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AHHOTaUMA

PaccmatpuBaetcs onpezeneHue GpopMabHBIX TOHITHI KaK HEIOABMKHBIX TOYEK MMIUIMKanuid. Ha oc-
HOBE 3TOTO OIPE/AEICHHs BOJUTCS MOHATHE BEPOSTHOCTHBIX ()OPMATBHBIX MOHSITHH IyTEM 3aMEHbI HM-
IUIMKaIXi{ Ha ClIeNHaJIbHBIE MAaKCUMAJIbHO cenn(pHIECKHE BEPOSTHOCTHBIE IIPaBHJIa, I KOTOPBIX paHee
OBUIO JIOKAa3aHO, YTO HEMOJBIKHBIE TOYKH ISl HUX JIOTWYECKH HEeNpoTHBOpeunBhl. Onpeaensercs aiuro-
purM ProbClosure oGHapyxeHHsT BEpOSATHOCTHBIX (OpMajbHbIX MOHATHH. {71 pa3paboTKu aIropuTMOB
KJIaCTepH3alluK U KiIacCH(UKAIMN KOHTEKCT pacCMaTpHBaeTCs KaK BBIOOPKA M3 T€HEpalbHOM COBOKYTI-
noctr. O6o06mas amropurm ProbClosure, onpenpenstorcest anroputmsel Kiactepusaiuu ConcClosure u
StatClosure MyTEM BBEJCHUS Pa3IMYHbIX (DYHKIIMOHAIOB YHEPTHH, OMPEIACIIAIONINX CTEICHb HEIIPOTHBO-
PEYMBOCTH IPABUI B HEMOABIDKHON TOYKE. AJTOPUTMBI KIACCH(PUKAINN TOTY4alOTCs IMyTeM MpUMeHe-
HHUS aJTOPUTMOB KJIACTEpU3aIlM K HOBBIM HaHHBIM. IIpoBeNeHO cpaBHEHHE IOyYEHHBIX aJTOPUTMOB
KIaccu(uKauy ¢ pemaromumi aepesbsiMu C4.5, ID3 1 meTomoM KiaccupuKaIiyi, OCHOBAaHHBIM Ha pe-
mérke popManbHEIX MoHATHHA. CpaBHEHHE IpoBeAeHO Ha AaHHBIX penosutopust UCI. IlomydueHnHsie pe-
3yJIBTAThl MOKAa3aJH CPaBHUTEIHHO OOJBIIYI0 TOYHOCTH Pa3pabOTaHHBIX AITOPUTMOB IO CPaBHEHHUIO C
yKa3aHHBIMHM METOAAMU.

Knrwouegvie cnoga: ananus opmanbHuIX NOHAMUL, 6ePOAMHOCMb, ACCOYUAMUBHbIE NPABUILA, KIACCUPU-
Kayus.

Lumuposanue: Bumses, E.E. BeposiTHOCTHBIE (popMaTTbHEIE TIOHATHS B HEKOTOPHIX 3aJadax Kiaccu(u-
kauuu / E.E. Bursie, B.B. MapteiHoBuu // Ontonorusi mpoektupoBanus. — 2017. — T. 7, Ned(26). -
C. 473-486. — DOI: 10.18287/2223-9537-2017-7-4-473-486.

BBepeHune

Anamu3 ¢opmanbhbix nonstuid (ADII) [1] comepxut B cebe ymoOHBIH HHCTPYMEHTAPHA IS
MPEJCTaBICHUS U O00pabOTKU pa3IMyYHBIX JaHHBIX. DopMalbHBIE TOHATHS 00pa3yloT IENOCTHBIC
00bETMHEHUs] TPYII CBOMCTB U OOBEKTOB M MOITOMY SBISIOTCS OYEBHIHBIMU KaHJUJIATaMHU Ha
KJ1acCU()MKAMOHHBIE €AWHUIIBI. DTO TIO3BOJISIET MCIIOJIB30BaTh UX MPH PEIICHUH 3a]a4 KIacTepH-
3alMU U KiIaccuuKaImm.

B pamkax A®II u3ydaercs Bech CIEKTp 3a7a4 aHaIu3a JAaHHBIX. 3a MOCJIEIHUE TOJIbI OMyOJun-
KOBaHbI pa0OThI MO M3BJICUYEHUIO MATTEPHOB aTpuOyTOB [2, 3], pabOoTHI MO aIrOpUTMaM KIacTepH-
3aIliM 1 U3BJICYEHHUIO ACCOIMATHUBHBIX MPABHJI, IPEATIPUHAT PS/I MOMBITOK TOCTPOCHHUS aJITOPUTMOB
knaccudukanuu u nap. [4-7]. s Hac ocoOblil MHTEpeC mpeacTaBisieT padora [7], e MpeIoKeH
aJITOPUTM MOCTPOSHUSI PELIAIONINX JICPEBHEB HA OCHOBE PELIETKH (POPMATBHBIX TOHATHH, a PE3yIIb-
TaThl SKCIEPUMEHTOB MPECTABICHBI B BUJI€ TaOIUIBI ¢ U3MEPECHUSMH TOYHOCTU PabOTHI aIrOpUT-
MOB. DTO IO3BOJISIET CPaBHUTH TOYHOCTH IPEAJIAracMbIX aITOPUTMOB KiaccH(UKAIMU, pa3pado-
TaHHBIX HAa OCHOBE BEPOSTHOCTHBIX ()OPMAIIbHBIX MOHATUNA M COOTBETCTBYIOIIETO AJITOPUTMA Kia-
CTEPU3ALUH C PE3YIbTATAMHU 3THX aJTOPHUTMOB.

Paznen 1 mpeanaraemMoi cTaThbl MOCBALICH OINPEICIICHUIO BEPOSTHOCTHBIX M CTATUCTHYECKUX
bopManbHBIX TMOHsTHI. B pa3zmene 2 mpuUBOISTCS OCHOBHBIE AITOPUTMBI MX TOCTpoeHus: Prob-

OHTOJIOTUsl TIPOEKTUPOBAHMUS, TOM 7, Ned(26)/2017 473



BepOﬂl’l/lHOCWlele ¢0pMCUlebl€ NOHAMUS 6 HEKONIOPbIX saoayax KJ’lClCCM@MKClZ/jMM

Closure s BepositHocTHBIX, StatClosure mjis cratuctudeckux GopMaibHbIX MOHATHHA. L[eHTpab-
HBIM MOYKHO CYMTATh Pa3fei 3, TIc PacCMaTPUBAIOTCS OCHOBHBIC MPAKTHUCCKUE MOIU(PUKAIIMU
nporexypsl StatClosure — anroputmsr ClassifylnCluster, ClassifyOverClusters, - a takxe paznng-
HBIC TTapaMETPU3AIUH ITHX ATOPUTMOB, TIO3BOJISIOIINE MPUAATH MPEIaraeMoOMy MOAX0ay Tpedy-
eMyro THOKOCTh. B pasnene 4 npuBOISTCSA Pe3ysbTaThl KIIaCCH(DUKAIMU, TIOTYUYCHHbBIC STHMHU aJro-
putMamu. [IpOTOKOJIBI SKCIIEPUMECHTOB M CPaBHEHHE C OJM3KUMH MO CEMAHTHKE METOJaMH KIac-
cudukau qaroTcs B paszene 5. B kadecTBe OMOPHBIX pacCMaTPUBAIOTCS PE3YJbTAThI, MOJIYUCH-
HBIE B [7/] C MOMOIIBIO TIOCTPOCHHUS PEIIAIONINX JEPEBHEB HA OCHOBE PEIIETKU (DOPMaNbHBIX MOHS-
THH, YTO TMO3BOJIIET Oojiee HarIsagHO Mmokasath 3 ¢dexruBHocts MeTonoB ClassifylnCluster u
ClassifyOverClusters.

