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

The subject matter of the article is electronic storage of information objects (I0) ordered by specified rules at the stage of
accumulation of qualification thesis and scientific work of the contributors of the offered knowledge exchange system provided to the
system in different formats (text, graphic, audio). Classified works of contributors of the system are the ground for organization of
thematic rooms for discussion to spread scientific achievements, to adopt new ideas, to exchange knowledge and to look for
employers or mentors in different countries. The goal of the work is to study the libraries of text processing and analysis to speed-up
and increase accuracy of the scanned text documents classification in the process of serialized electronic storage of information
objects organization. The following tasks are: to study the text processing methods on the basis of the proposed generalized model of
the system of classification of scanned documents with the specified location of the block of text processing and analysis; to
investigate the statistics of change in the execution time of the developed parallel modification of the methods of the word processing
module for the system with shared memory for collections of text documents of different sizes; analyze the results. The methods used
are the following: parallel digital sorting methods, methods of mathematical statistics, linguistic methods of text analysis. The
following results were obtained: in the course of the research fulfillment the generalized model of the scanned documents
classification system that consist of image processing unit and text processing unit that include unit of the scanned image previous
processing; text detection unit; previous text processing; compiling of the frequency dictionary; text proximity detection was offered.
Conclusions: the proposed parallel modification of the previous text processing unit gives acceleration up to 3,998 times. But, at a
very high computational load (collection of 18144 files, about 1100 MB), the resources of an ordinary multiprocessor-based computer
with the shared memory obviously is not enough to solve such problems in the mode close to real time.
Keywords: information system; parallelism; word processing; linguistic programming; library; acceleration; method.

Introduction

The paper [1] offers the system of young scientists
from different countries knowledge exchange, that
provides for communication of the specialists and
interested people on the one of available topics. The topic
is defined on the basis of qualification thesis
and scientific work of the system participants, that
prescribes the previous stage of the data collection in
database, their analysis to classify and identify
topical and scientific and practical directions and authors
who are interested in and look into specified directions.
Classified works of contributors of the system
are the ground for organization of the thematic rooms for
discussion  to  spread  scientific  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 organization
model of the storage system [3-6] and access to the
scientific thesis of the researchers, lecturers and university
students within electronic storage 10. Both stages are
working with different types of input documents: graphic,
text and audio-files (the last format is 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 in 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 is performed in  numerous linguistic
programming libraries — CoreNLP, NLTK, TextBlob,
Spacy, Spark NLP etc. The specific feature of a library is
a possibility to wuse different hardware (massive
parallel system, general memory systems etc). Processing
libraries analysis and text analysis is the goal 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 libraries, but the libraries with the limited
functionality and operate for the specific cases
will not be productive for solving the given task. For
instance, NLP gensim library was originally
created for thematic modeling and can not be
used for complete NLP pipeline construction
as a collection of basic and additional
functions (fig. 1).

The analysis of the NLP libraries expended

features about text processing revealed that
the following libraries with the open code
meet the necessary requirements: Spark NLP;

spaCy; OpenNLP; Stanford CoreNLP., NLTK [15-17].
The comparison of the NLP libraries features is given
in table 1.

Although most NLP libraries support learning new
models by wusers it is important that any NLP
library was able to provide available pre-trained high-
quality models. However, most libraries 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).
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Fig.1. Definition of basic and additional functions of NLP pipeline
Table 1. The comparison of the NLP libraries features
Name of the text processing method NLTK Spark NLP spaCy CoreNLP
Sentence detection + + + +
Tokenization + + + +
Stemming + + + +
Lemmatization + + + +
POS tagging + + + +
NER + + i +
Dependency parser + + + +
Text matcher - + + +
Date matcher - + +
Chunking + + + +
Spell checking - + _
Sentiment analysis - + — +
Pre-trained models + + + +
Trained models + + + +
Table 2. Comparison of NLP libraries with the support of pre-trained models
Name Pre-trained models (general) Pre-trained _models (subject- Free license to use pre_z-trained models
oriented) commercially
NLTK + , +
Spark NLP + + + (partially)
spaCy + + + (partially)
CoreNLP + - _
OpenNLP + — +
The conducted analysis 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 and
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vector representations of words, as well as supporting the
learning of their own models, showed that Spark NLP and
spaCy are the leaders, therefore, these libraries can be
successfully used for research and experimentation in
order to reduce the operating time of the text unit in the
proposed generalized model of the scanned documents
classification system.

