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B namnoit pabore npemaraerca HOBas KOMOMHATOPHAA OTIEHKA BEPOATHOCTH TTepeobyuennsd, yuau-
TBIBAIOIMIAS CXOJICTBO ajaropuTmoB. OleHKa OCHOBaHA HAa PA3JIOYKEHUM MHOXKECTBA AJrOPUTMOB
HA HEIEePECEKAIOINeCs TOMHOKECTBA, (KaacTepsl). Torosas oneHka yYuThIBAET CXOACTBO afl-
POPUTMOB BHYTPH KaXKJIOT0 KJIACTEPA U PACCJOEHHUE aJIPOPUTMOB 10 YUCTY OMMUO0K MEXKTY KJia-
crepamu. st OIeHKY BEPOSTHOCTH TTEPE0bydeHrsT KaXKI0TO K/IACTEPa IPEI/IaraeTcs TeOPETHKO-
I'PYIIIOBO# [10JIX0/T, OCHOBaHHBIN Ha ydere cumMmerpuii. Ha npumepe 3anaa u3 penosuropus UCI
TTOKa3aHO, YTO Tpe/IIaraeMblil METOI B PAJE CAyUaeB JTaeT MeHee 3aBBINNEHHYIO OIIeHKY BEPOaT-
HOCTH TTePeoDyUeHrd M0 CPABHEHUIO C W3BECTHLIMY PaHEe KOMOWHATOPHBIMU OTICHKAMHY.

KiiroueBbie CJI0Ba: 6EpoAMHOCTIVG NEPEOOYUEHUA, IMNUPULECKUT PUCK, OUEHKA GEPOATHOCTIU
nepeobyuenua, Crodcmeo aA20PUMMOB, HACMOMA OWUOOK AAOPUMMG.

Combinatorial bounds on probability of overfitting
based on clustering and coverage of classifiers-
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The paper improves existing combinatorial bounds on probability of overfitting. A new bound
is based on partitioning of a set of classifiers into nonoverlapping clusters and then embedding
each cluster into a superset with known exact formula for the probability of overfitting. The key
idea is to account for similarities between classifiers within each cluster. As a result, the new
bound outperforms existing combinatorial bounds in the authors’ experiments on real datasets
from UCI repository.

Keywords: probability of overfitting, empirical risk, combinatorial bounds, similaritiy between
classifiers, error bounds.

BeepeHue

Pemenne 3amad xiaccudukanuy U TPOTHOZUPOBAHUS MOXKHO PAacCMATPUBATH KaK 3a/1ady
BbIOOpa 110 HenosiHo# uHdopMmanuu. KagecTso ajropurma, BHIOPAHHOIO 110 KOHEYHON 00ydaio-
et BEIOOpPKe 00BEKTOB, 9aCTO OKA3BIBAETCS 3HAUYUTE/IHLHO Xy2Ke Ha He3aBUCHUMON KOHTPOJIBHOMN
BBIGOpKE. B Takux ciiydasix roBopsiT, 9TO MPOU3OILIO nepeobyuerue aaropurMa |1, 2|.

B KoMOMHATOPHOI Teopun oreHoK obobmmaoteit crocobuoctu [3| seposmmuocmuio nepeody-

werus HA3BIBAIOT JIOJI0 pa3buennii reHepajbHOil BHIOOPKH Ha OOYYAIOMYIO U KOHTPOJBLHYIO
MOABBIGOPKU (DUKCUPOBAHHOM JIUHBI, IPH KOTOPBIX TPOU3OILIO Tepeobyuenne. B [4] mokaza-
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HO, ITO BEPOSITHOCTDH MEPEOOYUEHUsT 3aBUCUT OT NPOPHUASL PACCAOEHUA MHOKECTBA aJITOPUTMOB
U OT CX0JCMBa aA20PUMMO8 MEZKY CODOIA.

Ipogunem paccroernus HA3BIBAIOT paclpejiesieHre aJrOPHTMOB MO YHUCJIY OIMHMOOK Ha Te-
HepabHONH BBIOOPKE. AJTOPUTMBI € BBICOKHM YHCJIOM OMIMMOOK HMEIOT HU3KYIO BEPOSITHOCTH
peaJin30BaThCsd B pe3y/ibrare 00y4YeHus U [OTOMY JIAI0T He3HAYUTE/IbHbIN BKJIAJ| B BEPOATHOCTD
nepeobyuenus. JlanHoe siByieHne TOAPOOHO H3ydeHo B paborax [5, 6, 7|. B nanpueiimux paborax
[8, 9] mokazaHo, YTO MpUMEHEHNE MOy IeHHBIX OIMEHOK BEPOSITHOCTH TepeobydeHns T03BOIAeT
3HAYUTEJHHO YJIYUNINTh KadeCTBO KOMIIO3UINI JOTUYECKNX aJrOPUTMOB KJaccHdUKAIUU Ha
MHOIuX 3aja4dax u3 penosuropus UCI.

Crogicumu HA3BIBAIOT AJTOPUMBbL, XIMMHHIOBBI DACCTOSHIS MEZKJly KOTOPbIME MaJibl. B |4]
9KCIEPUMEHTAIHHO NOKA3aHO, YTO CXOJACTBO AJITOPUTMOB CYIIIECTBEHHO YMEHBITAET BEPOATHOCTD
nepeoOyuenusi. OTMeTnM, 9TO OOJBIMTUHCTBO KOMOMHATOPHBIX OIMEHOK BEPOSITHOCTHU TIepeodye-
HUs OCHOBAHBI Ha aHAJM3e Map CBIA3HBIX AJTOPUTMOB, T. €. PA3IUYAIONIAXCSI TOJTBKO HA OTHOM
obbexTe. JIaHHBIN MOAXO/ HE MO3BOJSET B MOJHOM Mepe YIecTh CXOJCTBO aJropuTMoB. [Ipe-
noxkeHHbiii B [10] MeTos Mo3BOIsIET yUecTh CXOACTBO, HO JIUIIb B BUJE OMEHOK XYJIIIEro CJIydast.

B nannoit pabore cBda3b MEXKJY CXOJICTBOM aJrOPUTMOB M BEPOATHOCTHIO IEepeodydeHus
OyeT u3ydeHa ¢ MOMOIIBIO TeOPeTHKO-TPpyHoBoro noaxoaa 11, 12, 13]. Urobsr ycrpanuth 3¢h-
dekT paccioeHus B mepBYIO 04epeb OYAYT PACCMOTPEHBI MOJEJIbHBIE ceMelicTBa, B KOTOPBIX
BCe aJTOPUTMBI JOMYCKAIOT PABHOE YUCJIO0 ONMMUOOK Ha TOJIHOM BhIOOpKe. Ha ocHOBe Moy YeHHBIX
PE3YIbTATOB TIPeJTAraeTcs HOBas BEPXHssl OIEHKA BEPOITHOCTH TepeodyYeHus, OCHOBAHHAS HA
KJIACTEePU3AIUI AJITOPATMOB ¢ OJM3KHMHI BEKTOPAMHE OIIHOOK. 3aTeM JaHHasd OIeHKa 0000IaeT-
cs Ha CeMeiiCTBa ¢ PACC/JIOeHNEM aJITOPUTMOB MO YUCTY OMUOOK. DKCIepuMenThl Ha 11 3a1auax
u3 pernozutopust UCI moOKa3bIBaIOT, 9TO TpeIaraeMblil OIX0 B Psijie CIydaeB yTOTHSET BCE
U3BECTHBIE ONEHKN BEPOSATHOCTH MepeodyIeHU .

OnpepenexHuns

[IycTh 3amana remepaJibias BRIOOpKa X = (xl, ...,xr), cocrogmas u3 L obbekTos. [Ipons-
BOJIBHBIH aJITOPUTM KJaccupuKanuu, IpUMeHeHHBIH K JJaHHOU BEIOOPKE, MOPOXKIaeT OMHAPHBIM
BexTop omnbok a = (I(a,x;))=,, rae I(a,z;) € {0,1} —Ounaphsiii UHAMKATOP OWUOKY ALrO-
puTMa a Ha 00beKTe x;. B janbHeiineMm renepaJibHasi BbIOOPKa X IIpe/IoJiaraercs (UKCHpo-
BaHHOII, TO3TOMY AJITOPUTMBI OY/IyT OTOXKJIECTBIATHCI ¢ BEKTOPAMU UX ONMMOOK Ha BHIOOPKE X.

s npousBosbHON moaBbicOpKu U C X wucao U wacmoma OMUOOK aaropurMa a 0O03Ha-
9aI0TCsA, COOTBETCTBeHHO, depe3 n(a,U) = > I(a,x;) u v(a,U) = n(a,U)/|U|.

z, €U

ITycrs [X]¢ — MHOMKecTBO Beex pasOuenmit reHepasIbHOM BRIOOPKH X Ha 06yHaronTyio BEIGOD-
Ky X 1amHbl ¢ 1 KOHTPOJIBHYIO BBIOOPKY X mauHBL k = L — {. Memodom o6yuenus HAa3bIBAIOT
OTOOpasKeHue [, KOTOpoe TPOU3BOIbHOI obyqatomeil Beibopke X € [X]¢ craBur B cooTBeTCTBHE
HeKOTOpBIA anroputm a = (A, X) n3 3apanee dpukcupopannoro Mmuoxkecrsa A C A, rme A =
= {0, 1}* — MHOXKeCTBO BCeX BO3MOMKHBIX GHHADHBIX BEKTOPOB OIMHGOK. J[/Is TIPOU3BOIBHOTO
pasbmenna X LU X = X nepeobyuennocmvro anropurMa a = (A, X) HasbBalOT yKIOHCHHE
9acTOT ero omuboK Ha KOHTpoje n Ha obydennn 6(a, X) = v(a, X) — v(a, X).

