one developers interact with
the most — the Framework layer. This layer contains vari-
ous libraries for interface build that are abstractions to the
lower-level components to ease the development process,
speeding it up consequentially. If going from the lower
level of the Framework to the higher the following struc-
ture is present:

— fundamental classes and building blocks such as
animations, drawing, and gestures;

— rendering layer, which provides abstractions for
working with the layout;

— widget layer, which is an abstraction of the compo-
sition. Each rendering object from the rendering layer has
a corresponding widget class, and this layer also allows
you to define combinations of widgets that can then be
reused;

Material and Cupertino libraries that provide widgets
typical of Material and iOS design languages.

1.2. Rendering

When analyzing cross-platform frameworks, not
the last thing they pay attention to is its performance.
Surprisingly, Flutter’s rendering technology gives it a level
of performance comparable to a single-platform frame-
work. In the example of mobile cross-platform frame-
works, an abstraction is usually created over the interface
libraries of specific platforms. These native libraries usu-
ally convert classes to a view on a Canvas object. The in-
teraction of cross-platform framework code with native
creates many additional processes that slow down the ap-
plication. Flutter, in turn, minimizes such abstractions by
not using native rendering libraries in favor of its widget
structure. The Dart code that draws the Flutter app view
is compiled into native code that directly uses drawing on
the canvas. Flutter uses Skia technology for rendering,
just like Android. The framework engine also includes its
own private Skia repository, allowing developers to update
their applications with the latest improvements without
having to update the native operating system version.

The principle of Flutter is “what simple is fast” [5].
The flow of data from the event to the rendering instruc-
tions can be seen in fig. 2.

So, the rendering process goes like this:

— when Flutter wants to redraw its fragment in the
corresponding widgets, a special “build” method is
called;
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Fig. 2. Rendering pipeline

— during the build phase, Flutter converts the widget
structure into a corresponding tree of elements (fig. 3)
with one element per widget. Elements are divided into
component elements, which simply contain other ele-
ments, and elements of render objects, which participate
in the drawing phase;
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Fig. 3. Transformation of the widget’s structure
into a tree of elements
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— during the construction phase, Flutter creates or
updates an object that inherits from RenderObject for
each element of the render object in the tree (fig. 4);
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Fig. 4. Transformation of the elements’ tree
into a tree of render objects
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Next, the framework traverses the render tree depth-
first and passes down size constraints from parent to child.
Then the descendants respond by passing their sizes to the
parents, which must be within the received limits (fig. 5).
After that, each object is ready for drawing.

The root of all render objects is the RenderView, which
represents the full output of the render tree.
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Fig. 5. Passing constraints and dimensions
in the render object tree

2. Firebase services

Firebase contains many special services such as
Machine Learning, that are not typically used in an aver-
age service so they will be omitted and the most useful and
common ones will be described. The Firebase architec-
ture consists of several components that interact with each
other to provide a framework for developing and hosting
web and mobile applications [6]. The following are useful
for our purpose:

— Firebase Cloud Storage is an object storage that is
available on Google Cloud platforms. When this service is
added to Firebase, the application gets access to Google’s
security measures and the ability to safely download or
upload data;

— Cloud Firestore is a scalable, flexible database ser-
vice for server, mobile, and web development. It serves as
a NoSQL document database. Provides “out of the box”
access to web sockets, that is, the ability to reactively up-
date data in the client application on database changes. It
also has its own system of security rules, which is written
in a JavaScript-like programming language and controls
access to collections and documents according to user
needs;

— Authentication — can be used for simple user au-
thentication through login and password, mail, phone
number, and various social networks;

— Hosting — hosting service for web content. It can be
combined with cloud functions to develop and host your
own microservices;

— App Distribution — allows you to distribute pre-re-
lease versions of applications and configure a list of testers
for them;

— Cloud Functions — provides an opportunity to cre-
ate both HTTP endpoints and trigger functions that re-
spond to prescribed events, such as creating a document in
a certain collection. Useful when services that are needed
to implement some functionality in the application have
webhooks, for example, the Stripe payment management
service;

— Remote Config is a key-value type cloud data stor-
age for managing some flags and parameters necessary for
the client application, for example, the minimum version
of the application to which the user will be forced to up-
date the application;
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— In-App Messaging allows you to create a system for
sending push messages to device tokens, usually stored in
Cloud Firestore in the user’s document. It is especially
useful on the mobile platform, where push notifications
are most common;

— Crashlytics — allows you to track errors in applica-
tions connected to the service. May contain error codes
and messages, and also tracks app crashes;

— Performance — allows you to see how expensive cer-
tain processes in the application are, on which platforms,
and with which data. Useful to use for complex function-
ality to test the impact of changes on performance;

— Google Analytics — allows you to create many
events that can happen in the application and analyze
them with the help of real users. In this way, it is possible
to highlight the priority functionality, which is used by al-
most no one, and plan the development based on real data;

— Dynamic Links — allows you to develop so-called
“deep” links that will send the user to, for example, a cor-
responding mobile application, where it will be processed,
instead of a web page;

— AdMob allows you to add integrated Google adver-
tising to the application, immediately providing a method
of monetizing the service.

All of the Firebase services listed above would be use-
ful for a typical service providing not only the means of
implementation of the basic functionality but supporting
services to help improve the user experience as well.

3. Flutter-Firebase communication

Since both Flutter and Firebase belong to the same
company — Google, the interaction between these tech-
nologies is made as accessible as possible [7]. It is also
important that any updates and changes in Firebase will
be adapted to the Flutter context in priority, which ac-
celerates the improvement of the service thanks to new
functionality and bug fixes.

Flutter has all the necessary libraries for a comfortable
interaction of the client application with Firebase services
on the website, which distributes both custom and official
packages for the framework (pub.dev). They abstract the
work with the Firebase API, which makes it much easier
to use these services without creating a mechanism for
working with Rest, as you would have to do with a regu-
lar server. The same packages can also be found for most
modern frameworks such as React, Viewjs, Java Spring,
etc.

4. Flutter’s performance

Before jumping into using the Flutter framework with
all of its stated incredible capabilities a company should
still research all of the problems the framework may pro-
duce and the most common question is if the productivity
tradeoff is small enough to warrant the use of the frame-
work instead of the native solutions, that has been pre-
sent on the market for decades and has been tested and
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improved with time more than any other solution for the
platforms.

The Flutter framework makes the whole development
process many times easier, faster, and consequentially — a
lot cheaper, but if the result product’s productivity is in-
terfering with users’ experience it can make this product
very unsuccessful on the market, making all of the spent
recourses on the development go to waste and the saving
of a big part of them, choosing a cheaper development
process, a bad decision that led to nothing but losses. That
risk is the reason why relatively new technologies usually
take years to be incorporated into big companies and are
mostly used by small companies that do not have a lot to
lose. In a sense, these small companies are stress-testing
these technologies on real projects for big companies to
incorporate if proven effective.

Flutter is not an exception, though its rapid growth in
popularity is superior to most, not least because its origin
is one of the biggest companies in the world — Google,
which also used it to rewrite some of their popular, exten-
sively used products, such as Google Pay. These products
are performing incredibly in production and have been
proven to be as effective as their native counterparts with
the benefit of a lot simpler codebase, which inclined many
to try Flutter for their projects.

Real big projects written using Flutter prove its effec-
tiveness by themselves, but knowing exactly how different
Flutter’s productivity is compared to the native apps is es-
sential, especially if the project has to be as fast as pos-
sible, for example, a video game would need every frame
per second it can get for the most optimal experience of
the user even on the old devices.

The precise comparison of the Flutter and native
Android apps has been done and published in an article
before [8] and it presents a relatively accurate represen-
tation of the productivity differences between the Flutter
and other platforms’ native SDKs since the technology,
that Flutter uses, is practically the same for every platform
and boils down to drawing elements on the platform pro-
vided canvas.

In the mentioned article the study concludes with the
native app performing faster than a Flutter one in every
aspect, except for the threads rendering, the fact that
there is an aspect of the cross-platform framework that
works faster than the native counterpart is amazing, but
the rest of tests resulted in the Flutter’s loss. But that does
not mean that Flutter’s productivity is an issue, since
looking closely into the collected by the author data the
only big difference in performance, that can be spotted
by the naked eye is app startup, where Flutter seems to be
performing heavy tasks, the rest of tests show a minuscule
difference of average 50ms difference and the most com-
mon tasks that users will face perform with the difference
in a smaller range of 10-30ms.
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In conclusion, the Flutter apps perform efficiently
enough for the absolute majority of cases in the app de-
velopment sphere, since most apps tend to not perform
complex user interface tasks.

It is also important to note that the huge Flutter popu-
larity led to a rapid increase in the corresponding team’s
funding and the fact that it’s an open-source project al-
lowed countless developers to improve different aspects of
the framework themselves. Many of those changes have
been officially incorporated into the framework’s stable
version after the review, so Flutter’s efficiency increas-
es very fast compared to most other frameworks which
means the productivity may increase further in the future.

5. Cloud Firestore

Since Cloud Firestore has a role of a database, which
would be storing most of the data of the absolute majority
of apps using it it’s important to know how it works and
how productive it is compared to the alternatives [9][10].

5.1. Servers’ locations

When it comes to the productivity of a server the
first thing that comes to mind is its location. The closer
the server is to the user the faster the response time will
be. When choosing the location for the Google Cloud
Platform services, which include Cloud Firestore, the de-
veloper is presented with two options: a multi-region loca-
tion or a regional location.

Multi-regional location maximizes the availability and
durability of your database. It stores data replicas on mul-
tiple servers across multiple regions, some regions, called
witnesses only participate in the process of replication.
This method allows having consistent data and request
times across multiple regions, which is recommended for
global apps. At the time of the article, 2 multi-regions are
available: Europe and the United States.

Single region location maximizes the efficiency and
cost of the data transfer for the specific region. Using
a single region location would be more effective for the
apps, that are not designed to be global and are used in
a specific region, since request time increases the farther
you are stationed from the selected region. Multiple re-
gions are available across America, Europe, Asia, and
Australia.

Since Firebase charges the user by the number of
documents you read, write and delete obviously a multi-
regional location would charge more for every operation
since the data needs to be replicated to support effective
data accessibility across multiple regions.

5.2. NoSQL Advantages and Limitations

Since Cloud Firestore is a NoSQL document-oriented
database it is important to understand the principles be-
hind such a data-storing approach since it would not be
effective for every service to use it.

The main characteristics of NoSQL Databases archi-
tectures are [11]:

— schema-less structure;

— permitting data representations to grow effectively
and dynamically;

— horizontal scaling, by data replication of the collec-
tions and sharding over massive clusters.

The main advantages of NoSQL Databases:

— volume: data at rest — terabytes to exabytes of exist-
ing data to process;

— velocity: data in motion — streaming data, millisec-
onds to seconds to respond;

— variability: data in many forms — structured, un-
structured, text, etc.;

— veracity: data in doubt — uncertainty due to latency,
deception, ambiguities, etc.;

— not built on tables and does not employ SQL to ma-
nipulate data;

— can handle unstructured, messy, and unpredictable
data;

— helpful for working with large sets of distributed
data.

The disadvantages are the following:

— disorganized data, it’s harder to query needed data;

— the lack of JOINs — the lack of relations between
data makes the developer send multiple requests to access
some data;

So, in conclusion, if the data for the service needs a
strict structure for maximum efficiency it would be rec-
ommended to use a conventional relational SQL data-
base, but that does not mean that Cloud Firestore cannot
be used for such cases. Even though the documents’ struc-
tures are not strict and inside one collection documents
with different structures are allowed to occur the structure
can be enforced manually through the developers’ efforts.

In the Cloud Firestore on the top level are only col-
lections, each collection can contain only documents, but
each document can contain a subcollection. The structure
can be achieved through the client application’s effort by
defining strict models and paths for data to be stored. That
does not solve the problem of fetching multiple different
documents through one request but it makes it possible to
predict the documents’ contents and locations. For most
tasks that may occur in a typical service that should be
enough.

6. Experiment

Any theory needs to be tested in practice to have value
as research. In our case, a test service with a client appli-
cation written using the Flutter framework that uses most
Firebase services to function needs to be developed and
tested.

6.1. Experiment steps

The following tasks need to be performed:

1. basic Flutter application setup that includes app ar-
chitecture, presentation layer architecture for state man-
agement, navigation, and dependency injection setups;

33



I.Revenchuk, Y. Ostashko

2. check how native applications for supported plat-
forms look and feel;

3. create a Firebase project and connect it to the
Flutter app;

4. add registration and authentication using the
Firebase authentication service since it’s the most com-
mon use-case;

5. add database usage with Cloud Firestore, Cloud
Storage and Real-time database, test their security, add
rules;

6. add Cloud functions: HTTP ones and triggers for
collections’ documents’ states changes;

7. add Remote Config usage, push notifications using
In-App Messaging, dynamic links and adds using AdMob;

8. add analytics using Google Analytics, Crashlytics,
and Performance;

9. distribute mobile apps using app distribution and
host web apps using Hosting.

Every listed development task needs to be tested on the
speed of implementation, its complexity, and if the result
is satisfactory in terms of performance and security.

6.2. Experiment results

As a result of the experiment, a Flutter test applica-
tion has been developed with Firebase services covering
the need for a database, file storage, authentication, etc.
Below the experience from the development process of
each experiment step in the order presented in the previ-
ous section is listed.

6.2.1. Flutter application architecture

The Flutter community has created many libraries
that make initial project setup and things like navigation,
dependency injection, and interface state management
easier. For the test project, a flutter_modular package has
been chosen as it makes implementing a modern app ar-
chitecture easier. The package allows us to divide our app
into different, separate modules, each module has its own
injected dependencies and they are injected and disposed
of depending on the navigation state, so if there are no
screens, that belong to a specific module, in the screens
stack the dependencies, if were injected prior, are dis-
posed of.

During development, there were discovered 2 things
that flutter modular lacks, that needed to be implement-
ed separately by downloading package and changing it lo-
cally.

First, nested navigation, which allows us to open
screens inside other screens, that we use for the main
screen with the bottom navigation bar does not have cach-
ing. That means each tab is loaded every time the user
navigates to it, which is a bad practice as many unneces-
sary requests are sent.

Second, there was no ability to push several screens at
the same time. This is crucial when it comes to opening
dynamic links and push notifications, as when we lead the
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user to the corresponding screen the screens back-stack
needs to be filled with the correct items.

The basic app structure in a final solution is as follows:
an app is divided into features, and each feature has its
own package, so it’s physically separated from the other
features. The feature has 3 packages inside for each layer
according to the clean architecture principles. The pres-
entation layer also has a navigation package, that contains
the required info for other features to navigate into it if
needed.

For the presentation layer architecture for state man-
agement, a BLoC (business logic component) was chosen
since it’s the most popular solution at the moment and
perfectly solves the problem of separating the UI compo-
nents and business logic.

The version of Dart at the time of the article does not
have so-called sealed classes like, for example, Kotlin
programming language does. But surprisingly it could be
solved by the code-generation package called freezed. It
automatically generates boilerplate code for models, such
as serialization/deserialization, and comparison, and al-
lows the addition of a similar to sealed classes behavior
to a class. This has been extensively used for data transfer
objects and navigation information so that we can pass
needed parameters to a screen through such a class. Other
code generation packages were also used, for example, to
implement localization only JSON files with strings need-
ed to be filled manually, and the needed code was gener-
ated with a corresponding command.

6.2.2. Result client applications

The Flutter framework out of the box contains most
if not all widgets for both consistent Android and iOS
development in the material and Cupertino packages
respectively. Many animations and interactions, such as
scroll, are native by default and are performed differently
depending on the platform, on which the application is
launched. So it is very easy to make the application feel
natural on different platforms. Sometimes however behav-
ior needs to be implemented manually. We can use differ-
ent widgets and animations depending on the platform, so
to achieve the maximum native feel some understanding
of Android and iOS platforms’ design conventions needs
to be present, so the cases that are not handled automati-
cally can be implemented manually (often easily with al-
ready pre-defined widgets from the corresponding pack-
age).

A similar situation is with desktop applications, how-
ever, the ability to build Flutter for desktop is fairly new
at the time of the article so even though there are already
several desktop applications in a production written in
Flutter many features remain absent. For our needs, the
firebase support has not yet been implemented for the
desktop and only MacOS firebase support is in beta now
so we do not test those.
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For the web application, some changes need to be im-
plemented in the code. Both mobile and web have plat-
form-specific packages, using which on an unsupported
platform will lead to an error, so if their usage is required
a condition, that checks the platform needs to be used.
Apart from that launching an app on the web is easy, how-
ever, at the time of the article, the Flutter web is not ideal
for every use. The Flutter web feels like a mobile applica-
tion on the web, even text selection is a fairly recent fea-
ture, so there are only the following use cases, when it can
be useful:

— Progressive Web Apps;

— Single Page Apps;

— Existing Flutter mobile apps.

Flutter is not suitable for static websites with text-rich
flow-based content.

06.2.3. Firebase setup

The firebase project is easily created on the corre-
sponding website. It’s important to know that by default
the project is restricted and you need to connect a bank
card to it so its full capabilities, like Cloud Functions, are
unlocked. The charges are not made until the specified
threshold of usage, since this is a test app and the thresh-
old is quite high we do not need to worry about it.

Next comes the connection of the firebase to our
Flutter application. At the time of the article only
Android, i0S, and Web Platforms are supported with the
MacOS platform in Beta. Each platform needs its sepa-
rate configuration, but the usage in the Flutter app will be
with the same code.

Finally, for us to be able to connect to databases and
authentication services we need to set up them. For data-
bases and storage, the server location needs to be chosen,
the west Europe multi-regional location has been chosen.
For the authentication, we need to choose providers, the
email/password and google has been chosen.

6.2.4. Authentication

For every firebase service, a corresponding official
Flutter package has been made. For the authentica-
tion the package is firebase auth. This package handles
the whole authentication process, and user caching and
provides a stream of authentication state changes. It also
supports password reset, where an email, defined in the
Firebase console, will be sent to the user.

The usage of this package is simple, for email/pass-
word authentication only a simple method with email and
password needs to be sent, if the user does not exist he
is created automatically. To store the user’s info a Cloud
Firestore needs to be used, the user’s document has the
same id as returned from the authentication method.

For the google sign in an additional package google
sign_in is required, it provides a native google authenti-
cation process and returns necessary credentials, that are
later used with the firebase authentication.

6.2.5. Cloud Firestore, Storage and Real-time database
usage

For the cloud firestore the cloud_firestore package is
used. To gain access to the document or collection the
path can be inputted as a string or built with a builder-
like pattern. Cloud firestorm support web socket out of
the box, so access to any document or collection of docu-
ments can be responsive to changes, reflecting any chang-
es in the database in the application without the need for
data refresh requests. It makes the development process
faster and more efficient since any change to the docu-
ment is reflected automatically, without the need to han-
dle such cases manually.

Such a responsive approach has a disadvantage in the
case of data pagination. When we request a page of data
using a web socket loading the next page can be done in
one of two ways:

1. creating a new connection to the next page of data
and saving it separately. Such an approach makes it bur-
densome to handle all of the open connections and also it
can handle items addition and removal incorrectly;

2. disposing of a previous connection and creating a
new one with the data amount restriction increasing by
a one-page count. Such an approach works perfectly and
has no incorrect behavior, however, it re-requests previ-
ously loaded pages of data again, and any operations on
documents are charged.

So, in terms of cost-effectiveness, it would be better to
request data statically and reflect its changes only with a
refresh sequence. In that case, we trade of user experience
for the lowering cost of the system to run. The decision
of whether the data should be loaded using web sockets
or an HTTP request should be decided for each situation
separately.

The security rules for the operations with a Cloud
Firestore database are made in a JavaScript-like language
[12]. To add a rule, you add a path to the document you
want to add a rule to (for example “/users/{userld}”) and
define conditions for read and write operations. The rules
use the authenticated user’s id so you need to use the
Firebase authentication service to able to establish flexible
security.

Cloud Storage works in a similar way to the Cloud
Firestore, only access to the files is made through the pub-
lic URL, which is acquired with a special method of the
corresponding package — firebase storage. The URL will
grant complete access to the file that it leads to. The rules,
which are defined the same way as for Cloud Storage,
only affect the method, that returns a public URL for the
file, so if, for example, you need to fetch multiple pictures
to show the user you would need to call the URL method
multiple times for each file for the rules to be applied.
That is an ineffective and long process, so saving the URL
of the file in the corresponding document and generating
this URL with the file upload would be a more effective,
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scalable approach. If a file needs to be protected it would
be better to encrypt the URL than use the first method.

A real-time database (RTDB) is a predecessor of a
Cloud Firestore. It’s an efficient, low-latency solution
that requires synced states across clients in real-time [13].
Cloud Firestore scales better and has richer and faster
queries, so using it would be better to use it instead of
RTDB. The only viable use for an RTDB that has been
implemented in the test application is controlling user
presence. In cooperation with cloud functions, we can
track when the user is online since unlike Cloud Firestore
RTDB has an onDisconnect option. When the user’s in-
ternet connection disappears the cloud function changes
the user’s state in the corresponding document, allowing
us to know the user’s presence. That can be used, for ex-
ample, to know if we need to send the user a push noti-
fication for, for example, a new message in a chat. If the
user is already present in a chat the notification should
not be sent.

6.2.6. Cloud Functions

The Cloud Functions are a convenient way of adding
side effects to operations via triggers and creating HTTP
endpoints if needed. For example, we can send a push no-
tification on document creation without the need to per-
form this operation by hand from the client and spend the
user’s traffic and time. The triggers for document crea-
tion, update, and deletion are available. Also, there is a
trigger that is called on all 3 of those events — write trigger.

As to HTTP cloud function, one was used in our case
— a webhook for stripe operations. To know if the pay-
ment or any other stripe event was completed successfully
or with an error a webhook, which is basically an HTTP
endpoint, needs to be defined in the Stripe console. This
webhook will be called when defined in the Stripe console
events occur. In our case, a user’s document contains info
on an ongoing payment process and the status changes
based on the data received in the webhook.

Important to know that Cloud Functions have unre-
stricted access to all Firebase data and security rules do
not apply to operations inside them.

6.2.7. Remote config, In-App Messaging and AdMob

Remote config is just a cloud key-value pairs stor-
age, that lets you change the app’s behavior without the
need to release an update. For example, the app’s theme
change depending on the season can be handled that way.

Push notifications have been implemented in the fol-
lowing way: a user’s device token is fetched and stored in
their document on the authorization. When an event, that
needs a push notification to be sent occurs we create a
document in a notifications collection in Cloud Firestore
with all the needed info for the notification, such as the
sender and receiver id and the notification type. The
Cloud Functions trigger on notifications document crea-
tion uses an In-App messaging API to send a push to the
device token of the receiver [14].
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For AdMob, the google mobile_ads package is used.
The following advertisement types are available:

— banner — a rectangle above or below the screen;

— interstitial — full-screen ads that need to be closed
by the user;

— native — flexible type, that allows placing ads wher-
ever the developer wants, so ads are effectively integrated
into the app’s UI;

— rewarded — an ad that rewards users for watching
short videos and interacting with playable ads and surveys.

Advertisements are a great way of monetizing your app
as long as they do not severely interfere with the user’s
experience.

6.2.8. Analytics

Google Analytics, Crashlytics, and Performance are
all simple to implement via their corresponding Flutter
packages. The only thing needed for them is a Firebase
project setup, which has already been done earlier.

Google Analytics allows us to send any kind of event
with some simple key-value data with them. For example,
when the user enters a screen, we can send a correspond-
ing event with the specific screen data. When a sufficient
amount of data is gathered the app usage can be analyzed
and development priorities set based on users’ experiences
[15].

Crashlytics service is Google Analytics for errors and
crashes. It tracks both developer-defined errors, that are
sent manually through the API and app crashes. The
errors then can be seen in the corresponding tab in a
Firebase console and dealt with accordingly. In the pro-
cess of testing this service, it was discovered that there is
sometimes not enough info on an error or crash, which
makes fixing it hard, so maybe it would be better to use a
separate service. Also, Crashlytics does not allow for user
reports, which is a minus.

Performance is as simple as sending a request on some
operation start, and another one on its end. Useful for
complex operations to check their performance on many
different users’ devices.

6.2.9. App distribution and web hosting

App distribution allows to conveniently distribute of
mobile i0OS and Android applications without the need to
go through their respective console setups. You can invite
testers through their emails so that they can gain access
to the application. The advantages of using Firebase App
Distribution compared to platforms’ consoles are the fol-
lowing:

— managing both iOS and Android pre-release distri-
butions from the same place;

— early releases can be delivered to testers quickly,
with fast onboarding, no SDK to install, and instant app
delivery;

— combined with Crashlytics we can get insights into
the stability of test distributions.
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Hosting your web application can be done on a custom
domain, which is usually bought, or on a domain provid-
ed by Firebase. Firebase also allows the creation of Beta
channels, allowing you to host test applications on a tem-
porary domain. The hosting needs some simple console
application to set up your project after which you can eas-
ily deploy your application with a command.

Conclusions

As a result of the study, research has been conducted
on Flutter and Firebase technologies and their synergy.

Flutter has been tested for the satisfaction of modern
application development standards and the speed and ease
of the development cycle.

A test service has been developed with the client side
on Flutter and Firebase as a backend. Most Firebase
services useful in a typical service have been used. It re-
quired 1 developer with only Flutter expertise to develop
in a short period of time a fully functioning service with
most typical features, that can be distributed for iOS,
Android, and Web platforms.

In conclusion, a Flutter and Firebase combination has
been proven a very cost-effective approach for develop-
ing client-server applications, especially for simple ones,
compared to a more conventional approach with multiple
native and server applications.
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INTELLIGENCE

NMOPIBHSAJIbHUA AHAJI3 TPAOULLINHUX TA NBPUAHUX MOOEJEN
CXOBULL, SO0BPAXEHDb Y CPEPI BEJIUKUX AAHUX

Byno npoBeaeHo aHami3 TpaaAULIIMHUX Ta NOPUIHUX MOJIEICH CXOBUIL 300paxkeHb y c(pepi BETMKUX JaHUX, 3pDO0JIEHO
JieTajibHe MOPiBHSIHHS MOjiesieit 30epiraHHs 300pakeHb B KOHTEKCTi BEJTMKUX 00csTiB naHuX. JocinkeHHs aHani3ye
KJTIOYOBi METPUKM IMPOAYKTUBHOCTI, TaKi SIK IIBUAKOIisI, TTOTYKHICTh Ta MaCIITAOOBAHICTh, JIJIs1 000X TUITiB MOJIC/IEH.
bByno BuokpeMyieHO repeBaru Ta 00MeKeHHS KOXHOTO MiIXOAY i PO3IJISIHYTO iXHi 0COOIMBOCTI B KOHTEKCTi BAKOPUC-
TaHHS y BEJIMKUX MTPOeKTax 30epiraHHs 300pakeHb. JlogaTkoBo, 3p00J1eHO aKIIEHT Ha 00J1aCTSIX 3aCTOCYBAHHST KOXKHOT
MOJIeJi i HalaHO peKOMEeH ALl 1040 BUOOPY ONTUMAJIBHOTO PillIEeHHS JJIsl KOHKPETHOTO CLIEHAPiI0 BETMKUX JaHUX.

BEJIMKI JAHI, 306PAXKEHHS, TPAOILIMHA MOIEJb, TTEPUIHA MOJEJTb, CXOBUIIE JAHWX,
MNPOOAYKTUBHICTb, EGEKTUBHICTb

Tereshchenko G. Yu., Khimich Y. R. Comparative analysis of traditional and hybrid image repository models in the do-
main of big data. An analysis of traditional and hybrid models of image repositories in the field of big data was conducted,
providing a detailed comparison of image storage models in the context of large data volumes. The study examines key
performance metrics such as speed, power, and scalability for both types of models. The advantages and limitations
of each approach were identified, considering their specific characteristics in the context of image storage in large-scale
projects. Additionally, emphasis was placed on the application domains of each model, and recommendations were

provided for selecting the optimal solution for specific big data scenarios.
BIG DATA, IMAGES, TRADITIONAL MODEL, HYBRID MODEL, DATA WAREHOUSE, PRODUCTI-

VITY, EFFICIENCY
Beryn

Benuki nani (Big Data) € onHielo 3 HailOinbII aKTy-
aJTbHUX Ta IIBUAKO3POCTAIOUMX Taly3eil CyJacHOro iH-
(opmairiitHoro cycminbeTBa. 3aBAsSKU TTOCTIHHOMY 3pOC-
TaHHIO OOCSTIB JaHUX, BUHUKAE MOTpeda y po3pollii Ta
BIOCKOHAJIeHH] e(EeKTUBHUX MOJeJieil CXOBHIL JaHUX,
30KpeMa CXOBUIL 300paXKeHb.

V 1iit po6oTi Oyn0 MpOBeAeHO MOPIBHSUILHUI aHaJIi3
TpaAULiMHUX Ta TIOpUIHUX MOJEJeil CXOBUIL 300pa-
KeHb y cdepi BeJUKUX AaHUX. TpaauiuiiiHi Moaesi, sKi
0a3yloThCsl Ha pessILiiHUX 0a3ax JaHUX, BXe JOBTUI yac
BUKOPUCTOBYIOThCS JJISI 30epiraHHsI Ta YMpaBiHHS Ja-
Humu. OOHaK, 3 TOSBOIO BEJIMKUX OOCATIB 300pakKeHb,
TpaauLiiiHi Moaesi MOXYTb CTUKATMCS 3 IpoOjieMamMu
IIBUAKO/III Ta MACIITA0OBAHOCTI.

T'i6puaHi Mozesi cXoBUILL 300paXkeHb, 3 iHILIOrO OOKY,
MOEAHYIOTH MepeBary pessuiiHux 6a3 JaHux Ta GaraTo-
BUMipHUX 0a3 gaHuX. BOHU BUKOPUCTOBYIOTH TiOPUIHI
cepBepU aHAIITUYHOI OHJIaiiH 00pOOKM, sIKi 3abe3reuy-
I0Th IIBUAKICTH BOYIOBYBaHHS IMOMEPEIHBO CCHOPMYJIHO-
BaHOI CTPYKTYpHOI iHdopmarii ta 36epiraHHg iHdOP-
Mauii no posnonily naHux. lle mo3Bosisie edeKTUBHO
30epiratTu Ta oOpOOISATH BeJUKi 00CsATH 300pakeHb, 3a-
Oe3reuyour MiHiMi3allilo MOMUJIOK Ta IIBUAKICTh FeHe-
pallii pe3yJabTyIoumnX 3BiTiB.

[MopiBHSNBHUI aHai3 TpaguLiAHUX Ta TIOPUIHUX
MojeJeid CXOBUIL 300paxkeHb y cepi BeIMKUX JaHUX €
BaXJIUBUM KPOKOM Yy PO3BUTKY c(Pepr BEIMKUX TaHUX
Ta 3a0e3MevYeHHi e(eKTUBHOIO YMpaBJliHHS 300paXKeH-
HsiMU. Po3yMiHHS TiepeBar Ta OOMeXEeHb TpaauLiiHUX
Ta TiOpUIHMUX MojesNeill CXOBUI 300pakeHb 103BOJUTH
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OopraHizailisim Ta IOCHiIHUKAM 3pOOUTU OOIPYHTOBAHUI
BUOip MpY po3poOlLIi Ta BIIPOBAIXKEHHi cUcTeM 30epiraH-
HSI Ta aHali3y 300paKeHb.

VY HacTynmHuX posnisiax Oylo AeTaJbHO PO3IISIHYTO
OCHOBHI XapaKTepUCTUKHU Ta OCOOJMBOCTI TpaaWLIIAHUX
Ta TiOpUAHUX MOjesiell CXOBUIIl 300paXKeHb, MTPOBEIECHO
MOPIBHSUIBHUI aHai3 iX e(PEeKTUBHOCTI Ta PO3MISHYTO
MPUKJIaIM BUKOPUCTAHHS B peaIbHUX CLIEHAPisIX.

1. Ormign TpaguuiitHux Mozeieil CXoBuI 300pazkeHb
y cepi BeIMKUX JaHUX

1.1. Busnauenna ma ocobaueocmi mpaouuiiinux mooe-
Jaell cxoeuuy 300pasicers

300paxkeHHs € HEBiJ’EMHOIO YaCTUHOIO 0araTbox A0-
JIaTKIiB i CUCTEM, BKJIIOUYAOYU cpepy BeIUKUX naHux. st
e(eKTUBHOIO 30epiraHHs Ta YNpaBIiHHS BEJIUKUM 00Cs -
TOM 300paXXeHb YacTO BUKOPHCTOBYIOTHCS TpamWIIiitHi
Mofeai cxoBUll. Byno po3mIssHYyTO 3arajibHi MPUHLMITA
30epiraHHsI 300paXkeHb Yy TaKUX MOJIEJSIX Ta OCHOBHI
KOMITOHEHTH, 1110 BXOMSTH 10 CKJIaay TPaauLiifHOTO CXO-
BUILIA 300pakeHb.

TpanuuiiiHi Mojeni cXOBUI 300paXeHb 0a3yloThCs
Ha BUKOPUCTAaHHI pessiiiHuX 6a3 JaHuX 11l 30epiraHHs
Ta yrnpaBliHHS 300paxkeHHSIMU. OCHOBHUM MPUHLMIIOM
30epiraHHs1 300paXkeHb Y TaKUX MOJAEJISIX € BUKOPUCTaH-
Hs1 BLOB-06’extiB (Binary Large Objects). Koxne 30-
OpakeHHs 30epira€Tbcsl y BUINISAAI OiHApHUX JTaHUX, SIKi
MOXYTb MiCTUTM 3HAUHY KUJIBKICTb iH(popMallii.

OmHMM 3 OCHOBHHMX 3aBIaHb TPAAMWIIMHOIO CXOBU-
ma 300paxeHb € 3a0e3nevyeHHsT e(peKTUBHOro 30epiraH-
HsI Ta pO3MillleHHsT 300pakeHb y 0a3i gaHux. s 1poro



MOPIBHS/IbHUA AHATII3 TPALAWLIMHNX TA MBPYIAHNUX MOZE/IEV CXOBMWILL 30EPAXEHb Y COEPI BEJIMKUX JAHUX

BUKOPUCTOBYIOTbCSl CTelliabHi TUMM JaHMUX, TaKi SK
BLOB a6o VARBINARY, ski 103BoJis10Th 30epiratu 0i-
HapHi 1aHi 6e3 BTpaTu iH¢opMallii.

TpanuuiiiHe cxoBuIle 300pa’keHb CKIANAETHCI 3 Je-
KiUJIbKOX OCHOBHHMX KOMIIOHEHTIB, SIKi CHIJIbHO 3a0e3Iie-
4yloTh e(heKTUBHE 30epiraHHs Ta yIpaBiaiHHS 300pakKeH-
HSIMMU:

* 'V penguiiiHux 0a3zax gaHuX, 300pakeHHsT 30e-
piraroTbCs y BiIMOBiAHINM TaOJMIIi, 1€ KOXEH 3amuc Bil-
nosigae omHoMy 3o0paxkeHH0. Komonka tunmy BLOB
abo VARBINARY BUKOpHMCTOBYETbCS IIsT 30€pesKeHHS
dakTUuHMX OiHApHMX AaHUX 300paxkeHHs. Lle mo3BoJsie
edekTUBHO 30epiraTu Ta BiATBOPIOBATU 300paKeHHS 0e3
BTpaTtu iH(opmaliii.

* TloMix GiHapHUX TaHUX 300paxkeHb, TPAAUIIIAHI
MOJIeJli CXOBUIL 300paXkKeHb TaKOX JT03BOJISIOTH 30epira-
T MeTaJaHi, sIKi OnMUCyoTh 300paxkeHHs. Lli meramaHi
MOXYTb BKJIIOYATHU aTpuUOyTH, TaKi K Ha3Ba 300pakeH-
Hs1, po3Mip, popmar aiisy, 1aTa CTBOPEHHS Ta iHIII Bi-
JIOMOCTI, $IKi JormoMararoTh iIeHTUdiKyBaTH Ta Kjaacudi-
KyBaTH 300paXKeHHSI.

User

Application

File system

Storage
Interface

Storage

Storage Manger

Storage Media

Puc. 1. [Iu3aiin TpaauuiiiHoi Moaesi cXOBHIIL

V TpaguuiitHuX MOJEeJISIX CXOBUII 300pakeHb, TaO U1
300paXkeHb MOXYTb OyTH TTOB’s13aHi 3 IHIIMMU TaOJIULIS-
MU y 0a3i naHux. Hanpuknan, Moxe OyTu BCTaHOBJIEHUIA
3B’S130K 3 Ta0IUIICI0O KOPUCTYBaviB, 11100 BCTAHOBIIOBATU
BJIaCHMKIB 300paxkeHb a00 3 TaOIULEI0 METagaHUX ISl
JIOJATKOBOTO OIUCY Ta Kiaacudikaliii 300pakeHHsI.