1 BepOHTHOCTHble n cratTuctnyeckKkume (bOpMaﬂbele NMOHATUA
Hamomuum 6a3oBsic onpenencaus ADIT [1].
Onpeoenenue 1. ®opmanbublii koHTekeT — K =(G,M, 1), rne G — MHOXecTBO OOBEKTOB,
M — MHOxecTBO aTpudyToB 1 | < GxM — OoTHOIIEHNE IPUHAJUIEKHOCTH aTpUOyTOB 0OBEKTaM.
Onpeodenenue 2. Ac G, B M . Torna:
e Al={meM|vgeA(g,mel};
e B'={geG|VmeB,(g.m)el};
e (A B) — dopmanbHOE OHSITHE, €CITU A" =B u B' = A.
Onpeodenenue 3. R=(B,C) — ummmukamus, ReR=Imp(K), eciu B c C'u B,CcM.

ITpu stom B =R wnaseBaercs moceuikoir, a C =R~ — 3akimroueHreM uMIutakarimu. Oneparop
JIOTUYECKOTO BBIBOJIA, HCIOJIb3YIOIIMA MHOKECTBO MMILIUKAaUUK R, n00aBiIseT K HEKOTOPOMY
MHO>KECTBY aTpuOyTOB L npyrue, BBIBOAMMBIE U3 HETO aTpUOYTHI:

M,(L) = LU{C|3FReR:R" cL,R” =C}.

BepositHocTHOE 000011€HHE (HOPMANBHBIX MOHATUH MOXHO MOJNYy4yuTh [8], omupasch Ha
CHEAYIOUIMN pe3yJIbTar.
Teopema 1 [1]. MHOXECTBO HEMOJBIKHBIX TOYEK ONEPATOPa JIOTMYECKOrO BHIBOJA COBIAIAET

C MHOKECTBOM (hopManbHbIX OHATHH. /151 moboro mHokectBa B M |, I1;,(B)=B < B =B.
BeposiTHOCTHBIE ~ (OopManbHBIE TOHATHS MBI HOJYYMM KaK  HEMOJABMXKHBIE  TOYKH
COOTBETCBYIOIIETO BEPOSATHOCTHOTO OIEpaTopa JOTMYECKOTo BbIBoAa. [l ero ompeneneHus
MOCTPOUM JIOTHKO-BEPOSTHOCTHYIO MO/IENb, OIMCHIBAIONIYIO (hOpMaNbHbIM KOHTEKCT K .
Onpeoenenue 4. JIns xoneunoro konrekcra K =(G,M, ) ompenenum curHatypy KOHTEKCTa
Oy, COJEpXKallyl0 JIMIIb MHOXECTBO IPEIUKATHBIX CHMBOJIOB, coBmajatomee c¢ M. s
CUTHATYphl O, M KOHTeKcTa K Kak MOZIEIH ONpeAennM MHTEPIPETAHIO MPEIUKATHBIX CHMBOJIOB
cienyromuM odpaszom: KEm(X) < (x,m)el.
Onpedenenue 5. OnpenenuM KIacCH4eCKre JIOTHYeCKUe KOHCTPYKIUH:
1) Term(K) — MHOXECTBO TEpMOB COCTOHMT U3 CUMBOJIOB IIEPEMEHHBIX;
2) At(K) — atomamu siBisitoTcs BeipaxkeHuss mM(t) , rne me oy u teTerm(K);
3) Lit(K) — aureps! BKIrOUatOT Bee aToMbl M(t) u ux orpuranus —m(t);
4) For(K) — ompenensiercss ”HAYKTHBHO: BCIKHI aTOM — Gopmyna, u 1uisi moobix @,V € For(K)
cuHTaKcuyeckue KOHCTpYKIun @AY, OvW,® - ¥, —®D - Toxke GopMyIIb.
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Onpeodenenue 6. PaccMOTpUM TNPOM3BOJIBHYIO BEPOSITHOCTHYIO MEpy 4 Ha MHoxecTtBe G,

OIIPEEIICHHYIO B KOJMOTOPOBCKOM cMbIciie. OINpeneauM KOHTEKCTHYIO BEPOSATHOCTHYIO MEpPY Ha
MHOkecTBe (OpMyJI Kak:

v:For(K) —>[0,1], v(¢) = u({g G| g = ¢}).
Omnpenenum mpaBuiia Ha KOHTEKCTE, KaK aHAJIOT UMIUTUKAIINH, 8 TAK)KE UX COCTaBHBIC YacTH.

Onpeoenenue 7. Ilycts C,H; € Lit(K), C ¢{H,,H,,..H,},k >0, torna:
1) Ilpasuno R=(H,,H,...,H,  —C) ects ummmkanust (H; AH,...AH, —>C);
2) Tloceuikoit R mpasuna R waseiBaercs nabop murep {Hy,H,....H, };
3) 3akimoyenueM mpasuia sisiercst R~ =C;;
4) JInuHOM IpaBUiIa HA30BEM MOLIHOCTh €ro NOChUIKH | R [;
5) Ecu R =Ry u R =R,”, 10 R, =R,.

Onpeoenenue 8. BeposTHOCTBIO MpaBuia R sBIIIETCS 3HAYCHHE
V(R ART)

vRY)

Ecnu 3Hamenatens v(R) paBen 0, To BEpOSTHOCTB MPaBUiIa HEOTPEICIICHA.

n(R)=v(R”|RT)=

Onpeoenenue 9. llpaBuno R nHazoBem makcumanbHO cnenuduuabiM R € MSR(K) , ecnu Het

npasuiia R ¢ Oonee IMHHOM mOCBUIKOH R RS u 0olee BBICOKOH BEPOSATHOCTHIO

n(R) >n(R).
HpaBI/IJ'Ia onpe):[eneHI/m 7 ITIO3BOJIAOT YCTaHOBI/ITL BepOHTHOCTHLIﬁ onepaTop 3aMBbIKaAHU. I[J'I}I
9TOIr0 3aMCHHUM MHOKXECTBO I/IMHJ'II/IKaI_II/Iﬁ Imp(K) HAa MHOXCCTBO MaKCHUMAaJILHO CHGI.II/I(I)I/I‘{eCKI/IX

BEPOSITHOCTHBIX IpaBwil. [loaToMy HIDKE OyAeM mpeanoaraTs, 4To R — MHOKECTBO MaKCUMAIIbHO
cnenuuuHbix npaBuwi. [lo anamoruu c Teopemoil 1 omnpenenum BepOATHOCTHbIE (OpMajbHbIE
MOHATHUS KaK HETOJBHXHBIE TOUKH ONEpaTopa JIOTUYECKOT0 BHIBOJA, MCHOJIB3YIOIET0 MHOKECTBO
npasui R.