YHacrory omubok v(a, X) aaropur™a a Ha o0yJaromieil BEIOOpKe X 9acTO HABIBAIOT IMNU-
puseckum puckom. Munumusayus smnupudecrozo pucka (MIP) — a0 Takoii Mmeros 00y yenns,
aro s mo6oit oOyuatorieii Beroopku X BeiOpamubIii aaroput™ a = (A, X) gomyckaer Han-
MeHbIIee YHCJI0 OmHO0K Ha obydatomeit Boibopke X. Taxum obpasom, mig seex X € [X]¢
J01KHO 661Th BBIOTHEHO (A, X) € A(X), rae

AX) = Arggleifrlln(a,X). (1)
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[Ipy MUHEMUBANUE SMITPUIECKOTO PHUCKA MOYKET BO3HUKATH HEOIHO3HATHOCTH — HECKOJIBKO
anroputMoB 13 A(X) MOryT MMeTh OJMHAKOBOE YHCIO OMMOOK Ha obydvarorieii Boibopke. [Tist
yCTpaHeHUus HEeOJIHOZHAYHOCTH HCIOJIB3YETCA METOJ NeCCUMUCTNULECKOT MUHUMUSGUUL IMNU-
puneckoeo pucka, Beibupatonuii B A(X) asropur™ ¢ HAaHOGOJBIIAM THCJIOM OMIUOOK HA MOJHOI
BoiOOpke. [Teccumucruuaeckuit MOP ne moxker ObITh peajin30BaH Ha MPAKTUKE, TAK KAK OH M10JI-
[JISITBIBAET B CKPBITYIO YaCTh TeHepabHOM BoIOOpKH. Tem He menee meccumuctudeckuiit MOP
SIBJIIETCS yTOOHO TeOPeTHIecKoit KOHCTPYKITHEH, TOCKOJIBKY OH TO3BOJISET MOJIyIaTh BEPXHIE
OIICHKH HA BEPOSATHOCTD Iepeodydenus Jiroboro MIP.

Criestyst c1aboit BepoATHOCTHOM akcnomaTuke [4], Gygem cuutaTh, 9To Ha MHOecTBe [X]°
Beex CY pasbuenuit X L X BBejieHO paBHOMepHOe pacupejiesienne seposarrocteii. Toraa Bepo-
ATHOCTH 1epeodydennst Q. (A) onpenensiercs: Kak m0Jis pa3ObueHuil, Ipu KOTOPBIX TepeobydeH-
HOCTB MpeBHITaeT 33 anublii nopor € € (0, 1]:

Qa(A) = P[5<M(A> X)vX) = 5}7 (2)

rie Ple] = & Y @(X), ¢ — npoussonbubiii npesukar Ha Muoxkectse pasGuenmii [X],
L xexpe

a KBaJpaTHBIe CKOOKHM II€PeBOAAT JIOTHMYECKoe Bbhipaykenue B umcao 0 mwam 1 mo mpasu-
aam [meruna) = 1, [10kb] = 0. Bamernm, uro 1 — Q. (A) kak dbyHKIHs OpoOra € ecth QyHKINS
pacnpeesenns caydainoii Bernanbl d(p(A, X), X), oupeneneHHON Ha KOHEYHOM BEPOSITHOCT-
roM mpoctpancTse {[X]¢, P P}, tme P — paBHOMepHOe pacmpefienenne. B ciydasx, Korjua u3
KOHTEKCTA IOHATHO, 0 KAKOM MHOZKECTBE aJIOPUTMOB MIET Pedb, Oy1eM OlyCcKaTh apryMmenT A
U 3aIACHIBATH BEPOSITHOCTH MepeodyIeHus Kak ()..

Pacemorpum muokectBo A = {a}, cocrosimee u3 oxnoro ajaropurma. Torga puX = a as
mo6oit Beibopxr X € [X]Y. D10 3HauuT, 9TO BEepoATHOCTL Mepeobydenus (). Mpeobpa3oBanach
B BEPOATHOCTE GOJIBIMTHX YKJIOHEHWI MKy 4acTOTaMu onmbok B BeIGopkax X, X. JlomycTus,

9T0 IHCJI0 OMHO0K n(a, X) HAM M3BECTHO, TOJYIHM TOYHOE BhIpazKeHHEe s (..

Teopema 1 (FC-ouenka [8]). /lrs ¢pukcuposarHoro aaropurya a, takoro 9ro m = n(a, X),
u mo6oro € € [0, 1] BeposiTHOCTD 1IEPE0bYYeHN ST OIIPEIEISETCS JEBBIM XBOCTOM THIIEPI€OMETDH-
Y9eCKOrO PacIpeeIeHH:

Qe(a) = H™ (£(m —ck)) (3)

S
e HY™(s) = S hY"(t) — ¢ynxuus runepreomerpmaeckoro pacuperenenms, hi™ (t) =
=0
= C! O JOY — pynKius I0THOCTH PHIIEPIEOMETDPHYECKOI0 pacipe/ieserust [4].

[Munepreomerpudeckoe paclpejiejieHle UrPaeT BazKHYIO POJIb BO MHOTHX KOMOMHATODHBIX
onenkax. Orenka (3), IpUMeHEHHAs] COBMECTHO ¢ HEPABEHCTBOM DByiis, MO3BOJISIET MOJIYIUThH
BEPXHIOI OIeHKY Ha (- (A), cupaBeyIuByIO JJist JTI060r0 MeTo/Ia 00y YeHUsT 1.

Teopema 2 (VC-omenka [8]). [list sro6oro merona o6y denns  u so6oro € € [0, 1] Beposir-
HOCTBH mepeobydenus: orpanudera cymmoi FC-01eHOK mo MHOXKeCTBY aJropuTMOB A:

Q-(4) < P[maxd(a, X) > €] < Y H™ (£(m—ck)), m=n(a,X). (4)
a€A

HazoBeMm nBe IpUYMHBI 3aBLIIIEHHOCTU OIEHKHU (4) Bo-1epBbix, O0JIBIINHCTBO AJIIOPUTMOB

us A HMEIOT BBICOKYIO 9aCTOTY OIHI/I6OK H, ¢JeJoBaTeJIbHO, UMEIOT HCYE3aloe MaJyio BEePOAT-

HOCTb PeaIn30BaThCd B pe3y/abraTe obyuennd. TeMm He MeHee, OlleHKA paBHOMEPHOTO YKJIOHEHHST

UTHOPUPYET 9TO CBOUCTBO MeTOJa 00ydeHud . Bo-BTOpbIX, HEpaBEHCTBO By urnopupyer Tor
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Puc. 1: BaBucnmocth Mennanbl pacnpejeserust (). OT XsMMUHTOBa paccrosiaus d = p(ap, as)
MEKJIY BEeKTOpaM# OMuOOK napsl aaropurMon. L = 100, £ = 50

dakT, 4T0 AJrOPUTMbI ¢ OJIM3KUMU BEKTOpaMu OMIMOOK 1epeoldydaroTcsd B OCHOBHOM HA OJIHUX
u TexX Ke pa3duenugx. bojee TOUHbIE ONEHKHU JIOJZKHBI YIYUTBIBATH CBOWCTBA METO/1a 00yIeHus
U CXOJICTBO MEYKJy aJrOPUTMaMHU.

DddekT cxoacTBa

Xommunzoevim paccmoAHueM MEXKAY aJrOpUuTMaMH a1 U (9 HA3bIBAIOT BEJINYUHY

plar, az) = Y [ar () # az(x,)].

z;€X

Pacemorpum mpocToit npuMep, HLTIOCTPUPYIONINN 3aBUCHMOCTD IIepeoOyIeHnsl OT XIMMUIH-
rOBa PACCTOSHUS MEXKJy aJIlOpUTMaMU ceMeiicTBa.

DkcnepumeHnT 1. MuoxkectBo A = (ay,a2) COCTOMT U3 JBYX aJrOPUTMOB, JIOMYCKAIOIIUX
no m omuOOK Ha TOJHOW BbIOOpKEe. BekTopbl ommboK 1mogobpanbl Tak, 9TOObBI X3IMMHUHIOBO
paccrosiaue p(aj, as) paBHSIOCHh 3apaHee dukcupoBanHomy uuciay d. Ha puc. 1 npuse/ena 3a-
BHCHMOCTH MeTHaHbI pacupeaesenns (. (A) oT XaMMUHTOBA PACCTOSHHA MEZKIY AJTOPATMAMH.
Buzno, aro nepeobyuenne yBeTHIUBACTCSI ¢ POCTOM p(ay, az).

Baga uMcst TeIbI0 IOCTPOUTh BEPXHIOK OIEHKY BEPOSATHOCTH MEePEeO0YyUeHUs, YIUThIBA0-
myto gaHabii 3 dert. JomycTnM, 9TO MCXOTHOE MHOYKECTBO aJrOPUTMOB A mpeacrapBieHo
B BUJe pa3OMeHMs Ha HelepeceKaronmecs moaMHokecTBa A = A LI Ay LI --- U A; Tak, 4T0
B Kaxkmoe A; MonaJin JIMIIb aJrOPUTMBI ¢ OJU3KHME BEKTOpaMHu OmuboK. B manHoil cuTyarun
OyaeM Ha3biBaTh MHOXKecTBa A; Kaacmepamu aaropurMos. [Tokarxkem, 910 331249y OlEHUBAHUS
BEPOSITHOCTH TEePeOOYUEHNsT BCETO0 MHOXKeCTBa A MOXKHO CBECTH K OIEHHBAHHIO BEPOSTHOCTH
nepeodyYeHnst OTAeTbHBIX KJIACTEPOB.

