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X} bk S TE, 15
—a 1 1 1— 1—
¢ = e+ l=— == “ & 92a=1In <
ed +e  e2o 4] €t €t €t

1 1-—
:>Oét:2ln< 6t>
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B (8.11)0 MZFTLAKEL, 24 e = 1 I, oy — oo, BEMPHRA T JEARIE th 5L 2648 e DUE, X AR AT HE
T AT AR AR, B TIRR SR, R —E &, —BEO0 R SRR E I gR e By JeiR s
RNEEEN 0 By 32, (B AR FrbA—/BAE AdaBoost W {1 5570 268, Asksfepsie (RITE:
JERSR) -
7356, A EAE AR R BREL Loxp (Hi—1 + ah | D) HIHES AT PAK I
D

lexp (Hi—y +ah | D) = ZD (@) e~ @) Her (@) o= f (@)ah(@:)
i=1
|D|
- Z D, (x;) e~ (@)ah(@)
i=1
% 5 FEER K BB Loxp (qihy | Dr) BYFAR A —EL
Ecxp (atht | Dt) = Emet [6—f(a:)atht(w)]

|D|
= Z Dy (x;) e~ f(@ath:(z:)
i=1

ifi Dy (x) BT FEH AN Lexp (Hi—1 + b | D) K/ MEEAE, FtE/IMERX (8.9) S THrIME
loxp (Hy—1 + ah | D), X323 (8.9) MKy, #H o,

BN Ik, BOE—SER T CVERAS” T 8.3 HES 3 ATHY by B9IIZE OFITREINZRRE). B 6 [THIAE
o WA AR 74797340 Dy BB 2 2R P BRI

8.2.17 b LIARALE TR A X
Adaboost JFE G SCER [1] 55 12 U0 (pdf /%5 348 T1) AU FHER, WES-3HR:

COROLLARY 2. After each update to the weights, the weighted misclassifi-
cation error of the most recent weak learner is 50%.

PrROOF. This follows by noting that the ¢ that minimizes J( F + cf’) satisfies
AUt el
de =

(21) _E[e—y(F(x)+cf(x))yf(x)] =)

& 8-3 Adaboost JEIA CER IS 2

Bl Powp, (he—1(z) # f(x)) = 0.5 o HEEAHITEARBNZ, by 7EXERSE D £ 72408 Dy W22
RN 0.5, RIS FREDUS I (FfAkny 0 Rasie 7 RiREN 0.5, B3l RiRZzEN 1 M4 T
RN O, PUMKRFIIEE R BGE R BER 17) . 1M he f15X (8.18) 152

hy = arg}fninEmwt [I(f () # h(x))] = arg}fniﬂpwwt(h(w) # [())

B he RACEAEEE D b 431k Dy B RIRZEERyINK 268, RITERIREE D . 434k D, B, by 22
AT RAR, T by BB ZEM AN 88, BB 220k “TORA" 26 8.1 I 8.2 TR T “4
BN, SFTIANE " BT RASE Ry F1 2y JER R[ET . UERHANT:
YT hiq 5'615‘37 ﬁ’%lﬂn&% €t—1 j:l
€i-1 = Pop, , (he-1(w) # f(®)) = Banp,_, [[(h-1(x) # f())]

|D|

= Zpt_l (;L'Z)]I (ht—l(w) 7& f(iL’))

| DI

— iz1 D1 (@) L(hi—a () # f(=))
S D, () Lo () = f(2)) + 202 Doy (20) L(ho () # f(=))
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FES ¢ 4, MRARI A EHT A5 (8.19) B “PRE” | 8.3 5 747 (MG Z,1 NHE):

D, = Dia 6_f(w)at—1ht71(w)
Zi 1

Hoieea (8.11), 2 ¢ — 1 RAAE

1. 1—€_4 11—
Qi_1 = —1In =In
2 €t—1 €t—1

A Dy ByZE, W

Dy etm i
T e i b (x) = f(x)
Dt — { Zi—1 1 t—1 t

% . \/? , if ht_1<$) # f(m>

W2 hey TEHIEEE D b 9348 Dy WHDRIRE Poap, (he-r(z) # f2) ) 28 QEE, FE AT
BET L R I (z) = f(@)) + (b (@) # f(z)) = 1)

Ponp, (hi1(2) # f(®)) = Earp, [[(hea(2) # f(2))]

ZIDI Dt (mz) (ht 1 (w%) 7"é f(mz))
TS PID, @) L (hey (w0) = £ (@) + 2L D, ()1 (hey (1) 2 f (1))

Z\D\ Dthl(ff .\/T]I (ht 1 (mz> # f(x%))
S PR [ (h ) = £ ) + S0 2 ST () £ (20)
F ZIDl Dy () I (hemy () # f (1))

= P D (@) T (e (=) = + /==t P D, (@) T (e (20) # 1 (22)

l—€r1
€t—1 et_l 1

€t—1 | (1 _et—l) + 1—6j71 €1 2

l1—€1

8.2.18 REMSHLZHTBUFEA I ALY ) 51k

1t Adaboost FIRAIHES AR H, FATABLRENS 12 52 M 1Al BUREAS Y SEA A RER BF A IR A2 Ad-
aboost MHERL PR R 8% o PRI 28— SEREAG I S A AURE AR (1 B2 ) BRI B 1, 20l SVML Al
T REPUBRIEE TP (SGD) Byxf [l :

FCSL AR AT B X SVM SR, #H3F “PERAS” P130 BURyffe H sz (6.29) Aedid, 5 BRI
I, B REAS R 2 Lojy (vi (wT e +0) — 1) EHEAIIN, BREARUE SR D (z) = o, Hh om 8L
ke D ARG EAEARBUE SN Dy (2:), WL SR RANT N %48 K

=1
245 D (i) = o Bedhe Dy (a0), WG MFEARRBIKR Loy (i (wTa, +0) — 1) EEAIIN. WILEBUS, K
JRHEFER P2 (6.39), 1 C = i + i 2N

PEMH i >0 5H 0<a; <C-mDy (x;) -

XETET UL T (SGD) ARSI, SRR EEVLERE— MEAUEA TR I, R BRI Bk
BRaX (3.27), BEHME MRS BI A ], AU T D (2) = o, o EFEABUEERH Dy (), WA
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T SVM, #afaX (3.27) HEELRH ¢« WA mD, () BT, AH 24 TR BEHURS BT e e R AR I AR
Dy, (ﬂ%) Jﬁ*%ﬁé$ x; Bi],

HE, XHEEMEK AP TR m o KRN TEE SRR I ASRIIE, A0 (6.29) #5
WA (3.27) A o WIRTRANE m HGHHs. SR B0 S/ ME X (3.27) S2bs B A4, X T
(6.29) KU AL FSHL C M N kAT m AR

MR, BN TR PI77 SH=Berh i, X IO AR A B B2 S BNk, T al e R A
WK ORACE, BITERE—5e 27~ o, ARIEREAS A I G TR AT R, 7 JERAE M A AR A SRR oy 2]
RUEATUIE

8.3 Bagging SFiHLARbk

8.3.1 R (8.20) MfEkk

I(ho(x) = y) F70 T AL, B MRAMSRESS v —30, v IWIE—HE —1 A 1, &
RS BRI 5 W T (h(2) = y) = 1, WEREERALENGEN, W (¢ D) =1, GAtE
Fbi, SMANGEEE, BRI S AME TS, B 1 s,

8.3.2 X (8.21) Mk

H20 (8.20) %1, HOP(x) RATAMAMTT, A FR TR MBS AR AL, B8Nz iR/
FAMETE . HRAEARNERERA D | (g% D AN, Wit 2RI B T A 35288104 3 it
HMEARI IS MG EE D o SEFs b, XSS AR R U R, FTDATT S —F: REARIR T
WRIAER K 0.632, HR2 T ML BEHLR LS BT AR 0.6327, 24 T =5 i}, 0.6327 ~ 0.1, 24
T =10 i}, 0.6327 =~ 0.01, X2 KEMWTE T MRS LEENS AR IMERTPIFERINGE D MR
SR

8.3.3  BHHLARAAfERE

1E 8.3.2 FTTf s — ATt e 1 BENLEARMR AU BEALARMOE Bagging H)— M REARIR, DA
Wy B2 2] 4 Bagging SRBUW RS b, dE—2PAE SRR I ZRd BRI T P E M FE

SERM ARG SRS T, X RUURITE A R (1) ARSI N B2 ) A (2) AEBEA ) Al 2k
AR, PRI SR Ak A S A AR R A TR

8.4 &i{yiemg
8.4.1 X (8.22) MufRk:

Xof B A A R AT ] B2

8.4.2 X (8.23) MRk

Xt KA AR AT IR o
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8.4.3 WP EERIERBE B RE

“PHJRAS” el 183 B ® 1RSSR (hard voting) MRS (soft voting), A= UL ARt 3 2 4%
SERRTESORTE R K 2, A SCHPRCA majority voting. AN NHEIA LG, MM majority
voting (ZHHIR), PALZMM probability voting (H#EHRIE), BriAid 2 R4 MR A LR R % .

8.4.4 R (8.24) MfRFE

H@ﬁ:{q, if S0, hi(@) > 050, XL, b (@)

reject,  otherwise.

MH—AKG § RS RS, KT SR 5, MIRERZI j A LR

8.4.5 & (8.25) Mk

H(w) = carg max 3T | hY(z)
J

FHEC T HASER, % § R RS R Z AR, WIS § iR A 458

8.4.6 R (8.26) MfffE

H(IB) = Carg max 3T w;hd(x)
J

FHECTHAB, A j BRI R A R R R, eI § i aiit, S50 (8.25) A
2, BRFERE SRR E— IR, AR TET 0, H T AMEZAA 1.

8.4.7 JL*2)7% (meta-learner) IR

et 183 T Ja— 474 s 7 otss ) dr (meta-learner), fRIFAMRRE—T, OVBEAR meta (1935 SCH
Xt BEARE SO % O AR A T B

G (meta), dEFAIGE, BIAIBLARAE L, BINRG: 4%, BB ULEE T2 I a2~ 4 T3 ohie A
JUHEE , bR ENUEFIIE S AR, IR A

FON, IR AR BLIIE A meta-strategy, BIJCHRIEEOCT %, HATBARIIPTTE L2 2 72K M,
AP T— M7k, Bl ARHESEA AR (s0uh i 2R BIMCRE A AR L) | RIS PR T 2 73
RIFIEBATION , X HRE 5 IA AT AR e —Fid FRHESE . & mAREI X2 0 KU &, (HEFREHEA
HARZ 2RI G A RS, I AR Ty ik — MR ERA TR, W LARR 2 —Fh meta-strategy .