Onpeodenenue 10. 3avpikanneM L MHOXecTBa nutep L OymeM Ha3piBaTh HAMMEHBIIYIO
HETIOJIBIKHYIO TOUKY OTlepaTopa JOrMYECKOr0 BBIBOAA, CoAepKanyto L :

L=y (L) = M5(L) = U T (L)
keN
Onpeoenenue 11. Tlycte R < MSR(K) — MHOXECTBO MakCHUMalbHO CHEIM(PUUECKUX MPABUII.

Torna B — BepositHOCTHOE hpopmanbHOe MoHATHE, eciau [1;(B) = B .

Teopema 2 [9]. Ilycte R — MHOKECTBO MAaKCUMAJIbHO CHENU(DUICCKHUX TMPABUII, Toraa: ecnu L
HenpoTuBopeunBo, To [1y; (L) Tarke HEMPOTHBOPEUHBO.

Ha ocnoBe ompenenenust 11 u TeopeMbl 2 HETPYAHO MNPEAJIOKUTH aJTOPUTM 3aMbIKAaHUS

ProbClosure, koTopsblii s 3aJaHHOTO MHOKECTBa JIUuTep B cTpouTt 3ambikanue B, sBisromieecs
MUHHMAaJIbHON HEMOJBMKHOM TOYKOH, cojaepskaiieid MHOxecTBO B, u, B cuity ompenenenus 11,
BEPOSITHOCTHBIM  (hopMmasnbHbIiM ToHsATHEM. Asroput™m  ProbClosure e TpeOyer pasperieHus
IIPOTUBOPEUYUH, TaK KaK B CHIIy TEOPEMBI 2 MCKIIIOYAETCS CUTyallus, KOIZa B IPOLIECCE BHIBOJAA
oOHapyKHBaeTCsl OAHOBPEMEHHO JINTEpA U €€ OTPULIAHHE.

AaroputMm 1. ProbClosure. 3ambikanue HaOopa JIUTEp OMEPATOPOM BBIBOJIA.
Bxox: R < For(K), K =(G,M, 1), BcLit(K)
Boixoa: C c Lit(K) — BepositHOCTHOE (hopMaTbHOE TTOHATHE
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®yukuusa ProbClosure (K,ER, B)
B, < B
k<0
IHoBTOpPATH
By,1 < Iy (By)
K<«—k+1
Jlo Tex mop noka B, =B, ;

BepuyTts B,

©

Konen pynxkumnu

B mpakTHUecKMX 3ajadax KOHTEKCT ITOJHOCThIO HEM3BECTCH, a M3BECTHA TOJBKO HEKOTOpAs
BBIOOpKA M3 KOHTEKCTa. AJICKBATHOW MOJENBIO JaHHBIX, MPUMEHIEMON B OOJBIIMHCTBE METOIOB
MamuHHOTO 00yueHus [10], MOKHO CUUTATh CIEAYIONTYIO:
® HCTOYHHK JAHHBIX € — MHOTOMEpHas ClyJaiiHasi BEJIMYMHA C 3aIaHHBIM PACIIpE/ICIICHHEM,;

e oOyuaromas BbIOOPKA Gigacn ={(9(1)s++s G(ny)}— BBIOOpKA M3 reHEPATBHON COBOKYIHOCTH, TJI€

g(i) IIOIIapHO HE3aBHCUMBIC CJ'Iy‘IB.fIHBIG BCJIMYMUHBI C pacpeaCIICHUEM €.

DTO 03HAYaeT, YTO MOJCIbI0 Habmomaemoro koutekcra K = (G M, 1) sBisiercst BBIOOpKa

teach?
w3 renepatbHOit coBokymHoctH K = (G, M, 1), rue kaxnpiii g € G, MPeCTaBIEH MHOTOMEPHOI
OCpHYJUTMEBCKON ClTydaifHON BenmuunHOW. OnHAKo, 3a7ada KIACCH(PHUKAIMN JOJDKHA TO-TIPEKIEMY
IIOHUMAThCS B CMBICIIE HCXOAHOTO KOHTekcTa K, 00pasyiomero reHepalbHYIO COBOKYHHOCTB
00BbeKTOB. B Takux ycloBHAX HENIPOTHBOPEUUBOCTH JIOTUUECKOrO BbIBOAA ¢ moMoupto Il Moxker
ObITb HapylleHa, IIOCKOJbKY MAaKCHUMAaJbHO cleUu(pUYecKue NpaBuia, U3BICUCHHBIE U3
Ha0II0JaeMOT0 KOHTEKCTa K, 3adacTyro He OyayT SBJISTHCS TAKOBBIMH IO OTHOIIEHUIO K
HCTHHOMY KOHTekcTy K.

Pemute mpoGieMy HNPOTHBOPEYMBOCTH JIOTHUECKOTO BBIBOJA BO3MOKHO M B 3TOM Cllyyae.
Paccmotpum o6muit nmporecc npeodpazoBanusi Habopa autep. [1ycTh HCXOHOE MHOXKECTBO JTUTED
B = B, npoxoaut uepe3 nenouky npeodpasosanuii By,...,B, (Takue npeobpazoBaHus TPOUCXOIAT

CO cTapTOBBIM MHOXXKecTBOM B B anroputme ProbClosure). Tlpeamonoxum, 4To [J1sl anropurma
npeoOpa3oBaHusi HaOOPOB JIUTEP CYLIECTBYET HEKUH KpPUTEpHH ¢, MUHMMHU3ALUS KOTOPOIO

ompejieNseT HAIpPaBICHHE MOWCKA B IIPOCTPAHCTBE BCEX o3HaumpaHmii murep B e 2™ Takue

QITOPUTMBI  OYEHb YAOOHBI B BBIYHCIHUTEIBHOM IIJIaHE, IOCKOJBKY ITO3BOJISIOT OIPEIEIUTh
npoucaypy MUHUMHU3aluAa UTCPATUBHO U CBECTH UCXOAHYIO 3aJa4y K 3a1a4€ MUHHUMHU3Al .

Jnis mporiecca nmpeoOpa3oBaHmii KOHPHUTYpaIHidi BEPHO, YTO €CIU MEPBBIN U IMOCIEIHUN HAOOPHI
coBmanaroT B, = B,, To OH ompezenseT TOXIECTBEHHOE TpeoOpa3oBaHue, U TOT/IA I KPUTEPHS ¢
JAOJIKHO BBITIOIHATCA OIIPEACIIACMOC HUXKE YCIIOBUC.

Onpeoenenue 12. YcnoBue NOTEHIIMATEHOCTH

B =B,= Z #(B;,Bi,1) =0.

i=1,..,n-1

OyHKIMOHAN ¢ SBISETCS aHAJTIOrOM (U3MYECKOTo MOTEHIMala. YCIOoBHE B onpeneneHuu 12
SBJISIETCSL YCIIOBUEM HE3aBUCUMOCTHM IOTEHIMAJIAa OT IIyTHM €ro BBIYUCIICHUSA, 4, KAK H3BECTHO,
MOTEHIIMAJ TO3BOJSET OINpeNeanTh (QYHKIMIO DSHEPrud. 3aMeTuM, YTO HJesd BBEIEHUs
(GyHKIIMOHAIAa YHEPTUU HE HOBa, B [11] oHa moxpoOHO M3yueHa B KOHTEKCTE MeXaHH3Ma 00paTHON
CBSI3M JUIsl TITYOMHHBIX HEHPOHHBIX CeTeH.
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Teopema 3 [11]. Kpurepuii ¢ MOxeT ObITh BBIPXKEH C MOMOIIBIO MTOTCHIIMAIBHOW Heprun E :
#(B,C)=E(C)—E(B); mpu stom ¢(B,C) ynoBiaeTBOpsieT YCIOBHIO MOTEHLUUAIBHOCTH, a
3HaYEHHUE MOTEHIMANIa HE 3aBUCUT OT TOYKU Hayaja OTCUeTa SHEPIHUH.

