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J1s1 3MeHIIeHHsI YacoBHX 3aTpaT NMpH KJacTepu3anii JaHMX BeJUMKHX po3MipiB 3ampo-
TMOHOBAHO JeKOMIO3MUIHHUNA MiAXiA, 10 I'PYHTYETbCd HA PO3OMTTI NMPOCTOPY 3a KOOPIM-
HATHMMM OCSIMHM Tinepky6iB. BignmoBinHe kepyBaHHsI aJqropuTMOM Ja€ 3MOry 00 €IHYBaTH
KJIACTePU — Pe3yJIbTATH 3 MIAMHOKMH — y KiHIeBi 3a He3HAYHUMHU BTpaTaMu To4yHocTi. Sk
NPUKJIAIH TPAKTUYHUX JaHUX BUKOPUCTAHI 300pakeHHA i3 3HAYHMMHU KiIbKOCTAMH MiKCeJiB.

An approach to reduce algorithmic complexity for clustering of large-scale dataset is
considered. The main idea is decomposition of item dataset and space by hypercube
coordinates. To join clusters from subsets into the result clusters and to minimize the accuracy
losses are the main tasks of the algorithm. Some visual patterns with large pixels numbers as
test examples were investigated.

Beryn

MeToan KJIAaCTEpPHOr0 aHaji3y MIMPOKO BHUKOPHCTOBYIOTHCS [UISl JIEKOMIIO3MIIIT, JTOCIIKEHHS,
iHIEKCyBaHHS Ta MOIIYKY, PO3Mi3HaBaHHs 300paxeHb [1-4]. 3okpema, pobora [1] MicTUT Kiacudikailito
METO/IIB KJIacTepHu3allii Ta crocid popMyBaHHS KOHTYpIB BUAUICHHUX KiactepiB. Pobotu [2—3] mpucesueHi
Kknacrepuzaiii rpadoBux Mopenel, SSKUMH BioOpakatoTh YaCTHHU 300pa)keHb. lepapXidHuil aaroputM
Ki1actepusanii B [4] Mae ofuH eram Hpoleaypy 3ropTaHHs i MPOIOHYE HOBUIl KpHUTepiil 00’ eAHAHHS IS
3MeHIIeHHsT o0urcmoBansHuX 3atpar i3 ckaagsocri O(N®) mo O(N?). Jlns Benmukux oGCAriB maHHX 3
OaraThMa XapaKTEPUCTUKAMHM IS CKJIAJHICTh BHSBISIETHCS TAKOX MEPEHIKOIOK ISl TpYNyBaHHsS. Tomy B
POOOTI MPOMOHYIOTHCA EKIIbKa MiIXOMIB JJIs 3MEHIIICHHS CKJIaJHOCTI Ha OCHOBI JIEKOMIIO3HMIIIl TIPOCTOPY
nomyky kinacrepis. Iepiri cipodu npoaeMoHcTpoBaHo B poboTax [5, 6].

JexomMno3uiisi mpocTopy

[IpakTHuHi KiIacu 3aga4 KiacTepu3allil JaHMX € 4YacOIUIMHHUMH 3aBISKH 00'eMaM JaHUX 1
CKJIaHOCTI anroputMmy. OOYHCIIOBallbHA CKJIAJHICTh KIACHYHOTO 1€PApXidHOTO allTOpUTMY CsTae
snavenns O(N®), a meBHMME Kpokamm obMexenHs mepebopy MoxkHa mocsrté Bemmuman O(N?), mo
MIATBEPIMIIN €KCITEPUMEHTH PoOO0TH [4] 3 MOCHiIKEHHS 3aI€KHOCTI Yacy moOy/I0BH JepeBa 3ropTaHHs Bij
BEJTMYMHM MOYATKOBOI BUOIpKU. Y poboTi [6] pearnizoBaHO HAOMIKSHUI MiAXin KiacTepu3allii KIro4iB 3
PO3OHUTTSM MHOKHHHU 0a30BUX KITFOUiB. JIJIs1 TOAANBIIOr0 3MEHIICHHS CKIIaTHOCT] allTOPUTMY 1€papXidHOl
KJlacTepu3allii MPOMOHYEThCS JIEKOMITO3MIIHHUI MiAXiN, SKHHA TPYHTYETbCS Ha PO3OMTTI MOYATKOBOI
BHUOIPKM JAHUX BEITUKOI PO3MIPHOCTI HA PsiA MIAMHOXKHH. [Ipy IbOMY pO3IIISIAOTHCS JIBI MOMIJIMBOCTI:
pO30HTTSI BUOIPKM HA YACTUHH 3 BUKOHAHHSM 0OMEXKEHb Ha KUTBKICTh 3HAUCHB Y MIJIMHOXHHI Ta pO3OUTTS
MPOCTOPY Ha YaCTHUHM 03 OOMEXKEHb Ha MOTY)KHICTh HMIJIMHOKWH 3HAYCHb JaHHX.

