JIOJATOK A

['padiunnmii matepian kBanidikaiiifHoi poooTH
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XapKiBCbKMNW HALIOHA/IbHVI YHIBEPCUTET PAiOeIEKTPOHIKY
Kadenpa EOM

METO[1 TA 3ACOBM BEHYMAPKIHTA
MYJIbTUMOESTbHOI BA3H AHNX

KBasidikauinHa pobota
Apyrvn (MaricTepCbKni piBeHb)

ABTOp: KepiBHUK:
Xomuny B. M., MoxkaeB O. O.,
crya. rp. Clm-20-2 npo¢. kap. EOM

META | HAYKOBA HOBW3HA POBOTH

Meta:  po3pobka  MeTogy i 3acobiB  OeHumapkiHra
MY/bTUMOAEIbHOI 631 LaHMX.

HaykoBa HOBM3HA: PO3pPOOKA HACKPI3HOrO OeHumMapka [
MYNbTUMOAEbHMX 6a3 AaHMX.




SALIAYI POBOTK

pO3po0Ka HOBOrO reHepaTopa AdHuX, SKWN  HAOAE
KOpenboBaHi AaHI B PI3HNX MOZENsX;

po3pobka Habopy poboYMX HABAHTAXKEHb i3  Kisbkoma
MOZENAMMU;

BU3HAYeHHs NpobaeMn Mif, HA3BO «MyNbTUMOLENbHE
KYpyBaHHA MapameTpiB»;

NpoBeAEeHHS KOMM/IEKCHOI OLLIHKM YOTMPbOX

MYNbTUMOAENbHYX 0a3 AaHMX.

NIATPAMA KJIACIB

id: String (PK) asCrea id: String (PK)
firstName: String creationDate: Date
lastName: String location: String

gender: String asintercsy el content: String

birthday: String length: int

Orderld: String (PK) Orderld: String (PK)
Personld: String (FK) Personld: String (FK)
OrderDate: Date OrderDate: Date

id: String (PK)
TotalPrice: String TotalPrice: String

firstName: String

lastName: String Orderline Orderiine
gender: String --| productid: String
birthday: String asin: String
title: String title: String

price: Date price: Date

brand: String brand: String

asin: String (PK) wvendor: String (PK)
title: String country: String
price: double industry: String
imgUrl: String
brand: String (FK)
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MOTWB 1J19 KYPYBAHHA NAPAMETPIB

Mpuknag 3anuTy 3 ABOMa Napamu
napameTpamu NigCcTaHOBKU:

Mapa A: @Personld=33,
@BrandName="Adidas”

Mapa b: @Personld=56,
@BrandName="Nike"

MYJIbTUMOLE/IbHUN PO3MOLIJT CTBOPEHOI0 HABOPY [AHMX

EXML HEISON MElpadp M Knoy-3HaYeHHs i penauiiHa moaenb

a) 6)
KYPYBAHHA MMAPAMETPIB E®EKTWBHOCTI, PIBHOMAHITHOCTI TA
CTABIJIbHOCTI

B MJFast B Bunagkosa Bubipka
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YAC 0bPOBKM [UTA IMMOPTY MYJIbTUMOAESIbHNX HABOPIB [IAHWX 3 01HUM
[10TOKOM B CEKYHIAX

@ PensAuiiHa mogens i Kntoy-3HayeHHa MISON M Tpad B [dopaTkosuii Yac

YAC 0bPOBKW SAMNTIB B CEKYHOAX

B AgensGraph B ArangoDB W OrientDB
3
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MPOAYKTUBHICTb TPAHSAKLUI B MITICEKYHLIAX

4,000 3,373

YAC 06POBKW IMMOPTY MYJIbTUMOLESIbHUX HABOPI
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AMPOBALIIA PE3YJIbTATIB

BIACLKOBA AKAIEMIS| 35POMHMX CHN
A3EPBAVKAHCHKOI PECTIYBAIKY

T
“XAPKIBCBKMA MOMITEXHIYHWA IHCTUTY T

XAPKIBCbKUIA HALIOHANBHUA
YHIBEPCUTET PARIOENEKTPOHIKW

An HHWH IEPKABHUIA NPOEKTHO-
TA HAYKOBO.
IHCTUTYT ABIALMHOI NPOMMCIOBOCTI™
YHIBEPCHTET MICTA XWIIHA

B i ot ool O . CYYACHUM CTAH HAYKOBYIX
TEXHOJOT'T!l TA 33COBIB [OCNIIKEHD TA TEXHONOT I
FREAIIHE B NPOMWCIIOBOCTI !

S — : : N91(19) .

HayKOBO-TeXHIYHOI KOH(epeHu il
27 - 28 xBiTHA 2022 poky ’ ! b .
Tom 1: cexuin 1 -4 == . Z £ &L |

Baxy - Xapxis - Xunina - 2022

BICHOBKH

Pe3ynbTaToM  BUMKOHAHHS  KBasliikauinHoi  poboTn  CTaB
beHUMapK My/lbTUMOAENbHOI 0a3y AAHUX, KW CKNAAAETLCS 3i
3MilIAHOI MoAeni AaHnX, MaCluTaboBAHOIO MY/IbTUMOLLEILHOTO

reHepatopa [daHMX | Habopy poboYMX  HABAHTAXKEHD,

BK/IKOYAKOYN  MYIbTVMOAE/bHY — arperauito, O0€aHaHHA Ta
TPAH3aKL|10.
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[EPCIIEKTWBWN PO3BNTKY

NoganbLi JOCAIAKEHHS NOAAraloTb Y BAPOBaAKEHHI THYYKOCTI
B reHepadito JAHNX, B OLYHLL MPOAYKTUBHOCTI