Jlemma 3. [lycrb MHOXKECTBO aaropuTMoB A IpOH3BOJIBHBIM 00pa30M IIPEJCTABICHO B BHJIE
pas30bueHns Ha HellepeceKaroniuecs moaMuoxkecrsa A = A U Ay Ll -+ - L A;. Torma BepossTHOCTH
epeobyYeHus TeCCAMHCTHIECKOTO0 MeTO1a MUHAMH3AIHHA SMIIHPAIECKOrO0 PHCKA OINEHHBACTCS
CBEPXY CJICLAYIOIHAM BbIPAXKCHUEM:

B nmanbreiem jiemma 3 OyaeT UrpaTth TY Ke pOJib, 9TO W HEpPaBeHCTBO Byis mpu BHIBO-
ne onenku (4). TlpenmymecTBo JaHHOM JeMMBI B TOM, 9TO BMECTO CYMMHDOBAHHsSI 10 BCEM
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anropuTMaM a € A CyMMHpOBaHHE IIPOU3BOIUTCH IO KJIACTEPAM IIPOU3BOIBHOTO pa3OneHmst
A:A1L|A2|_|"'|_|At.

JokazaTeabCTBO. 3aMeTHM, UTO JOCTATOYHO JI0KA3aTh HepaBeHCTBO (5) st ¢ = 2 (171s mpo-
M3BOJTHLHOIO YHCJIA KJIACTEPOB HEPABEHCTBO JIOKA3BIBACTCSI MHAYKIUeH 1o t). OGo3HaunM depes
w(A, X) ajaropurm, BbIOpAHHbIH MECCUMUCTHYECKUM METOJOM MUHUMU3ALUH SMIIMPUUECKOIO
pucka u3 mHoxkectBa A 1o obywaromeit Beibopke X. Paccmorpum mpou3BosibHOE pasbuenune
X € [X]® u nokaxewm ciieayioniee:

[0(u(A, X), X) = e] < [0(u(Ar, X), X) = €] + [0(u(Az, X), X) = €]. (6)

st pasouennss X u muOXKecTB Ap, Ay, A muOKecTBa A7 (X), A2(X), A(X) onpe/ienieHsr co-
rnacuo (1). O6osmadmm wepes ni(X),no(X) u n(X) auciao omubok na obydaromeii BEIGOPKe
s anroputMoB u3 Ap(X), Ax(X) u A(X), coorBerctBenno. Ouesnnno, uro ny(X) = n(X)
u no(X) = n(X), Ho 110 KpaiiHeil Mepe OJHO U3 ITUX HEPABEHCTB 00s3aTEJIbHO 0OpAIAeTCst
B PaBeHCTBO. PaccMOTpuM /Ba CJydas: B MEPBOM OJHO HEPABEHCTBO CTPOrOe, BO BTOPOM 00a
HepaBeHCTBa 0OPAIATCs B PABEHCTBO.

Cayuait 1. Ilyers mia onpenenemnocra nq(X) > n(X). Torma Ay(X) = A(X), u caenosa-
tesbHo (1 A2, X) = p(A, X), otkyaa wemeienuo ciaeayet (6).

Cayuait 2. Uz ny(X) = nao(X) = n(X) caeayer, uro A(X) = A;(X) U Ay(X), u, Takum
obpaszom, 60 (A, X) € Ay (X), mbo pu(A, X) € Ay(X) (B 3aBECHMOCTH OT TOrO, B KAKOEe U3
STHUX JIBYX MHOZKECTB MOIAJ AJTOPUTM ¢ HAHOOJIBITHM YHCIOM OIMUOOK Ha TOJHON BBIOODKE).
3HavuT, BHOBb BBIIOJIHEHO (6). ]

J171s1 BBIBO/IA BEPXHUX OIEHOK BEPOSTHOCTH Mepeofydenust KaXKI0ro KJaacrepa yao0HO 1o-
TpeGoBaTh, YTOOB BHYTPU KAXKJIOTO KJIACTePa AJTOPUTMBI JOMYCKATH PABHOE UHCJIO OMIIOOK
Ha 110JIHO# BHIGOPKe. Tora MOKHO BOCIOJIB30BATHCS CJIeyonedi jeMMoil u3 paborst [13].

Jlemma 4. Ilycre A;, B — aBa MHOKecTBa aaropurmoB, A; C B, u Bce ajaroputmsl u3 B 1o-
IYCKAIOT PaABHOE YUCJIO OIIHOOK Ha 110JIHOH BbiOOpKe. IlycTb MeTos 00y yeHust sBJIsieTcsi MUHUMU-
3arueii smmupudeckoro pucka. Torga s Becex € > 0 BoinosHeHO HepaBeHCTBO Q- (A;) < Q-(B).

HoxkazareabcTBo. lokaxkeM yTBepKIeHue st YacTHoro ciaydas B = A; U {b}. Paccmorpum
npoussosabHoe pazouenne X € [X]Y. Hac unrepecyior Tonbko pasbuenus c u(B,X) = b, mo-
TOMY 9YTO BKJIQJ[ OCTAJIbHBIX pa30neHuil B BEPOSITHOCTH nepeolydenus He m3MeHuscs. [lycTob
a = pu(A;, X) — axropur™m, BeIOpaHHbIii Ha pazbuennn X MeTomoM obydeHns u3 MHOXKecTBa A;.
[TocKOMIbKY 4 sIBJIsIeTCST MUHUME3AINeR smnupudeckoro pucka, moayanm n(b, X) < n(a, X).
[TockoJIbKY 10 YCJIOBHUIO aJrOPUTMBI @ U b UMEIOT paBHOE YHUCJIO OMIMOOK Ha IOJIHON BBIOOPKE,
ykjaonenne qactorsl d(b, X) > §(a, X). CrenoBarenbHo, BKJIaJ KazKI0T0 pa3dueHns oT 100aB-
JIEHUSI QJITOPUTMA b MOT' TOJIBKO YBEJIHIHUTHCS. [

Ha BwiGop mMHOKecTBa B HaK/IaJbIBaeTCsS HECKOJIBKO yCJA0BUiI. Bo-TlepBBIX, OHO JMOJI2KHO
COCTOSITh W3 aJTOPUTMOB C PaBHBIM YHCJIOM OIMMUOOK Ha MOJHONH BBIOOpPKE. Bo-BTOpBIX, BCe
AJITOPUTMBI JIOJIZKHBI UMETh OJIM3KHEe BEKTOPBI OIMuOOK. B-Tperbux, oleHKa BEpOATHOCTHU Iie-
peobyuenusi Q) (B) momKHA OBITH BEIYUCIUTENbHO dhderTuBnoit. OKa3bIBACTCS, CIEIYIONIEe
ceMefiCTBO y/I0BJIETBOPSIET BCEM ITUM TPEOOBAHUSIM.

Onpenenenue 1. Ilycth ag — DpOU3BOJIBHBIN aJITOPHTM C M OIMHOKAMH, 17 < 1M — HaTyPaJb-
HOE 9uca0. LlenmparvHvimM CA0EM TIMMUH206G WaPa HA3BIBACTCST MHOMKECTBO:

B™(ag) = {a € A: p(a,ap) < r nn(a,X)=m}.

JlanHOoe MHOXKeCcTBO COCTOHUT H3 aJrOPHTMOB XIMMHHTOBA IMapa pajuyca T ¢ MEHTPOM B ay,
JIOILYCKAIOHINX Ha MOJIHOH BHIOOPKE CTOJILKO K€ oHImbOK, CKOJIbKO | IeHTp Hiapa. BeposirnocTp
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nepeobydennst Q.(BI"(ay)) 3aBucaT TOJBKO OT pajgmyca mapa v d gmrcaa ommbok n(ag, X),
mo3ToMy B JaJjbHeiinieM BMecto B (ag) Oyaer Henob30BaThesT COKpaIleHHas 3amich B

Dkcuepument 2. llccienyem BepoaTHOCTH nepeobyderust (). (B") YHCIEHHO ¢ TIOMOIIBIO Me-
Toma Monre-Kapio, commanpya (2) mo 10 Thic. cayuaitaeiy noassicopkam X € [X]¢. daa cpas-
HEHUST MBI DACCMOTPHM eIlle OIHO MOJIETbHOE MHOXKECTBO R/, COCTABIEHHOE U3 7 AJITOPUTMOB,
JIOITYCKAIONIUX 110 1M OIHNOOK Ha IOJIHOI BBIOOpKe. BekTophl 0mmbOK Bcex aaroputMos u3 [
CreHepUPOBAHbI CAYUYalHO W He3aBUCHMO. B cieyomneil Tabanie moKa3ano, IpH KaKOM YUCIe
anropuT™MoB n B R)' Mennansl pacupegesennii Q. (R)) u Q.(B") coBnasaior.

Tabmuna 1: Cpasuenune |R| u |B"| npu L = 50, £ = 25, m = 10

2 T I i
401 2 [0.079
35501 7 ]0.160
1221101 | 39 | 0.240
20413001 | 378 | 0.319

CO O = DN

N3 Tabsa. 1 BugHO, 9TO BCETO C€Mb aJTOPUTMOB CO CAYYANHBIMI BEKTOPAMU OMHUOOK MOTYT
1epeoOyIUTHCH TaK K€ CHJIBHO, KAK U MHOZKECTBO M3 JIECATKOB THICAY AJITOPUTMOB ¢ OJTM3KUMUI
BeKTOpamMu onmubok. B cieayiomem naparpade Mbl 1eTaIbHO H3YYIUM ITO CBOWCTBO MHOYKECTBA
B™ u upuBeieM TOUHYIO GOPMYITY /I BEPOATHOCTH Tepeobyuenns Q. (B").

LleHTpanbHbIN cno XxaMMuMHrosa wapa
Tounast popmya BeposiTHOCTH nepeobydenus: Q. (B") Buepsbie npuBoauTcsa B padore [13].

Teopema 5 ([13]). BepositHocTh mepeobydennst paHIOMHE3HPOBAHHOTO METOa MHHUMHA3AIHA
SMIHPHIECKOTO PHCKA IS M-T0 CJOS X9MMHHTOBa Imapa B[ pammyca r mpu v < 2m #
n(ag, X) = m 3anmcpiBaeTcs B Buje

Q=(B]") = H™(£(m — ek) + [r/2]) - [m > k], (7)
rme H i’m(s) — (OYHKIHS MHIEPreoMeTPHIECKOrO PACIIPEICICHHS].