[Mixxin 3 EeKOMIO3HUITIE0 BCHOTO MPOCTOPY N-BUMIPHHUX JTAHUX TOJIATAE B MOJUII BCIX KOOPJMHAT Ha
YaCTMHU 1 TOOYJOBU Tinepky0OiB. PakTHYHO PO3HECEHHS 3HAYCHb TOYOK N-BUMIPHOTO MPOCTOPY Y
BIJIMOBIIHUH TinepKyO BUMarae MmorepeaHb0ro OnpalfoBaHHs JaHuX, a caMe COPTYBaHHS 3HAUeHb BHOIPKH
3a BciMa KOOpIMHATAMH.

Hexait mpocrip ckmamaerches i3 S N-eumipaux ganux. C = C(a, b, ..., Z). BumipHicTs a oAiIMMO Ha
N yactuH, b — Ha MyacTuH, ..., BUMIpHicTh Z— Ha K yactus. [Toxin mpocTopy 3a BUMIPHOCTSMH HA YaCTHHU
3a mapamerpamu N, M, ... , K mo3Haunmo BekropoMm po3outts | = (n, m, ..., K). Cxematu4Ho Mot

TPUBHMIPHOTO MIPOCTOPY 300paxkeHo Ha puc. 1, a.
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Puc. 1. Cxema nooiny mpusumipnozo npocmopy Ha kyou (a) ma noodin 0808UMIpHO20 NPOCMOPY.
6 — 2inepky6u i3 00HAKOBOIO KIILKICIIO MOYOK, 8 — 30 3HAYCHHAMU NO KONCHIT KOOPOUHAMI

Posrnsnaemo nBa crocoOuM MOALTY HPOCTOPY: TIMEPKyOM PI3HHUX PO3MIpIB, ajie 3 OJHAKOBOKO
KUTBKICTIO 3HAYeHb JTHUX, Py — Ha TiMepKyOW 3 HEKOHTPOILOBAHWMH KUTBKOCTSMH 3HAaYCHHHSIMH
JAHHUX, aje KOHTPOIHOBAHMMH pO3MIipaMH CTOpiH, IO 3alJaloThcs KopucrtyBauem. Ha puec. 1, 06—
300pakeHo mpoctip, mo cknanaerbes i3 20000 2-BUMIpHUX TOYOK, 3TEHEPOBAHUX 32 HOPMAILHUM 3aKOHOM
posnoxminy. Ha puc. 1, 6 Bekrop po3dutts | = (2, 2) nae rinmepkyOou (IpSIMOKYTHUKH y 2-BUMIpHOMY
MPOCTOpI) i3 OMHAKOBOI KIIBKICTIO TOYOK, ajie Pi3HUX 3a po3Mipamu. Ha puc. 1, 6 neii camuii BeKTOp
PO3OHTTS Ta TMOMALT KOOPAWHATHUX MPOMDKKIB Ha OJJHAKOBI YACTHHU J]a€ OJJHAKOBI Tinepkyou. Ha puc. 1, 6
— KO)KHA MiIMHOKUHA (KoKeH KBaapaHT) — mictuth mo 5000 touok. Ha puc. 1, ¢ 300paxeno: B 1-my
kBanpanTi 2030 Touok, B 2-my — 11350, B 3-my — 4540, B 4-my — 2080 TOUOK.