MYNbTUMOLENbHUX 0a3  AdHWX LWOAO PIi3HWMX  CTpaTerin
po3mnoginy, a TAKOX B OLLIHLI MPOAYKTUBHOCTI
MY/NbTUMOAENbHUX 0a3 [AaHWX LWOAO OnTUMIsaLii 3anuTiB
PI3HMX CUCTEM.
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JIOJIATOK B

[TyGmikarrii 3a Temoro kBajidikaiiitnoi podoTu

BIﬁCbI{OB{-\ AKAEMIA ?EPOI;!HHX cun
A3EPEAWUXAHCLKOI PECNYENIKKU

HALIIOHATNIBHUWA TEXHIYHUA YHIBEPCUTET
"XAPKIBCbKWWA NONMITEXHIYHUA IHCTUTYT"

XAPKIBCbKWUM HALIIOHATNTbHUHA
YHIBEPCUTET PAOIOENEKTPOHIKW

AN "MBAEHHWA OEPXABHUA NMPOEKTHO-
KOHCTPYKTOPCBLKWHA TA HAYKOBO-OOCNIAHWA
IHCTUTYT ABIALIIMHOI NPOMWUCNOBOCTI"

YHIBEPCHUTET MICTA XWUIIHA

CYYACHI HAITPAMU PO3BUTKY
THPOPMALITNTHO-KOMYHIKAIIIMHUAX
TEXHOJIOI'IA TA 3ACOBIB
YIIPABIIIHHS

Te3wn gonoBigen ABaHagUaTol MiXXKHapoaHOI
HayKOBO-TeXHiUYHOI KoHpepeHLUii
27 — 28 KkBITHA 2022 poky
Tom 1: cekuin 1 -4

BaKy — XapkiB — XXuniHa — 2022
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CyuacHi HanpAMKM PO3BUTKY iHCDOPMAaLIAHO-KOMYHIKaLiFHMX TEXHOMOrIH Ta 3acobis ynpaeniHHA

METOJ TA 3ACOBH BEHUMAPKIHT A
MYJbTHMOJIEJIBHOT BA3H TAHHUX

Xomea B. M., Mosxaes O. O.
XapkiBCbKHIT HAIOHATBHHI VHIBEPCHTET padloeleKTPoHIKH, Xapkis, YEpaiHa

OCKUTBKH BCe DUIBIIE KOMITaHIH YCBLIOMIIONTE, IO JaH1 B YeIX hopMax 1 po-
3MipaX MAIOTh BHpIITATBHE 3HAUEHHS UM NPHAHATTA HARKPAIDHX MOMIHBHX pi-
IIeHb, MH DATHMO NOCTifHE 3pOCTAHHA CHCTEM, AKI IATPHMYIOTE BelHYe3HHI 00-
CAr pelIifHAX abo HepemmHHEX dopM maHHx. Ha BIIMIHY BiT TpagHIIHHHX CH-
cTeM KepyBaHHA Da3aMH JaHHX, SKI OPraHI30BaHI HABKOIO €JHHOI MOJENl JaHHX,
AKa BH3HAYAE, K JaHI MOKYTh OYTH OpraHi3oBaHi, 30epexeH1 H MaHITYIE0BaH1, MY-
ILTEMOIeIBHA 0a3a JAaHHX Po3pobIeHa ANd MITTPHMEH KUIBKOX MOJelell JaHHX Ha
OIHOMY IHTerpoBaHOMY cepsepi [1]. HasBHICTE eHHOI INaTdOpMH JaHHX JII Ke-
PyBaHHA 9K J00pe CTPYKIYPOBAHHMH JaHHMH, TaK 1 JaHAMH NoSQL € BHTLTHHM
I KOPHCTYBAUIE, TO3A4K TAKHH IIIIXIT 3HAYHO 3MeHITYe IpoOIeMH IHTET PaLlil, Mi-
rpaii, po3podKH, 00CTYTOBYBAaHHS Ta eKCILTyaTalii

BeHUYMapKIHT € 3araJbHONPHAHATON IPAKTHKOIO T4 OLIHKH CHCTeM ba3 1a-
HHX, TI03a4K Bce OUIBIIe 1 OUThIIe MIaTdopM IPOINOHYIOTECH UIH POOOTH 3 MYJIBTH-
MOJeIBHHMH JaHHMH. TOMY cTa€ BayIHBHM MAaTH O€HUMApPKH, SKi MOKHA BHKOPH-
CTOBYBATH JIS OLIHKH IPOAYKTHBHOCTL T4 3PYYHOCTI BHKOPHCTAHHA HACTYIIHOTO
MOKOIIHHSL MYIbTHMOIeIBFHEX CHCTEM 0a3 TaHHX.

MeTo0 J0HOBITi € aHATI3 METOAY Ta 3ac0oDIB DeHIMapKIHTa MYIBTHMOJEIb-
HoI Da3H JaHHX.

B m0mOBiA1 HABOMHTHCA, IO PeTeNbHA ONIHKA MYIETHMONETRHHX CHCTEM 0a3
IAHHX CTABHTH Iepel cO00K0 KUTBKA HOBHX Npo0IeM, SK1 HeodxiaHO mogonaty. [To-
IepIne, OCKUTbKH CTAHIAPTHOI MYJIbTHMOIEIBEHOI MOBH 3aIlHTIB 3apa3 HeMae, 3ara-
MBHOMOCTYIIHI Peami3anii TaHux OeHUMADKIHTA Ta 3alIHTIB JUIf PI3HMX CHCTEM CILT
PO3pOOIATH, CILTPHO BHKOPHCTOBYBATH, YHIQIKYBATH Ta OIITHMI3YBaTH. Ilo-ApyTe,
Ha BUIMIHY Bi pelMIIHHOTO CBITY, cHcTeMH NoSQL JOTpPHEMYIOTbCSH IIapagHIMH
«CIOYATKY JaHL, CXeMa Mi3Hime abo HIKOMH». {14 peTensHol OIHKH Mae OyTH MO~
JIIHBICTE KOHTPOMIOBATH BXIZHY CXeMy Ta CKIATHICTh BOMIONIl CXeMH IIT Mylb-
THMOJeIBPHEX JaHHX. beHuMapk IOBHHEH MIIBHINYBATH IPOSYKIHBHICTD, JO3BOII-
FOIH CTBOPIOBATH DaraTto MyIbTHMOMEIBHAX JAHHX 13 PISHOMAHITHOIO CXEMOI0, BH-
KOPHCTOBYIOUH HeBeTHKI py4Hi 3ycmmnd. Hapemti, MyIsTHMOOeNbH] 0a3H JaHHX
TIOBHHEI MTTPHEMYBATH MUKMOIENBHY TPaH3aKIIio Ta Y3romkeHicTs. TomMy HOBI Me-
TPHKH Y3T0KEHOCTL, SK1 OIHCYIOTE I0BeIIHKY Y3T0[LKeHOCT1 I PI3HHX MoZenef
IAHHX, IOBHHHI OYTH 3aIPOIIOHOBAH] TOYHHM THHOM .