JloKazaTeTbCcTBO ITOTO YTBEP:K/IeHUs paHee He MyOIUKOBATIOCH, B MBI ITPUBOJIUM €r0 B HACTO-
giem naparpade. [Ipu jokazarenbcre Oy/LeT UCHOIb30BATHCS TEOPETUKO-IPYIIIOBON MOIXO/
[11, 12, 13].

[Iycts S, = {7m: X — X} —cummerpudeckas rpynmna u3 L s1eMenToB, aeificTByiomas Ha
reHepasbHYI0 BBIOODPKY TepecraHoBKamu 00bekToB. JleficTBue npou3BoibHON 7 € S HA aJro-
puT™M a € A ompejie/ieHO NepecTaHOBKO# KOOpJAMHAT BekTopa ommbok: (ra)(r;) = a(m'lz;).
Jna mpoussosbhoit Beibopkn X € [X]¢ n muozkectBa amropurmos A C {0, 1} geiicreua 71X u
A onpenenenst crenyomum obpaszom: X = {rx: x € X}, 1A = {ra: a € A}.

Onpenenenne 2 ([11]). I'pynnot cummempud Sym(A) muo)kecTBa amropurmos A C A Ha-
3BIBAIOT €0 CTAIHOHADHYIO IIOJATPYIIILY:

Sym(A) ={r e S,: 1A= A}
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Opbumoti s1eMmenTa m MHOXKecTBa M, Ha KOTOpOM aeiicTByeT rpymnna (¢, HaA3bIBAETCSA MOI-
mHO)KecTBO Gm = {gm: g € G} C M. OpbuThl AByX 3JEMEHTOB My W My JUOO HE MepeceKa-
10TCH, JINOO COBIAJIAIOT. JTO MO3BOJISET FOBOPUTH O pas3bueHnr MHOXKecTBa M Ha Helepeceka-
forrecst opoutol: M = Gmy U ... L Gmy. MuoxkectBo opbut geiictsust rpymmsl Sym(A) na A
oboznaunm vepes U(A), u juis kaxaoit opourhl w € Q(A) 0603HAUMM UYepe3 G, HPOU3BOJIb-
HOTO TIPeJICTABUTEIST 3TOH OPOUTHI. AHATOrMYHO, MHOZKeCTBO opbuT feiicteus Sym(A) na [X]¢
obozmaunm wepes Q([X]9), n nas opoure 7 € Q([X]) oboznaunm ee npepcraBuTens yepes X, .

Jlist IupoKoro Kjacca MeTojoB o0ydenus rpyimmna Sym(A) mo3Boisger y4ecTb CHMMETPUE
MHOKECTBa, aJITOPUTMOB IIPH BBIBO/IE OLIEHOK BEPOSTHOCTH Iepeobydenus. B yacraocTH, B pabo-
tax |11, 12| ucnosbsyercs pandomusuposarnsili Memod MUHUMUSAUUL IMNUPUHECKO20 DUCKA.
10T MeTo/| BLIOUPAET NPOU3BOJIbHBIN ajropur™ u3 MHoxecTBa A(X) ciydaiino u paBHOBEPO-
arro. Onpe/iesieHne BepOSTHOCTH mepeodydenust (2) TPUXOANTCST MOANMUIUPOBATH, YCPETHUB
nepeodyIenHocTh o Muoxkectsy A(X):

Q=g ¥ oo o bex)>. 8)

L Xe[X)¢ acA(X)

B [12] nokazano, uto ¢ yuerom rpynmel cummverpuit Sym(A) BepositHocTh mepeobydenus (8)
MOZKeT OBITh Hepelnucata CJIeAYIOImUM 00pa3oM:

c25<A>=Cijéi DS %wamx»ey
weN(A) Xe[Xx]¢

st BeiBoga Tounoit dopmyisl Q- (B)") nam Oyzer yjaobHee paccMaTpuBaTh JefiCTBUE TDYIIIbI
CAMMEeTPUIl Ha MHOYKECTBE [X]e BCcex pa30menuii BHIOOPKN Ha 0OyUYeHHe W KOHTPOJIb.

Jdemma 6. ITycrs gas mexoropoit pymxmmm f: 28 x [X]¢ — R aas Beex A C A, X € [X]
u Beex € Sym(A) somosmeno ycaosne f(A, X) = f(A,nX). Torna cupapeginBo caegyioriee
pa3JIoZKeHHe:

S orax) = 3 FlfAX).

Xe[X)¢ TeQ([X])

HokazareabcTBo. [0Ka3aTebecTBO ¢ OU€BUIHOCTBIO CJIEYeT W3 TPYIIHPOBKU PABHBIX CJIa-
raeMbIX. ]

Hac unrepecyer, kakue dyukinun yuosaerBopsiior yeaosuio f(A, X) = f(A,7X). Beexem
CJIEIVIOILY 0 KJIacCHuMUKAIAIO:

— cumMerpuuHOit byHKIMelH nepeozo poda Gynem maswbBath ¢: A x [X]¢ — R, taxyto [ro
st Beex 7 € Sy, meinonneno g(a, X) = g(wa, 7 X);

— coMMerpudHON dyHKIHeEH 6mopozo poda Gynem HaspiBarh G: 28 x [X]¢ — 2% taxyio 4ro
st Beex m € Sy, poimosneno 7G (A, X) = G(rA, nX);

— cUMMeTpHYHO dyHKIHel mpemwvezo poda Gynem HazbiBaTh f: 24 x [X] — R, Takyto uto
st Beex 7 € Sy, soinosineno f(A, X) = f(rA, 7X).

B [12] 6bL10 mokazauo, uro dbyuxmun n(a, X) u v(a, X) ABAAIOTCS CAMMETPUIHBIMA (DYHK-
nusivu nepsoro poaa, a A u A(X) — cummerpuunbivMu BToporo poja. Creyoiiue JBe TeopeMbl
O3BOJIAIOT JIEPKO CTPOUTH HOBbIE CHMMETPUYHBIE (DYHKINH U3 Y7Ke HMEOTHXCH.

Teopema 7. Ilycte g1, 0o,...,G, — cOMMeTpuIHbe (DYHKIHH HEPBOro poaa, fi, fo,..., f,—
cuMMeTpHiHbIe hyHKOuH Tperbero poza, F: RP — R —mnpomsBo/ibHass (DyHKIHS MHO-
rux nepemenusix. Torma F(gi,9s,...,¢,) —BHOBb CHMMeTpHYHasl (DYHKIHs IIEPBOLO DOJa,

F(fi, fa, ..., fp) — cummerpuanast GyHKIOHI TPETHETO POJIA.
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HoxkazarenbcTBo. [IpoBessa semeHTapHbie BHIKIAIKH, TOJLYIHIM
F(ra,nX) = F(gi1(ma,7X),...,g9(ma,7X)) = F(g:1(a, X),...,gy(a,X)) = F(a, X),

U aHaJOTHYHO JI/id (DYHKIUH TPEThero poja. |

Teopema 8. Ilycrs g —cummerpudnast hyHKIHS mepBoro poga, G — cuMMeTpuIHas (pyHK-
must Broporo poia. Torga f(A, X) = |G(A,X)| n f(A,X) = >  g(a,X) — cummerpuansie

a€G(A,X)
GhyHKIIH TpeThero poja.
HoxazarenbcTBo. Samernm, 4to st Jgwoboro A C A Beimosneno |A| = |1A|, nockoabKy
T, KaK 3JIeMeHT rpynmel, spisercs Omekumeii. Caenosaresnbho, |G(A, X)| = |[7G(A, X)| =
= |G(TA, mX)]|.
Hnst dyuxmun f(A, X) = > g(a, X) 3anumem cJIegyonyo MenovYky paBeHCTB:
a€G(A,X)
faAdaX)= >, glarX)= >  glanrX)=
a€G(rA,mX) aenG(A,X)
= Z g(ra,mX) = Z g(a, X) = f(A, X).
a€G(A,X) a€G(A,X)
]
3 npuBe/ieHHBIX BbIIle TEOPEM CJIEAyeT, YTO m > [0(a, X) > €] aBaserca cuvmer-
acA(X)

pUYHOI YHKIUEH TpeThero poja, a CJaeJ0BaTe/JbHO BEPOATHOCTD Mepeodydennsd MOXKHO (ak-
TOPU30BATh 10 JEHCTBUIO IPYIIBI CHUMMETPUH Ha MHOXKeCTBe pa30ueHuii BHIOOPKU:

o= S x>z ©)

TeQ([X]4) A a€A(X)

Januayo hopMyIy MOKHO YIIPOCTHTH I CIydas, KOTJIa BCe aJTOPUTMBI 13 A MMeT pas-
HO€ YKCJIO OIMOOK Ha 10JIHON BbIOOPKE.

Teopema 9. Ilycte Bce a € A mmeror paBHOE 4YHCI0 OMHOOK Ha MMOJIHOH BhiOOpKe. Torma
BEPOSITHOCTH I1epeoby YeHHs PAHJOMH3HPOBAHHOIO METO/Ia MUHHMHA3AIIHH SMIIHPHICCKOTIO DHCKA
3aIHChIBACTCSI B BHJIC:

1 l
= — 1 < — - .
Q-(A) cr E 7| hﬂelﬁln(a,XT) < L(m k) (10)
TeQ([X])

HoxazarenbcTBo. 3amernm, 9T0 Bee anroputMbl 13 A(X,) HMET 0JMHAKOBOE epeody TeHe.
DTO caegayeT U3 JIBYX YTBEPKJICHHN: BO-IIEPBBIX, BCE aJTOPUTMBI U3 A MMEIOT PaBHOE YHUCJIO
omubOK Ha MOJIHON BEIOOPKE, BO-BTOPBIX, Bee aqropuTMbl w3 A(X,) UMeIoT paBHOE YHCIIO OIIH-
6oK Ha obydeHnu. 3HAUUT (9) MOKHO YIPOCTUTH CJELYIONAM OOPAa3OM:

@(A):Cié S e, X0) > ],

TeQ([X]Y)

rae o —mopoussosbubit anropur™ w3 A(X;). s o € A(X;) cremyer, uro n(da’, X;)

= mlg TL(CL,X). HOILCT&BJIHH 9TO BbIpazK€HHE B OIlIpeJieieHne YKJIOHCHUA YaCTOTbI 5(G,X)
ac

IIPOBOJIST JIeMEHTapHbIe BBIKJIAAKH, moaydaem (10).

