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OneHnBaHne BEPOSITHOCTH OMMOOYHOM KiacCuduKaluu

L Beenenne

Annorarus

BymyT paccMOTpeHbl BOIIPOCHI OIIpeie/IeHusT TOYHOCTH OIIEHOK
Ha OCHOBE SMIIPUYECKOTO PUCKA.

OcHOBHOII BKJIaJI, B IOIPEIIHOCTD JAET CMEIEHHOCTD
SMIIPUYECKOTO PHUCKa. B acCUMITOTHKE TOJIBKO OHA U OCTAETCS.
B JaCTHBIX cnyqaﬂx OKa3bIBaeTCd BO3MOXKHBIM CAe/JIaTh TOYHBIC
aHAJIMTUYIECKIE OLCHKH.
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L,E[osepnTeanbxi/‘x MHTEpBaJl B cxeMe BepHyin

JloBepuTe/IbHBIIT MHTEPBAJ B CXeMe bepHysiim
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L,E[osepnTeanbxi/‘x MHTEpBaJl B cxeMe BepHyin

HopwmaJsibaoe nmpub/nzkenme

Obo3nauum v = %

meer mecTo onenka

N
Pllv—p|>e)=1-@ <M> <1-®(2eVN) < e~ 2N
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rie ®(z) =2 [ e — pynkmus Jamnaca.
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L,E[osepnTeanbxi/‘x MHTEpBaJl B cxeMe BepHyin

Yr1ouHneHune

Jpyroit BapuanT
PPl o) a1 (2eVA) < N,
p(1 —p)
[Tpeobpazyem HEpaBEHCTBO

lv —pl

) > 2, (v—p)?>4e’(p —p?).

[Mostyunin noBepuUTe/IbHBIN UHTEPBAI B (POPME DJLINIICA.
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L,E[osepnTeanbxi/‘x MHTEpBaJl B cxeMe BepHyin

Cirydait KOHEYHOIO MHOYKECTBa, PEIAIONINX TTPABILIT

[Iycts L — amncyo permaionux QyHKIWi .
Nmeem

P(VA, [va —pal > ¢) < Le 2N = mL-26*N

Ucnonszosamm P(>] A;) <D P(A;).

[Tosryaaem
2N '
O6osHayuM Kk = % Torna % ~ 2e2.
[TonygaeM cooTHOIIEHNE JJIsT OLEHKU JOBEPUTEILHOIO
HHTEPBAJIA

k(v —p)* = 2(p — p°).
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L Ounenku Bannuka-YepBonenkuca

JloBepuTebHBINT MHTEPBAJ JIJIT PUCKa,

Iosepuresbubiii uarepsan 1ist R samgamam B uge [0, R(V)],
rie R(V') — oneHouHast GyHKIMs WM IPOCTO OIEHKA (PHUCKA).
ITpu 9TOM JOJIKHO BBIIOJIHSTBCS YCJIOBHE:

Ve, P.(R< R(V)) >,

rjie 1) — 3aJlaHHasl JIOBEPUTE/IbHAsT BEPOSITHOCTb.
Ha npakTuke MHTEPBAIBHYIO OIEHKY Oy/IEM CTPOUTH KaK
R(R(V')) ~byHKIMIO TOYETHON OIEHKH.

KauecTBo nHTEepBAILHOI OLEHKU OyJeM XapaKTepu30BaTh
sesmannoit ER(V'), KoTopast 3aBUCHT OT ¢, B BHJLY 9€ro BBIOOD
HAMIy4IlIeil OIeHKN CTAHOBUATCS MHOTOKPHTEPHUAJILHON 3a1adeil.
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I—OueHKn ISl KOHEYHOI'O MHOXKECTBA KJIACCU(PUKATOPOB
BunomuanbHoe pacipeaeseHme

[Iyctsb p — BeposiTHOCTDL «ycmexay B cxeme Bepuymm. Jlns
GUKCHPOBAHHOTO KJIaCCH(PUKATOPA B POJIU P OYIAET BBICTYIIATD
BEPOSITHOCTDH OIINOKH.

O6o3naunm depes £ = % — CIAyYalHYIO BEIUINHY,
MIPEJICTABJISIONLYIO CODOM JIOTIO ONTUOOTHO

KJIacCuUINPOBAHHBIX 00BEKTOB 00yJaroIieil BLIOOPKH,
B(y,N,p)=P(¢<y)= ¥ Cy'l-p)"' -