8.4.8 Stacking H LR

DEFCICEA T, XET AR, SR T RIS, AR LB 4
BT AR, 8/ A A A S

AN CHEORNE R RIS AT, (DL T Y R T A R LT
W], AT REA, BRI ARFIE, 2S00 BRI, BEATEU R T
SEERITTA G, AR 37 T,

TR P 8.9 (yIRRYE O FHie s MRARUT A, R ) BRIOKIHE, JSARIT e
I, FEAT VIR AU TS BT SRR, FAETAIET—Wa  BIT, AR Stacking 5
.
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ETFYL VUKL K 8.9 O fCRDES 14725 3 f (MM BURE S5 5 17815 10 fr gtz
IR RHR, 78 “PORAS" | 8.9 T —BaRATEAMTHE, AHIE,

8.5 ZFEtE
8.5.1 X (8.27) Myfihk
A(hil@) = (hi(x) — H(x))”
BRI RFE S PREE R ST A R0 T 0, BERANRSES 2R <o,

8.5.2 & (8.28) MfRfE

A(h|lz) = Zwl (hi|x)

- sz (@) — H(x))
AFTRXIAARE T R B AR SR, BIARINHY <7
8.5.3 A (8.29) Wikt

E (hil@) = (f(z) — hi(=))’
GRFIR R 8 5 B MZEERF 7, BIAMRE 2 ) R i~ 7 i 2s
8.5.4 X (8.30) Mkt

E(H|z) = (f(z) — H(x))*
BAFRE NS FHZ A ZEEA 7, R Ir 22

8.5.5 3 (8.31) Mk
H (8.28) K0

- = Bl EMA AR : https://www.bilibili.com/video/BViMh411e7VU —


https://www.bilibili.com/video/BV1Mh411e7VU

—_— WA 24 R LR - S W AUT R R R4S (bILaiessz ) 220 20 2 O —

LA
= wi (f(@) = hi())’ - (f(2) — H(=))?
= wili(w)® — H(w)?

ik

8.5.6 X (8.32) Ifkt

Zw / A (hi|z) pla)de = Zw / E (hi|z) p(x)dx — / E(H|x)p(zx)dx

J A (hilew) pla)d FFAESIAEAREA L) 5080, S0, wi [ A(ulz) pla)de 3R RAERRA -
By R R (831) WEXAET, TR @ 4 A(h | @) = B(h | @) — B(H | @) Rz, BARE 35
BERIVBU (25 TPy ) B O AU M, H () 101
4%534\@%@%%@&4& B (8.32).
B A = [ A(hi | @) pla)de, BLH @ (4 ELA Eﬂeum BB LR pl) FTBY
5 PR RORATE, WA A = yep A (h | @) po; HETEEREE TR, BUMIRIES KA

8.5.7 X (8.33) Mfikt

E, = /E(h2|a:)p(:c)dm
FORNMRFE IS REA RS
8.5.8 X (8.34) Mkt

A= /A(hi\w)p(m)daz
PRI B B I
8.5.9 X (8.35) MfifFE

E = /E(H|:c)p(w)dw
PR T EREA BRI AR ZE
8.5.10 A (8.36) MfEFt

E=E-A

E FIRMEE I FHZARZE M INBUISE, A FR ARSI 3 SO B E, %A <R By
ﬁ 770
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8.5.11 R, (8.40) MWyfRFt

Bpr=p B, k=0, % pr =10, k =1; —fBORUE pr > po, Bl & > 0, (HE/REA p1 < po MITHI,
UEBf £ <0 o A5 pr,pe R XS WL (8.41) AIxX (8.42) FIfRRE.

8.5.12 X (8.41) Myfek:

BT a+d dEs hi 5 hy RdEE D _ERIESRAFRREARRHE, SR D SREAKH,
I pr I 2E8% hi 5 by BINECRAF AR . 3 a+d=m, RIS b 5 by xPEdESE D Prg
FEATMEE ARSI, BEE pr =1

8.5.13 X (8.42) iRkt

Rl (8.42) Pror MUNTTF B, R T PRI L
_a+ b a+c c+d b+d
P2 = m  m + m  m

SOl 2 AR b FRERBINY +1 BN, S KRR hy SRERTINY 1 RO, R
b ob MRS RI b 5 by KRB L ROHER S AR b AR —1 O,
B SR by FREATIN — L RO, “HATE <L DE DTEAAN AR e 1y S REATI 1
R

VR - ot 5 8 AT, S5 M R

a+b a+c a

. =p(h; =+1 hy=4+1),—=p(h; =+1,h; = +1
= =phi =+ p(hy=+1), — =p( +1,h; = +1)
c+d b+d d

——=p(h;=-1 h;i=-1),—=p(h; =—1,h; = —1
= 1p(hy = 1), & = p( i=-1)

Bp b ote gy bl bhd gy iR AR b 5 by WEOIRSE (b 5 by WD), T 2 BT L RFER S
hi 5 hy BFRORER (BREAEE) .

8.5.14  ZAEPERGMA R

1E 8.5.3 WA T WA ZFEEE I Ik, WS 1E, L AT EAATEM, (ORFIL RS

(1) BlteAPish P2l 7 “ARERFE " (PIANDSFR . MR 2g2E) T “RERET 8" (P
WNgetkai I g, SR AL, AMRUIMT . & JL4Bai 2] 485F), R By ) dR b AT S sl s B AP B B2
TTRHURABR . Xtk ] DAURRE R A A BE LR GBDT 45 DA FEb k5t 432 > 2 0 45 i AR A 2 e,
Gradient Boosting fll Bagging 2 ARHEFE AL SRR AEMERY; 11 HL, SR L50 5 1E S br TAELY,
T DAHERR — Lo e 7y 2o, (B8 SO B 223 W 2 DASCRp R AL B2 K4 Bagging SKBH, X A]
A2 T LIBSVM fij 5.5 MY JR A IE .

(2) “PORE” P 8.11 AL T2 A5k, $HXraR AR08 he FEVNGRI G 1 IR BR AL AY 3R 70 Fy A
e ORLZAIAGIEIE, FEILHS 189 HiZe ByERE), RITEmA Sl “PURE" & 8.11 fefg—F7 e il
FH IR RS R 1

(3) frthFoRIL LS T “BIFHL” (Flipping Output), AR —MIFBCAEB LT, A%
FENGEEARIPRCEAETE? A E IR IC RS e FEN, AR ANHIMAMRS 47 HP5E
& 2017 AP A TREERRAR [3] BB B TRy, IRUNA NI CSRRERR” | AR RERE
FIA T hriCsers, EMBRIEE S A BEAR AR A T Y«

8.6 Gradient Boosting/GBDT/XGBoost k£ 5X

TN FET P, BEEHRTE (Gradient Boosting, GB) . #fEE#ETH# (GB Decision Tree, GBDT) fR# iL,
JEHR IV AER AT XGBoost ARJEHENR ,  LEAL B 7 ZER] HEIX LEAE
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8.6.1 BHEE TR

AP NS T INCmBH A ITE [ S H R f(x) 78 xp MREZEZEA R, B VS (x0) =
e —n #0 . B f(x) 78 = ALHEAT—Br Taylor &St

f®) ~ f (i) + VI (z)" (2 — )
itz —x, = Ax, W A5 R
flae+ Az) ~ f (z) + VS (z1)" Az

WK, VI (x) Az < 0 WA f (@ + Az) < f(z), BIHILTF f (@), HAERRE Az &6 f(o)
BB T M #58 f(x) = f () + Az) TR, Rkt Ax f Vf (x)" Az F/NIIH], i iEH
Vi(z)" Az < 0, BIELIE | f (2)" Az| FREIT . 5 Az SIRHS: Az = apdy, Hft dy B
KELLITR, ay, > 0 NEHER R dy, FRAEEA T RBCE © RECE RS, T Fomix
K. B, skl Az 18 Y

(o, dy) = argminV f (z;,)" ad
a,d

A ARAR R A3 Ay A5 K fige, B
dy = argminVf (x;)" d st ||dfs =1
d

ap = argminV f (wk)T d,o

PAESRAR cur BOHRAL I SR A W, BT Vf ()" dy < 0 3638, B4R ap = +oo BIEUE/IME, K
i cue BOZSRARAN R AL A

ay = argminf (xy + ady)

X R EOR YL, PAEPTE H] ARG 2 e (U (EW T AR R BOR U, BRASRAFSE] di M au, 555K di 24
JEET MR ap IEER XA B2 AR FE . H Cauchy-Schwartz A2

V()" di| < IV ()], lldill,

L, M ALY dy = — ot B, VS (@) di B, =V (@) di ke ST ap, % f (@) + ady) 3
o {ISROFAE, AT e SR AR AN B AS Iy RSB
Of (xx + ady)
Oa
B 1 R f(@) = 22 7 ax = 2 WIIBERETT I di FIABK o o i X f(x) 72 @y = 2 ALHEAT— B Taylor
JRIF:

=0

f(@) = f (@) + f (@) ( — 1)
=27 + 2z (z — )
=z} + 2z0d
M e B A2 B —4E, AP e ]k, BEAIETT 1), EATTITm. W f(2) = 4, HIE d), =
— i = 1 BERK K o M d) fRA

f(zr+ady) = f(2—a)=(2—a)?

T A
Of (wx + adv)

o =-2(2-a)
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Axr = Oékdk =-2

W, + Az = 0, BREE [ (o + Az) =0 . 1 2 WK f(z) = |23 = 2 1 @ = [z}, 22]" = [3,4)7 &t
BB di R ap o M X f(@) 76 @y = o), 22]" = [3,4]7 AEFG— B Taylor JEJT:

f(@)=f (@) + Vf(zi)" (x—x)
= |3 + 2z (x — a)

= ||=[l3 + 22} ad
WL Vf (1) = (6,87, Bk d = — o s = (0.6, -0.8]" o BETFHK an, K @ Bl di fRA:

f (e, + ady) = (3 —0.60)* + (4 — 0.8a)*
=ao? —10a + 25
= (a—5)?
HIHATS ar =5 (B o KT, HFHET 0). M

Ax = Oék-dk = [—3, —4]T

M xy + Az = [0,0]T, BEUE f (z + Az) = 0 . @t A B0, HAESRIEW S (1) BREER MRykoR il &
TRAG T ] dy, B AZSR ARG Ak 1a)

dy, = argminV f (z;)" d s.t. ||d||s = C
d

Hep C i, BIRUHIRE |dll, = 1, HEBEEMNERKE, 5 o BRI . (2) B FRBEKR B
K o WARSKAR AN HE Ak 7] A8

Qp = arg minf (zr + ady)

BRI, ARZ A 2 ZORRIH cu, THRFELRIE— MK,

8.6.2 J\EREE PRI PR AdaBoost
AdaBoost 55 t fiE /MU (8.5) FEEEN 2K pRiEL

Eexp (Ht | D) EwND a:)Ht(w) Z D 7f x)H ()

xeD
Xt loxp (Hy | D) H—WAE Hy—y AZRH) T
lexp (Hy | D) Z D(z) (e 7@ 1@ _ f(g)e /@ Hi1(@) (H, (x) — Htfl(m)))
xeD
= > Dl@) (¢ /) — o I@IAE (@) (@)
xeD

=F,p [eff(rc)Htfl(w) — 67f(w)Ht71(w)f(:li)atht(:ll)]

Hr Hy = Hiy +aghy o 5 o, hy 255t RAFRNAS B . 30 —F, FE LRI AS &8 He(x),

Tﬂ? Htfl ﬂ‘*[@ll\gfkﬁy‘j
eI (@) Hi(=)

_ —f(@)Hy ()
9T, (@) f(z)e

Hy(x)=H;_1(x)
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AR R ST LR A ISR, WAL R 2 = Ho(@) RIREL 9(2) = e/, 3t g(2) 1 20 = Hooa () 4
RURIF, 4
9(2) = g(20) + 9 (20) (2 — 20)
= 9(20) = fl@)e 7% (2 — z)
= e f@Hi(@) _ o f@H (@) f () (Hy () — Hy_y(2))
— o @HAE) _ o @H @) f(g)ahy ()

VR ho(a) € {—1,+1}, HMIF 3.3.2 kbR FUEA 2 [|d']| = 1 . FBITF6 B R Rl
SRR T MR df, BEALSER hy GERE o ):

h; = arg min Z D(z) (—e @@ f(x)h(x)) st h(z) € {-1,+1}

xeD
RS g, S/ IMEAE R R AR )

hy = arg max Z D(z) (e /@H1@) f(g)h(x))

xeD
= argmaxEqp [€” F@) Hea (m)h(m)] s.t. h(x) € {-1,+1}
h

XAE (8.14) 1926 3 DMEFS AR, HILHARHERS I WEIAT. T h(x) AR, I
AREEHEH BRI 1), P2l G E T h(x) BFEA, RIEC (8.18). Stbr b, nTLAKF LA RN
TR AR AR B NI TT 1] o SKAF he(2) Z IR o ( 17 “AdaBoost P AIES” BT EAS
o ki, AL SORSIUG 2 0, BRI TR, TTHE Loy (Hi—1 + ahy | D) FKKATHIR):

ap = argminley, (H;—1 + ahy | D)