3adukcupyeM HEKOTOpoe MHOXKecTBO npaBui K. Jlanee Oyaem cuuTaTh 4TO BCe mMpaBuia R
OepyTcs U3 3TOr0 YHUBEpCyMa IpaBuil ‘R .

Onpeoenenue 13. [lyctb R — npaBuno, a B — Lit(K).

e R npumenumo (mm R € App(B)) k HaGopy nurep B, ecoiu R < B.
e R noxareepkaaercs (man R e Sat(B)) na nabope B, eciiu R e App(B),u R~ €B.

e R omposepraercs (i R € Fal(B) ) na Habope B, ecniu R e App(B), u =R~ €B.

Onpeodenenue 14. Dueprueid NPOTHBOPEYM MBI  HaszbiBaeM (DYHKIMOHAI  SHEPIHUH,
OTPENICJICHHBIA C TOMOIIBID BECa ONPOBEPTaloNIMXCS TMPABWI, 32 BBIYCTOM OSHEPTHH
TIOJTBEP K TAIOIIMXCS TIPABHIL:

EB)= Y, 7R)- > 7(R). 7(R):%—[0,0), §(B.2) =E(B).
ReFal(B) ReSat(B)

3amaua cemeiicTBa AJITOPUTMOB COCTOMT B TOM, YTOObl MHUHUMH3UPOBATh JHEPTHIO
npotuBopeunii E(B) — min, u, Takum o00pa3oMm, HaWTH MaKCUMaJIbHO HEMPOTHBOPCUHBHIC
KOMOWHAIMKA JHUTEp (3aMETHM, YTO MOXHO TaKXe I10Ka3aTh, YTO MPH HAJIUYUU MHOXECTBA
MaKCHUMaJbHO CIEHU(PHUYHBIX TMPaBHJ aITOPUTM JaeT W aOCOJIOTHO HENPOTHBOPECUYHBHIE
KOMOWHAIIMK JIUTEP, COBIMAJAIOIINE C BEPOATHOCTHBIMU (OopMaibHBIMH TOHATHSAMHE). OJHAKO,
MIOJTHOE pelIeHHE 331a9i MUHUMHU3AIUU (DYHKIIMOHAIA SHEPTHH BBITTISAUT KaK MOJHBINA mepedop B
npocTpancTBe o3HaunBanuit marep 2K

BcniomMHuM, 4TO MBI paboTaeM B BEPOSTHOCTHOM KOHTEKCTE, TJIe TOYHOTO PEIICHUST UCXOHON
3amaun  Kiaccu(uKauu He TpeOyeTcs, a MNPHEeMIIEMOCTh pEIICHHs ONpEeAeNseTcs WHBIMU
crocobamu (Hampumep, MpeacKa3aTeIbHOW TOYHOCThIO Kiaccudukaropa - Accuracy). ITostomy
aOCOJIOTHOW TOYHOCTBIO TPHU PEIICHUH 33/a94d MHHUMU3AINHA (YHKIHMOHANIA SHEPTHH MOXKHO
npeHeOpeyb, a MOCTaBlICHHAs BEIYUCIUTENbHAS TPOOJIeMa MOXKET ObITh pellieHa CyOONTUMATLHBIM
obpazom. Ilpenmaraercs BBIYHCIATH NPHOMMKEHHBIE PEIICHHUS TOCPEICTBOM  <OKQJHOTOY
uteparuBHoro anropurMa StatClosure, KOoTopblii MUHUMU3UPYET MOTCHIIMAT M BBIOJIHSICT TOUCK
JIOKaJIbHO ONTHMAJBHBIX pelieHuii cooTHorienuss E(B) — min. CBoMCTBO kaJHOCTH OMHpACTCS
Ha TO MPEINOI0KEHHE, YTO Il CyOONTUMAIBLHOCTH JIOCTATOYHO PAaCCMOTPETh TOJIBKO MOTEHIIUAI

nepexoja K OMMmKaNIINM CoCelsiM, T.e. OT KOHpuryparmu B k xoHdurypanusm Buma Bl rme
| e Lit(K).

AaroputMm 2. StatClosure.  3ambikanne HaOOpa JTUTEP CTATUCTUYECCKUM OTIEPATOPOM
BBIBO/IA.
Bxoa: R c For(K), K=(G,M, 1), BcLit(K)
Beixon: C c Lit(K) — craructuueckoe ¢popmaibHOE TIOHSTHE
®ynkumsi StatClosure (K, R,B)
B, < B
k<0
IHoBTOpPATH
K<«—k+1
B, < B,
<0
Candidates «— <
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9. Jos Beex L e Lit(K)\ (B, , W—B, ;) BbImoaHATH
10: Candidates «— Candidates U{B, , UL}
11: Jasi Beex L € B, ; BbINOJIHATD

12: Candidates «— Candidates U{B, , \ L}
13: s Beex C € Candidates BbIMOJIHATH

14: a < $(B,,,C)

15: Eciu a <y Ttorapa

16: y<—a

17: B, «C

18: Konen ycnoBust

19: Konen nukia

20: o Tex mop noka y <0

21: Bepuyrtb B,

22: Kounen pyHkuun

[Tony4yeHHbIE aNTOPUTMOM 2 HEMOJBM)KHBIE TOYKH JIOKAJIHbHO MHUHHMH3HUPYIOT (YHKIIMOHAI
SHEPruM NPOTUBOPEUNH, YMEHBIIAIOT KOJIMUYECTBO IIPOTUBOPEUUI 1O MUHUMAJIBHO BO3MOYKHOTO, a
IIOTOMY YaCTHUYHO PELIAt0T Mpo0IeMy IPOTUBOPEUMBOCTHU JIOIMUECKOTO BBIBOIA.

