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METO/I KJIACTEPU3ALIIL JAHUX HA OCHOBI AJITOPUTMY OBXOJ1Y TPA®A

B po6omi HasedeHo pe3ysibmamu docaidxceHb Memody Kaacmepu3ayii, no6ydosaHomy HA 0cHO8I 06xody epady 8
WupuHy ma npedcmas/eHo pe3yAbmamu po6omu HA Munogomy Habopi daHux 045 3adaui Kaacmepusayii, nposedeHo
NOpIBHANbHUL AHAI3 3ACMOCYBAHHS MEMOJy.

Karwuosi caoea: knacmepusayis, epag, 06xid epada 8 wupuHy.

DMYTRO PETROV, ANDRYY BOICHUK
Lviv Polytechnic National University

CLUSTERIZATION METHOD BASED ON BREADTH FIRST SEARCH OR BFS FOR A GRAPH

Clusterization is one of the types of algorithms of unsupervised learning. The idea behind it is that an algorithm learns patterns
from untagged data. Such type of algorithm helps to find unseen dependencies in the untagged data itself. This paper presented algorithms
based on Breadth-First Search or BFS for a Graph. The method was built based on the basic theory of clusterization. To the theory of
clusterization, the calculated distance between the two farthest points in the cluster should be less than the distance between the closest two
points from different clusters. By this rule, we defined that two parameters of the method should be the maximum distance between points by
which these can be connected and assumed to be in one cluster. The second had to be the maximum distance in the cluster, aka the cluster's
diameter. A cluster's diameter is the farthest distance between two points within a cluster. With these hyperparameters and the defined
distance method, we can assume that every point is a vertex of a graph, two points within the threshold of the distance between pairs of ones
are neighbours, and count the connection between counts as an edge of a graph. The group of connected vertexes or a particular vertex is a
graph. The diameter hyperparameter ought to keep the data homogeneity in a cluster. We can define every graph as a cluster with defined
rules based on previous assumptions. Later in this paper will be visualized the clusterization of three-dimensional data points. We took one of
the most popular clusterization dataset - the iris dataset for visualizing purposes. The paper contains several examples of clusterization of
the dataset with different hyperparameters. We took KMeans [3] as an example of the clusterization method. The method based on BFS is a
flexible clusterization method that relies on meta-information about distancing between data points.

Keywords: clusterization, BFS, KMeans, unsupervised.

IHocranoBKa npodaeMu y 3arajibHOMY BUTJISIAL
Ta ii 3B’S130K i3 BAsKJIMBUMHU HAYKOBHMH YU NPAKTHYHUMH 3aBAAHHIMHU
Jist IKICHOTO TOLIYKY MPUXOBAHUX 3AJISKHOCTEH Yy JIAaHUX BUKOPHCTOBYIOThH Pi3HI METO/AM HaBuyaHHsS 0Oe3
Buntessi [1-4]. 3 MeTor pO3NIMpeHHs] METOAONOTiuHO] 6a3u aHai3y AaHHX aBTOpaMH POOOTH 3ampPOMOHOBAHO
METOJl KilacTepu3allii Ha OCHOBI ajxroputMmy ooOxoay rpada B mumpuHy. [aHuil MeTon HagacTh MOKIMBICTH IS
MIMPUIOTO aHaji3y JaHMX Ta 3a JIONIOMOrOK JIOJATKOBHUX TilleprnapaMerpiB THYYKO HAaJallTOBYBATUCS i
0COOJIMBOCTI KOHKpPETHOTO Habopy iHdopmaii.

AHaJii3 1ocaigKedb Ta myoJaikauin

B po6ori [4] HaBemeHO mepernik OCHOBHUX CTaTUCTHYHUX METOZIB JUIsl IIOLIYKY NPHXOBAHUX 3aJICKHOCTEH
nmanux. [IpomoHyeThbes 3amicTh MOOYIOBH (UIBTPY, KW € HEOOXITHOI MEepeayMOBOIO 3BHYAIHOTO HAaBYaHHS,
BIATBOPEHHS [IaHMX, EJIEMEHTH SKHX € HE3aJeKHHMH, LI0 Ja€ 3MOTy YTBOPIOBATH acomiamii 3 JIOTiYHUMH
(yHKIISIMU €TIEMEHTIB, a HE TUIbKH 3 CAMUMH eJIEeMEHTaMH.