Cnucox miTeparypa

1. Cnacirenega C. O., JKgamosa H0. ]I, YUsukams 1 B. Ilpobnemm Oezmekn
VHIBepCcAIEHEX ILIAaThopM VOpaBninEa JaHuMH. Kibepbesnexa: oceima, mayxa, mexwixd.
2019.T.2, Ne 6. C. 122-133. DO hitps-//do1.org/10.28925/2663-4023 2019.6.122133

53

Pucynox b.2 — Te3u nonogizi koHbepentiii «CydacHi HanpsiMu PO3BUTKY

1H(DOpMaIITHO-KOMYHIKAIIMHUX TEXHOJIOT1! Ta 3ac001B YIpPaBIIHHS



CyuacHi HanpAMKM PO3BUTKY IHPOPMALIAHO-KOMYHIKALLIFHMX TEXHOMONIMA Ta 3acoBiB ynpasniHHA

Hopwor B.C. .

73
40

e 13
... 80
. 84

O6onesnesa B.B. ...
Omimsx B. M. ...
Ompmancera T. 1 .
Ommenxo J[. IT .
OmessxoIL B. .

108
123
70
121
93

.. 100

Ociencixuii C.B. ...
Ocimosa [ HO. .

100
56
16l

- 45

Ilerperxo O. C. ...
Ilerporcexa L FO. .
Togmybmmii B. O. ...
TTopopozmsx A O. .

. 64

100
68
26
149
121

. 123

. 124

Ilotimenoea O. O. ...
ITomxanos JT A .
ITopomesro A I .

Tloprasxo K. TT. ...
Ilpacon L B. ............

117
35

37
89
38

.39

Ilpokomoe B.B. ...
Ipokomayx O. P. .
IIpoxod’'er B. O. .
IIpoxopoe O.B. ......
IIyctoBapor B.B. .
Pagaesxo A B. .......
Paxme . 1O ...

131
37
99
120
169
84
49

. 30

.92

Peamiuenxo B. A, ...
Pemermroea IL E. ..
Pubampaerxo A O. .

Py6amlB. ...

131
125
93
46
110

Pymenmee B. I ...
Cagomii K. B. .........

127
151
167

. 168

Canamaros Q. Q. .

150
70

e 12
.. 98

.. 102

99
94

... 98
.. 102

Crnmmoxmit A. Q. ...
Cumenxo M. C. ...
Cyvuproe B.O.
Cumipror O A
Crmipros C. A ...
Cvmiproa T B.
Crapuee B.B. ..........
Cropoxenxo A O.
Cymramoe JT 1.
CyxemxoB. O. ..

Cyxopyxosal B. ...
Tabymemxo B. 0. .

e 141
e 142
e 148

.. 149

74
51
138
134
130
130
130
96
59
91
147
19
119
180

.. 181

Tapacesmso MC. .
Tevomerxo [ O. .
Tranemko O.B. ...
Tekaas O. O, ..
Txa=sor B. M. ...

Txaayx P.O.
Toxapersmit O. 1
Tpersx B. ©. ...

153
41
72
144

e 060
.. 66

127
173
93

e 96
... 99
.. 100

166

Tpunenesmi JT. T ...
Vmaer O.C. ...
Ymamens M. C ...
PaypeEB. ..
Demoporma 0. €. .
Demomem 0. 1 ...

Pecemo A M .......
Pecemo T.T. ........
@Oimnesxo L B. ...
Do LT ...
®ypmraB. B
Xaxamosal B. .
Xomma B ML .
Kpoms JLO. .............

Kpama Il O. ...
Yemema C. II ...

Uyimo O A ... ...
Uymax B. 1. ............
IMadurymmea M B. .
Iedep O.B. ...
Mmoo B.B ...
Ormao C.B. ...

Imaree O. B, ...
lynezxo B.B. ...
Hlymxa A IT ...
MTymimye O. A ..
Mlymex B. O. ...
Hlepbax JL IO ...
IMepbaxoea FO. A ...
HAuxopcermit 0. A .
Spomeera P. O. ...
Hcuucesmi O. M. ...
Hmama Q. C .