I
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Bepuemcs K BbIBOLY (HOPMYJIbI BEPOATHOCTH NEpeoOydeHus Jjid MeHTPATBHOIO CJA0S XIM-
MuHTOBa Tmapa B! ¢ nentpom B ag. O6o3naunm vepes X™ = {x € X: qo(x) = 1} mHOKecTBO
00bEKTOB, Ha KOTOPBIX OMHUOaeTcs aaroput™ ag, 1 X~ ™ = {x € X: qo(x) = 0} — MHOKeCTBO
00BEKTOB, Ha KOTOPBIX ¢ HE OIMHOAeTCH.

Jlemma 10. I'pymnna S, X Sp_p, rae Sy, u Sp, — cHMMeTpHYecKHe TDYIITbI TePeCTaHOBOK,
JeftcrByronne Ha MHOecTBax X™ um XF™™, cooTBeTcTBeHHO, SBJIATCS HOJAIDYIIION I'DYIIIE
CHMMETpHIT MHOXKECTBa aIropuTMoB B

HokazareabcTBOo. /loKa3aTe/ibCTBO CJie/lyeT U3 Olpee/eHus MEHTPAJIbHOIO CJI0s XIMMUHIOBA,
Imapa M HHBAPUAHTHOCTH XOMMHUHIOBA PACCTOAHHUSA K A€HCTBUIO TPYIIBI S, [

Jlemma 11. Op6uter 7 € Q([X]Y) mmaexcupopansr napamerpom i = |X N X™|. Mommocts

‘ om - i
opbuThl T; 3amuchisaercs B suje || = CLAT™ (i), nie hy™ (i) = CLCL JOY — yukuust wior-
HOCTH THIIEPIeOMETPHIECKOTO PACTIPEICICHHS.

HoxkazarenbcTBo. I[lepBoe yTBepkKIeHne JIEMMbI HEIOCPEJICTBEHHO CJIEAYET U3 CTPYKTYPHI

MOJTPYIIBl CUMMETPHii, ToyderHoil B temme 10. MomHocTh 0pouTHl |7;| = Cﬁhim(z) orpe/ie-

JISleTCsl YUCJIOM CIIOCOBOB BHIOPATH ¢ 00beKToB u3 X™ u ¢ — i 06bekToB U3 X7, [ |
Tenepb MBI MOYXKEM TPUCTYIHUTH K JIOKA3ATEILCTBY TEOPEMBI 5.

HoxkazarenabcTBo. Bocnoab3oBasiuch Teopemoit 9 u jiemmoii 11, nosyynm

Q.(B") = ;hém(i) lminn(a,X,») < %(m —ck)| .

acA

HamomuuMm, 410 1o oupejejieHuo mapaMerp ¢ 0003HadaeT MOIHOCTH MHOXKecTBa X M X™.
I |r

[Tycrs 1’ = LQJ Torma
N /

0, mpu 7 < 7',

min n(a, X;) = o o
acBr 1— 7, upu > 7.

CaegoBaTesIbHO,

m 0, npu m < €k,
QS(BT ) = Lm0
Hy™(£(m—ck)+ |r/2]), npu m > ck. m

U3 nokazarHOil GOPMYJIB CI€YeT, YTO BEPOATHOCTD Mepeodydenust Q- (B!") coOTBETCTByeT
FC-onenke (3) a1 GUKCHPOBAHHOIO aJrOPUTMa, CMENIEHHON BIpPaBo Ha As = étr/ 2J. 210
00bsICHsIET, TTOYEMY B IKCIIepUMeHTe 2 MeauaHa pachpefeienus .(BM) pacrer JuHe#HHO ¢
POCTOM PaIUyCa 7.

YyeT paccsioeHus

Pesynbrarhl ABYX NpeaplAyIuX MaparpadoB MO3BOJSIOT cHOPMYJIUPOBATEL CJIEAYIONIYIO
OIIEHKY BEPOSTHOCTH IepeodyYeHus.

Teopema 12. Ilyete A = Ay U Ay U --- U A;, B B KaxkKJI0M HOIMHOXKECTBE A; ajaropurmbl
ty

JIOIIYCKAIOT paBHOE 4HCJI0 omuboK. IlycTh KaxkKiaoe MHOXkKecTBO A; BJIOKEHO B IEHTDAJIBLHBIMH

coif xsmmuarosa mapa By Torga

Q:-(1) <Y Q:(Br) = {Hﬁ’mi(%(mi — k) + |ri/2]) - i > gk]}. (11)

i=1
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HoxazarenbcTBo. /lokazarebeTBo caeayer u3 gemm 3, 4 u dopmyssr (7). [

Omnenka (11) yuuThIBAeT CXOJACTBO, HO HE PACCIOEHHE AJITOPUTMOB IO HYHCJIY ONMOOK.
DTOT HEJIOCTATOK MOYKHO HCIPABHUTh, IPUMEHUB METO]I MOPOXKJIAMONIAX U 3aIPEIAOININX MHO-
xkectB [5]. st 917010 MeTo HeoOX0 MO 0600IIUTE, YTOOBI OH GbLIT IPUMEHUM HE K OTIEThHBIM
AJITOPUTMAM, & HEIOCPEJICTBEHHO K KJIACTEPAM aJIrOPUTMOB.

T'umoresa 1. IlycTh MHOXKECTBO aaropuT™MoB A MpejcTaBieHo B BHe pa3OneHus Ha Henepe-
cekarormecs moaMuoxkectsa A = Ay U A U -+ U Ay Ilyers BeiOOpka X n MeTo[ 00ydIeHH L
TAKOBBI, UTO JIJIsI KAXKIOT0 ¢ = 1,...,t MOXKHO YKa3aTh [apy HEMePeCceKAOMUXCs TTOIMHOKECTB
X; C Xu X! C X, yI0BIeTBOPSIONIYIO YCJIOBHIO

(A, X) € A)] < [X; € X|[X] c X], VX € [X]".

[IycTh, KpoMme 3TOro, Bce aJTOPUTMBL a € A; He JOIMYCKAIOT OMMUO0K Ha X; U OIMHOAI0TCS HA BCEX
obbekTax u3 X/.

MmuozxectBo X; 6ymeM HA3BIBATD Noposcdarousum, MHOKECTBO X| — sanpewarowyum mias A;. I'n-
nore3a 1 03HAYAET, YTO Pe3yJbTaT 00yUYeHUsd MOYKeT IPUHAIeKATh A; TOJBKO B TOM CJIyYae,
ecii B 0OyJarorieil BLIDOpKe X HAXOAATCS BCe MOPOKIAIONINE OOBEKTH U HU OTHOTO 3alpernia-
formero. Bee ocranbubie 06berThl Y; = X\ X;\ X! Gyaem HasbiBaTh HedmpasvHomy st A;.

IMycrs L; = L — | Xy| — | X]|, i = 0 — |Xi|, ki = k — | X]|. [Iycts QL(A;) ecTb BeposTHOCTD
nepeo0ydeHns: Ha MHOXKECTBEe HeHTPaJIbHBIX 00bEKTOB Y:

, 1
QL(A;) = ot Z [6(1(A3,Y),Y) > €],
Li ye[v,)4

rme [Yi]ei — MHOKeCTBO pasduenuit Y; Ha 0OyUYaIONIyi0 BHIOOPKY Y JUIMHBI £; U KOHTPOJIBHYIO
BbIOOPKY Y stmubl k; = L; — {;.

Teopema 13 (Onenka pacciioeHusi-cxoactsa). Ilycre BbimosHeHa rumore3a 1, a HA pas-
omerme A = Ay U As U --- U A; Ha/IOXKeHO JOIOJHHTEIHHOE OTPAHHIEHHE: BHYTDH KaXKIO0I0
KJacrepa A; Bce aJropuTMbl JOIMYCKAIOT PaBHOE YHCIO OmHO0K (06o3Hadaemoe qepe3 m;). To-
r71a BepOSITHOCTD mepeodydenust (Q.(A) orpanudena cBepxy CJIeIyIOMeii OmeHKo:

t
<> R, 12)

i=1

zi X
rae P, = C’Z" € = KL,;' CLICE (1 — %)% — |kZ" QL(A;) — ompejiesieHHAsT BBITIIE BEPOSITHOCTH

Hepeo6yIIeHHﬂ Ha MHO>KeCTBe HeHTpaJhbHBIX 0O'hEKTOB.

HokazarenbcTBo. Pacnuinem onpeenerne BepoITHOCTH IePEoOy IeHUS:

Q) = g7 3 B(u(A.X), X) > ] =
L XG[X}"»
cr Z > ) € A[0(u(A;, X), X) > €] <
=1 Xe[X]¢

< o Z > (X € X)[X] € X][0(1(As, X), X) > e].

i=1 Xe[X]¢
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Mycts Y = X\X;. Torma Y. npu yeaosun [X; C X][X] C X] MOXKHO 3aMeHUTDL Ha CyMMH-
Xe[X]¢

posanue 1o Y € [Y;]4.

