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CE) N i B WA REN A7

RERERORGE 7 I INER — AN & . KRN E RN ENIME, WEehAE
Bt ESERURSETH 2 2 e X AR RETE; SRRROA N E >, XRAHRE
TN EEREGI A AN =25 B SRS, ik, e
s AR 554 AL RE ST A RE R SRR B Jm A 4R B 2 2T R I
Fle 3SR ARy i AL [m] U )

1.1 Stz
1. Gt kR S

itk 2] (statistical learning) /& 5% T THRENLEE T Al #2848 TS Y I i P A 1Y
X AT TR 5 20 BT i — 122k Geit 2 ST St HL #8852 (statistical — machine
learning) o

Gt E AR EER R (D Gk S RN &, RESTETHRILK
ez Ly (2 Giit eI DB AR &, REBIEWEH R (3) Gt I H
X B HEAT TN S 204 (4 Gidk S LU bty Gt o 23 D5 ik M) @ i 5
MBHATIIN S 08 (5 ik I RMFRIR. Sty BRI, iHEHR. Rtk
%%&ﬁﬁﬂﬂ%%%ﬁ%ﬁ%iﬂ?ﬂ,#HEE%¢%§%&@§%@%%%5%&
o

/RAARE- VIS (Herbert A. Simon) B X< #3125 AR E X “UnR—> KRG A 1E
EHAT A RSO PR, XEUESES . VEIBIX U, SR T ENLR SR
I iz R e giit 7 ik m REVEREINLAS 7 ) o BIE, AN AL 7 I, T
fRG LR .

2. G R

it I SoE B (data) o B MEEE Ik, SEHCEURAOAFAE, iR o 2o o
A, RIS AR, SRR EE A ST 5. MERGTH AT R, SR
igﬁ,@%ﬁﬁ?ﬁﬁﬂ&@%t%%ﬁﬁ?\i?\@@\Mﬁ\%ﬁﬁﬁuﬁﬁm

Guit o8 2 R T HAE AR BE FISAEE B — e gt A, X2 guit2# > Al
o 1X B RIS A2 1R B A R IR R B 8, s o . HIRMII T, A
FREEESE . BT eI Ra g, prilal SRR GeitJrdokom LR EE . tedn, a)
LU BE AL A S Al i B o AROPRRALE s T3 A R Htie 1 S v H L

gt i, AR E R R B . Bl oy SR B A A RO
SRR ABUSHE BB RERIINEN T Fok, A4 RR Rt A A A LA s
R B REAT o0 M ST, e B P WL AT S B 25 1) A T

3. Gt HM
et 2 > TR R BEAT T 5 20 A, ARe ) X AR R B AT T 55 20 A o



RITEIN AT CALE TN LS AN e, B s v S LA S S Ve REAS B s X B i A ]
PAAE NATTEREBCHT O FIR, - 28 AT BT A A B

XSS PR T 55 o A A S R AR ST R SCELN . Geit o 1B H bt A2 5 g
I AR AL AN U] 2 SRR, DU R BE xS B EAT VR I 000 5 20 A, RIS B 2255
JEJR AT REMBR e 27 2] R

4. FTE NI
Grit o S 5 02 2 T AR A e R R T Bl 2t AT B 5 0 # . Geit oA > il

B2 2] (supervised learning) « FEHEE2%2>] (unsupervised learning) « P E22>] (semi-
supervised learning) L5 >] (reinforcement learning) 52H A% o

AP FEIFRWE S, BMER NS RONE T USRS~ WG ER . AR
1. AT 0I4EEE (training  data) &K, RIEEE ML FE A=A R; IF
HABRGEZII PN E TN B ES, ORI ZSE Chypothesis space) 5 N A
PPN AEN] Cevaluation criterion) , MBI 2 A FRa B — AN AR AR, ek Il 258
I RRFI R E A (test data) 7E45 7€ IVPANVEE U A AR TN e DA AL ) e B ey 5
EE . XFE, Gt ) TR A FE R R B 1A AR I R R ) DL R A ] () B
%, MREONGEH ) DTN =R, IO (model)  SREE (strategy) FIHIE
(algorithm) .

SIS 2R ) T E R IR T -

(D 32— MERENGEIEES

(2) HaE B P vl Re ALY () Bcise e ), RIS SRR AR 5

(3) T e A AL eI, B2 ) 1 S s

(4) PR )L, B 2E ] Bk

(5) L5 2 I iEE B A

(6) FFH % 21 1 e AR B0k 35 Bals i3 A7 P B 73 A o

KBUNAG 72T RE, FealRE e300, FEAFEHT 2K i 5E
Egg%ﬁ%oﬁ%fﬁﬁﬁﬁﬁﬁﬁﬂ\ﬁﬁﬁ%\Yﬁﬁﬁ%ﬁ%@ﬁ$ﬁ%ﬁﬁf
Z IS o

5. Gt

Gt MR — MBS 2 7k (statistical  learning  method) « it 2: ] BEIS
(statistical learning theory) MZii12%>J N H (application of statistical learning) —NJ5
o Bt I AR B EETF R 52 210718 Gt I BRI A TRk G5 2]
INEERE SRR, LRGSR W8 vt 52 5] 3 IR £ 25 8 4
TH ) 78 FH B SEBR ) b 25, i e s2 o )

6. FuitiE )M E B

205K, GritaA 2] i A BIRIE AN T A S 2 7 BRI R, AFZEK
R, Gt 2] Ot 2N TR Re . Qi) Bz, RS S48, s
Wl EBARA B B RGBSV 2 tH AN U, I BRSOy IX e s 1%
OHAR . NG, Guit2f SR 2845 Ja IR R ISR B A R SR ORI IAE -

Grit a2 2] S RHE RN A BOR 1 B T BARBLAE LR LA

(1) Giitsa >R A P B HE A RUE . BATET — M5 BRI, HEEH
Pa B A E S R R AT PRI 55K o DS rh R AIE AMEIRER, i L% H BT A e 1



Grihof SIEAT R AL BRI e v A I TR
(2) Giits >Rt HAVE LA R T B B it BRI LR &S, W2
EHBAR A ST A EZ A bR, L)Lk, N LRSI AR, FIHS
AR NRE RIS, B —ERIRYE, B SEHZ — BRI R T B
(3) GiitA 2 AR R R — DN EEH R AT O T FEHUREA th =4k
M. #4. HE. BE. it eI X E e HEER 4, JFEHTEEZ 0.

1.2 &

ES N =2 R TR o A R 2 N | S R 2 B S R 208 N1 = 20 I NS e SR L P 7 A R
> 1A

B2 >] (supervised learning) MIAE55 52 3] — MBI, (AR RE % X AT 2 45 % (M Fai
N R HAH B g AR — AN T G, X B B EREDN RGNS
W, HEAMWBMASREARD o tFEHLEABAES RS € — NN E— N,
Fr AR B 2 S R BB G-#3 3, MRS FITNEREE . MHAK 21

5.

1.2.1  EAMS
1. BINZSE] . A 23 1) 5 s )

TEME =2, BN 5 A o] se BUE AR & 3 Ik v % AN 25 8] (input  space)
i 2%E] Coutput  space) . A GHHZE A LLRARITEMES, HA]LLZEAER
IRAs(a) . A N2 1) 5 4 23 (a) m] DA [l — A2 1a),  n] DL ANE A 23] s (EE 5 4 2 1A
LT/ N TN 2 (]

A BAREI N — 526 (instance) , % HFFEE (feature vector) FKix. X
B, BT RHIE A AR IR 25 [ FR ONRFIE 23 18] (feature  space) o RFAEZS[A] B —4EXT BT
—ANRHIE . A BB SN 2 8] S RHE S R A AR R 228, XSPENIA T X9 AR A
23 (8] SHEAE 23 (R N AN R ) 2 18], S48 M B N 25 () B B ISR 25 ) o AR S 4R 7 e X
TERFIE 25 18] L

EMB iR, BN S E R e e N CRFE) 23 [a) 5 4 H 25 18] _E 1
MR EEUE. N T EHREFRR, IR EMATESIEX, HETE5E
Y. fAN A ETIEA NS FRERR, AT ERNIESEx, AR N EUE
ey, AwEnlehrEsine, #HAMRREFRRR. BREFEIEAN, AP
RNFIFIE, N SEEIX PRI A & 1A

¥ = (x[”,xm,---,x{"],---,x{'”)T
xOR IR FANRIE . R, xO5x AR, A HxRRrZ MNP A, B

= () (2) (T
"r.' = (xl "xi ".“""Yr

W2 S MRS (training data) G =AY, XPINREIE (test data) AT
T . YRR A (BRHER D S ar ik, JIZREE T RRN
T ={(x, ) (x5, Jarrey (X5 Yy )}
DA ES i FH A S SN e 2 . N S5 X MRRONFEAS (sample) BUAEA £
N EXAH A EYAAFRMZER, fDURELLN, W] bUEEE . AR
BN BT ERARZEEY, XWNES S T AR AR WAL RS H AR gL



AR B (Y TN i) REURR D9 [0 U i s it A2 B DA PR A 1 IO B ) N [P AR g 7 S IR
AR G 5 A R 1) D9 A B ) B SN ) R i [

2. BRE BRI A

B SR N5 4 R T BE LA B X Y S A 22 0 M P(X,Y) . PCXY) R 47
ATRRE, B ATE LR A TR, R SIERE T, BUEX - IRE MR AR, EXTEE
RGUKUL, BRAEHER AT B AR SRR . I ZREEE 5 A 60R 1R 2 KB G R
AP ISR 3 AT P R o GEit o SR s A — € gt B, XAY RIS
M3 A AR Bt A2 e 2 > 0 1 Bl i B A B i

3. R3]

B2 2T H BOLE T2 20— e AN B ARG, X — W AR ARSI IR . )i

mE ¥
i, I H WU TR B 0 XA A . IR JE T b N A R 20 Fa H 2 1] B B S i
EL, ENMESHZERE A (hypothesis space) o 1525 0] A 52 B R G 24 S Vu L AR A
JE o

B A ) AR Y ] DU AR A A Bl AR 2R A A, 2R R 0 AT P(Y | X) Bl R 55 bR 4
(decision function) Y=f(X)%&/x~, BEEMEIVETE . X EARPIE N34T FH R ¥ i
T, SYEP(yx)EY=f(x).

1.2.2 AR L

B S N R s B 2 51— MR, P R ASE AR okl b AR £ 4T TR0
(prediction) o HTEX NS FTFENSGEIEE, MINGEIRETLZ N THHT,
Fr AR E 72 o B 2100 SIS SRS, B ] KRGS W RS 5ER, 7]
FHEL. R

(I I -._\'l }.{l':-..‘\': j«' e 1{.\-__\'-._11' 1,':'

f

Y=(X)
y P(Y|X)

YN+l

X1 MRy

B o > )

[ER ot D e I 27
T ={(x; 1), (x5, 32 )75 (Xy> Yy )}
Hrhx,y), i=1,2,...,N, FAEARBFEA T . xExSRYZEHAFINIE, AR A% A Bse
B, yeVREEH MM, B AR .
B, ol grids -5 M B 2 KIS BER 2 A P Y) ST [F] 3 A1 72 A 1Y o
(SRR, %) R R A ISR, BT (S AF— L
M, RIRNFABEZE AR POY | X) BRI BR Y =S (X))o 2 MER 5040 P(Y | X) B SR R ALY



= FOOHBRIN 5 H BEHLAE T 2 [ (S R

FETNLAE - TR Goxt 45 7 B AT h B A Xy, AR
Vyy =argmax ﬁ’(y.,\,._] ) .

i By = () 20 AR R 5y o

RS, ARG (Wt ) WEIE L I GEEEE P IR (x, vl
REE R AR BRI, XX, — D EARRIBR Yy =) n] B4 — Mt
f(x), MG S LA 2y, WERIXABR B IREF RN EE ), IR Ay,
RO 4t £x,) 2 IR ZE AU 122 W8 /N o 5 2] R GBI AT 2t U fue iy, DA
AR YN SR B8 SR A A B O TIN5 [ 8 A R0 A U e B B Tt = T e A O3

13 Gt =85
Gt ) Ir bR R SRR A, BIGET o) i S R, AT

fa] LI R TR
JiiE =1 A+ R+ Bk
NHERAREEEI PG ) =8 AR A s I B AR X =2
o AU —FhGeit o2 X U5 it e i e BAR R ge it 2] =R

1.3.1 fA

Giit oy > E B R ) B 7 S A AR . FE B STk R, AR gl T
TR SR o AT Bl bk TR R . BT HE 1% 2% 18] Chypothesis space) L& BT Al BE 1 2644
MER AT SR R E . BN, BRI R B M N B LR, I AR R B (A
A T A T e M e B B BRI o BT AR AR A — A T 75 2

B (A F R o ARSI T] DL SO R R B AR A

F={/1Y=f(X)} (1.1)
Hor, XFNY A2 CER N2 A 28y EAs i, X FlE 2 m— S5 Ek
JE ) bR H5 R «

F={f|Y=f(X),0eR"} (1.2)
ZH ) EOHUE T o4 BR IR AR, FRONZSE723[H] (parameter space) o B 1ZS [ A] LLsE
SN RN ES

F ={P| (¥ |X)} (1.3)
Hodr, XRIY A2 SCFES N 25 T x A 23 1) Y _E R BEHLAS & X ol 2 — A3 80h
T LE B SR AR AT R

F={P|P(Y|X),0eR"} (1.4)
4 EOHUE T 4R IR AR, AN S 825 .

A RR B SR R R B Y A ERE A, SRR SR IR AL R R Y
RN, 1 KBRS, AR H A — R,

1.3.2  SRm&

A 7RI R, e o S35 5 25 RS A2 F AT A RE AR D 27 5] B % B it
AR . Geita >0 1 B AR AE T MR L2 18] A e e fE A 2



BB RS WS s B e o 450K R B AR TR — ORI ) S IR, XU R S
JEE P20 T SC T A L T PR 4 3

1. $5 5% pR ORI RS bR 5

W B2 5 [ R AR AR s 2 (R F R USSR OV E R R SR bR B, T4 e I AX,  Hf(X)
AN Y, XM R TIE X)) S S EY Al e — 2 nl ge AN —2, F— 1M
SR (loss function) BUARHTRRZEL (cost function) P& TINAERIIFEREE . Hik R EE
)Y RSB BR 2L, 1IE/EL(YL (X))o

Gt 21 PR R 8 Ca LR UM

(1) 0-14 2 A% (0-1 loss function)

X I, Y=#f(X)
L(Y,f(X})—{U, Y = FOX) (1.5)
(2) “FHfik %l (quadratic loss function)
LY, f(X)=(Y - f(X)) (1.6)
(3) x4 %L (absolute loss function)
LY, f(X)=|Y - f(X)] (1.7)

(4) XFEIR K K%L (logarithmic loss function) BYXEULIIRTR 2 pE %L (loglikelihood
loss function )
L(Y,P(Y | X)) =-log P(Y | X) (1.8)
TR AR, BRI . BT R it (X)Y) Z2BEVAE, EE
HAPX,Y), T A4 2R BB S EE 2
R ()= EJLLQY. FOON = [ Ly, f(x))P(x, y)dxdy (1.9)

XA PR AX) KT BAA AP Y) IR SC R R, FRON KSR EL (risk
function) ERHIEEHI’K (expected loss) .

53] H ARt R FE R XS i AR AL TR S AP Y) 2R KN, R (DA
REEFE T E . SLhr b, WMRENERRADAAPXY), AT NS 940 B3R H AR Ah
P(Y|X), WHIATES] T IEFNAREREMR A, A FEFIT . EE—
K, — 7 AR A EE KRS e/ o SRR B B A 90 AT, 53— 7 A 79 A1 S R A,
Fr U 22 S o — A Al @ (ill-formed problem) o

75 — NN GEFEE

r= {{x[tvn )1{x3 » V2 )1' ) '1(x_.\.' -,y;\)}

BRI (X) 5 TN GR B SR P S R PR N 2 50 XK (empirical risk) BRZIGH 2K
(empirical loss) , CFR,,:
| &
‘Rmnp (f) = ?Z L(J’n!{(x,]) (] lﬂ)
4 i=1

1 AR (0 R T B4 A UTEE R, BRNRR ()R T Il
REEMTIH K. HE RS, GHABENET RSN, SRKKR,, (0T K
KeR (D) FF LA —AME B SRR R PR 200 S i o BT K. (B2, o B
RHEAI, R, B DU SR R i o T2 R 33 3R B A, BR800 K it £
—SE MR, IS RBI S S I PTA LA 20 KR MU K R ML



2. 26 S e /NS A RS e /MK

TR RS 0], W R DL A GBS e I LR, &0 X R E (1.10) miar
DI E « &30 XS /MY (empirical risk minimization, ERM) HISREEIN N, 2256 XK B

ANUBUR RS AR OB . R — om0 KU B IR A B R SR et R
)

N B :

min > L0, f(x) (1.11)

Hrp, FRBRA.