Xﬁ*ﬁﬁ*ﬁ%@ﬁ gexp (Htfl + Oéht | D) *%7 1%‘"‘

oy (Hos + by | D) O (7 X Dy (@) + (e = =) DI Dy (@) 1(f (@) # h (1))
Ooa B Ooa

|D] D

*QZD’(:B@)+ et +e @ ZD’ x;) (x:) # h(x;))

S QHETE, 1
e D ()] <f<wz>¢h<xi>>:'i'mz<wi>

e e Y2 D; (@) = 4
|D|

= ZDt (@) I(f () # h(2:)) = Eanp, [L(f (@) # h ()]

L(f (i) # h (i)

= Et
X iR A A, 15
—a 1 1 1— 1—
€ = et l=— == “ ~ 92 =In c
e* +e~>  e2x ] €t €4 €t

1 1-—
:>Oét:2ln< 6t>
€t

AP=C (8.11). @At PA EHES AT DAL BL: AdaBoost & — 48 2k A& 3 T 10 B T B R MR 2k sR B P 5k
PR RE A2 AR he(2) € {—1,+1} .
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8.6.3 BiEF (Gradient Boosting)

¥ AdaBoost [ fitfl, BIANFRZE 15 5% R BON R BRI, AR BRT 20 2R 0, Dl DAKE X
(8.5) G NH AL

((H; | D) = Egep lerr (Hy(), f(z))]
= Egp err (H;_1(x) + ahy (), f())]

R, f(z) € R, KBTI T4k e (Hy(x), f(®)) = (Hi(x) — f(2))” o #EXF% AR %
PRI — Jierdy 2 ) WDl 200 T 5k AR~ > 4%

T) = ah(z)
KT AdaBoost, 55 ¢ #1535 ar, he(x), FTEAHKRREAE Hi_1 (z) AbFEF7Z8) RIF:
derr (Hy(z), f(x))

((Hy | D) = Epop |err (Hi_1(x), f(x)) +

(Hy() — Ht—l(fv))]

OH(x) Hy(z)=H,_1()
=Epp |err (Hy_1(x), f(x)) + dent ((g[]f[i()’)f(m)) @) —H 1 ( )atht(m)]
=Egp lerr (Hy 1 (), f(2))] + Exp Qerr (;I];E()) () P )atht(w)]

R, A BRI PR RO Hi(x), BA Hy(z) = Hy—o(2)+achi(z) CRUTHETRIET © = 2 + ardy)
EXHHES NG 1 HUNE SR ((H- | D), s/ME €(H, | D) AAURIMESE 2 TIRIA . JeARHEBAE o,
kﬁ@ﬂnﬂtmﬁj A7 () -

derr (Hy(x), f(x))
OH,(x)

hi(x) = argminE,.p
h

f#S he(z) ZJ5, FRRENT UL R RBTATAAL . o

h(w)] s.t. constraints for h(x)
Hy(x)=H¢_1(x)

ap = argininEmNp lerr (H;—1 () + ah(x), f(x))]

PAL AR RR BT (Gradient Boosting) RUFRISHELS, BIEEFE B0 (Gradient) FREAY =0 T 452
S #83TF (Boosting) Kk 2%, AJPAE H AdaBoost & HAGKIER .
Gradient Boosting BYERE HRAS W, [5] 55 5-6 T (5F 1193-1194 1), HAPEER WHETE

Algorithm 1 Gradient_ Boost(A,p,r)

 Fy(x) = argmin, S, L (3, p)
~ aL(yivF(Xj)):|
3: P = T T 0F(x) 7
Y [ OF (x;) F(x)=F,,_1(x)

4: a, = argmin, g S~ | [§; — Bh (x; )]
5: Pm = argmin, Zfil L (y;, Frno1 (%) + ph (x558))
6: F,.(x) = Fro1(X) + pmh (x5 25,)

i=1,N

TSR RS E S IR SR AEAT AR AL L (ys, F () RIS . Algorithm 1 55 3 AR5 4
ﬁ%" Vel Bh(zi,a) MG F(x) = Fro () SOHE, (B2 4 BIRFORSEL an, 5 5 S HRMCRIFSEL
prmy X HEEFT IR 25 4 ZEM RN ik (R 3.2 Frpgettml) XA TR CGriikE) ?
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PR AN : 565 4 L ERM h (i, @) FATREE FREE P IR R ) d, 7ER0 Rkl
CHREIA DL AK R (|dlle = 1, KERTPAHEK o WY (FIANRTRR R B R h i Bl 1, 25 B4R EL
dr, = —f"(z1) = =4, WA o = 0.5, U5 Az = apdy = —2), BIHEE 4 D EBH h(x;, a) UEAME,
SRR (|2 = 1 0 R BIFE T A GB6 B b DABE B T — Ak 2

AR 2N R EES bz, a) FETAMENE? Bk B RIREEEL b, FEIRETIEN o
ZABIL KA h WS RIRE N DR 2E (TAMBIE) g, BT A BB T .

M KGRy (2] 28 8.4.3 AT AYE 8.4 IR EARMAEIBSEL prn, XV iZEH 2 £1 (c) 5E
B, B2 (b) 22 H2 B E—HEA (R4 T Algorithm 1 %5 4 Bf#S h(xi,a) ), T (c) A HE D
25 S EUE (R4 T Algorithm 1 %5 5 S pr, HURREATHEE SRR —A o, ); T EL[R]A (7] 80 H J5E
BRECHSAEREL, ATLARFSEL o WOMSCE BE R0

8.6.4 BLEHIHM (GBDT)

AU GBDT W%, (U GBDT MRS, AT S 4k v s

KT GBDT, —efHRH Gradient Boosting+ CART AbSRISIFIEIIHIR, AMREFI (HLAF
By RS 11 F, (U, AP IURLRT DA ENERAR SR, 0 3.3 SERAHEULTEEE, KTt
SHCHRTRIS (B (3.27) A (6.33), “HRARAS I 3 THEMIA %0 (3.27) 03ES) HIAT.
AT DA ARG I (LB ST BEETY R UL ST Houky 1 TUE DA S 1 B

8.6.5 XGBoost

ARTBAY TCSL T XGBoost NS, [UAHRFE XCBoost WIMkE, HAKTT S48 RS .

4, XGBoost & eXtreme Gradient Boosting B fijfr. Hik, XGBoost 5 GBDT f x5, n] KEEE
Ik LIBSVM 5 SVM (& SMO &%) % £, LIBSVM & SVM 4y ) —FhEn s B4k 443, XGBoost
J& GBDT py—Fhm sk se il 7ES292M, LIBSVM % SMO B30T T4 £ ik, XGBoost % GBDT
HEAT Tk Y 4h, LIBSVM §7JR Ti5£ SVM 78k, XGBoost t R FAUEFRER GBDT, "
BT HETRE, f)5, XGBoost @& KA LR XGBoost i8I PAZ#% (6], XGBoost T.HAL,
SCRYFIEAS S AT ATE Github 83 .
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B9 E KRR

I HACA L, BT T AR E X 25> (supervised learning) 11, RIS (clus-
tering) FI N —EA B WIFFEYEfE T o 2% >] (unsupervised learning).

9.1 KRS

HAfA] “cluster” BEiezhin i, YA EiEy 587, HREGINTE —BRs KR
XA 8 2 B “clustering”.

9.2 LB

AN T RISNERE R = A SNSRI AR AR, oA (9.5) ~ 3 (9.7) 2ETF (9.1) ~
A (9-4) FHRY=FoMERAEAR, MU (9.12) A (9.13) ZET U (9.8) ~ 2 (9.11) FHAY PR ERREAE.
BTN D EIE R — R0 A RIS DU IR SR T 20T SRR, AE S AFFFEid A ]
PMRETE A 2 X, WAESS BN AT Z 6

9.2.1 & (9.5) Mk

HEMNES AR B, M| Jaccard RZEUE CHITTF A

ANBl_ 1ANB]
[AUB| ~ [A[+ B~ [ANB

Jaccard R ARIRAIAPINEG MR E . e Rief U g n iR, HACU, BCU,
E—ANTC R A AT DU AR DL -

L JCRFEMAERSG A M B o, AT RNEGE N M

2. TRIMBHESRES A, HEAHBHERS B H, EFMICENEECH Mio;

3. LRIAMIESES A, HIBBHESRS B 1, ZHERICRANEICH Mo

4. STRBEA HIEESG A b, WEAMBAEES B b, EFMITRNEEN Moo

fR4E Jaccard REAIE L, JLHIAY Jaccard RECHUTT A
_ Mll
My + Mo + Mo,
M REET IR, AR R EREAR I E IR ImC I R E L, BMES SR
FMFRCE SCZE R, FATRICEFBR KGRI S S H AR bR C & A w2y, o B
RGBS SRR BB P REA—FE, B HH B TO A 2 R PR RE I 1T 3R
T AR AR AR A AR AS AR K A 2 I, BRI SR B — AR A i W AR AR
RRERPHEET K, ESHHEBTORET A, F X MERERELSR AR ET 12K,
HESHRER P WA ET A, AR T XA KPR 2 — PR IEEE R .
P R U BT A AR AT e ) AN AR A T A D e 0 -

L AR AR RS R PR T A — 2K, S BRI g T [F—12;
2. FEAST I IMEARER KRG R BT A3, ESHRBP AR TR 1K
3. FEARRKS R PIIEARTE IR R P A BT/ — 126, S HHAP R TR 2K
4. FEARX PRI ER G R P ATE T 42K, S HEA P HAJET 12K,

JC =

JC

- = Bl EMA AR : https://www.bilibili.com/video/BViMh411e7VU —


https://www.bilibili.com/video/BV1Mh411e7VU

—_— WA AR AL T S e AR R IS Lt ) A0S 56 2 D —

LR TR, ROV BEAKIEEAER 15 Pt (9.1) ~ 2 (9.4) MIPURRIEUL, BUFEMBAEEr A Rl I HEA
B R T REEIR I R RAREART, Bl A= SSUSD, &6 B PAACEWHAE R T2 5 H
IR—ZRFEARS, B B = SSUDS, A4 Jaccard FREE A :
|ANB| |SS] B a
|[AUB| |SSUSDUDS| a+b+ec
WAl HERHH (9.1) ~ X (94) WUFMEREHES, B My =a, Mig=0b, My =c, FiPA

My, a

JC = =
My + My + Moy  a+b+ec

JC =

9.2.2 & (9.6) MfiLkk

Hor 295 Al S O Wallace 2 IPHNEXTFRSEDR , o URMADHATERELEER NS B R 5T
(7] —RIFEARXT AL, o + b ACEPIMEARTEREREE R PR T [/ — AR AN a + ¢ REWAHE
AAES R T [F] — 2R REAXT N, X PIANTEXIFRAE B34 n] BAR A R AR R v SR E SRR 45
RS HHRAF I & T W — R h TR AR et , XM —FE, it Fowlkes #ll
Mallows & H I U8R A AR AR FE %t o — X Frddn, B Fowlkes and Mallows Index,
FMI,

9.2.3 R (9.7) MRk

Rand Index & X U1F:

a+d ~a+d  2a+d)
a+b+c+d m(m-1)/2 m(m-—1)
HE—NESHM RIGEAKRT 1o ZFha+b+c+d=m(m—1)/2, XRF AKX (9.1) ~ X (9.4) &
TR (xi,x;) HER (0 #5) : b d=10 5 aTRAC2 2 m $kom — 1 AMH, i = 2 i j ATRAKK 3
FomAtm-—2ME - yi=m— 1 j AATPAI m 3 1 AME, B (2, z;) HEXNNECHA 1 2]
m — 13K, iR IR A XIS m(m —1)/2 .

XAFEIR AT DA R DA FEACER 8 T SRR A5 RN S B AL rp (1) 7] — S B AU B80S AR AR
43 WA JE T RGN S A58 g [R]— S AR A AN B0 S RN AE T A A0 H s B A3I%E W] DATRT B
PR R GRS S H R — Bk .