.. 110

148
18
86
138
120
152

167
127
40
47
78
140
126

164
67
96
106

111

75

184

Pucynox b.3 — Te3u nonogizai konbepentiii «CydacHi HampsiMU PO3BUTKY

1H(}OpMaIITHO-KOMYHIKAIIMHUX TEXHOJIOT1H Ta 3ac001B yIpPaBIiHHS



Pucynok b.4 — Crarrs B )xypHaii «CydacHUM CTaH HAyKOBHUX JAOCITIIKEHb Ta

TEXHOJIOT1i B MPOMHUCIOBOCTI»

76



X apKIBCHKHI HAIIOHATBHHHA
YHIBEPCHTET pajioeIeKTPOHIKH

JepskaBHe MIIPHEMCTBO
"TIiBIeHHAH OepiaBHHI
IIPOEKTHO-KOHCTPYKTOPChKHE
Ta HAYKOBO-TOCTITHHE IHCTHTYT
aBlaMiHHOT IPOMHCIIOBOCTL"

CYUACHHH CTAH
HAYKOBHX
JTOCJIITKEHB
TA TEXHOJIOI'TH
B IPOMHCJIOBOCTI

Ne 1 (19), 2022

1 oxeapmanvruii
HAVKOBNT
HCYPHAT

Xapkis
2022

Kharkiv National
University of Radio Electronics

State Enterprise
"Southern National Design
&

Research Institute

of Aerospace Industries”

INNOVATIVE
TECHNOLOGIES
AND
SCIENTIFIC SOLUTIONS
FOR INDUSTRIES

No. 1 (19), 2022

Quarterly
scientific

Jjournal

Kharkiv
2022

Pucynok b.5 — Crarts B )xypHaii «CydacHU# CTaH HAyKOBHUX JAOCIIIKEHb Ta

TEXHOJIOT1 B POMHUCIOBOCTI»

77



CYYIACHMUMA CTAH HAYROBMER S@CGMIIPREHLD
TA TEXRRCIEFIR B PeOMUACHOEBE@EST]

835

[ R
[ ORARIIL

EIIEETROHIK

No 1 (19), 2022
IPATCT

EBapwoscsxa 0. F0., Xowus B. M, Hacmenwo 0. C.

5
o' exis (eng.)
13 FBamwox T. M., Buconsxa B. A
27 Mimyxin C. B.
Jocnimxenas mpoayxTeEsocTi Mogem DTU iz peraniiism: 6as Fammx Ha margopad Azure (eng,)
40 ITonoce A B., Momom M. O, Enizesn 4. B.
BHOip cHCTEMH ABTOMATHIAITT TECTYBAHER 3 YPaXyBAHEAM BEMOT 3aMOBHHEA (eng.)
47 Cwdosun T C, Jasudoscsruit 1. K.
Tponecy Tpancdopyamil dopmarifieo] apxiTeRTyPH onepaTopa 38 &IKY (eng.)
33 Ilao Beiininy, Kecenwo B. B, Cemenos C. I.
Jocmsesns edeXTHEHOCTI METONY MIBHINEHHA 0esMeRH NPOIPAMHOTC 3abesNedeHHA | OGIPYHTVBAHEA
PARTHIHEY PEROMERTANI 5 Horo BEKOPECTaHEA (eng.)
[ExEHepld T4 UpOMHCIOR] TeXEomorii
65 Ansoxana C. B, Hesnrodos I IIT, Powawios FO. B.
Kowm'oTepre MoIeTOBaREA NPONECIS KEPOBAROCT] A POSOTHIOEAHER KOMICHAX TIATHOPM 3 BIaxyBamHAM
OGMeREHE PHEKIE PyXIE (eng.)
T6 Yepuar 0. M., Copoxonam H. A, Bazees I O, Eameesa T K.

EBaMIMETPIT

CHCTEMH T8 KORMIT FOTEDHL MEPENKT

"-""Q}"&ff'jr.-'—:"- EaL
Iyes A O, Isauwo A. B., Tynin J. O.
amaisi (eng )

Kumzes B. B, Tanypenre B. O, Cepros O A,

Merom i 3aco0H CIIEEH PIBEA 3aBaN0CTIEEOCT OEIMPOBLIHEX KABATIE 3B A3y (eng.)

AmndapiTHuil MoRAEMHE

Ja docmosipricmy suxaadenuy gaxmis, yumam ma inwux sidoMocme sidnosidanHicme Hece asmop

Pucynox b.6 — CtatTs B )kypHan «CydacHUN CTaH HAyKOBUX JIOCHIIKEHb Ta

TEXHOJIOT1 B MPOMHUCIOBOCTI»

78



ISSN 2522-9818 (print)
Cyuacruil cman HayKoeux docTioMeHE ma mexHonosil & npomuciosocmi. 2022, No 1 (19) ISSN 2524-2296 (online}
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O. BARKOVSEA, V. KHOMYCH, O. NASTENKO

RESEARCH OF THE TEXT PROCESSING METHODS IN ORGANIZATION OF
ELECTRONIC STORAGES OF INFORMATION OBJECTS

The subject matter of the article is electromic storage of mformation objects (I0) ordered by specified rules at the stage of
accummlation of qualification thesis and scientific work of the contributors of the offered knowledze exchangs system provided to the
system in different formats (fext, graphic, audio). Classified works of contmbutors of the system are the ground for orgamization of
rooms for di 1on to spread scientific achievements, to adopt new ideas, to exchange knowledge and to look for

employers or mentors m different couniries. The geal of the work 1s to study the libranies of text processmg and analysis to speed-up
and merease accuracy of the scanned text documents classification in the process of serialized electronic storage of mformation
objects organization. The following tazks are: to stody the text processing methods on the basis of the proposed generalized modsl of
the system of classification of scarmed documents with the specified location of the block of text processing and analy=is; fo
investigate the statistics of change m the execution time of the developed parallel modification of the methods of the word processing
module for the system with shared memery for collections of text documents of different sizes; analyze the results. The methods used
are the followmg: parzllel digital sorting methods, methods of mathematical statistics, lingmstic methods of text analysis. The
following results were obtzined: in the cowrse of the research fulfillment the peneralized model of the scanned documents
classification system that consist of image processing umt and text processmg unit that mehide unit of the scanned image previouns
processing; text detection unit; previous text processing; compiling of the frequency dictionary; text proximity detection was offered.

shemati

Conclusions: the proposed parallel modification of the previous text processing unit gives Endmﬂmmmﬂmmﬂnt,ata

very high 1omal load (collection of 18144 files, about 1100 MB), the resources of an crdinary multiprocessor-based

3

w1lhthzshamdmemnrynbumlysmtmmghwsnlnmchpmblemsmﬁemdechsemﬂm

Keywords: information system; parallelizm; word p:

g; lmguistic prog library; leration; method.