1.2. Anaaiz apximexmypu mpaouuiinux mooeaeil cxo-
euuy 300paxycens

LleHTpanizoBaHa apxiTeKTypa € OIHI€I0 3 HAWMOLIN-
PpEeHIiluMX 1 TpaaUuLiiHUX MOJEJIeil CXOBUII 300paKeHb.
V wiit apXiTeKTypi Bci 300pakeHHs 30epiraloTbCsi B OJJHO-
My LieHTpaJlbHOMY cxoBulli naHux. e cnpoiuye ynpas-
JIIHHS Ta KOHTPOJb Haj 300pakKeHHSIMU, OCKIiJIbKM BCi
JaHi 30cepelkeHi B omHOMY Micui. OgHak, 1 apXiTeK-
Typa MOXe CTaTu OOMeXXeHHSIM Mpu oOpoOlli BEIMKOTO

00csry 300paxeHb, OCKUIBKM BCi omnepallii BAKOHYIOThCS
B OJIHOMY LIEHTPAJbHOMY CXOBMHIII].

PosnoaineHa apxiTekTypa mnepeadavyae po3roiia 30-
OpaxkeHb MiX pi3HUMM CXOBMUILAMMU JTaHUX ab0 By3JIaMU.
V uiit apxitekTypi 300paxkeHHs1 po30MBalOThCS HA YaCTU-
HU, SIKi PO3MILIYIOThCS HAa Pi3HUX By3J1aX a00 CXOBHUILIAX.
Lle 1o3BOJIsIE PO3MOALTUTY HABAHTAXKEHHS Ta MiABUIIIATU
MPOAYKTUBHICTb 00pOOKM 300paxkeHb. OmgHaK, PO3MOi-
JIEHA apXiTeKTypa BMMAarae IOAATKOBUX MEXAHi3MiB IS
KepyBaHHSI Ta CUHXPOHi3allil JaHUX MiX By3JIaMH, IO
MOXKe OYTH CKJIaTHUM 3aBIaHHSIM.

lepapxiyHa apxiTekTypa Oa3yeTbCcsl Ha iepapxiuHiii
CTPYKTYpi ISl 30epiraHHs Ta yIrpaBliHHS 300pakKeHHsI -
MU. Y 1iif apXiTeKTypi 300paxkeHHsI OpraHi3oBaHi y BU-
[Isai aepeBa abo rpada, ae KOXeH By30J MPEeACTaBIsie
KoJIeKl1lito 300paxeHb. Lle 103BoJIsIE IIBUAKUIA JOCTYII 10
KOHKPETHMX 300pakeHb Ta IIBUAKY HaBiraliro mo cTpyk-
Typi. lepapxiuHa apxiTekTypa 3abe3nedye THYYKICTb Ta
MacIITabOBaHICTh MPU POOOTiI 3 BEAMKUM OOCSITOM 30-
OpakeHb.

OwiHka e(heKTUBHOCTI Ta TMPOAYKTUBHOCTI apXiTeK-
Typu TPaAULiHUX Monejell CXOBUI 300paXeHb Bili-
rpa€ BaXXJIMBY POJb MpU BUOOpPi TimHOrO pillleHHS ISt
KOHKpeTHUX MoTped. s OouiHKM e(EeKTUBHOCTI MO-
XyThb OYyTM BUKOPUCTAHiI TaKi METPUKU, SIK IIBUIKICTb
30epekeHHsI Ta BUTATYBaHHS 300pakeHb, Yac BiIKJIMKY,
MaclITabOBaHICTh Ta HAMiHICTh cUCTeMU. TaKoxX Bax-
JINBO BpPaxOBYBaTH pPO3Mip CXOBHIIA, BapTiCThb iHDpa-
CTPYKTYPU Ta CKJAIHICThb PO3rOpTaHHS Ta OOCIyroBy-
BaHHS apXiTeKTYpH.

1.3. Bukauxu ma ob6meixcenHss mpaouuitinux mooeaer
cxoeuuy 300paxcensv y chepi éeauxux oanux

Po3BUTOK TeXHOJIOTIi1 i 3pocTaHHs 00CsTY 300paKeHb
Yy Cy4aCHOMY CBiTi CTaBJISITh Tiepea TpaaduLiiHUMU MOJe-
JIIMU CXOBUIL[ 300paxkeHb PsiJ BUKJIUKIB Ta OOMEXEHb.
OIHUM 3 TOJIOBHUX BUKJIMKIB IIPpU 30epekeHHi BEJIUKO-
ro o0csry 300paxkeHb € 00poOKa Ta 30epeKeHHsT TaKoi
BEJINKOI KUIBKOCTI HaHUX. TpamauuiliHi Momesi MOXYTb
CTUKATUCS 3 00MEKEHHSIMU 100 MPOITYCKHOI 31aTHOCTI
Mepexi, 00cATy CXOBUIIA Ta IIBUAKOAIT onepaliii 34uTy-
BaHHS a00 3aIrCcy TaHUX.

3poctaHHsI 00cdry 300paXeHb BHMMAara€ BHCO-
KOi IIBUAKOCTI OOpOOKM, 1100 3a0e3MeuyuTH IIBUA-
KM JTOCTYIl IO AaHUX Ta e(PeKTUBHY OOpOOKY 3aIlMTiB.
TpaguuiiiHi Moaesai MOXYTb BUSIBUTHCSI HEIOCTAaTHBO
MMPOAYKTUBHUMMU [UISI POOOTHU 3 BEJIMKUMU 00CSITaMU 30-
OpaxkeHb, 0COOJMBO TMPU BHUCOKUX HaBaHTaXXKEHHSIX abo
OJHOYAaCHOMY JIOCTYIi 0araTb0X KOPHUCTYBayiB.

TpaguuiiiHi Moaesi cXoBUIL 300pakeHb MOXYTb MaTh
00MEXEeHHS 11010 MaciTaboBaHOCTI, TOOTO iX 31aTHOCTI
MpanooBaTh 3 pocToM o0csry aaHux. Jleski moneni mo-
KYTb OyTM HEAOCTAaTHHO THYYKUMHU a00 e(heKTUMBHUMM
MpU pO3ILIMPEHHI PO3MipiB CXOBUIIA Ta 301/IbILIEHHI KiJlb-
KOCTi KOpUCTYBayiB.
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Takox, TpaauliiiHi MOJeai MOXYTh CTUKATUCS 3 00-
MEXEHHSIMHU 11010 TTPOIYKTUBHOCTI, OCOOJIMBO MpU 00-
poOLIi BeIMKOI KiJIbKOCTi 3aMuTiB a00 CKJIAagHUX aHaJli-
TUYHMX orepaliii. BincyTHicTh onTuMmizanii Ta IBUAKOMIT
MOKe TIPU3BOIUTU A0 3aTPUMOK Y BiAIIOBIiII Ta HEJOCST-
HEHHS OYiKyBaHUX PiBHIB MPOAYKTUBHOCTI.

TpanuuiiiHi Moaeai MOXYTb MaThd OOMEXEHHS 100
3a0e3MeYeHHsT JOCTYITy M0 JaHWX, OCOOJMBO MPU OTHO-
YacHOMY JOCTYII 0aratbox KopucTyBaudiB. KoHKypeHIlist
3a pecypcy Ta BMCOKA BUMOIJIMBICTb A0 IITBUAKOCTI J1O-
CTYIly MOXYTb MPU3BECTU A0 MpoOJIeM 3i LIKaTyBaHHIM
Ta 3aTpUMKaMHM B 00OpOOILIi 3aITUTIB.

2. Ornisn riopuaHUX MoJesieil CXOBHIIL 300PaKeHb
y cepi BeIMKHUX JaHUX

2.1. Busnauenns ma ocobaueocmi 2ibpuonux mooeaeii
cxoeuwy 300pajcens

TiopunHi Moaeni cxoBull 300paxkeHb € iHHOBalliii-
HUM MigXoaoM [0 30epiraHHsS Ta yIpaBliHHS 300pa-
JKEHHSIMU, SIKUi KOMOiHY€E mepeBaru pi3HUX TEXHOJIOTIIA.
lopuaHi Momeni cXoBMII 300paXkeHb MOEAHYIOTh Pi3HI
TEXHOJIOTil Ta apXiTeKTypu 3 METOI OIlTMMi3allii 30epi-
TaHHS Ta YOpaBJliHHSA 300paxkeHHAMU. BOHU MOXYyTb
KOMOiHYyBaTH peJisliiiHi 6a3u JaHuX 3 cucTeMamu 30e-
piraHHs1 OO’€KTiB, po3moiieHi ¢ailioBi cucreMu abo
xMapHi cepBicu. OCHOBHA ifesl TOJsIra€ B TOMY, 1100
BUKOPUCTOBYBATU KOXHY TEXHOJIOTiIO Ha TOMY €TaIti 00-
poOKu Ta 30epiraHHsS 300paxkeHb, Ha SIKOMY BOHA Haii-
Oinbi epeKTUBHA.

User

Application

File system

User Managment

J Storage

Control layer
(Management, polices)

Storage pools

Puc. 2. JTu3aiin ribpuanoi Mozei cX0oBHILL

OIHUM 3 KJTIOUOBUX MPUHLMITIB TIOpUIHUX MOIEICH
€ PpO3IOMIJICHICT, Ta TOPU3OHTAIbHE MAaCIITaOyBaHHSI.
Lle no3BoJisie poO3MOAIIUTU 0OpOOKY Ta 30epiraHHs 30-
OpaxkeHb MiX pPI3HUMM KOMIIOHEHTaMW CHMCTEMHU, IO
MPU3BOAUTH A0 MOKPAIIEHHS MPOAYKTUBHOCTI Ta Maclll-
TaOOBAHOCTI.

li6puaHi Mopmesni O03BOJSIOTH ONTUMI3yBaTu 30e-
piraHHS Ta OOpOOKYy 300paXkeHb I Pi3HUX TUIIIB
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onepauiii. Hanpuxkian, pensuilfiHi 6a3u JaHUX MOXYTh
OyTH BUKOPUCTaHi Jy1s1 30epiraHHsI MeTalaHux Ta iHdop-
Malii mpo 300paXeHHs, TOHi K CHUCTEMM 30epiraHHs
00’eKTiB MOXYThb OyTU e(heKTMBHUMU IJisl 30epiraHHs
caMoro 300paxkeHHs y BUTJIsIIi 00’ €KTa.

l'iopuoni Mopmesni 3a0e3IeuyloTh €JIaCTUYHICTh Ta
THYYKIiCTb B pO0OOTi 3i 300paxeHHsIMU. BoHU mo3BOIIS-
JOTh JIETKO afallTyBaTUCS OO 3MIiHHUX BUMOT IIOIO 00-
CSry AaHMX, MPOAYKTUBHOCTI Ta HOCTYIy JO AaHUX. 3a
JIOTIOMOT0I0 TiOpUAHMX MOAEEH MOXHA PO3IINPIOBATH
Ta 3MiHIOBaTU cUCTeMy 30epiraHHsl 300pakeHb, Bpaxo-
BYIOUM 3MiHIOIOTbCS TTOTPEOU Ta TEXHOJIOTIUHI PO3BUTKMU.

IlepeBaru ribpugHux Mojeneil 30epiraHHs 300pa-
KEHb:

* OnTuMajbHe BUKOPUCTaHHSI Pi3HUX TEXHOJIOTIA.

lopuaHi Momeni J03BOJSIOTH ONTUMAJIbHO BUKO-
PUCTOBYBATU Pi3Hi TEXHOJIOTII 3aJIeXKHO BiJ KOHKPETHUX
noTped Ta BUMOT 10 300paxkeHb. lle mo3BoJisie gocsrtu
ONTUMAaJIbHOI €(heKTUBHOCTI Ta MPOAYKTUBHOCTI CHUCTE-
MH.

* MaciuraboBaHiCTb.

lopunni momeni 3a0e3medyloTh MaclITaOOBaHICTb,
110 J03BOJIsSIE 301UJIbLIYBAaTU OOCSATU JAaHUX Ta KiJbKiCTh
KOPHUCTYBauiB 0€3 3HAYHOTO 3HWKCHHS IIPOAYKTUBHOCTI
Ta JOCTYITHOCTI.

* THyuKicTbh Ta afanTUBHICTb.

TOopuaHi Moaesi HanalTh THYYKIiCTh Ta afalTUBHICTh
B po0OTi 3 300paxkeHHAMU. BOHM MOXYTb OyTH 3MiHEHi
abo pOo3UIMpPEHi BiIMOBIAHO 10 3MiHHUX MOTPED, TEXHO-
JIOTIYHUX HOBOBBEICHD Ta PO3BUTKY iH(PPACTPYKTypH.

2.2. Ananiz apximexmypu 2iopuonux modeneil cxoeuuy
300pacens

OpnHa 3 TUIIOBMX apXiTEeKTyp TiOpUIHUX Moeieil BU-
KOPUCTOBY€E KOMOiHallil0 pesiiHuX 06a3 JaHUX Ta CUC-
TeM 30epiraHHs 00’eKTiB. Y 1ili apXiTeKTypi, MeTaaaHi Ta
iHdopMalliss Tpo 300pakeHHs 30epiraloTbes y pessiiii-
Hili 6a3i JaHuX, TOIi K caMi 300pakeHHs 30epiraloThCs
y BUTJISAAI O0’€KTIB y cucTeMi 30epiraHHs 00’ekTiB. Lle
T03BOJISIE €(heKTUBHO KepyBaTH METaJaHUMM Ta IIBUIKO
JIOCTYITATHCS 10 300paXkeHb.

[HIIOI0 TUMOBOIO APXiTEKTYPOIO TIOPUAHUX MOAEIEH
€ TIOEIHAHHS pO3IOIiIeHO1 (paitloBOi CUCTEMU Ta XMap-
HUX CEpPBiCiB.

Private/
Internal

On Premises / Internal

Cloud Computing Types

Off Premises / Third Party
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Puc. 3. Cxema apxitekTypu riopinaux Mozaeei
3 BUKOPUCTAHHAM XMAPHUX TE€XHOJIOTii
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V wiit apxitekTypi, 300paxeHHs1 30epiraroTbCs y po3-
nopdineHii (aiaoBiii cucTemi, sika MoOxXe OyTU pO3MOi-
JIeHa 1o pi3Hux cepBepax. JlomaTkoBo, mist 30epiraHHs Ta
00pOOKH BETUKOTO 00CSTY 300pakeHb MOXYTh BUKOPUC-
TOBYBaTUCSI XMapHi CepBicH, SIKi Halal0Th MaclliTaboBa-
HICTb Ta IOCTYIHICTb.

O11iHKa MPOAYKTUBHOCTI apXiTEKTyp TiOPUIHUX MOJIE-
JIeil 3a71eXUTh Bill pi3HUX (haKTOPiB, BKIIOUYAIOUM LIBU-
KiCTh 30epiraHHsI Ta BUTSTYBaHHS 300paXKeHb, 00OpOOKY
3aMUTIB Ta MaclITabOBaHICTb cucTemMu. BaxiuBo Bpa-
XOBYBaTH OCOOJIMBOCTI KOXXHOI apXiTEKTYypU Ta ONTUMi-
3yBaTU 11 IJIs1 TOCSITHEHHSI HalKpallloi MpOAyKTUBHOCTI.

EdekTuBHiCcTh apxiTekTyp riOpuaHuxX Moaeneil oui-
HIOETHCS 3 TOYKH 30py BUKOPUCTAHHS peCcypcCiB, sIKi BOHU
BUMaraloTh s 30epiraHHsS Ta OOpOOKM 300pa’keHb.
BaxuBo 3a6e3meuynTy onTUMaibHe BUKOPUCTAHHS Pi3-
HUX TEXHOJIOTIM Ta PO3MOAIMTU 3aBAAHHS MiX KOMIO-
HEHTaMM CUCTeMU IJISI TOCSITHEHHS ¢(DeKTUBHOCTI.

2.3. Anaaiz apximexmypu eiopuonux moodeqeil cxosuuy
300pacens

lopuaHi Monesi 103BOJISIIOTh MPUCTOCOBYBATUCS 10
3MIiHHUX MOTPeO cdepu BeIUMKUX AaHUX. BOHU MOXYyThb
OyTM HaNalUTOBaHi JUisi BUKOPUCTAHHS Pi3HUX apXiTeK-
Typ Ta TEXHOJIOTIi1, 110 JO3BOJISIE BpaXOBYyBaTH crieni-
Ky TIPOEKTY Ta BUMOTHM J0 MPOAYKTUBHOCTI, MacIITabo-
BAHOCTIi Ta JOCTYITHOCTI.

Taki Mozesli MOXYTbh BUKOPUCTOBYBAaTU PO3MOJiIEHI
CUCTeMM 30epiraHHsl, 110 J03BOJISIE PO3MOALISITA JIaHi 10
pi3HUX cepBepax abo xMapHUX cepBicax. Lle 3abe3mneuye
BUCOKY JOCTYITHICTh, HAAIHICTh Ta MOXKJIMBICTb pe3epPB-
HOTO KOTIiIOBaHHS JaHUX.

BripoBajgkeHHsI riopuaHUX Mojelieil BUMaralTh CIie-
LiaJ1i30BaHUX 3HaHb Ta PO3YMiHHS Pi3HMX TEXHOJIOTIiA.
HanamryBaHHs Ta yrpaBiliHHS KOMOiHOBaHOI apXiTeK-
TypH MOXYTh OyTH CKJIAIHUMM 3aBIAHHSIMU, SIKi TIOTpe-
OyIOTh JOCBIily Ta €KCIIePTU3U.

lOpuaHi Momesi MOXYTbh BUMaraty 3Ha4YHUX O00YMC-
JIIOBAJILHUX DPECypciB 11 3abe3reueHHs1 e(eKTUBHOCTI
Ta MPOAYKTUBHOCTI. Lle MoXe BK/IIoUaTu MOTYXHi cepBe-
pU, MepexXeBi IPOIYCKHI 3IaTHOCTI Ta iHDpacTpyKTypy
IIJIST PO3MO/iNIeHOro 30epiraHHsI.

Takox, riOpuaHi Moaesi MOTpeOyIOTh iHTeTpallii 3 Ha-
SIBHOIO iH(paCTPYKTYypoIo Ta momatkamu. Lle Moxke cTBO-
pIOBaTU BUKJIUKU MpU 3a0e3IeueHHi CyMiCHOCTI, Oe3rie-
KU Ta 3py4HOT0 BUKOPMCTAHHS 3 iCHYIOUMMU CUCTeMaMU
Ta po3poOKaMU.

liOépuaHi Monesi cxoBUII 300pakeHb MalOTb Oara-
TO IlepeBar y MOpPIBHSIHHI 3 TPagULIMHUMU MOJAEISIMU.
Bonu 3abe3neuyioTh e(eKTUBHE 30epiraHHsI Ta yrnpaB-
JIIHHSL BEJIUKUM 00CSIroM 300paXeHb, THYUKiCTb Ta PO3-
IIMPIOBAHICTh, a TAaKOX PO3MOMIEHICTh Ta PpE3epBHE
KormioBaHHs. OmHaK, BIPOBAIKCHHS TiOPUIHUX MOJIE-
JIell BUMAara€ yBard 10 BUKJIUKIB Ta OOMEXEHb, TaKUX
K CKJIaHICTh HaJAIITyBaHHS Ta YIpPaBJIiHHSI, BUCO-
Ki BUMOTHM 10 OOYMCIIOBAJIbLHUX PECYPCIiB Ta iHTerpallis

3 HasiBHOIO iH(MpacTpykTypor. PeTeiabHe aHamizyBaHHS
noTped i BUMOT MPOEKTY, a TAaKOX eKCIMepTHa MiATpUMKa
MOXXYTb JOMOMOITU 3AiICHUTHU YCITillIHE BIPOBaIKEHHS
riopuaHuX Mozenei CXOBUIL 300paxeHb y cdepi Belu-
KUX TaHUX.

3. IlopiBHAILHUI aHAJI3

3.1. Ilopisnanusa epexmuenocmi ma npooykmuenocmi
mpaduyiinux ma 2iGpuoHux mooeael

V coepi 30epiraHHs1 300paXkeHb Y BEJUKUX 00csrax
JlaHUX, BUOiIp ONTHUMAabHOI MOJEJi CXOBUIA MAE BEJIU-
K€ 3HauyeHHs MJis1 MOCATHEHHSI BUCOKOI €(PEeKTUBHOCTI
Ta TPONYKTUBHOCTI. TpamuliiiiHi Ta riOpumHi Momesi €
JIBOMa ILIMPOKO BUKOPUCTOBYBAHMMU IIiAXOJaMM, i IO-
PIBHSIHHSI iX €(eKTUBHOCTI Ta IIPOXYKTHMBHOCTI MOXKE
HamaTh KOPUCHUII iHCAUT IS BHOOPY OITHMMAIbHOTO
pillIeHHS.

OaHUM 3 KJTIIOUOBUX KPUTEPiiB MOPIiBHSIHHS € IIBUJ-
KOZist MOJeJIel CXOBUIL 300paxkeHb. TpaauuiitHi Moaemi,
TakKi SIK peJisiliiiHi 0a3u JaHUX, MOXYTh MaTU OOMEXXEH-
HS Y IIBUIOKOCTI JOCTYIY IO 300paXkeHb depe3 ITOTpedy
Y BUKOHAHHI CKJIaJHUX OTepaliil MollyKy Ta 3’ € THaHHS
naHux. 3 iHmoro 60Ky, TiIOpUAHI Momesi, sIKi KOMOiHy-
I0Th PeJIsLIiHI 0a3u JaHUX 3 PO3NOJAIICHUMHU CUCTEeMaMU
30epiraHHsI, MOXYTh 3a0e3IeuyBaTH OibIIY IIBUIKOLIIO
3aBASIKM po3Mapalie/iloBaHHIO 00pOoOKHM Ta pO3MOAiIEHO-
MY IOCTYITY IO JaHWUX.

IMoTyxHicTe Momenell CXOBUL 300paXXeHb BU3HaYa-
€ThCS 1X 3MaTHICTIO OOPOOJISITU BEIMKi 0OCSTY AaHUX Ta
BUKOHYBATH oIlepallii IBUIKO i edekTuBHO. TpaauiiiiiHi
MOJIeNIi MOXYTbh OYyTH OOMEXEHMMHU y MOTY>KHOCTI yepes
OOMeXKeHHsI arapaTHOro 3a0e3rieyeHHs1 abo apXiTeKTy-
pu 6a3u maHuX. Y TOM Xe yac, TiOpuaHi Moaesli MOXYTh
HajaTyu OiNblly TOTYXHICTh 3aBASIKM BMKOPUCTAHHIO
po3MofiieHoi 00poOKM, MapajeJbHUX OOYMCIeHb Ta
OINTUMI30BaHOI apXiTEKTYPHU JJjIs1 pOOOTHU 3 BETUKUMU 00-
csiraMu JaHMX.

MacimTaboBaHIiCTh € BaXXJIMBOK XapaKTepUCTUKOIO
Moeei CXOBUII 300paxkeHb y cdepi BEIMKUX JTaHUX.
TpanuuiiiHi Moaesi MOXKYTh 3a3HaBaTU CKJIAJIHOLLIB MPpU
MaciTabyBaHHi, OCOOJMBO SIKIIO MOTPiOHO 00pOOJIs-
TU BeJIUKi 00csiru 300paxkeHb. [10puaHi Moaesi MOXYThb
OyTH Oinbll MacIITaOOBAaHMMM 3aBASIKM PO3IMOIiIEHi
apXiTeKTypi, MOXJIMBOCTI TOPU30HTAJbHOTO MaclITady-
BaHHS Ta Y3rOJXEHiii o0poOli MaHWX Y PO3MOMIIEHUX
cepeoBUILAX.

OuiHka eheKTUBHOCTI pillleHb 30epiraHHs 300pa-
>KeHb MOXe 0a3yBaTUCS Ha Pi3HUX KPUTEpisX, TaKUX SIK
MPOAYKTUBHICTb, HAMiiTHICTh Ta THYUYKiCTb.

I1ponyKTUBHICTh BUMIPIOETHCS IIBUAKICTIO Ta 3aBaH-
TaXXyBaJIbHOIO 3MATHICTIO CUCTEMHU CXOBHIIA 300pakKeHb.
TpanuuiiiHi Moaeni MOXYTb MaTU OOMEXeHY MpOayK-
TUBHICTh Yepe3 apXiTeKTypHi oOMeXeHHsI abo omepallii
BBOIy-BMBOY 300paxeHb. ['iOpuaHi Momesi MOXyTh Ha-
JaBaTH OibIIY MPOAYKTHUBHICTb, ONTUMI3yIOUM Oomeparlii
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BBOAY-BUBOAY Ta BUKOPUCTOBYIOUM PO3MOJiJIEHI CUCTe-
MU 30epiraHHsI.

Hagpiiinicth BimoOpakae CTiMKIiCTb Ta 0e3MeKy JaHUX
Yy MOJIEJISIX CXOBUILL 300pakeHb. TpaauliliHi Moaesi Mo-
XyTh MaTh OOMEXEHHSI IIOI0 Pe3ePBHOrO KOIiIOBaHHS
Ta BiZHOBIIEHHS TAHWX, IO MOXE IIPU3BECTU JO BTpa-
TH 300pakeHb y pa3i BUHMKHEHHS aBapiliHOi cuTyallii.
lopuaHi Mogeni MoXyTh 3a0e3rnevyBaT BULIUIA PiBEHb
HaJilHOCTI 4epe3 pe3epBHE KOIiIOBaHHS, peIruliKallilo
JIaHUX Ta iHILII MeXaHi3MM 3a0e3IMeUeHHs JOCTYMHOCTI.

THyuKicTh BimoOpaXka€ MOXJIMBICTh MOJE/i CXOBHUIIA
300paxkeHb IpaloBaTh 3 Pi3HUMU TUIIaMU 300pakeHb
Ta iHTerpyBaTucCs 3 iHIIMMM cHUCTeMaMu. TpaauuiiHi
MOIET MOXYTh OYyTM OOMEXEHUMM y THYYKOCTI uepe3
oOMexXeHy MiATpUMKY (dopmaTiB 300paxkeHb ab0 oOMe-
XKeHi MOXJIMBOCTI iHTerpauii. [iOpuaHi Momesli MOXYTb
OyTH OiJbLI THYYKUMU, 3a0€3IMeUyour po3IIMpeHi MOX-
JIMBOCTi 00poOKM pi3HUX (hOpMaTiB 300paxkeHb Ta JIETKY
IHTerpalilo 3 iHIIMMU CUCTEMaMMU.

3.2. Ananiz euxaukie ma nepeeaz mpaduuyiinux ma 2io-
PuUoHuUX modeaeil

VY ciepi 30epiraHHS 300pakeHb y BEIMKMX 00CsATax
JaHUX, TPaAULiiAHi Ta TiOpUaHI MoMesi MaloTh CBOI BU-
KJIMKJ, OOMEXEHHS Ta IepeBarm.

OaHUM i3 BUKJIMKIB TpagULiMHUX MOJEJIE € MOXJIH-
BiCTb CTUKAHHSI 3 OOMEXEeHHSIMU MaclITabOBAaHOCTI MpuU
po0OOTI 3 BeMKMMHU obcaramMu 300paxkeHb. O6podKa Ta
30epiraHHs BEJIMKMX JaHUX MOXKEe BUMaratv 3HaYHUX 00-
YHCIIOBAJIbHUX PECYPCIiB Ta iHDPACTPYKTYPH.

TpaguuiiiHi Moaesli MOXYTh MaTH OOMeXeHY TTPOAYK-
TUBHICTb y 3a0e3MeuyeHHi BUIKO/AIT Ta 3aBaHTaXKyBaJlb-
Hoi 3matHocTi. Omnepauii BBOIY-BHMBOIY 300pakeHb Ta
00pOOKM JaHUX MOXYTb CTaTHU HENOCTaTHBO €(heKTUBHMU-
MU 151 TOTPEO BEJIMKUX OOCSTIB TaHUX.

Ille omHUM BUKJIMKOM TaKMX MOIEJeil MOXYTb OyTH
OOMEXXCHHSI Y THYYKOCTI ITIATPUMKM pPi3HMX (hOpMaTiB
300paXkeHb Ta iHTerpauii 3 iHIIMMU cucTeMamMu. BoHu
MOXYTb He 3a0e3MeuyBaTh J1OCTaTHbOI THYYKOCTI JJISl pO-
00TH 3 Pi3HOMAHITHUMHU TUTIAMU JaHUX Ta PO3IIMPEHHS
(YHKIIOHAIBHOCTI.

3 iHIIOro OOKY, TpaAuliliHi Momelli 30epiraHHs 30-
OpaxkeHb MOXYTh OyTU MPOCTIIIMMU y pealli3allii Ta BU-
KOpUCTaHHi. BOHM MOXYTh MaTW MEHIIY CKJIaJHICTh
Yy PO3ropTaHHi Ta yIpaBIiHHi.

BoHu TakoX MOXyTb OYyTM BapTiCHUMH, OCKIIbKU
BOHU BUKOPHMCTOBYIOTh CTAHIAPTHE OOJIaTHAHHS Ta IIPO-
rpaMHe 3a0e3nedyeHHsI, sIKe MOXKe OYyTU JOCTYIMHUM i3 KO-
MEPLINHUX IKEpeT.

TpaguuiitHi Monesi MaloTh LIMPOKE 3aCTOCYBAHHS Ta
MiATPUMKY Y BEJIMKill KiIIBKOCTi MPOEKTiB. BOHU MOXYTh
OyTH CTaOILTLHMMM Ta HAOIMHUMU PillleHHSMU IS 30epi-
TraHHS 300paXkKeHb.

Bukiauku TiOpuaHUX Monesieil MOXYTb MPOSIBISITU-
¢Sl 'y CKJIAAHOCTI peajizallii MOpiBHSIHO 3 TpaauLIiiHUMU
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MozaenasiMu. BoHU MOXYTh BUMaratv po3poOKu cremiati-
30BaHUX aJITOPUTMIB Ta PO3MOAiNIeHOI iH(MPACTPYKTYpH
IUJIS. TOCSATHEHHSI MOTPiOHOI MPOJYKTUBHOCTI Ta Maclil-
TaboBaHOCTI. TakoX, riopuaHi MOJeIi MOXYTh BUMaraTu
CKJIAQIHIIIOrO yMpaBldiHHS Yepe3 PO3MNOIiIeHY apXiTeKTy-
py Ta po3cisgHicTh naHux. KoopauHailisi Ta CMHXpOHi3a-
111 MOXYTh OyTM BUKJIMKAMU MJis 3a0e3TMeueHHs 1Liijic-
HOCTI Ta JOCTYMHOCTi JaHUX.

T'i6puaHi Moaesi MOXYTh OYTU BapTiCHUMU BHACIIIOK
MOTpedu y crellianizoBaHili iHGpacTPyKTypi Ta po3MoIi-
JIeHiil 0O6poO1i maHux. BapTicTb po3ropTaHHs Ta ynpaB-
JIIHHS MOXe OyTH BMIIOIO MOPiBHSIHO 3 TpaaMLiMHUMU
MOJIEJISIMU.

AJe, TiOpMIHI MOJETi TaKOX MalOTh IepeBaru mepen
TpafdilliiHUMU — BOHU MOXYTh HalaTu OibIIY LIBUIKO-
Mi10 3aBASIKM PO3IOMAIEHIN apXiTeKTypi Ta po3arapaje-
JIIOBaHHIO 00p0o0OKM naHuX. Lle 0cobIMBO KOPUCHO MpU
orepalrlisix 00poOKU BETUKUX OOCATIB 300paXKeHb.

lopuaHi Momeni MOXyTb MaTU OLIbIIY MOTYXKHICTh
Yy BUKOHAHHI CKJIAAHMX OOYMCIIOBAJIBHUX 3aBIaHb, Ta-
KNX K BUSBIEHHSI OO0’€KTiB, pO3Mi3HaBaHHSI 00Opa3iB
Tolo. BoHUM MOXYTh BMKOPUCTOBYBAaTHM MOTYXXHi Ipa-
¢iuHi TpUCKOpIOBaui Ta creniajizoBaHe OOJagHAHHS
ISl TTOKpalleHHsT TPOAYKTUBHOCTI. BoHM MOXyTb OyTH
OLTbII THYYKMMM B MiATPUMII pi3HUX (popmaTiB 300pa-
KEeHb Ta iHTerpalii 3 iHIIMMU cucTeMaMUu. BoHU MOXYTb
HaIaTu pO3LIMPEHI MOXIUBOCTI 711 OOpOOKU Ta aHaTi3y
300paxkeHb 3 BUKOPMCTAHHSIM Pi3HOMAHITHHUX aJTOPUT-
MiB Ta iHCTPYMEHTIB.

IMopiBHIOIOYM 0OOUABA TUMKU MOJENEH, MOXHA 3pO-
3yMiTH, 110 TpaauliiiHi Moaeai MaloThb CBOI IepeBaru
B MPOCTOTi BUKOPUCTAHHS Ta CTaOiIbHOCTI, a TiOpUHi
MOJIei - y WIBUAKOMIl, MPOAYKTUBHOCTI Ta T'HYYKOCTI.
Bubip MiX UMW MOAENSIMU 3aJIEXKUTh Bifl, KOHKPETHUX
MOTped IPOEKTY Ta BUMOT IO ITPOMYKTHMBHOCTI, MacII-
TaOOBAHOCTI Ta (PYHKIIIOHAJBHOCTI CUCTEMU 30epiraHHs
300paXkeHb.

BucHoBkn

V pesyabTaTi MOpPIiBHSJIBHOIO aHajidy TpaguLliiiHUX
Ta TiOpUIHUX MOJENel CXOBUIL 300paxkeHb y cdepi Be-
JIMKUX JTaHUX OyJ10 3po0JIeHO HACTYIIHI 3arajibHi BUCHO-
BKU 110J0 €(PEeKTUBHOCTI Ta BUKOPUCTAHHI 000X TUIMiB
MOJEJIEH.

EdexTuBHicTb: riOpuaHi Moaesi CXOBUIL 300pakeHb
BUSIBJISIIOTBCSL  OUIbII €(PEKTUBHUMMU Yy TMOPIBHSIHHI 3
TpaguLiiHUMU MoaeasiMU. BoOHM MoOemHYIOTH mepeBaru
Pi3HUX Miaxo/iB, 3a0e3Meuylour ONTUMalbHE MOEIHAH-
Hs IIBUAKOMIII, MAacIITa0OBAHOCTI Ta IIPOAYKTUBHOCTI.
liopuaHi Moaesi MOXyThb 3a0€3MeYUTH OiTbIIY THYUKICTh
Ta e(eKTUBHY POOOTY 3 BEIMKUMU 00CsTaMu 300paXkeHb.

BukopucranHs: BUGip MixX TpaAuLIiHHUMU Ta TiOpUa-
HUMM MOJIEJISIMU 3aJIESKUTh Bill KOHKPETHUX ITOTPEO Mpo-
€KTy Ta BMMOT OO0 NPOAYKTMBHOCTI, MaclITabOBaHOCTI
Ta (PYHKIIIOHATBHOCTI CUCTeMU 30epiraHHs 300paKeHb.
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TpaauuiiiHi Moaesi MOXyTh OyTU BUMPAaBAAHUMU B MPO-
CTUX CLIEHapisiX, A€ BUMOTU J0 OOpOOKM Ta 30epiraHHs
300paXkeHb € ooMexXeHUMU. [10puaHi Momelsli peKOMeH-
NYIOThCSl Y BUTIAJKaX, KOJU MOTpiOHA Oilblla THYYKICTD,
MacluTabOBaHICTh Ta ONTUMAaJIbHA MPOAYKTUBHICTb Y PO-
00Ti 3 BeJIMKMMU 00csraMu 300paKeHb.

OpHak, NMpY BUKOPUCTAHHI TiOpUIHUX MoOAeNel He-
00XiTHO BpaxoByBaTW MEBHi BUKJIMUKU Ta OOMEXEHHS,
TaKi SIK CKJIaAHICTh pO3pOOKM Ta HalaroIKeHHs, BUILI
BUMOTHU 10 OOJIafHAHHS Ta iH(MPACTPYKTYpHU, a TaKOX
HeoOXiTHICTh 3a0e3meyeHHsl iHTerpauili pi3HUX KOMIIO-
HEHTIB CUCTEMMU.

OcTtaTtouyHuil BUOIp MOJEII 3aJIEKUTh BiJl YHIKATbHUX
BUMOT IMPOEKTY, TOCTYITHUX PECYPCiB Ta MOTPEO KOPUCTY-
BauiB. PeKoMeHIyeTbCsI TPOBECTU NeTalbHUI aHaTi3 BU-
MOT, BpaxOBYIOUM MacIITabu MPOEKTY, JOCTYITHI pecypcH,
noTpeOM KOPHUCTYBAyiB Ta HasiBHI HaBUYKU PO3POOHMU-
KiB, 1100 BU3HAYUTH HANOIIbII MiAXOASLy MOJEIb 30€e-
piraHHs 300paxeHb y cepi Benukux ganux. [1pu upomy
BapTO BpaxoOBYBaTU MepeBaru riopuaHuX Mofeseil 11010
e(eKTUBHOCTI Ta MacIITaOOBAHOCTI, a TAKOX MOTEHIIii-
Hi BUKJIMKM Ta 3aTpaTH, MOB’s13aHi 3 iX BIPOBAIKEHHSIM.
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ARCHITECTURAL SOLUTIONS AND OPTIMIZATION METHODS TO IMPROVE
THE PERFORMANCE OF NODE.JS AND VUE.JS APPLICATIONS

Software architecture includes a number of important decisions about the organization of a software system, in-
cluding the choice of structural elements and their interfaces that make up and unite the system into a single whole;
the behavior provided by the joint work of these elements; the organization of these structural and behavioral elements
into larger subsystems, as well as the architectural style that this organization adheres to. The performance of a web ap-
plication is an objective measurement and user experience associated with the loading and operation of the program.
Performance is about how long a web application takes to load, becomes interactive and responsive, and how smoothly
the interaction with content takes place. The architecture and the steps that need to be taken to optimize the program
have always been and will be relevant. Any application has its own architecture, but not every application adheres to the
rules for building a good architecture, the same applies to optimization. A program with a good architecture is easier to
extend and change, as well as to test, configure and understand. As practice shows, people do not like to wait, and even
a three-second delay can force a user to close a tab with a slow resource. Therefore, using a number of optimization
methods to improve performance will lead to increased usability and will not force the user to leave the resource due to
the fact that it is running slowly. Search engines also pay attention to hundreds of parameters when ranking pages in the
search. And one of the most important is the speed of data transfer from the server to the client.