RI =

9.2.4 R (9.8) MRk

FENEEES I E X SRS Zeilie (o, x;) AE DRI ERL, KRS AR A SRR AT, BT DA
PR SE N1 B

9.2.5 & (9.12) MR

A, b FoRBREER PR %0 DBI (B8N, FEAFATAE “PIARER” |, B —#E1
FEAR AT HE AL, ave (C;) Al ave (C;) BUNBdE; FAFEAFRBERIFEARRATEEAR, B deen (Ci, C))
ﬂzﬁﬂzﬁ%o Eiﬁ?ne % 25 %\EHEU;I%‘% dcen (IJ'@’IJ'J) Eﬂﬂﬂ dcen (Czacj)

9.3 PhEits

PEES T AR MR PR L, AT AR E vt 5 =0R “PERA" 10.6 19 /40 1) Sy [RBE B AR
P T R R R SIS REE SRR CPERA” 10.5 TR I Lk B S

RATH RS TR I, HANAT TR/ 4 R BE g B DU Ao . P TR LB g
FRBES, SMWies . IS K. Bamit. Sulatt. Armit. orEtt. REREEE, T8
Xof B F) P SCRIE S
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9.3.1 X (9.21) Mfiekt

ARG, NPT “PURA” 55 76 T3 4.1 PUTVEHRLR 2.0 @RS b 848" M “fHis”
P B Z T A B R

B, w o “HRAET o NIETERGE EHUES D 8457 . b AR AR EIUED CREEE”  ARIEILTE, It
REAZERIC A (R /R)R), Ik k=2 .

MSPEIRAT” 3% 4.1 Fn A, ARG IR AR REAIEA 8 A (5 1 ~ 5. %5 12, 485 16 ~ 17), Al
Mu,a = 8, IRFEARERIFEAIAT 74 (95 6 ~ 9 M5 13 ~ 15), Bl myp = 75 B i = 1 XPWEFK,
i =2 XN, SN NIEREARICE 5 A (Fi5 1~ 5 ), Bl muen =5, 5 RAPARSE RS H:
ARIH 34 (T 6 8), Bl myps = 3, IWIRAPHGEE MEEAREEAILE 3 4> (45 12 Migi'5 16 ~ 17 ), HI
Mua2 = 3, IRARE NRERFEAILA 4 D (G5 9 TS 13 ~ 15), Bl myp. = 4, Hitt VDM BEES)

p
May,a1 May,b,1

VDM, (a,b) = s —

p
My,a,2 May.b,2

My.a Myb My,a Maub
5 3P (3 4P
8T 8 7

9.4 JIRIERR

AT T =ARRRA:, Kb b 9EAEECH A, JLF e R4, 7 Matlab, scikit-
learn % LRI AT IYA kmeans B . 2% R EAEE I BER I —F =X, 710 &
KrRAE1%E, AN facebook faiss H &4 55 B B

BIPISRREA R G, T EEE S = REEE: SR ERE.

9.4.1 K (9.28) Mfkk

B3t 2 2 o el A AR R ) LK
1

pla) = —— e FEm E @
(2m)2 (32
XOF I8 B F AT UL — T s i 20 AR 28 e 50 S
1 _(=z—p)?
plx) = 27‘(’0’6 ’

B

Lef V2 = (2m) 3 XL (2m) 3, 0 X [S]F, FER0T P AR T 22 02 X T 24 B B, S R (2
p) @ — ).

MR KA p(x) 2 WAL HPXTRAER © SR, REUE p(x) i1 2 1)
el 2, W] PAKF R AL p(x) WIERIMGTTAIL, & = 4E25 R ) — il . BRI —omir o ple) S5H
ol p(r) = 0 ZEIMEAGET 1 () [p(x)de = 1), p(x) fiE-5 T p(z) = 0 ZAMEBLET 1 (8]
[p(z)de=1.

HE, “VOURE” BEHR p(x) idHh p(e | @, X) .

9.4.2 & (9.29) IfFkt

XFRARIBH IR G R R pa (), 5 (9.28) Hiy plao) AREZ, B & AR
W2 TR IR . BRI, p(e) SXHZBE p, 3 05E, 11 pam() H kA “IRERET o Ak
B i, i HE

T PR Fia R T (P207 dfm—B) e T HEAR A G 7, SEps U Y T “IREG R o 1
B R o VRS O AR A IR, B8 SO RUE, o SHREARIRTER ¢ MR A HOMER . FORT AR
— IREAAE G AR, RIS T, oo, ap BN RIINR A (RIEE @ AR & o gk
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FIRMRRA o ), BBEES] T2 « DMRNRA N, HBHOh p;, Si; RIS IRIARRE R p (2 | 1y, 20)
(BPAFK (9.28) Wil p, B BN py, 3;) ST REENAEA « o PSR RBIET 50 1 i i
EBON RN b A2 A — (RS T AR B R RO ), 106 2 DA AR N @ 5 SO PR
Wp (2| g, 3y ) AR, A @ YUk P RARRES p (2 | pg, 20) o RIEE 1 22X T Bkl
PUAER, 55 2 XY TS A &

9.4.3 & (9.30) MfRFE

i FIREARA O GRS D = {1, 22, ..., T b, IAER RIS A T4 EHA x5, B2
AR A AT AR IR IS RR S IR pad (25 | 5), Hdr 2, € {1,2,...,k} . T (9.30) 3
TS,

M TAERHEAR, EAFEFEARS 2 (RI5EE), A — T el ¢ DEng &m0 £ s
P (z; = 1), WAH EHICTR a1, a0, ..., ap IR, B P (2; = 1) = o o HHBFEAR G RNGE
B (BE5), B — T E RS « NMRINEE s BB ERE oy (2 = 0 | =), B3I A=, G5k
Hpm(z=ilz;) WI5H
P(z;=1) pm(z;| 2z =1)

pam ()
GEFEE 1 I P (2 =) = og; 55 2 TEPSE @ DEENRE A EREAR o5 PR p(x; | py, 20), RIER
(9.28) ¥ @, p, X B4l x5, py, B RIS 38F pag (x5) BIEAHRE 25 AR (9.29) BIFS.
W, “POURKE” FIEHER pa (25 =0 | ;) W88 v, HP 1< <m,1<i<k,

pm(z =il x;) =

9.4.4 R (9.31) MLk
EREIA vy AR T, Koo vy A5 5 AT 0IROTE, T IONA m <k, 1)

Yir1 Y12 o ik

Y21 Ye2 ot Y2k
I‘ = . . . .

Ym1 Ym2 Ymk

mxk

Horp m NGRS EL, kO R A A S IR SN TAFR Y, 5X(9.31) w4k Ak T
8 AT k AICR RIS LRI E

9.4.5 & (9.32) Mk

MTNGE D = {z1, @2, .., @}, EZIE m DRERRIS N kAR, BHAKIIZE D RIREARAR
Y k ASANTE 2 o0 A ST A5 e e A AR AR B

BAER IR, kAR Z0E RS (0, 20) |1 <@ <k} KEMNSARBE a1, 00, on
ANHE, m ASFEARIA R R E TSRS, %8 A ME?

HAGXER &k ERIEIML, THR BEATNE b RIS ER S, BAREE m AR R E T W
7%, W FATRA T 500N, il R AR R AR (9.24).

AR ARG RIERMTNEAS & H(EARE, R R R A A AR, MBI _ESRDE, EANTHY
T 7.6 R EERMEIR (EM 5H3K).

HASRUE, BB E MK (9.30) A SARR, BERERI@ 5 (9.31) FEE m AR 2RE T W%,
FERRIFSE A (s 1y, i) | 1< i < oy BASKARNE? XFFHEEAEAR o; KU, BB pv (x)), BE
RIENGREE D Pl T o), MATAAFERERBIISE (0w, i, 20) | 1 <@ <k} REBS ALK AT E
P o () B XPFEAFRAMREE m AFEAR LR, B e —E R [, pm (),
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RFTIR R RLAR R EG — ORI, IERA S A M (m AKRT 0 /T 1 RORHTR, 2 m BRI, el
AR/, AECT IR TCIR R 2/ MR, 774 T i), B AR A EUA AR, BRI (9.32).

9.4.6 X (9.33) Mk
AL (9.28) WAL

1 1 _
Pl ) = e (<4 (@ - i) @ )
(2m)% 3}

SRR AL (9.32),

OLL(D) _  OLL(D)  Op(zlp; %) _
op; Ip (5|1, i) op;
Hrr:
oLL(D) 9Ll (ZL - p (@, Ez))
ap (x;lpi, 1) Op (z|p;, )
In (S0, a1 p (sl 30)
Ip (x| 1, Xi)

Z
; l 1 Q- p(wjll'l’h )

1 _ 1 o ) T A_l o ‘
Op (0 |p, Bi) OBt eXP( 5 (@ —py) X7 (x; uz))

op; op;

(271') ‘2z|2 a/.l,Z
1 ( T w1 .
= (L - )T m—m) S (2, — )
(2m)= |32 2
:p(ZL‘jHLi,Ei) : 2;1 (wj — ;)
Hob, ARk SaEm] 20Xa — 9Xa Hlfg:
18(173'*11%) zfl(wjfﬂi)_ 1 1 ‘
2 Op, =y )
=3 (z; — p,)
R A
OLL(D) - »
p (i, X)) -3, (2, —p;) =0
Op; Z; l 1@ p(wylul, z) ’ ’

9.4.7 X (9.34) S

= (9.30) N
Qi - DAAG |y 244

k
Zl:l Q- p (Xj“'l‘la z:l)

Vi = pm (25 = i|X;) =

A (9.33)

zryﬂ z =0
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oI, i+
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j=1

NI ARV A

= Z Yiilbi =

PR ] AR B SRAN-S S Ak

1 Z Vi
j=1

. Do Vi
C i v

9.4.8 X (9.35) Mt
A A (9.28) Al

1 1
(x| pg, i) = WGXP ( 2( i Ni)Tzfl(mj - Nz)>
T)2
MARHR A (9.32), H
OLL(D)
oy,
Ert
8LL( 0 |
oz %, z:hl(z:ozz mj|y,2,2)>
"9
:ZGE IH(ZCK@ :c]|/,ti,2)>
j=1 7
0
m oy 6?( (mjll'l’iazi))
_] < S pla| g, )
/\E':l
(ol B)) = o | ! T
821 PATj ;5 245 - 827 (27‘-)% |EZ|% exp _i(w] I"Ll) 4 ((L'] - l‘l’7)

0
0%,

exp |[In| ——~
o (v

= ple | B - e

i DAL
) —1 ! 11 Dy Is-t
= p(x;|up;, i)-ﬁ n@ﬁ)g §n| il 2(%—#1) T )
=, 5 _18(1n|21-|)_13[(%7“2)7“2;1( ;)]
= P\, 245 2 azl 5 821
- 0)X| 0a”X"'B .
HH LR Bl 23 2 =X X = X[ (X~HT, —x X Tab"X"T w5

03;

1 1
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October 8-10, 1997 Proceeedings, pages 583—-588. Springer, 2005.

- = Bl EMA AR : https://www.bilibili.com/video/BViMh411e7VU —


https://www.bilibili.com/video/BV1Mh411e7VU

—_— WA AR AL T S e AR R IS Lt ) A0S 56 2 D —

911 5 RRAEERE SR 2

1.1 TR S

TR T RAEEE” AR, FRFIFFLER 550 10 BAF4EARIRIZhIL. Rkt S5 4ERy
DR BIAE T AR IR 45 1 M ITAT Rk v ] R e R S RRAE, 068t SRR IR L2 JFOR RO HFAE; P 4R IR JR
ORI IEA T 7RG A, PR 28 i PRI I AN P2 IR ORI

AN L T A (14.1) MK (14.2) 555 4 TR0 (4.2) A (4.1) MR, X2 N sk
P SRSEAE A A4 [F] I AT VR IR T THRAEESE” (200 “1L7 AR ). 3FORAE 11.2 97, 11.3 75,
11.4 3550 B T2 = AP i i3k (filter) . 02850 (wrapper) MR AL (embedding).