2 Anroputmbl kKnaccudpukaumm

Paccmorpum HekoTopbie Mmoaudukaiuu anroputma StatClosure. OH He ABJISETCS TOYHBIM
0000IIIeHHEM aJropuT™Ma BEPOSATHOCTHOrO 3ambikanusi ProbClosure. UtoObl moHSATH, B 4éM

OTJINYKE, PACCMOTPUM MOMEHT 100aBlieHHs IUTEphl B cofep:kaHue nousatus. Ilycts k B, , Oblna
nobasineHa naurepa Ly, B pe3ynpTare uero momydmsiock MHoxecTBo aurep B, =B, +L,. Toraa
#(B, ;,B;) ®3 mpouenypsl CTaTHCTUYECKOTO 3aMBIKAHUS IPEACTABISIET COOOH KOMOMHAIHMIO
¥ -BECOB U3 CYMM TIO CIICAYIOIIMM TPYIIaM MPaBHIL:
1) ReSat(B,) u R” =L, to ects HaOop B, moarBeprkmaer 3axitoueHue npasuia R ;
2) ReFal(B,) u R” =—L,, 10 ectb B, omposepraer 3axmroueHue npasmia R ;
3) ReSat(B,) u L, e R, T.e. L, nenmaer nmocwuIKy npaBuiIa BEpHOIA;
4) ReFal(B,) u L, e R™, r.e. L, nemaer nmoceuiky BepHO# 1 ipu 5ToM R He BepHO Ha B, .
Onpeodenenue 15. O603HaYNM NpaBUIiIa, BOZHUKAIOLINE TP PACCMOTPEHUHU JIUTEP-KaHAUIATOB
Ha J100aBJIeHHE K OCHOBHOMY MHOKECTBY JiuTep B (miepBOro m BTOPOTO THIOB U3 MEPEUHUCICHUS
BBIIIIE) CIICAYIOMUM 00pa3oMm:
e ConcSat(B,L)=App(B){R:R” =L};
e ConcFal(B,L)=App(B) "{R:R” =—L};
e PreSat(B,L)=Sat(B+L)n{R:LeR"};
e PreFal(B,L)=Fal(B+L)n{R:LeR"}.
Omneparop 3ambikanuss u3 ProbClosure ycrpoen Takum 00pa3oMm, YTO HCIOJB3YET TOJBKO

npasuwia tunmoB ConcSat . OjHako B ciiydae BO3HHMKHOBEHHUS MPOTHBOPEUUII HEOOXOJMMO TaKKe
yuuteiBath 1 ConcFal. Ilostomy mommdukamnms anroputma StatClosure, mamGonee Onmskas K
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ProbClosure u yuureBaromas ConcSat u ConcFal, mpuBoguT K CI€AyIOIIEMY [OTEHI[HATY
SHEPTUU NIPOTUBOPEUUIL:

9B B )= >  rR- 2 rR).

ReConcFal(Bg_4,L) ReConcSat(B,_,L)
3ameuanue 1. Cnenyer OTMETHTD, UYTO OTOOpaXKEHUE ¢ yxKe He OyIeT MOTEHIUAIIOM B CMBICTIE

onpezaeneHus 12. OgHako aidroput™ 2 TMO-NMPEKHEMY MPUMEHHM IOCie 3aMEeHbl ¢ —> ¢ .
Monudukanuo anropurMa ¢ y4eroM MoAu(UKALMA MOTEHUHAaNa HENPOTUBOPEUHUBOCTU
omnpenenuM kak ConcConcepts.

Paccmorpum emié oany monudukanuio anroputMa StatClosure. Pa3 umerorcst 1Ba pa3iudHbIX
anropurma ConcClosure u StatClosure, uMeronux 0 JMHAKOBYIO MIPUPOJIY, TO MOKHO UCIIOJIb30BATh
ux Kommo3unur. CaMoi TpoCTOl sABIIIETCS JUHEHHAss KOMOMHAIIHS

o - StatConcepts + (1— ) - ConcConcepts .

I[J'ISI 3TOI'O MBI CMCIIIMBACM IIOTCHILMAJIBI:

¢, (B,B+L)=a ¢, (B,B+L)+(1-@) @cone(B,B+L) =
al D yR- D y®I+ > ryR- > 7R
PreFal (B,L) PreSat(B,L) ConcFal(B,L) ConcSat(B,L)
Onpeoenenue 16. Tlapamerp =1/ wu3 Qopmynsl i ¢, HA30BEM BECOM IOCBUIOYHBIX

npaBui 1 0003Ha4unM kak PremiseFactor.

3agacTyio ObIBAaeT JKENaTeIbHO, YTOOBI MPOOIeMa HEMPOTHBOPEUYMBOCTH pelajach HE TOJIBKO
Ha YpOBHE JIUTEP B ONKMCAHMM MOHATHSA, HO M HA YPOBHE INpPaBWJ, 3aKOHOB, KOTOpPBHIC 3TO
Co/iep)KaHHE OIMCBIBAIOT. B  HEKOTOPBIX CilydasX JOIMYCTHM  OIPEACIEHHBI  ypPOBEHb
MPOTUBOPEUHIA, OTPEIENIAEMbI KOJTHYSCTBEHHBIM COOTHOIICHHEM MEXKIY MOATBEPIKAAIOIIUMKICS U
OIIPOBEpTalOIIMMKCS TpaBHjIaMd. B TakoM ciydae Mbl MOXXEM YMEHBIIUTh BEC IPaBUII,
NPOTHBOpPEYANINX JOOABICHUIO JIUTEp. ODTO IO3BOJUT JOOABISATH B IIPOIECCE BBITOIHEHUS
NPOLIEAYPHI 3aMbIKaHHsI OOJIBIIE JIUTEP, KOTOPBIE MOTYT SIBISTHCS POTUBOPEYMBBIMHU, HO HE OoJee,
9YeM TOro JOITyCKaeT BHIOpAaHHBIH YpOBEHb MPOTUBOPEYMBOCTH W U, 0OpaTHO, €ciu TpedyeTcs
OoJpIlIasi HETEPIUMOCTh K TMPOTHBOPEUUSAM MEKAY PA3TUYHBIMH TIPAaBHJIAMU B JIOTUYECKOM
BBIBOJIC, TO YPOBEHb W CIICIyeT YBEIUUUBATH:

»,(B,B+L)=

wl > y®+ 2 yRI-[ X R+ > r(R)I=
PreFal(B,L) ConcFal(B,L) PreSat(B,L) ConcSat(B,L)

w- > y(R)- > 7(R).
Fal(B+L) Sat(B+L)

Onpeoenenue 17. Ilapamerp W u3 ¢, Ha30B€M BECOM IIPOTUBOPEUUI.

Auroputm StatClosure, a Takxe ero MOIU(pHKAIMU C TIOMOIIBIO Beca IMOCHUIOYHBIX IPABUIT U
Beca MPOTHBOPEUYMI, MOTYT YCIEHIHO MPUMEHATHCS Ui PEIIeHUs MPHUKIAJAHBIX 3a/a4 aHaIn3a
JAHHBIX aHAJIOTMYHO TOMY, Kak /i 3Toro npumenserca A®IIL. [IpuHnunuansHoe OTINYHE B TOM,
4ro st mpuMeHenus anroputma StatClosure u ero moaudukanmii He Tpedyercss 6€30InO0YHOCTD
TaHHBIX.

Paccmorpum npumenenue anroputma StatClosure u ero wmoaudukamumii k 3amadam

xraccndukarmun. Hyere K = (GT UGS, M UA,l) ecThb KOHTEKCT, MpPEACTAaBISIONMI COBOIT

BEIOOPKY M3 TeHepalbHOH COBOKYMHOCTH, Tae G' — MHOXeECTBO 00BeKTOB oOyueHms, a G¢ —
MHOXECTBO OOBEKTOB KOHTPOJSA, @ A — MHOXECTBO aTpHOYTOB pa3METKH, ONPEACISIIONINX KIIace
o0bekTa. CunTaem, 4To POJb YUUTENS CBOAUTCS K pa3MeTKe 0OBEKTOB U MPUCBOCHUIO UM METKH U3
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MHOXecTBa KiaccoB A. JIOrukKy yd4urtens MOXHO cHOpMYIHpOBaTh B BHAE OTOOpPAKCHHS
Teach:G' — A. 3amaua anropurtMa KIaccH(HKALME — TOONPEACINTh 0TOOpaxeHne Teach Ha
KOHTponsHOM MHOXecTBe G© B konTekcTe K¢ = (G, M, 1 N (G® xM)).

