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SMIIMPUYECKUNA PUCK,

CKOJIB34IIUNA 9K3aMeH,

bootstrap,

KOMOHHAINK (HECKOJIBKO CTATUCTIK ),

Apyrue CTaTuCTUKM.
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Bri6opounble dyHKINOHAJBI KadeCTBa KJIACCU(MDUKAIAN

L Beenenne

2Keare/ibHBIE CBOICTBA TOYEUHBIX OIEHOK

u HECMGHJ,éHHOCTb,
B COCTOATEJ/IbHOCTD,

m 5P HEKTUBHOCTD.

B ommame or onenHnBanus mapamMeTpoB OIEHUBAHME PHUCKa
HOJIPa3yMeBaET OllCHUBAHUE CAYYaHON BEJIMYUHBI.
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LHOCTaHOBKa 3a0a9u

OcHOBHBIE TTOHATUI

[Iycts X — mpocTpaHCTBO 3HAYEHUIT TEPEMEHHBIX,
UCIIOJTB3YEMBIX JIJIsT TPOTHO3A,

Y ={0,1} — upocrpancTBo 3HaUEHUI IPOTHOZUPYEMBIX
[IEPEMEHHBIX,

C' — MHOXKECTBO BCEX BEPOSITHOCTHBIX Mep Ha 3aJJaHHOM
o-ajrebpe monaMHOXKeCcTB MHOYXKecTBa D = X X Y.

IIpu xaxkgom ¢ € C' uMeeM BEpOSTHOCTHOE IIPOCTPAHCTEO:
(D, B,P.), rne B — o-anrebpa, P. — BeposiTHOCTHas1 Mepa.
[Tapamerp ¢ GymeM Ha3LIBATL CTpaTerueii MPUpPOIEbL.
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LHOCTaHOBKa 3a0a9u

Puck

Pematomieit dyukimeit (aaropurmom Kiiaccudukarmnm)
HasbIBaeTcs cooTBeTcTBrEe A: X — Y.

KauecTBo npunsgToro perenust OneHUBaETCs 3aaHHOM
bynkmmeit moreps L£: Y2 — [0, 00).

0, y=y’

Honoxum L(y,y') = {1 v

HO,ZL PUCKOM 6yﬂel\/l IIOHUMATb CpeHUE I10TEPU:

R(e,\) = EL(y, A(z)) = /D Ly, Mz)) Po(de, dy),

reX,yeY.
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LHOCTaHOBKa 3a0a9u

Metoj1 ocTpoeHusT peralonux Oy HKIT

Iycts Q: DV — A — meron (airopuT™) mocTpoeHus
pematomux Gynknuii, A gy — QyHKIus, ToCTpoeHHAA 1O
BBIOOpKe V' MeromoMm (), A — 3aaHHBII KJIacc PEraronx

dyHKIHIIL.
Metos (), MUHUMU3UPYIOIHH SMIUPUIECKUIT PUCK, €CTh

Aoy = arg I)Tleljr\l R(V,\).
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I—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

OMIUPUIECKIIT pUCK

Hycrs V = {(2%,y*) € D|i =1,..., N} — ciyuaitnas
HezaBHCHMAas BRIGOPKa U3 pactpesenenus P., V € DV,

OMIMPUIECKUIT PUCK OIPeIe UM KaK CPEIHHe II0TePH Ha
BBIOODKE:

_ 1 X , .
R(V,2) = 5 DLy @),
=1

DyHKIMOHAI, TOCKOIBKY GYHKIW OT (perarormeil) GyHKImn
(1 BBIGODKN).
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I—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

CroiicTBa SMINPUYIECKOTO PUCKA,

B [IPOCTOTA BHIYUCJIEHUS,
B CUJIbHAA CMENIEHHOCTD,

B COCTOATEJIbHOCTD IIPU COOTBETCTBYIOIIEM OI'DAHUYICHHUUN Ha
CJIOZ2KHOCTb MeTO/a.,

B MaJiad JUCHEpPCHUudd.
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I—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

KonTposibHasi BEIOOpPKA

Hycrs V* = {(2%,y") € D|i=1,...,N*} — «HoBas» ciydaitnas
He3aBHCUMasl BLIOOpKaA 13 pacupenerenus P, V* € DN,

OrneHKy pHCKa OIpeIe/InM KaK CPeJIHUEe TOTepr Ha KOHTPOJIBHOI

BBIOOPKE:
N

R*(V*)\) = Ni D Ly A@).