11.1.1 A (11.1) MRk

B M R E G, xR D BT A, BRERIE A WERMER D AT V AT
{D',D?,..., DV}, A M MM RE 1A 58 R o 2 B8RS D M5 BRI 2 S5 T8R4 DY 1015
BEZ. B — AR niR G R, B /w5 40 5 B 2580k, FoRRl /B Ry, 25k
7 fE e oK.

11.1.2 X (11.2) MRk

4
Ent(D) = — Zpk log, px
i=1

Bm s B e K, Bl pr, k= 1,2, (Y] Fon D e @ AT S G, TRAE H, REARAL,
BI pr — 0 B pp — 1 B}, Ent(D) 8, HEg/MER 0 WA pi=1,ps=0,i=1,2,..., |V

11.2 RN+

THIERT SRR AT AL VR, A5 BV 51 58, B AR 5 IR S5, T4
ol R e R AR AT 508, PO I8 F AOR AT A  , CR A T RS — BB,
2 FRAEET I, RN XBIE RS T e MRS, ARSI (U TeRE, TR AT St R
T T RS TUAL TR, S5 T AL TRAS SR TR 26 ST 2800 7 v (UL TR B A 57 TIN5 ) B ) 97
DABRZ S “HEIEREE . HRHIHL, AR Relief 7k FUR I IER B H T U H R EL.

Mk (11.3) TTRAT H, Relief 7 A0 FHT 2] EAIAEROBE A AT RIE RO BIRIC” 1. Relief
FE R 5 IR R 4052 ) OB B R S e 07, B AL, TR R 5 K
SEAS 2 [RIIRE R diff (27, 07 )" S5, BEAR 5 SR AR 2 (IO BE B diff (2], 2 )" &bk, P
SRR 07 B, R 4 2R TR

ST REALBEA 4 2 USRS i ReliefF, 75 252, B BT S i 4 AT DTRT: 49,
4 5 LTy HEAE B TR (L

11.2.1 Ak

5B UL A TE G 2 ) SR AN ], UL 3 L BT f R R A = ST S A PR RE A
NFAIET A PRI . 3552, SRR RE Y H AU 20 i 2 ) dnile B o AL AR RE . “ R e
8 BRI T4 7 ORATIT R — B, ZrAES T, 2ROV BOFEAE T a7 IS,
MR AR OO X AL LSRR, AL T B2 ) S PR RE AR PEAN TR XS Bde S b AT HUAL BRI 7 3k (Fidk
SRR GRS > SR RE ) 2P AR “EIEERY . FRilh, AN gim LVW ik
e BRI AR — i 2

- = Bl EMA AR : https://www.bilibili.com/video/BViMh411e7VU —


https://www.bilibili.com/video/BV1Mh411e7VU

—_— WA AR AL T S e AR R IS Lt ) A0S 56 2 D —

B 111w, 55 14T B = oo FoRliafba I iRz TE9F R, RETER 1 400 9 Friy & hl—E
NE; 247 d = [A] Y [A] FORFHIESR A RS IRFENG 26 9 17 £ < B FoRee 4 £ AR T
e A ERSIREYRARE o A ERIRER/N, (B = E) V (d' <d) FoReE2)4s ©FERpIE 48 A B
REGUFHFETH A ERIREMYSHE A" PESIRMEECE N Fon “SBRE, V Ron SBRET. &
HE 5 TR 17 47HY while JEER ¢ FRAE—EEIN, 15 O frAIFRERT ¢ SHAEE.

B, AN LVW BRET RO 4E 7 YA HE S, W] AP AR BR S (R 2 B 4B 0 iR M SR B O ik
X — A E AR -

SRR PR R E, BRI

PIHTE T EE— R, B IS HE A

AT, AN A 100 SRR, LERRERRMAIIREE 14, Bhimokm . TR 3Bitle 14, ApiPLe
LAMRE, BTRA, MELE 1A JEE—R, BTRSEREE DA BN ERIREZ,
PR AR UBOR, (HFBRIES 100 W, TSIk B E B T /R . XAMPCERIARE, R TR
Sk R R, (BRI e i o TREr 4 hnihrdasd, W@y —Fhfs ol Banh—ee 43k 100
B, R 1. TRREREYLE 1 LSRRI FTATP A 148, iRz, 1797
(B OLAR) ML, (BAEFTOT 2 A, ARLEAE I SRR 2 B I X MBI REM TR, it Rrir 4 i
i —— R B AR, HARIERESR ]

11.3 kAR ZEFES L1 EN4t

A SRFAE B R S B A 5 2 S BN GRad AR gl — 1Ak, W FE ] — Ak R s i, B
TE > 2l it R b B sh e T TRRE SRR . 7, BT DA AT 3 (11.7) B9 w1 R AR o
R, AR SATT R — B ) % “BAR” RS .
11.3.1 & (11.5) Wikt

BECHLNE M A B AR, v TR ¢ BESHA, T w e, FORFLTME, 53 56 A
B 25 10 7 A B 0 i 28 L SEAEL A K /N
11.3.2 & (11.6) Wfekt

HECAMAT Lo IEAEIA AL H AR, 0 U7, X RS SR 25 550RI E RS (4 AR S
SIAERACT ) B A2k T B 1E w A58 K-S 20 0L A 1 /U«
11.3.3 & (11.7) ekt

ARF 11.6 Y Lo IR SR T Ly IEALET, i LASSO W, T Lo Al Ly BN IERLL
TR A, “PORE” B 11.2 5l TRERRMR . BHAORUL, 456 Lo AR BRESHr B
B, BRSO EANEUS R, A D) B Hsi i .

11.3.4 & (11.8) iRk

MASZCTF A AT G, HVE /R RR I TR Ly IEMAL I, Aot BBt (11.7), 4
Kt flw) =7, (v —w'w)”, WEARN w GRS T o BT 7). LS
T fw) —SH V(w) = -7 2 (v —wa) z;

- — Bl EMA AR : https://www.bilibili.com/video/BViMh411e7VU —


https://www.bilibili.com/video/BV1Mh411e7VU

—_— WA AR AL T S e AR R IS Lt ) A0S 56 2 D —

11.3.5 X (11.9) MfRkk
3R L-Lipschitz (R IK) 25 PHE 3o ] AT, A AR R B AL A RE AR - 1530 (11.9)

ASTEM B (e AU i%oE 2 Ju4 Mk 2 JEerJr):
IVf (&) = Vi)

H
CErIE

H—H, ' — x, B
IV @) - Vi),

@~ &’ — x|,
XA R AR R AL V f () ISR E (BYE. L, X (11.9) BIEER f(z) I FECRRT L, K
"t L FiA Lipschitz &%,
“Lipschitz #2:” FJLAERASREA: ARGHA B, Lipschitz JELLRE DX Yerth B3R BIRERY I H
Hh i BER T Z BENR? X2 BT Lipschitz #%8.

11.3.6 KX (11.10) myffs

EAVEREHR AL F AR 11,7 LASSO BIRMBCRRK A, % o XERER 117 19 w, BIFRAIM
(LI E . FERE R4 J2 L—Lipschitz 4cfF, HURAEHEERMOE L0 BN H 4 HESE HRRAY b
Sfb. TOHE, FINR VLS RER S T R R, ARG R TR BRI, BT
A RIS YR 580 (BRI 2 )« YERERCLAEAE VR, 76 wiki FTRHIE S, 58 119
B I

V(@) - Vi@)|<Lla' —z| (Va,z)
B
V/ (@)~ V()

|z — |

T B 2, o B, B E X, BN ARG f(z) MBS BUEART Lo B
V2f(r) < L

REIXAEHEZ E, FAOPRAES 11.10. Bz AK, = LR f(2) @il —Hrae Rt Uiy

V2 f(xy)
2

< T @) +{VF @)@ — i)+ 5 llo -l

<L (Vz,2)

lz — ||”

f(@) = f (@) + (Vf (2h) @ —a) +

= @)+ Vf (@) (@ - + 5 @ m) (@ o)

= flazp) + é ((a: —x) (@ — @) + %Vf (z) " (@ — m)

L

— e+ (-0 (@0 + 2VF @) @m0+ V@) (@) - 5 V) Vi)

= e+ 5 (@ + 19 wn) (@ w0+ 295 @0) - V@) TS

2

-+ const
2

s T — (:ck — %Vf (mk)>

Hrfr const = f(a) = 52V (24)" VS ()

11.3.7 & (11.11) Wikt

EARASIR, B 2 SR RMIDH 0, 4 @i = @i — 1V (@) 1, Floinn) < flon) AL,
FE f(2ire) < flang), -, FIRERBEBHE f(o) BRI

- = Bl EMA AR : https://www.bilibili.com/video/BViMh411e7VU —


https://zh.wikipedia.org/wiki/利普希茨連續
https://zh.wikipedia.org/wiki/連續函數
https://zh.wikipedia.org/wiki/导数
https://zh.wikipedia.org/wiki/泰勒公式
https://www.bilibili.com/video/BV1Mh411e7VU

—_— WA AR AL T S e AR R IS Lt ) A0S 56 2 D —

11.3.8 & (11.12) iRk

A~

VR () AEN (11.101) ALTUSR/MIL, BRI, DATR ARS8 44 5
(- V5 @) < Fa
FER (11.10) 34 f(m) < f(z) HHOE, FIE, AR SR @R
(o= 19r @) < (w195 @)
et (11.10) HESPIRAE f(x) = f (z0), B
(o= 197 @n) < (m- 195 @) < Flan) = 1 @)
R RVEBA I @01 = @y — LV (w0) TTOAE f () HORALITES T He.
B, X TR (@) = £ () + Ml TABREME 9(2) = fla) + Mz] Bk, X (1112) 3
BAER/ME §(x) = f(2) + Al])ro

DA E AL I FEHERR ) Majorization-Minimization. T D22 5 e RMICEAN T 1.

11.3.9 X (11.13) Mtk

LR 1112 ML BRIR P TP, H5E% 2 = a — VS (o) DATH 2, SRJGHSRAR 11.13,
PRI EER R — 2.

11.3.10 X (11.14) nY#ESs
AR AL

L., d

=52l ==+ 2 [l

i=1 =1

d

3 (L ale)
i=1

XX TR g(x) TTABAFBRIIL = 8D RmE, X o, HAUbE

g (xz) =3 (xl — zZ)Q +A |xl{
K15 dg ()

g(z') i i i

= =L (a' = 2") + Asgn (z")
Hrp

| 1, >0
TR AL (1], XT 2 = 0 BFFIRIEOL, BT o' 78 «° = 0 sUli A6, FrbAHAT S, S5
g, 4 20) — o4

xt =2t — %sign (;L'Z)

BEAHIRE R A bR g(2) AIRRMEAT, PR SE PRI S A R & o, S oLihie.

- = Bl EMA AR : https://www.bilibili.com/video/BViMh411e7VU —


https://www.bilibili.com/video/BV1Mh411e7VU

—_— WA AR AL T S e AR R IS Lt ) A0S 56 2 D —

L% s> 2 o BB et <0, W sign() = —1, BAH o' = 21+ 2 > 0 HEBFE: b Bk
2> 0, W sign(a’) = 1, BAF o' = 2 — 3 > 0 FERAN, FEARKRK o =2 — 3 BE 2
B g(a’) FUBUEHE/IME . 24 27 > 0 Y,

dg (z*)

" =L(z'—2z")+ A
TEE SO NS, W g(2*) B 4k
d’g (@) _ .
dzi®

BT L 2 Lipschitz #%0E AT 0, HH 2’ =27 — 2 ZEE g(27) HE/IMHE.