(A, X), X) > ¢, tne X =Y U X,. (13)
1Y€[

Breipasum yeaosue 6(u(A;, X), X) > € B repmunax Y. O6osnaunm a = u(A;, X), u mycrn
n(a,Y) = s. Torga, ncnonwsys yeiaosue n(a, X;) = 0 u n(a, X!) = | X!| u3 runoresst 1, mosyanm
n(a, X) = s,n(a, X) =m;—s,n(a,Y) = m;—|X/| - s. Cienoparenbno, yciopus nepeobyuenust
g X m Y 3anuinyTesd cIegayionmM o0pa3oM:

14
(( A3, X), X) > &] = [s < 7 (mi — ek)].

‘;
543 Y),Y) > 2] = [5 < 7-(mi = 1X] - =iks) .
[Iycts ¢; = éféi%a + (1 — %)’Z— — |)k(_’\ Hemnocpencrsennoit mpoBepkoii ybexkpaeMcs, 9TO
[0(n(Ai, X), X) = €] = [0(u(Ai,Y),Y) > g]. Honcrasass s1o B (13), moayvaem yTBepxKIeHHE
TEOPEMBbI. n

[Tokarkem, KaK Jjisi Mpou3BOILHOTO paszbuenus A = A; L1 Ao U --- Ll Ay noctpouth cucremy
MOPOKJAIONIAX U 3anmpernatoniux MHoxkecTs. Creays [5], BBegem Ha A OTHOIIEHHE YACTHIHOTO
nopsijika: a < b Torga u Toabko Toraa, Korga I(a,z) < I(b,x), Vo € X. Oupegennm a < b ecn
a<buab Ecamua < buupu srom p(a,b) = 1, 1o 6yJieM TOBOPUTH, UTO G npeduiecmsyem
b, u 3anucweiBaTh a < b.

st 0TI IbHOTO AJrOpUTMa @ € A TOPOXKIAIONINE U 3aIPEIIAIOIIITe MHOXKECTBA OIPeIese-
ubl B [5]:

Xe={reX:FbecA:a=<bI(a,x)<I(bz)} (14)
={reX:IdbecA:b<a,lbzx)<I(azx)}

Jlnsg xknacTepa A; MOTOXKIM

= ()Xo, X/ =[)X. (15)

a€A; acA;

JIemma 14. Mnuoxkecrsa X; n X|, onpegesennsie B (15), sBASIIOTCSI, COOTBETCTBEHHO, HOPOK-
JTAIOMIAM 1 3aIlpeIaronuM MHOKeCTBaMHA I Kjaactepa A; B cMbicie rumoTessr 1.

JlokazarenbcTBo. /lis npoussonboro pasouenns X € [X]¢ oboznaunm a = pX, u mycrs
a € A;. B [5] nokazamo, uro onpegenennbie B (14) muoxectsa X, u X ABIAIOTCH TOPOXKIAIO-
UM ¥ 3aIPEIaronM MHOKECTBAME JIJIsT aJITOPUTMA a, T. €. U3 yeJaoBus X = a cJaeayer, 9ro
X, C X u X! C X.Usonpenenenns X; u X, crexyer, uto X; C X, u X! C X!. Cnegosarein-
HO, X; C X m X] C X.

YeaoBue «Bce anropuTMbl a € A; He IOMyCKAoT OmuOoK Ha X; W OIMHOAITCS Ha BCEX
obbekTax u3 X/» Takxke cueayer us onpenesnenust X; u X/ |

[TosydenHble BbIIIE Pe3yJIbTAThl TO3BOJISIOT YTOUYHUTD ONeHKY (11).
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Puc. 2: Tlepeobyuenne nenrpanbaoro cios mapa By, (crToNTHAST KpUBAst) W JIOKAJIBHO OKPeCT-
2";;,’) (myukrupnast kpusast) npu L = 200, £ = 100, m = 50. PucyHok ciieBa orobpazkaer
cpelHee YKJIOHEHHE YacTOT OMUOOK Ha OOYYEHHH M KOHTPOJIE B 3aBUCHMOCTH OT IapaMeTpa p.
PHCyHOK crpaBa 0TOOpaskaeT 3aBHCHMOCTD cpefHeil BepoaTHocTH mepeobydenns Q. (B,d) or

napamerpa d upu p =5, =0,1

noctu B

Teopema 15. B ycaobusix teopemsr 12, onpenenernnii (14) u (15) mist mopoxnaronmux u 3a-
Ipenjarmux MHOXKECTB CIpaBeIuBa CIeAYIomas OlleHKa BePOSTHOCTH Iepeo0yIeHHs:

t ; t ;
O L

L; ~1 m/ CL- Li,m/,
QulA) < 30 G QB = A G HL ) + /2] ez eRf, (19)

=1 =1

HokazarenbcTBo. J[oKa3aTebeTBO ciaeyer u3 TeopeMbl 13, semmbl 14 u popmysst (7).
7

Cnasnoe orymume (16) or nosyvennoii paunee onenku (11) —B kosddunuenre 9KCLOHEH-

L;
ot
[UAJTBHO YOBIBAIOIIEM C POCTOM MOIITHOCTH ITOPOYKIAIONIEr0 M 3aITPeIaroIero MHOYKECTB.

JlokasibHasi OKPeCTHOCTb MaJ1Ioli MOLLLHOCTWU

OTMmeTuM, 4TO IeHTPAJIbHBIH CJI0H X3MMUHIOBA ITapa )" naer J10CTaTovHO IPyOyIO OLEHKY
BEPOATHOCTH IIepeodyuenus Jid MHOKecTBa A; C B, Bo-11epBbIX, TaKas allIPOKCUMAIHA MHO-
»KecTBa A; He yIUTBIBaeT 0OBEKTH BBIOOPKH, JIezKAIie TIyOOKO BHYTPH CBOETO KJIACCa, H MOTO-
MY OJMHAKOBO KJIACCU(PUINPYEMbIe BCeMHU aJIropuTMaMu Kiaactepa A;. Bo-BTopbix, mpu omeHke
HE YUYHUTBIBAETCS MOIMHOCTH KjaacTepa A;, KoTopas Ha pPeaJbHbIX JaHHBIX OKA3bIBAETCS MHOIO
MeHbIIIe MOITHOCTH MHOXKeCTBa B)".

Omnpenenenne 3. I[lycrs Bce 00beKThI reHepaibHON BbIOOPKH X pa3/iejIeHbl HA TPH Hellepece-
KaIOUIUXCsT MHOXKECTBA: HAJEXKHO KJaaccupumnupyeMbie 00beKThl X, OTMO0YHO KJIACCHDUIHDY-
embre 00beKkThl X1 1 norparudrabie 00bekTol X,.. ITycrs | X,| = r n | X1| = m, p — nesouncien-
HbBII mapaMeTp, p < r. PaccMorpum ajroputM ag, JoIycKafomuii m ommbok Ha X1 H p OHIHOOK
Ha X,. Jloxkarvnot oxpecmmocmvlo aaropurMma ag OyieM Ha3bIBaTh MHOXKECTBO aJTrOPHTMOB

Bffp C A, yunoBnerBopsiioniee ceayiomuM yCIOBUSIM:

» m
— B, conepxut BCe aIrOPHTMEI, JOIYCKAIOIIHE DOBHO p OMIHOOK Ha 00beKTax u3 X,

— HH Of[HH ajaroputM u3 B, He ommbaercs Ha o0bexTax u3 X,

— BCe aITOpHTMBI U3 B, ommbarorcs Ha Beex 00bekTax n3 Xi.

Ha pwuc. 2 cineBa cpaBHHBAIOTCS BEPOATHOCTH IEPEOOYUEHHST MEHTPAJIHLHOTO CJIOS XIMMITH-
roBa Imapa M JOKaJbHOH OKpecTHOCTH. BHJIHO, 4TO JIOKaJbHAasd OKPECTHOCTD JIA€T MEHDIIIYIO
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OIIEHKY BEPOSTHOCTH mepeodydenus. Cie10BaTeILHO, AMMIPOKCHMAINs KJIacTepoB A; ¢ momo-
B0 JIOKAJIBHBIX OKpeCTHOCTEl gaeT 0oJjiee TOYHYIO OIEHKY BEPOSTHOCTHU TEPeodydeHUs.

1 manpHERIero yrouHeHns OIeHKH MBI OyJIeM paccMaTpUBaTh KjacTep A; Kak Ciydaii-
HOE TIOJIMHOYKECTBO HEKOTOPOTO O0BEMJIIOIIEr0 MHOXKECTBa B (HAIpUMED, TEHTPATBLHOTO CJI0S
X9MMUHIOBA [APA MJIH JIOKAJIBHONR OKPECTHOCTH).

Onpenenenune 4. Cpedneti sepoamuocmvio nepeobyuerus no nodmmoscecmeam Gurcupo-
BAHHOT MOWHOCTIU HA3OBEM CJEJIVIONLYIO BEJIUIHHY:

Qs(B7d) = Cid Z Qa(Al)v (17)

|B| A’e[B)d

rae [B]Y = {A' C B: |A'| = d} — cucrema noaMuozkects puKCHPOBAHHOI MOIIHOCTH.

Ha puc. 2 cupaBa nokasaH npumMep 3aBUCUMOCTH Cpe/Hell BeposiTHOCTU 1iepeodydenus Q. (B, d)
oT mapamerpa d g IBYX PacCMaTPUBAEMbIX HAMH CEMEHCTB aJropuTMOB.

Teopema 16. Ilyctp B — MHOXKeECTBO aJI'OPHTMOB, JOIIYCKAIOIIHX PAaBHOE YHCJIO OHIHOOK
Ha noJiHoit BeibopKe. Torma BBINIOJIHEHO CJIEAYIOINIee:

~ 1 CJ(‘\{IE B,X,
Q:B.d) =1~ D Il—gr (18)
L rea(x)) |B]

e Q([X]%) — muozkecrso opbut geiicrsus rpynnst cumverpuii A na [X|%, X, — npoussosbmbrii

npeacrasarenan opoursr 7 € Q([X]Y), N.(B,X) = > [n(a, X) > s(g)] — uncao amropurvosn
a€B

u3 B, nenepeoGyuennsix na pasouennn X, s(e) = £(m — ck).

