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YIOCKOHAJEHUM METO/I KJIACTEPU3AIIII CTAHIB
KOMIT'IOTEPHOI TEXHIKH K-MEANS

Poboma npucesiuena yOockoHanenHio memoody Kiacmepuzayii cmawnie komn’tomepnoi mexuiku K-
MEANS 3 memoto niosuwenns sikocmi po3oumms MHOXCUHU makux cmanig. IIpu oocniodceni gioomux
MOOUGpikayitt 03HaAYeH020 Memooy U000 MONCTUBOCMI IX 3ACMOCY8AHHS NPU AHANIZL CMAHIE KOMN TOMEePHOT
mexHiku Oyn0 GUAGIEHO HeOOCMAMHIO MOYHICMb BIOHECEeHHs MAK020 CMAaHy 00 NeBHO20 Kidcmepy uepes
8UNAOKOBULL BUOIP IX NOYAMKOBUX YeHMPIB.

Busignenuil nedonix Oyno ycyHymo wnsixom 6U3HAYEHHs NOYAMKOBUX YeHMPI6 KiAcmepie Ha OCHOBI
3HAYeHb NOMeHyianie, a MaKooic, BUOLICHHS. 8 OKPeMULl MAKCOH CMAHIG, Ki MO2nu Oymu NOMUIKO8O 8iOHeCeHI
00 Knacmepa 3a paxyHok 0ONyCmuMux i0XuneHsb 3Ha4eHb napamempie ma XapaKmepucmux makux cmauis, uo
0036011UN0 NIOBUWUMU AKICMb PO3OUMMA MHONCUHU CIAHIE KOMN TOMEPHOI MeXHIKU & cepeOHbomy Ha 7%.

Knwuoei cnoea: memoo K-MEANS, knacmepu3zayis, cman komn 10mepHoi mexHiKu.

T. Savchuk; S. Petrishyn

IMPROVED METHOD OF CLUSTERING STATES OF COMPUTER
EQUIPMENT K-MEANS

The work is dedicated to improving the method of clustering classes of computer equipment K-MEANS
to improve the quality partition of such states. The object of research is the process of clustering state of
computer equipment. Subject of research — methods of cluster analysis states of computer equipment.

Relevance of these studies is conditioned by the rapid scientific and technical progress, in which
significantly increased the number of computer equipment, which is used in various fields, and therefore
increases the likelihood of situations specific to this equipment, given the diversity of functions that it performs.
Thus, depending on the state of computer equipment taken various administrative decisions regarding its further
Sfunctioning. So important is the development or improvement of methods of cluster analysis state of computer
equipment that will determine the decision on its further functioning.

In the analysis of decomposition of objects that can be used for solving the problem of clustering state
of computer equipment, it was determined that such methods must be clear, non-hierarchical and scalable,
expressed by characteristics inherent in the clustering method K-MEANS. When tested method known
modifications appointed on the possibility of their use in the analysis of the state of computer equipment was
Sfound insufficient accuracy of classification of this state to a cluster through a random selection of initial
centers.

Identified deficiencies have been corrected by determining the initial cluster centers based on the
values of potentials, as well as the allocation of a separate cluster of conditions that could be mistakenly
attributed to the cluster due to tolerances values of parameters and characteristics of these states, thus
improving the quality of the partition of the states of computer equipment an average of 7%.

Key words: method K-MEANS, clustering, state of computer equipment.

Beryn. Ananis craniB komn 'totepHoi TexHiku (KT) motpebye mBUIKOTO OIpaIltoBaHHS
BEIUKHUX 00’eMiB iH(oOpMaIlii mpo Taki CTaHW, 3 TAKUMH 3aBIAHHIMH MOXYTh CIIPABHTHCH
texHousorii Data Mining. OcHoBHuMH 13 3amau Data Mining e: kimacuikariisi, Mmomryk
ACOIIaTHBHUX TPABUJI 1 Kiractepm3ariis [1].