ARCHITECTURE, OPTIMIZATION METHODS, PERFORMANCE, WEB SYSTEM, NODE JS, VUE

I.A. PeBenuyk, B.IO. Cremko. ApxiTeKTypHi pilieHHs i MeToau onTUMi3awii 11 MiIBUIIEHHS] NPOAYKTUBHOCTI J10-
natkiB Ha Node.js Ta Vue.js. ApxiTeKTypa IIporpaMHOro 3ade3ne4eHHs] MiCTUTD y 001 HU3KY BasKJIMBUX PillleHb TTPO
OopraHizallilo MporpaMHOi CUCTEMHU, Cepell SKUX, BUOIp CTPYKTYPHUX €JIEeMEHTIB Ta iX iHTepdeiiciB, 1110 CTAHOBJISTh
1 00>€IHYIOTh CUCTEMY B €JIMHE 11iJie; MOBEAIHKA, 1110 320€3IMeYY€ETHCS CMILHOI0 pOOOTOIO LIMX €JIEMEHTIB; OpraHizalito
LIMX CTPYKTYPHUX Ta IMOBEIiHKOBUX €JIEMEHTIB Y OiJIbI1Ii MiICUCTEMHU, & TAKOX apXiTEKTYPHUI CTUJIb, SIKOTO JOTPUMYETb-
¢ g1 opraHizaitist. [IponyKTUBHICTb Be0-10aTKy — 11€ 00>EKTUBHI BUMipIOBAaHHS Ta BiIUYTTsI KOPUCTYBaya, IMOB>sI3aHi
i3 3aBaHTaXXEeHHSIM i poO0TOI0 MporpaMu. [1pogyKTUBHICTb — Lie PO Te, SIK TOBro BeO-101aTOK 3aBAHTAXYEThCSI, CTAE
IHTEPaKTUBHUM Ta YYHHUM, TIPO Te, SIK IUIABHO BiIOYBAETLCSA B3a€EMO/isl 3 KOHTEHTOM. ApXITEKTypa Ta KPOKH, sIKi
HeOoOXiHO 3pOOUTH JUISl ONTUMI3allil 10AaTKY, 3aBXIU OYyJIM i OyAyTh aKTyalbHUMU. Byib-sK1il 101aTOK, Ma€ CBOIO
apxiTeKTypy, ajie IajeKo He KOXEH JOIaTOK, TOTPUMYEThLCS TMPaBUJI, OO0 TTOOYIOBU TapHOI apXiTeKTYpH, Te came
CTOCYEThCS i onTuMizaltii. [IporpaMy 3 rapHoI0 apXiTeKTYpOIO JIeT1e PO3LIMPIOBATY Ta 3MiHIOBATH, a TAKOXK TECTYBAaTH,
HaJIaTO[KyBaT! Ta PO3YyMiTH. SIK MOKa3ye MpakTUKa, JIIOIU He JTIOOISITh YeKaT! i HaBiTh TPhOX CEKyHIHA 3aTPUMKA
MOX€ 3MYCUTH KOPUCTYBauya 3aKpUTH BKJIAJKY 3 MOBUILHUM pecypcoM. ToMy 3acTOCYBaHHSI HU3KM METOiB ONTUMi3allii
IUTST THABUIIIEHHST IPOIYKTUBHOCTI, TIPU3BEE MO MiABUIIEHHS 3pYYHOCTI BUKOPUCTAHHS i HE 3MYCUTh KOPUCTYyBayua
3aJIUMILIUTU PECype Yepe3 Te, 10 BiH MOBiIbHUI. TaKOX IMOILIYKOBI CUCTEMU MPU PaHXUPYBaHHI CTOPIHOK Y TOLIYKY
3BEPTAIOTh YBary Ha COTHi MapaMeTpiB. | OMH i3 HABAXJIMBILIMX — LIBUAKICTb Mepeaadi JaHUX BiJ cepBepa KJIIEHTY.

APXITEKTYPA, METOJAU ONITUMIBALIIT, MPOAYKTUBHICTb, BEE-CUCTEMA, NODE JS, VUE.

Introduction
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At the current stage of World-wide-web development,
it is important to improve the performance of a web ap-
plication, scalability and reliability, by building a correct
architecture and using optimization methods.

Technology selection: Node.js and Vue.js, for research,
is determined by personal preferences. These technologies
are also quite popular, both among companies and devel-
opers.

Behind any good product, there is a high-quality ar-
chitecture and the work done is related to its optimiza-
tion. Each application may, if not immediately, then af-
ter some time, encounter performance-related problems.
These problems occur in the following situations:
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— the app grows and becomes larger (hundreds of
custom scripts, dozens of screens, etc.);

— the application begins to operate with a large
amount of data;

— a large number of users appear.

All this can lead to a loss of performance, especially if
the application is not optimized and, as a result, users will
prefer to use a competitor’s product. The use of a poor-
quality application architecture negatively affects its fur-
ther scaling and, as a result, the loss of understanding of
the relationship between system components. Maintaining
such an application becomes very difficult. Therefore, de-
signing an architecture and paying attention to optimiza-
tion is the key to a good product.
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1. Basic theoretical information
about architectural solutions

Software architecture is a set of approaches for or-
ganizing a software and hardware complex. Description
of system components and relationships between them.
Architecture includes approaches, constraints, rules, and
heuristics to follow when writing code [1].

Good architecture helps to design and develop a sys-
tem so that it is easier and more convenient to extend and
change it. Therefore:

— if communication between modules is regulated,
it is easier to replace their implementation with another
one;

— if communication with the outside world is regu-
lated, then there is less chance of data leakage;

— if the code is separated correctly, the application
is easier to test;

— if the code is clearly organized, it takes less time
to add new features and search for bugs in old ones;

— if the architecture is widely known, immersion in
the project is faster [1].

A web app architecture presents a layout with all the
software components (such as databases, applications and
middleware) and how they interact with each other.

Typically a web-based application architecture com-
prises 3 core components (3-tier):

— client-side (Presentation layer / Client Layer) — is
the key component that interacts with the user, receives
the input and manages the presentation logic while con-
trolling user interactions with the application. User inputs
are validated as well, if required.

— server-side (Application Layer / Business Logic
Layer) — handles the business logic and processes the user
requests by routing the requests to the right component
and managing the entire application operations. It can
run and oversee requests from a wide variety of clients.

— database server (Data Layer) provides the required
data for the application. It handles data-related tasks. In
a multi-tiered architecture, database servers can manage
business logic with the help of stored procedures.

It is possible to conditionally divide architectural solu-
tions according to their goals and scope.

Some approaches distribute responsibility between
modules. They determine which modules will be respon-
sible for what. These approaches are called architectural
patterns, namely: MVC, MVVM, MVP.

MVC (Model-View-Controller) — a scheme for di-
viding program data and control logic into three separate
components: model, view, and controller — so that each
component can be modified independently:

— the model provides data and responds to controller
commands by changing its state;

— the view is responsible for displaying user model
data, responding to model changes.

— the controller interprets user actions, notifying the
model of the need for changes.

The pattern is shown in fig. 1.

Model-View-Controller

Controller

Fig. 1. MVC

MVVM (Model-View-ViewModel) — allows to sepa-
rate the application logic from the visual part (View). This
pattern is architectural, that is, it defines the overall ar-
chitecture of the application. MVVM consists of three
components: Model, ViewModel, and View. The pattern
is shown in fig. 2.

Notifications

Data Binding

Commands

\ Presentation Btsi"'e“
Y ek Logic ogic
(Code Behind) silos
Fig. 2. MVYVM

MVP (Model-View-Presenter) is a user interface
development pattern. The MVP pattern is derived from
MVC, but has a slightly different approach. The main
difference is that presenter is not closely related to the
model. The presenter takes the place of the controller.
The MVP pattern is shown in fig. 3.

' Passive View

user events

updates view

Presenter
(Supervising Controller)

updates model state-change events

4
l Model I

Fig. 3. MVP

The presenter takes over all the logic of data process-
ing, updating the view, and processing user commands.
The view in this case is passive: it does nothing but display
data as the presenter tells it to. If in MVC the view could
take over the formatting of the output, then in MVP the
presenter is also responsible for this.
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Others determine how close each of the modules is
to business logic. For such approaches, it is important
which part of the code directly deals with the application
task, and which part deals with infrastructure tasks. For
example, in a photo processing application, the business
logic would be filter functions, and the infrastructure tasks
would be calls to the phone’s camera API [2].

Still others manage data flows in the app. They define
how modules communicate with each other: directly, in-
directly, or using special services such as the event bus. In
general, data flows can be organized in a huge number
of ways, but most often in practice there are two types in
frontend: unidirectional and bidirectional. In a unidirec-
tional data stream, each part of the application can re-
ceive or transmit data from another part. The direction of
such flow does not change. Data in a bidirectional stream
can be transmitted between parts of the application in
both directions. This is most often used to link the model
and view, so that updating, for example, text in the in-
put field immediately updates data in the model — this is
called bidirectional data binding. Frameworks that use bi-
directional binding are often reactive — that is, they apply
changes instantly not only to the UI, but also to the data
being computed. Vue is one such framework.

The following approaches determine the layout of the
application. It will be one large program (monolith) or a
set of several smaller programs (microservices). In gen-
eral, there are three types of web application architecture:
monolith, microservices and serverless.

A monolith is an architectural solution in which all
components and modules are closely related and depend
on each other [3]. An example of the monolith architec-
ture is shown in fig. 4.
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Fig. 4. Monolithic architecture

Monolithic applications work fairly efficiently, as long
as they don’t get too big and cause scaling problems.

Microservices is an architectural solution based on the
distribution of modules into separate systems that com-
municate with each other using messages [3]. An example
of the architecture is shown in fig. 5.

Microservices architecture solves several challen-
ges that are encountered in a monolithic environment.
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In a microservice architecture, the code is developed
as loosely-coupled, independent services. Each micros-
ervice contains its own database and operates a specific
business logic which means you can develop and deploy
independent services with ease. Since it’s loosely coupled,
microservice architecture provides the flexibility to up-
date/modify and scale independent services. Development
becomes easy and efficient and continuous delivery is en-
abled. For highly scalable and complex applications, mi-
croservices is a good choice.
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Fig. 5. Microservices architecture

Serverless is an architectural solution that focuses on
development, instead of deployment and interaction be-
tween services [3]. It is an alternative to microservices that
automates the entire deployment thanks to cloud technol-
ogies (fig. 6).
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Fig. 6. Serverless architecture

Serverless computing lowers costs as resources are only
used when the application is in execution. The scaling
tasks are handled by the cloud provider. Moreover, back-
end code gets simplified. It reduces development efforts,
costs and brings faster time to market.

All these architectures are top-level and each is good
in its field. To implement the application, can choose any
of the architectures listed above, but it can be ineffective
either in terms of development or in terms of operation.
Therefore, it is necessary to rely on the application re-
quirements and on the advantages and disadvantages of
each of these architectures.

2. Web application performance issues

At the moment, performance problems are among the
most common. Their solution requires compliance with
a number of rules formed as a result of studying the con-
struction of web applications. Globally, web application
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performance issues can be divided into two categories:
data transfer and runtime.

— data transfer — loading any resources necessary for
the application to work;

— runtime — operation of the application, rendering
and processing user input.

Each of these categories contains nuances that distin-
guish high-quality programs from low-quality ones. Most
popular web application performance metrics:

— TTFB — time to receive the first byte;

— FCP — time until the first content display;

— FMP — time to the first significant display;

— TTI — time to start interactivity of page elements.

Among other things, can also identify common causes
of performance problems:

— poorly written code can lead to many problems
with web applications, including inefficient algorithms,
memory leaks, and application deadlocks. Older software
versions or integrated legacy systems can also reduce per-
formance;

— non-optimized databases. An optimized database
provides the highest level of security and performance,
while an unoptimized database can destroy an applica-
tion. Missing indexes slow down the execution of SQL
queries, which can lead to a decrease in the performance
of the entire application;

— DNS, firewall and network connection. DNS que-
ries make up the majority of web traffic. That’s why a
DNS problem can cause so many problems, preventing
visitors from accessing your site and leading to errors, 404
errors, and wrong paths. Similarly, network connectivity
and firewall performance are critical to access and perfor-
mance [4];

— external services. The problem with using external
services is that they are out of control;

— slow server;

— poor load distribution. This can lead to an increase
in response time due to incorrect distribution of new site
visitors between servers [5].

3. Problems of choosing software solutions for Node.js

Node.js is a JavaScript runtime environment based on
the V8 engine that can compile JavaScript code into ma-
chine code. It is an open source cross-platform environ-
ment for developing server and network applications that
uses an event-driven, non-blocking I / O model, making
it simple and efficient for real-time data-intensive appli-
cations running across distributed devices.

Node.js has many frameworks, including: express.js,
nest.js, koa.js, adonis.each of the presented solutions has
its own characteristics and therefore it becomes difficult
to choose a suitable solution.

2.1 Express.js

Express.js is a flexible and minimalistic application
framework. It’s not built around specific components,

which gives developers the opportunity to experiment.
They get lightning-fast customization and a clean JS ex-
perience [6].

Features include: fast server-side development;
NoSQL database support out of the box; supports MVC
architecture; allows developers to create a RESTful API
faster.

Express.js is suitable for quickly creating web applica-
tions and services, as it has API generation tools available.

2.2 Nest.js

Nest is a server platform built to support developer pro-
ductivity. Nest, a framework written entirely in TypeScript
(it also supports JS), is easy to test and includes everything
you need.

Nest, by default, makes use of the Express library un-
der the hood. Nest significantly extends its functionality,
adds declarativeness, and also helps the developer to build
the application according to best architectural practices.

Features include: easily extensible — can be used with
other libraries; combines features of functional program-
ming, OOP and functional reactive programming; pro-
vides framework APIs that help use various third-party
modules available for any platform; has detailed and sup-
ported documentation;

Nest.js is used to write: clean and reusable code; code
using high-level constructs: interceptors, filters, pipes,
guards; scalable and tested applications. It provides the
right balance of structure and flexibility to effectively
manage code.

2.3 Koa.js

Koa.js is an open source web framework written by the
developers of Express.js. With Koa, they aimed to create
a smaller and more reliable platform for web applications
and APIs. It offers a wide range of effective methods to
speed up the process of creating servers. [7].

Features include: a modern and promising solution;
built-in error catchall that prevents crashes; using a con-
text object that contains request and response objects.

Used for creating servers, routes, and handling re-
sponses and errors.

2.4 Adonis.js

Adonis is a Node.js MVC framework for consistent,
stable and expressive code. Adonis takes care of many of
the time-consuming details of development by offering a
stable ecosystem for server-side web applications. It was
designed to bring joy and ease to developers in their work,
so it neglects a consistent and expressive API to develop
full-featured web applications. This framework follows the
same principles as Laravel [8].

Features include: API and session-based authentica-
tion system; excellent security system; a powerful ORM
that helps create secure SQL queries; validation of user
input data.

Ideal for building RESTful APIs.
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Each framework has its own capabilities and approach-
es. Architectural solutions and optimization methods can
be applied to each of them. But the most attractive frame-
work is Nest.js. It uses good architectural approaches and,
along with optimization methods, will allow to get a scal-
able, structured and productive backend application.

4. Determination of optimization methods

Common methods for optimizing web applications in-
clude the following.

Data transfer

CDN — helps speed up loading for geographically dis-
tributed clients.

Resource prioritization — acceleration of page loading
using the correct resource loading strategy. Browsers allow
you to set priorities for different types of resources and
load earlier what is important for the first drawing.

Static compression — is a compression algorithm that
reduces the weight of static and, accordingly, increases the
download speed.

WebP vs Png vs Jgp. WebP is a great alternative to Png.
In addition to the lower weight of the images, WebP is
practically the same quality and has a fast loading time
[9].

TTFB. Time to receive the first byte of the applica-
tion page after sending a request from the client. It is an
important metric. This is a complex metric that primarily
depends on what operations are performed on the server
during Request processing. A long response time can be
related to dozens of factors: application logic, slow data-
base operation, routing, software platform, libraries, lack
of processor power or memory.

HTTP2 can speed up page loading by multiplexing or
compressing headers [10].

Runtime

requestldleCallback is a function that allows to exe-
cute code at the end of a frame (tick) or when the user is
inactive.

requestAnimationFrame allows to schedule anima-
tions correctly and maximize the chances of rendering at
60 frames per second.

DOM manipulations are expensive, and they need to
be performed carefully and meaningfully. Vue, provides
optimized work with the DOM due to the use of a lighter
version — Virtual DOM.

Virtual scrolling and pagination. These methods are
used to display a list with a large number of items. In this
case, either infinite loading with virtual scrolling or pagi-
nation should be used. If you do not use this approach
or use it partially, for example, only infinite loading, then
performance can be significantly reduced [11].

60 FPS by pointer-events: none — with this feature
you can achieve 60 FPS when scrolling the page. It works
on this principle: all mouse handlers are disabled while
scrolling.
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Build

Webpack is a module bundler. One of the most power-
ful and flexible tools for building frontend. It analyzes ap-
plication modules, creates a dependency graph, and then
builds the modules in the correct order. It has the ability to
optimize the build, which in turn improves performance.

Code splitting — by splitting the code into chunks, you
can optimize the first load [12].

Minification — reducing the size of the final build by
removing unnecessary characters from HTML, JS, CSS
that are not needed to display the page: comments, in-
dents [12].

Dead code — unused code is removed from the final
build, thereby speeding up page loading.

If your application uses a library that needs only a few
methods, then you need to extract only the methods you
need when importing, not all of them. This affects the size
of the final bundle and, as a result, performance.

When you download fonts locally, you need to make
sure that you are using compressed font formats for mod-
ern browsers, such as WOFF and WOFF2 [13].

Lazy loading of modules / routes is a tool that is avail-
able in all popular frameworks and libraries. Allows you to
“lazily” load chunks of the app’s functionality.

Chaching. Cache API, ServiceWorkers, App Shell
model. Cache API is a storage for network responses that
we have full control over. Service workers are specialized
JavaScript assets that act as proxies between web browsers
and web servers. They aim to improve reliability by pro-
viding offline access, as well as boost page performance.
An indispensable aspect of service worker technology is
the Cache interface, which is a caching mechanism whol-
ly separate from the HTTP cache. App Shell architecture
is one of the most efficient ways of building web apps that
are loading almost instantly [14].

Lazy loading of images and videos.

Using indexes.

Application speed testing.

In addition to general methods, there are a number of
those that use Vue technology:

— functional components. Let’s assume that there is
a simple, small component whose task is to display a par-
ticular tag, depending on the passed value. You can op-
timize this component by adding the functional attribute
— functional. A functional component is compiled into a
simple function and has no local state.

— keep-alive is a wrapper component over the router.
All components in the router will be created and destroyed
when switching between routes. If the components are
heavy, the interface may hang at the time of switching.
Vue provides the ability not to destroy, but to cache and
reuse, thereby preserving the state of the component. This
optimization will lead to increased memory consumption
as Vue needs to keep them alive. This approach should
not be applied thoughtlessly [15].
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— lazy loading of components. In a traditional com-
ponent import, the child component is loaded as soon
as the browser reaches the import instruction. However,
if the component is large, then it makes sense to load it
asynchronously. Vue provides this feature out of the box.
It will only load the component when needed and display
it when it is ready. When using a bundler such as Webpack,
the child component will be extracted into a separate file,
which will reduce the weight of the file on initial down-
load. Lazy loading can also be applied to components
used for routes. Each of the routes will be loaded when
requested.

— vuex. Work with commits. Commits, unlike actions,
are synchronous. If we assume that there is a need to save
a large array of data, then its processing will block the in-
terface during operation. To solve the problem, you can
split the array into parts and add them one by one, giving
the browser time to display. With this approach, you can
add a load indicator, which will improve the UX.

— disabling reactivity. The store contains an array of
objects with a high level of nesting, and Vue, according to
its behavior, will perform a recursive bypass of all nested
fields. If the application is built in such a way that it de-
pends on the top-level nesting object and does not refer to
reactive data several levels lower, then this reactivity can
be removed, making it easier for Vue to work.

Conclusion

To create apps that people want to use that attract and
retain a user, it’s necessary to create a good user experi-
ence, and part of that experience is fast content loading
and responsiveness to user interaction (response time).
Therefore, the use of performance improvement methods
is an important part of the product being developed. Well-
built architecture and good performance are the key to a
high-quality product.
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AHAJNI3 SAJNTEXXHOCTI BUBOPY OCBITHIX AJIbTEPHATUBHUX
ANCLUMUMNJIIH BIA, TEHAEHLUIA IT TANYS3I

INTELLIGENCE

byna npoaHajizoBaHa 3ajiexKHiCTh BUOOPY albTepHATUBHUX AUCLUTUIIH CTYAEHTaAaMM Ha TPUKIIAIi OCBITHBOL
nporpamu 121 [HXeHepist mporpaMHOTo 3a0e3MeueHHS IJTsI Pi3HUX POKiB HaBYaHHS Bix TeHneHil I T ramysi. YactuHa
naHux Oyja B3siTa 3 perno3uTopito Ha 1iatdopMi Github, a y SKocTi MEeTpUK — KiJIbKiCHI MTOKa3HUKHU iCHYIOUUX
TenaeHuii y I'T ranysi. [HopMaltist mpo cTyaeHTiB OyJia B3sTa JUIsl aHali3y 3 JaHUX PO BUOip ajJbTepHATUB CTYAEHTAMU
3-4 xypcy 3 cneuianbHocTi 121 IHxXeHepist mporpamMHoro 3adesnedyeHHs . JIOCTiIKEeHHsT TPOBOAMUIIOCS B JeKiJbKa
erariB, CrioyaTKy JAaHi OyJM ITpoaHali3oBaHi Ta OYMILEHO BiJl BUKUIIB, TOTIM BOHU OYJIM 11ie pa3 PO3IJISIHYTi 32 TpbOMa
MOKa3HWKaMU, B TTOAAIbIIOMY TOAATKOBO Oy HaKJIaJeHi Baru, BilMOBIIHO 10 YOT0 OyJI0 MPOBEAeHE TOCTiIKeHHS i
oTpuMaHi iHaabHi 3HaYeHHs. [1ig yac qocimKeHHs 11 BUMipy MOKa3HUKIB 3aJIe3KHOCTI 0yJI0 BAKOPUCTAHO JIIHIHHU
koedimieHT IipcoHa.

AJTBTEPHATVBHI JUCHUIUITHU, PEITO3UTOPIT GITHUB, TEHJAEHIIII IT TAJTY3I, JIIHIMHUM
KOE®ILIEHT ITIPCOHA, KOPEJIALIIA

L.V. Gruzdo, L.V. Kyrychenko, R.O. Tarasov. Analysis of the dependency of student’s selection of elective courses
on tendencies in IT industry. The dependency of students’ selection of elective subjects for 121 Software Engineering
study plan on tendencies in IT industry was analyzed during the research on the example of students from different years
of study. Part of the data was gathered from Github repositories and quantitative indicators of tendencies in IT industry
were used as metrics. Information for analysis regarding students was taken from the data about students’ selection for
3-4 year of studies on 121 Software Engineering program. The research was conducted in multiple stages, on the first
stage the data was preprocessed and cleaned from outliers, subsequently it was analyzed one more time and converted in
three numbers, then the numbers were mapped with wages, with respect to which the research was conducted and final
value was obtained. Pearson correlation coefficient was used for calculation of dependency indicators during the research.

ELECTIVE SUBJECTS, GITHUB REPOSITORIES, TENDENCIES IN IT INDUSTRY, PEARSON

CORRELATION COEFFICIENT, CORRELATION
Betyn

AJIBTEpHAaTUBHI TUCUUIUIIHA CTajld HEBiJl €MHOIO
YACTUHOK HABYAJIbHOIO IIPOLIECY B YHIBEPCUTETI, Ta €
CKJIaJIOBOIO YCiX HaBUaJIbHUX TLJIaHiB, 00 caMe BOHU H0-
nomarailoTb (OopMyBaTH pi3Hi KOMIIETEHIii Ta CKiId y
CTYJCHTIB CMELialiCTiB y pi3HUX 00JacCTIX, HEe TiTbKU 3a
OCHOBHMM HampsIMKOM, III0 B CBOIO 4epry hopMye cIie-
LiajicTa SIK pi3HOOIYHY JIIOAWHY sIKa MOXE BUPilllyBaTu
NpakTU4HI 3afa4i B paMKax LIux objacteil. Taki nucum-
IUTiIHU iICHYIOTh Ha KOXXHOMY POLli HAaBYaHHS, OKPiM Tep-
LIIOTO i JTy>Ke Y4acTO BOHM ITOB’sI3aHi MixX cO0O0I0 Ta Mpo-
JIOBXYIOTb OJJHA OJHY JIJIsl TOTO, 1100 JaTH OiJIbII IIMOOKiI
3HAHHSI 3a TIEBHUM HaMpsIMOM, sIKi B CBOIO Uuepry poOJisiTh
3i CTYIEHTIB KOHKYPEHTOCIPOMOXHUX CHELialiCTiB Ta
Bi3iOHEpiB-aHAJITUKIB.

CTyneHTy B CaMOTYXKKH iHKOJIM Ty>Ke BaxKKO chopMy-
BaTU TepeiK AMCUMUIUIIH, 1100 3a10BOJbHUTH BCi HEOO-
XiIHi MoTpedu MaiibyTHiX poOOTOAABIIIB BiAMOBIAHO 10
noTped ChbOrOJeHHSI Ta BiIAHOCHO iCHYIOUMX BMMOT J10
HeoOxinHoro cnenianicta [1]. Takox, Tpeba BpaxoByBaTu
MOXJIMBI CUTYyallii B OCBITHbOMY IPOLIECI, KOJIU XKOIEeH
CTYIEHT He o0epe AUCIUILTIHY abo 3aHaaTo OaraTto CTy-
JIEHTIB 3alMIIETHCS 0 SIKOrOCh BUKJajaaya i Toai Tpeda
3HOBY IMe€pepaxoBYBaTU HaBUYajlbHE HaBaHTaXeHHS. K
HaCJIiI0K MOXe OyTU CUTYyallisl, KOJAU CTyAeHT oOpaB AUC-
LIMIUIiHY, Yepe3 Te 1o BeAe ii AKUCh MeBHUN BUKJIagau
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(axuit oMy IMITOHYE i B SIKOTO BiH HaliKpallle 3aCBOIOE
Marepiaj), aje yepe3 HermoMipHe HaBaHTaXKEHHS Y LIbOTO
BUKJIagavya, JUCIUILIIHY IIepeaaroTh iHIIIOMY BUKJIagady
i CTyIEeHT BXe He 0axka€ BMBYATU LIO AUCUMILIIHY Mif
KEepiBHULITBOM IHIIOTO. Y 1IbOMY BMIIQAKY TaKOX IIO-
PYLIYEThCSI HaBaHTaXK€HHSI Ha ceMecTp i Tpeba LIBUAKO
pearyBaTH Ha BCi MOXKJIMBI 3MiHM. 3 ypaXyBaHHSIM BUILE
3a3HAYEHOr0 MOXHa CTBEpPKyBaTH, 110 KpalliM BUpi-
IIEHHSIM € 3a0e3IeUYeHHs] HasIBHOCTI paja ajqbTepHATHB-
HUX IUCLIMIUIIH 32 BUOOPOM CTYAEHTa, cepell IKM BOHU
3MOXYTh OOMpaTU HEOOXiJHI 3a CBOIM BIOAOOAHHSIM
(BB psay dakTopiB) st opMyBaHHSI HEOOXigHUX
caMme M KOMIIETeHIIii Ta cKiauB [2].

Tomy mocrtae psii MUTaHb: SIK BU3HAYUTU SIKi JMC-
LIMIUIIHU € HEOOXiATHMMU Ta LIiKaBUMU 151 CTYACHTIB, a
ski Hi? fK 1i BMogoOGaHHS KOPEIIOIThCS 3 BUMOTaMu
1o ¢opMyBaHHSI HaBYaILHUX IUTaHiB? fKi MeTpUKU BU-
KOPUCTOBYBATU ISl BU3HAUEHHSI aKTyaJbHOCTI Ti€l 4uu
iHIoi aucuumuiiHnu? Yy BUCTAYUTh KOMIIETEHLII 3 BU-
0ipKOBOI AMCUMILIIHU, AJSI OTPUMaHHS xoua O mocaau
Trainee-pa a6bo Junior-a 3a BiAITOBITHOIO BaKaHCi€l0?
OaHuM i3 (akTopiB, SIKUI BILUIMBAE Ha BUOIp CTyIeHTa
121 crneniyibHOCTI € 3arajbHOCBITOBI TEHIEHILII Ta HOBI
HanpssmMku [T ranysi. AKino sikach TEXHOJOTisl CTa€ Io-
MyJISIpHOI0, BOHA aBTOMATMYHO 3alliKaBJIIOE CTYIEHTIB
Ta 3’IBIISIEThCST Oa’kaHHSI BUBUMTH ii, Ta HABMAKM, SIKIIIO
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sIKach TEXHOJIOTISI HE € IMPOKO 3aTpeOyBaHOIO, TOX HiX-
TO He 3abaxae il BuMTH, 60 BOHa HE MAa€E CBOTO MiCLsl Ha
PUHKY Ta il HE MOXHa 3aCTOCYBaTU HAa PUHKY MOBCEMicC-
Ho. [yxe noopum npukinagoM Tyt oyae Flash Player, min-
TpUMKa sikoro oysa 3akiHueHa 31 rpyaHs 2020 poky, Tox
3apa3 BXE HE Ma€ HisIKOrO CEHCY BMKJIagaTH 10 AUC-
LMIUIIHY 111 CTYAEHTIB, OKPIM iCTOPUYHOI AOBiIKHU, 110
Taka TEXHOJIOTisI icCHyBasa.

MerTolo 11i€1 CTaTTi € po3poOKa Ta OOIPYHTYBaHHSI Te-
OpPETUYHUX Ta MPAKTUYHUX PEKOMEHALlili, Ta iCHYIOUMX
3ajIeXKHOCTeN 111010 (POpPMYBaHHSI BUOOPY OCBITHIX alb-
TepHaTUBHUX nucuurutid B IT ramysi.

O06’eKTOM AaHOTO AOCIIXEHHS € mpollec HopMyBaH-
Hs1 BUOIPKOBUX AMCIUILIIH Uil CTYJIEHTIB CMelialIbHOCTI
121 THxxeHepis MpOrpaMHOro 3a0e3nevyeHHs, a MpeaMe-
TOM JOCJIIXKEHHSI — aHaJjli3 3aJieKHOCTi BUOOpY CTyIeH-
TiB BUOIPKOBUX TUCUUILTIH Bif icHytouux I'T TeHaeHLil.

3aBoaHHs CTaTTi — BU3HAUMTHU YU € 3aJIeKHICTh BU-
0Opy CTYIEeHTIB BUOIPKOBUX AUCUMILIIH Bia icHytouux I'T
TEHJICHIIii Ta, SIKILO €, HACKUIbKM BOHA CUJIbHA.

1. ®opmymoBanHs rinore3s

B poOorti Oyna mpoaHajizoBaHa 3aJieKHICTb BUOOpY
aJbTEPHATUBHUX TUCLMIUTIH CTyIeHTaAaMU Ha TPUKIaIi
OCBiTHBOI TIporpamu 121 IHXeHepiss mporpamMHOro 3a-
OesreueHHs IJ1 Pi3HUX POKiB HABYAHHS Bill TEHAEHIIil
IT ranysi. YactuHa naHux ayia B3sita 3 Perosutopiio Ha
miatdopmi Github, a y aKocTi MeTpuK 0OpaHi KiJIbKiCHi
MMOKa3HUKM, TOMY III0 BOHM HaIalTh 3MOTY BUKOHATU
OLIIHKY Yy SIKOCTi YMCJIOBUX TMOKa3HUKiB. bByau posmis-
HyTi icHyroui TeHpeHuin y IT ramysi. Indgopmanuis mpo
CTYIEHTIB OyJla B3gTa IS aHali3y 3 JaHUX MPO BUOIp
aJbTepHATUB CTyAeHTaMu 3-4 Kypcy 3 creniaabHocTi 121
InxeHepiss mporpamHoro 3abe3nedyeHHs. JocCmimkeHHs
IIPOBOIMJIOCS B I€KiJbKa eTalTiB.

Ha nouarky 6y;i1u cpopmysiboBaHi rinoTes3u, siki Bigo-
OpaxkaroTb 00’€KT HAIIIOTO AOCTIMKEeHHS. Y XOMi aHaJi3y
MpeaMeTHOI 001acTi OyJIv BUIIIEHI HACTYITHI TiIOTe3U:

H, — BincyTHicTb KOpensuUiiiHOrO 3B’A3KYy MiX aka-
JIEMIYHOIO 3alliKaBJICHICTIO CTYAEHTIB Ta IMOMYJISIPHOCTI
BUOOpY aJIbTepHATUBHUX AMCLUILIIH(KoeillieHT Kope-
Jsuii = 0);

H, — xopenduiiiHuii 3B’430K NpUCYTHil(KoediLlieHT
KopeJsuii # 0).

Lli rinoTe3n mpu3BaHi MEPEBIpUTU YU € 3aJIEKHICTh
BUOOpPY aIbTepHATUBHUX JUCLUIUIIH B YHIBEPCUTETI Bij
IHTEpeCiB CTYAEHTIB Ta 3arajbHuX TpeHmiB cBity IT Ta,
SIKIIIO €, TO HACKIIBKM CWJIbHA 1151 KOPEJISIIis.

306ip, aHai3 i BUBHAYEHHS 3B’SI3KiB HaJ eJieMeHTaMU
JlaTaceTy € OKPEMOI0 MacCLITaOHOI 3a7ayelo, TOMY IO
HEeoOXiJHO BM3HAUMUTHU, 110 CaMe BILJIMBAE Ha MOIYJsIp-
HIiCTh aJIBTEPHATUBHUX JUCIUTLIIH 32 BUOOPOM CTYIIEHTA.

ITig yac ananizy Oyau BpaxoBaHi HACTYITHI YNHHUKU:
MMONYJISIPHICTh TUCHIMIUIIHA Ha OKPEeMMX pOKaX HaBYaH-
HsI, TIOMYJISIPHICTb TEXHOJIOTIN 32 OMUTYBAHHSIM CIIelia-
mictiB B IT (maHi3 permo3uTopiiB 3 BidITOBITHUMU TEXHO-
JiorisMu Ha 1iatgopmi Github).

CyTHICTb MepeBipKU MOJIATAE y TOMY, 1100 OTpUMAaTU
JiHIMHWNE KoedilieHT, sIKuii Moxke OyTH pO3MnoaiieHUui
Bin 0 mo 1. 3HaueHHs 10 iHTepBaly, SKOMY BOHO Haje-
KUTh, Oyae Ka3aTy HaCKiJIbKU CUJIbHA YU C1abKa KopeJsi-
1Iis1 CroCTepiraeTbCs MixkK UMK BeIUYMHAMU. MOXIIMBI
3HaUYEeHHS MOXHa MO0AYUTH HMXK4Ye Y Tabd. 1.

TatGamusg 1
BinnoBinHicTh 3HaUEHHS JTiHITHOTO KOedillieHTY
KOpeJIsiii 10 BUCHOBKY

3HaveHHs InTepnperanis
Bin 0 10 0.3 JIy>Ke ciadka
Big 0.3 10 0.5 cnabka
Bim 0.5 10 0.7 cepenaHs
Big 0.7 10 0.9 CUJIbHA
Bin 0.9 mo 1 JIy>K€ CUJIbHA

s Toro, 11100 NpUitHITH HYJbOBY TiMOTE3y HEOOXIiI-
HO MaTu ¢J1a0Ky KOpeJISLIiio i BUIIIE.

B pamkax po®0oTH Haj MOCTaBJIEHOIO 3aa4eto He Oy
BUSIBJIEHO JOCTYITHUX JaTaceTiB Mpo BUOIp aJbTepHATUB
cTyaeHTaMu pizHux Bumux. lle migTBepmKye akTyasb-
HIiCTb JAHOTO TOCJiIKEHHS i CTBOPIOE TMEBHI CKJIaTHOIIIL
IIJIST JOCSATHEHHSI METH POOOTH.

2. Onuc 0CHOBHHX JZKepeJi Ta KAHAJIB JAaHHX

Cnig BigMITUTH, 1O 711 TPOBEICHHS MOCTiIKEHHS
HeoOXigHi crienudiuyHi JaHi, sKi Maibke BCi He 3Haxo-
JISTHCS Y BIAKPUTOMY HOCTYMi, Ta MOTPEOYIOTh Mpeaod-
POKU TSI TIOAAIBIIIOTO X BUKOPUCTAHHSI.