0<i<N~y
KYMYJISTUBHOE OMHOMHUAJILHOE PACIPE/Ie/IeHNE.
Unmeem P (£ <) = B(vy,N,p) — BepOATHOCTD IOy IUTD JIOJIIO
ommbOYHO KIACCU(DUIMPOBAHHBIX 00BEKTOB (IMIMPUIECKUiL
PHCK) MEHBIIIE 7.
Ecin npupaBHATL JaHHYIO BEPOSATHOCTH 3aJaHHOMY YPOBHIO
SHAYNMOCTHU &, TO HOJIyLII/HV[ ypaBHeHI/Ie, CBgA3BIBaloOIIee p u ")/
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LOueHKH ISl KOHEYHOI'O MHOXKECTBA KJIACCU(PUKATOPOB

Onenounast pyHKIIA

BripasuB p Kak (YHKIHIO 7, HOJIYIUM IPAHUILY JOBEPUTEIHLHOTO
MHTEPBAJIA JIJIsI BEPOSITHOCTH ONIMOOTHON KIIACCH(DUKAIIL.
[Tycrs p(y) — dyukus, 3ajaBaemMasi ypaBHEHHEM

B(v, N, p(v)) = a. OgeBuao, IT0 ist J060T0 P BLIIOIHAETCS

P(p > p(£)) < o
PaccmorpruM KoHEYHOE MHOXKECTBO KJtaccudukaTopos A,

|A| = L. Jna xaxgoro A € A onpejienieHa BEpOsiTHOCTh
ormmbo4HOi Kiaccubukarum p(A).
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LOueHKH ISl KOHEYHOI'O MHOXKECTBA KJIACCU(PUKATOPOB

Onenkn Bamnuka-YepBonenkuca

O6ozuatnm A(A) — coberrue p(A) > p(y).
Nmeem

P(oA@)) > 5(7) <P [ S AN | <Y P(AW) < aL.

AEA AEA

[Tpu noeepurenbHOil BepositHOCTH 1) = 1 — oL bymkrmst p(7y)
SIBJISIETCS JIOBEPUTEIbHBIM UHTEPBAJIOM JIJIsT PUCKA TIPH JIFOOOM
merojie A(v) Bbibopa perarormeii dynkimn u3 A.

B orenke mpucyTCTBYIOT TPU HEPABEHCTBA, KOTOPhIE BHOCST
MIOTPEITHOCTD, 00bICHIEMYIO COOTBETCTBEHHO

B 3pdeKToM «paccIoeHus» KIacCUPUKATOPOB,
B 5hPEKTOM «CXOACTBaY KJIACCU(DUKATOPOB,

m 3hdekToM Juckperusanun (HeCyIecTBeHEH ).
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|—OLLeHKI/I 7151 KOHEYHOTO MHOYKECTBa KJIACCU(PUKATOPOB

[Iprmep KpUTUIECKOTO MHOXKECTBA

IIycrs L =2, Aa(z) =1 — Ai(x), p = P(y = 0), m — KommaecrBo
06bekToB y = () B BEIOODKE.
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I—TO‘{Hb[e aCHUMIITOTHYECKHE OLEHKH

Tounble acuMHITOTIYECKHTE OLICHKN

IIpu N — o0, k = % = const onenka Bamnunka-YepBonenkuca

IIPUHUMAET BUJL

H(3,p0)) =

riae H(vy,p) = vln% + (1 —'y)lni_fz.
Perenne py () 1aHHOrO ypaBHEHHsI OKa3bIBAETCSI
HeyJTydaeMoil (6e3 UCIIOIb30BaHUsT JOOJTHUTEIbHOI
urbOpPMAIUK) aCUMIITOTUYECKOH OIEHKON PUCKA HA OCHOBE

SMIIMPUECKOTO PUCKA.
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I—TO‘{Hb[e aCHUMIITOTHYECKHE OLEHKH

[IpuMmep, MoOKa3bIBAIOMINI HEYTYyYIIaeMOCTh

[Iycrs nan Habop OMHAPHBIX ITepeMEHHBIX X1,..., X[ U
MHOZKECTBO KJIACCU(UKATOPOB A1, ..., AL, IpUIEM A\
[IPUTIACBIBAET O0BEKTY KJIACC, HOMEDP KOTOPOI'0 PABEH 3HAYECHUIO
j-it mepemenHoit, To ecthb fy. () = ;.

Pacnpenenenne B D 3amaeTcs CJIeAyOmmM 00pa3soM:

-

P(z,y) = P(z|y)P(y); P(z|y)=]]P(z;ly);

Il
—_

j
Py =0) =po; P(zj #yly) =p,

TIe po U p — HapaMeTphbl paclpeie/eHus, IpuieM BeIOOp Py He
nMeeT 3HAYCHUS.
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I—TO‘{Hb[e aCHUMIITOTHYECKHE OLEHKH

Onenka pucka,

ITo mocTpoenmio, pucK Jyid J000ro0 KaaccuduKaTopa A; paBeH p.
Tounast BepOSTHOCTH BBIXO/Ia U3 JIOBEPUTE/IHLHOTO MHTEPBAJIA!