CknaiHiCTh aNropuTMy 30UTBITYETHCS HAa COPTYBaHHS BHOIPKH 332 BCiMa KOOpIUHATAMH, TOOTO CTa€e
pisroro: O(p'n°) + pO(N?).

AJITOPUTM JABOKACKAIHOI KJIacTepu3auii

3a Ga3oBuil TpUIIMAEMO KIACHYHHUI 1€papXidHWUU alropuTM 3ropTaHHHS — MOOYJOBH JiepeBa
KJIacTepiB pi3HUX PiBHIB. B nanili poOOTi MpONOHYyeThCs OaraTopiBHEBa JEKOMITO3UIIsI MHOYKHH KITIOUIB i
KJIacTepiB, SIKy HA3BEMO KACKAOHOIO KIACMEPUZAYIEIO.

PozouBaemo Bxigny MHOKHHY edeMeHTiB Q(Q1, Qo Qs, ... Qn) Ha p miamuoxkuH O1(Q1, Q2 Q3, ...
Q), OxAQx1, Qzz Qzz oo Q) v, Op(Qrery Qa2 Quez, -.. Qn). o KOXHOT 3 miAMHOXHUH (Ha3BEMO iX
MHOXMHAMH HYJIBOBOTO KacKajJy, 3aCTOCYEMO aJTrOPHTM KIacTepu3allii, YTBOPHBIIM MHOXHHH
BiIIHOBiIIHI/IX KJ'IaCTepiB K]_(k]_, kz, k3, ), Kz(ks, k5+1, k5+2, ), ey Kp(kr, kH.]_, kr+21 ), Je k]_, kz,..., ki, e

KJIacTepH, eeMEHTHU SIKUX BIAHOCATHCS A0 BiAMoBigHUX MiaAMHOXKHH Oy, Oy, ..., Op. YTBOPHMO MHOXKHHY
kiacTepiB 1-ro kackany kiaacrepusailii K 00’ eqHaHHSIM:
K:Kl(kl1 k21 k31-'-) U KZ(k51 k5+11 k5+21-'-) U U Kp(kh kf+l1 kf+21-'-)- (l)

3acrocyemMo 10 i€l MHOXHHM aJITOPUTM KJIaCTepH3allii, po3riIsaaodn KoKeH 3 kimactepiB Ky, ko,...,
ki, ... sk 6a30BHii, TOOTO JMCTOK JIepeBa 3ropTaHHs. B pe3ynbraTi yTBOPIOETHCS MHOKHHA KiacTepiB 1-To
Kackaay. ToOTO OTpHUMyEMO IBOKACKaIHY JCKOMIIO3UILiI0 mpocTopy. CxeMy MOAUTy Ta 3ropTaHHs 300pa-

KEHO Ha puC. 2.

o) 0, 0

Puc. 2. Kackaomne depeso popmysanns knacmepis
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KepyBanHs BekTOpPOM po30UTTA Ta KibKicTIO K1acTepiB 1-ro kackany

[IpoinrocTpyeMo pe3ynbTaTd POOOTH alIrOPUTMIB Ha 300pakeHHsAX po3Mmipamu 116 x 77 mikcenis.
Bxigna Bubipka — 11e KOOpIuHAaTH X, Y Ta Color — cepesiHe apuMeTHIHE KOJIbOPIB MIKCENiB. 3arajoM aaHi
MicTaTh 8932 TpUBUMIPHUX TOYOK.

V mepiioMy eKcriepuMeHTi 3 miArpynu (rinepkyda) mpuiHITO BUXi KiacTepi, mo gopisHioe 10 %
BiJl TX KUIBKOCTI y Iilf miarpymi (KUTbKIiCTh KiaactepiB 1-ro kackamy) Ta BUHOpaHO Taki BEKTOPH po30UTTS I
(2,2,1),(2,2,2),(4,4,1), (44,2 1a (4,4, 4). Y apyromy ekCriepuMeHTi BUOPaHO BEKTOp po3outTs | =
(2, 2, 2) Ta xinbkicTh KmacrepiB 1-ro kackamy 2%, 5%, 10%, 15% ta 20% Bijg TX KiTbKOCTI Y Il MiATPYIIi.