Introduction

The paper [1] offers the system of young scientists
from different countries knowledge exchange, that
provides for commumication of the specialists and
interested people on the one of available topics. The topic
is defimed onm the basis of qualification thesis
and scientific work of the system participants, that
prescribes the previous stage of the data collection m
database, their amalysis to classify and identify
topical and scientific and practical directions and authors
who are interested m and look into specified directions.
Classified works of contributors of the system
are the ground for orgamization of the thematic rooms for
discussion  to  spread  sciemtific  achievements,
to adopt new ideas, to exchange knowledge and
to look for an employers or mentors in different
countries.

In the thesis [2] it was offered the orgamization
model of the storage system [3-6] and access to the
scientific thesis of the researchers, lecturers and university
students within electronic storage I0. Both stages are
working with different types of input documents: graphic,
text and audio-files (the last format 15 used only on the
data access stage). That is why applicability of the
research in the scanned documents classification field for
the classification and structured storing m electronic
storage of the scientific knowledge exchange system is
reasonable.

Analysis of last achievements and publications

Scanned documents processing is a complex process
as it represents the combination of the methods of the
work with the image and text processing, that was noted in

thesis [7-9]. Further, a lot of works are addressed to the
text processing methods [10-14], and realization of
methods 15 performed m pumerous linguistic
programming libraries — CoreNLF, NLTE, TextBlob,
Spacy, Spark NLP etc. The specific feature of a Library is
a possibility to use different hardware (massive
parallel system, general memory systems etc). Processing
libraries analysis and text amalysis is the poal of
the given work. It will provide fast and accurate
detected  text  processing  for  the  further
classification.

In the sphere of natural language processing there are
many hbraries, but the lbranes with the lmited
fincticnality and operate for the specific cases
will not be productive for solving the given task. Fer
mstance, NLP  gensim lDbrary was  ongmally
mtedﬁorﬂ:muatlcmodeh.ngmdcaumthe

used for comp NLP 11 construction
as  a cclk::tu:u of basu: and  additional
functions (fig. 1).

The amalysis of the NLP libraries expended
featores  about text processing revealed  that
the following libraries with the open code
meet the mnecessary requirements: Spark NLF;
spaCy; OpenNLP; Stanford CoreNLP., NLTK [15-17].
The comparison of the NLP libraries Features is given
in table 1.

Although most NLP libraries support leaming new
models by wusers it is important that amy NLP
library was able to provide available pre-tramed high-
quality models. However, most hbraries only support
general pre-trained models (POS, NER etc.). Some
do not allow the use of their pre-trained models for
commercial purposes because of the way they are licensed
(table 2).

€ 0. Barkovska, V. Ehomryeh, 0. Nastenko, 2022
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Fig.]. Definition of basic and additional fimetions of NLP pipeline
Table 1. The compariszon af the NLP libraries featres
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The conducted amalysis of the linguistic focused on natural language processing with ready-made
programming libraries, the functionality of which is  pre-trained models of neural networks, conveyors amnd
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leaming of their own models, showed that Spark NLP and
spaCy are the leaders, therefore, these libraries can be
successfully used for research and I tion m
order to reduce the operating time of the text umit in the
proposed generalized model of the scanned documents
classification

Comparing Spark NLP and spaCy, it should be noted
that spaCy is the most documented library and possesses
an extended training course, as well as the wide industrial
application. In the research [18] the above mentioned
libraries were analyzed on the accuracy of traming, model
size, time forecast, F-measures on the same data sets for
all libraries in the process of traiming and testing. The
spaCy library provided the most efficient performance and
the highest results of the accuracy of framing
comparison with the other models. Therefore, the
experimental part of this work was performed using the
spaCy lingmstic library.

Aim of the study is to study the text processing and
analysing libraries with the aim to speed up and increase
the accuracy of the scanned text documents classifications
when organizmg an orderly electronic storage of the
information objects.

Achieving the goal 15 possible by solving the
following tasks:

- to perform the analysis of the modem lingmistic
programming  libraries for sequential and parallel

ISSN 2322-9818 (print)
Cymacnuil cman Rayxosux docTidxcent ma mexHonesTl & npovuciosocmi. 2022 M 1 (19) ISEN 2524-2296 (onling)
vector representations of words, as well as supporting the  mmplementations of the most commeon methods of text

precessing and analysis;

- to offer the generalized model of the scanmed
documents classification system with the specified place
of the block of processing and the analysis of the text;

- to provide a modification of the methods of the pre-
processing module for the system with shared memory;

- to obtain statistics of the time spent on the work of
the pre-processing module for the collections of the text
documents of different sizes;

- to analyze the obtained results.

Materials and methods

The topicality of the research lies in reducing the
time of orgamzing the new mformation resources entering
the storage by increasing the speed of processing methods
and analysis of the recogmized text in the original image.

Fipure 2 shows the place of the methods of text
processing and analysis on the generalized model of the
scanned documents classification system, which consists
of the following units — image and text processing umits,
which m their turn mclude the modules of the scanned
image pre-processing; text detection; text pre-processing;
l:rmuugﬂleﬁequencyd.lchmry d.eﬁmngl‘]:etexl‘ual

The mentioned units work in the sequence
shnwumﬁg 2, that 15 the final result (the accuracy and
time of c]ﬂssi.ﬁcatiou} depends on all methods used.

Software ) Hardware
| | Msssively parallel Shared memory i
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e S T e o o o
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Fig. 2. The scheme of the text processing and analysis methods on the generalized model of the scanned documents classification
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Linguistic plpehne components, rq:mseuted in the
text pre processmg module, are called in order. The
tokenizer is launched at the first stage in the NLP-block
and as a result leads to breaking a paragraph of the text
into smaller parts (tokens), for example, words er
sentences.