2. % 2 < =2 Wfoa. B 2 >0, W sign(a’) =1, Waf o' =2 — 2 <0 HERETFE: b ik
v < 0, W sign(a’) = —1, IAK o = 2+ 3 < 0 GEBIA, LK B FEIEAT 0 A,
at =24 3 2 g(ah) W MA.

304 -2 <2< 2 a B 2 >0, Wsign(a’) =1, 4K o' =2 — 2 <0 SBETE; b. Bk
zh <0, SIgn( N=-1, ot =2+ 2 >0 H5ERETE.

4 BETHE o = 0 JOREBL, I g(af) = L (21)°
o M2 > A Ep RIS g(of) B MEFE o = 21 — 2 A0S, FK

% A
Azt — 2[/>

—
N
.
SN—
o
\
N

g(xz)|w’:0 - g(xz)|m12217% =

B 2] > 2 B, 2f = 0 KRB g(a') IE/ME.
o« M2 <A RE, XTI Ar £0 A

g(Az) = 5 (Az —2%)" + \|Az]
g (( 2_9Ax -4+ |Am|) g (%)’
§< 2 _opgp. zx) +
> 5 (80 + 5 ()’
> g(2")]a1=0

I 2t =0 J& g(z) Afe/IMEAS .

Zi bRng, 11.14 57,

ZAFRNHEE (Soft Thresholding) pi%L, MRFIL, HBER. HHh, WRMALZA (11.13) HhY
L =18 L=2mMEx, HAEERAAK (11.14) RIn]. 558000 E R L0 i 2 B B E R AL, 240
(11.13) iy 1 JEECEARA O JEE 04k 17 P =i o

11.4  Haiden 5]
Mg 57 e 2] Sebn bR A5 S A PRI & . AT N AL K-SVD Hik.

- = Bl EMA AR : https://www.bilibili.com/video/BViMh411e7VU —


https://www.bilibili.com/video/BV1Mh411e7VU

—_— WA 24 R LR - S W AUT R R R4S (bILaiessz ) 220 20 2 O —

11.4.1 & (11.15) iRk

AR TR ERRA S PR, A EEA o WRTFR o @5 B EMERAFEA 2 1RG
FORREAML, ARG XA, BBARI TR o R, TR 1 JEEOTR R 1 R B
Gt o

11.4.2 X (11.16) M@tk

AT 1115, FAPRAZ BRI T (A2 EM 53%), BLiE2ZsE B, W 11.15 5k
fR e m AREAATINRR/AME, PO ARXERAREARZ FSCEH (RISCHIrE of o (u # v) RN,
PR R] AR AN R B AR, SRADTIAILSA (11.13), 5K (11.14).

11.4.3 & (11.17) WS

AL 1115 B28 20, W@ au,i = 1,2,...,m, BEIX 1115 55 “ 08— 4L, ik 11.15
BIfAL ming Y77 |l2; — Boy|l5. H5 A ARG A ming [|X — BA[3, 4 2 Ju¥ 2 F s
UL H AR ming [| X — BA|%.

11.4.4 X (11.18) it

BEAARMESTETHES BA = Y0 bjod . KEUNBER bjod LA MAMRE BA [RIREYE R R,
XA B AR TR 2 BA RXEAEICR— B, R BRI kA, SEra R
TR ARG E] 7R AER . ST

(21 71 17 1 1 17
by by - - - by Q; m
2 12 2 2 2 2
by by - - - b ay a3 m
BA =

bd bd L. bd ak ak: L. ak
L kdasy L7172 md fxm
B Ly 1 . 13 ]
Zj | bjed Zj L blag Z] L bjad,

2y e 2nJ
SE bl Y b2 Yo b2ad,

dey dod . .. d o
ZJ lbj Z] 1b] Z] lb_]a dxm
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bj
2
bj
ad = | N A j
bja?d = [al oy - ozin}
d
|05 ]
(Pl g plod . . pli]
bjag  bjay bjad,
2.7 2.0 .. 2
biag biay biad,
d.J d.Jj . . . d - j
|bag Do biad, | b
£ 78 -
KA A5
S
bj
2
bj
k k
E bja’ = E [a{ al ain}
j=1 j=1
d
|05 ]
ek 1.7 Loy Lod ]
Zj:lbjal Z] 1b] T Z] 1b] m
k 2 2q 2
X:J‘ﬂbjcu1 Zj 1b] e Zj L biad,
4y dod . .. dJ
Ej lb] Z] lb] Z] lbja md gwm
4 N
Ik

FEHEFE B M ERES by, 5 = 1,2,k apk—ANeAt, BIAN 11.16 B BAIE, RS540 22 h)
ek, BIEATAST AL 5, B min (| B 7 FAT min b7 A3 RIS EATHO SRS
ZJ5, FAHSCR A4 K-SVD BoR AR

11.5 K-SVD %%k

ARATHPEE S, EEE B2 K-SVD. T s ) iR S i vk, K-SVD[2] H
2006 4K FELAKRE @7 ?k%lﬂ%o B K-SVD (il SVD, B mfEa g, S0 VR4 s A3,

M TAEZIHRE A ¢ R™, #u[ ik A = USVT, Hift U e R™™V e R, 451k m Birfil
n BrIEACH R (FHORRFR AR, Bl UTU = LVTV =1 (HEFESTHSWEE), e R, HER
(X)ii = 00 ZHANLEAEITRYAE, o FRAERE, TTLAEY], 2R A 1S T e w5 MmN

IEANVE R A3 Fnd, K-SVD 23 fiffrh 2] SVD f AR M o) . 2 i PARR R K-SVD,
JESCHR e 11 U

We shall call this algorithm "K-SVD” to parallel the name K-means. While K-means applies K
computations of means to update the codebook, K-SVD obtains the updated dictionary by K SVD com-
putations, each determining one column.

HAARUE, W02 S i 73R K DT (31), BIRREEEAN K R, XRMT K SEBIARCR
B K M, fREHE K igfE.
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K-SVD BIA D AR HEANIE L1 LR, RS SRS A 25 . BRI, FO 7 18944 D
s (BHH B, MR x Fon (B o ), BIREH Y Fon (F3HH X).

Task: Find the best dictionary to represent the data samples {y;}Y, as
sparse compositions, by solving

in {|Y — DX|% bject to Vi, [|x;lo < To.
%171)r(1{|] |%} subject to Vi, ||x;lo < To

Initialization : Set the dictionary matrix D ¢ R"** with (2 normalized
columns. Set J = 1.
Repeat until convergence (stopping rule):
» Sparse Coding Stage: Use any pursuit algorithm to compute the
representation vectors x; for each example y;, by approximating the
solution of

=10 NG min s e || 20 subject ot oo =
X

« Codebook Update Stage: For each column k =1,2,...,K inD{-1),
update it by
- Define the group of examples that use this atom, w; = {i| 1 < i <
Il ) =2 L
— Compute the overall representation error matrix, E;, by

Ep=Y - d;x].
J#k

— Restrict E; by choosing only the columns corresponding to wy, and
obtain E£.

- Apply SVD decomposition Ef = UAVT. Choose the updated
dictionary column d; to be the first column of U. Update the
coefficient vector x% to be the first column of V multiplied by
AYEIE

e SetJ=J+1.

Fl 11-1 K-SVD Frfei s hofiid

TEWIEAL ISR D DA, K-SVD ByEE R wik: 4 1 4 Sparse Coding Stage w2 i@ 1 E
AR D R EE R R, ] AR AR 2 U SR 58 MU AP, AN FREIR; K-SVD IZL.ORIHT ST S
2 2 Codebook Update Stage, TEi% W14 K 4 53 Hr 7 AR D thig—51), BH%E &k 41 d, BHE
FHNVHERZE B, WFESCEES (21) Frs:

2

K
Y- dix)

j=1

Y - DX =
F
= ‘ (Y — Zdﬂ{%) — dpx%
J#k
= |8 — dish |
R, A doh B8 1 (R, xp FRWE R R0 X 5 & A7, AKHITHSE k31 x,. ), X

PR FR SR A3 Y (A.34), X — MERRAE R RL R, RIXF T2 @ R B, SKHARL 1 Bk
W dyxf; BEHS TR By 647 SVD 0, JRIT P RBHIR (A35), (URFE BRI 1 ASar il HAoR

2

F
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E, = UAVT U3 A P RMEFFE AL, L), I dpxb = U, AL 1) V], 2 UL, VL 0508 U,V R
14, Jbif dy, = Uy, x5 = AL, 1) V] o (HXFEEH SR 1 2 PS8 R0 R 50w e k!

ATHIES 1 PRI RGN, K-SVD R E5F By #8547 SVD 20, M2 iR x5 {2
b5 < dEZ5c g R, Bt xf HES 1. 3. 5. 8. 9 ANITEAEE, WXHUE E, (95
1. 3. 5. 8, 9 FILUKH 44T SVD 40 Eff = UAVT, Il

d, =U;, x5=A11)V/

EVSEISE B S 0 de I X5 (FERE, DR IOFTIE X5 KEMCHIE xb JEZIeEM, FERR b X H
AOIEIE 0). AN K Rk BIE S 0TS - M M D, DA R —% Sparse Coding {fiffj. K — SVD J§ 3¢
kR R, 7E K O A T SR R R % X5, (HIFA VLR S R di (MR %5
F B dy )

11.6  JE4iE&m

BRI SRR X R 5], HEMRIRIE S A AU itE . VIR FERTEA I
LAV ARTERI RS 5 5 AL BT 10 2 R s A —Ff . L asE 258 TURY Restricted Isometry Property
(RIP) “PHIRA” HHiA “FRESGEEm | Fo b ais—mieh A RAEHRMER” ; 55 259 Y Basis
Pursuit De-Noising. %% 261 Ti {4 Basis Pursuit il Matching Pursuit /) “Pursuit” “PFH/R$” #EH
CTERT RS IRSTEREE GBER” , RIELEERREME . BLBER. VURGIBER.

11.6.1 3% (11.21) Mfikk

Rl (11.21) #HATAEIE ,
| As]l;
[EIE
ARG, & s HHAGS, WA ||s]|3 B AGESRRER, 5T |Awsls St R rm =2 g
&, B RIP RG-S A G SRR 2 IWE—E MBI Z ; By 6, 5T 0 i, SES S5 A
Fo R AN S, RISCEL T AEREARYL , MO SCHR VT PAZ S [3]; RIP s TXMHRE A 9203 (mH A 3
JrEE), BLFRN “HIR” SFEPER.

(1 —10p) <

< (1+6k)

11.6.2 X (11.25) {3433

Ve BB S R RER GVER0) AR R 2 2 .

15 " ORI, o R R e AR LR 2SR B, e g4 R
ST MO I R TSR UE, % AT A A, AR KR IR 1 SRR R
LN, R B IR AT A

A NERR, A5 rank(X) f AL X AR (X Sk PEI AR X 2 rank(X) f_EBRED
A1, B (X AT rank(X), £EITR (11.10) iR THEAT f(x) .

525 3k
[1] Wikipedia contributors. Sign function, 2020.

[2] Michal Aharon, Michael Elad, and Alfred Bruckstein. K-svd: An algorithm for designing overcomplete
dictionaries for sparse representation. IEEE Transactions on signal processing, 54(11):4311-4322, 2006.