3i CTOPOHU YHiBEpPCUTETY MOTPiOHI TaHi Mpo BiABimy-
BaHiCTb BUOIPKOBMX TUCLIMILIIH Y BiIMOBIAHI pOKU, POKU
BBEIEHHS LIUX JAUCLUIUIIH, a TAKOX KiJbKiCTh 3aIllMcaB-
LIMXCH Ha 1 AMCUMIUIIHU CTYAEHTIB, Ta TUX XTO TOTIM
BiIMOBMBCSl BHMBYATH 1i. ABXeX, 3p0O3yMiJio, 110 BCi 1ii
dakTopu 3a7exaTh He TIJIbKU Bifl 3alliKaBJACHOCTI Y IIpeI-
MeTi, a i BiI caMoro BUKJajaya, HalmpuKJjaa HaCKiIbKU
caMme BiH K JIOJUHA IMIIOHYE CTYIEHTY (Cy0’€KTUBHUIA
(akTOp KOXHOTrO CTYAEHTA), Ta K HACTIAOK YU 3MOXE
CTYIIEHT HalKpallle COPUUHSATU Ta 3aCBOITM HaJaHUIA
BUKJagayeM Martepiag. BiamoBigHO 10 LbOro MOXHA
CTBEpKYBaTH, 1110 € 0arato iHIIMX Pi3HUX (DAKTOPIB SIK
npodeciiHUX TaK i MCUXOJOTIYHUX, SIKW BIUIMBAIOTh HA
BUOIp CTyIeHTA.

ToMy BaXJMBO BUAIMTU TOJOBHI YMHHUKHU, CEpes
HUX TOJIOBHI 3 OOKy YHiBepcuTeTy Iipu (popMyBaHHI
CMUCKY BUOipKOBUX MpeaMeTiB [3-7]:

— 1Ie¢ JOTPUMaHHs TOJOBHUX BUMOI CTaHAApTy BU-
1oi ocBiTu (00car kpeautiB EKTC; nepelik KOMIETEeHT-
HOCTE BUIYCKHWKA; BUMOTHU MPOoQeCiiiHUX CTaHIapTiB;
dopmu atecTalii 3100yBayviB BUIIOT OCBIiTH Ta iHIIL.), 3a-
KoHiB Ykpainu «IIpo ocBity»; «IIpo Buiy ocBiTy», «I1po
HayKOBY Ta HAyKOBO-TEXHIUHY IisIIbHICTb»;

— BUKOHAHHsI yMOBM, 10 MiHiMym 50% o6Gcsry
OCBITHBOI MporpamMu Mae OyTH CHPSIMOBAHO Ha 3a0e3-
MeYeHHs 3araJibHUX Ta crelialbHuX ((paxoBUX) KOMIIE-
TEHTHOCTEN 3a CHeliaJlbHICTIO, BU3HAYEHUX CTaHIapTOM
BUILIOI OCBITH;
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— JOTPUMAHHS YMOB, 1110 BCi IMCLIMILIIHU SIKi BUKJIa-
JalOThCST B paMKaX HaBYaJIBHOTO IJIaHY TTOBUHHI MO~
I0ThCSl HA LMKJIU 3arajibHOI Ta NMpodeciiHOl MiArOTOBKY;

— y MeXax BiANOBiIHOI OCBITHHOI ITporpaMu Ta pooo-
YOTO HABYAJLHOTO TUIAHY TependayeHa MOXJIUBICTD ISt
00paHHS CTYIEHTOM JMCLIMILIIH 32 BUOOPOM, 1110 CTaHO-
BUTh He MeHIlle 9K 25% 3arajbHOi KiJIbKOCTi KPEIuTiB
€KTC, 3 ypaxyBaHHSIM BJIaCHUX MOTpeO, iHTepeciB, yIo-
n00aHb 11010 MailOyTHLOT MpodeciiiHOI AiSTLHOCTI abo
PO3LIMPEHHS OCOOMCTICHOTO CBITOTJISANLY;

— 3arajibHa KiJbKiCTh HaBYaJbHUX IMCLIMILUIIH, 3a-
IUTAHOBAHUX J0 BUBUYCHHSI, PErJIAMEHTYETHCS TPYAOMICT-
KiCTIO HEOOXiZHMX BUKOHAHUX HaBYAJIbHUX POOIT, 1110
craHoBUTb 60 kpeautiB EKTC Ha HaBYaJIbHMIA PiK 3 PO3-
ITOIIJIOM 3a CeMeCTpaMHM Ta He TIOBMHHA TTePEBUIIYyBaTH §
JNUCLIMIUIIH Ha KOXHUI HaBYaJIbHUI CeMecCTp;

— BUMYCKOBi Kadeapu B MexaxX OCBITHbOI MPOrpaMu
Ta HaBYaAJbLHOTO TUIAHY IS MiATOTOBKM OakaliaBpiB IO-
BUHHI (OpMYyBaTU LUKJ NPOGeCciiiHOI MiATOTOBKU, SIKUI
MICTUTBL TIepelliK BUOIPKOBHUX KOMIIOHEHTIB OCBIiTHBOI
MporpaMu sKi, K TPaBUJIO, CTOCYIOTBCSI ITiATOTOBKU
3100yBaviB 3a OCBITHBOIO IPOrpaMoOI0 Ta BiATOBIZAIOTH
3aMuTam MiAnpUEMCTB-pOOOTONABIIIB;

— pe3yJbTaTu OCBITHLOIO IPOLIECY IMOBMHHI Bimmo-
BilaTH LIUIIM OCBITHBOI MPOTPaMU, OYiKYBaHHSM i TO-
TpebaM CTYIEHTIB Ta CYCITiIILCTBA, MPU LIbOMY 3a0e3re-
YyBaTM MOXKJIMBICTH TpAaICBIAIITYBaHHS 3a BUMOTaMM
MianpUeEMCTB-POOOTONABILIB;

— Ta iHII.

Ax 6aynMmMo, 3 LIBLOTO Tepel KOJIEKTUBAMU BUITYCKO-
BUX Kadeap MOCTa€E CKIIAAHE MUTaHHS PO3POOKU HAyKO-
BUX TIJIaHIB i3 MiAroTOBKM OakKayjaBpa, Marictpa, 10KTopa
dinocodii, gki MarOTb OyTU OPIEHTUPOM JISI CTYIAEHTIB
Mpu BUOOPi HAMpPsIMiB HAaBYAHHSI, a TAKOX JOMOMOITH B
OBOJIOJIIHHI 3araJbHUMU Ta (h)aXOBUMU KOMIMETEHILISIMU,
1110 BiATOBiNaIOTh 3aMMTaM IMiANPUEMCTB-POOOTONABIIIB;

To/I0BHI YMHHMKH, 1110 BILUIMBAIOTh Ha BUOIp AUCLM-
IuUTiHKM (BUOIpKOBOi) 3 OOKY CTyIeHTa:

— LIKUIBbHUI TOCBiJ Ta HABYAJIbHI PE3y/bTaTH 3a Mep-
LI piK HABYAHHS B YHIBEPCUTETI (111 CTYIEHTIB ApYro-
r0 POKY HaBYaHHS);

— OCOOHUCTHIA Ta iHTEJIeKTyalbHUI PO3BUTOK CTYIEH-
Ta;

— MOTMBAaliiiHi YUHHUKH, 11O JO MOKIUBOCTI OTPU-
MaTU XOPOIily poOOTy B MailOyTHbOMY;;

— 3100yTTd npodeciiHUX 3HaHb Ta HABUYOK 3a Bif-
MMOBiIHUM HaIIPSIMOM;

— 3aliKaBJIeHICTh MPeIMETOM Yepe3 Te 110 BiH € Haii-
OUTbII MOMYJISIPHUM B raiysi;

— 3MICT, TpUBaJiCTh, HAMTOBHEHHS, CUCTEMA OLIiHIO-
BaHHS 3a JUCLIMIUIIHOIO;

— kBafidikauisg BuKIamaya Ta Ha CKiJIbKW CTYAEHTY
Iobpe mpaloBaTy (CrpuiiMaTd MaTtepiana) Bif MEBHOIO
JIEKTODA;

— 3aTpedyBaHICTh Ti€i UM iHIIIOI TEXHOJIOTii/ KOMIIe-
TeHIIii/CKiTiB Ha pUHKY TIpalli;

— 8K 30iIbLIMTBhCS MaiOyTHiIE 3apo0ITOK, SIKIIO
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CTyIeHT Oyae BOJIONITM Ta po30MpaTHCsl B HampsiMi 3a
BiIMOBiAHMM TPEIMETOM;

— 4YM CyMillla€ CTYACHT HaBYaHHS 3 POOOTOI0, Ha-
CKiJIbKM MOMYy 3Hag0OUTUCSI B MallOYTHbOMY Lieit mpea-
MET 3a Horo TenepilHbo podOTOIO;

— romnepeaHi BUOOPU NUCIUILIIH CTyIEHTOM Ta Oa-
XKaHHS TPOJOBXYBAaTWM HaBYaHHSI 3a BIAMOBIZHUM Ha-
MPSIMKOM.

ToOGTo MOXHa CTBepIXXyBaTu, 110 3 OOKY CTyIeHTa
€ OJHUM i3 TOJIOBHUX (PaKTOpiB, 1ie Te, 10 ITOTPiOHO
BpaxoByBatu TeHaeHuii IT iHgycTpil mis dopMyBaHHS
OoCBiTHbOTO T1aHy. 11006 11e miATBEepAUTH HEOOXiaHI JaHi
3 Kadenpu 4u yHiBepCUTETy siKi O BpaxoByBaJM BCi Lii
rojioBHi ynHHUKU. [lo mepie e maHi mpo BUOIp Auc-
LIMIUIIHU CTYAEHTOM, aHiHHi OMUTYBaHHS CTYACHTIB a
TaKOX OMUC KOXHOI 3 AUCLIMILIIH 32 BUOOPOM.

3 iHIIOI CTOPOHM AaHi OyayTh 30MpaTucs ¢ miaaTdop-
mu Github, Ha sKiii MOXHa BiACTEXXYBaTH TOMYISIPHICTh
TUX YU iHIIIMX TEXHOJIOTIi 3a OKpeMi MpoMixXKu vacy. Lls
iH(opMallisgs Moxe O0yTu orpumana 3 Github API [8].

Takox obuaBa KaHa/Iu NOTPeOYIOTh MOIEePeAHbOI 00-
pPOOKM JAaHMX, TaKUX SIK HOpMasli3allilo JaHUX, Ta BUBE-
IIeHHS 3aHAATO CKCTPEeMaIbHUX 3HAYCHb 3 BUOIPKU IS
TOro, 11100 He 3iMcyBaTu yBech Halip JaHUX. A caMme NaHi
3 0a3u JaHUX YHIBEepCUTETY MOTpeOye BUAUIECHHS JIUILE
TUX MPEIMETIB, KOTPi Oy/u BXe Oinblie 3 pokiB y BUOO-
pi CTYIEHTIB, 3aaJisl TOTO, 11100 BUAAIUTU HMOBIpHO TO-
IPIllIHOCTI yepe3 cy0’eKTUBI3M 10 KBanauikallii BUKJIa-
JlayiB Ta MOXJIMBE HeOaxkaHHsSI CTYIEHTIiB UTU Ha 30BCiM
HOBY aucumIuiiny. 3i croponu Github moTpidbHO ob6uuMc-
TUTHU BianoBinb 3 API, 1106 oTpuMaT TiJIbKM KiJIbKiCTb
3ipok (stars), (popkiB (fork) Ta cmoctepiranb (watch).

Taxi maHi moTpidHO OOpaxoByBaTH 3a 4-5 poKiB, st
TOTO, 1100 OTpUMATU OibII TTOBHY CTaTUCTUKY 3a KOX-
HOIO TUCIHILTIHOIO.

3. XapakrepucTuka BUOIpKH

Jlg Toro, 100 BU3HAYUTH JOCTATHI 00’eM BUOIpKH,
MOXHA CKOPHCTAaTHUCS HACTyImHOI (opmynorm (obumc-
JIEHHS TOTY>KHOCTI BUOIPKHU):

> p(100 - p)

n= —A2 ’
Iie: t — MOBipUYMiA piBeHb, CTAaTUCTUYHA BeJIMIYMHA, 3HAYCHHS
SIKOT JUTSL TOCTTIIKEHb B COLIabHIl cepi mpuitHsTO 1,96
(ripu 95% TOYHOCTI CTATUCTUYHOTO BUCHOBKY). JloBipunii
piBEHb BCTAHOBJIIOE caM JOCIiAHMK BiAMOBIAHO 10 CBOIX
BHUMOT [0 HAAiMHOCTI OTpMMaHUX pe3yabTaTiB. Haituac-
TillIe 3aCTOCOBYIOThCS JOBipYi piBHi, piBHi 0,95 a6o 0,99;
p — % 00’€KTiB, y SIKMX IMOBIPHO MPOSIBISIETHCS O3HAKA,
BaskJIMBa JJIs1 TPOBEAEHOTO NOCTiIKEHHS; A — JOITyCTUMA
MoMuJIKa B %, 3a1a€ThbCsl JOBUILHO MU IJIAaHYBaHHI J0-
CITIIKEHHSI.

Jlnst Hamoro aHamidy Oyj0 oOpaHO HACTYMHi 3Ha-
yeHHs: + = 0.95, e HallHMXYa TMJaHKa cepell HalyacTi-
e BUKOpUCTOBYBaHUX; A = 12 %, 60 Hallla 3aga4a BH-
SIBUTU TaKy 3aJIeXKHICTh 1 TOUHICTh TYT HE TaK BakJMBa,
gK caM (pakT HasgBHOCTI 3ajiexHocti; p = 80 %, 60 He
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BCi TEXHOJIOTi1 € open source Ta MalOTb Perno3uTopii Ha
Github.
OTpuMasIv HACTyIHE:

. 0,95’80(100—80) 1444
12 144

Inmmm mxepenom ganux ctaB Github API, sxuii mae
apxitektypy REST Ta Moxe OyTM BUKOpUCTaHMIT Oyab-
SIKOI0O MOBOIO IporpamyBaHHs. Ha puc. 1 HaBeneHuit
MIPUKJIAJ JOCTYITY IO JaHWX Yepe3 TepMiHall.
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4. YrpynyBaHHS JaHUX BUOIPKH

VY gKocTi KibKiCHOI XapaKTepUCTUKU OyJio 0OpaHO
KIJIBKICTb PEIO3UTOpiiB, “Maliku” KOTpUX IepeBUIILYE
2k (1ig mafikaMM Ma€eThCsl Ha yBasi stars).

MinimanbHe 3HA4YeHHsI BUOIpKM — 1 pero3uTopiid,
MakcuMaJibHe 3HaueHHs — 20.

YrpynyBaHHsI OyJ0 BMKOHAHO 3 BiTHOCHO PiBHUM
iHTepBajsioM 3a dopmyaoro Crepaxecca, aaxe BeIUUU-
Ha iHTepBaJly 3aJIeXXUTh BiJ, po3Maxy BapiloBaHHS O3Ha-
KM 1 YMCENBHOCTI TOCimKyBaHOi cyKynHocTi. Mopmyna
Crepmxecca 11 00UMCIICHHS iHTepBajly TPYITyBaHHS Ha-
BellcHa HIDKYE

X

max X xmax - xmin
k 1+3,322*1gN
KinbKicTh eeMeHTiB Oysa oOpaxoBaHa y MorepeaHiii
¢dopMyti Ta BoHa gopiBHIOE 10.
Toxk 3apa3 MoxxeMo oOpaxyBaTH i Ta k.
i 20-1 _
1+3,322*1g10

min __

=

k=1+3.332 *1g10=4.222 => 4,
Tob6To Maemo 4 rpynu Ta iHTEpBaJl MiXK HUMU TMpPU-
ou3Ho 4.5.
Posnonineni pgaHi 3a rpynamMu MoOXHa I100a4uTH
y Tab. 2.

rtarasov®su-macbookpro-b6@d: ~$ curl -H "Accept: application/json

{
"id": 81598961,
"node_id": "MDEwO1J1cG9zaXRvcnk4MTUSODkZMQ==",
"name": "cpython",
"full_name": "python/cpython”,
"private": false,
"owner": {
"login": "python",
"id": 1525981,
"node_id": "MDEyOk9yZ2FuaXphdGlvbjE1MjUSODE="

Ta6mmms 2
Ne rpynu KinbkicTs peno3uropie
1 1—55
2 5.5—10
3 10 —14.5
4 14.5-20

5. ITingpaxyHok KoedilieHTy Kopeasuii

Hani HeoOXimHO 0OpaTH Pemno3UTOpii I OKPEMMX
TeM, sIKi BUKJIAAalOThCS B YHiBEPCUTETI Ta IS SIKUX Ma-
€MO CTaTMCTUKY BiABimyBaHb Ta YCIIIHOCTi. JIjs1 Toro,
11100 3HAUTK peno3uTopii 3a ssKorch Temoro. Hanmpuknan,
Ha pHUC. 2 MOXEMO ITO0AYUTU SIK BUKOHYETHCS TTOIIYK
3a Temoto NoSQL 3 Bukopuctanusam Github UL

Bce ue pobutbcs 3 BuKopuctaHHsMm Github API.
B mporieci aHanizy moTpibHO 3BepHYTM yBary Ha Kijib-
KiCTh 3ipOK Ta 00OMpaTH Ti PEMO3UTOPii, sIKi MaIOTh Oilb-
e 2k 3ipok Ta 1k ¢opkKiB, TOOTO IIe 03HAYAE, 110 HA JaHY
CEeKyHIy 1Iei PeTIO3UTPiii € MOMYJISIPHIM, Ta B HHOTO Oa-
raTo po3poOHUKiB 0axka€ 3aKOHTPIO IOTUTUCS.

Tox cdbparMeHT pe3yabsraTy 300pakeHo y Tabj. 3

Ta6mmms 3
Pesynbsratit 06po0OKU peno3uTopiiB

Tema KinskicTs penosuropiis (Y)
NET 18
NoSQL 16
Java 13
IoT 3
Computer Vision 10
Python 17
Networking 6
Data analysis 20
Test automation
Unity

https://api.github.com/repos/python/cpython

"avatar_url": "https://avatars.githubusercontent.com/u/15259817?v=4",

"gravatar_id": "",
"url": "https://api.github.com/users/python",

"html_url": "https://github.com/python",
"followers_url": "https://api.github.com/users/python/followers",
"following_url": "https://api.github.com/users/python/following{/other_user}",
"gists_url": "https://api.github.com/users/python/gists{/gist_id}",

"starred_url":
"subscriptions_url"
"organizations_url"
"repos_url": "https://api.github.com/users/python/repos",

"https://api.github.com/users/python/starred{/owner}{/repo}",
"https://api.github.com/users/python/subscriptions”,
"https://api.github.com/users/python/orgs",

"events_url": "https://api.github.com/users/python/events{/privacy}",
"received_events_url": "https://api.github.com/users/python/received_events",

"type": "Organization",
"site_admin": false

Puc. 1. Ilpuknaa 3anuty a0 Github APs
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# NoSQL

A NoSQL database refers to a database whose storage format is modeled differently from relational

& Wikipedia

databases. Often NoSQL databases opt for simpler horizontal scaling to clusters of servers. NoSQL
databases are often used for large data web applications.

Here are 1,959 public repositories matching this topic...

Language: All Sort: Best match ~

& sequelize / sequelize

© Issues

12 Pull requests

7 Star (255k

©open) Documentation mismatch? No type property on

ForeignKeyOptions

xaragen co;

Working on a project | ran into the documentation for customizing the Foreign Key.

The docs read:

t { DataTypes }

93 type: docs | good first issue

the default

require("Sequelize"):

Read more

©0Open) Model options.charset is overwritten by default options

©O0pen ) queryinterface: Support DROP COLUMN IF EXISTS

Puc. 2. ITomyk 3a Temoro NoSQL

BigmoBigHO [0 MPOBEAEHOHOIO aHalizy MOoXKHa
CTBEPIKYBaTH, 110 y Tabj. 3 3i0paHi BCi HaMOMyJISIpHi-
11 TeMU, SIKi BUKJIAAAlOTbCSl B YHIBEPCUTETI Ha ajbTep-
HATUBHUX OUCUMITIIHAX crelianbHocTi 121 IHsKeHepis
IIPOTPAMHOTO 3a0e3TICUeHHS.

Jani O0yno po3paxoBaHO Koe(illiEHTU ajbTepHATUB-
HUX IUCUMILIIH 3 ypaXyBaHHSIM HeoOXigHoi Baru, 3agop-
MYJIOIO:

S*a+3*h+2%c,

Ile: @ — CepelHiil MPOLEHT BiBiTyBaHHSI aJIbTepHATUBU
MPOTSATOM CEMECTPY; b — MPOLIEHT 3aITOBHEHOCTI ajbTep-
HaTUBU; ¢ — CEePEelIHili Oajl CTYIEeHTIB.

Y Tab6n. 4 300paxkeHO pa3poOxXaHKM MO yCiM aJibTepHa-
TUBHUM TUCUMITIIHAM BiTHOCHO TIepeJIiKy TeM 3 Tabi. 3.

Tabmung 4
Pesynbsratit o6poOKU peno3uTopiiB

KoedinienT aasrepHaTuBHoi

Tewa mucoumting (X)

NET 5¥0.5+3*1+2%0.88=7.26
NoSQL 5%0.75+3%1+2%0.85=8.45

Java 5*0.6+3*0.8+2*0.8=7

loT 5%0.1+3*%0.1+2%0.7=2.2

Computer Vision 5%07+3*1+2%0.9=28.3
Python 5¥09+3*1+2%0.8=9.1
Networking 5¥0.6+3*1+2%09=17.8

5¥0.5+3*1+2%0.93=7.36
5%0.6+3*%09+2%085=74
5¥0.85+3*1+2*0.8=28.65

Data analysis

Test automation

Unity
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Jlani 6yno po3paxoBaHoO:
— cepenHe 3HaYeHHS 111 Y: 120 / 10 = 12;
— cepenHe 3HAYeHHS Iy X: 73.52 / 10 = 7.352;
— cepenHe 3HaueHHs g X*Y: 931.75 / 10 = 93.175.
HactynHum KpokoM OyJ10 BUKOHAHO TOIIYK AUCIIep-
cii
D(Y) =360 /9 = 60
D(X)=33.72/9=3.75
3HalieHe cepeIHbOKBaAPATUUHE BiAXUICHHS:
o(x) = 460 =775,
o(y) =+/3.75=1.9.
Hani mopaxoBaHo dX ta dY (sIk AesbTa Bil cepeaHboO-
ro 3HaYeHHs) Ta OTpUaHi AaHi HaBeJAeHO B Ta0JI. 5.

ITotiMm po3paxoBaHO KoedilieHT Kopeisiii 3a Ha-
cTynHolo ¢popmynoio [9-10]:

xXey—xey
=
o(x) o(y)
93,175-12*7,352 4,951
.= = =
¥ 7,75*1,9 14,725
ko |f = £ 1, To KOpeIsLiiHui 3B>5130K Mix X
i Y saBase coboro JiHiiHY 3anexHicTb. Kopensiisa € no-
3UTHUBHOIO Ta CIa0KOM0, ajke 301JIbIICHHS 3HAYCHHS Of1-
Hi€l 3MiHHOI MPU3BOAUTD 10 30iIbIIEHHS 3HAYEHHS IPY-
roi (4uuM OiJibllle TTOMYJISIPHUX PEMO3UTOPIiB, TUM Oijblie
aKaJeMiyHa 3alliKaBJICHICTb CTYIEHTIB).
PaxyeMo 3HauylIicTh KOeMilliEHTY KOPEIsIIii:
n—2

1-r

Xy

0,34

t=r* =0,33*3=0,99.
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Taomna 5
Bci mapamerpu s niapaxyHky KoediliieHTa »

Tema Y X X*Y dx dy

NET 18 7.26 130.68 -6 0.09
NoSQL 16 8.45 135.2 -4 -1.098
Java 13 7 91 -1 0.352
IoT 3 2.2 6.6 9 5.152
Computer Vision 10 8.3 83 2 -0.948
Python 17 9.1 154.7 -5 -1.748
Networking 6 7.8 46.8 6 -0.448
Data analysis 20 7.36 147.2 -8 -0.008
Test automation 8 7.4 59.2 4 -0.048
Unity 9 8.65 77.85 -1.298

Hna owiHkM 3HadymocTi KoedilieHTy Kopedsiii  Cnucok miteparypu:

oyno BukopuctaHo Kputepiii CrtbiogeHTta. [lo Tabmuui
CThloJIeHTa 3HAXOUMO:
T(n—2;1/2) = T(8; 0,5) = 7,34

Tak sik 156, = 0.99 < T, = 7.35, TOOTO TaK 5K 3Ha-
YeHHsI MCHIIEe KPUTUYHOIO, TO NPUNUMAETHCS HYIHOBY
rimoTe3a, PO BIICYTHICTh KOPEJSIIIMHOIO 3B’SI3KY MiX
aKaIeMiyHOIO 3alliKaBJIEHICTIO CTYAEHTIB Ta IOMYJsIp-
HOCTi BUOOPY ajbTepHATUBHUX AUCLMIUIIH. Bee 1e cBin-
YUTh MPO TE 110 MPY BUOOPi AUCLIUILIIH, CTYACHTU Kepy-
IOTbCSI Pi3HUMU TIPUYMHAMU, SKi B CBOIO Yepry iHKOJU
cyrnepevyatb oauH ogHoMy. ToMy HeoOXigHO, 11100 OiIbLI
KOMIETeHTHI CIellialicTy NpuiiMany Oibl 3BillleHe pi-
IIEHHS sike Oyle BpaxOBYBaTHU HE JIMIIE ITOTPeOU PUHKY
IT, a #1 BpaxoByBajio iCHYIOUi HOPMATUBHI aKTU BiTHOCHO
(GopMyBaHHS HaBYAIbHUX IJIAHIB.

BucHosku

B Mexax naHoi cTatTi 0yJ10 pO3MISIHYTO FOJIOBHI YMH-
HUKU $SKi BIUIMBAIOTh HAa (POPMYBAHHS Ta BUOIp AUCIU-
IUTIH 32 HAaBYAJBbHUM IUIAHOM, SIK 3 OOKY YHiBEpCUTETY
Tak i 3 OOKy crymeHTa. BinmoBigHO m0 1bOro OyJv BU-
JJIEHO KpUTepii 3a SIKUMU IIPOBOAMIOCS HOCIIIKEH-
HsI METOIO SIKOTO OYyJI0 BU3HAUEHHS 3aJIeXKHOCTI BUOOpPY
aJbTepHATUBHUX OUCIUILIIH CTYICHTaAMU Bil TEHIEHIIil
IT ranysi. bynu Bu3HaueHi IKepesia JaHUX, Ha OCHOBI
SIKMX MPOBOAMIOCS JOCHiIKEeHHs. B Xoai mocimkeHHs
OyJ0 BU3HAUYe€HO, 1O KoedillieHT KOopessiii mianagae
mig cnabKuii piBeHb, TOX MOXEMO 3pOOUTU BUCHOBOK,
1[0 HYJIbOBA TiMOTe3a MPUNAMAETHCS Ta iICHY€E MPSIMO MPO-
nopliiiiHa 3anexHicTb MiX TeHmeHuUigmu IT ramysi Ta
BUOOpPOM aJibTepHATUBHUX AuCUUILIIH. Lleit 3B’s130K €
CJIabKuUM, ajie TAKOX YCi 1i JaHi Oy/iu TUIbKY 3a TPU PiKH,
SIKIIIO IOpPOOUTH BUOIPKY, 32 5 POKIiB MOXHA OTPUMAaTU
OUIbII TOYHI 3HayeHHs. ToOTO MOXXHa 3pOOUTU 3arajib-
HUI BUCHOBOK, IIIO CTYICHTY B CAMOTYXKH TyKe BaxKKO
copMyBaTH TiepestiK IUCLIUILTIH, 11100 3aJ0BOJIbHUTHU BCi
HeoOXigHI MOTpedu MaitOyTHiX poOOTONABIIIB BiAMOBIAHO
IO TIOTPed ChOTONEHHS Ta BiHOCHO iCHYIOUMX BUMOT 10
HeoOXxigHoro cneuianicta? ToMy 000B’SI3KOBO HEOOXiAHO
HajaBaTu aHOTaLlil 10 AUCUMILIIH Ta Xo4ya 0 iHKOJIU Mpo-
BOJIMTH OLIIHKY siIKOCTi KBajidikauii IT-cneuiamictis [11].
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WIRELESS METHODS FOR THE LOCAL POSITIONING WITHOUT ACCESS
TO THE INTERNET AND GPS SERVICE

Local positioning in buildings without access to the Internet is a crucial requirement in many scenarios, such as large
corporate offices, hospitals, universities, and shopping malls. However, this need for local positioning also presents certain
challenges and problems that must be addressed. One of the most significant challenges of local positioning in buildings
without internet access is the lack of reliable and up-to-date indoor map data. Without accurate map data, it can be dif-
ficult to navigate through complex indoor environments or locate specific rooms or facilities within a building. Another
challenge is the absence of GPS signals in indoor environments, which makes it challenging to obtain accurate location
information. This is especially problematic when attempting to track the movement of people or objects within a build-
ing. Additionally, the lack of internet access can make it difficult to implement location-based services that rely on data
transfer between devices. This includes applications like indoor navigation, asset tracking, and location-based marketing,
which all require internet connectivity to function correctly. Despite these challenges, there is a growing need for local
positioning in buildings without internet access. This is especially true for large organizations and institutions that rely
on efficient and effective operations within their indoor environments. Some technologies can provide accurate location
information and help to mitigate some of the challenges associated with local positioning in buildings without internet
access. They allows to obtain the accurate location information without relying on GPS signals or internet connectiv-
ity. The need for local positioning in buildings without internet access is becoming increasingly important, especially
for large organizations and institutions that require efficient and effective operations within their indoor environments.
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Introduction

Wireless local positioning without access to the inter-
net and GPS service has become an essential requirement
for many industries such as logistics, healthcare, manu-
facturing, and retail. With the increasing demand for lo-
cation-based services, there is a growing need for reliable
and accurate wireless local positioning methods that can
work even in environments where GPS signals and inter-
net connectivity are not available.
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Traditional GPS-based systems cannot provide accu-
rate location information in indoor environments, such as
shopping malls, hospitals, and airports, where signals are
often blocked or degraded by walls and other obstacles. In
addition, many remote areas or developing countries still
lack reliable internet connectivity, making it challenging to
provide location-based services that rely on internet access.

To overcome these challenges, new wireless methods
have been developed for local positioning without access
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to the internet and GPS service. These methods use wire-
less technologies such as Bluetooth Low Energy (BLE)
beacons, Wi-Fi-based positioning, and indoor positioning
systems (IPS) to provide accurate location information.
The use of these technologies can be highly beneficial for
industries such as logistics, where accurate location infor-
mation can improve efficiency and reduce costs.

1. Wi-Fi network positioning general description

Nowadays, Wi-Fi networks are so common that with
their help you can easily create a network that will consist
of a large number of devices that are not tied to a specific
location and can change their position in space. At the
moment, almost any corporate client has Wi-Fi coverage,
so the infrastructure of such a wireless network can be
used to perform a number of specific tasks. One of them
can be local positioning in the organization. The accuracy
of such systems directly depends on the density of ac-
cess points that are tied to specific points on the plan of
a building, structure or a certain area.

Indoor Wi-Fi solutions use existing Wi-Fi access
points or special Wi-Fi enabled sensors to detect and lo-
cate Wi-Fi transmitting devices such as smartphones and
indoor tracking tags[1].

Location data collected by sensors or access points or
sent from access points to client devices is fed into vari-
ous location programs and converted into statistical data,
which in the future can provide numerous cases of use of
user location data.

Wi-Fi-based positioning systems can use different
methods to determine the location of devices. Most of
them rely on methods that are based on the Received
Signal Strength Indicator (RSSI). However, some apps
may use more advanced Wi-Fi positioning methods|2].

1.1. Wi-Fi positioning using access points

Wi-Fi positioning using access points directly depends
on the existing Wi-Fi infrastructure installed indoors to
determine the location of the desired devices|[2].

This technology allows large organizations to use their
existing infrastructure to run their location-based applica-
tions without the need to install new hardware.

Access points in a building can detect data transmis-
sions from surrounding Wi-Fi devices, both on and off the
local network. This data about the user’s location is then
sent to the server and used to calculate the position of the
device in the space of the building.

1.2. Wi-Fi positioning using sensors

Sensor-assisted Wi-Fi positioning primarily uses Wi-
Fi-enabled sensors that are deployed at fixed positions
within the interior of a building.

These sensors can passively detect and locate data
transmissions from smartphones, asset tracking tags, bea-
cons, personnel badges, portable devices and other Wi-Fi
devices.

The location data collected by the sensor is then sent to
the server and received by the central Indoor Positioning
System (IPS) or Real-Time Location System (RTLS).
The location engine analyzes the data to determine the
location of the device transmitting the data[3]. These co-
ordinates can be used to visualize the location of a device
or object on a spatial map of a particular space or be used
for other purposes depending on the specific application
that needs to recognize the location.

2. Wi-Fi positioning methods

The most common methods of Wi-Fi positioning de-
termine the location of an object using an indicator called
the Received Signal Strength Indicator (RSSI), mainly for
device multilateration or fingerprint calculation. These
approaches, which were based on signal strength, are very
simple to implement and cost-effective, but cannot pro-
vide high accuracy because the signal strength can be af-
fected by the environment.

RSSI solutions are also susceptible to errors that can
be caused by the movement of objects in the environment,
such as people.

Adding other less common and more advanced meth-
ods can lead to more accurate Wi-Fi positioning results.
These include Angle of Arrival (AoA) and Time of Flight
(ToF)

2.1. RSSI multilateration

In RSSI-based applications, multiple existing Wi-Fi
access points or fixed-position Wi-Fi-enabled sensors will
detect Wi-Fi devices that are transmitting data and the re-
ceived signal strength from the device.

This location data collected by access points or sensors
will be sent to a central Indoor Positioning System (IPS)
or Real-Time Location System (RTLS)[4].

The RSSI multilateration scheme is shown in fig. 1.
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Fig. 1. RSSI scheme

The exact location engine analyzes the data and uses
multilateration algorithms to estimate the location of the
devices transmitting the data. In addition, you can use the
signal strength of the nearest access points relative to the
wireless device to determine the location of the device.

Using an RSSI-based method with multilateration is
the simplest and cheapest option for Wi-Fi positioning.
However, it cannot provide a high degree of positional ac-
curacy because it is subject to signal attenuation, signal
absorption, signal reflection and various interferences.
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2.2. RSSI fingerprinting

Fingerprinting is also an RSSI-based method. Wi-Fi
fingerprint positioning primarily involves the use of a da-
tabase that will record the location and signal strength of
surrounding Wi-Fi access points, as well as the Wi-Fi co-
ordinates of a device such as a smartphone or tracking tag
in an inactive phase[5].

Creating a fingerprint database requires a long and
time-consuming calibration process that may need to be
repeated multiple times. During active device tracking,
the RSSI value is compared to these footprints in the da-
tabase to estimate the location of the pre-trained device.

The RSSI fingerprinting cheme is shown in fig. 2.
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Fig. 2. RSSI fingerprinting scheme

Similar to signal strength and multilateration position-
ing, fingerprinting does not provide high positioning ac-
curacy unless the system is constantly calibrated to envi-
ronmental changes. This is a low-cost Wi-Fi positioning
method, but it requires constant updating of the trained
patterns in the database.

Fingerprinting approaches are also affected by signal
attenuation (the biggest influence), signal absorption, sig-
nal reflection, and random interference in the signal path.

2.3. Time of Flight (ToF) method

Time of Flight — it is a highly accurate positioning
method used by precision technologies such as UWB. This
advanced technique can accurately measure the distance
between Wi-Fi devices by calculating the time it takes for
a signal to travel between devices.

ToF can be used to determine the exact location of
a Wi-Fi device using multiple sensors or access points.
This requires an integrated deployment of access points
or sensors to detect Wi-Fi devices such as a smartphone
or tracking tag.

To work properly, sensors or Wi-Fi access points must
be precisely synchronized to the same master clock. The
device’s Wi-Fi signals will be received by access points or
sensors in range and time-stamped.

The scheme of ToF method is shown in fig. 3.

All time-stamped data is then sent to a central ISP
or RTLS. The location system will analyze the data from
each anchor and the difference in arrival time at each an-
chor, and then use multilateration to accurately calculate
the coordinates of the mark.
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Fig. 3. Time of Flight scheme

Although ToF provides more accurate Wi-Fi position-
ing, the deployment of this approach involves a higher
level of complexity and may not be cost-effective in sce-
narios where high accuracy is not required. Wi-Fi Round-
Trip-Time (Wi-Fi RTT) is a new method of locating Wi-Fi
devices that uses ToF. Specified in the IEEE 802.11-2016
standard, Wi-Fi RTT allows devices to measure the dis-
tance between devices using the signal transit time be-
tween devices.

This calculation is based on the path traveled by the
signal and is determined using the speed of the electro-
magnetic wave and the speed of light. This can be used
for ranging between two devices or for indoor positioning
with multiple access points or multi-lateration sensors.

