«CucreMHi TexHoJsorii» 1 (138) 2022 «System technologies»
DOI 10.34185/1562-9945-1-138-2022-10
UDC 004.421

I.V. Ponomarev
DEVELOPMENT OF AN AUTOMATED SYSTEM
FOR CLUSTERING TEXT DOCUMENTS

Abstract. Grouping texts into groups similar in content is a common task in various fields of hu
man activity. Text document clustering is used to automatically categorize text documents, filter
emails, group web pages in search engines, and so on. Automation of this process can signifi
cantly reduce the time spent on this task.
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Formulation of the problem. Data mining is the process of identifying inter-
esting and useful patterns and relationships in large amounts of data [1]. This area
combines statistics and artificial intelligence tools with database management to
analyze large digital collections known as datasets.

Data mining is widely used in business, research, public security and many oth-
er areas. For example, in the field of modern Internet marketing, various parameters
of consumers are analyzed (age, interests, etc.) and personal recommendations are
formed for certain groups of people and for each person individually. Mobile opera-
tors process a large amount of data in order to identify people who can switch to an-
other operator and offer them certain advantageous offers.

Text Mining is engaged in obtaining information from text collections. It
covers a wide range of related topics and text analysis algorithms from various fields,
including information retrieval, natural language processing, machine learning, etc.
Text mining does not deal with databases, but with electronic libraries and corpora
of texts (sets of texts, metadata, as well as grammatical and other rules used for
language research).

Purpose of the research. It is necessary to analyze the methods and algo-
rithms of text clustering and to develop an automated text clustering system for
grouping text files by their content.

Main part. Clustering is the process of dividing a set of data objects (or just
data or observations) into subsets. Each subset is a cluster such that the objects in
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the cluster are similar to each other but different from the objects in the other
clusters.

There are methods that are specific to the clustering of text documents:
clustering of relative frequencies of words in documents (TF-IDF), clustering with
suffix trees, thematic modeling, Scatter-Gather approach.

The analysis of text document clustering methods allowed to choose the
clustering of relative word frequencies in documents (TF-IDF approach), which has
the following key advantages:

- does not require the use of complex metrics to calculate the distance between
signs;

- flexibility of the approach, namely the possibility of using different
algorithms of cluster analysis to achieve the desired results, including algorithms
that work with an unknown initial number of clusters.

The central idea of this approach is to group documents by topic, which are
determined by the most commonly used words in a particular document for the
entire collection of documents [2].

Modern clustering algorithms, such as k-means algorithm, BIRCH, DBSCAN,
HDBSCAN, STING, are analyzed.

The HDBSCAN algorithm was chosen as the clustering algorithm [3]. This
choice is justified by the fact that:

- the algorithm performs "hard" clustering. In the case of publications that
should belong to one group, this is a logical choice.

- the algorithm works with an unknown number of clusters;

- the algorithm requires a minimum number of parameters: one really
influential parameter is the minimum number of elements in the cluster;

- the ability of the algorithm to find "noise" - points that do not belong to any
of the clusters;

- hierarchy of clusters is not required for the task.

Python programming language was chosen for the development, for which
many effective libraries for data mining and natural language processing have been
created.

The process of clustering text documents takes place in the following sequence:
pre-processing of texts, formation of the TF-IDF matrix, application of the clustering
algorithm.

Tokenization and lemmatization were performed using spaCy library tools. The

TfidfVectorizer class of the scikit-learn library was used to create the TF-IDF matrix.
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#TF-IDF
tfidf = TfidfVectorizer (lowercase=False, preprocessor=PrePr

oc,
strip accents=True, tokenizer=TokenizerLemmatizer, max df=0.85
, min df=3) vectors = tfidf.fit transform(list of texts)

The HDBSCAN class from the hdbscan library was used to implement the
clustering.
#Clustering
res = hdbscan.HDBSCAN (min cluster size = minfiles.get(),
min samples=2) .fit (vectors)

labels = res.labels
clusters = len(set(labels)) - (1 if -1 in labels else 0)
noise = list (labels) .count (-1)

Figure 1 shows the result of clustering one of the sets of texts.

Clustering results
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Figure 1 — The result of clustering a set of texts

Thus, the program copes well with the task of clustering text documents in
most cases. The best results are observed for texts that differ greatly in content and
are approximately the same in size. Problems arise with texts that are small in size
or combined with some common theme, in which case a custom stopword
mechanism can be used to improve clustering.