(8] B%FE. BRIRESR P IS IAR S S BB, vl T 3k 552 54, 1999.
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12 % SEEIR

IEAAFEIF R ATA, TR BB HTIE H @ 0 e AL 55 I RMEAR 5, o > Bk B AL
FAE - TEE R SRR RO B, CVERBT ER 121, EM 123, EM 12.6 kB kE A2,
ZARE S G RiRIEZ M ARHEVMR AR (1 -0) R/, HiXAZMAXHEREE N ZHEA L (m) 1)
FEITE, BRI IR (R 12.1 MRS e & i B M [H], E R 12.3 Ao BRsTag VO
4, EB12.6 P (2%)Rademacher SRIE) BN N I, HARZARE] —MZAGRZER/ DI
B, RGHINGREARAHEE, fvIMEERIRIE R L@, J b 2P RE A R R A AT T8 i
AR~ “eMEZR BRI BIH UL Z80 KSR/ IME, BRI BRI~ RIZ5H XU
w/AME, FTRAZIL “PUIRET 6.4 iR)a—Bifid, JTHOEN (6.42) Prailiy & X

12.1 LRt

Gt SRR G HMEALE G Z 0, ANEGETE A AS R A Lg% > B R 15 DL, R4 B Ay
MARHERR BRES, HERESTERKKRINARA SRl # L, — SR RO R G —E o, tan
M3 A 260 W3 B 28, PR mA. Tl m A &4 — ke (RIReA L) dEFT IR,
PABESR T MR AR E X HLA 2 T R AR IS DL . FEbLr ) v, AR ) (200 1.2 79) XERLEASR A, M
M FK LIRS D XEWAEARES, HOIZE D RMAEAZSE] HORFEMAS, 2015 D Al BN 24 A
[BIRFEPAFFEBISE D IS MEAGOR ZIAIHER, AT D(¢) FaRPeARZE A ¢ MEAPCR B

12.1.1 X (12.1) MRk

B RZARERE G, FizeRE, 2 A9HA o NESWHEAD D A RA S I (E
h(z) RETEEME v R ISR, FATRERIEADG D, AT 2B s 1T AR
MEEAR AT D SR AR 0. AEPRA, ROTERIM L, FOVEEGISE DIEIILILE .
AR, EESTER D B,

12.1.2 X (12.2) iRk

ZANEIIRERE X, PrEEmRZE, SfWINE D PR ;i = 1,2, m BHIME h(x;)
MESAE v IR
12.1.3 & (12.3) iRk

BRRATAB AL by A by, FEMFEEER TR « &, 2007 RE <FEE ChHIX
BTN ASAH [ R
12.1.4 & (12.4) iRk

Jensen ANAEA: XA T ABUR EDUAYIRE, LU AniirE —gEasia) b, M R BT AR T ] B
s, BUMFATAEPINR 21,22, T2 f(E(2) ZoRMEASRIIERMNLLS, 11 E(f(2)) ZoRmk
PIA RV IIME, PP R B (E AR LR AL, B PASSE I AL AR /2

12.1.5 X (12.5) MRk

REALAS B IE A REPLAY, 2 — 20, BEVLEAR B2 — R &
Ao, o 2w FoR m ALV A B S SORIE T8, 20 E () FoR m AL EE
PSR A B TR 11
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K (12.5) FoRFE L Y0 2 — L0 E(2) > ¢ MBIERART (e, <)e 2 3 (12.6) 12
PR IR e — 230 B ()] > e ST AT S

E;xi*E;E(lﬁ))E v sziiEZE(‘ri)gff

S, v R (VA ISR (R AR T E) . A TR A,
BRERAT I T R LA 1 50 o — 5 0 B () < —e 5530 (125) FKMFFR, Hit
A

Hoeffding AR BIBMWRBR 5 X7 @0 M 00 B (o) PIAME R HOBRHIE, % 222K € Hy
BN (RRT 26727 ).

Wk Hoeffding 45X HIENIEME, ATAS Hooffding 75 1963 4F 5221363 (1], kR
WS R T

12.1.6 X (12.7) Mk
McDiarmid R4 JEMR T T4 1

sup  |f(x1, .y xm) — f (@1, i, T Ty )| <

’
L1ye-ey Tm, Ty

FORAMB [ HAA 2 E] 2] DR, FCEEMET sup PR RAT cio BRI EFRS sup AR
RSO EA, TREBREI ] EJESTEIT . 4R A PRI, McDiarmid R&Fsfit s
Py om) AR B (f(r,. o) WHLE, MBI RS R : ENZIRMR AT € iob
PR BT exp (525 ), FTRATR H 20k A R S B B ARy B, B AR
SRR

12.2 PAC 2%2]

AFNEILFARME, @ ElsE, (FHSE—T.

WERITLIIEHRA (Probably Approximately Correct, PAC) 242>], W[ PAEER [paek] 24>] .

ARATE 2 Brihe iy H ARmRAS, W a7 SRR Sk B S I PR AL

AT 3 BTk s |), Al fa] R 2 X BEE A R S B AR, Bl 2t f(x) =
w'x +b, f—4H (w,b) BUEHZ MR

AT 4 BB AT 43 (separable) FIANT] 311 (non-separable), BIU17E )R435 100 TTHYIE 5.4, #7
B as a2 etk 2egs, W (a)(b)(c) ZAAHY, T (d) RATTH; 245R, 2Bk asIa i e o 2as (42
FRAREIE), W) (d) ] 7 H;

AT 5 BRI SRR SRS T
FEA KL, MOPRZ R 483507 Wik b A B e ik
2 P b BRI

E X 12.1 PAC #HRREL (12.9) Rk b iz E(h) < e FERA/NT 1—0; B “223]
A L OREABOIERE (B0 1 -0 ) 25 HAE ¢ Wikl (RERZ R € )7,

E S 12.2 PAC W2 IODAE T, SRBiIREAEH m 2 1/¢,1/0,size(x), size(c) N2 I pREL.

X 12.3 PAC 23 BYAIZOAET, 58 PAC 23] R BRI 1/€,1/0, size(x), size(c) B2 T

X124 FEAREAREFG I PAC 22 2] i B RR B0 B DR AR Bl i, AR S8 B v 24 SRt A B H e D)
FEAR 58 e ) T AR

TR X 12.4 Z )5, iR =A i)

BUAL 1.3ty A R B PSR AR ] LASE SRR A AT BRIV
i TR IR BRI & 3 B < DABCRAR AR 1G5 2
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o BEFCRAT ST LRI P T T BRI (i X 12.2)
o SESTHAEA ARG A PE T WTHE A AL (5 X 12.3)
o T OUIGREOIA REFRAH IR (i X 12.4)

A IRE B E H PSR BN BRY, 2 W o kR ik 25 a); o R B 2 B 3o 0L, B
WNRERSHRFIE 5.4(a) (D) (c) HHAYIE BN S GRS 23 I Y M- TR 02 TR Z 19

12.2.1 & (12.9) Wafiekt

PAC BHRIE S E(h) FonR3E LAEMMEE D I a i ek ¥e h, EmizfeirE (e
A 12.1) EAMEERGE SR, AR b FEZAREAKRT e (MEERA/NT 1 -0, IAFNFRE T EE L
REM B zs[a] H o PAC BHAMESE C.

12.3  A7RR{ER B

AATNBA TS, 1 H5 O B, WTRUAEI AR B(h) = 0, S SEREELA 1 — 0 iR
SR HARRG ¢ JERL B (12.12); 45 2 305 R4 B, THSAHI AR E(h) = 0, Uy
TEelA 1 — 0 MERAAG mingey E(h) 89 e 20, RIS (12.20). FRigWEMIEE, XT h € H, Al LASEIZR
BWHNZALIRZE E(h) 54%IR%E E(h) %R, B YREBIEH m 8RR, b ZRIRIERIZ LR R
Aol B (12.18); SEERBFTE h & W R 2SRz E BT A

M 12.10 250 12.14 AFGEN T RIE—A T BRTEZPREOIA feA 15 H s o iARaL
e HEZEE D BRI T RIE £ DMER 1 — 0 k& HAREREy e LTIl Figte HEes 2
KIATHISR .

12.3.1 X (12.10) myfitRk

P(h(z) = y) = 1 — P(h(z) # y) BEFENTRILFM, P(h(z) # y) = E(h) 2izfuiRZzEm e L (0
12.1), HTIRAVBE Tz B(h) > e, WA 1 - E(h) <1 —e.

12.3.2 KX (12.11) MRk

FefRAr 22 h 5 DRI—E, 12.2 5K A TIEFERMEE, Q2R b 6B D b A HEA R 5 EL 5
it —20 T S 5E e, FATFR I 2 2 F 2 — 800 . Bl (R (1) = y1)A. . A (R () = Ym) N True,
R A SN, BTPA BT AE I P (B (1) = 1) Ao A (B () = Ym)) = [T, P (h(25) = vi)o
RIS IR E A TLL P (h(®) = yi) = T1L, (1= P (h (@) # wi)), SURIRAK (12.10), A

m

(1=Ph(z)#v) <[Ja-e)=1—e™

1 i=1

—.

K3

12.3.3 KX (12.12) e

FORMRRER 7 TSI R RN T FE £ £tk b B, Bk 2oy ) St
AL D A SRR, HARABLBR S B T, IZEREA 00 10Tt 2 i
Bl I IR h BRI, ZARERT ¢ HARRIEN 0 MR (WA ERI5E %0 Bi)
BRI DRl P(h € H: B(h) > e AB(h) = 0), KUl 12,01, f—RoRg R b #6
P(B(h) > e A E(h) = 0) < (1= 9™, [i—J64 [H] XA ABBEOIR b, FAGARE b i
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E(h) > ¢ H E(h) =0 2HFH, FILGINES P(he H: E(h) > e A E(h) = 0) Sk e iR SE2 A,
&l

P<h€7-{,:E(h)>e/\E(h):0) :|§£P<E(hi)>e/\ﬁ(hi):0)

< |H|1-e)™

INFERIEAR (12.11).

B ANT SR FRREIER [ H|(1 — )™ < [H|em™, BHER (1 —e)™ <e ™, Hrree (0,1], m
e IEREH, T

Ye=1H0, BARBOL, 2 ec(0,1) 1, FAARXFEXAEBIIRT 0, FrPAW] PAZA P [R] i B
WAL, XA AR BOE R G R, B PARIIER] mIn(1 — €) < —me, BIIEE] In(1 —€) < —e, XA
TREGUEMN: 4 f(e)=In(l—¢)+e, HAec (0,1), f(e)=1- 1= =0=e=0 KM 0, Hit
In(l—e¢) < —e WHI |H|(1 — )™ < [H|e ™ BT,

12.3.4 X (12.13) Mfiekt

BT T T P SR 52 S REDIA R E BRI © ORI, REVIZREE D R
G ) B0 £ DA 1 — 0§80 FARBHRAY ¢ LA, MR 12,12, 0500 £ Mg BT H
VB ¢ SRR P (h e 1 B(h) > eAB(h) = 0) < [Mle~m, P50k £ ki B e
FRRELY ¢ SRR 1= P (h € H: B(h) > e A B(h) = 0) = 1~ [Hle™™, SAMERAA 174 5
R1-0, P 1-6<1—[He™ = [Hle ™ <5

12.3.5 X (12.14) (kS

Hle™ <6
e )
T
—me < Ind — In |H|

0
AR TEIFIAT, Fefie=si) H o2 PAC A2 B OLT, fikix h Bz iRZE e BEREAREH
m BRTCEE] 0, WSS O(,,) . XU REATTENLE ST Ty — IR, BIRT LRI SR WL 5
FEARREM S, Pldes IR AL TR REBT

1 1
m > - (1n|7—[|+1n>
€

12.3.6 5[Af 12.1 ik

Wit (12.2), E(h) = L0 T(h(x;) # yi), TAREE I¢) BUEIE 0 BI 1, st 0 <
L(h(x:) #yi) < 1; XT3 (12.1) #9 E(h) 52b5 308 T(h (z:) # yi) 2 1 IR E((h (x:) # v:) (216
DRIEFIIAFEA 23 [A] AR I — R AR, LTI 2 R 2 T B S B AS), UABGRE b Wi I, 2 AR 22 [T
K@, ESJ i TRy E(h) = % Z:;E(H(h (wz) # Z/z)) °

BEEE, ¥ E(h) F1 B(h) fRAS (12.15) 2 (12.17), izt (12.5) 1zt (12.6) ) Hoeffding /%52 H]
AL R (12.15) R (12.5), 2 (12.16) 52 (12.15) X1k, 2 (12.17) %= (12.6).
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12.3.7 X (12.18) s

L5 =2e72m< | If e = /20 gk (12.17)

2m

P(|E(h) = E(h)] > €) < 2exp (—2me?)
P(|E(h) — E(h)] > €) <0
P(|E(h) — E(h)| <€) >1-90
P(-e< E(h)—E(h) <€) >1-6
P(E(h)—e< E(h) < E(Mh)+¢€) >1-6

WA €= /"5 AR

XA TP ] T AR A RO R KR, b LR IR HAZ (LR ER AL

12.3.8 KX (12.19) e

B by by hyy FORMRRES H PRREE, A
P(3h e H :|E(h) — E(R)| > €)
=P ((‘Ehl — -/E\hl > 6) V...V <|Eh\HI — EhIH\|>6>)

<Y P(E(h) - E(h)] > €)

heH
B RAAFERARY, At AR R () — B(h)| > ¢ MBI AFOR x5 e
BTG hovi € Lo [l Wi | By — Bn| > e ARSI 807 $ifk. BI% P(AV B) =

P(A) + P(B) - P(AAB), Tii P(AAB) >0, Frohife Rt L.