2.4. Angle-of-Arrival (AoA) method

The angle-of-arrival method is an advanced method
that can provide Wi-Fi positioning with increased accu-
racy compared to more traditional methods such as fin-
gerprinting and RSSI.

This is made possible thanks to the Wi-Fi interface
Multiple Input Multiple Output (MIMO). To be able to
determine direction, a mobile device such as a tag or bea-
con with a single antenna transmits data to a fixed Wi-Fi
sensor with a multi-antenna system.

The phase shift of multiple antennas as a result of sig-
nal reception is measured and calculated to determine the
angle of the transmitting mobile device and create a zone
of certainty of the object to be found.

One advantage of the angle of arrival method is that it
reduces the number of reference points required. Instead
of the minimum three sensors required for any multilat-
eration method, you only need two to determine position
unambiguously.

The scheme of AoA is shown in fig. 4.
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Fig. 4. Angle of Arrival scheme
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Additional reference points increase the accuracy and
reliability of calculated positions. Although angle-of-ar-
rival indoor positioning is more accurate than other meth-
ods up to signal strength, solutions using this technique
are just entering the market.

3. Wi-Fi positioning accuracy, range
and frequency of work

So how accurate can Wi-Fi positioning be? Wi-Fi 5
and below are typically less accurate than other RF tech-
nologies such as Ultra Wideband Beacons (UWB) and
Bluetooth Low Energy (BLE) and achieve Wi-Fi location
accuracies typically less than 10 meters (under optimal
conditions and deployment).

The current Wi-Fi 6 technology standard promises ac-
curacy in the meter range, but since this is a new technol-
ogy, this has not yet been demonstrated and tested in the
field. The last update to the 802.11az standard in March
2021, also called Next Generation Positioning (NGP),
promises improved Wi-Fi positioning accuracy.

Wi-Fi positioning accuracy is significantly lower when
using single access points, but Wi-Fi-enabled sensors can
be added to enhance the tracking of traditional access
points, or even as separate sensors for more accurate posi-
tioning in the vicinity.

Different Wi-Fi positioning methods can also provide
different degrees of accuracy. Traditional approaches such
as RSSI multilateration and fingerprinting provide ac-
curacies that are significantly lower than more advanced
methods such as angle of arrival, time-of-flight, and Wi-
Fi RTT.

The Wi-Fi positioning range may vary depending on
factors such as the use of Wi-Fi access points or sensors
or the nature of the indoor space. Wi-Fi operating at 2.4
GHz typically works up to 100 meters (under optimal
conditions and deployment) and can be used even out-
side of premises where the appropriate infrastructure is in
place.

However, Wi-Fi operating at 5 GHz reduces the range
due to the higher frequency, operating at about 50% of
the achievable range of 2.4 GHz. Also, at 5 GHz, higher
signal attenuation should be expected if signals must pass
through environmental obstructions such as doors, walls,
or metalized windows.

Wi-Fi technology, like other RF standards, offers
unique characteristics and benefits that can make it an
accepted option depending on individual needs, project
budget, facility, and specific location-based use cases.

The most important differences between Wi-Fi and
other technologies are its ability to use existing Wi-Fi in-
frastructure and its flexibility for use in many applications
that use location. Wi-Fi is present in devices almost eve-
rywhere, is used by many location tracking systems, and
can be extended for indoor positioning in a whole range of
industries and use cases.

4. Bluetooth Low Energy technology overview

Bluetooth Low Energy (BLE) is a wireless commu-
nication technology that was introduced as a part of the
Bluetooth 4.0 specification. It is designed to provide low-
power wireless connectivity to devices with low data rates
over a short range. BLE operates on the same 2.4GHz
ISM band as traditional Bluetooth, but it uses a different
modulation scheme and has a lower power consumption
than traditional Bluetooth[6].

This tecnologe was developed to address the limita-
tions of traditional Bluetooth, which required high power
consumption and was not suitable for applications that
required long battery life. BLE provides a low-power al-
ternative to traditional Bluetooth, allowing devices to run
on batteries for months or even years, making it an ideal
solution for devices such as sensors, wearables, and IoT
devices.

BLE uses a master-slave architecture in which a mas-
ter device controls the communication with one or more
slave devices. The master device is responsible for initi-
ating and managing the communication, while the slave
device responds to the master’s requests. The commu-
nication between the master and slave devices is carried
out using packets of data that are transmitted over the
airwaves.

One of the key features of BLE is its ability to operate
in a low-power mode, also known as sleep mode. In sleep
mode, the device consumes very little power and wakes up
only when there is data to be transmitted or received. This
allows devices to conserve battery life and operate for long
periods without the need for frequent recharging.

It is also designed to be highly secure, with features
such as encryption and authentication built into the pro-
tocol. This makes it suitable for applications that require
a high level of security, such as healthcare, finance, and
government.

This technology is widely used for applications that
require low power consumption and short-range wireless
connectivity, such as wireless sensors, wearables, and 1oT
devices[7]. BLE enables devices to connect and commu-
nicate with each other over a range of up to 100 meters in
open space. However, the range can be reduced by walls
and other obstacles.

BLE is often used in combination with other wireless
technologies, such as Wi-Fi and GPS, to provide more
accurate location information in indoor environments or
areas where GPS signals are not available. BLE beacons,
for example, are small battery-powered devices that emit
a signal that can be received by BLE-enabled devices, al-
lowing them to determine their proximity to the beacon
and calculate their location.

It is also widely used in healthcare applications, where
it can be used to monitor patients’ vital signs, track their
medication usage, and provide remote patient monitor-
ing. In addition, BLE-enabled wearables can be used to
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track fitness and exercise activities, such as steps taken,
distance traveled, and calories burned.

So, BLE technology offers low power consumption,
short-range wireless connectivity, and a wide range of
applications in various industries, including healthcare,
fitness, automotive, and industrial automation. Its abil-
ity to provide location-based services makes it a valuable
tool for many applications, and its low power consump-
tion makes it an ideal solution for IoT devices and other
battery-powered applications[8].

5. BLE advantages and disadvantages

Every technology has its strong and weak sides. For
the BLE tecnology it is possible to specify the next ad-
vantages:

Low Power Consumption: One of the biggest advan-
tages of BLE is its low power consumption. BLE devices
can operate for years on a single coin cell battery, making
them ideal for small, low-power devices such as weara-
bles, sensors, and other IoT devices.

Low Cost: BLE technology is low-cost, making it
an affordable solution for manufacturers and consum-
ers. It has lower hardware costs compared to traditional
Bluetooth technology and other wireless technologies.

Easy Integration: BLE technology can easily integrate
with other wireless technologies, such as Wi-Fi and NFC.
This makes it easier for devices to communicate with each
other and with the internet[9].

Robustness: BLE technology is designed to operate in
noisy radio frequency environments, making it robust and
reliable even in the presence of interference from other
wireless devices.

Security: BLE technology has several layers of security
built into it, including data encryption, user authentica-
tion, and secure pairing. This makes it a safe and secure
technology for transmitting sensitive data.

However the Bluetooth Low Energy techology has
some disadvantages that needs to be solved or taken to the
account while using it:

Limited Range: The range of BLE devices is limited
to around 10-30 meters, depending on the environment.
This is a disadvantage when compared to other wireless
technologies such as Wi-Fi, which can cover larger dis-
tances.

Limited Bandwidth: BLE technology has a lim-
ited bandwidth, which means it can only transmit small
amounts of data at a time. This makes it unsuitable for
applications that require high-speed data transfer[10].

Compatibility Issues: BLE technology is not compat-
ible with older devices that use traditional Bluetooth tech-
nology. This can be a disadvantage if older devices need to
communicate with newer BLE devices.

Complexity: BLE technology is more complex to set
up and configure compared to traditional Bluetooth tech-
nology. This can be a disadvantage for non-technical users
who may find it difficult to use.
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6. Ultra-Wide Band technology overview

Ultra-wideband (UWB) technology is a wireless com-
munication protocol that utilizes very short-duration
pulses of electromagnetic waves to transmit data over
a wide frequency spectrum. UWB signals occupy a fre-
quency bandwidth that is typically several GHz wide,
compared to the narrowband signals used in traditional
wireless communication systems, such as Wi-Fi and
Bluetooth[11].

UWB technology is designed to enable high-speed
wireless data transfer, accurate location tracking, and oth-
er applications that require high bandwidth and low power
consumption. UWB technology was originally developed
for military and scientific applications in the 1960s, and
it was later used in commercial applications such as ra-
dar systems and ground-penetrating radars. In the early
2000s, UWB technology was standardized by the Federal
Communications Commission (FCC) in the United
States, which opened the door for its use in commercial
applications.

One of the key advantages of UWB technology is its
ability to accurately measure the distance between two
UWB-enabled devices. This is made possible by the short
duration of the UWB pulses, which allows for precise
time-of-flight measurements of the signal. UWB distance
measurement is highly accurate, with a typical error of
only a few centimeters, making it ideal for applications
such as indoor location tracking and asset tracking[12].

Another advantage of UWB technology is its high
data transfer rates. UWB can achieve data transfer rates
of up to 480 Mbps, which is significantly higher than
Wi-Fi and other wireless communication protocols. This
makes UWB ideal for high-bandwidth applications such
as streaming video and audio. UWB technology also of-
fers low power consumption, making it suitable for bat-
tery-powered devices such as smartphones, wearables,
and Internet of Things (IoT) devices. UWB devices can
operate in a low-power mode when not transmitting data,
which helps to conserve battery life.

One of the main challenges of UWB technology is its
limited range. UWB signals have a shorter range than Wi-
Fi and other wireless communication protocols, typically
only a few meters. This makes UWB ideal for short-range
applications such as indoor location tracking and asset
tracking, but less suitable for long-range applications such
as outdoor communication[13].

Another challenge of UWB technology is its suscep-
tibility to interference from other wireless devices. UWB
signals can be affected by other wireless signals operating
in the same frequency band, which can lead to reduced
signal quality and data transfer rates.

Despite these challenges, UWB technology has gained
traction in recent years, particularly in the areas of indoor
location tracking and asset tracking. UWB-enabled de-
vices are becoming increasingly common in smartphones,
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wearables, and other consumer electronics, and the tech-
nology is being adopted in various industrial and commer-
cial applications, such as automotive and logistics.

7. UWB Advantages and disadvantages

Ultra-Wide Band is the good positioning technology
that has the next strong sides:

High Precision: Ultra-Wide Band (UWB) technology
offers high precision location accuracy, which makes it an
ideal choice for applications such as indoor navigation, as-
set tracking, and industrial automation. UWB can achieve
sub-centimeter accuracy, which is much better than other
wireless technologies such as Wi-Fi or Bluetooth.

Immunity to Interference: UWB operates on a wide
frequency band, which allows it to avoid interference from
other wireless signals such as Wi-Fi or Bluetooth. This
makes UWB a reliable and robust technology for use in
harsh and noisy environments[14].

High Data Rates: UWB technology can achieve very
high data rates of up to 10 Gbps, which is much faster than
other wireless technologies such as Wi-Fi or Bluetooth.
This makes UWB an ideal choice for high-bandwidth ap-
plications such as streaming video or audio.

Low Power Consumption: UWB devices require mini-
mal power, which makes them ideal for use in battery-
operated devices such as smartphones, smartwatches, and
IoT sensors. This enables UWB devices to operate for
longer periods of time without needing a battery recharge.

Security: UWB technology provides a high level of
security through its use of short duration pulses, which
makes it difficult for unauthorized users to intercept or
decode the transmitted data.

In order to these strong sides UWB has some challeng-
es and weak sides that need to be mentioned:

Cost: UWB technology is still relatively expensive
compared to other wireless technologies such as Wi-Fi or
Bluetooth. This can make it challenging for businesses to
justify the cost of implementing UWB technology in their
operations.

Limited Range: UWB technology has a limited range
of typically around 10-20 meters, which makes it unsuit-
able for applications that require longer range communi-
cation such as outdoor navigation[15].

Line-of-Sight Requirement: UWB signals are highly
directional and require a clear line-of-sight between the
transmitter and receiver for optimal performance. This
can limit the practical applications of UWB technology,
especially in environments where obstacles such as walls
or furniture may interfere with the signal.

Limited Availability: UWB technology is not yet wide-
ly adopted, which can limit its availability and interoper-
ability with other devices and systems.

Regulatory Restrictions: UWB technology is subject to
regulatory restrictions in some countries, which can limit
its adoption and deployment in certain regions.

Conclusion

In conclusion, each wireless technology - Wi-Fi, BLE,
and UWB - has its own strengths and weaknesses, mak-
ing it suitable for specific applications. Wi-Fi offers a wide
range and high data rates, making it ideal for applications
such as internet connectivity and large-scale asset track-
ing. BLE is a low-power technology with good range and
is well-suited for applications such as indoor navigation
and proximity sensing. UWB technology offers high pre-
cision location accuracy, low power consumption, and
immunity to interference, making it an ideal choice for
applications such as indoor asset tracking, industrial auto-
mation, and secure communication.

The continued evolution and development of wireless
technologies hold tremendous potential for transforming
industries and enabling new applications. As the demand
for wireless connectivity and location services continues
to grow, it is likely that these technologies will continue to
evolve and improve, offering new opportunities and solu-
tions for a wide range of industries and applications.
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[IpenMeToM BUBYEHHS B CTATTi € TIPOIIECH ITOOYIOBY MTOSICHEHD 111010 OTPUMAaHMX Pe3yJIbTaTiB Ta MOCIiTOBHOCTI
Niii 3 IPUIHATTS pillleHHS B iHTEJEKTyallbHill iH(opMalliiiHiii cuctemi. MeToro € po3poOka minxoay A0 MoOya10BU
MMOSICHEHb Ha OCHOBI MOXJIMBICHOTO OTIMCY TTPUYMHHO-HACIIKOBUX 3aB'sI3KiB MixXK BXiTHUMU JaHUMU Ta pPe3yJIbTa-
TOM POOOTH iHTEJEKTYaJIbHOI CUCTEMH, 1110 CTBOPIOE YMOBH 151 (DOPMYBAHHSI TOSICHEHHSI TIPYU MPEACTaBICHHI TaKOi
CUCTEMM SIK Y BUTJISAII «<4OPHOTO», TaK i Y BUTJISIII «CipOro» SIIMKY. 3aBAaHHsI: po3po0Ka y3araJbHeHOi MOXJIMBICHO-
Kay3aJIbHOi MOJIeJIi MOSICHEHHSI; pO3p00Ka MeTOy MOOYI0BU MOXKJIMBICHO-Kay3aJIbHOTO MPEACTABICHHS MOSICHEHHS
B iHTeJIEKTyalIbHil iH(opMalliliHiil cucTemi. BukopucToByBaHMMMU MiIXOAAMU €: METOY ITOOYIOBU MOSICHEHb, TEOPIs
MOKJIMBOCTEH, MiAX0AU A0 MOOYIOBY TeMIIOpaJbHUX 3HaHb. BucHOBKM. HaykoBa HOBM3HA OTpUMaHUX pe3yJIBTaTiB
MOJISITA€ B HACTYITHOMY. 3aIIPOIIOHOBAHO KOMITIEKC MOXKIINBICHO-Kay3aIbHUX MOJIEJICH TTOSICHEHHSI B iHTEJIEKTyaIbHiii
CHUCTEMI, 1110 3aJ1a€ MPUYMHHO-HACJIiIKOBU 3B'130K MiXK KJIACOM BXiTHMX JaHUX Ta KJIACOM PillIeHHSI, a TAKOX MiX ITPO-
MiKHUMMU JIiSIMU 3 TTPOLIeCY OTPUMAaHHs pe3yJIbTaTy Ta KJIACOM pillieHHs. MOXJTMBICHUI acTIEKT MOJIEi PO3PaXOBYETHCS
JUTSI THAMHOXMWHMU, 1110 MiCTUTb MPEICTaBHUKIB OJHOIO KJlacy JaHUX, a00 X IS OKPEMMUX JIiil CITPOILEHOTro MpoLecy
MPUAHATTS pilleHHS. Y TPaKTUYHOMY I1JIaHi po3po0bsieHa MOJEJIb 1a€ MOXJIUBICTh ChOpMYBATH OIKC MPOLIECY MPU-
WHSATTS pillIeHHS HA OCHOBI MOKJIMBICHMX Kay3aJIbHUX 3aJICSKHOCTE Ta ITOOYIyBaTH IMTOSCHEHHS Ha OCHOBI 0OMEXKEHUX
NAaHUX TPO Tpolec MYHKIIIOHYBAHHS iHTeNEeKTyaTbHOI iH(OpMaliliiHOI crcTeMU. 3aPOTIOHOBAHO METO TTOOYIOBU
MOSICHEHHSI B iHTEJIEKTyalIbHil iH(OpMalliliHili cuCcTeMi Ha OCHOBI MOXJIMBICHUX Kay3aJbHUX 3ajeXXHocTel. Meton
MiCTUTb €Tarny BU3HAYEHHS KJIACiB BXiIHUX TAHUX Ta Pe3yJabTaTy MAJIs MOSICHEHHSI, (POpMYBaHHSI MEPETiKy MOXIUBUX
MPUINMHHO-HACIIIKOBUX 3aJIeXKHOCTEM, 1110 MTOB'SI3yI0Th BXiIHI TaHi abo il mpoliecy i3 pillleHHSIM iHTeJIeKTyaTbHOI
CHCTeMM, PO3PAXyHKY MOKIIMBOCTEI BUKOPUCTAHHS OTPUMAHUX 3aJIEXKHOCTEH /7151 TOOYIOBY TIOSICHEHHST, PO3PaxXyHKY
HEOOXiTHOCTI JJIsT OTPMMAaHUX 3aJIeXKHOCTEH Ta yIOpSIKYBaHHS OTPMMAaHUX TTOSICHEHD 32 3HAUYEHHSIM HEOOXiTHOCTI.
Meron nae MOXKJIMBICTH TTOOYIYyBaTH TTOSICHEHHS TPU TIPEACTaBICHHI iHTEJIEKTYaIbHOI iH(opMaIliiiHOI cucTeMu K
y BUIJISAZII «<4OPHOTO», TaK i Y BUIJISIAI «CipOro» sIMKYy, BiZoOpa3uBIIN BiAMOBIIHO BILIUB BXiIHUX JAaHUX Ta BILIMB
CITPOILIEHOTO MPOLIeCy MPUIHSATTS PIllICHHST Ha pe3yJIbTaT iHTeJeKTyaJIbHOI CUCTEMU.

IHTEJIEKTYAJIbHA CUCTEMA, CUCTEMA LLUTYYHOI'O IHTEJEKTY, TIOACHEHHA, TPOLUEC ITPU-
WMHATTY PILIEHDb, TPUYUHHO-HACIIAKOBUN 3B'130K, MOXKJIUBICTD, KAY3AJIbHICTD

S. Chalyi, V. Leshchynskyi Possibility-causal representation of explanations in an intelligent information system.
The article’s subject matter is the process of constructing explanations for the obtained results and the sequence of
decision-making actions in the intelligent information system. The goal is to develop an approach to the construction
of explanations based on a possible description of cause-and-effect relationships between input data and the result of
the work of an intelligent system, which creates conditions for the formation of an explanation when presenting such
a system both in the form of "black” and in the form of "gray" box. Tasks: development of a generalized possible-causal
model of explanation; development of a method of possible-causal representation of an explanation in an intellectual
information system. The used approaches are: methods of constructing explanations, the theory of possibilities, ap-
proaches to the construction of temporal knowledge. Conclusions. The scientific novelty of the obtained results is as
follows. A possible-causal model of explanation in an intelligent system is proposed, which specifies a cause-and-effect
relationship between the class of input data and the class of decision, as well as between intermediate actions from the
process of obtaining a result and the class of decision. The probabilistic aspect of the model is calculated for a subset
containing representatives of the same class of data, or for individual actions of a simplified decision-making process.
In practical terms, the developed model makes it possible to form a description of the decision-making process based on
possible causal dependencies and to build an explanation based on limited data about the process of functioning of the
intelligent information system. A method of constructing an explanation in an intelligent information system based on
possible causal dependencies is proposed. The method includes the stages of determining the classes of input data and
the result for explanation, forming a list of possible cause-and-effect dependencies that connect input data or process
actions with the decision of an intelligent system, calculating the possibilities of using the obtained dependencies to
build an explanation, calculating the need for the obtained dependencies and ordering received explanations according
to necessity. The method makes it possible to build an explanation when presenting an intelligent information system
both in the form of a "black” and in the form of a "gray" box, reflecting, respectively, the influence of input data and the
influence of a simplified decision-making process on the result of an intelligent system.

INTELLIGENT SYSTEM, ARTIFICIAL INTELLIGENCE SYSTEM, EXPLANATION, DECISION-MAKING

PROCESS, CAUSALITY, POSSIBILITY, CAUSALITY



MOXJIMBICHO-KAY3AJIbHE MPEACTABJIEHHS MOSCHEHb B IHTEJIEKTYAJIbHINA IHOOPMALIVIHIV CUCTEMI

Betyn

CyyacHi JOCHiXKeHHS B rajy3i MCUXOJOTil Mi3HAHHS
CBiUaTh Mpo Te, 110 JIOANHA, SIK ITpaBUIo, MOTpedye 00-
IPYHTYBaHHSI HOBUX 3HaHb 3 BUKOPUCTAHHSIM BiIIOBi/I-
HUX TTosiIcHeHb [1-3].

ITosicHeHHS 111010 TIpolLeCY NPUMHSITTS PillIeHHS, SIKi
HAIamThCSI B IHTEIEKTyaJIbHUX CHUCTeMaX, (hOpPMYIOTh
MMPUYMHHO-HACIIKOBI 3B'SI3KM MixX BXITHUMU TaHUMU Ta
pe3yabTaToM [2] i ToMy 3a0e3IeuyoTh YMOBU JJisl TOTO,
1100 KOpUCTYBayi OyB BIIEBHEHUI Y MPaBUJILHOCTI OTPU-
MaHUX pe3yJbTaTiB [4, 5].

AKTyaJIbHICTb BUKOPUCTAHHS TTOSICHEHb B iHTEJIEKTY-
aJIbHUX CUCTEMax € HaCJIiIKOM MPOTUPIvYsl, 110 BUHUKAE
IPY BUKOPUCTAHHS aJTOPUTMIB MAIlMHHOTO HaBYAHHS
y mpoueci ¢hbopMyBaHHS pillieHb. Taki aJroputMu opi-
€HTOBaHiI Ha TPEACTABJCHHS TaKUX CHUCTEM Y BUIJISIAL
«4OPHOTO SIIUKY», 110 POOUTH iX HE3PO3YMITUMMU ISt
KopucTtyBaua. /Io Toro X pe3yiabTaTv, OTpUMaHi IIPU BU-
KOPHUCTaHHI aJITOPUTMIiB MAIIMHHOTO HaBYaHHS, MOXYTh
OyTH CMIOTBOPEHi BHACIIAOK yIEPEIKEHOCTi a00 BUKUIIB
y BXiIHMX JaHuX. BiamoBigHO, OTpUMaHi B iHTEIEKTY-
aJibHil iH(opMalLiifHiil cucTeMi pillleHHS MOXYTh HE B
MOBHili Mipi 3aIOBiITbHUTA KOPUCTYBAYiB TAKUX CHUCTEM.
Ha mpakTuui Taka HeBiANOBIAHICTb MPUBOIUTH 10 HE-
e(peKTUBHOTO BUKOPUCTAHHS iHTEJIEKTYaIbHOI iH(OopMa-
LiAHOI cUCTeMHU, 30KpeMa J0 BiIMOBM Bijl 3aCTOCYBaHHSI
3aMPONOHOBAHUX PillIeHb.

I1pu BUKOpPUCTAHHI «[IPO30PUX» ANTOPUTMIB (HOPMY-
BaHHSI pillIcHHS BUHUMKAE iHILIE OOMEXEHHSs, IOB'sA3aHe
i3 IOPUIMYHUM 3aXMCTOM iHTEJIeKTyalbHOI BiacHOCTi. B
JTAaHOMY BMITAKy Ma€ Miclie 3a00poHa OO0 PO3KPUTTS
JeTajieil Ta YMOB IIpOLIECY MPUMHSITTS PillIeHHS JIJIs1 KO-
puctyBadiB. IOpuanuHi oOMekeHHST TaKoX MPU3BOASTH
10 3HUXKEHHS TOBipYM KOPUCTYBAUiB 10 pillleHb CUCTEMU
LITYYHOTO iHTEJEKTY Ta BiAMOBIZHOIO Hee(hEeKTUBHOIO
BUKOPUCTAHHS LIMX pillleHb Ha IpakTuli [6].

ToMy HaykoBi OOCHiIXEHHSI B oOsacTi (opMyBaH-
HSl MOSICHEHb ISl iHTeJIeKTyaJlbHUX CHUCTEM iHTEHCHUB-
HO PO3BUBAIOTHCS B OCTaHHI POKU, OCOOJUBO B paMKax
nporpamu XAl, 1o Oyna 3amoyaTkoBaHa KepiBHULITBOM
areHiii DARPA y 2017 poui [7].

Kitro4oBi HanpsIMKK JOCTiIKeHb Y cepi mosicHIOBa-
HUX iHTeJICKTyaJIbHUX CHCTeM 0a3yloThCs SIK Ha BU3Ha-
YeHHi BIAIOBIIHOCTI MOSICHEHb MOTpedaMU KOPUCTYyBa-
4iB, HaNpUKJIaJ KOPUCTYBaUiB peKOMEHAALIIHHNUX CUCTEM
[8], Tak i Ha BU3HAYEHHI SIBHUX 200 HEIBHUX MPUUMHHO-
HACJIiIKOBUX 3aJIeXKHOCTEN MixX BXiTHUMU (DaKTopaMM Ta
pillleHHSM iHTeJIeKTyaabHOi cructemu [9-13].

OpmHak iCHYIOUI MIiIXOOW € CIellialli30oBaHMMM, 3Ha-
YHOIO MipOI0 3aJIeXKaTh BiJl TUITY aJITOPUTMY, 1110 BUKOPUC-
TOBYETHCSI B iIHTEJIEKTYaIbHill CUCTEMI, i HE MPUIIISIOThH
JIOCTaTHbO yBaru MOOYIOBi IMOSICHEHb HAa OCHOBI KOM-
0iHOBAHOIO OMUCY IIPOLIECY MPUUHATTSA PillIeHHS, IO
BPaxOBYE SK 3B'SI30K MiX BXiTHUMM JTaHUMH Ta Pe3yJib-
TaTOM iHTEJIEKTYyaJbHOI CUCTEMMU, TaK i 3aJEXKHOCTI MixX

KJTIOUOBUMMU JiSIMU Ta pe3yJbTaTOM BKa3aHOTO MPOILIECY.
Takwmit 3B'T130K HOCUTh MOKJIMBICHHUI XapaKTep, OCKiJb-
KU BiH BpaXOBY€ He JIMIIE MOXJIMBICTb BIUIMBY BXiTHUX
JaHUX Ha pillleHHS CUCTEMM, a i HEeOOXiIHiCTh BUOOPY
MiAMHOXWHU LMX BXiIHUX JaHUX, SIKi € HAlOLIbLI CyT-
TEBUMM IIJIST TIOSICHEHHST IIOAO PE3YNIBTaTy pOoOOTH iHTe-
JIeKTyaJlbHO1 iHdopMalliliHoi cucteMu. MOXIUBICHUI
miaxin [14] mae MOXJIUBICTh y3arajJlbHEHO OINMUCATU Kay-
3aJIbHi 3aJIe3KHOCTi 17151 MOOYI0BU TOSICHEHb, abCcTpary-
IOYMCh Bill 0COOIMBOCTEl KOHKPETHOIO MeXaHi3My TpU-
MHSTTS pillieHb B iHTEJIEKTyaJIbHIll cUCTEMI.

3a3HaueHe CBITYUTH TIPO aKTYaJIbHICTh 3amadi II0-
Oyn0BM Kay3aJlbHOTO MpeICTaBAEHHS MOsSCHEHb 3 ypa-
XYBaHHSIM MOKJIMBICHOTO OITMCY TaKOTO MPUYMHHO-HAa-
CJTiIKOBOTO 3B'SI3KY.

1. ITocTanoBKa 3amaui

MerTolo cTatrTi € po3podKa Miaxoay A0 MOOYA0BU MO-
SICHEHb Ha OCHOBi MOXJIMBICHOTO OITMCY MPUYMHHO-HAa-
CJIIIKOBUX 3aB'SI3KiB MiX BXITHUMU TaHWUMH Ta Pe3yJib-
TaTOM POOOTHU IHTEJIEKTYaJlbHOI CUCTEMH, IO CTBOPIOE
YMOBH [UTs1 (pOpMYBaHHS TTOSICHEHHSI TIPU IIPeACTaBICHHI
TaKOi CUCTEMH SIK Y BUTJISII «IOPHOTO», TaK i Y BUIJISIII
«CIpOTO» SIILIUKY.

Js DOCSITHEHHSI TIOCTaBJICHOI METHU BHPIIIYIOTHCS
Taki 3aaayi:

— po3pobKa y3araJbHEHOI MOXJIMBICHO-Kay3aJlbHOI
MOJIeJTi MOSICHEHHSI;

— po3pobKa MeToIy IMOOYT0BU MOXJIUBICHO-Kay3alb-
HOTO MPEICTABICHHS MOSICHEHHS B iIHTEJIEKTYalbHil iH-
dopMaliitHiil cuctemi.

2. Cxema no0y/10BH MOSICHEHHS B CUCTEMi IITYYHOTO
iHTeIeKTy

3arajibHa cxeMa MOOYIOBM TOSICHEHHS Y iCHYIOUiil
CHUCTEeMi IITYYHOIO iHTEJEKTY, 110 MpeAcTaBieHa y BU-
IJISIAI «4OPHOTO» ab0 «Ciporo» SIIUKY, Mojsira€ y ¢op-
MYBaHHIi 30BHIlIIHbOI MOSICHIOBAJILHOI MifcucTemMu. JlaHa
migcucreMa BUKOPUCTOBYE BXiOHI JaHi, BUXiOHUI pe-
3yJIbTAT, a TAKOX AOCTYIHI MPOMIiXHIi JaHi PO MpoLec
MPUAHSATTA PILIEHHS y CUCTEMi IITYYHOTO IHTEJIEKTY.
s mosiCHeHHsI OTPUMAHOTO Pe3yJbTaTy BUKOPHUCTOBY-
€TbCS CIPOILLEHA MOE]Ib MPUNMHSTTS PillIeHHS.

I1pu npencraBiaeHHI CUCTEMU IITYYHOrO IHTEJEKTY Y
BUTJIALI «IOPHOTO SIIUKY» MTOCTYITHUMU IS TOOYIOBU
MOSICHEHHSI € JIMIlE BXi[Hi JaHi Ta PillEHHS CUCTEMMU.
BigmoBinHy cxeMy MOOyIOBU MOSICHEHHST MPEICTaBICHO
Ha puc. 1.

B nanomy Bunaaky (opmyroTbcsl TPpUYMHHO-HACTiA-
KOBI 3aJIeXKHOCTI MiX 3HAUYEHHSIMU OKPEMUX €JIEMEHTIB
BXiTHUX JaHMX Ta pimneHHsM. KitouoBa inest mosiCHeHHsI
IIOJIATa€E B TOMY, IIOO ITOKA3aTH 3aJIEKHOCTi, IO Bimo-
OpakaloTh BIUIMB KJIIOYOBUX 3HAY€Hb BXiIHUX JaHUX Ha
OTpUMaHe PillIeHHSI.

3 MeTOl CIpOLIEHHS MOJedi Ipolecy MpUHST-
TS PpilleHHS TpW MOOYIOBi TIOSICHEHHS JOLIIBHO
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BU3HAUUTHU 3aJIEXKHOCTI HE MiXXK OKpEMUMMU BXiTHUMMU Ja-
HUMHU Ta OTPUMaHUM pe3yJbTaTOM, a MiX KJlacaMU eJie-
MEHTIB BXilTHOTO Ha0Opy JaHUX Ta KJIACOM PillIeHHS.

Bxi ramit )
HaGip maHuX | IIporec mpuiHATTS Pimenmy
PILIIEHHS B CHCTEMI »
IITYIHOTO 1HTEJIEKTY
IosicenHs y
¢dopmi

Kay3aJIbHUX
3aIe)KHOCTE M MiXK

3HAYEeHHAMH
CripommieHa, TIpo3opa | BXIZHHX JIQHUX Ta
|| Mozems npuifnATLS | KIACOM pileHHsA

PpIIIeHb y cHCTeMi
MITYYHOTO iHTEIEKTY

Puc. 1. I1o0ynoBa mosicHeHHsI HA OCHOBI BXiTHHX TAHUX
NPU NPEACTABJIEHHI CUCTEMH IITYYHOTO iHTEJIEKTY
Y BULJISIZTi «9OPHOTO SIHIUKY»

Hampukiazn, mosicHeHHST IOA0 pe3yIbTraTy Kilacudi-
Kallii 300paxkeHHs1 JIOAWHU, 110 OiXKUTH, MOXe BinoOpa-
KaTU 3aJIeXKHOCTI MiX (bparMeHTamMu 300pakeHHs, SKi
MICTATb €JIEeMEHTHU TiJla B PyCi, Ta pe3yJIbTYIOUMM pillleH-
HsAM. ADO TOSCHEHHS I0J0 MPOMNO3MIIil KOMITIoTepa
B PEKOMEHIALIHIN CcUCTEeMi MOXe MICTUTU 3B SI3KU
MiX 3HAYeHHSIM KOMILICKTYIOUMX (MOJIEIb IIpoIiecopa,
00’eM TaM'ATi, TOIIO) Ta 3aIIPOIIOHOBAHOIO MOICILIIO
KOMIT'IOTepa.

Crin 3ayBaXkKUTH, 1110 BKa3aHi 3aJIEXKHOCTI (hOPMYIOTh-
cg ISl Tpyn KoM 'toTepiB. Hanpuknan, nmpouecop TUIly
i7 MOXe BUCTYNaTH B SIKOCTi TPUUYMHU BUOOPY HOYTOYKA
MeBHOI (pipMM BHACITIIOK TOTO, IO 3a0€3MevyeThCs Hali-
Kpauie CIiBBiJHOIIEHHS L[iHU Ta MOTY>KHOCTI.

IIpu mpeacTaBiAeHHI CUCTEMM IITYYHOTO iHTEJIEKTY
Y BUIJISIII «CipOro SIIIUKY» TOCTYITHOIO € TaKOX YaCTKO-
Ba iH(opMallis Mpo MpoLec MPUIHSITTS PillleHHS Y Ta-
Kiit cucremi. [lana indopmallisi 3a3Buuait rpencrapieHa
y dopmMi Jory (KypHany moxiit). OcraHHiit (popMyeTbCs
MiICUCTEMOIO MOHITOPUHTY.

BignmoBigHa cxema moOymoBU MOSICHEHHSI IpeacTaB-
JIeHa Ha puc. 2.

Kypuan noziii § mictuth y co6i Habip Tpac {S,} .

KoxHa 3 Tpac S, onucye 1OCTYITHY Ul 30BHIIIHBOTO
criocTepiraya IOoC/IiIOBHICTb CTaHIB MPOLIECY TIPUNHSITTS
PpillIEHHS:

S, =<sm’1,sm’z,...,sm’z,...> (1)

CraHu 3a1al0ThCs Yepe3 MHOXMHY 3HaUY€Hb 3MiHHUX,
110 XapaKTepU3yIThb BIACTUBOCTI cucremu. CTaHU €
YIIOPSIAKOBAHUMM Y YaCi, OCKIJIBKY MIiCTSITh TEMITOpaJIbHi
MIiTKHU.

ToOTO KOXHMII CTaH OINMCYETHCSI MHOXWHOIO 3Ha-
YCHb 3MIHHUX 5, . = {{xjn},t,’n} , Cepell IKUX X! . 3amae
3HaYEHHs TaKUX, HAIIPUKJIad, BJIaCTUBOCTEH, SIK:

— HasBa Jii i3 Tpolecy NPUIAHATTS pIllIeHHS, IO
MIpUBeJa 10 OTOYHOTO CTaHY;

»Z
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— 00’exT abo 3MiHHA, 3 KO BUKOHYBaJach [if,
TOILIO.

Bxinnmii
HaGip JaHHX

PimreHEs

v

ITocTig0BHICTH
CTaHiB IPOIIECy
NPHHHATTA PillleHHA

l

MOHITOPHHT CTaHy
CHCTEMH

Cucrema

IITYYIHOTO
IHTENIeKTy

IToscHenHa y
opmi
3QIEKHOCTEH MiXK
JiAMH IIPOLIECY Ta
KJIacOM pillIeHHA

Kypnan
ot

Mozemn
TOACHEHHH:
¥ CIpOLIEHA MOJEIb
TIPOLIECY MPHIHATTA
piIeHp

v

Puc. 2. ITodynoBa nosicHeHHs1 HA OCHOBI JKYPHAJTY MO
NPH NpeICTaBIEHHI CHCTEMH INTYYHOTO iHTEJIeKTY
Y BUITISAZLL «CipOro SAIMKY»

3MiHHa £/ . € MO3HAYKOIO Yacy, sKa Ja€ MOXIUBICTh
3aaTh TeMITOpaIbHi MpaBuUJa.