PosristHeMo OCHOBHI CTajii Ta eTalmy >KHTTEBOTO ITUKIY KOMIT IOTEpHOI TexHikh. Ha
KOXKHOMY 3 HHX JIOIUIbHO BHMKOPHCTOBYBaTH pi3Hi Meromu Data Mining s anamizy
iHpopmamii mpo 1 CcTaHW 3 METOK HAJaHHS PEKOMEHJAId IMOJ0 IMOJAIBIINX JIii,
BpPaxOBYIOUM TOW uM iHImMWEI cTaH. HeoOXigHO BiI3HAYMTH, IO KIACTEPU3AILIO JOIIEHO
3aCTOCOBYBAaTH Ha eTamaxXx pO3poOKH JOKYMEHTAIlili 3 OOCIyroByBaHHS TaKOi TEXHIKH,
OCKIUJIbKA Ha JaHOMY eTalli He BiJIOMO Ha sIKi came Kilach abo Kjactepu Oyle po30uTo iX
MHOYKHHY Ta sIKi XapaKTepUCTUKH OyJie BpaxoBaHo [2].

ITocranoBka 3axayvi. Hexait X — marpuis, B sKill KOXEH PSIOK {X,,...,x X

ijoreeNim }
onucye neBHnit ctan KT.

xll x12 xlm
X X e X
21 22 2m
X ={X.X,...X } = :
xnl an nm

ne X, — CTaH KOMII IOTEPHOI TEXHIKH;
X, —3HAYCHHS ] -TO IapameTpa abo XapaKTepUCTHKH I -ro crany KT;

m — KIJTBKICTh TTapaMeTpPiB Ta XapaKTePUCTUK CTaHiB, o 30epexeHi B 6a3i nanux (bJ1);

n — kineKicTh craniB KT, mo 36epexeni B B/1.

Toni, Ha OCHOBI 3a3Ha4YeHOTO, 3a/a4a Kiacrepu3aitii craniB KT 3BoauThes 10 po3OUTTS
ix BUOiIpKH Ha k (k < n) HemepeciYHUX i IMHOXKHH, [0 HA3WBAIOTHCS KlacTepaMHu, Tak, Io0:

—KOKEH KJIacTep CKJIaIaBcs 31 CTaHiB, OJIM3BKUX 32 METPUKOIO @ (IpH SKHX
(bopMYIOTECS TIOIOH] peKOMeH Al 1010 MOAANBIINX il MPH IX BUHUKHEHHI);

—CTaHW, SKi 3HAXOJATHCS B PI3HHX KJACTEpax, 3HAYHO BIApIZHSUMCA (IIPH SKHX
(OPMYIOTECS Pi3HI peKOMEH/ AT 1010 TOJANBINUX il pH X BUHUKHEHH]) [1, 3].