The onginal text, on which the compeonents of the
conveyor were tested, are given below:

[We will protect our players and I will protect my
players always., He played against Everton as a number
6, a mumber 9 and as a wing-back.’, Ts that fair to him?]

Full breaking of the paragraph into words in the text
form is givenbehw

[We', "will’, ‘protect’, ‘our, 'playets a.nd' T, 'will,
‘protect’, ‘my’ ‘players, ‘alvays’, ", He', played, ‘against’
'Everton’, 'as’, "a’, ‘number’, '&, ', "mmlber’ 9, 'and’,
'as’, 'a, ‘wing-back’, ", Ts", ‘that’, 'fair’, 'to’, him’, '7']

Removing noise words as such that do not convey
any semantic load in the text, for example, "the”, "a", "at",
"for", "above", "on", "I1s", "all" is an important step, that
m.ﬂnencatheamcyoflheongmﬂ]ducmuems
classification as well as the speed of the result obtaining
by reducing the amount of the text processed. In spaCy in
order to remove such words it is necessary to create the
noise words list and filter the list of tokens from these
words.

The full result of the filtered sentence after removing
the noise words from the tokemized semtence is given
below in the text form:

[We', ‘'protect, 'players’, T, ‘protect. players
‘always', ", He', ‘played’, Everton, 'mumber, ¢, °,
‘mumber’, ¥, ‘wing-back’, ", Ts', "fair’, "?]

Lexical rationing takes into account amother noise
tgpemﬂletext For example, the words "conmection”,
"connected”, “connecting” are the denvatives of tbe
general word “commect”. Such ratioming reduces related
word forms to a common root word. The process of
shortening a word to the base by discarding auxiliary parts
such as an ending or a suffix is stemming. The results of
stemming are sometimes very similar to finding the root
of a word, but its algorithm is based on other principles.
That's why a word after processing by the
stemming  algorithm can be differemt from its
morphelogical root.

The result of the filtered sentence stemming
(stemmed zentence):

[We', ‘protect, ‘player’, T, 'protect, ‘player’, ‘alway’,
. 'He', 'play’, 'everton’, ‘mumber, 6, ), ‘number, 9",
‘wing-back’, ", Ts', "fair’, '7]

Based on the format of the criginal data — collection
of the text documents — and obtained in the process of
their readmg string variables with their contents, siream
processing of the texts is more effective than
processing them one by one in the traditional sequential
form.

In this case, one of the documents of the collection d
is sent for processing by the stream. Testing was done on
the system with general memory AMD Ryzen 5 2600
3.4GHz, having 6 cores and a maximum mumber of
streams — 12. SpaCy recommends joblib library for
parallel processing of the NLP conveyer umits. To

p@ﬁJlethethewmiﬂurw it 15 necessary to identify a few
more auxiliary methods

Study results and their discussion

In order to analyze the operation of the text
processing methods without the use of the parallelization
procedure and with the help of it, collections of the
documents of different sizes were used (table 1)

- 1 file of 10 thousand words, about 3 ME;

- collection of 25 files of 225 thousand words, about
120 MB;

- collection of 3024 files, about 200 MB;

- collection of 9072 files, about 600 MB;

- collection of 18144 files, about 1100 MB.

The case that was used for testing comsists of the
files that represent classical works of Literature in the plam
text format, and m particular:

- A Tale of Two Cities — A Story of the French
Revolution:

- Alice’s Adventures in Wonderland;

- Fairy Tales by the Brothers Grimm;

- Frankenstein; or, the Modem Prometheus;

- Moby-Dick or, the Whale;

- Pride and Prejudice by Jane Austen;

- The Adventures of Sherlock Holmes;

- The Adventures of Tom Sawyer;

- The Ihiad of Homer;

- The Romance of Lust by Unknown writer;

- War and Peace by Leo Tolstoy etc.

For each of the methods listed in the word
processing module testing was conducted on each of the
five collections. The testing inchided 10 10 application
launches to determine the average execution time of the
metheds.

Fig. 3 represents the block diagram with parallel

modification of the methods of the pre-processmg module
for the system with shared memory.
For the systems with shares memory the programme
model for the decompesition of the traditional sequential
approach is the forkjoin model, which involves
generation of parallel flows, ther mdependent
performance, combmation of the results m the mam
stream. Thus, the operating time of the module is
significantly reduced and mstead of the sum of the
processing times of all documents the area of preparation
of the original text for the creation of the frequency
dictionary is egqual to the time of the longest processing,
which corresponds to the most voluminous origmal text.

The time, given in the table in the line without
acceleration, 1s the sum of the time of tokemzaton
methods, removal of stop words, POS tagging and
steaming. Here is an example for a file of 10 thousand
words: the time of tokemzation iz 0,054 seconds, the time
of the stop words removal is 0,012 seconds, the fime for
POS tagging is 0,583 seconds and the time for stamming
is 0,1324 seconds. That is, the total operating time of the
pre-processing  medule  without  acceleration  and
use of nlppipe 15 13964 seconds for the collection
including only one file with the volume of 10 thousand
words.
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Fig.3. Block diagram with parallel modification of the preprocessing methods for the shared memary systems
Table 3. Statistics of the time spent on the apevation of the text pre-processing moduls

Number of files
Method 1 2% 3024 s072 18144
Without acceleration 1,3964 sec 8.42 sec 7587 sec 1956 78 sec | 58946 sec
alp pipe 178l c 6.354c 620,35¢ 1604.9¢ 3691 4c
) [ 2 streams 1413 ¢ 3247c 3504c 8213c 3854 8w
Paralleling |4 streams 1348 ¢ 2.87c 192.7c 143 46c 2310.7c

According to the results depicted on the graph (fig.