MFEARR B KK, 230 MURERIEA RIS S8R, RIS # 2k
. Eetm, KR (maximum likelihood estimation) e £8 56 XU 5 /M ) — AN
fgiﬁﬂ%%#M$%ﬁ,ﬁ%@ﬁ%ﬁﬁﬁ%@ﬁw,%%m@%&%ﬁ%%%&ﬁ
PLARA T o

B2, MEEARBEEIR/E, 250X /IMESE TR UR DR GF, 2724 G TR £
BUR it #0 A (over-fitting) " T 4

gE R XK Bt /MY (structural risk minimization, SRM) J& 8 7 Bl ib i $ILA 1m0 H2 HL Sk 10
TR o ZE R RS B MUY T IE L (regularization) o 544 XU 7E £ 56 XU _Eon bR oR
PR J P () IE AL TR (regularizer) BYS1I (penalty term) o FEARZS[E]. 512 R LA
KN BAR T BB LR, S5 XU 1 X

&mﬁ=%ZMmeDhUUU (1.12)

HAp OB E R, 2w CEBWSEF Lz . BMERE AR, B3I
K R, HAGHTEE, RIREIOHB/N. BEdl, EAERR TR REME
Yo A>072 2%, AR50 X AR ST IR T o Gy XU/ 75 2 48 i UG 55 B 7Y 43 o
FE RIS 7N o G5 H8) JRUISSE /N (R A R AT A G I R 50 DL S AR R B i 5 0 A e 1) Tl

tbdn, DU oE A B oK JE B 24 11 (maximum posterior probability estimation,
MAP) it 72 45 16 RS 5 /MG I — AN S8R SR AR o0 AT L 400 2R BR B X B0 2k
%ﬁ\ﬁﬂﬁ%ﬁﬁﬁ@%%%mzﬁﬁﬁ,%m&@%$%%%ﬁ?%ﬁ5%mzﬁ
TToe

G5 e AR B3 /MG B SR DA A 35 ) DXy e /IS R ABE R e AR AR o P ISR e LA, gk
& KB L AL ] e«

. , :
§§-§§U£J0m+&ﬂﬂ (1.13)

XA, MBS O 1) AR B T 2 0 S BN AL XS eR R ) e LA TR (111D A
(1.13) o IXIN 2056 ml 45 Fa XU bR B2 SR DA I H A e 2

1.3.3 &k

FAE AR IR BAR T RO Giit 2 SR TN gE, IRYE~2 2] 5, AR
B IR R, Fm i EZ G R AR T S R SR I s AR

X, Guvk > A 25 A R A R R, Gt 2 ) R SR R SR s A 0] A 1) B
o WERERAAL I S IR AR, XA S DUk ] AUl EL A B0, (ELE AT i ANAF
£, XAt E BB TSR KA . A DRAESR B 2R e DU, IF AR AR A RE AR 4
R N — AN EE R it S DA O R, AR B R E K



LS.
it st SUNEZ AN, FEOR A AR SR, FOARIAE. #E TR, 5K
Wy B, G ININEEE 1. RWHUSK AN STE ] = E R R

1.4 AR S g £
1.4.1 IR ZE S5NGRZE

T2 ST B R 5 2 2 A RSO O R0 i HLX R 0 #0 Be A 1R 4 i T e
J1o AFRBIF A FIESEBARPER . YR REES e, FE TR BB A 1)1 25
W7 (training error) ARHFIMNRIRZ (test error) Ht F RN =) 7L -AE bR UE. TF
B Gt 15 1EBAACR F I 2k B8 BOR D62 PRAL B A FH i e s . 2448, b E —EK
FE LR AR A )

s 2E S B AR Y=S(X), IZRiRZERREILY =S (X) T I SR B 1~ F 34 2k«

g 1 .
&Mﬁ=EZM%ﬂm} (1.14)

PN G R
TR 1522 R Y =7 (X) T A 4578515

[ & .
%MLFZM$JmD (1.15)
i=]

HANEM AR .
B, R R BOR0- 145 R, R 22l AL Bl 1 AL A I e S b iR 2= R

(error rate)
| .
%=$Zm#ﬂM) (1.16)
o i=1

X HEDEFER RS (indicator function) , BIy#F)E N1, 75040,
AN, H LIRS R S L HER S (accuracy) A
N

l =
Fest _FZI:I(J’}f _f(.xf)] (]1?)

TR,
+e =1

;‘I.E'E"E test
WIZRIRZE IR/, 0B Wr4e 58 1 v B A 2 — 25 52 5 ST Il A = Y, (HAR R
EANE R, PR ZE R T 25 2] 5 VRN AR R I B P AR I TN RE S, AR ) TR B AR
e AR, WM TR, MR ZE /NN T E R A B il ae 7y, A EA T
o WERE S 3] 7 VEXT AR FN S R TN BE SRR N2 AL RE I (generalization ability) , X/
A G AE L6 T 4R SRR

142 HSHEESEMEEE
VR TSGR FRE R (B, RRSEARD BRI, 55 i ik 5

(model selection) [FJin)@l. FA T BHIEFD ST —NEEMIET ., R AR 2 H P A7
TR, AR Frik B NAZIE I JE A . BARHL, Frik e g S m ) 2



BABOHEE, kB S80n & 5 BN S8 ) ST .

TR — B SR A moer I SR B I T B8 77, P ide A AL 1 &2 2% FE M AR AT 2 bl A A
Ho XFIGF AL IA (over-fitting) o A R4R2E IR ER R T E & 1S40l
%, DAECT I — B A0 A s BINAHR 4F,  AERR AU TR R Z LR . W] LA
iR e 5 B 7 38 G i 1005 I ey I A 1 T e

T, A2 TR EA A 1 O, SIS SRR . X2 AN R

#i1.1 Bisess e — NI ZR B A

i = {(Ip}'. Ja{xz :'yz )a' : 'S(I_.'.,' :y,*\-' )}
Horbr, ixeRZHAXHDIINE, iyeRZAH M H tHy FOIIE, 1=1,2,...,No 203
H IAE S5 R BA 2 7 BHE MR 2 LUk 2R i, IR AT e A2 X SE 3 MUK 22 T
g@ﬁ,@EMﬁﬁﬁﬁ@ﬁ¢ﬁ%—¢ﬁEﬂﬁﬁU&*ﬂﬁﬁ%ﬁ@ﬁﬁ%%ﬁ%@

B2 A1 2R 10N 5, O~ S TR M BB (P A P
th T e 2 22 1 e A 2t )

BEMIkE R K

M

Ly (W) =w, + wx +wyx” 4w, x7 = Zw;.x"'
j=0
AP xRRARERN, wo,w,Wy,... EM+I NS
R — ) R ) VAT DL IR R . E e E R R R R, RV 2 2 I K

IGTEEE R ST, #HBAR XS S IMERI RS, KESH, B2 00 RE,
HAkH, RLLUT &0 XS5/ Mb:
1
L{‘,i’}:EZ(f(IF,W}—yI}Z (1.18)
| M=0 ' M=1"|

].— 4 I_
) " 07"4’\%
-0 ~of

o
- L) b 4
-1} : - =
i

x 0
M=3
It . It
~ o’/ by ] v
Le )
-1t L ] -1t
0 T 0

X

B2 MY T B S 2 B

I
K, BUERREON TPk, REGRN T HHHIE,
KA R i AL R e R SN ZR RS (1L18) , f



1 (& .
L{w) — —Z(Z W’;II."I o J’,]
2 i=l \_j=0
RfjwoR i S HOF 4 HOR0, 11
N

z x,'j Y

o gl O
W, = » j=0,L,2,--- M
J+l1
2%
i=l

TR E 2T R - W7 Wy

K124 TM=0, M=1, M=3KkM=90f 2R KL EHHE . EM=0, £
Wi ke — N8, BRI A RERIRE, WwEM=1, ZUiAiLkE—FKHL, HHEH
SRR ZE . M, WHEM=9, WA HFNEIE S, NERIREN0. MITEE
WL E A R, SR ERIF . HiE, BANGEIEAGAEMRN, XMls
T2 06 AR A O TN B AR AR AR BRI, FESEPRZE SRR, XA SIS
ek XU, BALEREERT, AEE BT O EEE f TN EE /7, T HLb 2 Y
RENBHE I FRMEE S7o MM =3}, Z TN ZRBIER &R s hr, FAIH
A EL, R —NMEF IR FE.

L2 REILE T T VR R, FE2 DA (R ERE) Figm, IEkiRES
BN, BEEET, EEMRREEINAN N, EabEE 2R RE (RIS L) [y
TnZe /N JE K TR H 2R A B . XFE, 2R REBI AT,
MEEFSENZ IR, UERIX—H. XX — BRI R Bt 2 o i .

K13 TR Z PR Z SR P 2 R R A E 4 K
i, YRR Z B E N E R 10, MR ZE SN, BRI E/MEE S8R, Mk
PR Ze B K, PN E IRt kKA. XFE, RSt B b S, BT
PR R 5, BB 28 BE a0, LA RS IR Z /N2 H . N HA4H
WERR R A R e B vk IEMIAL 538 IR .

iR

T 58 25

gk

\

BRI e
B3 IR AR 2 S A K R

1.5 BN 52 X EGHE
1.5.1 1ENM4k




R I ¢ 1 LR 7 32 2 TE MK (regularization) o 1F Ak 72 &5 440 IXURG: 5 /N TR I A 2
W, RAEZL X En—NENAIT (regularizer) B¢5 Wi(penalty  term)o. 1ENALIT— %
FER AT R R LR IR Y R A, BRI %, IENAR(ERUEOR . b, IR IRT DL AR
IENE— B A TR

I L
mg-ggykmf&m+4ﬂf) (1.19)
Horb, BURRLIAK, H20REMILIT, A0 HFI# 2 1% AN R
LI DUROR R T, i, [ e, SRR R B ik, RIS
LR 2 B L

L) =L -y + Xl
N & TS T T

SCHL, |[w]|ZER S 5 R w L 15
I ATt T L 2 S PO 58

l A4 . 3
Lw) =~ (i) =) + Al wl,

XE, |w||, RS mEwRL
FIIM AL RSB /NIRRT g R 2 CBAZ N EEESH0 , X220 &
FESE R RN IAE H 2 i B2 56 XSG S A5 R 4 2% i [R] ) e /N RO AR AR
IEMALFF A LR a4 7] (Occam's razor) JREL. BLASUR I T I BN FH R0 Gk B sp AR
ALCLVTAEEE: fEFTA R RER BB A, REASIR U st B O A Eds IF Ao 181 B A R i AT
PR, Rt NAZE BRI . A DU T A SR, IR AR TG T4 (1 S 36
M. T UMR IR B R A A SN e BN R, T BB A ORI S IR A

1.5.2 &2 X5k

T — Pl F B AL IR B 07 V2R A8 LIS UE (cross validation) s

WERZE E IR AREAR 78 2, AT BB 50 1) — Fh ] 50 07V = BE A LR B s R 1) 70 =
#h43, A AZREE (training set) « HUF4E (validation set) FIJIALE (test set) o V<5
SRR, SR ur AR TR e £, il A T e 0t 2 2 Tk vl o #2252
B F S A FE AL, IR B I UE S de /D T iR 22 (A AL . R TR SR A 28 2 1)
s, FEON BT e R 2 A 2

B2, fEFZ LA IR EAT LR A TEFEFIBA, v IR IR
o AR EAAR VS & B G AT il 4045 e BdR T U4, Bl s 4
BANGEEGME, AR ERE AT IIZR, W DL R e .

1. A BRSOk

{7 BALAZ IIE A& 1 S BENLIRS Q23 Bl 7 Nl oy, — @ ENINgREE,
NI (B, 70%M R AN ZREE, 30% A8 NllikEE) SR Ja I ZREErE
BRIEAET (B0, ARESEALD IIZER, e SR PR, £E 8 EPrir
BRI R, e R 22 i N R

2. SHTAZ X HiE



N B %2 B SHTAE X ISHIE (S-fold cross validation) , J7VEUIR: B EBENLHE C.4
ARV 93 NSA BEAFAZ R NAFRIF 755 ARERES- I TR IR, FIHR
TR FENAAR; B IX — i RN AT REISMUE PR E BT e ik H STRVEI S 240
R ZE /ML,

3. H—RXIAE

ST AZ XIS UE FIRFIATE TE /2 S=N, AN —2 XIUE (leave-one-out Cross
validation) , FAEEIRHF=Z AN MMiH. XH, NEAEREENE=.

1.6 ZAbiEES)
1.6.1 ZHiRZE

22 ST N2 ALRE J) (generalization  ability) &4 F11% 5 2227 ) B AR T 6 SN B0 ds
TN EE ST, A A BB B . IS SR 5 22 1) 72l i 3k i 22 R
Wz AR A RE 7T o AHIXFRPEA 2 A T IR e 4R 1) o RN I 2 26 2 A BRI,
IRA A BE H LA B PP 25 R B A R EEM . Giit25 S SR - A FR 1S X2 21 7 i iz Ak
He JIHEAT A1 -

HAGHZWIRZERE L. WMRZFPIRRRS, A2 F XA A F0 A s T i)
R ZZ Az iR % (generalization error)

Rop(1) = ELLLEY, fXN = [ L0, f()P(x, y)dxdy (1.20)
AR ZE L T 22 2 TTE R ALRE T, R — PP 7 VRS ST LY 7 — Fh o s ) s Y
fﬁ%@%&%ﬁ%,%Zﬁﬁﬁ%ﬁ%ﬁ%o$ii,&%ﬁ%ﬁ%ﬁ%ﬂﬁ%ﬁﬂ%
HAEE A

1.6.2 ZHiRrzE LS

5 ITERNZAGRE J1 o AR AR 2 il i T AR ZE IR B ST, TR ORI AR
7= 5 (generalization error bound) o FARKUL, i LB FR 22 2] TV 2 (R 22
ERERANREE RS . 2Rz EREE BA T HR: ERFEABTERREL
HREARREIMEN, 24 EAET0; BRRW T RIS E (capacity) WAL, (R HE
EEOK, BIRUBEEY, AR E FFREOR.

T2 AR AR E BRI R SRR Rz AR E B

HRE TR K. CRINGEEITET={(x, )Xy Vo) (uyn))s ERMECAHE
ROAP YY)V FE A re R, XERY, Ye{-1+1}. RS AZRBGRESF =
{fy Doy}, GRRECNE WOREMF HIEI IR BURRBUZ0-1401k . ST
ARG R 222 55 RS - )

R(f)=E[L(Y, f(X))] (1.21)

~ 1 '\:
RUW=§Z}UMHLD (1.22)
i=l
20 8 IR Bt /M B R



fy =argmin R(f) (1.23)
AT S R RN 2 AL A
R(fy)=ELL(Y, f (X))] (1.24)
FHIE MG IRESTF =, f,...f,) P 0 RSz (L5 2 E A
EHLL GZARZE EFD X TR, SRR R R RS F =
(£, £, f 0, SRR AL F, EOLMRIS, LLFAERX R
R(f)< R(f)+&(d,N.,5) (1.25)
He,

S{d*hhﬁ):\]ﬁ(logdﬂogé] (1.26)

AR (125) FMREORBZIRE, AMEZ GRS R, EE R F R,

FITRIZRE, WEREHN, RSB/, F2HEd N.G)EN K HE I

gﬁmf%%wﬁw R B A logdW I B, (42 1 2 1 R Mk %2, LA
E B FEAE ] B B Hoeffding K458, JEALAMI T .

S X
T2 AR X, X 2R, Xe€la, b ] MAHEES0, TSR

P(S,—ES =1 <exp = 2 : (1.27)
(b -a)
=,
P(ES,—S, =1t)<exp - - (1.28)
Zr:] b—ay

SHE R BREFEF, REOANMHOL BN BL(Y, (X)) FIREAIIE, R(O)ZFEHIAS &
LOY fXO) AR . a0 A2k s 20 UE T X [81[0,1], BPXSFrEi, [a, b, 1=[0,1],7/84H
Hoeffding N5 (1.28) AMEAGHET, XE>0, L NAZFAKAL:

P(R(f)~R(f)= &) < exp(-2N&")

HTF={f, f,.. 02— MaRESR, &

PEf e F: R(f)-R(f)=e)=P(|JR()-R(f)=&})
feF

< 2 PR -R(f) = e)
feF

< dexp(—2N¢&?)
BHESEMN, HEREF, H



P(R(f)-R(f) < &) =1-dexp(-2N&")
4 S =dexp(-2N¢e) (1.29)

| PR(f)<R(f)+&)=1-6
BN 2D DR -6 R(O<RO+E, HhEMA (1.29) B3], BN (1.26) .

Mz bRz BT H,

R(fy) < R(f,)+&(d,N,5)

Hrp, EWNHI (1.26) & X, fHIN (1.23) & . XU, MRz NI
B, HZhiREWE SN,

DA b ish i ) R R A v 2 TR B A BRAS e U O N iz A 22 B, S — MR 4 s 1)
BRI AR ZE A X AR, XEAMENH,

1.7 AR R 5 0] ) ps

B A S AR STl 5 o) — M, WX R, R 45 P A\ TR AR L P
AR ) — R Oy RS pR B

Y=f(X)
B MRS
P(Y[X)
WEABt 22 3] 5 AT By N AE T 75 (generative approach) F1¥| 57775 (discriminative
approach) o P3| FIRIAL 73 IFRONAE RS (generative model) FlIH il f 7Y

(discriminative model) -
TR R 2 ST RS ME R A P(X,Y), P85 SR 2R A POY [ X)E N T
FEAY,  BAS AR .
P{Y| X)= A4, 1)
P(X)

XA TR T U A T, RN RIR IR T 4 e M N X AR Y A R 2R o
ST PR A AR A AN ER DU R RN RS S AR m RARTY , 7 S TH 2 15 AT A DG kI

SR 5 1 B s B S SR R AU X) B S A2 AR POY [XOAE 9 Pl i A 28, R
JRIRETY , HH 7350 O B R X8 E IEINX,  NAZTRIA 2R Y o ST ) ) S
RUGHE: KIEARYE. BREHL. RIS, B T . B R . SO ENL. 3R
TR A LIS, BAE R =R .

TEW B 23], AT iER R RS RS, & & T AR T 52 W .