Ilpn npoMy KOXHOMY cTaHy X, e X TIpUIHCYeTbCs HOMep Horo kiactepa. I B

3aJIe)KHOCTI BiJl HOMEpa KjacTepa KOPHUCTYBad OTpPUMYe HEOOXigHY iH(popMaIlio Impo
(dbopMamizoBany rpymy, 10 SKOi OYyJI0 BiTHECEHO CTaH.
AHaJIi3 MeTOiB KJIacTepU3aNii cTaHiB KOMII’'I0TePHOT TeXHiKH. PO3TIsiHEMO OCHOBHI
METOJIM KJIacTepHu3allii, 110 MOXKYTh OyTH BHKopHucTaHi mpu aHaumi3i craniB KT [1, 4-8].
1) 3acnmocoboM 00poOKH JaHUX PO3PI3HSIIOTH TaKi METOM KJIacTepH3allii:
—HelepapXivyHi METOAM, IMO 3aCTOCOBYIOTHCS Y BHITQJIKAX, KOJIH Hamepea BiOMO
KUTBKICTh KJTAaCTEPiB 00’ €KTIB Ta XapaKTEPHU3YIOThCS BHCOKOIO CTIHKICTIO JIO IMyMiB i
BUKU/IiB, HEKOPEKTHOTO BUOOPY METPUKH, BIIHECEHHS HE3HAUYIIMX 3MiHHHX B HaOip,
gkt Oepe yd4acTh B KjacTepH3allii, IO OCOOJIMBO BaXJIMBO NPH IPOBEJICHHI
kinactepHoro ananizy craniB KT B peampHomy uaci. KpiM TOoro, o3nadeHi mMetoju
JIO3BOJIIFIOTH ONPAIbOBYBATH MOTYKHI bJ] mapameTpiB Ta xapakrepucTrk craHiB KT;
—lepapxiyHi METO/H, SKi 3aCTOCOBYIOTh Y BHIIAJKaX, KOJHM Harepes HEBIJIOMO YHCIIO
KJIacTepiB 00’€KTIB, Ui SKUX XapaKTepHUM € BHCOKAa YyTJIUBICTH /0 BUKHMIIB Y
KJIacTepax Ta HEKOPEKTHOTO BUOOPY MeTpukH. OCOOIHMBICTIO O3HAYEHUX METOJIIB €
Te, 110 BOHU OPIEHTOBaHI Ha poOOTY 3 HE MOTYXKHUMH B/I, 1110 He € XapaKTepHUM JUIs
omucy ctaniB KT.
2) 3acrnocoboM aHami3y JaHHX:
—YiTKI METOJM KJIaCTepH3aIlii, IO XapaKTEePH3yIOThCS PO3OMTTSIM MHOXHHHU 00 €KTIB
Ha KJIACTepH, IO HE MEPEeTHHAIOTHCS, IO € BaxJMBHM Tpu aHamizi crtaHiB KT,
OCKUIBKM ISl KOKHOTO 3 CTaHiB Mae OyTH BHPOOJIEHO YIPABIIHCBHKI piIIeHHS
XapaKTepHi I KOXKHOTO 13 KJIaCTEePiB;
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—HEYITKI METOJH, JUIS SKUX € JOIMyCTHMHM BiJTHECEHHS OJHOTO 1 TOTO X 00’€KTa
OJIHOYACHO JI0 KUJTbKOX a00 HaBiTh BCIX KJIacTepiB 3 Pi3HOIO HMOBIPHICTIO, IO MPH
IpOBEJCHHI KiacTepHoro anamiidy craniB KT Moske mpu3BecTd 10 HEOIHO3HAYHOCTI
IIPH MPUAHATTI PIMICHB OO0 MOAATBINOTO i QYHKIIOHYBaHHS.

3) 3a MOXJIMBICTIO PO3IIMPEHHS 00CATY JTAaHUX, IO 00POOIISIOTHCS:

—MacITadoBaHi, IO TepeadavyaoTh MOXKIWBICTH MPOBEJCHHS KJIACTEPHOTO aHai3y
HaJl MHOKHHOIO, KIJIbKICTh 00’€KTIB SIKOI MOYKE 3MIHIOBATHCh, IO € XapaKTePHOKO
pucoto st KT 3 ypaxyBanHSM pi3HUX YMOB ii eKcIuTyarartii;

— HeMacIITabOBaHi, XapaKTePU3YIOThCS IPOBEJACHHSIM JICKOMITO3HINI  HE3MiHHOI
MHOXXHHH OO’€KTiB, IO HE € XapaKTepHUM JUIS IPEAMETHOI o0iacTi, sKka
aHaJTI3y€eThCS.

TakuMm YWMHOM, 3a pe3yJbTaTaMH IPOBEACHOTO aHaNi3y METOIB, IO MOXYTb OYyTH
BUKOpHCTaHi Juis kinactepusanii ctaniB KT, Oyno 3’sicoBaHo, 1110 € HalOLIbI TPUHHATHUME
METOJIaMH KJIACTEPHOI'O aHaJli3y JUIS PO3B’SI3aHHS IOCTABJICHOI 3ajadi € HelepapXidHi 4iTKi
MacIITaboBaHi METOJH, IO JO3BOJISIOTH TPAIIOBATH 3 IMOTYXHUMH OOCSTaMd JaHUX, a
pe3yJIbTaToM iX pOoOOTH € HelepeciuHi KJIacCTepH CTaHIB KOMIT FOTEPHOI TEXHIKH.