Ha mepBoM 3Tare BBINMOJHSACTCS HpOLEAypa KiIacTepH3aluH, OOHAPYXHMBAIOIIAs MHOXECTBO
BCEX CTATHCTHYECKUX (hOpMaIbHBIX MOHSTHH Ha KoHTekeTe KT = (GT,M UA, I (G x(M UA)))

OTHOCHTEJBHO OJHOM M3 ONWCAaHHBIX Bbile Bapuanuii StatClosure, KoTOpyro MBI YCIOBHO
o6o3naumnm 3a Closure(:):

Q= {CIosure(gT) ‘ geG' }

Manee xnaccuduuupyembiii 00beKT moctymnaeT Ha oopaborky B mpouenaypy ClassifylnCluster,
OIMCAaHHYIO B AJITOPUTME 3.

Aaroputm 3. ClassifylnCluster. Knaccuduxkarust 00beKTa.
Bxox: g e G Closure(), Q

Bbixoa: ¢ — A — pa3meTka o0ObeKTa g

1. ®ynxkuus ClassifyInCluster(g,CIOSUI’e,Q)
2 (2

3 B«g'

4 B « Closure(B)

3. Ecim B e Q torma

6: c—BNA

7 Konen ycioBus

8: BepuyThb C

9: Konen ¢pyHKuumn

Anroput™ 3 ¥ TPUBOAMMBIN Jaliee alropuT™ 4, NalOT pelieHue 3a7aud KiacCupuKaluu
Jr0OBIM M3 ONIMCAHHBIX BbIIIE Bapualuii anroputMa StatClosure.

B [12] mpemnaraercs apyroil moaxon K 3amade kiaccudukanuu. B pabote pemaercs 3amava
pacrno3HaBaHUsl TPAHCKPUIIIIMOHHBIX (hakTopoB B mocnenoBarenbHocTu [JHK. Unes 3akmodaercs B
TOM, 4YTOOBI OMNPEAETUTh CTENEHb MPUHAAICIKHOCTH KIACCUPHUIMPYEMOro OOBEKTa KO BCEMY
CIIEKTPY U3 HAWJCHHBIX KJIAcCOB (KJIACTEPOB).

OOparumMcss k ompeneneHuto 11 BeposTHOCTHOro omeparopa 3amblkaHusa. Kak HeTpyaHO
3aMEeTHTh, BEPOSTHOCTHOE (POpMaNbHOE MOHITHE TIOJTHOCTHIO ONPEACISAETCS MHOXKECTBOM IPABHII,
KOTOpBIE €Tr0 OMHCHIBAIOT. JIeWCTBUTENHHO, 10 ONMHMCAaHUI0 MpoToTuna kiacca B < Lit(K) moxHO

HallTu yxe 3HaKOMOe HaM MHoxkecTBO mpaBui Sat(B). WM oGpatHOo, mo MHOXecTBY mpaBui ‘R

MOKEM ITOCTPOUTH IIPOTOTHUII KjIacCa B= v (Re |\ R%) . HonyqaeM 9KBUBAJICHTHOC ONIPCACIICHUE
ReR

BEPOSTHOCTHBIX (DOPMAIBHBIX MOHATUN Yepe3 UMIUTMKATHBHBIE B3aUMOCBS3H.
Takoe ompezneneHue MAaET BO3ZMOXKHOCTh IMOCTPOUTH OLEHKY OJU30CTH KJIACCH(PUIUPYEMOTO
o0bekTa g K Kkiaccy B, anamormyHo meromam Heu€TKOM kiactepusanuu. s sToro ciemyer

BBIUUCIIUTh 3HaueHue sHepruu E(g T) OTHOCUTEIILHO MHOXeCTB mpaBmi Sat(B) kaxkmoro us
kiaccoB. Toraa oleHKH MPUHAICKHOCTH K KIIACCy OYIyT CIeIYIOMIMMHU:

= Y sR- 3 R.

ReFal(gT)~sat(B) Resat(g ' )~sat(B)
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Anroputwm 4 BeIOMpaeT ABa HauOoJee MOXOAAIMX Ki1acca B, n B, u B ciaydae CylecTBEHHOro
CMEIICHHSI OIICHOK ITPUHAJUIC)KHOCTH, 33]JaBAEMOT'0 MTapaMeTpoM A < ABI (-)/ﬂ,E;II (-), maércs oTBeT B

3aBUCHUMOCTH OT BXOXKIACHUSA IIPHU3HAKOB Pa3MCTKU U3 A B ommcaHue Kiacca B| .

Aaroputm 4. ClassifyOverClusters. Kiaccudukanus 00beKTOB.
Bxox: g e G Closure(), Q

BbIXoa: C = A — pasMerka KIaccoB /s 00bekToB g e G

1.  ®yukuous ClassifyOverClusters(K,SR,Q)
2. Agest Asecona <=0
3 Beests Bsecona <
4 X<g'
5: X <« Closure(X)
6: st Bcex B € QO BBINOJHATH
r A < 25(X)
8: Ecim A > Ay, Torna
9 Aget < A
10: Bgey < B
11: Huaue ecoim 1> A,
12: Asecong < A
13: Beeoong < B
14: Konen ycnoBust
15: Konen unkiaa
16: Ecan 2= > 4, torma
Second
17: Bepuytb Bg. NA
18: Konen ycioBust

19: Bepuyrs &
20: Kouen pyHKIHM

3 OaHHble peno3sutopus UCI

B nocnennee Bpems aKTUBHO H3y4yaeTcs TeMAaTHKa IOCTPOCHUs 0a3MCOB acCOLMATHBHBIX
npaBui [13], aHanu3a 3amyMIeHHBIX KOHTEKCTOB [2, 3, 6], u addekxTrBHON Kinaccudukanuu [4, 5]
B pamkax HanpasieHus ADIIL. Bce 3tu 3agaun B TOW WIM MHOM CTENEHU MOTYT OBITh OTHECEHBI K
aHaJIM3y JIaHHBIX, I[I03TOMY TMPEACTABIAECTCS BaXXHBIM CONOCTAaBUTh O3TU METOAbl aHaIU3a
(dbopManpHBIX TIOHATUW C TIpeajaraéMbIMH METOAAMH Kiaccu(UKaIMM, OCHOBAaHHBIMHU Ha
BEPOATHOCTHBIX (opMaibHbIX HoHATHsSX (B®II). Jlns cpaBHeHus Oblia BeIOpaHa craThs [7], B
KOTOPOH METOJ KJacCU(UKAIUK 3aKJII0YAeTCsl B IOCTPOCHUU 0COOOT0 POAa PELIAlOIIUX JePEBHEB
Ha OCHOBE KOHIIENITYaIbHBIX perieTok (0003Haunm ero kak TreeFCA).