AT IR R e AR VERT DLOE SR H B S BER ARP(X,Y), R T iEENARE ;s A
TR R INSIGR FE T, B SRR BRI, 25 B AR AT DL T R IS T B
SEARAY, MEAERRAR Y, R DU AR RO IR ST, R AR R s AN

N T7 VR 5 R 7 v B 2T B R AR R POY [ X) B R 5 R BA(X),  ELFE T XS
T, AR E S, BT EEEIPYX)EAX), 7] LS BT S R AR
IR & SCRFAE R FASAE, DRI mT PAE Ak 2 3T )

1.8 43258




AR MBI — %O, BT, L AR R Y B BRAS S BUE R,
TH e U Bl N A e ) @, IXE, A NAREXAT DU BRI, W DURIESRR . IR
M T 2 5] — AN SRR B R SRR, RN 48 (classifier) o 232548 X8 R4
AT 5 BT (prediction) , FRN702E (classification) o AJ BRI PR K
(class) o ZFRMIEBAZAK, FAZRKFRNE . A FEEHL RN E.

SR FE 2 S R R AN R . ARSI RE T, AR 2 I R B SR R A AL
)22 TR ) — A R R R e, I 2% 0 0 0 2848 08 i A\ S k47 7
. pmEa HELAR . EFE, y).X Vo). ooy ) e NG E, 23 R5H
WIGREARE 5 2] — N BEEP(YIX)EY =1(X); 7R R G E T 2= 2 75 AR P(Y|X) B Y =f(X)
XT38 R N S x 04T 05, BT e H PR 2R AR 1y o

(.\: 15.Y1 ).(.\‘2._"2)-* ) '-.{.T:\:._'l'l\.')

—= ARG

fLR

P(Y|X)

XN+l & L Y41
Mo ARG ——

K14 4y s

PR 3 SRR BE I FR b — M2 0 ZRERR R (accuracy) , HoE X J&: X125 ¢ MR
BAREE, 7R IEM T RNIFEARRSE SFEARLCZ . W2 301 2% B EUZ 0- 1451 2R i X 2
e LR (LA (117D )

X 2 KA U IVE FE b 2 5% (precision) 5 A A2 (recall) . 18 LA
FIERIZNIES, HANSAMIE, RS 45 L i i sl IEmsAS IEAf, 4P
Dt H B S e AR

TP——44 1E ST A 1IE R4

FN——4 1E T A 71 2R

FP——f4 51 R T o 1 245

TN——¥ 5 R FI 9 51 240

R
Py, A (1.30)
TP+ FP
HIRIZE A
gL (131)
TP+ FN
HAh, EIFE, RREHFEME R EAE, B
2 1.1 (1.32)
F P R
| 2TP e

" 2TP+FP+FN



IR A F R A =N, FARSE.

WZ G221 07iEr U028, BFEEARE ANl AR DIH-30vk . Wi .
PRAIER . B AR AR KRR ENL. R TTEE. DR ZE . R N 4%
Winnow45 . ALK PR A —2e 3 EI7 7k,

AL TR R B < T 1028, Fr DRV 28U A T 2 N H . Flan, 7
AT, Al RAREE— AN P i, 088 P 3 IR G XU 1 K INIEAT 0 285 TEIN 2%
Ak, T AR H EBHE R B HEE AR A TR s R G AL EE A, A 2RT LA SR
G2 SE ANEEI; EFSHEME, 2R AT RMNFE RS LM
=, TSR] DLFS B DT A . R 51 58T .

2&— AN 2N FH 5] -1 ARG (text  classification). X B A SCAT] L2 B 8 i
B, T PR RS, ROMEER ST SCANER, FlEyg. 4. KE
5 WAXRTORRE SR, WIEmE . RIEER; &0 CURYE N e, s
AEBr AR ST . SUAR A SRR SCAR PR R Fo R 0 B A B2 o BN & ORI RFALE 7]
&, AR SCARIZEA . JE A SCA T R e SONRFIE, RS BRI — MR . B A]
FIRFE AT Do —AE R, SR Bial e SCAR R B BUE 21, & NGE0;s LU 2{E 1, R
TR SCAR T LR . B, an R SRR AT T X iR IR £, IX AN
iﬂﬁ'@)ﬁ%?é’éﬁ?%’ WP ER < LEFE 92 Bl I SR A L, XA AT RER TR E

ISo

1.9  HRyE A @R

PRyt (tagging) & — /A E2E ) . 1] PLUA bs i in) i 2328 in) il i) — AN,
FRYE 1) 2 B R A I S5/ TN Cstructure prediction) v ) a7 BT 20 . By 1) &3 A 4\
= NWNFH], e — MR e F A BCRES T A bniE B H AR AE T 5 2] — B,
8 REAE XTI 2 21 25 AR ic 2 FVE R TI . VR, RIRERIbmic NS A R, {HHAS
Ft R BIFR 2 7 51 I B AR 7 51 B R PR B K

FRE A5 2 ST RIARE AN ISR CINBELSTR) o B 9E%8 € — M gREidiE 4

T= {{x[~,v|):{xgmyg )-s"'-:(x,.\.':}",?\:)}
) @) . AT
e, % =060 ) g N, A,

" ro® @ . L NT N ‘
Y=V Y0 )zEéffEBZE‘JiﬁﬁHﬁﬂwaf?ﬂ, e TARIKE, MNAFRFEARTT A
ANFPME. ARG T NGB EMNE — MR, FoRNFHEE DA

P(};{l],}rl'll,_”,}z{u} | Xt”.,X{z}._."'.,X{”])

XH, F—AXO (=1,2,...,0) BUEAFTEREFWN, YO G=1.2,...,0) BEN

FUA ATBERPRIE, —Hin=N. bRt REKIE DB K AR, XTI
LI B A I A AR R . B, S — AN s = (W X5y

B PO )T L i DD ok iy e

. { 4] 2y . L(m T
Yieur = o Yarme 2 ¥



(e (2 32)y (X g Y )

| EIRG

Y=f(X)
P(YIX)

Xntl s 2 ¥us
— IERY

K15 bRidin

P ARIEARR R SR AR S5 VPO 70 AR i b — W IR ARERERA R . S0 R AT A
[l HoE 50 R

PR G2 I T B SRl RAEAL, SR AFREL .

PRVE )RS S HARE S AL B AU 2 N, S I B U ) S A ] R 45
un, BARE S AR A ERRIE  (part of speech tagging) HWisg — /ML FbRyE ) @ 45 5E
SRR A R A, WIS RS SR BEAT R VEARVE ,  RIPR—AS A R 51
IS B R AR AL P A o

ZE—ME B 1 NSO E PR ECE A 4 1A 501 (base noun phrase) o N
B, B SR HEATARE . SESCHIAE AN, SR TR SIS, ARid R 44 1]
JABITFUR” <G5 s H A (43HILAB, E, OFRIR) , Frid AR R ATk A
KR BRI PR B . A5 BN, KA TR Bbmc g R B B 1 N 4 e R T .
an, ga LRI A, BISESCA) 5, FRvE RS A RRIARIC S, RIZE H A7 Y
B4R R

I : At Microsoft Research,we have an insatiable curiosity and the desire to create new
technology that will help define the computing experience.

. At/O Microsoft/B Research/E,we/O have/O an/O insatiable/B curiosity/E and/O
the/O desire/BE to/O create/O new/B technology/E that/O will/O help/O define/O the/O
computing/B experience/E .

1.10 [=] ) n]

[B])5 (regression) AW EZ M A — NEEMB, BIHH TN ANLE (B2
) M A E (AR ZAIPRR, Rl SN & FE R AR, AR
BB 2 AR (AR TE 2 3R 7 A A A\ AR 5 21 HE AR 5 () B o ) R . [0 e
??2%%?@@&%:ﬁﬁ*%@ﬁ%%ﬁﬁ@%ﬂﬂﬁﬂﬂﬁﬁﬂ@%ﬂﬁ%*ﬂﬁ
i (1427
5] U ] @43 S 2 IR AN i R (B L6FR) « B eh e — N IIEREida4E
T= {(Xl,}']),(w‘fg,}’z),"','(x_.\;,_}’;\.-)}



{xl Y1 }.{.\':...‘\': )ie '-(.\-_l,"-._\h_\'}

— R -

'r."\'-l-i T 7y '\."'-+t
— [illRE ——

K16 [al)A1

XH, x€RYEHN, yeREXT MM, i=12,... . No 23 RGFH T I GEIEA 13—
A, BIRREY =0(X); XTI ARy, > TR GEAR TR % ) A A Y = (X)) B e AH LI 4
YNt

EENER et NG S = TR P S T I = P e A TR U= PR 74 CE PNy = I T =3
Z AR R R RIBL R SRR, o R R A AN R Z 1 2] ) o

=] V=127 2] e FH IR BRSSP 7 40 2 BRI, FEREAE 0, [R1E A) /AT DA R 2 44 1 B
/NS (least squares) SKfi# .

VI 2 A8 TS5 A0 v LU Ay Bl a8, Eean,  RIER] DU R 448, 1E R8T
BT PR, BPWHERERE. /EXKEI L. (EA6T, f#iRid
JEEAN TR0 ) 0, AR iR ATE S — AR R BAFER A S (e, &R MHg B A
Cbbtn, WEEPMAE) , DLRAES NI A] L BT AT RESZ M iZ A m I S . (tbln, %
ANE AT RENLAL FIED o Hbs a2 i8R o] — MR, e T DO T Y R T
15 BTRINZ A &) R — AN 8] 5 I ZENAG o AT DUBFIX AN 1a) JAE A (0] U o) vk o EL A I,
B AN 5 B B AR G ANASIE) , B RN R AR & Gl e - Kt
F AR INGESE, win] DL 2] — NI, H AR SR A AT Bl . vT LU H
X8 — N E R T 1 8, RO IR R AR 2, FRATTR 2 Re AT B LE(E B (i
ANBIRHIE) A I RefF 21X L5 .

A B

1. Geitaf 2 R R TSR TR A R e T R de AR A e i kAT e i 5
A — 178 G2 R E ) AR E A5 R E A IR EE >
EM;.%ﬁ%ﬂﬁ&zgﬁ——ﬁﬂ\%%\ﬁ&,Nﬁ%%ﬁ%ﬂﬁ%ﬁﬁ%%%%
SHEFH

3. APEEF IR E ], MBI DB R : A2 €A BRI ZRE0E
B AR RS R A Y, i BB A e T 5B e e), SIS — VPO HE N, ARG
2 (B PR A — AR AR AR, B 48 I R SR FR A B s AR 45 E PR AR R T
A7 B HER R T o

4. GuiteE>)h, BT R CE YR e S I AR Ty N E R R . AR A
ISRz, AT s AR S IR . BRI RER UTVEA IE WAL 558 IR IE . 5]
TREIZARET TR 0 M & e i 2 > B IF 7T () B B R

5. rIRIAIE. Bmyd 1) RN [A] ) ) RS B S S R S . AR Rr R G i
SIOTR ORI L ARVE L ANER DIMIE . R, R R S RO A . S
FEENL TR EMBEGE. &SRR AN AEENL . XL T2 7>



Ky bRE LA EATXAT RSN T 5 H R 05
4k 25
KT Geit 5 2 ITE— A AR B EE T LLS B OCER[1~4].
=

1.1 BEHASS R R A AR At 11 DL S DLt Aot iR I i 2] ik =R . A
SRR 8 AERE A0S 1 BEHIAS & E IR /A o AR BOUI IE 85 AR A n i 57
Bﬁjiﬁtéﬁi{kéﬁ% Hork IR R N1, X AT DA R OR AL A 1 B3 DL A S i SR it 145 3R
N1 E}J%

1.2 #2560 KRS e MAHE R AR RAAR T U BB 2 R A0 A, M AR IR
BORXT B RN, e AU S MESE T IORBUR Al T .
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Mining Inference,and Prediction. Springer. 2001 (H#EA: Ziit2x > LA ARz HE
5. JaR, SeEMy, GLoefFEik. Jbnt. DR, 2004)

[2] Tom M Michelle. Machine Learning. McGraw-Hill Companies,Inc. 1997 (H1iFA:
Plass2>d o b5t AU Rk, 2003)

[3] Bishop M. Pattern Recognition and Machine Learning. Springer,2006
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[ ABRESE ).




TH2E AL

JBEHINL (perceptron) & —RIPFRAILEME /AR, Hom A NS IRHE &, 4
RSB, BT A8 AL B T4 N 25 0] CREEZSR])D) Aol s il 7 4 1E
SRR B, J8 T AR JBEINL S 3 B A8 SR R DI R B 3 A7 26 1 Rl o3 1 0
P, AL, ST IR KRB E, R B R R BT M,
SRAFEFINUBLAY o AL 2] S0 B T B & TSI AR £, 0 N IR G T XA TR
Ao BT A FH 27 345 21 i B ATUASE 2R o) 3 0 N S8 3647 40 2K . JERANAL19574F
Rosenblattf i, LM 25 5 e m AL A

RFE A PRGN SR SERCR BN 2% 2] Sems, Fral kR &EN4A
JRENML ST B, ARG T MBI, Fuk B Bk e s

2.1 ALY

SE X2 GRFINL) A RHES)D) £xSRY 2 RY = (+1,-1},
gy NXEXF RSB IRF AR A B, N FA NS 8] CREAEZSIA]) s St ye V&R 92451 1)
e 1 e ANl 1S s R 1 R A N
f(x)=sign(w+x+b) (2:1)
FRAEFINL . Hor, wHbARAYIARE 25, weRMIEBUE (weight) BURUE A &
(weight vector) , beERMAE(wE (bias) , wxERwHIxFIH . signfefF 5%k,
+, x20

Sign(x):{ , 0 (2.2)
—1, X<

IS — PRV A, 8 TR o IR Y (AR50 25 A 5 SUAERHIE
()R R BT 2t 70 RS (linear classification model) (& VE 512525 (linear classifier), Hf
RRBUEE A (Af(x)=w-x+b}.

REHUE QR U RE . ZMETT e

wex+b=0 (2.3)

X R PR R () — N TS, Hrwad PR AR E, b2l i r skl . X4
- TR RFAE 2 (BRI 23 AN B 3o AL T PRI R CRPAETR D 20l o e Fai
5. Nk, VST B 1 (separating hyperplane) , W12 1F17R.



x2)
o
" o o
o
(a]
o o o
o o
X o
b o
i
|| X
e
®
X
X X wex+b=0

E2.1 AP

AL, R R e (S AR AE [ B A 3D
T:{(xn.l"l)u(xz1}’2)1"'1(1'_-\,'1)”.«:)}
Hr, xex=R", ye¥={+1,-1}, i=1,2,...,N, RERIPUER (2.1) , REREHEESH
wJ,bo JEENMHLTI, 38 2% )45 B PRI USRS, 0 T3 a0 N SIEA91 25 HA HCF I F) i H 2
il

2.2 RRANHLEE > K

2.2.1 AR nT

EX2.2 CEimEMAMETT ) e — M EdEE
T ={(x; ), (%, 32 )55 (g vy )}
Hrp, x€&x=R", ye¥={+1,-1}, i=12,...N, WREELENETHS
wex+b=0
RE % 1 E5 s £ 1) 1S9 AURT 67 S 49 o 58 A IR A R 40 B E -~ i i e, BEXS iy, =+111
S, AwexAb>0, XAy, =-115E6, Aw-x+b<0, WIFREIEET LN T ok 5
(linearly separable data set) ; 730, FREIEETLRME AT 4.

2.2.2  ECHINLEE ] RS

BN ZREE B e T 0 (K, ORILSE ST B AR KRG — AN RENE R I SRR 1R Sl i
AN S 1 58 2 IR 20 T A 0 BT 1T o O 1 3RS (R8T 1, RV e RN LS 7R 24
w,b, T A A, BIE L (A 5K BB 5k B R M

PR R A — > BREFR R R S (B, R R A LS Hiw, b i
LT TR, AGMA. PR R FER R R A BT ISR R, X2
REINLIT R DU, B2 H i A\ 28 T R AR — s I8 T T S FA BE S -

L| Wex, +b|
[+



XE, ||\w|lEwHIL, Ja .
/EQW\, Xﬁﬂ:ﬁeﬁj\%@ﬂq%&ﬁﬁ (Xi’ Y1) ﬂ%%’
-y, (wex, +b)>0
EEEZO ﬁi—/lwxl+b>0|ﬂ‘, Yi:-l’ ﬁﬁ%wxl+b<0lﬂﬂ" yi:+1° .[H./n ﬁ%ﬁ%)ﬁ&%”@%ﬁ
SRR B 2
]
—— 9, (WeX, +b)
[
XEE, RGHEFIRISHIR R A EA WM, IAFTH 174335 5 28 T T SR B 25 N
|
ST Z _}’I(W'I}- +b)

| w ||.x,e.-w

1
AN REIwI, AT BRI ST K R
4 e IR 4R
T:{(x,,_v,),(x:,yz),---,(xl,w.,y.\.-)}
Hr, xex=R", ye¥V={+1-1}, i=1,2,....N. EHIHLsign(w-x+b)2F ] I 2k bk € N
L(w,b)y==)" y,(w-x,+b) (2.4)

xeM
HAMNIR D KGRI G o XK R EZ BRI 2] O 2256 XU bR 3K
IR, BURBREL(wb) AR . WRBAT IR, BURBREMEZ0. TMH, &5
Kb, RIPI TR AT, BUR R BUE RO . — MR FIREAS i B K BR R
FEIR 73 M S Hw b ERNE RS (EIERGr 2RI 20, RIIL, 4 YIGREIRERT, ki
L (w,b) 2w, bIELER] T PR KL .
TSI 2T B SR AR BB IR R U R R e e (2.4) B S Hw,b, BP

AN
2.3 EEINLF I FHIL

IRENL 7 2T T LA R SR g 2k X (2.4) sk iRl i, S RAR IR 7 1272 B AL
BERE N Bk . AT RGR BN S K BAR NS, O8RS RIE A, HHEIE I 2R
s Lo M T o3 261 R EA S SR s .