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 training, model
size, time forecast, F-measures on the same data sets for
all libraries in the process of training and testing. The
spaCy library provided the most efficient performance and
the highest results of the accuracy of training in
comparison with the other models. Therefore, the
experimental part of this work was performed using the
spaCy linguistic 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 organizing an orderly electronic storage of the
information objects.

Achieving the goal is possible by solving the
following tasks:

- to perform the analysis of the modern linguistic
programming libraries for sequential and parallel

implementations of the most common methods of text
processing and analysis;

- to offer the generalized model of the scanned
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 organizing the new information resources entering
the storage by increasing the speed of processing methods
and analysis of the recognized text in the original image.

Figure 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 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. The mentioned units work in the sequence
shown in fig. 2, that is the final result (the accuracy and
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Linguistic pipeline components, represented in the
text pre-processing 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 or
sentences.

The original text, on which the components of the
conveyor were tested, are given below:

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

Full breaking of the paragraph into words in the text
form is given below:

['We', 'will', 'protect’, ‘our', 'players’, 'and’, 'I', 'will',
'protect’, 'my’, 'players', ‘always', "', 'He', 'played’, 'against’,
‘Everton’, 'as’, 'a', 'number’, '6', ', &', 'number’, '9', 'and’,
as', 'a’, ‘wing-back’, "', 'Is', 'that', 'fair’, 'to’, 'him’, '?']

Removing noise words as such that do not convey
any semantic load in the text, for example, "the", "a", "at",
"for", "above", "on", "is", "all" is an important step, that
influences the accuracy of the original documents
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 tokenized sentence is given
below in the text form:

['We', ‘protect’, 'players', 'I', 'protect, ‘players’,
‘always', ', 'He', 'played’, 'Everton’, 'number’, '6', '/,
'number’, '9', 'wing-back’, ", 'ls', 'fair’, '?']

Lexical rationing takes into account another noise
type in the text. For example, the words "connection”,
"connected”, "connecting” are the derivatives of the
general word "connect". Such rationing 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 different from its
morphological root.

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

['We', 'protect’, 'player’, 'I', 'protect’, 'player’, 'alway’,
"', 'He', 'play’, 'everton’, 'number’, '6', ', 'number’, '9',
'wing-back', "', 'ls', ‘fair’, '?']

Based on the format of the original data — collection
of the text documents — and obtained in the process of
their reading string variables with their contents, stream
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 number of
streams — 12. SpaCy recommends joblib library for
parallel processing of the NLP conveyer units. To

parallelize the workflow, it is 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 3):

- 1 file of 10 thousand words, about 5 MB;

- 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 consists of the
files that represent classical works of literature in the plain
text format, and in 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 Modern Prometheus;

- Moby-Dick or, the Whale;

- Pride and Prejudice by Jane Austen;

- The Adventures of Sherlock Holmes;

- The Adventures of Tom Sawyer;

- The Iliad 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 included 10 10 application
launches to determine the average execution time of the
methods.

Fig. 3 represents the block diagram with parallel

modification of the methods of the pre-processing module
for the system with shared memory.
For the systems with shares memory the programme
model for the decomposition of the traditional sequential
approach is the fork-join model, which involves
generation of parallel flows, their independent
performance, combination of the results in the main
stream. Thus, the operating time of the module is
significantly reduced and instead 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 equal to the time of the longest processing,
which corresponds to the most voluminous original text.