P(p(A(1)) > p(7)) = 1 — (1-B(7,N,p))* = 1-n.

OkasbiBaeTcst, YTO MOIPEITHOCTD OTeHKH union bound
(BEPOSAITHOCTH CyMMBI Y€PE3 CYMMY BEPOSITHOCTEN ) Jist
HE3ABUCUMBIX COOBITUI B 9TOM KOHTEKCTE HECYIECTBEHHA.
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|—Tom—xme OIIEHKH B JMCKPETHOM IIPOCTPaHCTBE

Knaccudukalys B IUCKPETHOM TPOCTPAHCTBE

[Tycrs X = {1, ..., k}. Torga Beposirnocrrast mepa P.[D], ¢ € C,
3a/1aeTcsa HabOPOM BEpOATHOCTE

Bribopka mipejicTaBisieTcst COBOKYITHOCTBIO TIAD

V = (’Uj|j = 1,k), Uj = (mj,nj).

Pematoniast GbyHKIMsS MUHIMU3UPYET SMIMPHICCKUAN PUCK
He3aBUCHMO B Kaxkoi Touke x € X: f(z) = I(m; < nj).
PaccMoTrpeHHBIi ciIydail cCOOTBETCTBYET THCTOIPAMMHOMY
KJIaCCUPUKATOPY.
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|—To'~mb[e OIIEHKH B JMCKPETHOM IIPOCTPaHCTBE

Tounble OIEHKN B AUCKPETHOM CJIydae

_ N _
llpu N — oo, kK = 7 = const Jyig JIUCKPETHOTO CJlyvas

HaiileHbl TO4YHbIE 3aBucuMocTu g S = sup ER — ER.
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OrneHnBaHNE BEPOSITHOCTH OIMIUOOYHON KJiacCUpUKAIAT

LTqub[e OIIEHKH B JMCKPETHOM IIPOCTPaHCTBE

Buj cemeiicTBa OIEHOYHBIX KPUBBIX
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|—Toqx-xb[e OIIEHKH B JMCKPETHOM IIPOCTPaHCTBE

«Hamxymimee» pacupeaesnienune
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|—Toqx-xb[e OIIEHKH B JMCKPETHOM IIPOCTPaHCTBE

[Ipn manbIx puckax
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|—Tom—xme OIIEHKH B JMCKPETHOM IIPOCTPaHCTBE

Oryinane ob1ero ciydast

B JcKpeTHOM mpocTpaHcTBe 3 k Touex Bo3MoxkHo L = 2F
penaronmux IrpaBuJI.

B mpumepe (Langford, 2002), nemoncTpupytorem
JOCTUZKUMOCTDL OII€HOK BaHHI/IKa—qepBOHeHKI/Ica, YUCJIO TOYEK
pocTpaHcTBa cocrasisier k = 25

Tunoresa: Jiist ajarebpamdeckKn 3aMKHYTBIX KJIACCOB PENaloNnx
[IPABUJI ACUMIITOTUYECKHE OIEHKU PUCKA He TIPEBOCXOIAT
OLIEHKHU JIJIsl JINCKPETHOIO CIIyYasi.
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LSMHI/IPH‘IGCK[/IE OLIEHKH

[TapameTpudeckne ceMeiicTBa MOJIETBHBIX pacipeaeaeHunit
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LSManmqecxne OLIEHKH

Pesynbrars! /11 JIepeBbeB peleHnii
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L Brisoasr

SaMeuyaHusd

m onenku Bamnnunka—YepBoHeHKNCa CYIIECTBEHHO HE
yIIydITaeMbl 6€3 UCIIOJIb30BaHudA 0oJiee TIOTHOM
nHQOPMAITNH,

B MaKCHMaJIbHOE CMEICHUE SIMIIMPUICCKOIO PUCKA
JIOCTUTaeTCAd Ha JIByX CeMelcTBax paclpe/ie/IeHuil u
AIIIIPOKCUMUPYETCsI IIPOCTHIMU BBbIPa*KEHUSIMU,

B OIEHOYHAs KPWUBAasi IUHCTBEHHA C TOYHOCTHIO JIO TOJI00US,

B OIIEHUMBAaHUE [TapaMeTPa CJI0XKHOCTH MOXKET OBbIThH
IPOU3BEACHO MOJCINPOBAHUEM Ha <«HYJICBOI» CTpaTeruu,

B «HauUXyJIlee» pacupeesieHne HEOTHOPOIHO MO CTEIICHN
«IIepeMeIIaHHOCTA» KJIacCOB,

B Hall/IcHHBbIE BAPUAHTHI «HAUXYIIINX» PacCIpese/IcHN MOTyT
HCIIOJIB30BATBHCA ITPU ITOCTPOCHUN SMIIMPUICCKUX
JOBEPUATEIBHBIX NWHTEPBAJIOB.
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