2.3.1 BN BRI R G E A

JRENHLA 2] FE R LN el i B R . 25 8 — MR s
I'= {(x[-r,}']):(xz:yj):'"s{x,\':.v,?\.-')}

Horp, xex=R", ye¥V={-1,1}, i=12,...N, RZ¥wb, fiH NLLTH%k&HH
1] R fif
m?ammZ—Zbﬁwm+b} (2.5)
HAMARD K SES .

AL ) FE 2 o R IR BN I, BARR I BEHLERFE T B#% (stochastic gradient
descent) . HL, (EEER—ANE I, w,b,, 285 HIELE T AW HLEL /IME B AR e 2L

x;eM



(2.5) o MM AR —IRAAM A A 3R R R B R T B, T2 — IRBENLE R —
AR AT AL B R R
IR R SEAMEZRE TR, HAT K REL(w,b) AL B
V. Lowb)=-> yx,

xeM

V,L(w,b) =— Z Y,

xeEM
.
BEALILEH — MR EFE(x, y), Kw,biFEAT BT
W w+nyx, (2.6)
b« b+ny, (2.7)

KAFNO<T<DH @B K, HEFRITFFIH NFRNF % (learning  rate) o XAF, JHITIEARAT
DUHIAEA5 % R L (w, D) AN TR, EEIN0. 25 BRTIR, 152000 F k.
Fik2. ORAWLY ) EE R RGO
N MEREIET={(x,» ¥),(0Y2s Ky} FHxEX=R" Yiey:{'1>+l}’ 1=
1,2,...N; 72 &N0<1<1);
il whbs BAEHIEALf(x)=sign(w-x+b).
(1) IEHHEW,,b,
(2) TEMSHE IR, )
(3) Ry (w-x+b)<0
W W+ ny.x,
be«b+ny,

4 = (2, ARINGEFERRTFER.

R D) FRE W AW R R AN S SR 2, RIS T2 B RSP T A R
— Uy, DR W, bIAE, (4 BT I %R S — e B, L iz a2k S
TR PATHD D R S, T AR T T e 2R 4 S s A Ll IE A 0 25

R R BN ST AR, SN T R HEEN, FRONEGER . BAEL
) FEW R E 5 TS

#i2.0  WER2FRMIIZGETESE, HIESE SEx,=33)" x,=(4,3)", HSflfie
X, = (1,107, SR BEHLEE ST R JE 46 T2 A SR IBAHLE AL f(x) = sign(w-x+b). IXH, w=

(D) w@NT = (x x@NT
(Wowhh, x=(x" x)"



Bl

6
é\_ 2x 4x(21-5=0

K22 EEIHLRHB

fit MR R
m_ihn L{w,b)=— Z Vi(wex+b)

xieM
R ER2. KR w,b. =1,
(1) BHMEW,=0, b,=0
(2) Mx,=3B3)" y,(wyx,tb)=0, RAEHIEW K, FHrw,b
W =w, X =(3.3)", b =b, +y =1
13BN AR Y
wex+b =3x" +3x% +1
(3) Xx,xps B, y(w,x+b)>0, BEIEHITI, AMEKwb; Xix,=(1,1)7,
y3(W, X, +b))<0, #R7T3E, EHrwb.
w,=w +1x =022, b=b+y,=0
13BN AR Y
w, s x+b, =2x" +2x%
W aksr ~ %, HE
w= (LD B =<3

w,ex+hb =x"+x? -3
XF TR Ry (w, x+b,)>0, WHIRITER, KR EHOE IR .
I3 T T yx(4x@-3=0
JEEIHLE AL A f(x) = sign(x D+x@-3)

AR £
R21 BIR2RARHIEACLRE



L Y e w b wex+h

0 5 5 :
: % (3.3)" ! 30+ 30 41
3 Y, (2.2 0 2 4 2D
3 X, (L1 | |
o X, (0,0)" 2 -
3 X (3.3)" ! 3x™ 4 3 -1
6 X (2,2) 2 2+ 22 -2
3 (L' 3 20 4 3
2 s (L' 3 3

X AETHE ARSI RS T AKX, X5, X X, X, X 15 2 R 23 B 388~ T AR LB A . 4
TRAE TS AR 93 I8 UK IRENX X3, X 5, X 50X, X5, X 50X, X 15X 5, X0 A2 A5 2 1R 70 B - T 2
x*D+x®-5=0,

AT, RIS =1 0 o TSR PR R B B B [R (R 40 2K 4, T LU TAL,
2.3.2  FIERIR SO

PUAEUERH, S T2 ] o0 Bm A2 BN L 2% o) FE IR an T i s, BRI A FR kAT
DLAG 2 — AR5 U R Biode B 52 4 IR R R 20 (0 7 B 1 1 S SRR L

AT EFRORSHES, K mEbIFABE I Ew, iLfEw=(w"b)", FIFE R A
MUY 7E, ks E, BfEX=xT,1)T. XFE, XERM!, WeRN, B, W-X=w-xtb.

EH2.1 (Novikoff)  WIIEEHRET={(X;» ¥)-(Xyr Vo)ue-os(Xno¥n) s FEZR AT 5017,
Hrfxex=R" ye¥={1+1}, i=12,...N,

(1) 7L R AR W, | = 1 PP W, X =w, -x+b, = ORIl ZRHdE 5 52 4 E R 7

. BAEE) >0, #FiGi=12... N

_]"'!-(ﬁ""}m 'J?.") = yr'(wopt " 'Ii + hnpl) = :’V (28)
R= %,
(2) % fﬁﬂﬂ,M@ﬂﬂ%&mﬁ%%ﬁﬁ%i%ﬁﬁ%%&ﬁﬁ%%ﬁ
k< [E] (2.9)
4

UER (D BT I Ea SRR R T 10, A HE 2.2, A7 AERET T Al A I 2R 500
AR TF, B P IW, - X=w_, x+b, =0, ff|W_[I=1. HTXHRKI=1.2,
LGN, BEH

J‘}(ﬁbm X )= Yy (W =X, +5,,)>0
It LASEAE

Y= ﬂ'l!in {yf (wupt X + "'r;.ol?*l )}

i

JJ;' (_Mnjlml = 'il.r) = .vr (wjupl % xJ' + bupl ) }3 },

(2) BAIHLEE MW =0TF46, R SLBIpRsIE, WEHRE. 4w, 2Bk MR
R AT e E [, B



ﬁ’l— 1 :{“",: l'!bk 1)'-[
T S RAN R 73 S 1) 2 A A2
V(W X&) =y,(W_ +x +b_)<0 (2.10)

Py = 0% B s, MiwAtor 2

Wy < W, TV

b, =B+ 0y,
&l

W, =W, + VX, (2.11)
FHHESFHAAEA:
(1

W, « W, ;“zk:;ry (2.12)

hl 2.1 &R (28) 15
W, . w =W o TV op:';ff

= IA 7 'npt +‘??}r

FH 1 32 4 R A9 AN S5 20 (2 12)

wk np1 = 1|'f.’.'i e +"};V = V" SN np[ +2W}, a2 }k’?}/

(2)
W < kR (2.13)
=l 2.1 &= (2.10) &

.2
<[

A ~ 2~ 12
er_]'Xf'l-f;t' ||x.'||

wl

& 2 5
{ F &
= wk_lH +77'R

= ”ﬁr'& " i

< kn*R?
gargEmR (2.12) &k (2.13) EIJ?%%
kny <w, -

ky* < kR

(3 -
i

EERY], R R E R LA, ad G IROHE R W] DL BRI - 808 58 42 1E
B P BT . v, S ZRBIRRLNE R iy, BRI X HL R s e ik
POEWCST o (ERBI2. 13, JREINLAE S FEAFAEVE 2, IX SE i BEAR A T WIEL Ak
¥, RO TSGR R R ARy . v TS RIME— AT, R BT

W, "HW ||‘-'i\f'_r;R

up[ = |



I IR A o IX U S TR B IR I 2 MESCRp M B LIARTR . IR NMEA T 0y
I, AL S EEANE, IEREREKERED .

2.3.3 AN X BEIERHEE A

AT RIS ) BE IR TE o BN > S R AR T ORI TR 20 557
B R SCRE ) ALY 21 B0 R A6 8 SONT0 A T 2R 6
XA A FEA L, BwHlbZ s A TG x MRy M H & T, KR
HAFMRBwWHb. ANR—BE, EFR2 R AR w,b I N0 R 725
(x;p yp) I
W WHNY.X,
b«b+ny,
B Hw,b, WEEmK, MwbXT (x, y) HIEESHZayxMay, XHa=nll. X
FE, MEESIEREAMEE W, &)aE B Ewbrl LU 3R

N
W= a,y.x (2.14)
i=l

N
b=Y ay, (2.15)
1

XH, a>0, i=1,2,...,.N, U=11}, RIRFEAT] S H TR MEAT R xS S
M S, SRE E R A B AT, WU IR 2. HRADTE DL, IXAE
SEAF R 27 2] 46 SRR B K

N R JFUR T R AUR R AL 7 > R T 2

k2.2 ORI S FE R T 20O

N YT EIRET={x,) y),(Xy Yo oXuyn))r FHLHXERY, yE{-1,+1}, i
=1,2,...,N; “EARN (0<I<D) 5

iﬁﬂj a,b; @%H*ij%ﬂf{x]—SI;gn[;a,_pi.f!-x.rb]
;H\:E'ja:(apaz,...,aN)T o

(1) a<0, b0

(2) TENSET AR, )

Y (za’fijj . X, +b] =0
(3) R =
a, —a .+
b« b+ny,
(4) #H (2) HIBBEA R,
SHETE A PN GRS LA R IE R B, AT 58, AT DATS R I 2R e szl 1] ()
AR THE R FF AR RE T A2, X AN BRI BT i Gram A B (Gram matrix)
G = [‘XI - X ,.l']_-\'y..-\r'
B12.2  HHEFEF2.1, EAEALREX,=G3)" x,=4,3)", AR LEx,=1,1)" RH
JERENHLA 2] FESHAR T SR B AR A
fir  FMEEER2.2,



(1) Hla=0, i=1,23, b=0, =1
(2) HEGram¥E

18 21 6]

G=|21 25 7

6 7 2]

(3) R

A
=

N
¥, (Za}.y;x}. X, +b
j=1

S AR
a g +1, beb+y,

(4) B RIS, ZRFTK2.2.

(5)
w=2x, +0x, —5x, =(1,1)"
b=-3
43 BT
p e e S
JRATHLE A
f(x)=sign(x"" +x? -3) "
2.2 Hl2.2:REREAGS R
k 0 I 2 3 4 5 6 7
@, 0 | | i p ) P p
0 0 0 0 0 0 0
, 0 0 | 2 2 3 4 5
b 0 1 0 -1 0 ~] -2 -3

XPRE2.1, S5 R—E IEAOD R AR R .
SRR, BRI S FIE R SOEARS, AAEZ M.

AR EMEE

1. BRFINLRARYE N S AL ) ot He AT 28 7 RISt 73 SR AL
f(x)=sign(w.x+b)
SRR G B T4 N 25 [0 CREAEZS [8]) 4 B~ I wex+b=0.
2. JRFINLEE 2T SRR 2 Bl /MR 2R pR B
min L(w,b) =~ > y(wex, +b)

X eM
3171 2K BRSO V152 43 2R R B 0 B P TR S PR S

3. BENHLEE ) EE R B T REMLER FE R BRE B i R s B s A B, A R AR TE
MHEIE . Bk H o T8 RisErh, \e i —A 8 m, RE B
NREEAWTR MG BAR R E . AR AN R A — IR BEATLAE L — N 1R 53 2 U R B T B



4. MNGRAHRELNE R I, BRI S TR RSN . BONPLEE I ZR8E 5
E R 73 U E A A2 AN R
e<(4]
i

N GFHHERLNE ] 0, BN SRR T 20, Hofd th T A e R
ANTRS A IEARMR 111 ) BEAT BT AN

A

2k 8 5] 152

JERFNN LB 75 19574F FH Rosenblatth ', Novikoff?, Minsky5Papert P25 A\ XHE AL
BT T — RN . BEINLNY BZ ) A B R, (pocket algorithm) @, %
YEFINL (voted perceptron) U1, #riliZk &AMl (perceptron with margin) [, ST JEAINL
ISR it — 20 226 3Rk [7,8]

> it

2.1 Minsky5Papertfg Hi: BRAHMLIE AR LERA, FrUAANRERRE MR E, R
g (XOR) o AiEEFN T A A RER R T .

2.2 RRAGEIE2.1, R M SREHE B SR AR B LA Y 4] o

23 AEBILLRERE: FEARSELL MR 1078 45 0 BEAA e 1E SE A SR PR R ) T e 2
B S 55 B TR I Y S HAN AR AE
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[I] Rosenblatt F. The Perceptron: A probabilistic model for information storage and
organization in the Brain. Cornell Aeronautical Laboratory. Psychological Review,1958,65(6):
386408

[2] Novikoff AB. On convergence proofs on perceptrons. Symposium on the
Mathematical Theory of Automata,Polytechnic Institute of Brooklyn,1962,12,615-622

[3] Minsky ML,Papert SA. Perceptrons. Cambridge,MA: MIT Press. 1969

[4] Gallant SI. Perceptron-based learning algorithms. IEEE Transactions on Neural
Networks,1990,1(2): 179-191

[5] Freund Y,Schapire RE. Large margin classification using the perceptron algorithm. In:
Proceedings of the 11th Annual Conference on Computational Learning Theory(COLT’ 98).
ACM Press, 1998

[6] Li YY,Zaragoza H,Herbrich R,Shawe-Taylor J,Kandola J. The Perceptron algorithm
with uneven margins. In: Proceedings of the 19th International Conference on Machine
Learning. 2002,379-386

[71 Widrow B,Lehr MA. 30 years of adaptive neural networks: Perceptron,madaline,and
backpropagation. Proc. IEEE,1990,78(9): 1415-1442
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[1]  F7FT PN Hy(wex+b)FRAFE A 51 oF HE] R o
[2] WHEASCRYEHR " PR ST BIIES, IS={x|, X...X e & XSHM5Econv(S)H

conv(S) = {.\' = i Ax,

&
2 A=L4, 20,:‘=I,2.---.k}

i=l



F3E kLA

kir2#% (k-nearest neighbor, k-NND @— Ml R ERIHTE. A RS2
[ R T A9 o K A1V BN N S B RFAE [l 1, X BT REAE 2 A ) s i HE DR S48
2], FTLLIZ K. ki eRiaBisss € — M GEda s, HPhmseflkalce. 73
IF, TS, AR kAN e AR I 25 S5 R 201, Je et 22 Bk v 55 gk AT il
PRI, KT ABVEABRA B AR S IR . ki ABVE S b R I 2R i R 0 REAE [ & 2 [A) 3
TRy, HAE R R, KMERERE. B & Aoy RPN R kT ARV 1 = A
BEARTLZR . KTAR%19684F tCoverfHarthE H .

AREH ARG A, ARG THEKIT AVE IR e = N AR R, B e bRk Al
ER— AN SEI T E——kdB, ARGk A R kd B

3.1 KkiTARE

KIEARFEEM . BEM: 45 — MG EIRSE, XA SLs], EIIZEdREHHK
B 5% 52 F AR T KA S, IXKAN LI 2 5UE T3NS, sz A\ S 4 N ix A
K, TPHEBURKITARE R, ARy,

B30 (KA

N NGEHEE

T = {{xl s W )9 {xg s Vs )9 Rl {X_.\,' ' Yu )}
Yot xExCRONEBIERIE, yeV=(c, cp..cg) NEBIMAT, i=12,. N: 5%
B RFAIE ] x5
. SLBIxpTE Ky,
(1) WIELEMFEEEE, ENZETHIR B S5xmWIT KA, B IXKA SH)x

JRBBAC/EN(x);
(2) FENX)HARIE 7 RPN Cn 28R HoExiEaly:
y = argmax Z I(y,=c;), i=12,---,N; j=12,--- K (3.1)

R G o, DHEREEL By, —c MDA, FIEA.

KA A R ek = LT, FRONBIEAR B, . o T SL . R
B x, AR IR EOR A AT I 21 E xR

KA LA 2% 15 ST

3.2 kiT&Re Ay

KT AT 55 FE (B S B bf 7 F RP AR 2 I R R = AR B

B KB I 42K TR SR B e
3.2.1 A

KEARES, B, R EE (MBRIREEED | KE L RRFHN Gk



PO e, ST —ANE AN SEB], e AR SRR e . XM S TR R
FOFRHE S A R o3 v — s8], #f e TS B B S TR 2R . X —FH LN EOE AR A
EHR AT LLESIRIE

FFAEZS TR R, SRS YIRS siix, P 5% s b HoAth 25 50 0T i T A e — A XA,
MAEETE Ceell) o BEANUIZRSEHE] A —ANEEIT, BrA RS £ B oA O R AE 2
[ — R 53 o Sl AR Sl ix 1 iy A N LB oe BT B S 2RAR1E (class label) o IX
¥, AN FRICHI S SR . B3 158 BRI =S (AR 4 1 — A5 .