The time, given in the table in the line without
acceleration, is the sum of the time of tokenization
methods, removal of stop words, POS tagging and
steaming. Here is an example for a file of 10 thousand
words: the time of tokenization is 0,054 seconds, the time
of the stop words removal is 0,012 seconds, the time for
POS tagging is 0,583 seconds and the time for stamming
is 0,1524 seconds. That is, the total operating time of the
pre-processing module  without acceleration and
use of nlp.pipe is 1,3964 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 memory systems

Table 3. Statistics of the time spent on the operation of the text pre-processing module

Number of files
Method 1 25 3024 9072 18144
Without acceleration 1,3964 sec 8,42 sec 758,7 sec 1956,78 sec 5894,6 sec
nlp.pipe 1,781 ¢ 6,354c 620,35¢ 1604,9¢ 5691,4¢
Paralleling 2 streams 1,413 ¢ 3,247¢ 350,4c 821,3c 3854,8m
4 streams 1,348 ¢ 2,87¢ 192,7¢ 443,46¢ 2310,7¢c

According to the results depicted on the graph (fig.
4), we can observe the tendency of acceleration but the
resources of an ordinary multiprocessor-based computer
with the shared memory obviously is not enough to solve
such problems in the mode close to real time. Parallel

algorithm for several streams has an advantage only in
case of presence of a large number of documents, and the
higher the number of streams the greater the acceleration.
If it is necessary to analyze a small amount of text it is
better to divide the data into parts and transfer to nlp.pipe.
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The next step of the functioning of the text
processing unit 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
will be related exactly to the definition of the textual
proximity which is an important step for the efficient
storage of documents and its organization. Determining
the percentage of similarity between the texts in the given
generalized classification system of the scanned
documents is proposed to avoid 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 units 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
increasing the speed of processing methods and analysis
of the recognized text in 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 number
of the computational streams used.
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JOCJIPKEHHS METO/IIB OBPOBKH TA AHAJII3Y TEKCTY IIPU OPTAHIBAILIIL
EJEKTPOHHUX CXOBHII| IHOOPMAIINHUX OB’EKTIB