Ha puc. 3 npencraBieHo pe3yabTaTH JEKOMITO3UIIIT TPOCTOPY Ta KACKaTHOTO 3ropTaHHS MEpIIoro i
JIPYTOro eKCIepuMeHTIB. 30KpeMa, Ha puc. 3, a—6 HaBEIEHO Pe3y/bTylodl KiaacTepH, po3dapOoBaHi
BUIQ/IKOBUM KOJBOPOM Ta X 3Ba)KCHOKO SICKPABICTIO JJISl Pi3HUX BEKTOpiB po3buttsa. Ha pue. 3, ¢—2
MPEICTABICHO PE3YNbTYIOUi KiIacTepH, po3dapOoBaHi BUTIAJIKOBIM KOJILOPOM Ta 1X 3BAYKEHOIO SICKPABICTIO
JUTSL Pi3HOT KUTBKOCTI KitacTepiB 1-ro kackamy.

@

Kinvkicmo knacmepis 1-2o0 kackady = 10% Bexmop pozoumms | = (2, 2, 2)
a o 8 2
Puc. 3. Pesyromamu dexomnosuyii npocmopy ma kackaonozo 3eopmanis. 1—1= (2, 2, 1);

2-1=(2,2,2);3-1=(4,4,1);4-1=(4,4,2); 5-1= (4,4, 4); 6-2%; 7—5%; 8—10%;
9 —15%; 10 —20%; a, 6 — kracmepu, po3ghapbosari UNaOKOsUM KOIbOpoMm; O, 2 — Kiacmepu, po3gapbosani ix
36AIHCEHOIO SCKPABICMIO

Ha puc. 4, 5 mnpexacraBieno rpadikd nUTOMHUX QYHKIIH Ta (yHKIIi CycicTBa KacKaJHOTO
3TOpPTaHHS JJIsl TaHUX eKcriepuMeHTiB. ['padiku moka3yroTh 3MiHY MHTOMOI T'yCTHHH, MUTOMOTO 00’ €My,
MUTOMOI Aucnepcii Ta GyHKIii cycifcTBa 3aJe)HO Bijl piBHI JiepeBa 3ropTaHHS Ta IapaMeTpiB KepyBaHHS:
KUIBKICTh KiacTepiB 1-To Kackaay Ta BEKTOpa po30uTTsI.
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VY tabn. 1, 2 HaBe[eHO YMCIIOBI XapaKTEPUCTUKU KIIacTepu3allil Juisl Mepuioro Ta Apyroro eKCrepu-
MEHTIB.

Puc. 4. I'pagpixu numomux @pyuryitt ma Qynxyii cyciomeea KackaoHo20 320PManHsl
ons kinekocmi kracmepie 1-2o0 kackady y 10%: a — numoma eycmuna,
6 — numomuil 00’ €m; 8 — nUMoOMa OUCnepcis, e — PYHKYis cyciocmea

Oisparsion by Rolling-Up Lavel Comesponding Function Vakse With Rolling-Up Lavel
A oA, e 5 A IAT, Do BT FTRR G

Rolling-Up Level

a
Puc. 5. I'paghixu numomux @ynryitt ma Qynxyii cyciomeea KackaoHo2o 320pmanHst
ons eexkmopa pozoumms | = (2, 2, 2): a — numoma 2ycmuna,
6 — numomuii 06’ em; 6 — numMoma OUcCnepcis;, e — QyHKYis cyciocmsa