Conclusions. The issue of clustering text documents has been studied and on
the basis of selected technologies a program has been developed for grouping text
files into folders according to their content. To do this, we used tools for building the
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TF-IDF matrix, implemented in the scikit-learn library, and natural language
processing tools implemented in the spaCy library. The implementation of the
HDBSCAN algorithm from the hdbscan library, which was previously tested on sets
of numbers, was applied.
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Po3pobka asmomamu308aHoi cucmemu Kaacmepu3sayii mekcmosux d0KymeHmis

[pynysaHHs meKcmis y 2pynu CXOXUX 3a 3MICMOM € Yyacmum 3a80AHHAM Yy pi3HUX obsac
msx 00cbKoi OisnbHocmi. Knacmepu3sayia mekcmosux 0OKYyMeHmiB8 BUKOPUCMOBYEMbCA O/
aBmoMamuyHoi Kameeopu3ayii mekcmosux O0OKyMeHmis, (inbmpayii 1UCMIB HA eNeKMPOHHY
nowmy, 2pynyBaHHs 8e6 CmMopiHOK y nNowyKosux cucmemax i mak 0asni. ABmomamu3auyis 0aH020
npouyecy 00380/14€ ICMOMHO CKOPOMUMU 4ac, Wo 810800UMbCA HA Yo 3a0ady.

IcHytomb MemoOu, W0 € cneyugidyHUMU 018 Kaacmepu3ayii came meKcmoBux 00KyMeHmIs:
Knacmepu3sauis 8I0HOCHUX Yyacmom cnig y dokymeHmax (TF IDF), knacmepu3sayis 3a 0onomozok0
cydikcHux Oepes, memamu4He M0OOeOBAHHSA, nioxid Scatter Gather. Y yux memodax 3acmoco
BYIOMbCA Cy4ACHI anzopummu Kaacmepu3sauyii, maki Ak anzopumm k cepedHix, BIRCH, DBSCAN,
HDBSCAN, STING.

Memoto docioxeHHs € po3pobKa asmoMamu308aHoi cucmemu Kaacmepu3ayii mekcmosux
00KyMeHmiB 0714 2pynyBaHHA MeKCmoBsux ¢alinis 3a ix 3micmom.

llposedeHuli aHaniz memoois Kaacmepu3sauyii mekcmosux 0oKymeHmis 003801uB 0bpamu
Kaacmepu3sauyito 8IOHOCHUX Yacmom cnig y dokymeHmax (nioxio TF IDF), akul mae Moxaugicms
3aCMOCYBAHHS PI3HUX GS120pUMMIB KAACMEPHO20 aHAMI3y 018 00CA2HeHHSA BaXaHux pe3ynbma
mig, y moMy Yucai aneopummis, Wo Npayome npu Hesioomili NOYAmMKOBIU KiIbKOCMi Kaacme
pig. LleHmpanbHOi 10e€r Yb020 NiOXo0y € epynyBaHHs OOKYMeHmig 30 memamMu, SKi BU3HAYA
IombCa HaUGIIbW YXUBAHUMU C/I0BAMU Y KOHKpemHoMy 0OKyMeHmi B8IOHOCHO YCiei Konekyii 0o
KymeHmis. [Tpoyec knacmepu3sauyii mekcmosux 0OKyMeHmis BiOOYBAEMbCA Yy HACMYNHIl nocai
0osHOCMI: nonepedHs obpobka mekcmis, popmysanHa mampuuyi TF IDF, 3acmocysaHHA aneo
pummy kaacmepu3sayii. ¥ akocmi aneopummy kaacmepusauyii obpaHo aneopumm HDBSCAN, wo
npayroe npu Hesioomil KilbKoCmi Kiacmepis.

Lna po3pobku asmomamu308aHOi cucmemu BUKOPUCMOBYEMbLCA MOBA NPOPAMYBAHHSA
Python, ons skoi cmsopeHo 6e3niy ehekmusHux 616110mMeK 018 THMeeKMYaabH020 AHANI3Y 0d
HUX ma 06po6Ku NpUPOOHUX MOB.
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B pobomi OocnioxeHO nNumMaHHS Kaacmepusayii mekcmosux OOKyMeHmMis, po3pob/ieHo
npozpamy 014 2pynyBaHHa Mekcmosux Galnis y nanku 3a ix 3micmom Ha ocHosi nioxody TF IDF.

ITonHomapwoB Irop BonoaumupoBud, KaHOAUAAT TEXHIUHMX HAyK, OOLIEHT Kadempu
eJIeKTPOHHMUX OOUMC/ITIOBAJIbHMX MaIIMH (akyabTeTy (Qi3MKy, eJIeKTPOHIKM Ta
KOMIT’ IOTepPHUX CUCTEM JIHITTPOBCHKOTO HalliOHAJIbHOTO YHiBepCUTETY

im. O. T'oHuapa.
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