IIpenMeToM JOCITI[DKEHHS B CTaTTi € €JEKTPOHHE CXOBHIIE iHPopMaUiiiHHX 00’€KTiB, BIOPSIIKOBAaHE 3a BU3HAYCHHMH
[IpaBWJIaMH Ha eTali HaKONWYEHHs KBaMi(iKalifHMX Ta HAayKOBHX pOOIT YYacCHHKIB 3alpOIOHOBAHOI CHCTEMHU OOMiHY
3HAHHSMHM, HAJAHHUMHU [0 CHCTeMH y pi3HuHX (opmaTax (TekcroBi, rpacdiuni, aymio). KiacudikoBani poOOTH ydYacHUKIB
CHCTEeMH € IJCTaBOI0 JJIs OpraHiamii TeMaTHYHUX KIMHAT JUIi OOrOBOPEHHS i3 METOI PO3IOBCIOJDKEHHS HAYKOBHX
JOCSITHEHb, 3all03MYEHHS HOBUX ilei, 0OMiHy 3HaHHSIMH Ta MONIYKy pOOOTOAABLIB a00 MEHTOPIB Y Pi3HHMX KpaiHaX CBITY.
Meta pobOTH — IOCHIKEHHsS 0i0MiOoTeK OOpOOKH Ta aHalli3y TEeKCTY i3 METOI NMPHUCKOPEHHs Ta 30UIbIIEHHS TOYHOCTI
k1acudikarii ckaHOBaHMX TEKCTOBUX JOKYMEHTIB MPU OpraHizallii BIOPSAAKOBAHOTO €JIEKTPOHHOTO CXOBHUINA iH(opMariitHux
00’exTiB. B cTaTTi BUPILIYIOTHCS HACTYITHI 3aBAAHHS: JOCTIJUTH METOAN OOPOOKH Ta aHaITi3y TEKCTy Ha 0a3i 3alporoHOBaHOI
y3arajibHEHOT MoJeni cucTeMH Kiacudikaiii CKaHOBaHHUX JOKYMEHTIB i3 3a3HaYCHHM MiclieM OJIOKYy OOpOOKH Ta aHamizy
TEKCTY; NOCHIIUTH CTaTHCTHKY 3MiHY Yacy BUKOHAHHS PO3poO0IIeHOT maparenbHol MoIUudiKaii METOAiB MOIYIIIO TIOEPEAHBOT
00pOOKHM TEKCTy JUIs CHCTEMH 13 3arajbHOK IaM’SITTIO JJIsl KOJIEKIIH TEKCTOBUX JOKYMEHTIB PI3HOTO pPO3Mipy;
[IpOaHali3yBaTu OTPUMaHI pe3yabTaTH. BUKOPUCTOBYIOThCS Taki MeTOAM: MapallelibHi YUCENIbHI METOAU COPTYBaHHS, METOAU
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MaTeMaTHYHOI CTaTUCTHKH, JIHIBICTHUYHI METOOM aHaji3y TekcTy. OTpHMaHO HACTYNHI pe3yJbTaTH: B XOJi BHKOHAHHS
JIOCIIKSHB, OYJIO 3alpPONOHOBAHO y3aralbHEHY MOJENb CUCTEMH Kilacu(ikallii CKaHOBaHMX JOKYMEHTIB, KA CKJIAJa€ThCS 3
0JI0OKY po0OTH i3 300pakeHHsIM Ta OJIOKY poOOTH i3 TEKCTOM, sIKi, B CBOIO Yepry, BKIIOYAIOTh MOJYJI MOMEPEIHB0T 00pOOKH
CKaHOBAHOTO 300pa)KCHHS; MOAYJb PO3MI3HABAHHS TEKCTY; MOMEPETHBOI 00POOKH TEKCTY; MOOYJOBH YaCTOTHOTO CIOBHHKY;
BU3HAYCHHS TEKCTOBOI OJM3BKOCTI. BHCHOBKH: 3alipornioHOBaHa mMapaieibHa MoAudikailis MOIYJII0 MONepeaHboi 00poOKu
TEKCTY J1a€ HMPUCKOpeHHS 10 3,998 pasiB. Ase, nmpu ayxe BUCOKOMY OOUYMCIIIOBAILHOMY HaBaHTa)KeHHi (kosekuis 3 18144
¢aitnis, 6muspko 1100MO6), pecypciB obunctoBadya Ha 6a3i 6araronpouecoproro LIITY i3 3aranbHO0 MaMATTIO HE TOCTATHBO
JUTS BUPILICHHS MOAI0OHMX 3324 y peXHUMi, HaOJIMKEHOMY JI0 PEaIbHOTO Yacy.

KnrwouoBi cioBa: indopmaniiina cucrema; mnapanenizM; oOpoOKa TeKCTy; JIHTBICTHYHE IporpaMyBaHHs; 0i0mioTeka;
MIPUCKOPEHHS; METO.