Tabnuys 1
XapakTepuCcTHKH KjaacTepu3auii A5 pi3HOro BeKTOpa po30UTTs
Yac KumbkicTs PiBeHb Kimkicts .
Bektop . . [Tutoma | Ilmrommma [TuToma
_ STOPTAHHS, | KIACTEpPIB (BCcbOTO KIacTepiB - .
po30HuTTH . o L rycTHHA 00’eM ImcIIepcis
XB B I'PyIIL PiBHIB) H4 PIBHI
2,2,1) 2,08 2233 1693 (1716) 23 1,9778 1,4592 16,8139
2,2,2 0,44 1116 1330 (1352) 22 1,9726 1,4679 16,7161
(4,4,1) 0,21 558 1170 (1190) 20 1,9635 1,4838 17,1928
(4,4,2) 0,12 279 1020 (1041) 21 1,9617 1,4894 17,2382
(4,4,4) 0,09 139 927 (948) 21 1,9555 1,5036 17,5113
Tabnuys 2
XapakTepucTHKH KjaacTepu3auii A pi3Hol KilbKocTi KaacTepiB 1-ro kackaxy
K-18 xmac- Uac K-8 km1ac- PieeHB Kimexicts .

. . . IMuroma ITurronmrii [Tutoma
Tepis 1-ro | sropraHHg, | TepiB 1-To (Beboro KIacTepis o .
o) . L o T I'yCTIHA o8’eM JHICTIePCLS

Kackamy, % XB KacKay PIBHIB) Ha PIBHI
2 0,42 22 776 (792) 16 1,8675 1,6215 20,2668
5 0,43 55 1010 (1022 12 1.8676 1.6169 20,3030
10 0,52 111 1400 (1407) 7 1,8728 1.6131 20,7958
15 115 167 1749 (1758) 9 1,8677 1.6073 19,6580
20 1,52 223 2038 (2043) 5 1.8707 1,6049 19,7236

3 naHux Tabn. 1, 2 MOoXHA IIATH TaKUX BUCHOBKIB. PO3OMTTS MPOCTOPY Ha OUIBIIY KUIBKICTH
MiApOCcTOpiB 200 3MEHIIEHHS KUTBKOCTI KiacTepiB 1-To Kackalay nae 3MOry KilacTepu3yBaTH JaHi

mBuae. [pu npomy:
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— MUTOMA T'YCTHHA 3MEHIIYEThCS, a MUTOMA JIUCIIEPCis 1 MUTOMUI 00’ €M 301IbITYEThCS,

— KUIBKICTh PiBHIB JiepeBa 3ropTaHHs 3MEHIIYEThCS,

— HeoOXiJJHa KUTBKICTh KIIACTEPIB ISl OMKCY 3aralilbHOI KapTUHHU 00pasy i3 30UIbIIEHHSIM KiUTbKOCTI
MiAPOCTOPiB 200 KUTBKOCTI KinacTepiB 1-ro kackaay 3MEHIIYEThCS.

Ha puc. 6 mpencraBiieHo KiIacTepd, MO 3HAXOMATHCS HA PI3HUX PIBHAX I€PApXIYHOro AepeBa
3ropTaHHs, po3dapOoBaHi BUMIAAKOBUM KOJILOPOM Ta iX 3Ba)KEHOIO SICKPaBICTIO.

Puc. 6. Knacmepu na pisnux piensx oepesa seopmannsi. 1— pisens 1449, knacmepis 2; 2 — pisens 1448,
xknacmepis 3; 3 — pigenv 1446, knacmepis 5; 4 — pisenv 1443, knacmepis 8; 5 — pigenv 1441, knacmepis 10,
6 — pisens 1439, knacmepis 12; 7 — pisenv 1435, kiacmepie 16; 8 — pisenv 1400, kracmepis 51; 9 — pisens 1380,
xnacmepis T1; 10 — pigenv 1300, kracmepie 151; a,6 — kracmepu, pozghapbosari 6unadkosum Ko1bOpoMm;
6, 2 — Kk1acmepu, po3papbosani ix 36aHCeHOI0 ICKPAGICMIO