=1
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I—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

JloBepuTe/IbHBIIT MHTEPBAJ B CXeMe bepHysiim

Onnocroponnuii narepsad [0, p|
Z Cz AL )N—i = a.

JBycroponnuit uarepsas [pi, p2]

ZCsz (1—p2)™ ZCNIH (1—p)N

=0 i=M

oo
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I—Bbl6opoqﬂme byHKIHOHAJIBI KadecTBa

[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—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

CgoiicTBa OIEHKN 110 KOHTPOJILHOI BBIOOPKE

B IIPpOCTOTa BBIYUCJICHUA,

B HECMEIEHHOCTD,

B COCTOATEJILHOCTD,

B U3BECTEH TOYHBIN JIOBEPUTEJIbHBIN UHTEPBAJI,

m 5hdEKTUBHOCTD (HE B TOM CMBIC/IE, B KOTOPOM XOTEJIOCh

6b1),

m TPeOyIOoT HOMOJHUTEILHON BBIOOPKHM.
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I—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

CKoJIb34IIInil 3K3aMeH

cDyHKH,I/IOHELJI CKOJIB3AIIETro 9K3aMEHa OIIpeIe/IdeTCA KaK:

o 1 N . .
R(V, Q) = N Z »C(ylv )‘Q,Vi’ (xz))v

=1

re V! = V\{(2%,y")} — Buibopka, nosyuaemas uz V ynasenuem
1-T0 HADJIIOHEHNS,



Teopema

ER(VN,Q) = ER(Vy-1, Q).

JlokazaTeabCTBO 3JIEMEHTAPHO, XOTsI HEOUEBH/IHO.

«0O>» «F)Hr « =

3

<4

>
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I—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

Cross-validaton

K-fold cross-validaton: ucxoauast Bbibopka paszbusaercst Ha K
paBHBIX dacTeil (11t mpocToTsl mojaraem, yto N kparao K).

N

o 1 ) ;
RE(V,Q) = 5 DLW Agux(a),
i=1

rie V;K — BBIOOpPKA, morydaeMasi u3 V' yrnajeHueMm Bceit
MMOJABBIOOPKH, KOTOPOIT IPUHAIIEXKUT - HaAOIIOIeHIE.
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I—Bbl6opoqm>1e byHKIHOHAJIBI KadecTBa

PElBHOBI/I,ZLHOCTI/I CKOJIB3A4IIIEero 9K3aMeHa

leave—one—out,
k-fold crossvalidation,

caydaiiHbIe MOIBBIOOPKH,

co crparuduKaiuei.
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I—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

CBoiicTBa OLIEHKH CKOJIB3SIIIEI0 SK3aMeHa,

B OTHOCHUTEJ/IbHasd IIPOCTOTAa BBIYHUCJICHUAI,

u HQCMGHIéHHOCTI) (He B TOM CMBICJIE, B KOTOPOM XOTEJIOCh

Obi),
B COCTOSITEJIbHOCTH (He JloKazaHa?),

m GOJIbIIAad QMCIEPCHs, HET IPUEMIEMbIX OLICHOK
JIOBEPUTEIHHOIO HHTEPBaJIa JJisl PUCKa (€CTh SMIMPHYECKHe
CBUIETENLCTBA, YTO TOYHOCTh CPABHUMA C KOHTPOJIEM
[IOJIOBUHHOI JIJINHBI).
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I—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

Bootstrap

Omnenka bootstrap ecrb
R(V,Q) = EWEZﬁ v(@9),

rne V — BBIOOpKA, Tojiydaemasi u3 V myteMm [N-KpaTHOTO
CJIydaiiHOrO (PaBHOBEPOSITHOIO) BBIOOPA €e 3HAYEeHUH ¢
[IOBTOpPEHUsAMH, Jy — MHO2KECTBO UHJEKCOB 00bEKTOB U3 V', HI
pas3y He BHIODAHHBIX B V, MaTeMaTU4YeCKOe OXKHUJIaHUe
IIOPa3yMeBaeT yCpeJHEeHNe 110 BBIOOPKaM V.