H= 12.17:
P(|E(h) — E(h)| > €) < 2exp (—2me?)
= Y P(|E(h) — E(h)| > €) < 2|H]| exp (—2me?)
heH
A R R
P(GheM:|E(h)— Eh)|>e <> P(Eh) - E(h)| >
heH
< 2|H|exp (—2me?)
Hotf Ay Foff:

P(Yh e H:|E(h) —E(h)| <e)=1—P3heH:|E(h) — E(h)| > ¢
> 1 — 2|H|exp (—2me?)

45 =2M]e " N e = /LR S A B SCrp E ] 55
In || —|—ln(2/6)) 15

2m

P (\m €M :|E(h) — E(h)| < \/

Hr Vh € H O XAHIE AT A

12.3.9 KX (12.20) iRk

XAT” AFH PAC 24> “piE 3G, AN SR 24 BAMREE ¢ NERNE £ Frags i ik
2SI H B, AR AR UR H R AR E R/ NI RS argmingey E(h), HiXAMERAEZALIRZER 2
H5 B S HZ R ERN ZEART e FEERA/NT 1 — 0. FATFREFHER B H 2 AR PAC

EES0)
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12.4 VC 4
AT 12.3 A5 RIS R, AT, AR N E XL R R 25 .

12.4.1 & (12.21) MRk

B R K BRI E ke KB T (m) FR 2SI A X m A REA 7 A T bR 2 T
FOSEHURC. HANRS F-PIAREAR Y A0, — 647 4 T ABROARAEALE [(0,0], [0, 1], [1, 0], [1, 1], ASfLf
BEZSTE] Hy R T BRI AL 2 [[0,00, [1,1]], W Ty, (2) = 2, 4K, M APREAITAEIR T 475
HOTTREGESNONS | M R AT . 0 K B RCTT DA LK S5 25 ) M B SR

12.4.2 R (12.22) iRk

EfRFE R E, XN FRERBREEIR, VYERXRESE H, meN, 0<e<l, fffEheH
FELANIEBE 2 WL )18 3¢ On the uniform convergence of relative frequencies of events to their probabilities
2], fEZwe b, @R

Theorem 2 The probability that the relative frequency of at least one event in class .S differs from its

probability in an experiment of size 1 by more then e, for [ = 2/&?, satisfies the inequality
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R, AP BER S 1 p(x) FIEIRFERARR Q YT, HaT B R 2. AKX AARX
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14.4.11 X (14.36) S
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BNk S RE A R S 00F, IR0 Q(x,2), W EUAI 25T A
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XFFER 10 La(q), ST, 15
M M
Li(q) = H%’ (zi) Inp(x,2z)dz = [ ¢; { In p(x,z) H (qi (z:) dzi)} dz;
/i_l / / i#j

% mp(xz) = [Ipx2) [I2 (@ (2) dz:)  GREHR (14.37) BRI, HASLE TR KR

L1(q) = /qj Inp(x,z;)dz;

SFT45 2 W Loy(q)
La(q) = / [T tw) ][ s (o) s = / [La: (m) > s ()
- Z/Hq (zi)Ing; (z:)dz = ) / H iy (2:,) In i, (2:,) dz

11=1 i0=1
fRRE— T 5 2 1758 2 DNESEMSER, D02 RO IRARTE X BAF SRR R 8, SRR % g
AN R BE I 4, axX BURATAE BERIERAS A i Al ip FoR. X RANS BT, B
Z.l :] HTJ'
M
/ I 4. (z:.) Ing; (z;) dz = /qg' () [] @i (2:,) Inq; (2;) dz
in=1 2]
= /qj (z;) Ing; (z;) {/ I ¢ =) ] dzz@}dzj
io#] io#£]
E%}:\@J fH127g] qi2 (Z’iz)HiQ;éj dzig - 15 %TEX)@%%@&%ﬁS) ,ﬁiiﬁﬁiﬁﬁ q1 (Z1)> q2 (ZQ) %ﬂ
qs (z3), HlI:

///q1 (21) g2 (22) 3 (23) dzy day dzs = /ql (zl)/Q2 (Zz)/% (z3) dzs dz, dz,

YT, FATH f(h (Zl) dz; = f(h (Z2) dz, = f(Z3 (Zs) dzs =1, ARG, B

/ﬁ i, (2i,) Ing; (2;) dz = /qj (z;)Ing; (z;) dz;

=1

PEIMTER 2 Tia] AL Hy:

‘CQ(Q) = Z /qil (Zh) lnqil (zi1> dzil

i1=1

M
= /qj (z;) Ing; (z;) dz; + Z/qul (zi,) In g, (2;,) dz;,

117]
T X ¢ (BIERE gz ), DIIGES 2 TE—2 30RoN 5 5 0 E— A4
Ly(q) = /Qj (z;) Ing; (z;) dz; + const

Zi bR, It (14.36) 1B

14.4.12 A (14.37) #IX (14.38) [Ffith

e (14.38), %S S A MREN (14.36) 5 2 SRR P RINE, ZHPAX EL5 A
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AN 15, B
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:/qj Inp(x,2;)dz; — const

FEREL, s — A2 const SEFRSEMY, KT const & UHHRAAFZEIF . XA const 53X (14.36)
5 2 ANFS ST const A (VER T HRRAFMAE), Bz (14.36) 58 3 M489 5T const,
14.4.13 X (14.39) Wik

T (14.36), AT4ELEASTE H:

L(q) = /Qj Inp(x,2;)dz; — /qj Ing; dz; + const
/ i In p(x2;) dz; + const
4j

= —KL (g;||p (x,2;)) + const

R, fERTE kT 5 (14.32) 30 (14.34) WHET” T3], F01ry HAre A q(z) RiEUs KR
p(z | x), M KL HE W T B2 & MR 2 [ 22 5, Horp KL §USE 80 NRR A0 11 22 o), B
BERT AR/ IMES (14.34), (AT EA ARG W plz | x) KR XA (14.32) HETHE np(x),
PRt/ MBS (14.34) S8 TRl (14.33) . MW 53] (14.33) T —KL (¢;|p (x, 25)) + const,
i KA (14.33) S50 T/ MEX B KL §UE, EAHY ¢ = p(x,2;) B4 KL U5/, B
(14.33) ek, WHE D q(2) SIEEMER p(z [ x) AL
AR (14.37) 5 Inp (x,2;) = Eiz;[Inp(x, z)]+const, FLEE ¢ = D (x,2;), WA Ing; = Eiz;[Inp(x, z)]+
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14.4.14 R (14.40) WIfiEkE
SR (14.39) WiEITEL exp(-) #4E, 15

qj (2;) = exp (Eiz;[Inp(x, z)] + const )
= exp (Ei;[Inp(x,2)]) - exp( const )

LAY [()dz; 05, BT o (z;) SRS, BT [ ¢ (2;) dz; = 1, BUAT
1= /exp (E;z;[Inp(x,2)]) - exp( const )dz,
= exp( const )/exp (Eiz;Inp(x,2)]) dz;

X B2 R R R B T RS A, PR I
1
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RANIFHRIFERA, ATEAA:

q; (z;) = exp (Eiz;[In p(x,2)]) - exp( const )
__exp (Eigj[Inp(x,2)))
J exp (Bixj[In p(x, z)]) dz,
SR E, ARSI T, IABE o () S9BE41.

14.5  ihsipay

ARHT LSS RS SO . BRI B R (LDA).

WRAERYE, 455 — 40K, B ] DAS IR AT 4SO iRie 7RG, DA R fe SO 5 MR L33
A R BB, ARSI T — G FE, O TRECT M RS, TR U 41 R
BT (2, R4 ) AR TR — i SOR, FRATIE I TX 4 T, R RARE T2 I B A AT
AFPE RS (AT — > e, o LDA A b RN A TR E ), FREE
BRI AR MR AL X BRI RO RE (B 9 &) Pk Atsid), 840 F
A A — R R (RIARTY ), Gl oA R B i, gl ml e HoA R 1 1

14.5.1 & (14.41) Witk

N

p(W,z,8,0|a,m) = Hp(@tla) HP(ﬁkM)(H P(win|2tn, Br)P(2t,0]0¢))

n=1

BN LDA B M RIS AL o, n AESOCH W IHER . Hor 2, 8,0 2 A G R P e As i BRI A
AP BR AT AR A 1412, BIPAYETSGAIEC 14.41 Hig 2 PAIRR rr g PR TTH —— R, X B =A%
T, TR =ADMEMS MR KR H—NERITR T A SO SR AT R AR 2 A SR o
BRI K AT AR B ) AR A AL o fn DRSS RN A SO T A
FRLJR] 9 R R A LS

14.5.2 R (14.42) iRk
AR KA R e K, 20 PR Bk C1.6.

14.5.3 & (14.43) Wofiekt

AR, Herb p (Wi [ o,m) = [[[p(we,2,8,0 | a,m) dzdBdO, Bl PRl p (wi,2, 8,0 | o, )
M5

BT T R SR I SE, FTA p(W,2,8,0 | a,m) = [1,, p (Wi,2,8,0 | e, m), sRAPHMSA 5 22
HTIEm, BEA. 20 7.2 ORI

14.5.4 R (14.44) iRk
ARG EIR . RAMREZ R KR, Hofp3oR 7k v e s g g

_ pam(w? Z, 167 @)
paﬂl(zalgv @ | W) - pa,n(w)
525 3k

[1] Christopher M Bishop and Nasser M Nasrabadi. Pattern recognition and machine learning, volume 4.

Springer, 2006.
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R (15.7) C = (Cy —{L}) vV (Co — {—L}) FANT AR MBRERAE, 5 20 321 [R] B A e A5 20
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C—(Ci—{L}) =Co—{-L}
s AT GIE UM IR B AT P30 E 3, S P R i B &1 (-1} A

Cy = (C — (Cy — {L})) V {~L}

15.2.4 X (15.10) iRt
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15.2.6 R (15.12) MfEkk

%2 (intra-construction) #AERE o PWRIEAEFR 2] ¢ T 7] — 2 5 S0 i 36 R 2 55 14 3
gy, H BRRBOL AR VE R 2 e S a5 (16.12) W, B XFE p«— ANBRlp«— ANC )
JFEFBT R p— ANq, HPFZEFE ¢« B ¢+ C,
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%A Z H M (inter-construction) ¥EAEM & Lo HAIRAERBA R ZH CFh g AL 2 4 7ais, I
SE SCRT 258 S0 CAlR X A SR 128 14 . E30 (15.13) W, BHF p— AANB M g« ANC )
H[FBHE A A BBUESR, HHBHCTFE SR r— A, BT p fl g B8 HWH r SO e 15
B p—rABY5qge—rnC,

15.2.8 KX (15.16) nffs

01 AYEF LR, 159
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