Jnst mpencraBiieHHS KacKaJHOI JIEKOMITO3MINT IMPOCTOPY HAaBEAEMO TOPIBHSIBHI PE3yJIbTaTH
JOCTIDKEHh POOOTH aJITOPUTMIB JUIS BXIIHUX BHOIPOK, IO CKIAJAIOThCA 13 TPUBHMIPHHUX TOYOK
(koopauuaTu X, Y Ta color — cepenHe apudMeTHYHE KOJIBOPIB MIKCENiB) Ta I ITHBUMIPHUX TOYOK
(koopauHaTH X, Y Ta KomnoHeHTH R, G, B konbopy mikceniB), OTpUMaHUX i3 TECTOBUX 300paXkeHb. Pazom
nani Mictate 8932 enemenTiB. Ha puc. 7 mpencraBineHo 3 pe3ynbTyrodi KJIacTepu JACKOMITO3UIIT TPUBU-
MIPHHMX JTaHUX 13 300pakKeHHS: ¢ — OCi KOOPAMHAT BIAMOBIIAIOTh KOOPAMHATAM X, Y; 6 — BICh Z BiJTOBIJa€E
3HAYeHHIO COolor.

Puc. 7. [lexomnosuyis npocmopy na 3 kiacmepu
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Ha puc. 8 npencrasieHo pe3ysbTaTi AEKOMITO3UIIIT 3- Ta 5-BUMIpHUX TOYOK 13 Pi3HHUM BEKTOPOM PO3-
OUTTS Ta KUIBKICTIO KitacTepiB 1-ro kackamy 20%. UncioBi XapaKTepUCTHKHU JISKOMITO3MIIIT 3BeICHO Y Ta0. 3.

MPUBUMIPHI MOYKU n' AMUGUMIPHI MOYKU
a o 8 2
Puc. 8. Pesyromamu dexomnosuyii npocmopy ma kackaonozo seopmanns. 1—-1= (2, 2, 2); 2—1=(3, 3, 3);
3-1=4,4,4);4-1=2,2,2,2,2);5-1=(2,2,4,4,4);,6-1=(1,1,99,9); a, 6 —xracmepu, pozgpapbosani
BUNAOKOBUM KOJILOPOM; 0, 2 — Kaacmepu, po3ghapbosani ix 36axiceHo0 ACKPaAGicmio

Tabauys 3
XapakTepucTHKH KjaacTepu3alii TpU- Ta I’ ATHBUMIPHUX TOYOK i3 Pi3HUM BeKTOPOM PO30OMTTH
Yac KimbkicTh PireHn KimbkicTs .
BekTtop . . [TuToMa ITuromMi [Tutoma
- 3ropTaHHA, | KJIaCTeP1B (BC])OI'O KllacTepib . .
PO3OHTTA . .. . . TYCTHHa 00 €M JIICIIEPC1A
XB B I'pyIil PIBHIB) HA P1BH1
222 1.46 1116 | 2034 (2040) 6 2.0839 1,3007 14,1585
(3,3.3) 115 330 1801 (1810) ) 2,0722 13116 14,3695
(4,4,4) 1,09 139 1724 (1734) 10 2.0615 1,3274 14,4147
(2,2,2,22 1,24 279 1660 (1663) 3 1,6185 2,8027 34,5558
(2,2.4,4.4) 1,08 34 1509 (1518) 9 1,5621 3.1530 39,7618
(1,1,9,9.9) 0,55 12 1386 (1398) 12 1,3870 5,3030 116,7975
Buchnoeku

Po3pobiieno miaxia ABOKacKaaHOI KiaacTepH3allii, 10 IPYHTYEThCS Ha PO30OMTTI MPOCTOPY Ta JaHHX
BIIMOBIIHO /10 HBOTO Ha yacTHHU. OCHOBHY YBary npHIUICHO JOCIIIKEHHIO TapaMeTpiB MPOCTOPY JaHUX:
BEKTOpa PO30MTTS Ta KUTBKOCTI KiactepiB 1-ro kackamy. 3a I[MM METOJOM MOJKHA OIpAIIOBaTH JaHi, sKi
TOYHHM QJITOPUTMOM 3pOOUTH HEMOXJIHMBO. BTpaTm TOuHOCTI BimOyBalOThcs Ha MeEXax TilMmepKyoOiB.
[Momanpir KOCHiHKEHHs HEOOXIAHI TS MiHIMI3aIlil 3a3HaY€HUX BTpaT.
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