Xr2]

[

K31 A ARVEA RIS AR AE 23 18] ) — ARl 7

322 HEEEE

%ﬁff‘l‘ﬂ HR AN S 6 %Eﬁ%%?ﬁ#/l\ifﬂﬁi‘%uﬁﬁﬁﬁﬁﬁﬁo kiﬁ@ﬁ%ﬁﬂ TR AE 2 (1]
— MEngESE R B A RIR . A AIEE B MR IREE B, (B n] DL A PE 2, s —f%
Lpftﬁf’% (L, distance) 8 MinkowskiffF % (Minkowski distance) -
R R s ol L)Y (ﬂ))T
B ER Flx ndE S A iRe, %%y €A % = (60,57, )
e (2 L)NT L
X, = (757 X0) XL B R XA

Ly(x.x,) = [ Y1 - ]; (32)
XHEp>1, Hp=2KF, FARKIKE B (Buclidean distance), Bl
1

L (_xJ.1_rj):(i| 2 il |2J5 (3.3)
Pp=18, FRNEMEEER J(_Il\/[anhattan distance) , HJI

L) = Y 5 =0 | (3.4)
Y p=ooff, E%%ﬁé@ﬁﬂﬁ%ﬁ‘]ﬂ%jﬂﬁ, B

i

L) max B xi.” [ (3.5)



B3.225 H) 7 k= (8] P p B FEMERY, SR AL RN (L= KRrETR.

i
1

32 L BRI F

SR U R, E AN ] R B PR S 1 S R R AN R
B30 SR A3 S, = (LD, =6 x,=44)", HREpHAFMER, L
FEES T x, B 20 o
fie PUoux A, RS 4k BEAR, PrBlp v EFHMER, L(x, x,)=4. 1
L(x,x)=6, L(x,x)=424, L(x,x,)=378, L,(x,x,)=3.57
TRAFE: pSET 18R, x,&x, MERITAE A p KT T30, xnx, R4l A

3.2.3 KIEHMEH

KA 11328 B 2 Rkl AV 1 465 SR = A2 B KR o

WREREB NI, oA ST R BNPARE A I SR s gb 47 Jll, <2 21 [ra el
W7 (approximation error) 2/, RAESHEANSLEIEUT R IZRSEE) A 2%
Tt S E T . (HE S22 2B THRZ (estimation  error) 2GR, T 45 SR &%t
AT B S A R R, an SRR T R SE ) s AR T R e R, T 2 s . HA)E U, k
BN B R AR R AR R 2, Ao kAT A -

WRIEPERORIIKAE, A 2T BORAR Ik A I Zrsc il 47 Pl » - AT A2 m] DAY
DEE S G TR ZE o (HER SRS S B R ZE 1 K . X B S N S EGE R CAFRA
Eggﬁﬁ”%ifﬂﬂ%ﬁﬁiﬂﬂ@@ﬁﬁ, RN R AR R o AR IR 18 R T R o AR T AR T AR 15
[H] 5o

WHRK=N, HATLHENLHRAT 4, #HOA TN E 8 TR I 2R i 22 1
K, X, WA TR, sEeZEGsem b kEgHER, AT,

EN Y, KE— R —AN BN BUE . 185 K A8 B IE SRR B I K AE

3.2.4 PRSI
KA AR i T 045 2K g s A A 2 e e, B phy i N S8 FRT kN AT B 1 2 52461 o

2R E T NS 2K
ZHER I (majority voting rule) AW NAERE: Wi K HIHKR R ECNO- 111K 8



N5
i&y

o

KR HCN
[iR" > {c,65,m0504 )
TSRS
PY # f(X)=1-BY = f(X}))
XF e e W SE i xex, I Bk M I ZR L] R BAE BN (X) . WA o N (x) Y XA ) 26
B, WA RS

1 1
=¥ Iy #e)=1-— 3 Iy =¢)
'I( X e% x) . ".‘( X e;“.t ]
= N = = N Z ‘r(y’_c.l'}El N N S
BRI R R A/ N RN I KBS R /N, 3l (i xemico N, T AZHER PSS T
2256 WU e /M

3.3 KUTABVERISEIL: kdA

SEBUGIL RRTRI 3 2255 8 1 i) AU )3 I S s AT PRI AT 2 o 3K R AERFAE
22 [ (RO 4EROR A R Bt 75 e K I Je Hn 32

KT 8192 A 147 R () SR B 7 VR R S M A4 (linear scan) o IX BB A 524 5 R — A
WZRSEBIRIBE R . NZRIEIR ORI, THEARRFERT, XM AT AT,

VAN SURSIEE & N <iTp & SN ey b QAR E 7 NINES Y (AR R gl o € P DN T A
B BAAITEIRZ, T A PRIk (kd tree) J7iEN,

3.3.1 i kd R

KA A — o tof ke 20 () () S48 i 3R AT A7y DA X L3R AT PRS2 RO TR B 5 440 o
kdbf& B, FRoRIFkLEAS B — N KI4> (partition) o FiEkd AR 2 T AW S B T
Ak bl 1) TR ke ZS (R D) 43, MR — R B BIKRGE BT X 35k . kW (A3 4 0 - —
ANKYEEFE I X 35

FIIEKAM TR R . MERRSE 55, (EAR S o0k B Tk 2 [a] vp B & B SE49) s 18
R @I R AR R, AW RG2S (AT Y4y, AR RRTA . ERBAETEIX
B (G5 BRI ALE AR ARl B — AN s, e NP, XN P
A1 38 3 3% 58 BP0 0 i 3 BT e AR, A R R R X 38U N A A AN T X 3
(&5 3 XISl SIS T X8R XA RS B 37 X 9 % Seplint 2 0b (&
IEIF RS O D) o TERERERE A, K S ERAFTEAR N &5

SN QY @it £ A LY I TN Beel 1 7) B S vive 31| 2 Ry e B v 2 v e A R VA
(mﬁﬁ?mﬁW%ﬁ,ﬁ#@ﬁ%mﬁ%?%%o@%,?@%mﬁﬁ%ﬁ%ﬁ%*ﬁ
SRR

N4 R i kR B

F%3.2 (W iE-FHTkdp )

N KETEBIEET={X,s Xp....Xy}s

() ) . L(BNT
#ep X =067, 0% ) i=12, N,

i kdto
(1) FFUR: MEARSS s, MRS RO B T80 5 T k4 25 ] R T (X 48
ROk, PATH BT A SEE IxOAA BRI A B8O UI 53 m s AR 45 R0 B



FETE X 3D 50 AP T IX . B0 H i U] 43 A 91 5 A b il x OO 2 . 108 T T S

AR 4SS AR IR FE N LIS . A T45 5 2745 5O N AR RO/ NTF A7) 43 55 1 7 X 3,
A 45 BN BT AR BRx DK T ) 43 5 X 3

BEEAE V) 43P RS2 5 PRAFAE AR 45 45

(2) EE.: RN S, EFExORNYI 0 A FRE, 1=j(modk)+1, LLiZ4E A
X 35 7 BTS2 R xOA AR B AL BUA D 20 s, R 245 56 B AR T X 3 U 50 AT
X3, U5 B U143 5 5 5 Al b dhx O B AR T S2 B

HZ 45 AR IR B NI . A T45 5 T 745 5O N AR FRx /N F- 81 20 B 1 X
W, 185 AN R AR OR T U143 S X

BEEAE V) 43 VT RS2 55 PRAFAE 1245 55

(3) HERHADT XA LHIAEER 1. AT ackd B A X 3801 45

3.2 45— Y7 Al TR

T={(2,3)",(54)",09,6)",(4,7)",(81)",(7,2)"}

P — ATk d

filt RREE ST N S BIEETIRE, EFExVH, 6B s IxO AL bR I AL B2
7, PRPHEHxO=TK A5 NE . ARANTHE (FE5) 385, EHEUx?=45 AW
NI, ARERLIxO=65 AT, Wti)a, &5 45240 E3.3Fs 4L 43 6]
R Al 3.4 7 7 HIkd B

10 T T T




3.4 kdiRpl

3.3.2 HERkdW

N AR kA A TKE AN S R . ATCUE R, AR kA AT LA 0 R B
a@%%,Mﬁ@&ﬁ%%ﬁ%ioﬁiu%ﬁ%ﬁ%muﬂﬁ,ﬁﬁ%ﬁ%ﬂu&%ﬁ
kit 4l .

gE— N Hir s, WERHLEIELS. EARAEE His mmghim; REMEH4E A
K, MIRBLBRNACEE fs AW B b s B 14 i, 24908 A n] ReA7E7E H I i g5
B2l o IXFEE 2Rtk BR i 72 B TR ) R B X b, R KON =

L5 H bR L B SO R AL E H AR s B N X 38, LRI 2 m 1 S A E N 2
AT . H AR s BB 48— e 78 UL B br sl oy O I8 I Y /sl SO BRI N (S
FIE3.5) o AAJEIRIEIYETSS MAC s A, WIRACES M I — 15 MR TR X 3 5 ER
RFHAL, ASATEARAZ X I 4R 5 H A s BT (P S2 9 5 o WHRAFAEIXFE R 5, Bk i A
T AT Bl . BIEE RN bR L, ke bR . WIRACEE S S — 4
MR XIS HERARAA S, BUANAAE L il sl S i, s 1B 2R

K3.5 il kdH8 R L4l

T TH RUA FH kd B 1) Sl AR R

F53.3 (HKAW i AT 48 )

IN: CHERKIF; AR S

. xBIERRIEAR.

(1) fEkdW A3 H A& B AR Sx B 25 . MRZE S &, @AM E U7 I kdi . 4
H AR SUCURTZE R AL bR /N T U0 00 s A8 bR, WIREEN R 745, B IRG F4in. |
B4 SUAM S5 RN IE

(2) DAL s o A el s

(3) M F R, fEREANSS st AT DL A
E"ﬁ,ﬁ(a) Uz 2 S ORAT ) SR A Bl 2 B Balt A PR S H bR R, D) DA S O 2
UL R o

(b) MHT il B — EAFAE TAZ4E 5 — A 785 SO R X 38 BB 1% 145 i 138 4 0
1 55 —F- &5 S N X S0 B A I i . BARME, A 5 — g A N X S0 7 5 DA
H AR moER O BLH br s 110 feln 20 8] R R B A AR R ERAR A AZ



UIRARAZ, ATRELE 53— > 14l O B XN A7 AR B H b R B R, A8 3h 3 55—
T B, BB T R AIE R

WARAHAZ, 17 B[R,

(4) MR BIMRES i, MR e i TRl s B I S 48 53 o

ISR SE] R BENL AT, kd 1 R AT TSR R 2 O(logN),  IX AN I 2R SE
P18, kB B ] T I GRSEIBOZ K T2 (A ZE 80N kI A8 R . 273 Al 480 Il 2R sk
IR, ERRCR SR T, L PREL g k.

N AR R R T

B13.3 a5 — N WE3 SR kdR, WRESNA, T4 50NB, CH. W I
TN H NN BARSEGI RS, SRSHHRULLR.

fit ek IR BN E SSIHZE D (BT R XD, PLSDE AT R
IR AR E LR SOy LB si DRI A FB . PR IR 81 45 iiD A4 1B,
FESE KB — 145 MR IR R Bl &l . 45 P IX IS BAEAS, AT ReAT Sl 4R
mo ZRERIR[A] E AL RA, RS AR — T 45 R CH X IR R i 4B, 45 mCHIIX
S RMAL ZXIAE R A RS A ME, REHRDEIT, BOSHTRIGILEILl. &5

L] AL SR
PN T

1. K& EA B R R) 25 mIHTE . KD EIER AL X4 Il 2k
SEAG) AN SR8 5, SR R N SE BRI e RN ZRSE £ SRR A TR KA I 25
S K3 RS PR 22 BBOR TN A\ S8 DK

2. kIR RS A I SRt SRR AL 2 R ) — Rl o) o kln&RvA T, gk
. BREEE . KE LSRRI E 5, HA5RME—#5E

3. WEARE=E5: R E. KMEREFEM IS . 5 P PR 2 R B KR
PR R — I pLER o KAE/N, KA SERERYEE 0% KBRS, KIESRRAAY S fa 5. kfE
I S e 1 AR 22 5 A THIRZE 2 TR IORLET, 38 3 RIEIE F R k. & FH I
TP RIS 22 B R, X 2256 KU e /Mo

4. KTV S 5 B2 PR AN AT DRGSR AN BT 4 Ao kb — S T X k4 % [ o
OB BEAT PR R B S50 . kd B2 — S, R kg (B i) — D)7y, A4S
S Lk 2 B R 3 K — AR T X ek A Pk d B AT LA 25506 K 0 BodE R R
MR R T R

2k 8 5] 12

KIT 4R35 H Cover 5 Hart$ tH 1, kIEAREAA S FI B 7E KRR [2,3]F A Wik . kiE4RiE
gifﬁﬂﬁ%wﬁkm]o kd it Rz HoAh B 48 2R BE AT 2 W SCRR[S]. R TRIEARE N ] 2
CHER[2].

> it

3.1 ZMEEB, FE 4R g SR nd, I H KON D12 G 4120 i Y 4 TRl )
gy, JEX AT LU, AR Sk E R ST 5 R R T HE R A K R

3.2 A3 2093 Fkd b 5K fix=(3,4.5) BRI B 5o

33 ZMEIR33, 5l xR A .
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4z AR DU

FRER DU (naive Bayes) i/edk+ DU BL5 K5 Ak 26 A AT B v 1) 3 K 5VRN
LR REEESE, e TR AR S IR SRR = ST B A\ it IR SRR A s AR
JAZETIERR, P45 e B A, A DU BOK R S0 LR B RSy Aba DU A
R, S S ST R AR &, &M RO

 ARFERURAN R DU R, QAN R DU AR 2 2] 59098 fha DU i 24 Aot

H
4.1 FhFR I HVER 22 5038
411 FATTIE

WA Fx SR A B ES, MHSFARIRIEEEY={c,, cp...c)o HIA
NEFE A Exex, il bR (class label) yeV. X2 XAEHIN S Fx ERIBELIA &,
YR AR A AY ERIBENIAR B . POCY) XY IS HER AT . a4

I'= {(xl"yl ),(x2 » Vs )i '~{x,-\'a.v.a.-' ”
HP(X, Y )37 [F] 4 AR 7= A
FbaR DU By il I R A 5 I B A R 0 M P(X,Y) . AR, 22 2] DU R et 2
YA R SRR AT . SR IO R A
P(Y=e)s k=LK (4.1)
FAF AR S AT
P(X=x|Y=¢)=PX" =x" ... X® =3 |¥V=¢), k=12-K (42)
T ) BIA MR MP(X,Y) .

FHESMPX=x]Y =c) BB LA =N SE, HATHLREATITR. FL

X115,
£, BixOal EAS A, j=1.2,...0, YA HUEAKA, HASEANEN ].;1 N

FNER DLy 6t S A MR AR T 2 E I ME IR . B T2 — AN R BE,  Ab

R E S 42 . Bk, A R 2
P(X =x|¥ =g )=PX" =x" 1 X0 ay@ | Fap)

=[1PXP =2 Y =¢,) (4.3)

P2 DU By S B b 2 2] B4R s8R LT, Bt CUE TAE RS . SR i & T
S UL T3 SRR AE R 8 B 26 AF R AR A 2 MO o X — B A D 2= DU ik AR 15 1
B, AHA I 2 — R 1 SRR R

FhER T4 8T, X 4h 8 AN, B A 5] B R Y B S SO MR A A P(Y =
e[ X=x), ¥JEIMR R RKFIRME x5 B DB e BT
P(X=x|Y=¢)P(Y =c¢,)

P(Y=c¢ | X=x)=
( (—,A| x) ZAP(X:'..'-'}(:CA )P[Y:E"‘)

(4.4)



Kl (4.3) AL (440 F
P{Y:(-ﬁ}nfpix(rlz_l,lr||}r':£.k}

2P =c)]] PX =x" Y =¢,)
XA WU KR A A e T, AR UM B8 T o
. P(Y =c)[ ], P(XV =x? Y =¢,)
Y S e = e[| PXT =27 |T=2,)
HEER, AKX 4.6) b pra CHGEARIR, Bril,
y=argmax P(Y =¢)[ [ P(XV =x" Y =¢) (4.7)

4.1.2 JERMERE RHE X

AR DU B2 S48 40 21 5 3 2R B R 2R o X SR T I EE XSG B /M o R IZE 3%
0- 195125 R £ -

PY=¢ |X=x)= k=12, K (4.5)

(4.6)

L & X
LY. (X)) = { g

KPR R R E . XEF, SRS R
R, ()= E[L(Y, f(X))]
IR R A AP Y) B o F SR A 1] 22

K
R ()=E; ) [Lc,, f(X)P(c, | X)
k=1
KT AEE R NME, R B Xx=F A ME, R
.ﬁﬂﬂmﬂygﬂqmmeY:ﬂ

K
= argmin D P(y#c,| X=x)
ol
=argmin(l-P(y=¢, | X =x))

=argmax P(y =c, | X =x)
el

BORE—3Re,  ARAR I SRRt M M U A5 ) T J B B kM
f(x)=argmax P(c, | X =)

BIVANZR DU ik R 1 S 2

42 A DU 2 5 fh

4.2.1 MORAIRAE T
TEANEE DU R, 2 5] R T P(Y = ¢ ) RIP(XO=xO[Y =c,). 1T BLRE B A LI4R



T AR S BEARP(Y = R AR 2

N
> Iy, =¢,)
P(r’:ck):"ﬂT, k=12, K (4.8)

S A AEXO IT REIUE I 20 (g SRR (0 =a Y = e BB AILLAA i

E

Z ’r('\r: 4 — a.;f ’-"'i' = CI. }
P(XY =a,|¥=¢)=—

Z!(_v,. =c,)

i=]

j=l2ns I=12,8, 5 k=1,2K (4.9)
(5 o o > o /, ot /4 PN o > — ¥
o, N RSB REAMIEIAE: a SRS RHE T AR SN DR RS
4.2.2 2] 550 K58 %