Po3poOka ynockoHaneHOro MeTojay KiacTepu3allil CTaHiB KOMIT I0TepHOi TexHiku K-
MEANS. OnauMm i3 omucanmx MetToqiB € meronq K-MEANS. BukopucranHs BigoMoro
metony K-MEANS nns xnacrepusanii craniB KT npu 3aatHOCTI mpaifoBaTé 3 NOTYKHUMH
oOcsraMM JIlaHUX 1 TIpH HamepeJ BHU3HAYCHIN KUTBKOCTI KiacTepiB K, Mae Taki
uwenoniku [1, 9-13]:

—BHOip BHmagkoBUM uwHOM cTaHiB KT, ski 1 OyayTh BBaKaTHCh IOYaTKOBUMH
IIEHTPaMH KJIacTepiB, HETaTUBHO BIUIMBAE Ha SKICTh KJAacTepw3allii, TOOTO Ha
TOYHICTh BITHECEHHSI TAKOTO CTaHy J0 KOPEKTHOTO KIlacTepa;

—YyTJIMBICTh JO BHKHJIB, SIKI MOXYTh OYTH B MHOHWHI BXiJHHX JaHWX, HETaTHBHO
BILJIMBAE Ta SKICTh KJIACTEpH3AIlil;

—icHytoul Moam@ikamii mMerony He BpaxoByloTh ocobOimBocteit KT, mo HeratuBHo
BIJIMBA€E HA SKICTh KJIacTepH3allil CTaHiB.

Osnaueni Henosiku icHytouoro Meroqy K-MEANS wMoxHa ycyHyTH Horo
VJIOCKOHAJICHHSIM, IO JIO3BOJISE TIJABHINATH SKICTh PO30UTTS MHOXWHHU craHiB KT 3a
paxXyHOK BH3HAUCHHS IMMOYATKOBHMX IICHTPIB KJIACTEPiB HAa OCHOBI 3HA4YCHb MMOTEHINAIB, a
TaKOX BHJIUJICHHS B OKpEMHU TaKCOH CTaHIB, SKi MOTJIM OyTH TOMHJIKOBO BiJIHECEHi J0
KJIacTepa 3a paXyHOK JOIMyCTUMHX BiJXWJICHb 3HAYEHb MapaMeTpiB Ta XapaKTEPUCTUK TaKOl
TEXHIKH, IO BPaXOBYE OCOOIUBOCTI IMpeaMeTHOi obyacTi. JIJIs IbOro OOYHMCITIOETHCS IS
KOKHOTO CTaHy 3HAueHHsI MOTCHIATy, SIKUM TOKa3ye MOXKIUBICTh (JOPMYBaHHS KjacTepa B
foro oxoIi

PI(X,.): iexp(—g-agE(Xi,Xj)),i:1,...,n, (1)

J=lj#i

ne P(X,) - snavenns nepmoro norenmiany cramis KT;
n — ximpKicTh ctadiB KT, mo miisraoTh KiiacTepu3arii;
aSE(Xi,X j) — BIJICTaHb MK cTaHamMu X, Ta X ;

& — nojaTHa KOHCTaHTa, sIKa XapaKTepu3ye MaciTad Bijcraneid Mixk ctanamu KT

1
g e, 2
an (X, X)) @
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ne a (X, X j) — cepeiHe 3HaYEHHs BijicTanel Mix ctanamu KT.

YuM minpHIIe po3MillieHl CTaHW B OKOJI MOTEHI[IHHOTO IIeHTpa KJIacTepa, TUM BHIIE
3Ha4eHHs Horo mnoreHmiany. IleHTpom mepiioro kuacrepa AL,  0OMpaeThCs CTaH 3

HaoOinpmmM noreHiiatoM. Ockinbku aekiyibka cra”iB KT 3 HalOiIpIIUMU 3HAYEHHSIMUA
MOTEHIialliB, SIK IPAaBUJIO, PO3MIIIEH] MOPYY, TO JJIsl 3HAXO/KEHHsI 1HINIUX IIEHTPIB KIacTepiB
HEOOXi/THO YCYHYTH BIUIUB 3HaieHOTO. J[JIs I[hOT0 3HAYEHHS MOTEHITIaiB ePepaxoByETHCS
TaKUM YHHOM: BiJl MOTOYHOTO 3HAYEHHS BIJHIMAETbCS 3HAUEHHS MOTEHIlaly 3HaiileHoro
[EHTpa