B po6ori [3] mpencrasnennit K-mean anroput™ KiactepHsaliil, 10 yTBOPIOIOTH AUHAMIYHI TPYIIH TaHUX B
KIJIBKOCTI 3a/laHMX SAP, @ TaKoX MPOIOHYEThCS YAOCKOHAJCHHS, 10 3MEHIIYE OOYMCIIOBAJIbHY CKIAIHICTD
anropuTMy 0e3 3HaYHHUX 3MiH Y SIKOCTi poOoTH.

B po6ori [2] mpencraBisieTbest AITOPUTM TIPOXOAY Tpady B IMHPHHY Ta TIOKA3YEThCSA PO3KHI MPH BimOOpi
JAaHUX 32 JIOMIOMOTOI0 JAaHOTO MeToxy. B cTaTTi 0OpaxoByeThCS CTEIMiHB PO3IMOALTY HMOBIPHOCTI JOCIiIKEHHS
BEPIINHM ISl BUIIAJKOBOTO Tpada MeToaoM 00X0ay B IIMPHUHY 1 MPEICTABIAEThCA K (PYHKIISI MOALTY MPOHIEHIX
BEPIINH.

B po6ori [1] HaBoaATbCs 6a30Bi MOHATTS KIACTEPHOrO aHAJi3y, HOro MPUKIAIH 3aCTOCYBAHHS Ta METOH
kinactepuzanii. Cepex IHIIOTO HABOJATHCS ANTOPUTMHU Kiactepu3anii K-means 3 Bapiamismu, iepapxiuHa
KJIaCTepH3allisl Ta KJIACTEPH3allis Ha OCHOBI IIIEHOCTI JaHUX.

@DopmyJTIOBaHHS Wijed cTaTTi
Metoro poOoTH € JOCHiKeHHS e()EeKTUBHOCTI KiacTepu3amii MeTOJOM TO00yJOBaHMM Ha OCHOBI
anroputMy o0xoxy rpady B IIHpHHY.
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Bukian ocHOBHOro MaTepiany

Meroauka noOymoBH METOy KIacTepH3allii Ha OCHOBI alrOpUTMY 00X0y Tpada B IIMPHHY CKIAJa€ThCS 3
O3HAUCHHS 3aralbHUX IIOHATH, BU3HAUYEHHS BUMOT [I0 aJNTOPUTMY BIATIOBIAHO MO Teopii KiacTepu3allii, OIHC
ANTOPUTMY Ta EKCIIEPUMEHTANIbHE JOBEICHHS POOOTH METOY.

Knacrepunii aHamiz — 1me 3amadya po30MTTS MHOXHHHM 3HA4YCHb HA MiJAMHOXXHHH, IO HA3UBAIOTHCA
KJIacTepaMH, B MeKaX SKHX 3HAUYCHHS OYIyTh BBa)KaTHCS MOAIOHMMH, a 3HAUCHHS MiX OyIb-SIKUMH €IIEMEHTAMH 3
IIBOX KJIacTepiB OyAyTh BBaXKATHCA Pi3HAMH, a00 icTOTHO BiAMiHHMMY. JliameTp KinacTepa — 1ie HalOiIbIIa BiICTaHb
MDK IBOMa 3HaYCHHSIMH B MEXaX IIbOTO KJIacTepa.

I'padom [5] Ha3UBAIOTH CKIHYCHHY TUCKPETHY HE MOPOXKHIO MHOKHHY TOYOK, IO HA3WBAIOTh BEPIIMHAMH,
SKi 3’eHaHI MK coboro pedpamu. [liamerpom rpada HazuBaeThcsl HailOUIbIIA BiCTaHb MK OyIb-SKMMHU JBOMA
JOr0 BEpIIMHAMU.