TN TH 25 H RN EE DU BT A 5 4 R
k4 PR U7 (naive Bayes algorithm) )
(1) xFZ:' - x';ﬂ))T

BN WAEIET= (v 0ys) oy}, Hp X = (67, %,

"
=]

U o pree o . , (5 . / 2 P .
NTREEARBRIAREE, N laya,,a ), ap S MSIE T BRI SEIAME, j=1.2,

R O Y 1:1’2"""Sj’ yiE{CI’ CZ""?CK}; i{ﬁUX;
vt SEBIXIIR2ES
(1) PR Yo % 4 e
N

Z‘J(}J;:C};)
P(Y=c) =" ———., k=12:-K
N __
Y P =ay.=c)
P(XV =a,|Y=¢)==

N
zf'(yf:cx-]
i=l
F=l2pem l=10,85 kelZqakK
(2) XFT455E B SEflx=(xO,x?,... x™)T, 75
P(F=g )] [PXY=a'*F=r), k=12:4,K

i=1

(3) #sE SEBlxIZE
y=argmax P(Y =¢ )[ [P(X"" =x" |¥Y =¢,) -

i=1

B4 W HR4 TR 3 — AR DU 2 2RE8 90 e x = (2,9) "I 2E ARty



LX), XOJWHHE, BENESHBINA =(123}, A,={S, ML}, YHFHFL, YeC

={1,-1},
%41 JEE A
1 2 i 4 6 7 b 9 10 11 12 13 14 15
xu 1 | | | 1 2 2 2 2 2 3 k] 3 3 3
X hy M M 5 S 5 M M L L L M M L L
Y | -1 | | -1 -1 -1 1 | | 1 1 1 | -1
i WRIEEE41, BELL, BHHE TR,
9 o
PiY=l)=—, Pl¥Y=-1)=—
(¥=D=- ( b=
2 3 4
PXY =1|¥=D)==, PX"=2|Y=D==, P(XV=3|Y=1)=—
( )i ( [ty [Fut)=s

O |

P{X”J:Sl}’:l}:%. P(X‘Z'=M|r=n:g, PXP=L|Y=1)=

3 2 1
P(XV =1|Y=-)=2, PXV=2|Y=-1)=2, PX"=3|¥=-1)=—
( [ Fefjuiny K | =i B [P

2 3 2 y
P(X® =S|Y=-1==, P(X"‘=M|Y=—1)=%. P(X® =L|¥=-1)=1

6
X458 Bx=(2,9)"1H & :
’ 9 31 1
P(Y=DP(X" =2|1Y=DP(X?" =S|V =])=—e=ee=—
( ) P( | )P( | )159945
P(Y =-1)P(X l"=2|Y=—1}.F*(X‘”=£;|}’=—1)=£.5.i=—
15 6 6 15

RUAP(Y =-1)P(XO=2]Y =-1)P(X@=S|Y=-1)ix Kk, Frblly=-1,
4.2.3  DIrHrfhir

PR RALER AL T m] BE 2 H BT 205 TH MR AE N0 TG DL o IX I 2 520 215 35 B 4 1)
THRER, R A ME . ARUX— W@ B 58 Rk A DUl B, S5
ff DU A vt 2

ZI(J;}” =a,.y,=c¢)+A4
RE(XU]:G,J|Y:C.¢:': = N (4.10)
Z!(_,‘.; =¢, )+ 8,4
RAA20. S FRERHLA R AT OE LT — A EHAS0. 4 A=0R S B

AT HIA=1, KNP RS RPE (Laplace smoothing) o E48, XHEf1=1,2,
Sy K=12, K,

P(X"=a,|Y=¢)>0

ZP(X‘”—aHY ¢,)=1
TR (4.10) HiR— %rl%ﬁ%éﬁﬁ [FIRE, SeibMER I UL At



N
ZI():‘,. =c, )+ A

P(Y=c)="1 AT (4.11)

4.2 (e EGI4.1, SRR AL TS, BIEA=1,
R A={1,23}, A,L={SML}, C={1,-1}, %X (4.10) F 4.11) HH T3
M

10 7
P{}’=I}=ﬁ, m’=1n=ﬁ

P(X'”:nr:n:i P(X'“:zu’:n:i, mr‘“:3|1’=1):i
12 12 12

P(X'1‘=S|}’=l}=~%, P(X”’:Mn':n:i. P{X'“:Lw:n:i

12 12 12

| 4 il 3 I 2
P(X"=I|}-’=—I]=a, P{X'=2|}’=—I)=§. P(X" =3|1'=—|1=a

Px' =S|}’=—l]=g. P(X® =M|}’=—I)=% v PXP =L] r=—1)=§
XF T4 5E Ix=(2,8) 5 :

P(Y:I}P(X"'=2|}’=1)F(X'“=S|}’=]]=E-i-£=i=0.032?
17 12 12 153
P(Y =—)P(X" =2|¥ =—)P(X® =S|V =)= —.2. 2= 2 _ 40610
17 9 9 459
HTP(Y=-1)P(XV=2|Y=-1)P(XO=S|Y=-1)F K, Frlly=-1.
v iaey
ﬁQ%ﬁ%ﬁr

1. FhEE UL SR A e ) vk . AR OV e 25800 2 S B S R o A
P(X,Y), RIGRIGFIMERDAP(YX). EARRUL, R IIZREHE 5 ST P(X|Y)FIP(Y) A%
ih, BRIBEA MR AR

P(X,Y)=P(Y)P(X]Y)

A T 7 20T DA AR R ARSR A T B DL i -
2. FNER UL AR A A T
PlX=x|Y 26) s PIAW g »o X = ¥ =)

_ HP{X[_H _ _\’['” | ¥ = Cj,—)
i=1

KR ARGRNER . TR, SRS ISR I B O, AR DUy
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Breiman®§ A\ 7E 19844F 42 HH I CARTH V% .

REE A BPRER IR, SR)FIEILID3IFICA S HFFE R R4
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FHUL TR 328, AR ZE PR, X s it — R et A7 R, ARt 3, s
STECEH L s X, AT SO N AR — AN UE . st V3 o st AT
WIS, BERIARIMZ5 5. 555 S22 B H-25 s i 2,
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HEN A5 R o A5 B AR L

Sl M R B R AE 8 5 1) AL

#1510 5. 15— i 1S MEAH R SR R I 25800 . Bt s DUk B s A 4
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TAE, B2A0AIReME: 2, & S3NMILRE A HCKE T, A2hAReE: 2, & 4
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RENEIE 332 T e T WA A1k >R 1) 20 R 25 1]
153387 TS 1A 7 2 B PN TTBE R ORS00l FH PR S AS [RIREAIE AR AR 45 R i
o 5.3 (a) FisBIMR S f R E 208, A3 A, X R T A R EUE A A 1)+
gim. K53 (b) FrosiRe; SRHERA TIE, B200UE, XA REES A FE
R T4h R PN DR AT UM RESE R 250 [al @il T Saae BB IMRFAE BE 4728 2 XA 22
SR E EFRFAAE RN . BW b, R —AMRE R I 2868 )y, B, iRRIX—
FREX VI BRSBTS DT8R UHI K N A &M 228, A E R %

ERIXAMFIE. {52345 (information gain) HlBEWEAR I bR 7R 1X — B AR RN
S HTAE

(a) (b)
K53 ASEHRFAE B E FIAS [E] R SREpT

522 EREME

NTAET U, Sess RS &R 0 E L.
FEG B SRER BT, i Contropy) f ML BORTISE P IRL I, BEXU2— 4
BOA RAME R S a5, HAMER I
P X=x)=p,, i=12,,n
T 5 LA B X P47 5 SUN
H(X)=-) plogp, (5.1)
i=1

R (5.1 1, Fp.=0, WE X0logd=0, iEH, X (5.1) HEXFLI2AKE e VK
CHARMHD , XERREAL BIFRE LS (bit) BRGNEF (nat) o H15E CATHN, R
T XM oAm, MSXMEETLIE, AU el EX R IC/EHp), B

H(p)=-)_p,logp, (5.2)
Wi, BELAE R S AR . M ST BT
0< H(p)<logn (5.3)

YL E B AME, Flant, orF, BPXEIAnN
P(X=D)=p, PX=0=l-p, 0=p=]
N
H(p)=-plog, p—(1- p)log,(1- p) (5.4)
IXES, WH(p)MERER p B B 2R 5 4P (BN EERE)
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P
K54 I3 DUSSR o3 A5 5 MR 11 56 &

Yp=08p=10H(p)=0, FENLZETL2EAAMEE. Hp=0.58, Hp)=1, KK
EER, BENLAZ S AN E K
WHBENAZEXY), RGN
P(X=x,Y=y,)=p,» i=12,--,n; j=12,---,m
FAFRHCY [X) R DRI BENL A B X 564 T LR R Y AT E V. FEHLAR B X4 € 1Y
M TN EY 2514 (conditional entropy) H(Y|X), € X NXZE 2 Y I 4-ME
SR IR X I % 2 1 2

H(Y|X)=) pH(Y|X=x,) (5.5)
i=l
ZH, p=P(X=x), i=1,2,...,n,

YA A4 R R R BRAG TE CREAR B ORABLSRE TH) AR I, Biodt B 1 5 2%
A543 BIFR N LB HE  (empirical entropy) FIZ 56 4514F)# (empirical conditional entropy)
LERF, WA OMEZ, £0logd=0.,

SIS (information  gain) FRINFHFHIEXIE B3 2EY A5 B AN & PRI
LIRS

ENS2 ((FEMEE)  FIEAXT I ZGEREEDIE B 5g(D,A), & X HNEEDNE
I H(D) S HFIEAZS & %4 FDIIA IR 24 HH(D|A) 2 %, BP

g(D,Ay=H(D)-H(D| A) (5.6)

— e, BEH(Y)S & MEH(YIX)Z ZFONEAE S (mutual information) . #RFEH22 >]
WS S 85 S TN AR TP R S RHMIE BAE B

VLSRR 2 ) N S B 28 HE R BRI . A e VI EUR SEDAIRFIEA, £ H(D)FE
TR EAREEDIAT 7 BRI A e M . AL 2% RH(D|A) R AR ERHIEA LS € 1256 S X4k
PEEEDHAT A RIAMENE. A M2, BERYE, miFal TRIEATES 5T 5
PEED I I E MO FEE . AR, X TEIEEDM E, 5 B3 a5 M T4 1E,
ANFPEHEEAE RS ARPE S . (55558 KR A E i 3568 77,

AT B 2 v D R RF R I BT v 2 MRS (B748) D, & HEARHIE
5 B, FFEECENIMRAN, IRBE B a5 i K PARHIE -

WINGEIEEND, DIFREFEAERE, AN KAKANEC, k=12,

K e miAt, 2 TP At AR s a8,
D |=|D
RURRHE AR BUERDRI 4 90 T4ED, D,....D., DDk A, 2 =P oy
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N B IEEDFRFEA;

W FRIEAXN I EIREDRE B 2ig(D,A).

(D) THHEEHEEDH LI H(D)

S| G | | C, |
H(D)=- *log, (5.7)
Z.:IDI "D
(2) THERHMEAX BIREDII AL 544 H(D|A)
LD, | & | D, || D, | | D, |
HD| A=Y —LH(D)=- ! L T e (5.8)
| élnl §|D|§|D,I | D, |

(3) THHEE R
g(D,A)=H(D)-H(D| 4) (59) m
#5.2  XIERS ARG RINGEIRED, WIS S0 a8 i Nk B AL .
it ERITEZIMHD).
9 6 6

9
H(D)=-—log, — ——log, — = 0.971
(D) 15 g“lS 15 gz15

N TS RHE B DI E Bt MAILIA,, A, Ay AFRORTFRY. A LR,
1 8 S b 7 AE TS DAL, U
(1)

5 5 5
D, AY=H(D)-| —H(D)+—H(D,)+—H(D,
gl 1) (D) {15 (D) 5 (D,) s ( )}

ke %9 3
=0971~| 2| ~Zlog, = —Zlog, =
Ls( 5 Mg SDg-sj

+i(—élo g—310 E]+i(—ilo ﬂ—l]m l]
15| 5 By g ey Vgl Ty 0By T %5

=0.971-0.888 = 0.083
XHD,, D,, DJrHIZEDHA, GFEEY) BUENTHE. PENMZFEATE, KL,
(2)

5 10
(D, A,)=H(D)-|—=H(D)+—H(D,
g(D,4,)=H(D) [}5 ( 1)+15 ( _)}

={}_9?1—[ 2 0+ l—n(—i]ogz i—il%%ﬂ =0.324

— X
15 150 10 *10 10

(3)
6 9( 3. 3 6, 6
D, 4,)=0971-| —x0+—| —Zlog, = ——log, —
B [15 15[ g g g g‘EJ]

=0.971-0.551 = 0.420
(4)

g(D,4,)=0.971-0.608 = 0.363



e, BRSNS S E. BT EA, (TECRE T 5 S mERK
Ry T LG FRFEA N E 9 B URFALE -

523 fEEMEL

5 R A E B RN A TN REAR AR T & 1, JFERA Lot 5 o 7E 73 S 0] A A
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/o A H{E BI85 E (information gain ratio) ] PAXFIX — A @ TR IE . X RRFIELE R
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RS B 5 B KRR 2 s e, HZAFAE A R BUE 225 125 55 B 1450
B AR DA, MR s BRI TE RRIE IS B 2R AR NI A RREIE AT DA B
Hib. BJEAEEI— AN RN . ID3AE ST FHORUSATE BEAT ME A [k %

Hk5.2 (ID3%EE)

N NEABIEED, FFIEEA, REE;

it: HOEWT,
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(3) BN, #ZEES ITHEAR SFFEN DI E BG5S, EHE B 1Y 25 & K RHE

A,

(4) WIRABE BN T BIEE, METHRL SR, FHRDH S KHIZEC,
YENZES ) RbRid, IR MEIT;

(5) BN, XA IR Rt KA, =a D7 FI A% TIE2 74D, KD, 54
B KIIZAE bR, M@ T4, Mg a8 ST, RIET;

(6) XFEINFHiR, LD ANGE, LA-{AARHESE, @IFiaRL (1D ~5
(5, BEFHT, RFET,
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CAENZEE M, R,

(5) B, XA MGG Ha, KA, =a D E N THEAETIEED, FD,H L
B KINRAEbRIL, MR T4, mgh m S T8 mi B T, 3R BT,

(6) X4imi, UDANZE, UUA-{A RIS, SIhiEHD2 1) ~26), 52
FWT, REIT,

5.4 PR HITTAL
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LA I R DR PE T 5 S I o 22 Hh 2% e el B2 S I R B0 ds i IE A 202, M g T8/
HH TR o FRRIX AN A) ) S22 FE SR T R 2 B, X AR ) R SR R 47 T4

TEP R =2 3] ot AR R HEAT T AL I FERR N BY A (pruning) . HAKME, BIAL
MR B AR _b f dm— e R Bl 4 i, IR AR 4 i B A R & s, AT T
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AT AL — PR BRSNS I BT R SR

LSRR (1) B A A3 A3 18 T M /N e SR AR I 5 2R BR 2 (loss function) BXALHY BRI
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P2 _
N,. N
H(T)=-) —%log—% 5.12
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[F) RVREAE 2 A Xl 4 A BR AN G, AR B i T B TR EE 0 AT, Rt ER A4
SE R 25 A T it ) SR AR R AT



CARTH 12 CL T PP 4H R

(1) YRR AE R FETUIREE A e S, AR AR e SR b B R K

(2) WRIEHBIRL . FH SR B X O A2 A 1R AT BY R FR e B A 70, IX A 45
5% R U/ IME R BU R AR HE

5.5.1 CARTH K

GRG0 A et A2 328 VA AR e — SR SRR R R o 8 [ USRS P P D5 R 22 e /M HE U
Xt R 2L JE PR % (Gini index) e/ MEHEN], BEATRFOLIESE, B XM,

1. [BR A R

REXESY Rl A A, HHYRESTE, e ilgiiins
D= {(II,}’] )a(xzs.)"z)s"'&(-x.-'ve.)"_-\,'}}

2 & A BB
— AR B R N (A) CRIRRAEZS (R ) — Rl 53 LA RN 53 () B8 T b R i
o &SN R IMAITR, R,,.. R, FEHERAHICR A —ANE & K%
tHitic,, T=2RIEAREER TR RN
M
f{,x‘)=Zch(xERm) (5.16)
m=1
\ L2y o
A N A BRI g I, AT LS 7 1R 22wk SRR AR T 2%

FETII R 22, 7 iR Z /N HE R R AR 5o B st E. Z %1, #IoR, b
e, IR RAEC, JER b T 5N S5 x, X JS2 %ty R 2R, B
c, =ave(y, |x, eR,) (5.17)

7] e A R AN A AT 40 o X BLRA B KU TTE, 28 A2 Ex OB L
[PfEs, 1EAVIZ7A8&E (splitting variable) 1Y) s (splitting point) , FF5E AN X I
Rij,)={x|x"<s} M R(U.5)={x|" >3} (5.18)

IRJEF B R B ALV 5 s HAkHh, K

min| min Z (¥, —¢,)* +min Z (v, —¢,) (5.19)
i H veRf( /) 2 veR (f.5)
of [ 7€ i N AR B AT AR B L V) 40 Ris
¢, =ave(y, |x, €R(j,5) M ¢ =ave(y |x eR(j,5) (5.20)

WA MmN R, KBSV, WR— X ,s). MRS 2 [R5 A
Xk, #E, MNENMXEES R dRE, RS IEA M vk, XA R — AR E
VAR o S A P ] bR e i B O s /> - 3fe[e] T (least squares regression tree) , PUKFHVE
AURUTF

HESS (e 3R R A M A2 i 57D

N YHEIRED;

. BHAMAX).