NCCIEJOBAHME METOJ0OB OBPABOTKHU U AHAJIN3A TEKCTA IIPH
OPI'AHM3 AU DJIEKTPOHHBIX XPAHUJINII] THOOPMALINMOHHBIX
OBBEKTOB

IIpeamerom mccnenoBaHNUSA B CTAaTbe SBIACTCS 3JIEKTPOHHOE XPaHMIIHINE MH(GOPMAIMOHHBIX O00BEKTOB, YIOPSIOUYCHHOE IO
OIpe/IeTICHHBIM NIPaBHUJIaM Ha JTalle HAKOIUICHUS KBATU(DUKAIMOHHBIX M HAYYHBIX PabOT YYaCTHUKOB IPEAIaracMoil CHCTEMBI
oOMeHa 3HAHMSAMH, IIOCTYNAIOMMMH B CHCTEMY B paslH4YHBIX (opMmatax (TEeKCTOBBIe, TrpadHUecKue, ayamuo).
KnaccudunnpoBanHbie pabOTHl Y4aCTHUKOB CHCTEMBI SIBIISFOTCSI OCHOBAHHEM JUISI OPraHM3allM¥ TEMAaTHYSCKUX KOMHAT IS
00CYXIICHHS C LEeNbI0 PACHpOCTPAHEHHs HAYYHBIX JOCTIDKCHHH, 3aMMCTBOBAHMS HOBBIX HJeH, 0OMeHa 3HAHHAMH M IIOHCKa
paboTonarereil WM MEHTOPOB B pa3HBIX cTpaHax Mupa. ILleas paboTel — mcciaenoBaHne OGHOMHOTEK O0OpPabOTKH M aHAIHM3a
TEKCTa C [ENbI0 YCKOPEHMS M YBEIMYEHHS TOYHOCTH KIACCH(HUKAINM CKAHHPOBAHHBIX TEKCTOBBIX JOKYMEHTOB IIPH
OpraHH3alMU YHOPSAAOYESHHOTO JICKTPOHHOTO XPaHWIHINA WH()OPMAIMOHHBIX OOBEKTOB. B cTaThe pemaroTcs ciexyrolnue
3aJa4H: HCCIEOBATh METOABI 00pabOTKM M aHallM3a TeKCTa Ha OCHOBE MPEIIOKEHHOH O00OOIIEHHOW MOIENH CHCTEMEI
KJTacCU(UKAIMK CKaHUPOBAHHBIX JIOKYMEHTOB C YKa3aHHBIM MECTOM OJioka OOpabOTKM ¥ aHajlM3a TEKCTa; HCCIEIO0BATH
CTaTHCTUKy W3MEHEHHE BpPEMEHH BBIIONHEHHA pa3pabOTaHHOH mMapamielNbHOH MoAH(UKAIMM METOHOB  MOJIYISA
HpeIBAPUTEIFHON 00pa0OTKM TEKCTa JUI CHCTEMBI ¢ OOIICil MaMsATHIO JUIl KOJUIGKIMI TEKCTOBBIX JOKYMEHTOB Pa3HOTO
pasMepa; IpOaHANM3HPOBATh INOTyYEHHBIC PE3yIbTaTHl. VICTIONB3yIOTCSA CIEAYIONIHe METOABI: IapaulelIbHBIC UYHCICHHBIC
METOABI COPTHUPOBKH, METOIbl MAaTEMAaTHYEeCKOH CTaTHUCTHKH, JHHTBHCTHYECKHE METOIBI aHamm3a TekcTa. IlomydeHsl
CIIEAyIONIAe Pe3yJbTAaThl: B XOA€ BBHIIONHEHMS HCCIENOBAaHMI ObUIa MpelIokeHa O0O0OOIIeHHAas MOJENb CHCTEMEI
KIaccU(UKALUM CKaHUPOBAHHBIX JOKYMEHTOB, COCTOAIIAsl U3 On0Ka paboThl ¢ M300pakeHHeM U 0J0Ka paboThl ¢ TEKCTOM,
KOTOpBIE, B CBOIO O4Yepelb, BKIIOYAIOT MOIYTH HPEABAPUTENBHON 0OpabOTKH CKaHHPYEeMOTO H300paKeHHs; MOIYIb
pacro3HaBaHMsl TEKCTa; MPEIBAPUTEIBLHON 00pabOTKM TEKCTa; MOCTPOCHMS YaCTOTHOIO CIIOBApPS; OIpEeTCHHEe TEKCTOBOIL
O6mm3ocTr. BBIBOABI: TpemoXKeHHAs MapaiensHas MOAM(HKAIUS MOXIYJS IIpeABapHTENbHON 00pabOTKM TeKcTa maer
yckopenue B 3,998 pa3za. Ho, mpu o4eHb BBICOKOM BBIYHUCIUTENbHOM Harpyske (kouiekuus u3 18144 daiinos, okono 1100M6),
pecypcoB BEMHCIHTENS Ha Oa3e MHOTONponeccopHoro LITY ¢ obmieit maMAThI0 HETOCTATOYHO AT PEIIeHHs ITOJOOHBIX 3a1a4
B peXUMeE, IPUOTMKEHHOM K peabHOMY BPEMEHH.

KnioueBble cioBa: mHOOPMAIMOHHAS CHCTEMA; IapajuieNn3M; oOpa0OTKa TEKCTa; JIMHTBUCTHYECKOE MPOTPaMMHPOBAHHE;
OHOINOTEKA; YCKOPEHHE; METO/I.
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