OcHoBHBIM HcTOUHUKOM JaHHbIX siBisgercss UCI [14]. K ero mpeumyiiectBaM MOXXHO OTHECTH
oOmupHbeie OuOMMOTpaduuecKkre CHUCKH, TPYNIUPOBaHHBIE MO HaOOpaM JaHHBIX, a TaKkKe
IIMPOKYIO paCIpOCTPaHEHHOCTh MpeAiaraeMblX HaOOPOB JaHHBIX B JIUTEpAType.
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CpaBHeHue ¢ [ 7] mpoBOIMIIOCH HA CICAYIOMNX JaHHBIX:

1) z00 — coxepxut 17 OyleBO3HAYHBIX NMPH3HAKOB, KAXK/BIA M3 KOTOPBIX OMHCHIBACT OTICIbHBIN
aCMeKT CTPOEeHUs KUBOTHOM ocobu. [Tocneanuii mpusHak 3aAa€T Ki1acc >KUBOTHBIX, K KOTOPOMY
0c00b IPUHATISKUT (LIEIOUUCIIEHHOE 3HaueHue ot 1 10 7);

2) Kp-vs-Kr — comepykuT miaxmaTHble SHANIMWIA THIA KOPOJbtiaabsi MPOTHB KOPOJbHIICIIKa.
Kaxnplii aTpuOyT OmMCHIBa€T Kakyl-THOO0 OCOOCHHOCTh TMO3UIUH (Hampumep, OJIM30CTb
0enoro KopoJisi K YepHOIl Melke) U SBISeTCS HOMHHAJIbHBIM. lleneBoil mpu3Hak OMUCHIBAET
KJ1acc: OeJpie MOTYT BBIUTPATh (Win), Ui Oejble He MOTYT BBIUTPATh (NOWin);

3) votes — pemo3uTOpHil BKIIOYACT OIOJUICTEHH OMPOCOB (KaXablii cocTosui u3 16 rpad)
PECIIOH/IEHTOB, NPUHAMISKAIMMUX K JBYM MOJUTHUYECKUM NapTHsIM (pecrnyOnuKaHLbl H
JeMOKpaThl). B TaHHBIX MPUCYTCTBYIOT MPOITYCKU, KOTOPbIE ObUIM MPOMHTEPIPETUPOBAHBI KaK
IIYMBl ¥ JIOTIOJHEHBI CIy4allHBIMH 3HAUYEHUSIMH; B OCTAJbHOM HCXOJHBIC JaHHBIE COZIEpIKaT
OyneBbl MPHU3HAKHU, KOTOpbIE yIOOHO OBUIO MpenCcTaBUTh B BUAE (OPMaIbHOIO KOHTEKCTA.
OOpaOotanHblii Habop mnpencrasisier coboit koHteketr K =(G,M uUC, 1), rne |G|=435,
IM|=16 u C={m
rpade m.

Jlns pemreHus 3agad KiacCH(pHKaMu ObUTH Hcrosib3oBanbl anroputMbl ClassifylnCluster u
ClassifyOverClusters. [{ns ucciaenoBanus To9HOCTH (ACCUracy) HMCIOb30BalaCh TEXHHUKA KPOCC-
Banuanuu [4], mpu KOTOPOH MCXOHbIE JaHHbIe nenarcs Ha N paBHOMEpHBIX YacTed, M KaKaas
94acTh HUCIIONB3YETCS B KAUeCTBE KOHTPOJIBHOW BBHIOOPKH, B TO BpEMsI KaK OCTaJIbHAs YacThb — B
KauecTBe oOydaromiero koHTekcTa. OIlleHKa TOYHOCTH IMpeackasaHuii AcCCUraCy Ha Kakaou
OTIENBPHOW BBIOOPKE paBHUIACh OTHOLICHHWIO TMPABHIBHO TMPEICKAa3aHHBIX KIACCU(PUKATOPOM
KJIACCOB K OOIlEMYy KOJMYECTBY OOBEKTOB B KOHTPOJIBHOW BBIOOPKE 3a BBIYETOM OTKa30B OT
knaccudukanmu. HroroBas omenka AcCCUraCy paBHa CpenHEH OIEHKE TOYHOCTH 110 BCEM
UTEpaLHsIM.

ass}» 01M < naHHBIE cozmepkaT “yes” aist BHIOPaHHOTO PECIOHJCHTa ( B

4 Pe3ynbTtaTbl Knaccudgpukaumm

OKCHEepUMEHT MO KJIaCCU(pUKALUU COCTOSUT U3 JIBYX dacTel: oOyueHus u KoHTposst. Ha arane
o0ydeHUs] ObUTM 3aJeliCTBOBAHBI AITOPUTMBI CEMAHTHYECKOTO BEPOSTHOCTHOTO BbIBOAA [15] mis
MOJTyYeHHUsST MHOXKECTBA CTAaTHCTUYECKHM 3HAYMMBIX mpaBmi. StatConcepts BEISBHII MHOMECTBa
CTaTHCTUYECKHX (POpMaNbHBIX MOHATHH, a JaJbHEWIas mpoenypa KiacCu(puKaiy BbITIOIHSIACH
anroputmamu ClassifyIlnCluster u ClassifyOverClusters u3 pasmena 3. J{ist TSOKEIbIX BBIYHCICHHIH,
TaKMX KaK IMIOMCK MHOXKECTBA CTATUCTUYECKU 3HAYMMBIX TPaBHJI, ObLIH 3a/1eHCTBOBAaHBI MOIIHOCTH
CuOupCKOro CynepKOMITBIOTEPHOTO IeHTpa [16].

Besi BoiOOpka paszouBanace Ha N wacreit s ucnonb3oBanusi Texuuku Cross-Validation.
[Mapamerp N HeMHOTrO OTIHMYaeTCs Ul Pa3TUYHBIX HAOOPOB JAHHBIX; TOYHOE 3HAUYEHHE YKa3aHO B
tabmuue 1. B cronbuax ykazaHbl HaOOphl aHAIM3MPYEMBIX IaHHBIX, KOJIWYECTBO HUTEpaluil ¢
Pa3NUYHBIMU Pa30MEHUSIMH UCXOJHOTO MHOXKECTBa 00beKTOB Ha oOydaromee GT u KOHTposibHOE
GC, mporeHT BepHO W HEBEPHO MpEICKa3aHHBIX KIACCH()UKATOPOM OOBEKTOB CyMMapHO IO BCEM
UTEpaLUsIM.

PesynmpTartel mpuBeneHsl B BHAe JAByX Tabnmm. B Tabnwmme | ykasaHBl XapaKTEpPHCTUKU
npumenenust meronoB ClassifylnCluster u ClassifyOverClusters k pa3nudnbiM HaOOpaM JaHHBIX U3
penoszutopusi UCI [14]. CpaBuenue c¢ [/] cBemeHo B Tabmuily 2, KyJa BKIIOYEHBI PE3yJbTaThI
TOYHOCTH aJbTepHATUBHBIX anroputmMoB C4.5, ID3, TreeFCA u3 yka3aHHOI cTaTbu.