Pj (Xl) = Pj—l (Xi )_ Pj—l ('UJ/(_/—D ) exp(— 'B Gop (Xi > 'UJ/(]—U )ll =L...n, (3)

ne P, (X ,;) — 3HA4YeHHs j-T0 moTeHIiany crauis KT;
n — kinekicTh craniB KT, mo mijyisararoTs KiacTepu3aii;
a, (X i by ) — BicTanb Mixk ctaHoM X, Ta IeHTpOM Kiactepa [, e

B - nonatsa xomcranta, siKa XapakTepusye macmTad po3Mipy OJHOTO Kiactepa

(pre).
Ilentpamu kinactepiB M, Ha KOKHOMY Kpolli oOuparoThesl CUTyalii 3 HalOLIbIINM

3HAYeHHsM MoTeHuiany. Taky omepariito HeoOXiIHO IPOBOJUTH O THX Iip, MOKH He Oyne
3HalJIeHO k TOMepe/HiX EHTPIB KJIacTepiB.

[Ticas GopmyBaHHS MHOXHHHU ITOYaTKOBHX IIEHTPIB KJIACTEPIB BHKOHYETHCS PO3OHTTS
BuOipku craniB KT 3 BHKOpHCTaHHSIM BiIOMOrO MiXOMdy, IO Iependayvae BiJHECEHHS BCIX
CTaHIB JI0 OJHOTO 3 k KJacTepiB — TOrO, BIJICTaHb JIO LEHTpa SIKOT0 € MiHiMaibHOW0. [laii
BUKOHY€ETHCSI YTOYHEHHS MICIS PO3TAIIyBaHHS LEHTPIB KOXKHOTO KJIAcTepa, SKHMHU CTalOTh
cranu KT, iXHi 03HaKU pO3paxoBYIOThCS SIK CepeHE apu(pMeTHUHE 03HAK CTaHiB, 10 BXOASThH
710 IHOTO KJIacTepa

1 .
Hy, :—ZX,Ey]Xi,er,]=1,...,k. (4)
\y,\ |

ne y; —j-tuii knacrep cranis KT.

BukonyeThcs Taka KUTBKICTH iTepaliii po3OUTTS, MOKM LEHTPU KIACTEPiB CTaHYTh
cTifikuMu (TOOTO TIPHM KOXKHIW iTeparlil MeHTpaMu KiacTepiB OyIyTh OJHI U Ti caMi CTaHH).
Tomi gumcmepcis BcepenuHi KiacTepa Oyae MiHIMI30oBaHa, a MK KilacTepamMu —
MaKCHUMi30BaHa.

3 METOIO MiBUITICHHS SIKOCTI po30uTTs MHOXMHU cTaHiB KT BinOyBaeThcs iHiIiami3aris
JIOJTATKOBOTO KJIacTepa Ta BITHECEHHS JO HBOTO CTaHIB, SKi MOXYTh OyTH 3apaxoBaHi 0
KJIacTepiB 3 ypaxyBaHHSM JIONYCTUMUX BIJIXUJICHb 3HAYeHb HapaMeTpiB Ta XapaKTepUCTHK
TaKUX CTaHiB.

B ¢opmanizoBanomy Burisiai anroputM K-MEANS (pucyHok 1), B OCHOBY SIKOTO
MTOKJIaJICHO 3aIIPOIIOHOBAHUHN YIOCKOHAJICHHH METO/I, MICTUTh TaKi OCHOBHI KPOKH.

4) 3anatu KineKicTh KnactepiB K , Ha ki Oyzae po3ouTo MHOKHUHY cTaHiB KT.

5) 3naiitu 3HaueHHs noTeHmianiB Beix craHiB KT 3 Bukopucranusm popmymu (1).

6) Busnauutu cran KT, skuii Mosxe OyTH IIEHTPOM IEPIIOTO KilacTepa 3a GopMyJIor0
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My, =argmax?F, (Xl. ), i=L...n (5)

x;eX

7) (j=1) noxu j <k Buxomymarn:
4.1) TlopsakoBuit HOMEp j MOTOYHOTO MOTEHITIATY 301IpIINUTH Ha 1.
4.2)  OOYHCIIUTH 3HAYCHHS IIOTOYHOTO ITOTCHINAy JJIS BCIX CTaHiB, 3a
BUHSTKOM THUX, sIKi Oynm oOpaHi SK TMOYATKOBI IEHTPHU KIACTEPIB 3a

¢dopmyitoro (3).
4.3)  BuzHauWTH TOUKY, 5IKa MOKE OYTHU IIEHTPOM j-IO KJIacTepa

luyj :argmaxPj.(Xl.), i=1...n (6)

x;eX
8) BignecTu KoXeH i3 CTaHIB 10 HAWOIMKYOTO IEHTpa KacTepa

Y, =argmina3E( 75 ), i=1,...n, 7
yel
ne y,; —xnacrep cranis KT.
9) OOuucnIUTH HOBE MOJOXKESHHS IIEHTPIB 3 BUKOPUCTAHHSIM BUpa3y (4).