Beuay Toro, uro orenka bootstrap sBiisieTcst cMeneHHo, Jare
HCIIOJIL3YIOT €€ B KOMOWHAIINN C SMINPUIECKUM PUCKOM

R(V,Q)=e'R(V,Q)+ (1— e HR(V, Q).
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I—Bbx6opoqm>1e byHKIHOHAJIBI KadecTBa

CsoiicTBa onenku bootstrap

OTHOCHUTEJ/IbHadA BBICOKaAd pr,ZLOéMKOCTI) BBITUCJICHNI,
HpI/I6JII/IBI/ITeJH)Ha5{ HGCIVIQHJ,éHHOCTb,

COCTOSITEJILHOCTD (He JoKa3aHa?),

JUCIIEPCUsA HEUM3BECTHA, HO, BEPOATHO, MEHbLIIIEC €M Yy
CKOJIB3/IIIero saK3aMeHa.
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LHp[/IMepbl

['ucTorpaMMHbBIi KiaccuuKkaTop

[Iycrs X = {1, ..., k}. Torna Bepositnocrrast mepa P.[D], ¢ € C,
3aJ1aeTcsl HAOOPOM BEPOSITHOCTEI

aj =Pz =j), pj =Ply=0]z =)

Bribopka npesicTaBiasgeTcs COBOKYITHOCTBIO AP

V = (vj|lj = 1,k), v; = (mj,n;).

Pemaromast GbyHKIMs MEHIMA3APYET SMINPUIECKUIT PUCK
HE3aBHCUMO B KazkJ10ii Touke x € X: f(x) = I(mj < n;).
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LHp[/IMepbl

Boerpazkenus jjid pucka

R(V) = #(mj,n;),
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L ITpumepst

CpaBHeHIE OLIEHOK

Hudpamu 0603HATEHDL:
1 — smmupuyecKuit puck, 2 — CKOJIB3AMMIN SK3aMeH,

3 — koMmOuHupoBanHast bootstrap, 4 — onTUMU3UPOBAHHAS.

0.2

Xmn 2 S

a5 / 0:18 a\

3 /
25 / 3

2
=

0.5

~C




Bpi6opounble (pyHKIMOHAJIBI KadeCTBa KJIACCUMUKAIIU

I—KaquTBo OIIEHOK

KadgecTBo oreHok

B obmmiem citydae oreHOUHBIM (DYHKIIMOHAT — 9TO HEKOTOPas
GyHKINST BEIOOPKM.

Kauectso smmmpuaeckoro dyuknnonanta R(V, Q) Kak oreHku
pHUCKa OOBIMHO XapaKTEePU3YIOT CPEIHUM KBAIPATOM YKJIOHEHMUS,
T.€.

A=E(R(V,Q) - R(c, \ov))*.

CymiecTBeHHasl pobJieMa 3aK/IF0YaeTCsl B TOM, UTO BbIPAYKEHUSI
3aBUCST OT ¢ — PaCIpeieieHnsi, KOTOpOe HEU3BECTHO.

Kpome Toro, omso n To Ke OTKJIOHEHNE IPU Pa3HbIX 3HAUEHMSIX
pUCcKa MMeeT Pa3Hyio 3HAYNMOCTb.
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I—KaquTBo OIIEHOK

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—KaquTBo OIIEHOK

SMHI/IpI/I‘IeCKI/Ie JOBE€PpUTEJ/IbHBIEC NMHTEPBAJIbl AJIAd PHUCKa

DMIMpUIecKil JOBEpUTENbHBIN HHTEpBaJ Jyist R 3a1auM B
suze [0, R(R(V))].

HpI/I 9TOM JIOJI2KHO BBITIOJIHATBHCA YCJIOBHUE!
Vee C,P.(R< R(V)) >,

rje 1) — 3aJ@HHasl JJOBEPUTEIbHAST BEPOSITHOCTD, a C —
9BPUCTUIECKN BBHIOPAHHOE MHOXKECTBO PaCIIPEICJICHHIA.
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I—KaquTBo OIIEHOK

CpaBHeHne WHTEPBAJIOB
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I—KaquTBo OIIEHOK

Cxema OIleHUBAHUsT PUCKA,

R

Xyamie

=
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L Brisoasr

SaMeuyaHusd

B HAWIYYIIANA CIIocod OIEHUBAHUSA PUCKa HEM3BECTEH,
B Ha MPAKTUKE OOBITHO MCIIOJIB3YIOT CKOJIB3SIIUN KOHTPOJIb,

m 110 0Oy9aroIell BbIOOPKE HET MPUEMJIEMBIX OIEHOK
JOBEPUTEJIBHOTO MHTEPBAJIa i1 PUCKA,

B II0JIE3HO HCIIOJIb30BATH CTATUCTUYIECKOE MOJC/IMPOBAHUE.



	
	 
	  
	
	 
	