XapakTepHa OCOOJIUBICTh JIOTY IOJISITAE B TOMY, 11O
KOXHa 3 Tpac € 3alMCOM IIPO BMKOHAHHSI OTHOIO €K-
3eMIUIIPY MPOIECY MPUMHSITTS PIillIcHHS, a CYKYITHICTh
Tpac 3aJa€ BCi peasizoBaHi Ha MPAKTULL aJbTepHATUBU
TaKoro Mporiecy.

BigmoBigHoO, 3BOPOTHUI iHXXMHIPUHT JIOTY Ja€ MOX-
JIMBICTh MOOYIyBaTU MOAEIb MPOLECy i, HA OCHOBI aHa-
JIi3y TaKoi MOJiesli, 3HaAWTU MPUYUHU OTPUMAHOTO B CUC-
TeMi IITy4HOrO iHTEJeKTY pillleHHs. Takuii 3BOpOTHUIA
IHXXWHIpUHT 3a3BUYali BUKOHYETHCSI METOAAMU iHTEJIeK-
TyaJIbHOTO aHaJji3y MpOoLIECiB.

OmHak JOCHIIKEHHSI OTPUMaHOI B pe3yJbTaTi iHTe-
JIEKTyaJIbHOTO aHaJji3y TpolieciB Monelli MmoTpedye mo-
JIaTKOBOI ITiITOTOBKM, 110 YTPYIHIOE CIIPUIAHATTS TaKOTO
ITOSICHEHHST KOPMCTYBadeM.

AJNbBTepHATUBHMIA MiIXia 10 MOOYIOBU MOSICHEHHS 6a-
3YEThCS Ha BUOUICHHI TEMITOPAIbHUX 3aJICKHOCTEH MixXK
CTaHaMU cHUCTeMU. Taki 3aJIeXKHOCTi MPeACTaBISIOTHCS
y (opMi TemnopanbHUX TpaBuj. TeMnopaabHi 3aJal0Th
HOPAIOK T1ap CTaHiB s, . Y Yaci:.

TemnopasibHi TIpaBuUja MalOTh BUIJISII:
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fn : Sm,z - Sm,z+1 s (2)

S8 =S la>1 3)

IMpaBuno (1) BU3HaAYa€ 3B'SI30K I OBOX ITOCTIIOB-
HUX Yy 4aci CTaHiB Mpouecy MPUAHSITTS pillieHHS.
IIpaBuio (2) 3apae 3B’430K U OBOX CTaHIB s, . Ta

s MiX SIKUMU € TIPOMiXHi Y yaci CTaHUW, HalpUKJIa

m,z+q 2

Sm,q—] *
HaBeneHi nmpaBuia JaloTh MOXJIMBICTH BigoOpa3uTu

sK ToTouHi (1), Tak i MOBrocTpoKoBi (2) HACTIAKU miit
MpolLiecy NPUUHSATTS PillIeHHS B iHTEJIeKTyallbHili iHDOp-
MaliiiHil cucremi.

Y3aranpHeHe mpaBuio f" o0’enHye mnpasuia (2)
Ta (3) Ta YNOPSIKOBYE y Yaci JOBUIbHY Mapy CTaHiB s,
Ta s

m,z+q *

fqm DS, > qg=1. (4)

m,z+q

JocarHeHHs pe3ynbrary poOOTH CUCTEMU TUILY R,
MOXHA pPO3IJIsiIaTi sIK KiHLEBUil CTaH s, , TpoLeCy
MPUAHATTSA pillleHHs. BinnosigHo, onuc mpolecy y BU-
[JISITi TEMITOPAJIbHUX TIPABUIT Ta€ MOXKJIIMBICTH BUKOPHC-
TaTu sl TOOYIOBU TIOSICHEHHSI TeMIIOpabHi 3ajiex-
HOCTi MiX KJIIOYOBUMM TMPOMIKHUMU CTaHAMU CUCTEMU
LITYYHOTO iHTEJIEKTY Ta OTPMMAaHUM pileHHsIM (5), abo
K MiX TTaTepHOM IIOCJIiIOBHOCTI CTaHIB Ta BiAINOBIZHUM
piteHHsIM (6).

S, >R, (5)
J; >R (6)

ITpu HeoOXimHOCTI meTanizyBaTU CTaHW JaHi 3aex-
HOCTi MOXYTb OYTH 3BeleHi JO 3B’SI3KY MiX JOCTYITHU-
MM 3HAYEHHSIMU MPOMDKHMX 3MiHHUX CHUCTEMHU X, _ Ta
OTPUMaHUM pillleHHSIM, a00 X MiX MOCiTOBHICTIO 3Mi-
HU 3HAYEHb TAKWX 3MIHHUX Ta PE3yJIbTaTOM.

3. MoxK/IuBiCHO-Kay3aJbHA MOJIeJIb MOSCHEHHS
B iHTeJIeKTya bHiii indopmaniiiniii cuctemi

3anaya npeAcTaBiAeHHS Kay3aJbHUX 3aJI€KHOCTEN TSI
MOSICHEHb Y BUNAAKY MpPEICTaBICHHS iHTEJEKTyaJlbHOI
CHUCTEMU SIK «4OPHOTO SIIIUKY» IMOJIATa€ Y BCTAHOBJIEHHI
3B'SI3KYy MiX KJacaMU BXiTHMX JaHUX Ta KJacaMU PillleHb.

[Mo3HAaYMMO MHOXWHY BXiTHHUX TaHUX SIK X = {x,.} .

BxigHi maHi minpo3ainsiioThCs Ha KJIAcH, SIKi OMUCY-
IOTBCS MAMHOXMHAME X ; !

X, cx, (Nx,)=2. (7)
AHaJIOTIYHO, I103HAYMMO MHOXWHY pillleHb IHTe-
JIEKTyaJlbHOI iH(bOpMalliiiHOl cucteMu R ={1;}. Knacu

piH_IeHb BU3HAYAIOThCS MiAMHOXUHAMU Rl , IO HE IIEpC-
THUHAIOTbCA:

R R (NR)=2 (8)

JUts KOXXHOTO 3 pilleHb 3a3BUYall € BiZoMOIO HMO-
BipHICTh BUKOPMCTaHHSI BXiZHUX naHuX. Hampuknan,
SIKIIIO OyJ0 MPOJaHO HOYTOYK B CUCTEMi eJIeKTPOHHOI

KOMep1lii, TO BITOMUMU € KOMILJIEKTYIOUi LIbOTO HOYTOY-
ka. BinmoBinHo, MOXHa MigpaxyBaTh MMOBiIpHIiCTh BUOO-
Py HOYTOYKY 3 TIEBHUM IPOLIECOPOM, XKOPCTKUM TUCKOM
abo nmam’gatTio. Taky MHOXUHY WMOBIpHOCTEH s efie-
MEHTIB X ; MO3HaYuMO P, .

ToGro P, ={ pk‘j}, IPUIOMY py; — Lie HMOBIPHICTH
BUOOpY pilIEHHA R, i3 BXiIHMMU JAaHUMHU X, .

Toxgi MoOXIMBICHO-Kay3aJlbHa MOJ€Jb TOSCHEHHS
MpU NpeACcTaBIeHHi iHTEJEKTYalbHOI CUCTEMU Y BUTJISIIL
«4OPHOTO SIIUKY» JJIs1 OMHIET BXiZHOI 3MiHHOI Ma€ BU-
TJISII:

Bxioui oami : {P/},{R,},
Mooicnugicno — kay3anvbha 3anedcHicme 9
Xpj = R, ‘pk,j = H(Xj)v

Ae x, ,— 3HAYCHHs k — BXiIHOI 3MIiHHOI i3 MIIMHOXWHUI
X, , sIKa € MOXJIMBOIO MPUYNHOIO PillIeHHs Kiacy R, ;
I1(X;) —MOXTMBICTb BAKOPUCTAHHS OIHOTO i3 EJIEMEHTIB
MIZAMHOXHMHU X, B SIKOCTi IPUYMHM JJIs1 PILLICHHSI KJ1acy
R

Cenc Bupasy (2) mojsira€ B HACTYITHOMY: 3HAUYEHHSI
X, X, 3MiHHOI i3 MAMHOXMHYM MOXJTMBUX 3HAYEHD
X, € HailOLTBLI MOXJTMBOIO MPUYNHOI0 OTPUMAHOTO pi-
LIEHHS.

Mogenb TMOSICHeHHSI UTSL IEeKiTbKOX BXiMTHUX 3MiHHUX
Ma€ TakKUi BUTJTISII;

Bxioui oawni : {Pj},{R,},

Mooicaugicno — kaysanvha 3anedicHicms :
<xk)j,kaj+l,...> = R,

|Pey =TI ), py e =TICX ),
N(X,)2N(X,,)

(10)

B maHoMy BuUIaaKy BXiZHi 3MiHHi YIOPSIAKOBYIOThCS
3a HEOOXIiJIHICTIO, OCKIIbKM HEOOXiMHICTh (PAKTUIHO BU-
3HAYa€ MOXJIMBICTH BUKOPUCTAHHS aJITCPHATUBHUX IO
X, ; 3HA4YCHb BXIIHUX NAHUX IS OSICHEHHSI.

V Bunanaky npeacTaBlIeHHS iHTEIEKTyaJlbHOI CUCTEMU
SIK «CipU#l SIIIMK» JOCTYITHOIO € MOAAaTKOBa iHopmallis y
BUIJISII JIOTiB a00 KypHaJliB MOil, 1110 A€ MOXJIUBICTh
noOyayBaTu OMUC BiTOMOI YACTUHU MPOLECY MPUAHSITTS
pillIEHHS Y BULJISIAI TeMITOpaIbHUX MpaBul. Toai moaesnb
ITOSICHEHHST MOXe 0a3yBaTHCh Ha TPHOX ITiIXOMaX:

— Ha OCHOBi OOMeXeHb Ha BUKOHAHHS Jiil mpoliecy
TIPUIAHSATTS PillICHHS;

— Ha OCHOBi BUOOpPY MOXJIMBOI [ii/CTaHy Mpoliecy
NPUIAHSITTS pillIeHHS cepell MiAMHOXWHU aJIbTePHATUB;

— Ha OCHOBiI BHMOOPY MOXJIHWBOTO TEMIIOPaJTLHOTO
IpaBuUJIa.

3rinHo nepioro miaxomy, B SKOCTi MOXJIMBOI MPUUM-
HU pilleHHST PO3MISIAAIOThCS OOMEXEHHsI Ha BUKOHAHHS
npolecy NMPUNAHATTS PillleHHsI B iHTEeJEeKTyaJbHill CUC-
Temi. B sgKocTi 0OMexkeHb pPO3MIsIaaloThes Hii, SIKi Oyaun
BMKOHAHIi Ha Bcix Tpacax mpoiecy. To0To mist oOMexkeHb
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BUKOHYETbCSI yMOBa p,  =1. BinosigHa MOXJIMBICHO-
Kay3aJlbHa 3aJIEXHICTh 3a/1a€ 3B'A30K MiX CTaHaMu s,
Ta KJIACOM PilleHHS R .

3rigHO APYTOro MiAXomy B IKOCTi MOXJIMBOI MPUIMHUI
pillIEHHSI iHTEJIEKTYyaJIbHOI CUCTEMU PO3TJISIAAETHCS OOUH
i3 aJIBTEpPHATUBHUX CTaHIB MPOLIECY TPUAHATTS PilIEHHS.
ToOTo i3 CTaHiB Ha pPi3HUX Tpacax (GOPMYETHCS MHOXUHA
aJbTEpPHATUB i SIK TIPUYMHA PillIeHHsS] BUOMPAEThCS CTaH
i3 HabOinbIIOoIO HiMOBipHicTIO. [IpeacTraBiaeHHs Takoi 3a-
JIEXKHOCTI Ma€ BUIJISII:

Bxioni oani : {P/},{R,},
Mooicnugicho — kay3anbHa 301edACHICMb :

<Sm,z,Sm’q,...>3 R

P =1(S.), p,,, =TI(S,),

N(S.)) = N(S,).
ne S.,S, — NIMHOXWHY aJITePHATUBHUX CTaH{B POLIECY
MPUAHSTTS PillICHHS.

B nanomy BuUMaaky (pakKTMYHO KOHCTPYIOIOTHCSI TEM-
nopajbHi npasuna s, —> R, s, — R, Ha 06a3i sKux
BU3HAYAIOTHCS MOXKJIMBICHI Kay3aJbHi 3aJIeXKHOCTI pe-
3yJbTaTy Bil BiAMOBIAHUX il mpouecy MPUHHSITTS pi-
IIeHHS. 3B'A30K MiX CTaHaMU Ta Pe3yJbTaTOM y HaBe-
JNIEHUX MpaBUIaxX BUIIISIETHCS TOMY, 110 TPOMiXKHI CTaHU
BimoOpakaroTh pe3yabTaT OKpeMUX Jiii y mpoiieci (op-
MYBaHHSI PillIEeHHSI.

3rinHO TpeTboro minxony, GoOpMYeTbCs 3B’SI30K MixX
TEeMIOPAIbBHUMU TIpaBWIaMU Ta pe3yabraToM. ToOTO 3a-
JlaHa TIpaBUJaMU MOCJiAOBHICTb Miii PO3TJSAAETLCS SIK
MOXJIMBa MIPUYKMHA OTPUMAHOTO B iHTEJIEKTyalIbHill cuC-
TeMi pe3yJbTaTy.

PozriisiHemo npukiiaa 3aiaeKHOCTI MK TIPOMiIXKHUMU
CTaHAMU TIPOIIECY MPUUHATTS PIillICHHS Ta Pe3yJIbTaTOM
U1 peKOMeHJaliifHoi cucteMu. B maHomy BUManky B
OHJIAMiH-TIIACUCTEMI MOOYAOBU pPEeKOMEHAAliil aHamizy-
€TbCS TIOCTIMOBHICTh il KOpHUCTyBaya CUCTEMM (TOOTO
MOCTiIOBHICTD KITiKiB MO eKpaHHiii ¢opmi). KopuctyBaui
10 Pi3HOMY B3aEMOJIIIOTH 3 OJHIEI0 I TIE€I0 XX €KPAaHHOIO
¢dopmor0, BUOMparouu abo MPOITyCKar4u 3allpOrOHOBA-
Hi Ha ekpaHi ToBapu. ToMy aHaJli3 Tpac JIOTY IS Pi3HUX
KOPHUCTYBauiB /1a€ MOXJIMBICTb MOPIBHITU TPAEKTOPIl
iX pyXy Ta HaJaTu OAMH i3 BapiaHTIB IepeMillleHHsT Mo
€KpaHy $IK MOSICHEHHSI 1010 3alPOMTOHOBAHOI PEKOMEH-
nmauii ToBapiB abo mociyr. 3o0KpeMa, K0 KOPUCTyBay
posrisimae (BUOMpae MUIIIOKI) BIACTUBOCTI HANOiNBIIT
MOMYJISIPHUX TOBapiB, TO BiAIIOBiIHA 3aJ€XHICTh Oyne
BUKOPHUCTaHA y STKOCTi TTOSICHEHHSI.

an

4. MeTtoa no0y10BU MOXKJIUBICHO-KAy3aJIbHOTO
NpeACTABJIEHHS MOSICHEHHS B iHTe/IeKTYaIbHil
indopmaniiiniii cucremi

I[ToGynoBa HEBeIEHOro  MOXKJIMBICHO-Kay3aJbHO-
ro TMpeACTaBJACHHS TMependavyae IMOOYIOBY OIMUCY BXil-
HUX OaHWX, (OPMYyBaHHS MOXIMBUX 3aJIeKHOCTEH Ta
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MMOJABIIE iX YIOPSAKYBAaHHS 3 YpaxXyBaHHSIM pPO3paxoBa-
HO1 HEOOXiTHOCTI BIUIMBY KOHKPETHUX 3HAYEHb BXiTHUX
3MiHHUX Ha OTpPUMaHE B CUCTEMi ILUTYYHOIO iHTEJEKTY
pillIeHHS.

Metoa MicTUTB TaKy y3arajbHEHY IOC/IiOBHICTb eTa-
MiB.

Ertan 1. BuzHaueHHs KJ1aciB BXiTHMX Ta BUXiIHUX Ja-
HUX JUTS TIOSICHEHHS.

Kpoxk 1.1 BuzHayeHHs KJ1aciB BXiZTHUX JaHUX.

Peanizaliist maHoro eramy 3aJeXXUTh Bill 0COOIMBOCTEM
Ta CTPYKTYpH BXigHuX gaHux. OnHaK B 1iIOoMy Ma€ OyTH
oTprMMaHa ofHOpiBHEBa (110 rpyrnam) abo GaraTopiBHeBa
(iepapxiuHa) knacudikallisi BXiTHUX TaHUX.

PesynbraToM gaHoro etarny € MHOXWHA KJIaciB X j
, IO OMHUCYETBCS MIAMHOXMHAMK X ;. JLjist OHOpiBHE-
BOTO PO30OUTTS Ha KJacu BUKOHYETbcst ymoBa (7). Ilpu
MoOynoBi iepapxii KyaciB BXiqHUX qaHuX BUpa3 (7) pomo-
BHIOETBCSI PEKYPCUBHO, TOOTO BUIISIOTHCS TTiIMHOXKM-
HU X, VIS AIKUX BUKOHYETBCS YMOBA:

UX/lg ZXJ"(an,g):@' (12)

BunineHHs miZMHOXWH iHIIMX PiBHIB i€epapXii BUKO-
HYETHCSI aHAJIOTIYHO.

Kpoxk 1.2 ®opmyBaHHS KiIaciB pillleHb.

Ha naHomy eTarni ¢)opMyIOTbCSI KJacH pillleHb TaKUM
YMHOM, 1100 J1JIs1 KOXKHOTO PillIeHHs 3 KJ1acy MOXHa 0yJ10
chopMyBaTH iIeHTUYHE a00 CXOXe MOSICHEHHSI.

Kuacu pinleHp R, BU3Ha4aloTbcs Tak, L1060 Jirobe pi-
IIEHHS JAaHOTO KJIacy Majo MHOXWHY 3Ha4eHb BXiTHUX
MaHWX i3 BIOAITOBITHMUX KJIACiB.

Hanpuxnan, gkmo pilieHHSM € MpOMO3Ullisi HOYT-
Oyka B peKOMeHJalliliHiii cucTemi, TO KJjac pillleHHs
MiCTUTbh BCi HOYTOYKM 3 OJHAKOBUM THUIIOM ITPOLIECODY,
00’eMOM MaM'sITi Ta XKOPCTKOTO AUCKY, TOII0. ToOTO Kjac
pillleHHA R, BM3HAYA€TbCSA OJHUMU I TUMU XK IiAMHO-
KUHAMM X, JUISL SIKUX MU MOXEMO PO3paxyBaTh MOX-
JINBICHO-Kay3aJIbHI 3aJIEXKHOCTI:

(13)

Kpoxk 1.3 BuszHaueHHs KJ1aciB TeMIOpaabHUX MTPaBUIL.
JlaHunii KpOK BUKOHYETHCS 32 YMOBH, 1110 iHTEJIEKTyaIbHa
cucTeMa IpeacTaBieHa sIK «Cipyuil Sk,

Ha manomy Kpo1li TeMmopaiibHi ImpaBuia GOpMYyIOTh-
Csl Ta pO3MOJIIISIOThCS HA KJIACK B 3aJI€XKHOCTI BiJ 3Ha-
4eHb aTPUOYTIB X, . CTAHIB s, .

Tonmi xjlac TeMImopajJbHOIO MpaBUjia BU3HAYAETHCS,
HaIpuKiazi, KJacoM xﬁw . 30KpeMa, MU MOXEMO BUIIM-
TH [ii 32 iX (PYHKIiOHATIBbHOIO 03HAKOIO: (hibTpalris, Ie-
peBipKa yMOB, BUSIBJICHHS JJATCHTHUX (haKTOPiB, TOLIO.

Etan 2. ®opmyBaHHST MOXJTMBUX TTPUINHHO-HACTI]I-
KOBUX 3aJIEKHOCTEN.

Ha paHomy ertami BUIIISIIOTBCS 3aJe3KHOCTI BUIY
X, ; = R Uit BXiIHUX 3MiHHUX Ta 5, . = R it f7 =R
JIJIST TEMITOPaJIbHUX TTPABIUIL.

X'={X,:Vx eX, 3, R}
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Etan 3. Po3paxyHOK MOXJIMBOCTEH BUKOPUCTAHHS
OTPUMAaHUX 3aJIEKHOCTEH IS TTOOYI0BY TTOSICHEHHS.

MoXJIUBICTb PO3PaXOBYETLCS SIK HalOiNbIIa MMOBIp-
HICTb p, , JUISI BILTIOBIZAHOI MIAMHOXWHM BXiIHUX JaHKX,
CTaHiB a00 MpaBuUII.

Etan 4. Po3paxyHOK HeOOXiTHOCTI IJII OTpUMaHUX
3aJIEXKHOCTEM.

HeoOxigHicTb po3paxoBYEThCSI 4Yepe3 MOXKJIUBICTh
BCiX iHIIMX 3HaYeHb 3MiHHUX, KpiM 3MiHHUX i3 MiAMHO-
KUHU X ;e

Eran 5. YnopsiakyBaHHSI OTpUMaHUX IMOSICHEHb 3a
3HaYEeHHSIM HEOOXiTHOCTI.

PesynsratomM gaHoro erany € Habip 3MiHHUX, SKi
€ MOXJIMBUMM TNPUYMHAMM OTpuMaHoro pimeHHs. Lli
3MiHHi YIOPSIAKOBYIOTBCSI 32 CTYIIEHEM HOBipU 10O HUX.
OcTaHHSI BU3HAYAEThCS 3TiMHO HEOOXiTHOCTI BUKOpHC-
TaHHSI UUX 3MiHHUX.

B ToMy BmITamKy, SKIIO iHTEJIEKTyaJdbHa CHCTeMa
MPEeJCTaBCHA Y BUMISAL «CipOTO SIIIMKY», TOAI Pe3yJib-
TaTOM € HaOip TeMITopaJbHUX MPaBUJI, SIKi € MOXJIUBUMU
MIPUYMHAMMU pillleHHS i3 KJacy R, .

Oco0MMBICTh BUKOPUCTAHHSI TEMITOPAIbHUX TMPaBUII
IIOJISATA€ B TOMY, 1110 BOHM BU3HAYAIOTh HE JIUIIIE TIPOMIiXK-
Hi CTaHU, SIKi € MOKJIMBUMHU MIPUINHAMU TSI OTPUMAaHO-
ro pe3yjabratry, ajge i Aii, SKi MpUBeJUu A0 LIUX CTaHiB, a
TaKOX 3B'SI30K MiX JisIMA, TOOTO YIMOPSIIKOBAHICTb Aii-
MPUYMHU Ta MOMNepeaHbOI 10 Hel Iii B yaci.

B pesynbraTi MOXXHA OTpUMaTH KOMILJIEKCHY MTPUUYM-
Hy pe3yJabTaTy: KJIo4doBa mis (ado mii), sIKi IPpUBEIHN IO
TAHOTO PIllIEHHS, a TaKOX MEePEeIyMOBH IIJII BUKOHAHHS
LIUX KJIIOYOBUX AilA.

Tak, AKIIO MM PO3NISIAAEMO JIFOMWMHO-MAITUHHUI
Mpoliec MPUNHATTS pillleHHSs, TPU SIKOMY JIOAMHA BUKO-
PUCTOBYE MPOMIiKHE PIillIEHHS iHTEJEKTyaIbHOI CUCTEMU
1 BiITTOBIAHO 3MiHIOE aJITOPUTM POOOTU, TO B SIKOCTIi IIpU-
YUHA MU MOXKEMO 3'sICYBaTH, YA BUKOPHUCTAJIA 11T JIIOI-
Ha-oIepaTrop MPOMiXKHi pe3yJbraTi poOOTU CUCTEMM Ha
MMOJATBIINX eTarax MpoIecy MPUMHATTS PillleHHST.

Hanpuknan, yu Oyayd BUKOPUCTaHI pe3yJbTaTH aB-
TOMAaTU30BaHOI AiarHOCTUKU y MPOLECi cepBiCHOro 00-
CJIYTOBYBaHHSI KIIIEHTIB. AOO X HaBMaKM, 3 METOIO CIIPO-
IIEeHHS POOOTHM BWKOHABEIb IIPOIrHOPYBAaB OTPHUMaHY
iHdopMallito.

PosrisitHemo npukian dopMyBaHHS MOXIMBICHO-Ka-
y3aJIbHOI 3aJIe3KHOCTI IJIsI TIOSICHEHHS! 100 MPOMNO3ULIil
KOMIT'I0Tepa B peKOMeHAaLiiHill cucremi.

BukopucTtoByoThesl BXifHI JaHi PO MpoJaxi HOYT-
OyKiB y CHUCTEMi eJIeKTpOHHO1 KoMepuii. i MicTaTh iH-
dopmalriro Ipo MoAeNIb KOMII oTepa.

Ha 6a3i indopmauii npo Monesi HOyTOyKiB (opMy-
€ThCS MHOXWHA KJaciB pillleHb R :{R,}’ 110 MiCTUTh
MoJeJli HOyTOYKiB Ha 6a3i rmpoiecopiB i7,i9 , TowIo.

MHoxnHa KJaciB BXiIHUX JaHUX, [JIs, Hamlpu-
KJaa, Tpouecopa, (QOpPMYETbCSI Yy BUTJSAII Habopy
X ={i3,i5,i7,i9} . KoxHa i3 miaMHOXUH i3,i5,i7,i9

MICTUTh Ha3BM MOJIeJIeli BillTOBIIHOTO TUITY, HATIPUKIIA
i7={i7-1185,i7-1165,...} .

Ha 6a3i indopmalii nmpo npoaaxi GopMyeTbcss MHO-
JKMHA WMOBIPHOCTER MpoAaxy HOYTOYKIB i3 BiAMOBIIHM-
munpouecopamu: p(i7)={p(i7-1185), p(i7-1165),...} .

Ha nacTynHMX eTamax po3paxOBYETHCSI MOKJIMBICTb
1(i7) :

T1(i7) = max (p(i7-1185), p(i7-1165),...), (14)
Ta GOpPMYy€ETHCS Kay3aibHa 3aJIe>KHICTh BUIY

i7 — 1185 = Mogenb HOyTOYKa (15)
SIK OCHOBA TMOSICHEHHSI I[0JI0 3alIPOITOHOBAHOI MOJIENI.
AHAaJIOTiUHi pO3paXyHKU BUKOHYIOTHCS JUIST iHILMX
BXiTHMX 3MiHHUX, IOB’SI3aHUX i3 MaM'SITTIO, XXOPCTKUM
IICKOM, TTapaMeTpaMHM eKpaHy, 30BHIIIIHIX ITOPTiB, TOIIO.
3anexHocTi Buny (15) B noganpioMy yrnopsiikoBYIO-

Tbd 3a 3HAYEHHSIM HEOOXiTHOCTI.

BucHoBkn

Po3pobiieHO KOMIUIEKC  MOXJIMBICHO-Kay3aJbHUX
MojeJeid MOSICHeHHsI B iHTEJEKTyalbHIM CUCTEMi, IO
3a1af0Th IIPUYMHHO-HACTIIKOBUI 3B'SI30K MiX KiIacaMu
BXiTHMX TAaHUX, CTaHiB, TEMITOpPAJIbHMX IIPaBUJI Ta KJia-
COM pillIeHHSI.

ITpu npencraBieHHi iHTeJEKTyalbHOI CUCTEMU Y BU-
[JISIi «9OPHOTO SIIIUKY» MOSICHEHHST BUSHAYAETHCS Yepe3
MOXJIMBICTb BIUIMBY BXiIHMX AAHWX Ha PillIEHHS iHTe-
JIGKTYaJIbHOI cCTeMU. MOXIIMBICTD PO3PAaXOBYETHCST IS
ITIMHOXWHHY, IIIO MIiCTUTh IIPEACTAaBHUKIB OTHOTO KJIacy
JTaHUX.

Mogenb B 1aHOMY BUMAAKYy 3a0e3reuye IMOsSICHEHHS
1IOJO0 PillIeHHS iHTeJeKTyaJabHOI CUCTEeMU 4epe3 BIUIUMB
BXiTHMX HaHMX Ha pe3yJbTaT, IPEACTABISIIOYM TaKUI
BIUTUB SIK MOXJTUBICHUI Kay3aJIbHUI 3B'SI30K MiX BXOIOM
Ta BUXOIOM iHTEJICKTyaIbHOI CUCTEMM.

ITpu npencraBieHHi iHTEJIEKTyalbHOI CUCTEMU Y BU-
IJISITi «CIpOTO SIIIKMKY» TOSICHEHHSI BU3HAYAETHCS depes3
MPUYMHHO-HACIIAKOBI 3B'SI3KU MiX HisIMM CITPOILIEHOIO
MpolIeCcy MPUNHSITTS PillleHHS.

besnocepenHbo CIpolleHU TIpoliec BigoOpaxkae mo-
CJIIIOBHICTh OTPMMAaHHS pe3yibrary, chopMoBaHy Ha
OCHOBi NTOCTYNMHUX JaHUX NpPo (YHKIIOHYBaHHS iHTe-
JIEKTYaJIbHOI CUCTeMU, HANPUKIIA[, Ha OCHOBI XypHasiB
noniii. Taka TOCHiZOBHICTh MPENCTABISIETHCS TEMIIO-
pPaTbHUMU 3aJIEKHOCTSIMU.

MoxXnuBiCHUI acleKT MOJENi y JTaHOMY BUTIAAKY BU-
3HAYAETHCS IS OKpEeMUX il ab0 MOCHiIOBHOCTEN Aiii
CMPOILIEHOTO MPOLIECY MPUUHSATTS PillICHHS.

VY npaktuyHOMy TJlaHi po3pobseHa Mojelb Opi€H-
ToBaHa Ha (OPMyBaHHS OIMCY IIPOILECY MPUUHSATTS
pillIeHHSI 3 BUKOPUCTAHHSIM MOXJIMBICHOIO TIIiIXO.Y,
IO CTBOPIOE YMOBM IJISI TTOOYHOBU 3pPO3YMIJIOTO OIIM-
Cy TIpollecy NPUUWHSATTS pillleHHS Y BUIVISIAI MHOXKU-
HU B3a€EMOIIOB’SI3aHUX MOXJIMBICHUX Kay3aJbHUX 3a-
JIEXKHOCTEl Ha OCHOBiI OOMEXXEHUX AaHUX MpO TMpolec
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(GyHKUIOHYBaHHS iHTEJEKTyalbHOI iHDOpMAaLiiHOT cUC-
TEMH.

Po3pobieHo MeTon moOynoBU MOSICHEHHST B iHTEIEeK-
TyaJlbHilt iH(OpMalliiiHiil cucTeMi Ha OCHOBI MOXJIMBIC-
HMX Kay3aJbHUX 3aJIEXKHOCTEM.

Meton MicTUTE eTanW BU3HAYEHHS KJIAaCiB BXITHUX
MaHUX IJIg TOSICHEHHS, (pOpMYBaHHS MOXJIIMBUX IIPU-
YMHHO-HACIIIKOBUX 3aJIeXKHOCTEM, PO3pPaxXyHKY MOXK-
JIMBOCTEN BUKOPUCTAHHS OTPUMMAHUX 3aJIEXKHOCTEH ISt
MoOyIOBY MOSICHEHHSI, PO3paxXyHKY HEOOXiTHOCTI s
OTPUMAHUX 3aJIEXKHOCTEH Ta YIOPSIIKYBaHHS OTPUMAHUX
MOSICHEHb 3a 3HAYEHHSIM HEOOXiTHOCTI.

MeTon 1a€ MOXIUBICTb MOOYAYBaTU MOSICHEHHS TIPU
MPEeJCTaBACHHI 1HTEJIeKTyaJlbHOI iH(OpMaliiftHOl cuc-
TeMU SIK Y BUIISIAI «4OPHOTO», TaK 1 y BUIISIIAI «Ciporo»
SILMKY, BiTOOpa3MBIIN BiAMTOBiIHO BIUIMB BXiTHUX JaHUX
Ta BIUIUB CIIPOILIEHOTO IIPOLIECY IMIPUIHSITTS pillleHHS Ha
pe3yNIBTaT iHTEJICKTYaIbHOI CHCTEMMU.
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THEORY OF L-SYSTEMS AS A FRAMEWORK
FOR CREATING INFLECTIONAL E-DICTIONARIES

One of the main issues in modern e-lexicography is the creation and support of computer resources meant for teach-
ing language grammar. Among them are electronic dictionaries of word inflection. The compilation of such dictionaries
requires not only the choice of computer technologies, but also an appropriate theoretical basis for building a conceptual
model that would formally represent the inflectional system of a particular language and serve as a basis for developing
a respective dictionary database and interface. For the purposes of this research, such a basis is the theory of L-systems
by the leading Ukrainian Academician Volodymyr A. Shyrokov. The author of the paper shares his own experience of
using L-systems theory to work out a methodology and implement on its basis a number of inflectional e-dictionaries
projects covering Spanish word inflection, English verb inflection, and noun inflection of the Inter-Slavic language. The
theory of L-systems can be considered universal, so it is applicable to any other natural or even artificial language with
a developed word inflection system. The dictionaries created using this methodology allow: 1) automatic generation of
inflectional paradigm for any headword; 2) grouping the words into types, groups, and classes based on the similarity of
their inflectional properties; and 3) indicating morphological characteristics of any word form composing a paradigm.

COMPUTER LEXICOGRAPHY, FORMAL MODEL, L-SYSTEM, INFLECTIONAL E-DICTIONARY,
DIGITAL ENVIRONMENT

Kynpisnos €. Teopis JI-cuctem SIK KOHIENTYaJIbHA OCHOBA ISl CTBOPEHHS CJIOBO3MIHHHX €JIEKTPOHHUX CJIOBHUKIB.
OIHI€I0 3 TOJOBHUX TPOOJIEM Cy4acHOI eJIEeKTPOHHOI JeKCUKorpadii € CTBOPEHHs Ta IMiATPUMKa KOMIT'IOTEpHUX
pecypciB, NPU3HAYEHUX TSI HABYaHHSI rpaMaTUKU MoBU. Cepell HUX — €JIEKTPOHHI CJIOBHUKHU BiIMiHIOBaHHS CJiB.
VYKI1aaHHsI TAaKUX CJIOBHUKIB MOTPEOYE He JINIIe BUOOPY KOMIT IOTePHMX TEXHOJIOTI, a i BiIMOBITHOTO TEOPETUIHOTO
MiATPYHTS U151 MOOYAOBU KOHLENTYaJbHOI MOZEJI, sika 0 (hopManbHO pernpe3eHTyBasla (hJIEKTUBHY CUCTEMY MEBHOT
MOBH i CJIyryBaja OCHOBOIO JJIs1 pO3pO0KH BiIMOBIIHOI CJIOBHUKOBOI 0a3U JaHUX Ta iHTepdeiicy. Y mexax 1boro 10-
CJTIKEHHST TAaKOIO OCHOBOIO € Teopist JI-cucTeM MpoBiTHOTO YKpaiHChKOTro akaaeMika Bomonumupa AHaromiiioBuya
[IupoxoBa. ABTOp CTATTi AiIMTHCS BJIACHUM JOCBIIOM BUKOPUCTAHHS Teopii JI-cucTeM mist po3poOKM METOI0JIOTIi Ta
peasnizallii Ha il OCHOBI HU3KHY MPOEKTiB (PJIEKTUBHUX €JIEKTPOHHUX CJIOBHUKIB, 1110 OXOILTIOIOThH (hJIeKCit0 iCaHChKUX
cJIiB, (bJIEKCit0 aHTTIMCHKUX AiECTIB Ta (DIIEKCil0 iIMEHHMKIB MixXCJIOB'THChKOI MOBH. Teopito JI-cucteM MOKHa BBa-
KaTU YHiBepCaJbHOIO, TOMY BOHa MOXe OYTH 3aCTOCOBaHa A0 Oy1b-SKOI iHILIOI IPUPOAHOT 200 HABITh LITYYHOI MOBU
3 PO3BUHEHOIO CUCTEMOIO clToBO3MiHU. CTIOBHUKU, CTBOPEHI 3a 11i€10 METOJOJIOTIEI0, NAaI0Th 3MOTY 1) aBTOMaTUYHO
reHepyBaTH (pJIeKCiliHy mapagurmy 1jst Oyab-sIKOro 3aroJJOBHOTO CJI0Ba; 2) 00’€IHYBaTH CJI0Ba B TUIIX, TPYIIU i KJ1ach
Ha OCHOBI MOJIOHOCTI IXHiX (heKCiiHUX BIACTUBOCTE; 3) BKa3zyBaTH MOP(OJIOTiuHI XapaKTepUCTUKU OYyab-sIKOT
c710Bo(OPMHU, 110 BXOAUTH 0 CKJIAAy MapagurMu.