TEVNGREE e s N2 a3 IH M RS X SR 2 A AT X 3 5 e e [~ 1
X 3k b ok A, Mg — SR SR



(1) EFRIVI P RE] 5V s, Kig

mln[mln Z (v,—¢) +m1n Z (y,—¢,) (5.21)
T neR()s) T oxeRa(is)
i ARy, [ E 1) \Eiﬁﬂiﬁaf}] \}f—is EFA (5.21) R B ERAMERIXT

(,8) o
(2) FHIEEMIXT (Gos) Rl oy DX R AH L 14 i S A -
R(j,s)={x|x" <s}, R,(j,8)={x|x" >s}
¢ s Z y,» xeR,, m=12

m N - "
m GER (.5}

(3) GREEXTAS T XIRAE R (1), (2) , HEWRSEIEZMSt.
(4) K NT IET,UZ'Jﬁ\ij/\EﬂiRR .R_, iﬁkﬁ%ﬁ%ﬂf

f(x)= Zé?m!(x eR) =

IS ) A

IR R SRR BUL R UL, [RIN tRE R AE A B L — MDD 70
SEXS4 CEJEIRHD R, BRI, AR T RCRIBER Jp,
VA=K 73 A7 ) 2 e i&%xjj

Gini(p) = Zm(l P —I—Zm (5.22)
P I e [T Eﬁzl-"ﬁ)?é?%l/l\%ﬁﬂ‘%ﬁmp, MIRE AR A ) 2 e Fa 20N
Gini(p)=2p(1— p) (5.23)
X245 FIFEARLEAD, HIEJSIRECN
£/ Ck \11

Gini(D):l—Z D)
XH, CaEDFETHEKSE EI’J#Z—‘%% KAL)
WAL S DR RHEA 75 B — 7T Be{Eati 43 D, MDD, &5 75, B
D, ={(x,y)eD|A(x)=a}, D,=D-D,
MITERHEARI R T, S£EDIEEaEuE LA

Gini(D, A) = || '|]Gm1([) )+ |] \l Gini(D,) (5.25)

BLEARHGini(DY R EADIIAMENE, JETEHGIni(D,A) R RLA=aEFEEDIA
Bt R efaBuaBoR, HAREGHAREEEMELA, X—x ‘ﬂfﬂfﬁu

(915,707 =0 Bk AR Gini(p) 85 LI LLAE) 2 SH) R e
IR . BRI, HARPRRREI. T DA HIE IS RORIR 2 2 1 i 2 1R
T, BT LLE U 2 IR

(5.24)



0.0 0.2 0.4 0.6 0.8 1.0
2
K57 TRDRPEEHE. BN RRERNKR

¥155.6 (CARTAE B E )

N WEEIEED, Z1EiE %M

. CARTHER .

" AR GEEEE, MRS SITAG, BRGNS S T DL e, Wi — ik
5«

(1) w4 SNGEIEEAD, THEIAFE B8RSR fi . i, X
—/NMRFIEA, X ATREH I REMEa, MRIEAEA ST A = a2 B A D E D,
D, W5y, AR (5.25) iHEHA=alf e E%.

(2) TEFTA AT REIRFEA LA ENTFTE P REMI VI 7 far, IEFEIE e Fa 3 /N IRFAE
K NIV 0 A B AR E S BV o o KRR IE S BV o0 5, BILES R AR R
P45 0, BN GEEE B IRRHIE r EC RIS 745 b &

(3) WAL AR (D, Q) , HEWHESEIEEM.

(4) 4 CARTHRFEM

AT IETF B A2 45 i IREAR AN UM T 100 BB, BREASE 28 B 45 B0 T i
ERE FEARRETR I , B EEEZRHE.

#15.4 WIERSAFTHINEEIEEE, NHCARTHEIEAE BT

it ERIMTESRMER R BB E, ER R URAE UL L U)oy 5. U5 R 15,211
i85, 2HILA, A, A, AFRER. HLE. GHCKE FREERANEFE, JF
PAL, 2, 3FRNFERIMERNGTE. PEMEZE, B, 2886 TEMEBE G THEN
T, P, 2, 3RNEE R NIER T iFA—#.

SREFIEA, B3 e $5 54

5 ..
Gini(D,4 =1)=— ngx(l—l] +E inx[l—l] =0.44
15 5 5 15 10 10

Gini(D, 4, =2)=0.48
Gini(D, 4, =3) = 0.44
T Gini(D, A,=DMGini(D, A, =3)#%, Hi/h, FTLLA,=1FA =3%80] LLESE
A AR 5 A
SREFAEAL A I3 R R 5L
Gini(D, 4, =1) =0.32
Gini(D, 4, =1)=0.27



HI T AMARE =AU FrVeE Tt s il 7 s
SRAFFIEA, R 5L JB T84
Gini(D, 4, =1)=0.36
Gini(D, 4, =2)=0.47
Gini(D, 4, =3)=0.32

Gini(D, A,=3)&/)N, FrPlA,=3NA K& T]5r .

EA,, A, Ay AJUAMFHIEH, Gini(D, A,=1)=0.27f/), FrLUEPFHEA NI
FHE, A, =UAHEBMRYI S TRRG AR TR, — /MM Mn—14
MARSAEH LA ETTEAEA, A, AMIESFERARRHE X s T 70 5, 85RZA,=1. Kk
THEASH, P SRR A
» XA, 2 B CARTSLIE P A U TR SE 15 45 R TD3 530 i 28 B AR DR S 58 42—

5.5.2 CARTEIF;

CARTBYR SR N S8 A K I R Ao B 25— 28 R, SRS AR /) (AR
fRT L), AT REWE XS AR RN AE AT SEHERA R T . CARTBIR SN D AR & Se B R
SV ) RS T I TR AN BT kL, ELBIT MRS i, TR — AT F5{T,, T,
T SRR AL XS UEIRAE SR ST (S UE R £ ot e S BEAT I, A e R A
TH

1. BIR, AT W5

e EsauN L L o R R P NTSE A
C.(Iy=C(T)+a|T| (5.26)

Hr, THAER TR, CT)AXM NGB TNRE (B ED [Ty TR 45
N, a>0NZH, C(TNSEEal I TIEEART R . S8 atlUT I 2R 8088 L& 1%
FESHEREIRE.

XF[H E Ha, — AR K R C (T B N T, W HFRIRAT, . TERUK R
C (D /MU SR M. &5 WX FE R R TR S ME— 1. Ha K E, &1
WT /D ZahpgmiE, SR THT WK SomtEol, Ha=o0nf, BUAREHEINHN. =
a—0olhf, HRZE S I 45 R 2 I L

Breiman®5 N E#]: °] LURHE A AR AT BT R . a /MR, 0=a<a<...
<a <+oo, FEAE—RHIMIXAN[a,a,,),i=0,1,...,n; BIRASH 78T 505 B X [A]
a€la,a,,), i=0,1,.. . nf{IEMh T FH{T,y T,,....T,}, FFHIHIFROERER.

HARH, BT I MRETE . W T LR N L st PACY RS, SR (145 % R 202

C.(H=C)+a (5.27)
AR 5 55 0 T 453 2% o K
C(T)=CT)+ea|T| (5.28)
Ma=0Na7 /N, HAER
C(T)<C,(1) (5.29)

Hatl Ky, R —afy



C,(1)=C, ) (5.30
L CO-c@)

SRR, RS (5290 R, REST T T SRR RA, T
tHIZE b, BRIt T SE PTG, R T2EAT BT A

I, RET R A
C(t)-C(T,
g ==
R RSB OO IRE . 6T, 000 5o NIT, A0 TR
T, PO a, . TN, a) AR .

Wb R, MBI, (R, RN, PR
[i1] o

2. TEBTRLAR BT84 7 50Ty, T, T, HIE I 58 IR B AR T4 T,

BAxH, MRS EESE, WA W F AT, T,,. .., T, S ERTH T 7 % 22 8
BJetet. VIR 2z EER e fa Bum N SRR N R AR R . EE TR ST, &
BFWT,T,,.. . TEX N T —42Ha,a,,...,a. FTLL, ¥\ FHTHMER, SFMKakt
W 7, RIS R RNT,

P/E S I CART IR Sk

5557 (CARTEIF &35

BIN: CARTHEVEA IR T,;

e BRI,

(1) #®k=0, T=T,.

(2) Wa=+o0,

(3) B R _EH & RS S B C(TY, [T RAK
C(t)-C(T)

T|-1

a =min(a,g(t))
XH, TZRARNCACHIRES S8, C(T)ZXT I RE s =2z, T2 T Mg S
(4) B b vy NERes s, R A gt)=a, FHATEIR, FHXFHH4E StLL 2 HER
e R, BEINT,
(5) wk=k+1, a,=a, T,=T,
(6) WIERTAZ MRS B b i, W 2P (4)
(7) KL XIGAIEEE T T IIT,,T,,..., T, FIERERL T T,

A B

1. I3 PRI JE R J T RPN SE BEAT 70 SR TS5 HE o R SRR AT LU il
—Mif-thenM IR, AT LB AF R 8 SUAEARFAIE 22 (8] 4] 73 _E SR 2 AR 3 0 A7

2. RS BAEME D SIIGEEL SR, IF RN RAER . KM
] HE R DR S T B B AR DLt S FENPSE Ax [l IS p R AT R i 37 i 2 ST IR AR )

(5.31)

gt)=




PR
PRI p 22 ) BG4 RHEIERE. WA BRI (BRI BEVE A TD3.
C4.5F1CART.
3. RHIEEFR T H BLE T DO N R 50 BE 0% 70 SR IRFIE . RFAIE IR 8 (1) B2 1
Mo 5 B EHE R
(1) FEARESDIRFEARE B (ID3)
g(D,A)=H(D)-H(D| A)

ENC |C, |
H(D)=- E op, —*
(D)= o
" D
H{DIA)ZZ%H(DJ
i=l

Heh, HD)ZEIEEDKE, HD,)EHIEED, M, H(D|A)ZEHEEDSTFEAR &4
fi.  DEDHAFEABUEI/MEMFEAR T4, CaEDHETEKEMBEAR T, nFEAR
BN KRN

(2) FEARLEESDIEARE B (C4.5)

g(D,A)
DAy 2i
gr(D, A) HD)
Hr, g(DA)R/S B, HD)ZBIEEDRI.
(3) FEAREAEDE B8 (CART)

. 161
G N=1- S
ni(D) ;{ D []
FHIEAZAT N EEDIR e fa%l:

Gini(D, 4) = HGini{.{)I )+ HGini(Dz)
D] D)

4. PURWIAR. @GR SRR 5 ENEa Hi KEE JE F5 B /ME AR
FEEREIAEN o SR SR A A A i et 11 55 B as B At AR bR, MRS TG, 19 H
FEAER RN o IXAH 2T F S 23 a B Ath o DULAS 7 328 B S B e AR A, BRI ZR5E 50
E N RN I AL 2R 4R

5. PR BIBIR . BT AR R AR I A I #,  RR BN e T EIA, DAL
SRR o PRI BT, AR AN LA R AR B e e S e £ S DL BT
W, AL G i BRAR & A T R &6, DN T A A R R SR

2k L [ 152
RS SR OB 2, e TID3 R WoCHR[1], C4.57] WOCHR[2], CARTH]
WLSCHR[3,4]0 PRI 2 3] — AN B 0] WoSCHR[5~7]. 5 SRAUI 73287 VA A ik

JIFK (decision list) o PRFEHIFRT HRFM AT LA ILEARE,  BRSEFIR I 2] A 2 W
HR[9]

>



5.1 MRIERS e il getin e, MAESMmE (CASEIL) Ao sk
52 CRIERS 2HR USRS, U P 5 iR Z SR A A = Rl

®52 NgEdER

X 1 2 5 6 7 8 9 10
Vv 4.50 4.75 4.91 5.34 5.80 7.05 7.90 8.23 8.70 9.00

5.3 UEMCARTEIESHAH, Halfipe i, AFAEME— /N TR EHR AL C(T) i
/N

5.4 EBICARTEIR BEF R B FHFH{T,, T,,...,T 352X [Ala€a,a, )R
FHT,, XHi=0,1,....,n, 0=a,<a<...<a <+00.
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CEE kRN A EIVE RS - N it

ZHEHT A A (logistic  regression) &4 T~ H L LT 7E . KRS R R A5
R ST —ANEN, R HLHE) 21 0 28 1n) 45 21 i KR 2. (maximum  entropy  model)
B [ AR 5 i A AR T B AR . R e A B A v (R
SRIG A BB R, 5 YR @ 4R i ()3 5 i R R 1 2 S R0, B et AR
R By R 2

6.1 EEH Wi A
6.1.1 ZHEE A0
BN B 04 (logistic distribution)
E X6 CEHEITW ) WXEESMIALE, XRMAEE M EEXEET

B 73 A B HU 2 2 R Y
1

F@)=P(X <x)=—p (6.1)
, c—[\'—;.'l.-',v
f@=Fe) =y (6.2)

Ah, HEAEZSH, V>0 RSH.
B AT A1 0 T R RO R A1 R ERE () ) B QB 6. 1B - S5 R 25UR 132 48

SRS, R — &SI (sigmoid curve) o iZHIZE L #Ir Lt R, B A2

1 1

Fi=%+ fy——=—F(x+ i)+ —

( 4) 5 (x+ ) 5

f(x) F(x)
"

L

FIG.1 BRI A6 15 B B K5 40 A R K

2 AE P G SO R R, AE P KO RS . TERSEY e, 2 e
BRI 3 AT

6.1.2 TUE i A A

IR A I (binomial logistic regression model) A& —Fh /ISR, H4F
MZAMP(YIX)E R, BRASHWRIB R . XE, MY EXUE e, b
MAE Y BB 1800, FRATE I I8 B 2 ST 7 R Al v B A 24



E X 6.2 CEARMT R AR U ] AR A B SRR 0 AT
P(Y =1|x)= exp(w+x+b) 6.3)

I+exp(w-x+b)

1
Y=0|x)= 4
i e e — (64
XH, x€REHIN, YE{0,1}2fit, weR'FbeRZESHE, wiKNPUEIR &, b AIRE,
w X AWAIX RN A
ST 5 e N2k, B (6.3) MR (6.4) TTLLIRAGP(Y =1[x)FIP(Y =0[x)-
T2 5 1% (A1 U3 P AN 2 MR ABL KN, B SE X o3 B R AB BRI — 2K
BHEONT HE, BPRUEREMFA RSN 78, ThdfEw, x, Blw=(wOw®,
WO D), x=xOx@,. . x® 1), X, PR TER R

Pr=1| gy TR0 6.5)
I+ exp(w-x)

P(Y:(][x):; (6.6)
I +exp(w-x)

BUEZS B B [ IR R RS e — DRI L% Codds) %%‘éiﬁ%ﬁ?ﬁ%ﬂ‘]%%

SiZEERR AR LAY . R H R AR Rp, IBAZEF LR R, %5
PERIX B LR (log odds) Blogit ik # &
logit(p)=1log e
1=p
XHE AR EA . B (6.5 53 (6.6) 13
P(Y =1|x)
log =W.X
1=-P(¥ =1|x)
Xt R, R RIS, Y = VST B LR R A2t iR . 88 L,
B Y = VR HO L2 th i A x IO 2 eR R os AR R, RIVIZ AR 0 it [ R Y
B MAEE, BRI AT RN LR Biw-x, HEEO SR, EE, X
HLx€eRN weRN L 3B AR M v [ AR A 5E LK (6.5) AT LUKE 2tk by How - x4 Sy 22 -

P(Y =1|x) = exp(w.x)

1+ exp(w-x)

X, SRR AR ERIL IR TGS, BERAE OB ERIT 1 AV R B E L e 5,
FAEMBEIT0 (N6 TR) o SXAF ARSI At 32 4 20 v [ Y

6.1.3 A ZEH 1T

WERRITI EARA 2 S, T A EMNZAEIRET={(x,» ¥).(Xp ¥o)r-oo(XoYn)}o
Hrfr, x€R", y€{0,1}, A LA HIMRMARG THEMG THE I S8, AT 45 2032 47 (] 15
TR,

i PY=1|x)=n(x), PY=0|x)=1-7(x)



[Tl Gy 1 -2 )]~

XL ER |
L(w)= Z[y, log 7(x,) + (1- y)log(1 - 7(x))]

_Z (3{ ) +log(l — 7 (x, ])}

= Z[yf{w‘-Yr) —log(l +exp(w-x )]

i=l1
LRI, BB
BORE, LR L T BL LA B85 58 B O . S 4007 1255 o
SRR 7 B RE FE: BL A
B TR LR L, T8 2 2% 5B AT e SRRy
P(Y =1]x)=—22D)
1 +exp(w-x)

1
1 +exp(Ww-x)

6.1.4 Z IUZ 4 A I

T R BB i AR R I R, BT . AT LR AT R 2 I
PR A M8 (multi-nominal logistic regression model) , T 235503, RKEHL

P(Y=0|x)=

TBENAZ BY MEUEE A (1,2,.. K}, B4 2 TUEH AT [ kR
P =k |x)=— P -2) k=12--,K-1 (6.7)
1+ exp(w;, +x)
k=1
- 1
PY=K|x)= (6.8)

KE-1

1+ exp(w, - x)
k=1

XH, x€RMLw ERNT,
TS R R U B S G T AT DA B 2 T A i (] )

6.2 I ARIEA

B AR (maximum  entropy model) H f KM R BEHE TS0 IX B S AUA — Rk
IR IR B, SR 5 AR KRR R R 3, o 4 th i KRR A 2 ST I T 2

6.2.1 KM R



B NI i PR MR AR A 22 S () — N EIN o S KR BB, S ST, R
FIREFIBERAA (A1) T, RO AR R o i AR o 38 P 20 PR A% R i o R A
%%%ﬁ,%u,%ﬁ%ﬁﬁ&ﬂu%%ﬁﬁﬁ&%%%ﬁ%ﬁ@%ﬁ¢ﬁﬂ%%ﬁ%ﬁ

7
S B LS B XM A A P (X), WU (B B52.275) 2
H(P)=-Y P(x)log P(x) (6.9)
i SR IR R r

0=H(P)<log|X|
KA, (XPEXPTRENE, 2 AU X340 2 Y 2] o A i A T I S5 O . IX =2t
XM LI AT I, K .