4), we can observe the tendency of acceleration but the

respurces of an ordinary multiprocessor-based computer

with the shared memory obvicusly is not enough to solve

such problems in the mode close to real time. Parallel
4.5
4
1,5
3
25
F

Speedup

0.5

o . -
1 file 25 files

0988 L6053
1035 1034

2 threads
4 threads

Fig.4. Graph of the text prelimmary pro methods |

1,5 //—\
1

algorithm for several streams has an advantage omly in
case of presence of a large number of documents, and the
higher the mumber of streams the greater the acceleration.
If it is necessary to analyze a small amount of text 1t is
better to divide the data into parts and transfer to nlp.pipe.

3024 files 9072 files 12144 files
1.963 L.98 1.53
382 3,508 2,55
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The next step of the functiommg of the text
processing umit is the work on the creation of the
frequency dictionary module and the module of
determining the textual proximity. As the compilation and
organization of the frequency dictionary is given in the
article of the authors of this survey [2]. further research
wiﬂberehtedexacﬂytathedeﬁujﬁﬂnofthetextnﬂ]
proximity which is an important step for the efficient
storage of documents and its organization. Determm.mg
the percentage of similanity between the texts in the given
generalized classification system of the scammed
documents is proposed to aveid duplication of documents,
that is resaving of an existing document with a different
name.

Conclusion

In the course of the research it was proposed a
generalized classification system of the scanned
documents, which consists of the image and text
processing units, which in their turn include the modules
of the scanned image pre-processing; text detection; text
pre-processing; creating the frequency dictionary; defining
the textual proximity. As the given umits operate in the
sequence, that is the final result (the accuracy and time of
classification) depends on all methods used, the reduction
of the time for classification and arrangement of the new
information resources entering the system is possible by
increasmg the speed ofprocessmg methods and analysis
of the recognized text m the original image.

Therefore, in the research it was proposed the
parallel modification of the methods of the pre-processing
module for the system with the shared memory and
conducted its software testing with the definition of the
obtained acceleration depending on the different mmmber
of the computational streams used.
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JAOCTHTAEHHA METOIIB OFPOEKH TA AHAMBY TEKCTY IIPH OPIAHIZAINI
EJIEKTPOHHHX CXOBHIIT IHPOPMAINNIHMHAX OF’CKTIB

IlpeaveToM ZoCTITAEERR B CTATTL € SIEKIPOEHE CXOSHINE IHQOPMANEREX 00 '€KTE, BOOR 31 EH3EA

OPAEHTAME HA ETAll HAKONHTUEHHEA KBAT(IEANIGHEX T4 HAVEOEHMX DOGIT YIACHHEIR SE.IIPOIIQII):IB:H.EDI CHCTeMH OOMIEY
SHAHHAMH, HA oo ¢ ¥ piseEx oy (TexcToni, Tpadimml, aymio). Kracubikosani poSoTH yacHmER
CHCTEMH € MNCTABOKD ILTH omﬁmﬁmlm’mmm'r amE uﬁrmopmnmpmﬂcmmmx HAYEOBHK
HOCETHEHD, JAN03HIEHAT HOBHX 1ef, OGMIHY SHAHHAMH Ta IOMVEY poGOTOSaEmIE af0 MEHTODIE ¥ PISHHEX KpaiHax CEiTy.
Mera poborm — mcmmmxﬁlﬁnmuﬁpommmmsmi nmemmnpmxupen:ﬁ.umsﬁrmmmmm
EIRCH{IFANI CKAROEAHEX TERCTOBHX JOKYMEHTIE IIPH OpraBisanii SIopATKOBAH0re eTeKTPOHEOND CXOBHITA IRQOpMATIHHExX
06"exTiE. B L'ra'mnnpnn}lmmcnnacr_‘,rnm 3ABIAHHA: JOCTLTHTH METOOH 00po0EH Ta aHATISY TEXCTy Ha 6asi SaNpoNoHOBaHo]
ySaranbEEHC] MOJEM CHCTEMH ENAcH(IKANI CKFOBAHEX IOKYMEHTIE I3 3aSHaueHEM Micmew Onoxy ofpoliH Ta aBamsy
TEECTY; AOCTLTHTE CTATHCTHEY SMIHY 9ACY BHKOHAHFA Pospofieno]l mapatemkac] MoTadikami METOMIS MOTYIH NomepeTHbOl
00pofiH TERCTY ITf CHCTEMH 13 3ATATEECID NAEMATTIO JIIF KOMEKINH TeRCTOBEX JOKYMEHTIE PISHOTO DO3Mipy:
OPOABATITYBATE OTPEMAH] PesyIbTaTH. BHECDECTOBYIOTECA TaKl METONE: NapaTe/sHl THCEIBH] METOME COPTYBAHHA, METOIH
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MATEMATHYHO] CTATHCTHEH, JIHTBICTHUHI METONH SHATISY TEKCTY. ONpEMARC HACTYIHI PeSYIBTATH: B XOII EHKOHAHER
TOCTUDEEED, G0 3aNPONOHOBAHD Y3AralEHEHY MONeb CHCTEMH KIACH(IRANT CKAHOBAREX JOKYMEETIE, KA CHIANACTBCA 3
Groxy poboTH 13 306paEerEmM Ta GI0EY poSOTH 1S TEKCTOM, KL, B CBOK 9eply, EKTMATE MOy NonepeIrsol ofpodis
CEAHOBAHOTO 300p@KEHEA, MONYTh POSMISHABAREA TERCTY, NONepeTHbol OOPOGKH TEKCTY, NOOYIOBH JACTOTHOTD CTORFHHEY;
BHSRATRHHA TEKCTOROI GMHIBEOCTL. BHCHOBRN: SAIPCIUHCEARA [EPATRTHHA MOMEDIKATIA MOIYIE TONEpeTHBol o
o 3,998 paszie. Ane, mpE DyEe BHCOEOMY 00UHCTHOBATHHOMY HiBaHTaRSHH (Romerma 3 18144

Qmmua, Gmmssxo 1100M6), pecypeis obumcmoraTa Ba Gasi Garatonponecopsoro 1[IV i3 saramkEoie DAMATTO He JOCTATHEBO
117 BHPIMEHHR TOTIGHEX 33149 ¥ PEfHEM, BaGMSeHOMY 10 PeaTsHOCe Tacy.