C menpro u3ydeHUs TUOKOCTH alTOPUTMOB Ha perno3uTopuu VOtes [7] Owbuia mpoBeaeHa
JOTIOJTHUTENIbHASL CEpHs IKCIIEPUMEHTOB 10 M3YYEHUIO MOAM(DUKAIMN MPOLEAYphl 3aMbIKaHUS U3
pasnena 3. Krnaccudukanusi Brimrouana B ceOs CEpUIO0 DKCIIEPHUMEHTOB, B TEYEHHE KOTOPOU
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BHJIOM3MEHSUIOCH JIM0O CEMEHCTBO MCIONIB3YEMBIX JUIS KJIACCU(PHUKAIIMN alrOPUTMOB (BBIOMPAJIHCH
pasubie mporeaypsl Closure B anroputme ClassifylnCluster), mubo kakue-To uX mapamerpsbl.
OCHOBHBIM HM3MEpSACMBIM ITOKa3aTeJIeM SBIIETCSA TOYHOCTH Tpenckazanuii (Accuracy), a Takke
konyecTBo oTka3oB (Declined) anroputma oT MPOrHO308.

Tabmuma 1 — TIpoTokoin skcrepuMeHToB 10 Kiaccudukarmu metogamu ClassifylnCluster (In) u ClassifyOverClusters
(Over) na penozutopusix UCI

3HaIJEHMil nokaszamenei
Penozutopwuii 200 Kp_vs_kr votes
Mertop, In Over In
Wreparmii 101 20 42
OO0BEKTOB 101 1790 420
IToxazarenn OTKa30B 5% 25.98% 47.62%
Bepro 92% 60.50% 50.71%
Hesepro 3% 13.52% 1.67%

Tabnuna 2 — ToyHOCTH pa3IMyUHBIX AITOPUTMOB Ha Habopax naHHbIX U3 UCI

Tounocmu anzopummos

Pemosuropuit Z00 kp_vs kr votes
BO®IT 96.84% 81.74% 96.82%
Ao C4.5 92.69% 72.78% 86.50%
ID3 95.04% 74.50% 89.28%

TreeFCA 96.04% 74.65% 90.5%

Pe3y.HI)TaTI)I SKCIICPUMCHTOB MNPUBCACHBI Ha PHUCYHKE 1, g€, B YaCTHOCTH, BHJHO, 4YTO
AJIrOpUTMBI 06naz[a}0T Pa3IMIHbIMHU Ka4C€CTBCHHBIM CBOﬁCTBaMH, a pE3yJIbTaThl, IMOJTYUYCHHBIC C UX
IMOMOIIbBIO, XOPOLIO JIOKAJIMN30BAHBI.

35 40 45
al

30
|
B

o
o)
R_ Al ood

Declined
i

Xy

10

o o ADD(:.@D I?

| | | 1 1 | | | | | | | |
85 86 87 88 89 90 91 92 93 94 95 96 97

Accuracy

Pucynox 1 — XapakTeprCTHKH BBIOJHEHHS PA3IMIHBIX MoguduKarmii nporenypsr Closure
npu KiaaccuUKaIiy JaHHBIX VOteS: A - skcrepuMeHThI Onn3kue kK metoay ConcConcepts;
V - skcniepuMenTsI ¢ TpuMeneHneM Metona StatConcepts;

O - 5KCIIepUMEHTBI CMENITAHHOTO METO/IA C EANHUYHBIM BECOM TIPOTHBOPCUHIA;

O - Bce oCTanbHbIE IKCIIEPUMEHTHI
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3aknroyeHue

BeposiTHOCTHBIN TIOX0/ K ONpeAeTeHUI0 (POPMaIbHBIX MOHATUI TO3BOJISIET ONPEIEIUTD ENI0e
CEMEMCTBO aJIrOpUTMOB KIIACTEpU3ALMU, CMATYas MNpoOJeMy NPOTUBOPEUHUBOCTH JIOTMYECKOTO
BBIBOJIA KaK JUIsI TOJHOCTBIO OINPEAEICHHBIX TaHHBIX ((hOpMabHBIX KOHTEKCTOB), TaK W JUIs
BBIOOPOK U3 IeHEPATbHOM COBOKYITHOCTH.

Anroputmbl  knaccudukanuu  ClassifylnCluster u  ClassifyOverClusters, mocrpoeHHbie Ha
OCHOBE CTAaTUCTHUYECKHX (OPMANbHBIX MOHATUN, TO3BOJSIOT YCHEIIHO pelaTh JOCTaTOYHO
CIIO)KHBIC 3a/1a4M KJiacCH(UKAIMK, 4TO OBUIO MPOAEMOHCTPHPOBAHO HA pPsiie HAOOPOB JaHHBIX
penozutopusi UCI, rae oHM MOTyT CcoOnepHHYaTh Ha paBHBIX C paspaborkamu ADIl u
KJIACCUYECKMMM QJITOPUTMaMH Ha OCHOBE pELIaloIIMX JEPEBbEB, MMES B HEKOTOPBIX Clydasx
OILLLYTUMO€ MPEUMYLIECTBO.

Cratuctudeckne GpopMaibHBIE TIOHATHS OKa3bIBAIOTCS MMPOCTHIMU B TIOCTPOCHUH U MOJIE3HBIMHU
B NMPOTHO3UPOBAaHUU. B TO jxe BpeMs mapaMeTpu3alus aJropuTMOB U UX pa3TUYHbIE MOIU(DUKALINN
o0ecneunBalOT HEOOXOAUMYIO TMOKOCTh MpU aHAJINW3€ JaHHBIX. 3aMETHA MEPCIEKTHBA Pa3BUTHS
MpeAJIaraéMoro MeTojia B paMKax HaIlpaBJi€HUs MHTEIJIEKTYaJlbHOIO aHAJIW3a JAaHHBIX: JUJIS 3TOTO
CIIeyeT TpoBecTH OoJiee MacmTaOHBIE SKCIIEPUMEHTHI, a TAaK)KEe MPOM3BECTH MHTETPAIHIO C yiKe
CYILLIECTBYIOIIMMHU MHCTPYMEHTAMU XPAHEHUS U aHAJIW3a IAHHbIX.

BnaropgapHocTu

Pabora BeImonHeHa mpu mozzepkke Poccuiickoro ¢onma (yHIaMEHTAIBHBIX HCCIIEOBaHUMH,
rpant PO®U 15-07-03410.
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IN SOME CLASSIFICATION TASKS

E.E. Vityaev', V.V. Martynovich?

Sobolev institute of mathematics, SB RAS, Novosibirsk, Russia
lvityaev@math.nsc.ru, *vilco@yandex.ru

Abstract

The definition of formal concepts as fixed points of implication is considered. On the basis of this definition, the notion
of probability formal concepts is introduced by replacing implications with special, maximally specific probability rules
for which it was previously proved that fixed points for them are logically consistent. The ProbClosure algorithm for
detecting probabilistic formal concepts is defined. To develop algorithms for clustering and classification, the context is
considered as a sample from the general population. Generalizing the algorithm ProbClosure, algorithms for clustering
ConcClosure and StatClosure are defined by introducing various energy functionals that determine the degree of non-
contradiction of the rules at a fixed point. Classification algorithms are obtained by applying clustering algorithms to
new data. Classification algorithms obtained are compared with the decision trees C4.5, ID3 and the classification
method based on the lattice of formal concepts. The comparison was made on the data of the UCI repository. The ob-
tained results showed comparatively high accuracy of the developed algorithms in comparison with these methods.

Key words: formal concept analysis, probability, data mining, associative rules, classification, UCI.
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