3riiHO 3 KIIACTEPHUM aHaJIi30M, K OYJIO ONMCAHO BUILE, HEOOXiJHO KOHTPOJIIOBATH BiACTaHb MIXK TOYKaMHU
B MeXax KJlacTepy Ta BiJICTaHb MK KJlacTepamH, 1100 30epirajincs BiANOBiAHI BinHOIIEHHA. B Takomy BHmamky
BIACTHCSl YHUKHYTH CHTYyAIlil, KOJH 0 KiacTepy Oyzae BilHEcCeHa TOYKa, IO 3HAXOMUTHCA Ha Bimmami Bix rpada
Ot Hix 10 iHmHX rpadis. g BU3HaYeHHS TOAIOHOCTI BUKOPHCTOBYIOTHCS Pi3HI METPHUKH BiJICTaHI.

s moOyIoBH aNropuTMYy MPHUITYCTHMO, IO BCi TOUKH SBISIOTHCS BepIInHAMH. Tofi st moOynoBu rpada
HaM IOTPiOHO MPOUTHCA O BCIM IapaM TOYKaM, pedpa sIKIX MaroTh BiICTaHb MEHIITY 3a 3aJaHe oOMekeHHs. Pebpa,
SIKI He TEPEeBUIIYIOTh OBXKHHY OOMEKEHHsS BBAKAIOThCS ICHYIOUMMH, a iHINI HE iCHyrounmMH. SKmo pebpo Bin
MMOTOYHOI TOYKH IO HACTYIHOI iCHYe€, TO TPH IOAaHi TOYKH 1O Tpada MepeBipsAeThCs, 4M OiameTp rpada He
MepEeBHIILYE 3aaHUH MaKCUMAaJIbHUI JliaMeTp. 3a YMOBH, 110 IPH JOAAHHI TOYKH AiaMeTp He MEPEBUILYETHCS, TOYKA
TOJTAETHCS B KJTACTEP, SIKIIO [iaMETP BUXOIUTH 32 0OMEKEHHS, TO TOYKa He JoAaeThes. 11 BU3HAUCHHS MOII0OHOCTI
TOYOK 1 pO3PaxyHKY JOBKHUH pedpa BUKOPHCTOBYIOTHCS CBKITiIOBA BifcTaHb [6].

D(p.q) = VP1—q)? +..+ (Bi— ) +...t (P — @) 1)

3 MeTo0 NPOBEACHHS JIOCHIPKEHHs Kiacu(ikalii 3anponoHOBaHUM MeTo/IoM Oys10 BUOpaHO HadIp JaHUX
ipucis [7] i3 150 3anuciB 4 konoHOK xapaktepuctuk. Jani omucyroTs 150 3ammcis kBiTiB Mo 4 mapametpam. Cepen
HUX € 3 migBuau ipucy no 50 3amuciB Ha KoxeH. OrisaoBuit sepal_length sepal width petal_length petal width
OIUC JIaHUX NpeJcTaBiIeHuid Ha puc. 1.