Kaw=oel ciopa: imbopmarmiiina CHCTEM3; Dapalemias; o0poxa TeRCTy; NIETEICTHIHE NpOTPAMYS3HHA, OiGmioTesa;
IPHCKOPEHHEE, METOX.

HCCIETJOBAHHE METOJOB OBPABOTEKH H AHATH3A TEKCTA ITPH
OPTAHH3IATIHH 3 TEKTPOHHBIX XPAHHTHII HHEOPMAITHOHHLIX
OBBEKTOB

TIpemveToM HCCIETOBAHHR B CTATHE MBMASTCA WIEKTPOEHOE XPAHITHITE HEGOPMANHOHHER 06BLEETOR, YIOPAICIERROS 10
ONpeIeeHHEM NPABHIAM HA 3TaNe HAKOIIEHHR KBATHHKATHORHLY H HAYIHE pafoT YIACTHHEOS NPeUIAraeMol CHOTEMS]
o0MPHA SHAHHEMH, DOCTYIANIIEME E CHCTEMY B DasIH9HMX (oOpMaTax (TeECTOEmE, IpadeMeckme, ayaEo).
KaaccuHIHpoBaRHEE paboThl YIACTHEEOS CHCTEMS! SBIAFOTCA OCHOBAHHEM ITH OPTAHH3AMHH TEMATHUECHHX KOMHAT IIA
0GCYENSHEA © MeNbl0 PACIPOCTPAREHER HayIHEX TOCTHMCHES, 3AHMCTEOBARES HOBRX HIeH, 00MEHA JHAHHAME H IOHCKA
pafoTogaTensd HTH MeHTOPOS B PasHRX cTpaHax Mupa. Ilean paSoms — Hocnemosamme OHOAHOTER ofpaloTiH H aHAMHIA
TEECTA € DEMRED YCEODEHHA H YESIHUEHHA TOGHOCTH KIACCHOHEAIHE CEAHHDOBAHHEIX TEECTOBRX IOKYMEHTOE HPH
OPTaHHIAIEE YIOPAIOTEHHOND SMEXTPOHECTO XPAHHTHNIA HEQOPMATHOHHBX OGBEKTOE. B CTaTbe PEmANTCH CIeTyIOmEHe
3A09H. HCCIEIOBAT: METOIE! 00paCoTiH H 3HATHIA TEKCTA HA OCHOBE NpeliceEHcH ofoOMeHBOH MOJEMH CHCTEMEI
ETACCH(HIAIHE CEAHHPOBAHEEIY JOEYMEHTOB C VEASAHHEIM MeCTOM Gnoka o0paloTHH H AHATHSA TEKCTA, HOCISIOBATE
CTATHCTHEY HIMEHEHHE EDEMEHH BROOTHEHHE DaspaboTaEHOH MAPATIEMEHOH  MOTHHEANE —METONOE MOTYIR
IpenBapHTETbHOE 06PAGOTEH TEKCTA A CHCTEMBI C OOMeH DAMATHID T8 EOVIIERIHE TERCTOBBIX JOKYMEHTOS DasEOTO
pasMEpa; MPOAHANHIHPOBATS NONYIEHHHE PEIYIBTATEL MCTOMBSYIOTCA CHBNVIONHE METOILL DApAIIeIbHEE FHCIEHHEIR
METOIE COPTHPOBEH, METONE MATEMATHUECKOH CTATHCTHEH, [HHTEHCTHUECEHE METOOE AHATHSA TewcTa. [lomydemb
CIENYIONIEE PEYALTATHI. B XOOe BENOIHEHET HOCTIENOBAHHE OhLTA mpexToEeRa O00O0MERRAR MONENL CHCTEMBI
ETACCHHIAITHE CKARHPOBAHEEL JOKYMEHTOR, COCTORMAR H3 Gmoka paboTl © H3ofpameRHeM H GI0EA pafoTH ¢ TEECTOM,
KOTODHIE, B CEOI0 O9EpeNb, BEMOFAIT MONYTH NpelBapHTEEECH 0O0pafOTEH CEAHHDYEMOro H300DAEEHHT, MOIYIH
PAaCIOSHABAHHA TEKCTA, NpelBapHTENBHOE 00palUTRE TEKCTA; IOCTPOSHHA MaCTOTHOTO CIOBAPH, ONPeJSNeHEE TEECTOBOH
GmzocTH. BuiBogm!: OpemmomeRHA¥ MApATIETHAT MOTHGHEAIHE MOTYIH DpeIEApHTEILEOH oOpaGOTEM TewcTa IaeT
yexopesse B 3,998 pasa. Ho, nps oeess Bricokol BRMHECIHTeMbECH Harpysee (komtesmss g3 18144 dafiooes, oxomo 1100ME),
PeCypPCoB BEMHCIHTEI Ha Gase MEcronponeccopsoro ITTY ¢ ofmei TaMATE BEICCTATONHD T PIIERHE TON0GHEN 3a1aq
B PeREME, NPHNTIAEHAOM K PEATEHOMY BPEMERH.

Kamwo=essre c1oBa: HEDQOPMATHOEHAS CHCTeMA; [ApATIEAEIM,; 0Opa0OTEa TEXCT3a; NHETEHCTHYECKOE IDOTPAMMEDPOEIEHE,
OGHOTHOTERa; YCEOPEERS; METON.
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