KOMITIOTEPHA TEKCUKOI'PA®IS, DOPMAJIbHA MOJEJIb, I-CUCTEMA, EJIEKTPOHHUM CJIO-
BO3MIHHUWI CIOBHUK, LIM®POBE CEPEJOBMILIE

Introduction

With large amounts of information growing at ever-
increasing rates, the problem of developing effective tools
for automatic natural language processing remains rel-
evant. The key objects of natural language processing are
lexical units, i.e. words. Therefore, an integral component
of every NLP system should be a module for morphologi-
cal analysis. Such a module is mainly a grammar diction-
ary generating the full set of inflectional forms, or giving
its lemma form from any inflectional form for a particular
unit. This is especially true for languages with a developed
inflection system, such as Ukrainian, English, German,
Spanish, and others. These dictionaries should also have
provisions to be used not only by NLP systems, but also
by language learners. In this regard, it is necessary to de-
velop an appropriate methodology to elaborate a formal
model of the inflection system and develop a database and
interface on its basis.

The methodology is possible to be elaborated owing
to the theory of lexicographic systems (L-systems), which
provides a universal conceptual basis for modeling mor-
phological subsystems for inflected languages. The theory
offers a framework for building a formal model to repre-
sent the structure and functioning of the word inflection
system. This model reflects in a formal way the structural
elements of the dictionary, as well as the relations between
them. When developing a formal model, it is necessary to
determine the types of linguistic information to be provid-
ed by the e-dictionary. These include: 1) the inflectional
paradigm for both a single linguistic unit and a group of
units inflected by the same word change rule 2) the mor-
phological characteristics of any word form and the pa-
rameters that determine the place of the unit in the word
change system of a particular language; 3) the original
form of any word taken from the text.
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Based on the above, the purpose of our research is
to highlight some issues related to the development of a
methodology for compiling inflectional e-dictionaries
using the theory of lexicographic systems (L-systems).
The methodology was applied while carrying out specific
projects of e-dictionaries of: 1) Spanish word inflection,
2) English verb inflection, and 3) noun inflection in the
Inter-Slavic language. The projects were implemented un-
der the supervision of the author within the research and
development works by the Interdepartmental Center for
Applied Linguistics at the National Technical University
“Kharkiv Polytechnic Institute”.

1. Related Works

The problems of creating inflectional e-dictionaries
are widely discussed in many works [1-8]. The range of
issues considered mainly includes:

1. Data science and linguistic foundations necessary
for the development of inflectional dictionary-
making systems.

2. Compiling inflectional e-dictionaries for NLP sys-
tems (morphological analyzers, spell-checkers, in-
formation extraction systems, etc.).

3. Developing interface schemes for inflectional e-
dictionaries to make more interactive the process
of grammar learning.

4. Formation of search queries to work with the data-
base of the word dictionary.

5. Designing the entry structure of inflectional e-
dictionaries and selecting parameters for describing
inflectional paradigm.

So, the elaboration of an electronic inflectional dic-
tionary suggests a wide range of issues to be resolved in
complexity, from collection and analysis of linguistic ma-
terial to the development of a formal model for represent-
ing the inflectional system in the digital environment.
The model is used to build up a database and design an
interface of e-dictionary. All of this requires an appropri-
ate methodology. Thus, the present research proposes a
methodology for compiling word-changing dictionaries
that will help solve a number of lexicographic tasks:

* Building a formal model to represent the inflection

system in digital environment.

+ Parameterization of the inflection system repre-
sented by the model.

« Formation of the dictionary database.

* Development of the interface offering different
modes of displaying the inflection system.

« Elaboration of an algorithm for the automatic con-
struction of inflectional paradigm for any word.

2. Methodology

The proposed methodology of e-dictionary compila-
tion is based on the theory of L-systems by the leading
Ukrainian academician Volodymyr A. Shyrokov [6-8]. As
an example, there have been chosen inflection system of
English, Spanish, and inter-Slavic languages.
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2.1. General overview

An L-system is a specific type of information system
that is similar in its structure and functioning to any natu-
ral language. The structure of L-system has something like
a dictionary and a grammar, which interact with each oth-
er to form one or more lexicographic effects (L-effects).
Such an effect can be considered any linguistic phe-
nomenon that takes place during language functioning,
for example: word formation, lexical groups, synonymy,
homonymy, polysemy, etc. In this research, such a lexico-
graphic effect is the generation of inflectional paradigm,
as well as the distribution of linguistic units by inflectional
types, groups and classes.

2.2. System triad

According to the L-system theory, a language system
can be represented by the symbolic triad “structure-sub-
stance-subject” or

S=S+S5+S, (D)
where S on the left side stands for the concept of the system,
and the right side of the equation demonstrates the interac-
tion of the constituent components of this concept (actually:
Structure, Subject, and Substance).

During its functioning, a system shows structural and
substantive properties. The structural ones characterize
how many initial elements are used to form a particular
linguistic object, what the order of these elements should
be, and what relations they are combined within the con-
structed object. The structure is presented as a certain ab-
stract model on which the linguistic material (substance)
is overlaid, and as a result we have a concrete linguistic
object in the form of a word form, phrase, sentence, etc.
At the same time, Volodymyr A. Shyrokov notes that the
structure and the choice of appropriate means of mate-
rializing it are set by the third element of the triad, the
subject, according to the relevant rules and algorithms. In
case of inflection:

« the structure is represented by a formal model
showing the permanent ("stem") and variable
("flexion") parts of a word;

+ the substance is material (stems and flexions) to
build up corresponding inflectional form of a word;

» the subject applies the algorithms to build an in-
flectional paradigm using the given structure and
substantive elements.

2.3. Inflection phenomenon as a L-effect

The L-effect is a product of language functioning in
the form of system triad (1). As for inflection, it can be
formally represented as:

H:[x] = c(x) * [f(0)], (2)
where H denotes L-effect (inflection), [x] is a set of word
forms (paradigm) of unit x, and [f{x)] is a set of quasi-flexions
that are part of the paradigm [x]. The symbol “*” denotes
the concatenation of a quasi-stem with a quasi-flexion. The
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prefix quasi- means that the terms “stem” and “flexion”
do not always correspond to their definitions in traditional
linguistics.

Thus, analyzing how conjugation is performed, we can
see that quasi-flexions can cover the whole word (in the
case of the suppleptive forms), part of the stem, or coin-
cide with the ending. For suppletive forms, we have a zero
quasi-stem. Any unit x is supposed to have a correspond-
ing quasi-stem c(x) and a set of corresponding quasi-flex-
ions f{x). Table 1 shows the examples of the elements in
three languages.

Table 1
Quasi-stem and quasi-flexions in three languages
English Spanish Interslavic
c(x) Sx) c(x) Sx) c(x) Sx)
ha ve t engo ljub ov
ha S t ienes ljub ve
ha S t iene ljub vi
ha ve t enemos ljub ov
ha ve t enéis ljub ovju
ha ve t ienen ljub vi

Table 1 shows an example of quasi-stems and quasi-
flexions used to form the paradigm of the Spanish verb
tener (fo have), the English verb fo have and the Inter-
Slavic noun Jjubov (love) The formal model (2) shows, at
a higher abstract level, the mechanism of building a para-
digm for a word regardless the part of speech it belongs to:
noun, adjective or verb, etc. It is important to note that
the quasi-stem c(x) and the quasi-flexions f{x) can take on
the following values:

* ¢(x) = J if the word has suppletive forms, such as
the English verb fo be, the Spanish verb ser (to be),
and the inter-Slavic noun ¢lovék (man);

+ fix) = if the word is uninflected, for example, the
English verb must, all Spanish numerals, adverbs,
and some nouns, as well as indeclinable nouns of
inter-Slavic languages such as faksi, zZuri, depo;

* c(x) = x — fix) if the word in its formal structure
has both the quasi-stem and respective quasi-flex-
ions, e.g. English verb o sfeal, Spanish verb tomar
(to take) or the Inter-Slavic noun Zena (wife).

The set of quasi-flexions [f(x)] depends on the word

type. Each of them is divided into grammatical classes
and groups and paradigmatic classes.

2.4. Inflectional classification principle

The theory of L-systems provides the following distin-
guishing features for the universal classification of linguis-
tic units: paradigmatic type, grammatical class and para-
digmatic classes. Paradigmatic type is a set of language
units with the same grammatical function, which are
inflected by the same sets of inflection parameters. Each
paradigmatic type can cover several grammatical classes,
i.e. a set of words united by common grammatical features.

In some languages, grammar classes can be also divided
into paradigmatic groups — groups of words that represent
a certain type of inflection paradigm (for example, regular
or irregular paradigm, or even double paradigm for verbs).
A paradigmatic group consists of paradigmatic classes — a
set of words that in the process of forming an inflectional
paradigm use the same set of endings (quasi-flexions).

Paradigmatic types will be denoted by 7}, i = 1, 2, ...,
N, where N is the number of paradigmatic types; WA(T)) is
the set of words belonging to type 7). Then K = {K|, K,...
K} is the set of grammatical categories of a language, and
Q(T)) is the set of grammatical values corresponding to
a certain paradigmatic type 7;. Thus, the multiset of the
words comprising the paradigmatic type can be given in
the following formal form:

<X|TIK> = [<x, K>8(x, K)); ..., <x, K,>3(x, K))I, (3)
where 3(x, K;) denotes the factor of occurrence of a word x
to the paradigmatic type provided it has grammatical feature
K. This factor can be defined in the following way:

8(x, K)) =
1, if x has a K; appropriate for given 7, 4)
{ 0, if x has a K; in appropriate for given 7,

Each paradigmatic type is characterized by its own
set of features expressed through grammatical categories,
grammatical meanings, and forms. The number of para-
digmatic types may vary in a given language: 7}, i = 1, 2,
..., N, where N is the number of paradigmatic types. So,
all the set of the words W in any language can be grouped
into several paradigmatic types:

W=w(T)v...uW(T,), %)
where W(T,) and W(T,) are the sets of the words cor-
responding to a particular paradigmatic type T by their
features.

Further, the paradigmatic type can be divided into sev-
eral grammatical classes, i.e., sets of words Wi the struc-
ture of which can change as a result of applying a particu-
lar inflectional parameter. The subdivision of words into
grammatical classes within a certain paradigmatic type
can be described as follows:

p

Wi = ,Ul W(P), ©6)
where P, j =1, 2, ..., p is grammatical class, and p is the
number of grammatical classes in the paradigmatic type 7.
A grammatical class may comprise one or several para-
digmatic classes, which can be represented as I, ¢ P, T;.
This expression should be read as follows: inside the para-
digmatic class I1, there are words of the grammatical class
P, whose inflection belongs to the paradigmatic type T;.
Thus, the set of the words with an inflectional paradigm of

type T; takes the final form:

pi o
wry = (U] W(IL)

j=1\k=

; (7
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where p; is the number of grammatical classes in which the
inflection is of paradigmatic type 7}; n; is the number of
paradigmatic classes of grammatical class P; in which the
inflection is of paradigmatic type 7.

The general principle of classifying the words by their

inflectional properties is shown in Fig. 1.

Paradigmatic types

—

®l® e e ke
oo o b le

Fig. 1. General principle of grouping the words
by inflectional properties

The application of inflectional classification principle
to the words of the three languages will be presented in the
following subsections.

2.5. L-system model and architecture

This subsection sets out the principle of modeling the
inflectional system of any language. Formally, it can be
represented as a L-system where the lexicographic effect
(inflection) is produced:

LS ={19(D), A" (19(D)),P*(I1%(D)),F',C",H" }, (8)

where where LS is L-system; A" (/ Q(D)) = {xo} is the set
of units in lemmatical form, P*(/ Q(D)) = {[x]} is the set
of inflectional paradigms, F"is an operator establishing the
relation “unit — lemmatical form”, C’ is an operator estab-
lishing the relation “unit — paradigm”, H' is an operator
that correlates the lemmatical form with a paradigm. In turn,
the elements of L-system A” (IQ(D)) and P* (IQ(D)) can
be decomposed using the recursive reduction mechanism
RRL [V([Q(D))] , as shown in Fig. 2.

vA(1%(p))

PA(I%(D)) = {1}

AN

APA(19(D)) PPA(19(D))

M (1%(D)) = {xo}
/—>\
A01(10(D)) PA%(1%(D))
Fig. 2. Recursive reduction RR{ [V(] Q(D))J

19(D)) of L-system includes a set
19(D)) that determine the place

The left part A"
of parameters A"

92

of a unit in the inflection system according to the clas-
sification (paradigmatic type, grammatical class, para-
digmatic class), as well as PAOI(I Q(D)) containing the
units in lemmatical form that correspond to the para-
meters AAOI(IQ(D)). The right part P" (IQ(D)) con-
tains both all the word forms that make up the paradigm
pr (I Q(D)) and the parameters representing the set of
grammatical values A™ (IQ(D)) =Q.

The implementation of a lexicographic system is a type
of information system, the architecture of which is cho-
sen to be three-level, compliant with ANSI/X3/SPARK
(or simply ANSI/SPARK). The main components of the
ANSI/SPARK architecture will be used in this interpreta-
tion:

ARCH LS = {CM,INM,EXM; @,‘P,E} 9)

where CM denotes conceptual model, INM = {InM} is a set
of internal models and EXM = {exM} represents the set of
external models. In case of e-dictionaries CM represents the
formal structure of inflectional system, inM is a model show-
ing the e-dictionary database structure and exM designates
an interface scheme to access the e-dictionary database.

The application of L-system model (8) when compil-
ing inflectional e-dictionaries will be demonstrated in the
following section.

3. Experiment

The experimental part of the research proposed in-
cludes the building of a conceptual model in accordance
with the methodology outlined, selecting model parame-
ters, as well as designing a database and interface schemes
for inflectional e-dictionaries in question.

3.1. E-dictionary of English verb inflection

The first step in compiling the dictionary was to classify
English verbs according to their inflectional properties, as
described in 3.4. Such classification requires selecting for-
mal criteria by which the whole set of verbs is divided into
certain subsets, the mutual intersection of which is empty
and within each of them the inflection generation follows
the same rule. The subsets of verbs with such properties
will be referred to as grammatical classes (6). Each of
grammatical classes falls into several paradigmatic groups
(7), representing certain types of word change. For exam-
ple, in English, we distinguish three grammatical classes:
“Regular verbs”, “Irregular verbs” and “Defective verbs”.
In turn, the second grammatical class can be divided into
paradigmatic groups in which inflection is built according
to certain rules, for example, doubling or alternating the
final consonant, etc. For example, the grammatical class
"Irregular verbs" is divided into the following paradigmatic
groups: 1) “Verbs with individual inflection in past tense”;
2) “Verbs with an unchangeable past form”; 3) “Verbs with
2 or 3 identical past forms”. In this dictionary the whole
inflection system is represented by the single paradigmatic
type of verbs. The full diagram showing the English inflec-
tional system of the verbs is shown in Figure 3. The most
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developed is the grammatical group "lrregular verbs", as it
contains 35 paradigmatic classes, which are arranged in
the respective paradigmatic groups.

PT=verbs

PCI = Regular PC2= PC3=
verbs Trregular verbs Defective verbs
PGI = Verds PG2 = Verbs PG3 = Verbs
with individual with an with 2nd or 3rd
inflection in unchangeable identical past

past tense past form Jorm

| ParCl3 ‘ | ParC2.1 ‘ | ParC3.1 | | ParC3.31 ‘

Fig. 3. English inflectional system of the verbs

The above inflectional classification was used on the
second step while constructing the conceptual model and
its parameterization. The L-system (8) with its structural
elements shown in figure 2 has been taken as a basis. The
left part of L-system A" (1 Q(D)) represents the inflec-
tional system as a whole and comprises:

< AN (l Q(D)) , a set of classification parameters:
AN (18(D))={GC, PG, ParC}

. pA ([Q(D)), a set of English verbs in lemmatical
(infinitive) form:
19(D)={x};
The right part PA(I Q(D)): contains various sets of

lexicographic descriptions of the English verb paradigm,
namely:

. ph (IQ(D)) , a set of word forms of the verbs as a
result of L-effect H in the L-system:

PPN (12(D)) ={Ix1} ;
« AP (I Q(D)) =Q, the set of grammatical meanings
that a particular form of a verb takes on.

The set of grammatical meanings Q is composed of
several subsets Q=0Q' Q% O 0* 0’ Q% Q7. Q% | each one
having particular parameters:

« Ql={o|!, w,'} = {finite, non — finite}, the subset
of grammatical meanings to characterize the verb
forms;

« O’={o?, 0%, 03} = {lst, 2nd, 3rd}, the subset of
grammatical meanings of person;

« O’={o?, ,’} = {singular, plural}, the subset of
grammatical meanings of number;

« Q= 0%, o;*t = {present, past, future}, the sub-
set of grammatical meanings of tense;

 O={op, 0y, 07, 0} = {simple, progressive, per-
fect, perfect progressive}, the subset of grammatical
meanings of tense type;

o O={wf, 0, 0% = {indicative, subjunctive, im-
perative}, the subset of grammatical meanings of
mood.

« Q%={w/, ®,/} = lactive, passive}, the subset of
grammatical meanings of voice.

- O={o?, 0.}, 0¥} = {infintive, gerund, participle},
the subset of non-finite forms of a verb.

The next step after building the conceptual model was
to develop a database for an e-dictionary of English verb
inflection. The database was created using SQLite Studio,
a compact built-in database management system. As
seen in Fig. 4, the database has six tables: Verbs, Words,
Groups, Types, Modal verbs, and Modal groups.

INTEGER
past_simple  INTEGER word_id
past_participle INTEGER word TEXT
translation TEXT

INTEGER

transcription TEXT

group_id INTEGER
name  TEXT
description TEXT
type_id INTEGER

group_id INTEGER

type_id INTEGER
name  TEXT
description TEXT

modal_verbs

verb_id INTEGER
INTEGER

modal_groups

group_id INTEGER
future_present INTEGER name  TEXT

group_id

past TEXT
translation TEXT

description TEXT

Fig. 4. Database structure

These tables contain linguistic information and addi-
tional data for automatic generation of inflectional para-
digm and its representation in a dictionary entry. The
tables are described briefly below:

« Table “Groups”: information about all paradig-
matic groups and their relation with respective par-
adigmatic classes, including id number and short
description;

+ Table “Words”: list of all the English verbs with
their unique number, number of paradigmatic
group and transcription;

+ Table “Verbs”: quasi-flexions for the verbs listed in
the Table “Words” together with the unique num-
ber of paradigmatic group and translation of the
verbs;

+ Table “Types”: description of grammatical classes:
regular or irregular verbs;

« Table “Modal_verbs”: information related to mod-
al verbs, namely: paradigmatic class numbers and
grammar forms.

For automatic generation of the inflectional paradigm,
the database contains the information about the quasi-
stem for any verb. The generation process by the e-dic-
tionary depends on the value of c¢(x) for a word form, as
shown in Table 2.
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Table 2
Determination of quasi-stem c(x)
to build inflectional paradigm
Fragment
X c(x) () S of inflectional
value value .
paradigm
teach | c(x) =x —f(x) t each taught, taught
call c(x) =x+ f(x) c(x) 0 called
g0 cx)=9 0 went went, gone

The final step was to develop the dictionary’s interface,
which consists of the following elements (Fig. 5): a search
bar and a dictionary entry panel. The search bar offers
three modes of working with English verb inflection. The
first one allows building a paradigm for a specific verb at
the user’s request. The second (search by class) and third
(search by group) modes display a list of verbs that have
common verb-inflectional properties according to the
classification performed (Fig. 3).

1 | Dictionary of English verb infiection - a X

Search by lemma Search by class Search by group

( ]

Search

Finite form | Noa-finite form
Active voice
singular plural

Istperson 2nd person 3rdperson  1stperson  2nd person  3rd person

1st per

No ¢ontent in table

Fig. 5. General view of the dictionary interface

The dictionary entry panel has a certain structure for
displaying lexicographic information in accordance with
the selected parameters of the conceptual model. The
panel is divided into two parts: “Finite form” and “Non-
finite form”. The first part displays all the person forms of
the verb in the active and passive voice and in all tense and
mood categories. Non-Finite form tab displays the parti-
ciple, infinitive and gerund form of the verb in question.

The “Search by Class” mode offers a list of verbs
belonging to a particular grammatical class, including:
Irregular verbs, Regular verbs, and Modal verbs. For ex-
ample, Figure 6 shows an example of displaying all verbs
in the Irregular Verbs class.

* Dictionary of English verb infiection - o X
Search by lemma Search by claSearch by group
| v ieguiar verbs -]
| Reguarvers
Infinitive  Past Simple  Past r.mk'w“ Mactat verbe
ot cost cost o
wt e e
hurt hutt hutt
hat ha ha
let tet et

Fig. 6. Search of the verbs by grammatical class
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To see verbs categorized by paradigmatic groups, navi-
gate to the “Search by Group” page and choose the de-
sired group from the list. The paradigmatic group named
“Irregular verbs — group 1” is shown in Fig. 7.

The developed dictionary of English verb inflection is
intended to be used in linguistic research and educational
process.

3
1.2.and 3 foms are not changzd Ireguarves > 2growp |
Infioitive PastSimple | PastPaiticiple  IMeguarvems > 3grawp |
cost cont cont | Reguarvems -> 1goup =
cut cut ut Regularverbs (> 2910
hurt hurt hurt Regularverds  -> 3group
[ h hit Regularverps > & group
let fet et Medalverbs > 1group
put put put Modal verbs  +->  2.GROUp
resd resd resd
bet bet bet
bid bid bid
burst burst burst
cast <t <ot
kit kit ki
id od id
et

Fig. 7. Example of paradigmatic group 1 of irregular verbs

3.2. E-dictionary of noun inflection in the Inter-Slavic
language

Inter-Slavic is a semi-artificial language used by Slavs
of different nationalities to communicate with each other.
When developing the dictionary, we used the data available
on the website of the author of the Inter-Slavic language
and performed certain operations to achieve the look we
needed. The dictionary currently has about 8000 words.

The first task in creating a dictionary is to build the in-
flectional classification of inter-Slavic nouns. As in most
Slavic languages, nouns in Inter-Slavic have three gen-
ders (masculine, feminine, neuter), two numbers (singu-
lar, plural), and seven cases (nominative, genitive, dative,
accusative, instrumental, local, and vocative). Since only
nouns are considered in this project, there is only one
paradigmatic type. This type is divided into 2 grammati-
cal classes: inflected nouns (GC1) and uninflected nouns
(GC2). The first class contains 3 paradigmatic groups:
nouns with a complete paradigm (PG1), nouns with a
defective singularia tantum paradigm (PG2), and nouns
with a defective pluralia tantum paradigm (PG3). Each
paradigmatic class has 14 grammatical forms in the full
paradigm. For example, the word posol (ambassador) falls
into the paradigmatic class of the words with the follow-
ing set of quasi-flexions {ol, la, la, lu, lom, lu, le, li, lov,
lov, lam, lami, lah, li}. The characteristic of paradigmatic
groups is given in Table 3. and the classification scheme of
Interslavic nouns is shown in Fig. 8.

Table 3
Characteristics of paradigmatic groups
Numb.
Group name of paradigmatic

classes
Full paradigm 182
Defective paradigm (singularia tantum) 94
Defective paradigm (pluralia tantum) 35
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N

| GClinflected | | GC2 Uninflected |

N T—

PG1. Full PG2. Defective ;‘:ji- Defective
paradigm paradigm paradigm (plucalia
<A - ¢\

T
/1 N\ O\ [rac (7€ |[Fag |
[Pa |[Pac [P ][ Pac |

Fig. 8. The classification scheme of Interslavic noun

The L-system (8) for the dictionary was built in the
same way as in 3.1. The left part of L-system A" (IQ(D))
represents the inflectional system of the nouns and in-
cludes:

. AN ( 19( D)) , a set of classification parameters:

AN (19(D))={GC, PG, ParC} ;

. PAOI([Q(D)), a set of the nouns in lemmatical
form:

°(D)={xy};

The right part P* (I Q(D)) consists of the sets of lexi-
cographic descriptions of the noun paradigm, namely:

. p™ (1 Q(D)), a set of word forms of the nouns as a
result of L-effect H in the L-system:
PPN (19(D)) = {Ix]};
< AP ([ Q(D))ZQ, the set of grammatical meanings
that a particular form of a noun takes on.

The set of grammatical meanings Q is composed of
two subsets Q = {Q!, O}, each one having particular pa-
rameters:

Ql'={o, 0,!, 03!, 0,'} =

singular, plural,
singularia tantum,
pluralia tantum

the subset of grammatical meanings of number;
Q={02, 0,2, 02, 02, 02, 0, 0,2 =

nominative, genitive,
dative, accusative,
local, vocative

the subset of grammatical meanings of case.

The database of the dictionary has almost similar ta-
bles as the dictionary of the verb inflection. The interface
offers three modes of representing of noun inflection as it
shown in Figures 9-11.

Given that the dictionary is written for Latin words,
the automatic noun declension system of the inter-Slavic
language will also accept Latin words as input.

|| 88 oeciton e x|+

€ > C 0 O loalhost3000 % O

DECLINATION

WORI
SYSTEM XTI

BY GRAMMATICAL GROUP

BY PARADIGMATIC CLASS

Fig. 9. Single word mode

LID!(MMM x|+

€ > C 0 O lowhost300Nype * ©O 0t

DECLINATION

VST EM HND WORD. BY GRy

BY PARADIGMATIC CLASS

Choose type:

a1
masculine pluralia tantum v

alimenty Balkany
plural plural
alimenty Balkany
alimenty’ \cc. Balkany
aliment Balkan
Balkanam

alimentam

alimentami Balkanami.

Fig. 10. Grammatical group mode

88 Oecination syem x| +

€ > C O O loathost3000/group

Choose type:

28
[ rocsreprnn W

alimenty

plural

alimenty

aliment

alimentah

Fig. 11. Paradigmatic class mode

3.3. E-dictionary of Spanish inflection

The following paradigmatic types are distinguished in
the Spanish word inflection system: nouns and adjectives
T,, verbs T,, personal and reflexive pronouns 753, articles
T,, and T, which includes uninflected words in Spanish
(adverbs, prepositions, conjunctions, interjections). Each
of the identified paradigmatic types is characterized by a
certain set of inflection parameters (see Table 4).

The set of quasi-flexions is determined by the unit’s
relation to the relevant paradigmatic class. In modern
Spanish, we have identified 239 paradigmatic classes,
which are distributed in 8 lexico-grammatical classes, 25
paradigmatic groups within 6 paradigmatic types.
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A linguistic unit has a set of quasi-flexions correspond-
ing to the paradigmatic type, grammatical class, gram-
matical group of regular words with a full paradigm, and
paradigmatic class of verbs of the first conjugation. For
example, for the verb fomar (to take), the set of quasi-flex-
ions will look like this: [f{x)] = {-o, -as, -a, -amos, -dis,
-an, -é, -aste, -0, -amos, -asteis, -aron, -aba, -abas, -aba,
-abamos, -abais, -aban, -aré, -ards, -ard, -aremos, -aréis,
-aran, -ia, -ias, -ia, -iamos, -iais, -ian, -e, -es, -e, -emos,
-¢is, -en, -ara o -ase, -aras o -ases, -ara O -ase, -daramos
0 -dsemos, -arais o -aseis, -aran o -asen, -are, -ares, -are,
-aremos, -areis, -aren, -a / -a, -e, -ad, -en, -ar, -ando,
-ado}.

Table 4
Inflection parameters in Spanish
Parameter
PT Parameter values
name
T, number singular, plural
resent, past imperfect, past perfect
T, tense p » P p ,pastp >
future
indicative, conditional, imperative,
mode . .
subjunctive
person first, second, third
number singular, plural
T; case nominative, accusative, dative, locative
T, number singular, plural

The componentsoftheset ofgrammatical meaningsofthe
Spanish language Q= {Q‘,92,93,94,95,96,97,98,99}
are:

« Ql={o, 0,!, 03!, 0,1} ={m., £, m.yf.,, m. of}: the

subset of grammatical meanings of gender;

« O’={o?, ,%, w3’} = {singular, plural}: the subset of
grammatical meanings of number;

« O={o], 0, 05, 0, = {J, presente, preterito per-
fecto simple, preterito imperfecto, futuro simple}: the
subset of grammatical meanings of tense;

o O =of, 0t ot o = {1a pers., 2a pers., 2a
pers.-voseo, 3a pers.}. the subset of grammatical
meanings of person;

« O={op, 0, 05, 0} = {indicativo, condicional,
subjuntivo, imperativo}: the subset of grammatical
meanings of mood,;

« Q= 0,0, 0, o,0 = {nominativo, dativo, acu-
sativo, preposicional}: the subset of grammatical
meanings of case;

o Q7 = infinitivo, Q¥ = gerundio, Q° = participio: non-
finite forms of the verb.

The structure of the Spanish inflection dictionary da-
tabase (Fig. 11) is built on the basis of a conceptual model
that includes the following tables:

* Table “nom”, which represents the word list to-

gether with the code of the grammatical class part
and the number of the paradigmatic class (type

field);
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+ Table “indent” that specifies parameters and char-
acteristics that are the same for a particular para-
digmatic class;

+ Table “flex” containing sets of quasi-flexions;

« Table “Parts” of grammatical classes and their
codes;

+ Table “gr” of inflectional classes;

» Table “procInPar” of typical sets of typProc proce-
dures for creating analytical forms.

The software interface of the dictionary is currently
under development, but its functionality will be similar to
that described in subsections 3.1 and 3.2. The main func-
tions will include:

+ viewing the word list;

+ generating the full word paradigm of the word se-
lected from the wordlist and its main grammatical
characteristics;

+ displaying a part of the word list (by part of speech,
by paradigmatic class number, by an arbitrary que-
ry in SQL);

« displaying all grammatical homonyms, proper
names, etc.;

+ displaying quantitative characteristics regarding the
content of paradigmatic classes, parts of speech,
homonyms, etc.;

+ search for words in the word list;

* building a direct or inverse dictionary (setting di-
rect or inverse sorting in the register);

Lemmatization and morphological analysis of any
word or word form.

parts
o
|1D part

Reestr com

Field2 f ac

-
FieldS '_\_ [

Fielde type

Field? type_flex
Digit indent

Nom pos_alter
nom_old quant_alter
own comment
Date parte2

IsDel intcomm
IsActive instr
Reverse outstr
IsProblem istrent
acomm type_fill_par
accent transitivity
it typ_proc
id_ad)

Fig. 12. Spanish inflection dictionary database structure

4. Results

The inflectional e-dictionaries, the compilation of
which is described in subclauses 3.1 — 3.3, can be used in
different modes:

+ single word: its word-shifting paradigm together

with the grammatical characteristics of each word
form;
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+ grammatical classes: a list of all words that are
grouped together by their inflectional characteris-
tics, along with their paradigm;

« paradigmatic groups: a list of all the words included
in the selected paradigmatic group, which is part of
a certain grammatical class;

With regard to the use of dictionaries by researchers, it
is possible to study the pattern of changes that occur dur-
ing the formation of a paradigm; the influence of lexical
meaning on the realization of word-paradigm units; the
phenomena of homography, i.e., units that coincide with
each other in their grammatical form but belong to differ-
ent paradigmatic classes.

For educational purposes, the dictionary can: provide
a paradigm for a particular word, provide a list of words
that are declined according to the same rules, indicate
differences in the word change of words belonging to the
same grammatical class or group. The developed models
and structure of the e-dictionary make it possible to use it
in programs for automatic generation of a complete word
change paradigm for any register unit of the dictionary
(generation of all possible variants of grammatical forms).

Conclusions

The inflectional e-dictionaries created using the meth-

odology described in Section 3 can be used as:

* automatic morphological analysis tool in or NLP
systems (at the stages of POS-tagging, lemmatiza-
tion and synthesis);

« reference tool (word search, providing information
on word pronunciation of specific word units of the
dictionary).

Such peculiarities of the dictionary's purpose also put
forward certain requirements to its structure (the linguis-
tic information presented in the dictionary should be suf-
ficient to fulfill all the required functions; a wide variety
of ways of access to this information should be provided).
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COMPARATIVE ANALYSIS OF URL SHORTENING ALGORITHMS:
PERFORMANCE CONSIDERATIONS IN THE APPLICATION DOMAIN
OF WEB SEARCH AND INFORMATION RETRIEVAL TECHNOLOGY

INTELLIGENCE

This article provides an in-depth overview and comparative analysis of URL shortening algorithms, with a focus
on their performance and security. URL shortening is an important tool for creating concise versions of long URLs,
particularly in platforms with character limitations. However, the increasing prevalence of cyber threats has raised
concerns regarding the security of URL shortening. The paper examines a range of URL shortening algorithms, includ-
ing Hash-based and Randomized algorithms, and compares their effectiveness based on factors such as URL length,
randomness, and resistance to brute-force attacks. In addition, the article explores the security risks involved in URL
shortening and suggests strategies for mitigating them. The paper also includes a performance analysis of different URL
shortening algorithms, considering the time required to generate a shortened URL and redirect the user to the original
URL. Finally, the article discusses the challenges of evaluating URL shortening algorithms and outlines potential avenues
for future research in this area.

URL SHORTENING ALGORITHMS, PERFORMANCE EVALUATION, SECURITY CONSIDERATIONS,
HASH-BASED ALGORITHMS, PERFORMANCE EVALUATION, RANDOMIZED ALGORITHMS

Kupuuenko 1.B., [llampaii €.0. ITopiBasibHuii anais axroputmis ckopodennsi URL-anpec: MipkyBaHHS 010 npo-
JYKTUBHOCTI B MPUKJIA/IHii 00JacTi BeO-NMOMmYKY Ta iH(hopMaLiiiHO-TOIIYKOBMX TE€XHOJIOrIi. Y 1Iiif CTATTi MpeacTaBIeHO
JeTaTbHUM OTJISIL i MOPiBHSUIBbHUIA aHai3 anropuTMiB ckopoueHHst URL-anpec 3 akilileHTOM Ha IXHI0 TPOJYKTUBHICTh
i 6e3neky. CkopoueHHss URL-anpec € BaXXTMBUM iHCTPYMEHTOM [T CTBOPEHHST cTCTNX Bepceiil moBrux URL-anpec,
0Cc00JMBO Ha TuIaT(GopMax 3 OOMEXEHHSIMU Ha KiJbKicTh CUMBOJIIB. OMHaK, 3pocTaioda IMOMIUPEHIiCTh Kibep3arpo3
BUKJTMKAE 3aHETIOKOEHHS 11010 Oe3rneku ckopoueHHs1 URL-anpec. ¥V ctarTi po3risigaeTbesi HU3Ka aaropuTMiB CKO-
poueHHs1 URL-anpec, BKJIouaroyu aJiIropuTMH Ha OCHOBI XeIIIYBaHHSI Ta paHI0Mi30BaHi aJITOPUTMU, i TTOPIBHIOETHCS
iXHs1 e(DeKTUBHICTb HAa OCHOBI TakUX (PaKToOpiB, sk foBXKMHA URL-agpecu, BUMTaaAKOBICTh Ta CTiHKICTh 10 aTak rpyooi
crn. Kpim Toro, B cTaTTi TOCTIIKYIOTBCST PU3MKM I Oe3IeKH, MOB's13aHi 3i ckopoueHHsIM URL-anpec, i mpomnony-
I0ThCSI CTpaTerii Iu1st X 3MeHIeHHs. CTaTTs TAKOX MIiCTUTh aHaJIi3 IPOAYKTUBHOCTI Pi3HUX aJITOPUTMIB CKOPOUESHHST
URL-aapec, BpaxoBytouu yac, HeoOXinHu s reHepatlii ckopoueHoi URL-aapecu i nepeHarpanieHHs KOpUCTyBaya
Ha opuriHanibHy URL-agpecy. Hapeluri, B cTaTTi 00roBOpIooThCs MPOOIeMU OLIIHKY anropuTMiB ckopoyeHHss URL-
aapec i OKPeCTI0ThC MOTEHIIMHI LIISIXU A1 MaiiOyTHIX AOCTiIKEeHb Y Ll raaysi.

AJITOPUTMU CKOPOUYEHHA URL, OUIHKA ITPOAYKTUBHOCTI, MIPKYBAHHA BE3IMEKW,XEILL -
AJITOPUTMMU, OUIHKA ITPOAYKTUBHOCTI, PAHAOMI3OBAHI AJITOPUTMHA

Introduction creating a shorter, more manageable version that redirects

URL shortening is a process of converting a long URL
to a shorter one, which redirects to the original URL.
The shortened URL is used to share links, save charac-
ters in social media posts, or make it easier for users to
remember a URL. URL shortening services have become
popular due to their convenience, but they also have some
disadvantages, such as security concerns and performance
issues. In this article, we will review and compare various
URL shortening algorithms based on their performance
and security.

In today's digital age, URLs have become an essen-
tial component of our daily lives. They are used to access
various resources on the internet, ranging from websites
to applications. However, the length of URLs can some-
times be a hindrance, especially when it comes to shar-
ing them on platforms that have character limits, such as
Twitter. This is where URL shortening comes into play.
URL shortening is the process of taking a long URL and
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to the original URL. This process has become increas-
ingly popular over the years, with numerous URL short-
ening services available on the internet. However, with the
rise of cyber threats, the security of URL shortening has
become a major concern. To address this issue, research-
ers have developed various URL shortening algorithms
that prioritize both performance and security. These al-
gorithms aim to create short URLs that are resistant to
cyber-attacks while ensuring fast and efficient redirection
to the original URL

This is an overview and comparison of various URL
shortening algorithms based on their performance. The
paper presents a detailed analysis of the most commonly
used URL shortening algorithms, including Hash-based,
Bijective, and Randomized algorithms, among others. The
analysis considers various factors, such as the length of the
generated URLs, the randomness of the generated strings,
and the resistance to brute-force attacks. Furthermore,
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the paper discusses the security risks associated with URL
shortening and the measures that can be taken to mitigate
them. It also highlights the importance of using HTTPS
[1] protocol for securing the redirection process.