. o . 0 51 3.5 14 02
Jnst  Bizyamizamii  xiacrepumsamii  maHuX — OyIo
BHOpaHO 3 XapaKTepHCTHKH 3 4 MOXINBUX, 100 Oyia 3Mora ! 49 30 L4 02
MPENCTaBUTH YTBOPCHHS TPYNH JaHUX Y MPOCTOPOBiit 2 47 3z 13 0.2
miarpami. Cepen HasBHHUX KOJIOHOK Oyid BUKOPHUCTaHI 3 46 31 15 0.2
HactoynHi: petal width, sepal width Ta petal length. a 50 96 14 0.2
[puknmaxg Bi3yamizamii B MPOCTOpi 13 BUKOPUCTAHHSIM
xapakteputcTik petal width, sepal width Ta sepal length
HaBeJeHul Ha Puc. 2. e 2D it B 2=
C 146 6.3 25 5.0 19
147 6.5 3.0 5.2 2.0
,e 148 6.2 3.4 5.4 23
148 5.9 3.0 5.1 18
2 L) ..
..%. Puc. 1. .Olmcon.e l'lpeJI.CTa.BJ'le]-l]-lﬂ Habopy )IaHM.X KBITiB ipucy
9% 15 P+ . OpI/Il“lHa.J'IBHl Jlati MICTATE KOJIOHKY MiAMHCY BHAY
oo ipucy, 110 JUIs Bi3yalli3allii IpoCTOPOBOro posnosity Oyio
% o ) BUKOPHCTAHO y  BisyalbHOMY — aHANi3si 3 METOIO
. BUKOPHCTAaHHS SIK €TaJIOH IPH MPOBEJCHHI KiacTepu3allii.
N ’ & JaHi po3MideHi IiIOYMCETPHUMHU 3HAYCHHSIMH, B KOJIOHIII
o * g 5 species_id, ge 1 mo3Hawae BuI Ssetosa, YUCIO 2 TMO3HAYae
"«9\/% ¥ > X versicolor, a 3HaueHHS imeHTU}IKaTOpa BUAY 3 IMO3HAYAE
A . virginica. ~ Bume  3ragani  kimack Ha  puc. 3

@ &

TUGEPEHITIIOIOTECS 32 KOJIBOPOM: TEMHO-CHHIN BiAmMoOBizae

Puc. 2. IlpocTopoBe npe/iCTABIEHHS AAHUX KBiTiB ipucy 3a Buj setosa, MajpkenTa [8] BiamoBimae 3a Bua versicolor
Ta JKOBTUH MMO3HAYa€e BUJ Virginica. 3 pUCYHKY BHJIHO, IO Kiac | OJHO3HAYHO BIAMUISETHCS K TPYIa 3HAYCHb Bij
iHmux. Kinacu 2 ta 3 Maroth 10BoJI OJIM3LKI 3HAYEHHS HA MEK1 OJIMH MDK OJHUM.

88 Herald of Khmelnytskyi national university, Issue 2, 2022 (307)



TexHIvHI HaQyKU

ISSN 2307-5732

Puc. 3. IIpocTopoBe npeacTaBIeHHs PO3MOILTY JAHHX 32 KJIACOM 3aMHCY

=

petal length

species_id
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IIpoBeneMo excriepuMeHT 3a/1aBIIH [TOYATKOBI MapaMeTpy BUIAIKOBIM YHHOM. OOMEXNMO JOXKHHY pedpa
B 0.5 Ta miametp ximacy ooMexumo 10 2.5. TakuM 9UHOM MU OTpEMaEMO pO3OUTTS MaHUX Ha 6 KimaciB. SIK BUAHO 3
Puc. 4 , knac 0 3rigHo 3 0OMeKeHb HE BKIIOYHMB TOUKY, II0 Oyia BifHeceHa 10 kiacy 1 i 3 oOMexeHHsM pedpa i

BIJICYTHICTIO IHIIMX OJM3bKHUX TOYOK Oyja €IuHA BigHECEHA a0 Kiacy. Sk Mu 0auyuMO OJHOPIAHICTH NAHHX
HAJIAIITOBYETHCS BKa3aHUMH TilleprapaMeTpaMu.
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Puc. 4. Bizyanizanis npocTopoBoi kiacTepu3anii JaHNX 3a JOMOMOr0I0 KJacTepu3anii ocHoBanoi Ha BFS.
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BucraBrMO MOKa3HHKH OCHOBYIOYHMCH Ha Bi3yaJbHUX XapaKTepPUCTHUKAX TaHHX I BCTAHOBUMO OOMEKCHHS
JiaMeTpy KiIacTepy B 5, a MaKCHMallbHY BIJCTaHb MK NaHHUMH B Kiactepi 1. Sk 300pakeHO Ha puc. 5, Kiacu
MOJIIJIeH] Bi3yalbHO Ha 2 OHOPIIHI JOBOJII pi3HI IPYIH 3aB/SIKM MiIOPaHUM rineprapamMmerpam.
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Puc. 5. Bizyanizanisi npocTopoBoi KiacTepu3anii JaHAX 3a 0MIOMOI0I0 KJIacTepH3anii 0CHOBaHOI