10)BukonyBatu myHKTH 5-6, TOKM IIGHTpH KJIacTepiB ); HE IepecTaHyTh
3MiHIOBAaTHUCH.

11)InimianizyBaru gonatkoBuii kinacrep cranis KT ), = %)

12) O6GurcanuTH 3HAYEHHS JOMYCTUMOIO BiIXHWJIEHHS BiacTani A, sKa BU3HauaeThCs 3
BHKOPHUCTAHHSIM 3Ba)KCHOI €BKJIIJIOBOI BiJICTaHi.

13) Jlst Beix KiactepiB V; (i=1...,n) BUKOHYBATH:
10.1)  Iloxu | y0| # const JUIsl BCIX LEHTPIB KIacTepiB A, (J #1) BUKOHYBATH:
10.1.1) 3mnaittu
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1
TIOYATOK
2

Tniniamisaris MHOMHHEY X
HEK/IACTCPH30BAHIY
cranis KT

3

i=Li<ni++

B(x)=B(x)+
+exp(—a-a(xy,x])

Pucynok 1. Cxema ynockoHaneHoOro anroputMmy kiacrepusatii craHiB KT K-MEANS

Figure 1. The scheme ma improved algorithm of clustering states of computer equipment K-MEANS

Plx)=P )=
=P, (/‘, (J—l))' exp(— B a(x,,/l! u—u))
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Figure 1. Continuation



Vi =) \X,ayo =W U{X} €)

X’:argminagE(X,,uyjllzl,...

XiEy/

| Vils (8)

ne X' — HaOmiKumit cTaH 10 neHTpa Kiactepa ¥, (j #1i).
10.1.2. SAxmno agE(X',,Uy/ )—A< agE(X'aluy] )—A 10

OTxe, 3alpoOITOHOBAHO YJIOCKOHAICHHS ICHYFOYOro MeTony kimactepusamii K-MEANS
BHU3HAYCHHS MOYATKOBUX IEHTPIB KJIACTEPIB HA OCHOBI MOTEHIIIATIB, a TaKOX BiIMOBIIHUAN
anroput™ K-MEANS, mo J103BOJIUTH HiJABUINATH SKICTh po30UTTS MHOXHUHHU cTaHiB KT Ha
TaKCOHH.

BucnoBku. TakuM 9uHOM, yJIOCKOHAJIEHO METOJ KjacTepHu3allii cTaHiB KOMIT IOTEPHOI
texHiku K-MEANS, mo nepen6auae BU3HaYeHHs OYaTKOBUX LIEHTPIB KJacTepiB HA OCHOBI
MTOTEHINAJIIB, a TaKOX BPaXOBYE OCOOJIMBOCTI CTaHIB TakOl TEXHIKM Ta BHJIISE B OKpeMHUI
TaKCOH CTaHW, sIKi MOTJIM OyTH IMOMMUJIKOBO BiJJHECEHI JI0 KJlacTepa 3a paxXyHOK JOMYCTHMHUX
BiIXWJICHh 3HAYeHb IapaMeTpiB Ta XapaKTepUCTHK. lle T03BOIHMIIO MiJBHIMTH SIKiCTH
KJIacTepH3allii cTaHiB KOMI FOTEpHOI TeXHIKU Ha 7%.

Conslusions. Thus, improved clustering method K-MEANS for computer equipment
states, which involves determining the initial cluster centers based on potential and takes into
account the states of this equipment and provides a separate taxon conditions that may be
erroneously attributed to the cluster due to tolerances parameter values and characteristics.
This enhanced the quality of clustering states of computer equipment by 7%.
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