Overall, this paper aims to provide a comprehensive
overview of URL shortening algorithms and their as-
sociated security risks. It is intended for researchers and
practitioners interested in improving the performance and
security of URL shortening algorithms.

URL shortening is a process of converting a long URL
to a shorter one, which redirects to the original URL.
The shortened URL is used to share links, save charac-
ters in social media posts, or make it easier for users to
remember a URL. URL shortening services have become
popular due to their convenience, but they also have some
disadvantages, such as security concerns and performance
issues. In this article, we will review and compare various
URL shortening algorithms based on their performance
and security.

In addition to providing an overview and comparison
of URL shortening algorithms, this paper also explores the
various use cases of URL shortening, such as social me-
dia sharing, email marketing campaigns, and tracking user
behavior. URL shortening is often used in social media
sharing, where the character limit is restricted. Shortened
URLs allow users to share links to websites or content
that they find interesting or relevant without taking up too
much space. In email marketing campaigns, shortened
URLs are used to track clicks and user engagement. The
ability to track user behavior provides valuable insights
into the effectiveness of the campaign. However, despite
the numerous benefits of URL shortening, it comes with
its fair share of security risks. Attackers can use short-
ened URLs to launch phishing attacks, spread malware,
and perform other malicious activities. Therefore, it is
important to consider the security implications of URL
shortening algorithms when developing and using them.
Finally, the paper discusses the challenges associated with
evaluating URL shortening algorithms and the future re-
search directions in this field. It highlights the need for
further research to improve the security and performance
of URL shortening algorithms while considering the
evolving threat landscape.

In summary, this paper provides a comprehensive over-
view of URL shortening algorithms [2], such as Base62
[3], their associated security risks, SEO [4] optimization
and their performance comparison. It is a valuable re-
source for researchers, developers, and practitioners in-
terested in improving the efficiency and security of URL
shortening algorithms.

1. Problematic of URL shortening algorithms
and main goals of shortening

URL shortening is a technique that has become in-
creasingly popular in recent years, as it allows users to share
long, complicated URLs in a compact and easy-to-read

format. However, the practice of URL shortening also
raises a number of concerns and challenges, which need
to be addressed in order to ensure that users are able to
use shortened URLs in a safe and effective manner.

URL shortening algorithms are used to convert lengthy
URLs into shorter ones. This is done to make it easier to
share links on social media platforms and other places
where character limits are imposed. While URL shorten-
ing algorithms have become quite popular, they also come
with several problems that need to be addressed.

Security concerns: One of the most significant prob-
lems with URL shortening algorithms is the security risks
they pose. Because the original URL is obscured by the
shortened URL, users may be redirected to malicious or
harmful websites without their knowledge. Cybercriminals
can use shortened URLs to disguise phishing scams,
malware downloads, and other types of online threats.
Additionally, shortened URLSs can be vulnerable to hack-
ing and tampering, which can compromise user data and
privacy.

Link rot: Another problem associated with URL short-
ening algorithms is link rot, which occurs when the origi-
nal URL is no longer valid or has been changed. Because
shortened URLs rely on the original URL to redirect us-
ers to the correct destination, link rot can lead to broken
links and frustration for users. While some URL shorten-
ing services provide automatic link checking and updat-
ing, this is not always the case.

Over-reliance on third-party services: Many URL
shortening services are provided by third-party compa-
nies, which means that users may have limited control
over the service and how it is used. If the service provider
goes out of business or changes their policies, this can lead
to disruptions in service and broken links. Additionally,
third-party URL shortening services may collect user data
or display ads, which can be a privacy concern for some
users.

Duplication of URLs: Because URL shortening algo-
rithms use a fixed-length code to generate the shortened
URL, there is a risk of duplication. If two different URLs
generate the same shortened code, this can lead to con-
flicts and broken links. While some URL shortening ser-
vices use randomization or other techniques to minimize
the risk of duplication, this is not always foolproof.

Dependence on service availability: Finallyy, URL
shortening algorithms are dependent on the availability of
the service provider. If the service experiences downtime
or other disruptions, users may be unable to access the
shortened URLs. Additionally, because URL shortening
services are often free or low-cost, there is a risk of service
providers going out of business or changing their policies
without warning.

By the way, URL shortening comes with several secu-
rity risks, such as phishing attacks, malware distribution,
and the potential exposure of sensitive information. These
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risks occur because the shortened URL may obscure the
actual destination of the link, and users may not be aware
of the actual website they are accessing.

Phishing attacks are a common security risk associated
with URL [5] shortening. Attackers may use shortened
URLs to redirect users to fake websites that look identi-
cal to legitimate ones, tricking users into giving away their
sensitive information.

Malware distribution is another significant risk associ-
ated with URL shortening. Attackers can use shortened
URLSs to distribute malware, which can infect the user's
device when they click on the link.

To mitigate these risks, several measures can be taken,
such as:

1. HTTPS: Use HTTPS for all URLs, including
shortened URLs, to ensure that all communica-
tions between the user's browser and the website are
encrypted and secure.

2. URL scanners: Use URL scanners that can detect
phishing [6] URLs and malware distribution URLs.
These scanners can identify and block URLs that
are known to be malicious.

3. User education: Educate users about the potential
risks associated with shortened URLs and how to
verify the destination of the link before clicking on
it.

4. URL expiration: Implement URL expiration poli-
cies, which can prevent attackers from using short-
ened URLs for an extended period.

5. Randomized URLSs: Use randomized URLs instead
of sequential ones. This can make it harder for at-
tackers to guess the destination of the URL.

By taking these measures, the risks associated with
URL shortening can be mitigated, and the security of
shortened URLs can be improved.

Overall, URL shortening is a useful tool for sharing
links on the internet, but it is not without its challenges
and limitations. In order to use URL shortening effec-
tively, users need to be aware of the potential problems as-
sociated with this practice and take steps to address them,
such as monitoring and updating their links regularly, us-
ing trusted URL shortening services, and being cautious
when clicking on shortened links. By taking these steps,
users can minimize the risks associated with URL short-
ening and enjoy the benefits of this powerful tool for shar-
ing and communicating information online.

2. URL Shortening Algorithms

URL shortening algorithms are used to create shorter
and more manageable versions of lengthy URLs. These
algorithms take a long URL as input and generate a short-
er URL that redirects to the original URL when clicked.
URL shortening algorithms are widely used in various ap-
plications, including social media, email marketing, and
other online platforms that have character limits. One of
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the main advantages of using URL shortening algorithms
is that they can help save space and improve readability,
particularly in social media platforms where character
limits are strict. Shorter URLs also make it easier for users
to remember and share links and can improve the overall
user experience. Another advantage of URL shortening
algorithms is that they can provide analytics and tracking
capabilities, allowing users to track clicks and monitor the
performance of their links. This can be particularly useful
for marketing campaigns and other online promotions, as
it allows users to track the effectiveness of their efforts and
make informed decisions about future campaigns.

3. Hashing Algorithms

Hashing algorithm [7] converts a URL to a fixed-size
hash value, which is then used as a short URL. The hash
value is unique to each URL, and the algorithm ensures
that it produces the same hash value for the same URL.
Hashing algorithms are fast and efficient, but they are vul-
nerable to collisions. A collision occurs when two differ-
ent URLs produce the same hash value, which can result
in a security breach or incorrect redirection.

Hashing algorithms are a popular method used in
URL shortening services to generate shortened URLs.
Hashing is a mathematical function that takes an input
value, such as a URL, and produces a fixed-length output
value, known as a hash. Hashing is a one-way function,
meaning that it is impossible to reverse the process and
obtain the original input value from the hash.

When generating shortened URLs, the hashing algo-
rithm takes the original URL and computes a hash value
based on the contents of the URL. The hash value is then
mapped to a shorter, more compact URL that redirects to
the original URL when clicked. Because the hash value
is unique to the original URL, it ensures that each short-
ened URL is unique and can be used to redirect users to
the correct destination.

There are several popular hashing algorithms used in
URL shortening services, including MD5, SHA-1, and
SHA-256. MDS5 is a widely used hashing algorithm that
produces a 128-bit hash value, while SHA-256 [8]and
SHA-1 are more secure hashing algorithms [9] that pro-
duce 160-bit and 256-bit hash values, respectively. The
longer the hash value, the more secure the algorithm is, as
it becomes more difficult for attackers to guess the origi-
nal input value.

There are several advantages to using hashing algo-
rithms in URL shortening:

1. Efficiency: Hashing algorithms are computationally
efficient and can generate hashes quickly and eas-
ily. This makes them ideal for use in high-volume
applications, such as social media and online ad-
vertising.

2. Uniqueness: Hashing algorithms produce unique
hash values for each input value, which ensures
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that each shortened URL is unique and can be
used to redirect users to the correct destination.

3. Security: Hashing algorithms are secure [10], as
they are one-way functions that make it difficult
for attackers to reverse-engineer the original input
value from the hash.
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Fig. 1. Block of diagram for MD5 and SHA-1 processors

Random number generation and dictionary-based en-
coding are popular techniques used in combination with
hashing algorithms for URL shortening. Random number
generation involves generating a random number or string
of characters and using it as a suffix or prefix to the origi-
nal URL. This can help create unique and shorter URLs,
as the length of the original URL no longer determines
the length of the shortened URL. However, generating
truly random numbers can be challenging, and collisions
may still occur if the random numbers are not generated
properly. Dictionary-based encoding, on the other hand,
involves mapping the original URL to a compressed or
encoded version using a predefined set of characters or
symbols. This can result in shorter URLs compared to
hash-based methods, and collisions are less likely as the
encoding scheme is designed to avoid duplicate mappings.
However, dictionary-based encoding can also be vulner-
able to attacks, such as dictionary attacks or reverse look-
ups, which can compromise the security of the shortened
URLs.

While hashing algorithms are a popular method for
generating shortened URLs, they are not without their
limitations. One limitation is that the length of the short-
ened URL is determined by the length of the hash value,
which can be longer than other URL shortening methods.
Additionally, hash-based URL shortening is vulnerable
to collisions, where two different input values produce
the same hash value, which can lead to duplicate URLs
and other issues. To address these limitations, some URL

shortening services use a combination of hashing and
other techniques, such as random number generation or
dictionary-based encoding, to create more secure and ef-
ficient shortened URLs.

4. Bijective algorithms

Bijective algorithms are commonly used for URL
shortening because they are easy to implement, fast, and
can create shorter URLs than other types of algorithms.
A bijective function is a function that has a one-to-one
correspondence between its domain and range, meaning
that each input has a unique output, and each output has
a unique input. This makes it ideal for generating unique,
shortened URLs for long and unwieldy URLs. Functions
can be injections (one-to-one functions), surjections
(onto functions) or bijections (both one-to-one and
onto). Informally, an injection has each output mapped
to by at most one input, a surjection includes the entire
possible range in the output, and a bijection has both con-
ditions be true.

One of the advantages of bijective algorithms is that
they do not require any additional storage space, as the
shortened URL can be generated on-the-fly. This makes
them particularly useful in situations where storage space
is limited, such as in mobile applications or on websites
with high traffic volumes.

Another advantage of bijective algorithms is that they
can be easily customized to suit specific needs. For ex-
ample, some applications may require shorter URLs than
others, or may need to generate URLs with specific pat-
terns or formats.
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2 »-B
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Fig. 2. Bijection between two sets

However, bijective algorithms do have some limita-
tions. One of the main limitations is that the length of the
shortened URL is directly proportional to the size of the
domain space, which means that the shorter the URL, the
smaller the domain space. This can make the algorithm
more susceptible to collisions, where two or more URLs
map to the same shortened URL. To mitigate this risk,
many bijective algorithms use a combination of random
numbers and hashes to generate unique, shorter URLs.
This can increase the size of the domain space and reduce
the likelihood of collisions.
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5. Randomized algorithms

Randomized algorithms are algorithms that incorpo-
rate some element of randomness or probability into their
operation. Instead of producing a deterministic output for
a given input, randomized algorithms make use of a ran-
dom number generator to generate some component of
their output. This randomization can be used to improve
the efficiency or accuracy of the algorithm, or to add an
element of unpredictability or randomness to its behavior.
One common application of randomized algorithms is in
cryptography and computer security. For example, one of
the most widely used cryptographic protocols, the RSA
algorithm, relies heavily on random number generation
to generate the keys used for encryption and decryption.
Similarly, many secure communication protocols, such as
SSL/TLS, incorporate randomization in order to prevent
eavesdropping or interception of data.

There are several advantages to using randomized al-
gorithms in security applications:

1. Randomness can make attacks more difficult: By
incorporating randomization into the algorithm,
it can be more difficult for an attacker to predict
or analyze the behavior of the algorithm. This can
make it more difficult for an attacker to find weak-
nesses or vulnerabilities that can be exploited.

2. Improved efficiency: Randomized algorithms can
be faster or more efficient than deterministic algo-
rithms, particularly for problems that are difficult
to solve using traditional methods. This can be par-
ticularly useful for large-scale or computationally
intensive security applications.

3. Unpredictability: Randomized algorithms can add
an element of unpredictability or randomness to
the behavior of a system. This can make it more
difficult for an attacker to predict the behavior of
the system, which can make it more difficult to
launch successful attacks.

By the way, there are also some potential disadvantages

to using randomized algorithms in security applications:

1. Potential for bias: If the random number generator
used in the algorithm is biased or predictable, it
can be exploited by an attacker to gain an advan-
tage or to break the security of the system.

2. Difficulty of analysis: Randomized algorithms can
be more difficult to analyze and prove correct than
deterministic algorithms, particularly for complex
systems. This can make it more difficult to identify
or fix vulnerabilities in the system.

3. Complexity: Randomized algorithms can be more
complex to implement and maintain than deter-
ministic algorithms. This can make them more
difficult to deploy or update, particularly in large-
scale or distributed systems.

Randomized algorithms can be used for URL shorten-

ing by generating a random sequence of characters that
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represent the shortened URL. Here are some examples of
randomized algorithms that can be used for URL shorten-
ing.

A simple approach is to generate a random string of
characters to represent the shortened URL. This can
be accomplished using a random number generator and
a mapping of characters to their corresponding ASCII
codes. The resulting string can then be appended to a
base URL to create the shortened URL. Bloom filters are
commonly used in URL shortening to check if a URL has
already been shortened or not. A Bloom filter is a proba-
bilistic data structure that uses multiple hash functions to
map a URL to a set of bits in a bit array. When a new URL
needs to be shortened, its presence in the Bloom filter is
checked by computing the hash values using the same
hash functions used to insert the URLs into the filter. If all
the corresponding bits in the Bloom filter are set to 1, the
URL is considered to be already shortened. If the URL
is not already shortened, a randomized algorithm can be
used to generate a unique short code for the URL. Bloom
filters are widely used in URL shortening services because
they are efficient in terms of memory and computation
and can provide a high probability of detecting whether a
URL has already been shortened. However, Bloom filters
have a trade-off between memory usage and false positive
rate. If the Bloom filter is too small or uses too few hash
functions, the false positive rate can become unacceptably
high, resulting in URLs being incorrectly flagged as al-
ready shortened. On the other hand, if the Bloom filter
is too large or uses too many hash functions, the memory
usage and computation time can become prohibitively
high. Therefore, it is important to choose appropriate pa-
rameters for the Bloom filter based on the expected num-
ber of URLs and the desired false positive rate.

6. Comparison of URL shortening algorithms

We are going to cover experimental results of compari-
son of some type algorithms which can be used for URL
shortening. As evaluation and comparison parameters for
the algorithms, we will consider their performance and
reliability. We will take one representative algorithm from
each method of shortening URLSs and conduct a detailed
analysis, describing the essence of the algorithm and its
implementation, testing its performance on different da-
tasets, and comparing each of them. Many of those algo-
rithms are used generally in neural networks and Face
detection algorithms.

Let’s take a look at SHA-2, Base62 and Bloom Filter
algorithms for URL shortening.

6.1. SHA-1

SHA-2 is a family of cryptographic hash functions that
were designed by the National Security Agency (NSA)
and published by the National Institute of Standards and
Technology (NIST) in 2001. The SHA-2 family includes
six different hash functions, each with a different output
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size: SHA-224, SHA-256, SHA-384, SHA-512, SHA-
512/224, and SHA-512/256. SHA-2 was created as a
successor to SHA-1, which had been found to have vul-
nerabilities that made it insecure. The design of SHA-2
was based on the principles of the Merkle—Damgard con-
struction, which is a popular method for building crypto-
graphic hash functions. The SHA-2 family of hash func-
tions has been widely used in a variety of applications,
including digital signatures, password storage, and data
integrity verification. It has also been used in conjunction
with other cryptographic algorithms, such as RSA and
AES, to provide secure communication over the internet.

The hash function is initialized with a set of constants
that depend on the specific variant of SHA-2 being used.
These constants are known as the initial hash values or
initial states, and they are typically fixed for a given vari-
ant of the algorithm. For example, the initial hash values
for SHA-256 are the first 32 bits of the fractional parts
of the square roots of the first eight prime numbers. The
input message is padded so that its length is a multiple of
512 bits. The padding is designed to ensure that the mes-
sage is of a fixed length and to provide additional security
against attacks. The padding is done in two steps:

1. Append a single '1' bit to the end of the message.

2. Append '0' bits until the length of the message is
congruent to 448 modulo 512. This means that
the message length will be a multiple of 512 after
the padding, but there will be exactly 64 bits left to
store the length of the original message.

The padded message is divided into 512-bit blocks,
which are then processed by the hash function. Each block
is processed in turn using a set of logical operations that
depend on the specific variant of SHA-2 being used. The
processing of each block consists of the following steps:

1. The 512-bit block is divided into 16 words of 32
bits each. These words are used to create a message
schedule of 64 words, using a specific algorithm
that depends on the specific variant of SHA-2 be-
ing used.

2. Initialize working variables: The working variables
for the hash function are initialized using the initial
hash values for the specific variant of SHA-2 being
used.

3. Main loop: The message schedule and working vari-
ables are used in a series of logical operations to
process the block. This loop is repeated 64 times
for each block of data.

4. Update working variables: The working variables are
updated based on the results of the main loop.

Once all of the blocks have been processed, the output
of the hash function is generated. The output size depends
on the specific variant of SHA-2 being used. For example,
the output size for SHA-256 is 256 bits. The output is gen-
erated by concatenating the final hash values for each block,
which are typically represented as a set of 32-bit words.

6.2 Base62

Method for encoding data in a format that uses a set of
62 alphanumeric characters, consisting of both uppercase
and lowercase letters and digits. This algorithm is com-
monly used for shortening URLs and generating unique
identifiers.

The Base62 algorithm uses a character set of 62 char-
acters, consisting of 26 uppercase letters, 26 lowercase
letters, and 10 digits. These characters are usually rep-
resented as a string of characters in the order in which
they appear in the character set, such as "0123456789
ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklm
nopqrstuvwxyz".

Before encoding the data using the Base62 algorithm,
it must first be converted to a base-10 number. This is
typically done using an existing encoding method, such
as UTF-8 or ASCII. Once the data has been converted to
base-10, it can be converted to base-62 using the follow-
ing steps. Divide the base-10 number by 62, and record
the remainder.Continue dividing the quotient by 62 and
recording the remainders until the quotient is zero.

The resulting sequence of remainders represents the
encoded data in base-62.

Each remainder in the sequence represents a numeric
value that corresponds to a character in the Base62 char-
acter set. To encode the data, each remainder is mapped
to its corresponding character in the character set.

The resulting sequence of characters represents the
encoded data in the Base62 format. This encoded data
can be used as a shortened URL or a unique identifier.
The Base62 algorithm involves converting data to a base-
10 number, dividing the base-10 number by 62 to obtain
a sequence of remainders, mapping the remainders to
characters in a character set, and outputting the resulting
sequence of characters as the encoded data.

6.3 Bloom filter

The Bloom filter is a space-efficient probabilistic data
structure that is useful for answering set membership que-
ries. It was invented by Burton Howard Bloom in 1970.
The main idea behind the Bloom filter is to use a bit array
and a set of hash functions to determine whether an ele-
ment is likely to be a member of a set or not. The filter has
a fixed size, and elements are added to it by hashing them
multiple times and setting the corresponding bits in the
array. To query for membership, the same hash functions
are applied to the element, and the corresponding bits in
the array are checked. If all of the bits are set to 1, then
the element is likely to be in the set. If any of the bits are
set to 0, then the element is definitely not in the set.

The Bloom filter algorithm requires the definition
of two parameters: the size of the filter and the number
of hash functions. The filter size, denoted by m, is the
number of bits in the filter, and the number of hash func-
tions, denoted by k, determines the number of times the
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input data will be hashed. The Bloom filter is initialized
as a bit array of size m with all bits set to 0. The bit ar-
ray is typically represented as an array of Boolean values.
Alternatively, a bit vector or a bitmap can be used to rep-
resent the filter. To add an element to the Bloom filter,
the element is hashed k times using k independent hash
functions. Each hash function produces a hash value that
is used to set the corresponding bits in the filter to 1. The
specific bits to be set are determined by taking the modulo
of the hash value with the size of the filter. In other words,
the k hash functions produce k indices, and the corre-
sponding bits in the filter are set to 1. To query whether an
element is likely to be a member of the set, the element is
hashed k times using the same hash functions used to add
elements to the filter. The corresponding bits in the filter
are checked, and if all of them are set to 1, the element is
likely to be a member of the set. If any of the correspond-
ing bits are 0, the element is definitely not a member of
the set. One drawback of the Bloom filter algorithm is
that it can produce false positives. This occurs when an
element is not a member of the set but the corresponding
bits in the filter are set to 1 due to collisions with other
elements. The probability of a false positive depends on
the size of the filter, the number of hash functions, and
the number of elements in the set. To reduce the probabil-
ity of false positives, the size of the filter and the number
of hash functions must be carefully chosen based on the
expected number of elements in the set. The Bloom filter
algorithm is used in a variety of applications, such as web
caching, network routers, distributed systems, and spell
checkers. It is also used in DNA sequencing to filter out
reads that do not match a reference genome. The Bloom
filter is a simple and efficient data structure that can save
memory and improve performance in many applications.

Table 1
Speed comparison of methods for different length of data

Technology 1000 10 000 100 000
SHA-2 S ms 8 ms 11 ms
Base62 2 ms 4 ms 5ms

Bloom filter 3ms 5ms 9 ms

Base62 is an encoding scheme that converts bina-
ry data to a string using a character set of 62 characters
(usually the 26 lowercase and 26 uppercase letters of the
English alphabet, plus the 10 decimal digits). The result-
ing string is shorter than the original binary data, making
it useful for shortening URLs or generating unique identi-
fiers. Base62 encoding and decoding are simple operations
that involve basic arithmetic and string manipulation, so
they are very fast and have low computational overhead.
Encoding and decoding a string using Base62 can be done
in a few microseconds on modern CPUs.

SHA-2, on the other hand, is a family of cryptograph-
ic hash functions that generate a fixed-size digest of a
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given input data. SHA-2 is widely used for data integrity
checking and digital signature verification, as well as pass-
word hashing and other security applications. SHA-2 is a
computationally intensive operation that involves multiple
rounds of bitwise operations and nonlinear functions, so
it has higher computational overhead than Base62 encod-
ing. The actual performance of SHA-2 depends on the
size of the input data, the number of rounds used, and
the hardware and software used to perform the compu-
tation. In general, SHA-2 can process data at a rate of
several megabytes per second on modern CPUs and can
take several milliseconds or more to compute a digest for
a large input.

Bloom filters have a low memory overhead and can
represent very large sets with a small amount of memory,
but their accuracy depends on the size of the filter and the
number of hash functions used. In terms of string short-
ening performance, Base62 is likely the fastest option,
followed by Bloom filters and then SHA-256.For Base62
is a commonly used encoding scheme for shortening
URLs, but it may not be optimal for hashing algorithms.
Consider using a longer encoding scheme, such as Base64
or Base58, which provides more entropy and reduces the
risk of collisions. Key stretching is a technique that makes
brute-force attacks [11] more difficult by slowing down
the hashing process. It involves iterative hashing the input
with a salt and a fixed number of rounds, which can be
adjusted to increase the computational cost of generat-
ing the hash. Ensure that the input to the hash function is
properly validated to prevent attacks such as buffer over-
flows or injection attacks. Hash-based message authenti-
cation code (HMAC) can be used to add an additional
layer of security to the hash function by incorporating a
secret key into the calculation. This can prevent attacks
such as message tampering or length extension attacks.

The choice of URL shortening algorithm depends
on the specific requirements of the application domain.
For applications that require speed and compactness, the
Base62 encoding algorithm is a good choice. For appli-
cations that require security and uniqueness, the SHA-2
hashing algorithm is more suitable. Finally, the Bloom fil-
ter algorithm is a good choice for applications that require
speed and scalability, but with lower accuracy require-
ments.

Conclusions

In conclusion, URL shortening algorithms play an
important role in the domain of web applications, where
shorter URLs can be beneficial for various reasons, such as
improving usability, reducing the risk of errors, and track-
ing user behavior. However, the choice of algorithm is not
trivial and requires careful consideration of the trade-offs
between performance, security, and other requirements.

We discussed the challenges associated with URL
shortening, including the need for uniqueness, collision



COMPARATIVE ANALYSIS OF URL SHORTENING ALGORITHMS: PERFORMANCE CONSIDERATIONS IN THE APPLICATION DOMAIN...

avoidance, and resilience to attacks. We also described the
main goals of URL shortening, such as producing short,
easy-to-read, and easy-to-share URLs that preserve the
original destination. We then presented three categories of
URL shortening algorithms, namely hashing algorithms
[12], bijective algorithms, and randomized algorithms,
and analyzed several specific examples, such as SHA-2,
Base62, and Bloom filter. We compared the performance
of these algorithms in terms of speed, memory usage, and
collision rate for different lengths of data. By the way, all
those algorithms can be used to solve other tasks in areas
such as Big Data [13], Artificial Intelligence [14] etc. Our
analysis revealed that each algorithm has its own strengths
and weaknesses and is suitable for different use cases. For
example, hashing algorithms are simple and fast but can
suffer from collisions, while bijective algorithms are col-
lision-free but may have limited scalability. Randomized
algorithms can provide good trade-offs between speed,
uniqueness, and security but require careful tuning.
Overall, our research showed that URL shortening al-
gorithms are a complex and challenging area of study that
requires a thorough understanding of the application do-
main and careful evaluation of the available options.
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NMPABUJIA
o OopMIIeHHS PYKONUCIB AN aBTOPiIiB HAYKOBO-TEXHIYHOI0O XXypHany
«BIOHIKA IHTENNEKTY»

HaykoBo-TexHiuHuMii XypHal «bioHika iHTEJIeKTy» Ipu-
iMa€ 10 OpYyKY HaMMCaHi CleliaibHO /I HbOIO OpUTiHAJIbHI
pyKOMucH, sIKi paHillle Hije He IpyKyBaiauch. CTpyKTypa pyKo-
nucy IMoBMHHA OyTy Takolo: iHaeke YK, Bimomocti npo aB-
TOpiB, 3arojIOBOK, aHoTallil (Ha TpbOX MOBaXx), KJIOYOBi CJI0Ba,
BCTYIT, OCHOBHUI TEKCT CTATTi, BACHOBKH, CITUCOK BUKOPHCTA-
HOI JliTepaTtypu, pe3loMe.

BignosinHo no ITocranoBu BAK Ykpainu Big 15.01.2003
Ne7-05/1 (bronerenr BAK, Nel, 2003, c. 2), cTaTTsl MOBMHHA
MaTu TaKi HEOOXi/lHi eJIeMEHTU: MOCTaHOBKa MpoOJeMUu y 3a-
raJlbHOMY BMIJISIII Ta 1i 3B'I30K i3 BaXKJIMBUMU HAYKOBUMU YU
MPaKTUYHUMU 3aBIaHHSIMU; aHaJli3 OCTAHHIX JTOCIIKeHb i Mmy-
OJrikaliil i BUAiJIEeHHST He BUPILIEHUX paHillle YaCTUH 3arajJbHOT
npo0bJieMU B JaHiii 00s1acTi; (popMyItOBaHHS LiiJieil Ta 3aBIaHb
JIOCJIIKEHHST; BUKJIaJl OCHOBHOI'O MaTepiay J0CiIXeHb 3 M0-
BHUM OOI'PYHTYBaHHSIM OTPMMaHMUX HAYKOBUX Pe3yJIbTATiB; BU-
CHOBKM 3 JAHOTO JOCIHIIKEHHS Ta MEPCIEKTUBU MOTATBIINX
TOCJTIIKEHD Y TAHOMY HaTPSIMKY.

Cratti MaloThb OyTM BUKOHaHi B pemakTopi Microsoft
Word. ®@opmart ctopinku — A4 (210x297 mMMm), Tonst: Bepx-
He — 25 MM, HIKHE — 20 MM, JiBe, mpaBe — 17 MMm. KinbKicTb
KOJIOHOK — 2, 3 iHTepBaJoM MiX HMMHU 5 MM, OCHOBHUI
wpudt Times New Roman, Kerjib OCHOBHOIO TEKCTy —
10 myHKTiB, MiXpsiAKOBUI iHTepBan — MHOXHUK (1,1),
abzarHumii Bincrym — 6 mm. O6¢ar pykonucy — Big 6 1o 12 cTo-
pPiHOK (MOBM: yKpaiHCbKa, aHIJIilicbKa, pOCiliicbka Ta MOBOIO
opiriHana).

VIIK npykyeTbcs 3 Teplioro psiika, 0e3 BiACTYIIiB, BUPIB-
HIOBaHHS 10 JIIBOMY Kpalo.

1115 asmopa (-iB), Ha3Ba CTaTTi, Ha3Ba Ta ajapeca y4bOBO-
ro 3akjajay HeoOXilIHO HajaaTu TMOBHICTIO POCICHKOIO, YKpaiH-
CBKOIO Ta aHTJIICHhKOI0 MOBaMU.

Haszea cmammi NpyKy€eTbCs IPOIMMMCHUMMU JIiTepaMu;, IIPUPT
MPSIMUIA, HaMliBXUPHUIA, KeTib 12.

Haszeu po3dinie HyMepyloTh apaOCbKUMU 1TU(ppamMu, BUILIS-
I0Th KUPHUM LIpudTOM. BigcTynu a1 Ha3BU CTaTTi, iHiLlialiB
Ta Mpi3BUILl aBTOPiB, BiZIOMOCTEll MPO aBTOPiB, Ha3B PO3MIiMTiB,
BCTYITy Ta BACHOBKIB, CIMCKY JIiTepaTypu: 3BepXy — 6 1T, 3HU3Y
—3nr

Anomauyii (MoBOIO cTaTTi, ab3ar 6—12 psaKiB, Kerib 9) pos-
MilllyIOTh Ha MOYaTKy CTaTTi, B Hili Mae OyTU po3MmilleHa iH-
¢dopmMallisi Mpo OviKyBaHi pe3yJibTaTh OINUCAHUX AOCHIIKEHb
(Ha TpPHOX MOBaXx).

Kniouosi cnosa (4—10 ciiiB 3 TEKCTY CTaTTI, SIKi 3 TOUKU 30pYy
iH(opMaLIiITHOrO MOIIYKY HECYTb 3MiCTOBHE HaBaHTAXKEHHS)
HaBOJISITh MOBOIO PYKOTIUCY, Yepe3 KOMY B Ha3MBHOMY BiJIMiH-
KY, Kerib 9.

Pucynku ta mabauyi (4opHO-0ili, KOHTPACTHI) PO3Millly-
JOTbCSI Y TEKCTi ITiCJIsl MePIIOro MOCWIAHHS Y BUIJISIAT OKPEMUX
00’€KTIB i HyMEpYIOTh apabCbKUMU LIU(DpaMU HACKPI3HOIO HY-
Mepalli€lo 3a HassBHOCTI OiJibllie HixX ogHOro 00’ekTa. HeBenuki
CXeMU, 110 CKJIaaaloTbes 3 3—4 eleMeHTiB BUKOHYIOTh, BUKO-
pUCcTOBYIOUM BCTaBKYy 00’ekTa PucyHok Microsoft Word. Binbin
CKJIaJIHi BUKOHYIOTh Y IpadiuHUX peaakTopax y BULJISII 4Op-
HO-0inux rpadiunux daitni dopmaris .tif, .jpg, .wmf, .cdr i3
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posainerHssm 300 dpi. PucyHkm MaioTh MICTUTHCS Y TEKCTO-
BoMy (paiii i1 00OB’SI3KOBO MOJaBaTHUCS OKpeMUMU (haitaaMu
3 BIIINOBIIHUMU Ha3BaMu (Harpukian, pucl.jpg).

Yci eneMeHTM pHCYHKa, BKJIIOYAalOYM HAMUCHU, MOBUHHI
OyTu 3rpynoBaHi. YCi HanmuMcU B PUCYHKAX i TAOJMLSIX MalOTh
O0ytu BukoHaHi mpudTom Times New Roman, kerjib y pucyH-
kax — 10, y Tabmuisx — 9.

PucyHoK TMOBUMHEH MaTW LIEHTPOBaHUI mianuc (mosa pu-
CYHKOM), pudT 9, BiacTynu 38epxy i 3Hu3y no 6 nt. [lupuHa
pUMCYHKa Ma€ BiIOBiIaTH IIUPHUHI KOJOHKU (200 IUPUHI CTO-
piHKM).

Dopmyau, cumeonu, 3minki TIOBUHHI OYyTH HaOpaHi B penak-
Topi opmyn MathType. D@opmynu po3MilryioTh TOCEpenuHi
psiiKa i HyMepyloThb 3a HassBHOCTI MOCWJIaHb HAa HUX Y PYKO-
muci. pudprt — Times New Roman. Bucora 3minHoi — 10
MYHKTIiB, BEJIMKMX i MaJIMX iHIEKCiB — 8 T, OCHOBHUI MaTema-
TuHUi cuMBOJI — 12 (10) . 3MiHHI, TO3HAYEHI TaTUHCHKUMU
JliTepamMu, HaOMPAIOTh KYPCUBOM, IPelbKi JIiTepU, CKOPOUECHHSI
POCIICBKUX CJIiB i IM(pPpU — TIPSIMUM HalMCaHHSIM. 3MiHHi, SIKi
€ B TEKCTi, TAKOX HAOMpaloTh Y peaakTopi ¢GpopMyJI.

Cnucox aimepamypu BMilllye OIyOJIiKOBaHi Kepesia, Ha SIKi €
MOCUJIAaHHS B TEKCTi, YKJIQJIeHi y KBaapaTHi Ay>XKKHU, APYKYIOTb 0e3
ab3alHOTO BIICTYITY, KeTJIb 9 T, BiICTYI 3Bepxy — 6 NT.

Ilicng cnucky mitepaTypu 3 BiACTymoM 3Bepxy 6 NT 3a-
3HAYalOTh damy nodanus cmammi 0o pedxoaeeii. Yucmo ta Mi-
Csllb 3aJAI0Th JBO3HAUHUMMU 4YMCIaMU 4yepe3 Kpanky. Po3mip
mpudTta — 9 NT, KypcuB, BUPIBHIOBAHHS 1O TIPABOMY Kpalo.

Pesiome (Times New Roman, kersib — 10 myHKTIB,) T0-
aloTh aHTJINCHKOI0 MOBOMO: o0car pestome mo 2000 3Ha-
KiB (OaxaHuii nepeknan). Cmpykmypa pesrome: Background,
Materials and methods, Results, Conclusion.

Pa3owm i3 pykomnucom (Ha apkyirax 6ijoro marepy gopma-
Ty A4 wineHictio 80-90 r/mM2, HaapyKOBaHWiI Ha JIa3epHOMY
MPUHTEPi) HEOOXiTHO MOJATU TaKi TOKYMEHTH:

1. 3asBy, SsKy MOBMHHI MiANKCATH BCi aBTOPU.

2. AKT eKClepTU3M PO MOKIUBICTD OIyOTiKyBaHHS MaTe-
piaJliB y BiIKpUTOMY ApYLi (SKIIO MOTPIOHO).

3. Penensito, minmnucany qJOKTOPOM UM KaHAUIATOM HayK.

4. BigomocTi 1po aBTOpIB.

5. EnexTpoHHMII BapiaHT pPYKOIMCY, pe3loMe Ta BiIlOMOC-
Teil Ipo aBTOPIB.

6. 3pobuTtu oriaty myoikariii.

HeoOxinHO TakoX 3a3HAYUTU ONUH 3 HACTYIHUX TeMATUY-
HUX PO3/iJIiB, SKOMY BilllOBiAa€ PyKOITUC:

1. TeopetnyHi OCHOBU iH(OPMATUKKU Ta KiOEPHETUKM.
Teopis iHTeneKTYy.

2. MarematuuHe MojentoBaHHs. CHUCTEeMHUIT —aHali3.
[TpuitHaTTS pillieHb.

3. IntenektyanbHa oOpoOka iHgopmalii. Po3nizHaBaHHS
o0pas3iB.

4. IndopmMalliiiHi TeXHOJIOTIi Ta MPOrPaMHO-TEXHIYHI KOM-
TJIEKCH.

5. CTpykTypHa, NpUKJIaJaHa Ta MaTeMaTUYHa JiHTBiCTUKA.

6. JlvickyciiiHi MOBimOMIEHHS.
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