Ha BFS 3 nigi6pannMu napamerpamMu Ha 0CHOBI Bi3yaJbHHX TaHHX

OCHOBYIOUHCh Ha YHCIIOBOMY aHaji3l JaHWX, BCTAHOBUMO OOMEXCHHs JiamMeTpy Ha 3, 3TigHO M0
BiIMIHHOCTEH B JJAaHWX MK PI3HAMH KJacaMU Ta MakCHMaJbHY BiICTaHb MiX Toukamu B 1. 3rigHo 3 puc. 6, 3axaHi
mapaMeTpy JO3BOJIWIIA HAOIM3WUTHCA JO KiacTepusalii OMm3pkoi 10 peambHo nwme 3 5%

KIIaCTEPHU30BaAHNUX TOYOK.

IIOMHJIKOBO
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Puc. 6. Bizyanizanis npocTopoBoi kiacTepu3anii JaHUX 3a I0IIOMOI0I0 KiacTepu3anii ocHoBaHoi Ha BFS
3 miAipaHNMH MapaMeTpPaMH HA OCHOBi CTATHCTHYHOIO aHATI3y HAGOpy JaHUX

ITpoBenemo mopiBHsAHHSA Kinactepusamii 3 KMeans 3amatoun mapamerp KUTBKOCTI KilacTepiB 3.

OTpHMaHUX Pe3yJbTaTiB, Ta Bizyamnizamii Ha Puc. 7 KNM mae momunkoBe kinactepusyBaHHs 17% maHux. 3rigHO OUX
pe3ynbTaTiB, MPaBUIBHO MiAiOpaHi mapaMeTpu Uil MeTony ocHoBaHOro Ha BFS BTpwdi TouHINy KitacTepu3aliio
BukopuctanHsM KNM aiaroputmy Ha 3aJaHOMY JaTaceri.
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Puc. 7. Bizyasizauist npocTopoBoi kjiacTepu3anii JaHux 3a Jonomoror kiaacrepusaunii K-means

BucCHOBKM 3 JaHOTO0 A0CTIIZKEHHS i MepCNeKTHBH NOAAJBLIINX PO3BiAOK Yy JaHOMY HanpsiMi
3rifiHO 3 IPOBEICHUMH €KCIIepIMEHTaMK 1To0y/J0BaHUI aBTOpaMK METOJ] Ha OCHOBI MeToy 00xoxy rpada
B LIMPHHY SIBIAETHCS THYYKUM 1HCTPYMEHTOM JUIS TPOBEJICHHS KilacTepHOro aHami3y. I1inbip mapamerpis 103BOJISE
MIPOBECTH PI3HOMAHITHUII aHAJIi3 JAHUX 3 ypaxyBaHHAM OCOOJIMBOCTEH AaHMX YW HABITh METAIAHUX, IO JO3BOJHUTH
30UIBIINTH MOXJIMBICTh BUSIBICHHS NPUXOBAaHHUX 3aJISKHOCTEH maHUMX. JlaHmil migXia NpOBENEHHS KIACTEPHOTO

aHai3y IIJIKOM KOHKYPEHTOCIIPOMOXKHHI HE 3BAKAFOUU HA CBOIO MPOCTOTY MOOYA0BH Ta OOUYUCIICHHS. BusBieHHs
IHIIMX MPAKTHIHHX [EPeBar Ta HEJOIIKIiB METOIY MOTPEOYE MOJANBIIOTO JOCHTIIKCHHS.
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