HoxkazarenbcTBo. 3anurrem onpenenenne Q. (B, d) u Bocnoabsyemcest Tem, o A C B BHOBD
SABISCTCS TOAMHOMKECTBOM CJIOL:

_ 1 1 ,
Q€<B,d) = C_d Z 7 Z [HCL € A : n(a,X) < 5(8)] .
1Bl are[Be L xe[x)t

HepeCTaBI/IM MeCTaMM 3HaKH CYMMUDPOBaHHA U IIPUMEHUM JIOTHYECKOE OTPpUIlaHUE!

_ 11 ,
QE(B’d):l_C’_fC’_d Z Z Va € A": n(a, X) > s(e)].
1Bl xe[x]t A’e[B]d

F.(B,X)

3aMeTHM, 9TO BBIJIJIEHHOE B MPOILIoi dopmyie Boipakenne F.(B, X) coorBeTcTByeT 4uCIy
c110c000B BLIOpaTh U3 B noaMuoxkectso A’ MommocTn d Tak, 9TOObI HHA OJMH U3 aJCOPUTMOB
B A’ me 6b11 mepeobydennbiM. O6o3znauuMm vepes N (B, X) obimee 9ucao aaroputMos B B,
HenepeoOyueHnbx Ha pa3buennu X. Torna F.(B, X) aBasgercs anciom coderanuii n3 N (B, X)
1o d: L

A d

Qe(B,d) =1~ == D> Chusx.

CLClp
1Bl xe[x)t

ITo Teopemam 7 u 8 pyHKIMSA Cj‘\l[s(B,X), rie N.(B, X) = > [n(a, X) > €], apaserca cummerpud-

a€EB
HOll (byHKIMEll TpeThero poja, u, ciaegoBaresabHo, (18) dakropusyercs mo AefHCTBUIO IPYIIIBI
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CUMMETPHUIT Ha MHOZKECTBEe pa30oueHuii:

- 1 1
Q.(B,d) =1— oo > InlC x.)-

7
L™IBl req(x))

NE(B,XT)>d

Cd
ITpu Gosbumux 3HAYEHHAX Mapamerpa d Apobh —&r=" 5

npuOJIHKEeHHO paBHA (
_ |B|
Taxkum obpasom, Brian pasbuenus: (X, X) B BepoATHOCTH epeobydeHust OJTHOCTHIO OMpPejie-
JIsieTCs MOITHOCTBIO d paccMaTPUBAEMBIX MOJIMHOXKECTB U YUCIIOM AJTOPUTMOB u3 B, Hemepe-
obyuennnix na pasduennn (X, X).

[TokazkeMm, KaK BBIYHCIATH ONeHKY (18) Ha mpumepe JIOKAJbHOW OKPECTHOCTH Bf]fp

4 Am
Teopema 17. Cpeanss BeposaTHOCTH nepeolbydenns ciydaiinoro moamroxecrsa A; C B
¢urcnpoBaHHOI MOIITHOCTH d JaeTcst ciaeayroiieid (popMyroii:

min(m,£) min(r,£—i) o C]Cf[
QB d) =1~ o Z Z e 1
: B
rie
min(j,p)

= Z CICPi i+t > s(e)].

HokazarenbcTBo. PaccMoTpuM Tpu cuMMeTpUUIecKHe TPYIIILL IIePeCTAHOBOK Sy, Sy 1 S1_m_r,
JeiicTByoiye Ha MHOKecTBaxX X1, X, u X, coorBercrBenno. ['pynnoit cummerpuii MHOXKeECTBaA
aJTOPUTMOB Bﬁp SIBJISIETCST IeKapTOBO mpousBenenue S, X S, X Sp_,_,.. Opbursl geiicTBus
Sym(éﬁlp) na [X]¢ unyexcupyiores apymst napamerpamvu, i = [ X N X1 n j = [X NX,|, tne X —
obydatormnas BbIOGOPKa. MOIIHOCTH OPOHUTHL T; ; JAETCs, COOTBETCTBEHHO, BBIDAZKEHUEM |T; ;|
— Oz C]Ci lm] "
Pazobpasrmcs ¢ CHMMETPHAMH, HEOOXOIIUMO  JIJIsd Npe/ICTABATE IS X;; € T;; BbIUHCJIUTD
Besnuuny N; ;j = N(B:’L, X;,j) — KOJITYECTBO aJI'OPUTMOB U3 Brp,
eanu X, ;. PaccMoTpuMm mpom3BOIBHBIN aaropuT™M a € Bn , 1 0003HAUMM 1epe3 { KOJINIeCTBO
omubok jganuoro anroput™a Ha X NX,. Torga nanusiit ajaroput™m jeaer ¢+t onmmboK Ha 0Oy de-
HUU, U, Cﬂeﬂ;OBaTeﬂbHO YCJIOBHE TOLO, YTO OH He 1epeoDyueH, 3aliChIBACTCA B BUJE i +1 > s(e),

rae 3( ) = (m + p — k). KoruvecTBo ajJroputMoB B B , C TAHHBIM 3HAYEHHEM ITapaMerpa ¢

HerepeoOyYeHHbIX Ha pa3bu-

t
PaBHO C’tC’p . Cymmupys 1o ¢, MOIyIuM KOJTHIECTBO Henepe06yquHmX AJITOPUTMOB:

min(j,p)

Z CIC! i+t > s(e)].

Torna, o Teopeme 16, BEpOSTHOCTD epeodYUIeHHST CTY YAHHOTO MOAMHOXKECTBA Br " » COCTOSITIETO
u3 d aJIrOpUTMOB, JaeTcs CJeayiolei popMyoii:
min(m,¢) min(r,¢—7) d
m _ 7.7
Q (Br N3 d) =1- E E : ‘T%] Cd ) (20)

rae 7, ; 1 N; ; Ollpe/ie/IeHbl BBIIIE. -
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Teopema 17 1O3BOJSIET YTOYHUTH BEPXHIOK OIEHKY BEPOSITHOCTH mepeobyuenns (16).
st aroro Gymem onenuBarh Q. (A;) ¢ momomnpio @E(B;’fp), e d— momuocth A;, m — 4uc-
J10 0OBEKTOB, Ha KOTOPBLIX ommbaiorcs Bce a € A;, 7 — IHCJI0 TAKUX 0OBEKTOB, JIJisi KOTOPBIX
XOTsI OBI JIBa aJropuTMa u3 A; Ja0T pasHyno KIaccudUKAINIO, p — Cpe/iHee TUCI0 OMUO0K -
ropurmoB u3 A; Ha Mmuoxecrse X,.. Ormerum, 4To B JlaHHOM cjiydae onenka Q. (A4;) < Qg(éﬁ?p)
SIBJISIETCST BPUCTHKOII.

JKCnepumMeHT

[TpoBesieM 3KCHEPUMEHTATBHOE CDABHEHHE OIEHKU PACCJIOCHUsI-CX0AcTBa (12) ¢ Tpemst KOM-
ounaropubivu onenkamu (VC- u SC-onenkavn u3 [6], ES-onenxoit u3 [14]) u asyma PAC-
Bayesian onenkamu u3 [15].

B kadecTBe UCXOMHBIX JTaHHBIX ObLIH B3aThl 11 3a1a4d u3 penosuropus UCI [16]. Onucanue
3aja4 TpuUBoOAUTCA B TabJ1. 2. Ha stame npeaobpaboTKu yAaIAIHuCh O0BEKTHI ¢ XOTs ObI OJHUM
npouymeHasiM npusHakoM. [Tocisie 9roro Kaxkapiii nmpusnak HopMuposascst B unrepsas [0, 1].
J11st MHOTOKJTACCOBBIX 3a/ad IeJIeBble KJIACChl OBLAN BPYYHYIO CIPYIIHPOBAHBI B JIBa KJIACCA.

Tabmuna 2: Ouucanue 3a1a4

Bagaua | #00bexroB | #llpusnakos Bamaua #00mbekToB | #llpuznakon
Glass 214 9 Statlog 2310 19
Liver dis. 345 6 Wine 4898 11
Ionosphere 351 34 Waveform 5000 21
Australian 690 6 Pageblocks 5473 10
Pima 768 8 Optdigits 5620 64
Faults 1941 27

Jlis KazkJ10#t 3a/1a41 Mbl BBIIIOJIHSAIA HPOLEYPY HATUKPATHONR KPOCC-BaJIUIAIUN, KOTOPas
zanyckaJsiach 100 pa3 juis ycpeiHeHus: pe3yabTaToB. Takum obpa3om, /Ui KazKkI0# 3a1a91 Mbl
renepuposaau M = 500 pasbuennit X = X¢ X%, i =1,..., M u Boraucysau onenky Momre-
KapJjio g1 cpejiHero yKJIOHEHHS 4acTOT OMHOOK JIOTUCTHYECKON perpeccuu:

. 1 X o o
Or(per, X) = 77 > w(peXy, Xi) — v(ueXy, X7).

i=1
[Tocste aToro Kaxkjas oOydaroiiasi BbIOOpKa X7 MCIOJb30BaJaCh JJIsi BHIYUCJIEHUA KOMOWHA-
TOPHOI OIEHKN Ha YKJIOHEeHHe 4JacToT ormmbok MIP. MuoxkecTBa aaroputmon A, m3 KOTOPO-
ro MOP BeiOWpasn Jgydmmii aaropuTt™, TeHePpUPOBAJIOCH € TOMOIIBIO CIYYANHBIX OIy2KIaHU
0 Tpady pPaCCIOeHUsI-CBA3HOCTH JIMHEHHBIX KiaccudukaTopos [14]. B kadecTBe HAYaIbHOTO
OPUOJIMKEHUS I COYUANHOTO OTYKIAHUS MCIOTB30BAJICS AITOPUTM [irg X7, HACTPOCHHBIH
JIOTUCTHYECKON perpeccueil 1o obydaromieil Bbioopke Xy . /lajiee BHOBb UCHOIB30BAJICH METO/T
Mownre-Kapaio: renepuposanucs M’ = 4096 caydaitasix pasouennii X = XZI_IX,z,j =1,....M'
(mpu £ = 0.8) U BEIYUCIISIACH CJIELYIONIAS BEIMTHHA:

Ml
R 1 . . . .
5€(MaXL) = M ZV(:UXg?XIZ) - V(MXgan)a

j=1

rIe [ — MEeTOJ MUHUMH3AIUYA SMIUPUIECKOr0 pucKa. B 3ak/ioueHne 3Ta BeIHUYUHA YCPEIHI-
gack 1o Beem pazbuenusm X = XY L X% Bemumunnnt 0r(pupr, X) u 6p(p, Xz) cOOTBETCTBYIOT
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Tabnuma 3: CpaBuenue GpakTHIECKOIO MepeobYUeHU U PA3JTUIHbIX OIMEHOK

Ommubka | Tlepeobyuenue KombunaTopubie orenku PAC-Bayes
Task Tect | 6, (LR) | do(pt) VC SC ES AF DI | DD
glass 0.076 0.030 | 0.067 | 0.191 | 0.127 | 0.124 | 0.106 | 1.268 | 0.740
Liver dis. 0.315 0.017 | 0.046 | 0.249 | 0.192 | 0.146 | 0.161 | 1.207 | 1.067
Ionosphere 0.126 0.079 | 0.042 | 0.138 | 0.099 | 0.087 | 0.084 | 1.219 | 1.149
Australian 0.136 0.014 | 0.023 | 0.130 | 0.101 | 0.081 | 0.086 | 1.145 | 0.678
pima 0.227 0.007 | 0.021 | 0.151 | 0.117 | 0.090 | 0.098 | 0.971 | 0.749
faults 0.210 0.011 | 0.008 | 0.091 | 0.070 | 0.046 | 0.060 | 1.110 | 1.054
statlog 0.142 0.004 | 0.008 | 0.072 | 0.060 | 0.043 | 0.051 | 1.102 | 0.746
wine 0.250 0.002 | 0.003 | 0.061 | 0.047 | 0.032 | 0.040 | 0.776 | 0.637
waveform 0.105 0.003 | 0.003 | 0.043 | 0.033 | 0.023 | 0.023 | 0.561 | 0.354
pageblocks 0.051 0.001 | 0.003 | 0.030 | 0.022 | 0.016 | 0.018 | 0.739 | 0.186
Optdigits 0.121 0.006 | 0.003 | 0.043 | 0.034 | 0.023 | 0.026 | 1.068 | 0.604

peasbHOMY TepeoOyIeHUI0 JJOTUCTHIeCKON Perpeccud M ero UIeabHOM OleHKe B PaMKaX KOM-
OMHATOPHOIO IIOIXOIA.

B 1abu1. 3 cpaBHuBAIOTCH caeyiomme seandunbl: 07 (ug, X) 1 0(p, X1 ); dersipe Bepxuue
KOMOUHATOPHDBIE ONEHKH BeJTUYUHbBI 54(/1, X1), oboznauennbie kak VC, SC, ES u AF; npe PAC-
Bayes onenku (o6o3nauensr kak DD u DI). B oriimane o1 KOMOHHATOPHBIX OIEHOK, OMPAHUYH-
BalONuX yKJIOHeHHe dacToT omubok, PAC-Bayes onenku crpaBeyiuBbl HEIIOCPEICTBEHHO J1J1s1
9acTOTH OMMUGOK HA KOHTPOJe (npuBesiena B crogbne «Ommubka tects ). DD-oleHKa yIuThIBaeT
Pa3MepHOCTD MPOCTPAHCTBA MPU3HAKOB U SABJIAETCS 00JIee TOYHOM MO CPABHEHUIO ¢ YHUBEPCATb-
noit DI-onenkoii, cripaBeiuBoil /1 JI000r0 4ncjia TPU3HAKOB.

Kom6unaroprast SC-0IleHKa COOTBETCTBYET —OIEHKE DpAaCCIOeHHs-CBsA3HOCTH 13 [6].
VC-onenka takzxe npusejiena B [6], n ona, B ommane or SC-OleHKH, He YYUTHIBAET HU pac-
CJIOEHUe, HU CBA3HOCTh. ES-omenka [14] ocHoBana Ha GoJiee TOHKOM yueTe PacCIOCHHs, IPH KO-
TOPOM KAasKJbIil aJTOPUTM CPABHUBAETCI CO BCEM MHOXKECTBOM HAJIEHHBIX HUCTOKOM rpada
PACCIOCHUSI-CBI3HOCTH.

AF-onenka, mpejraraemMasi HaMu B JAHHOIM CTaTbe, MOJyYeHA W3 ONEHKH PACCIOCHUSI-
cxozcTBa (12). HTo6Bl MOJHOCTHIO KOHKPETH3NPOBATH ONeHKY (12), HeOGXOAMMO YTOUHHUTD CJIe-
JLyIOTIee: MeTOo/] Pa3bueHus NCXOIHOTO0 MHOZKECTBA airOpUTMOB A Ha Kj1acTepbl, cocod BIOOpa
HOPOXKTATONINX U 3aMPENIANIX MHOXKECTB /I KayKJI0TO KJIacTepa, cnocod ONEeHUBAHUS Be-
POSTHOCTH TepeobyUIeHns KazKI0ro Kiaactepa. B AF-ornenke mopoxpamonine u 3amperiaioinme
MHOKECTBa BBIOMPATHCH B COOTBETCTBUM ¢ (15), /UIsi ONEHKN BEPOSITHOCTH Mepeody deHms Kazk-
JIOr0 KjacTepa ucnoabsyercst dopmyiaa (19), a mpejcraBieHne MHOKECTBA ajiropuTMoB A B
Buge A = A; U --- LU A; IPOU3BOAUTCS C TTOMOINBIO MEPAPXUIECKON KIACTEPU3AINKI TTPU BhI-
Hope paccrodnus JajgbHero coceia. Vlexomnas mMerpuka Ha A omnpejesisieTcss KaK XIMMUHIOBO
paccTosgHTe MKy BEKTOPAMHU OMUOOK aJITOPUTMOB.

N3 sxcmepuMeHTATIbHBIX TAHHBIX CJIEIyeT, YTO MepeodydeHne JOTUCTHIECKON perpeccuu Xo-
POIIIO NPUOIUZKACTCA KOMOMHATOPHON OIEHKOM &(u, Xp) mist MOP. Bee uerbipe komGuuaTop-
HbIE OIEHKH CyImecTBeHHO TouHee obenx PAC-bayes omenok. Cpenu KOMOMHATOPHBIX OIEHOK
HauMeHee 3aBBIIMICHHO OKasbiBaeTcsa KS-ornenka. 3a meil ciaemyer mpejoxkennas navu AF-
oneHka. KaxKIasg W3 9TUX OINEHOK CYIIeCTBEeHO YTOUHsgeT SC-ONEeHKY PacCI0eHUs-CBI3HOCTH.
Viyuarnenne TO9HOCTH B ES- 1 AF-omeHKax 0CHOBAHO Ha IBYX pasJnIHBIX 3P derTax — bosee
TOHKOM y4ere paccoenust B KS-orenke u yuere cxogcrsa aaroputmoB B AF-onenke. [Ipegacras-
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JII€TCS BO3MOXKHBIM, 9TO o0beanaenune ES- nu AF-omenox mosposnt mo0uThes emre GOIBITErO
KavecTBA KOMOWHATOPHBIX OIIEHOK BEPOSITHOCTH MepPeoOyYeHns.

BbiBoabl

B nammoit pabore mnpejiokeHa HOBagd OIEHKA BEPOSATHOCTH IepeodydeHHUsl, YIUThIBAIOIIAS
PACCTOSIHMSA MEK/Iy BEKTOPaM# OIIKOOK aaropuTMoB. OIEeHKa OCHOBAHA HA, PA3JIOXKEHIH MHOZKe-
CTBa aJITOPUTMOB HA KJIACTEPHI, T. €. HA HEIIEPECEKAIOIINECs OIMHOKECTBA, COCTOIIINE U3 aJl-
FOPUTMOB C ITOXOZKMMH BEKTOpaMMn OH_[I/I6OK. ZLTIH Ka>KJ0I'o TaKOT'o KJIaCTepa IPUMEHACTCA BEePX-
Hsisl OIIEHKA BEPOSATHOCTH Iepeo0ydeHus, YIUTHIBAIONAs XIMMUHIOB JIHAMeTp KJacTepa U ero
MoIITHOCTD. [lo amajorum ¢ yzKke CyIIEeCTBYIOIIMMHU OIEHKAMH PAaCCJIOCHUS-CBA3HOCTH JIOKA3a-
HA HOBas OIEHKA, OJHOBPEMEHHO VUHNTHIBAIOMAS U IP@PEKT pacCI0CHHUS MO UUCIY OITUOOK, U
apdekT cxo/icTBa AATOPUTMOB. BBIBO/I JAHHON OIMEHKH CYIIECTBEHHO OIUPAETCS HA TEOPETUKO-
IPYNIoBOil moaxo. JPGHEKTUBHOCTD MOJIYIEHHBIX OIMEHOK MTPOJIEMOHCTPUPOBAHA, HA MPUMEpe
11 zamau w3 penosutopusa UCI. Ilokazano, 4ro mpejjiaraeMblii METOJI B psje CJAyd4aeB JaeT
6oJ1ee TOYHYIO OLEHKY HepeobydeHus 10 CPABHEHHIO C YK€ H3BECTHBIM ONEHKAMMU.
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