B, e R IR PR A B B N A 1 S A . O s, BRI 44
ERAEZE BB, ABLEAH € FIE AR S T B A7 B R It B o I 1) B K
RFRET e . “FERIREANE ZEAE, MRNE — DA I BB TR AT

B, I —ANME AR R o R

fl6.d (HEBENIAZEXASMNEUE{A, B, C, D, E}, BB ME R
P(A),P(B),P(C),P(D),P(E).

fift IR SRR AE T 2 DL 2R 264

P(A)+ P(B)+ P(C)+ P(D)+ P(E) =1
WEXNZIRZ MR DA LS 21 WMRKAEEATHMEE, TR AT
f1E,  —NIMEF RN NI AN 7 A H HUEME IRE R & A«
fﬂA}:f«ﬁ):fﬁC}:fwa):fquzé
ENER RN T XTSI TC . AW AEEZWER, XA b2 A,
HHF, BEM—LEAEI0 AR Hp A5 B — Lo MR AE I 2 R 2648, Bl
3
P(A)+ P(B)=—
(A4)+ P(B) e
P(A)+ P(B)+ P(C)+ P(D)+ P(E) =1
R IX PN 2R LA IR AR A T 55 2 A D ARG B R T, mTRUAAA
5BREZEMEN, C, DSELZEMEN, T,

3
P(A)=P(B)=—

HO=H®=H&=%
WA 5534 2
|

P(4)+ P(C)=>

3
P(A)+ P(B)=—
Gl P =—
P(A)+ P(B)+ P(C) + P(D)+ P(E) =1
A LR S 06 2 2R A N SRR A A TR A XA REEHE . DLERR
FAGIY 2 3] TR IE AT T e KR S 2



Bl6. 24 it T FH e RS S B AT MR B R e R 1) T UAAT e e . R S AR S P AT |l R IS
[ HERAETE (simplex) YRR, WAEMN=MAE Q-F4i) . — A SRR — A,
A BAARERES . HE B — KB N T — DR EE, BEL RSN BT i
EFTH AR FARIEREES . — e, XFEMBRE LS 24 =M E PR R
BERIEE A e PR AR, T o R4 B 0 & S e O ABE AR R 36 ) — AN HE
P P

PR B R 5 i LI RUR PRI R &
K62 MEEBIRMgEY

6.2.2 HANMBAM E X

BRI SR IS G2 S I — MR B, K e B 3173 S5 B e RS2
(BB FAA S — DR D AP(YX), XExSRUFERIIN, YEVERHH, xfY
DAGERAAE RS . XMRAIRIR 2 T4 X, LSRR P(Y X%

Yo
oh B — NI BE 4
F=4(x (250 3 ) 0oy s Vi 3
22 21 H bR e B RN T B PR g 1 4 AR R
B S R N e k. gh e IR BREE, A DA BE A 0 A P(X,Y) N & 56
A RL G AP AL /34T, 43 LA Y) FIP(X) R~ . X H,

ﬁ(){:x,}’:y'):"“(:i;}':-"}

viX =x)

N
Hi, v(X=x,Y=y)EZRINEEIEFFEER (XY) BIHE, vX=x)FRINEHE i
Ax I, NERINGHEARE,

FHEFE R %L (feature  function) f(X,Y)FEIAH AxFH Hy 2 [ R — sz, He X

P(X =x)=

P

44444

oL xEyiiE RS

fthy)_{o,iﬁmu

BN EREL, Moyl 2 X AN H S BUE N, S IEUE N0,
FRIE R A Y) R T A0 POCY) IR, HEp(D)FR .

E,()=) P(x,y)f(xy)
HEAE R BLECK,Y ) 26 TR P(Y|X) 5250 4 A PO KR, FHE, (N
E,(f)=> Px)P(y|x)f(x,y)



WA RGeS SREON B TF 15 B, A4k ] MBS X 5 AN B SR AE AR S, B
E.(f)=E,(f) (6.10)
o
ZP{I)P{) | %) f(x, )= ZP(\. W f(x,v) (6.11)
FATH L Ce. 10) w2l 6.1 1”573*%?;%75’%% Ao BETA nAMRHIE R (XY, i

=12,....,n, IBAEnNLIREA:
63 BT (B LT L S I R AR 4y

C={PeP|E.(f)=E:(f), i=12,--,n} (6.12)
5B AR ATP(Y X)L 4 N
H(P)= —Z P(x)P(v|x)log P(y| x) (6.13)

IR £ Cob 26 PR BRIV . SXob 60 40 1 8 4
6.2.3 I KSRt ) >
B2 3] 1 T AL SR AR BRI FE . SRR B2 51 7T B R AL
Ly AR AL

X T4 B NG EIRET={(x,» y).(x, yz),...,(xN,yN)}u&%ﬁm&zfi(x,Y), i=1,2,
Ny SRR I 2 3] AN T 20 SR S A 1)

max  H(P)=-XF PWP(y | 3)log P(y |

st.  E,(f)= E(}‘) i=12,,n

Zpum_l
o HR A A A e R ST 458, Hz‘?ﬂijﬂﬁllﬂ%ﬁﬂﬁz 5RO I 2K e/ IME 7] 7
[}]13} —H{P)—ZP(A‘)P (v|x)log P(y|x) (6.14)
st. E,(f)—E;(f)=0, i=12n (6.15)
ZP(ur)_l (6.16)

Xﬁtr?ﬁﬁﬁﬁﬁn%ltﬂ (6.14) ~ (6.16) , PSR, Hie i R R 3] Mg
g EARHES

XHL, R Ly AR AL JER 46 170 A 80 g A 240 TR i DG AR £ i AL e SR o 48 1]
RIS AR I 0 i) 7L

B, GIERAE BH IR T w,w, Wy, ow,, T SRR B H BREL(P,w):



L(P,w)=~H(P)+ w.:.(l— ZPtylx)}im(Eﬁ(m - E, ()
= Y P()P(y| x)log P(y| x) +wﬂ{t —ZP(ylx)]

+3w [Z Px, ) fi(%,9) - X PP | 9, (x,y)J 6.17)
SR AL B0 S5 1 R

1}}_i{1_1 max L(P,w) (6.18)
X 4 7]
max rpig L(P,w) (6.19)

H T HiA% B H BB (P,w) 2 PR R A, JREG RS (6.18) MRS XHE A (6.19) 1
RN . IXFE, A PUEIE SRR R (6.19) KRR E RE (6.18) .

M, RIS (619) WKL E e P W) . mnLPw) o

5 R HACE

¥ (w)=minL(P,w) = L(P,,w) (6.20)
P (w)FRARHE R R RN, KRR
P, =argmin L(P,w)=F,(y|x) (6.21)

BAgHh, SKRLP,w)XTP(Y X)) -5 %1

LI _ 3 (g Py 12)+1)- S~ X P S

=Zﬁ(x)(logP(y|x)+1mwn~iw!.f;(x,y))
L REHET0, (EP>OMITILT, fEf

=g

P(y|x) Zcxp(zn‘,‘%ﬂ(x,y) +w, 1

=l exp(l—wo)
HH%:JZP(J'I.‘:):I’ -
1 2, i
F(y|x)= 7 BXP(§ w, [, (x, ) )J (6.22)
o,
2 1= Zexp(im ¥ _v)) (6.23)
V i=l

Z (O ITEALE Fs £CCY) R ER S watRHEMAUE. B2l (6.22) « 2 (6.23)
FORMIRAIP, =P (Y| X)#l & i KRR, X B, wik i KRR R i S 800 &
ZJa s SRARXT AR r) R A1 R R R Ak ) 7



max ¥ (w) (6.24)
¥ H A w, B/
w' =argmax ¥ (w) (6.25)

AU, AT LARH S AR SROGHE BR B0 (w) IR KAk, 15 8lw", HSRERPeC
o XH, P'=P =P «(YX)Z&¥I BN HEIEY CHRARERD o Halddl, mARER
(1) 57 >3 VA 45 D903 ek 2P (w) IR R A -

6.2 > 15l6. 17 R R

iR RT I, LAY, Y,YYsYsemA, B, C, DFIE, Ti&i KR 2E 3] i
PR 7] 2

min —H(P)=) P(y)log P(y,)

i=l

s.t. P(_}ﬁ)"’ P(J.—'ZJ:JE’(J"[)_"_'E)[},I):%

3 Py =Y B(y)=1
SRR B LT Fowgw,, T S K B H B8
L(P,w)= Zp(y,.)logf'cy,n wl[Pcy.)+P(yz)—%]+ Wy @P(y,)—l)
BB, DL R P RLIL A SR R R, T
K max min L(P, w)

B ASRARLP.w) 2 FPIIHME R, it [ iww. SRS 5

i) log P(3,) + W, + 1w,
oP(y,)

G ) =1+log P(y,)+w, +w,
oP(y,)

OL(P,w)

=1+log P(y,)+w,

r';‘P(y; ) gy, 0

OL(P’ W) =1+ ng P(}’J + W
oP(y,)

- ¥

CAS M) =1+log P(y,)+w,
oP(y;)

L8 FEEET0, e
Ply y=Plp )=t "
P(y,)=P(y,)=P(y;) = e o



mFirn L(P,w)=L(P,,w)=—2e "™ — 3e™ —% W, — W,
FRRAFL(P,,,w) K T w B R AL i)

: : 3
max L(P,,w)==2¢ """ =3¢~ —w,

S HISRLP, W)kt wo,w, FIi SEIE4A H A0, 53]

g B

e =—

20
Wy =1 ?
e =—
30

TRAF B ER MR A N
3
P(y,)=P(y,) =30

7
P(y3)=PUf’4)=P(y5)=5 0

6.2.4  HRAUIRAL 1T
MUL s KA 2 2] el LR, SR AR sl (6.22) « R (6.23) FKRM

SRR AT AT o TS THIE B X 18 2R BRI B A S AN T B R A 2 R A AL SR A -
SR GEIE LR A P(X,Y), 2R A P(Y | X) IS EULLAR B B R 7~ N

L;(F, )—lﬂgHP(} |I)P“ " ZP(X »logP(y|x)

SRR ARP(Y|X) & %ﬁ;ﬁ@-ﬁﬂ (6.22) Al (6 23) i, KSR BB P(P,) N
Ly(P,)=> P(x,y)logP(y|x)

= Z ;E’(,‘c,_v)i w, f.(x,p) - Z P(x,y)log Z (x)
= Zf’[.\’,y)i w, fi(x,3) =Y P(x)log Z, (x) (6.26)

P(w)=> P(x)P,(y|x)logP,(y|x)
HAEMEREY (w). B (6.17) KA (6.20) AJH ZJ:



+Z};Zﬁxﬂﬁnﬂ—2ﬁnﬁuumqu

i=1 TN x.)

= Zﬁill.l")i wfi(x, ) + Z P(x)P,(y| -1')[ log P, (y|x)- Z “}.ﬂ-"».’l'lj
X i=l X i=l

=3 f’(.r,_r)i w.f,(x, )= D P(x)P, (¥ | x)logZ, (x)
Y.V i=l X,

= Zﬁ(.r._l-‘)z w.f.(x,y)— Z P(x) logZ (x) (6.27)

'zp(ym:;
wja— 2 RS o

bR, (6.26) f1=k (6.27) , w[fE

¥(w)=L;(P,)

BE SR B B0 (W) A T X BUBUAR BB p(P,), TRl W] T S5 AR 7R 2 57 o 1 5ot 4 R
B KA A T B R TR AR AL SR A T — F 52
%mﬁ%,%ﬁ%ﬁﬂ%%ﬁM%%%ﬁﬁﬁ%%%ﬁﬁ@%@ﬁ&ﬁ%ﬁﬁ%@ﬁmﬁ

) I /8

A] DL e R A 5 Rl B — i i T X

l " |
P (vlx)= ' Fix.y 6.28
(7 x) Z“.[I)eXP(;uJ(r,.})J (6.28)
Hr,
Z (x)= ZCKD(Z“Lﬂ {x,y)J (6.29)
XEL, x€RMHIN, ye(l.2,. KNt weRrABEIE, £Y), i=1.2,.. . fF&%
A AIE R B

BRI 5 3 AR i (ol I AR R A SR T 3, BT SOOI B2 M (log linear
model) o FEAYSE ) I AR 25 5E (N SR B0 A6 A T AR B BEAT AR ALR A T 3 1 U A (1

KA
6.3 AR RIE

SRR [V L S AR Y 2 2 VA S5 0 DUBR p& 210N H bs pR AL e fE AL 1), 3
WOEIEAEVE R . BRI G, XA H AR R B IR AR BRI
MR EL BRI MR RG], DRIERESR B 4 RB UM . W HT DT iR Ot 3%
PORBEVE . BBIE N REE AL Ak . AWk s A sk — Aol Siod 2 Ak
w%?ﬁﬁ%%?&ﬁ%%ﬁﬁﬁ%gm¢m%%%ﬁ%ﬁﬂ#2ﬁ%oﬁﬁ?%%ﬁ%
T3 A

6.3.1 KL HIIEACR EE v
» et IE AR YL (improved iterative scaling, 1IS) & — e KRR 52 ] 1 B Al Ak
o
LRI R R BT Oy



1 - ;
A exp(me,y)J

Z.(x)= Zexp(z w, f,(x, y)}
¥ i=1
ot HUBIAR B B
L(w) = ZP(x })Zu fi(%3) - ZP{x}logZ (x)

H*TELL*&j(1l§j‘1ﬁl+%j$%i%ﬁ EUXX@MMJ‘IZ@&E’JW?({EW

NSRRI : B KA S i 2R B R w= (W, w,,... . w,)T Bl 1 B4R —
NS EWHE= (W, 40, W, +8,,...,w,+0,)", AR DR eh B (E 3. d 2R
BEAT IXFE—Fh S B BT (wy:w—ow+d, AR DELMEHX— ik, HE
T B HAUSR B A1 B KA

Xt 45 € 25 %Z‘EP(XY) RSN WEIw+E, X LR R K s &=

L(w+ &)= L(w ZP(\ MlogP, ;(v]x)- ZP X,y 10gP{1]r)

*ZP\ l)Zf5f(r y) - ZP{\.}I{Jg :s (%)

Z (x)
FIFHAGE
~loga=l-a, a>0
N B AR BB A B ) R 5
L(w+6)— L(w}}ZP{x y}EJ fi(x,p)+1- ZP{x) ;i“}’:’
—ZP{x y)):rff(x y)+1- ZP(x}ZP (ylx)epoﬁf(x »)
KA umic N

AB|W) =Y B, )Y 81 (6 3)+1- T B@Y Py ¥)exp 35,5, (x.)
Xy i=l x ¥ i=l
TRfH
L(w+6)—L(w)= A5 | w)

R A(S|w) A& 5T E LR R B e AF & 1) — AN T

IR EEFR FE Y STE T RAGW) RS, IBAXTBR R B SR 5. 2RI, BREA(
oswyh s — A mE, SHZANTE, AHENE. TSIRE— X A — A &
o, TiEEHANELES,, i#-.

RNIERX—H, HSHE—HFK T RAGW). Bk, NSEIH#—PMEMXY),

/)= fix.y)

BUNE S (B 80 () T B TR LY ) I IR B, S, A@Iw) T BAES My



ﬁf(xy)]
I(xy)

(6.30)

A(S|w)= ZP(xiyJZa‘f(x.ym ZP{x}zP n:y|x)exp[f (x..v)z

SO o 5 46D
S8 500 B0 T DU A HE i, B e R X392, AR Jensen R,
43

u%gffﬁkfuwﬂ Zf‘y%m@ﬂan

TR (6.30) A5 N
A(slw)>ZP{x y}ZJﬂx y)+1—ZP(x}ZP » }Z[

Si(x,»)

& )]B"P(f’]f (x5, )

(6.31)
AR (6.31) Himhl

B(3 | w) = ZP{!. nZa; (x,¥)+1- ZP“‘ZP“'“Z[ J ] exp(3,f*(x, )

T R15 2
L(w+0)—L(w)= B(d|w)
XH, B(Sw) X ELIR R B = — AN AR T3
SKB(O|w)RO I i T 4L -

E‘B‘:l_l ut z P(x,0)f (x,y) - Z f’(,\‘lz P (v|x)f(x,y)exp(d [ (x,¥))

(6.32)
£ (6.32) H, BRISMEGIEM AL E. S FH NS 2

Y P(x)P,(y|x)f,(x, y)exp(S,f*(x,»)) = E;(f) (6.33)

T, RS KA (633) WELRILS.

s T —MoRwit AL iR AR Bk, RIS s AR R B SIS .

Hy56.1 (U RIEAC R RIVRIIS)

BIN: FHEREU, L, £ R PXY), BAP (Y[X)

wit: BSEUEW; BACHAP, -,

(1) XHrAiE{1,2,...,n}, BHMEW,=0

(2) XHE—i€{1,2,...,n}:

(a) 202 FE

3 BOP(y | )£ (5, ) exp(S1* (x,90) = Ep(f))
A, X,
f =3 fx)
(b) BHHw/iH: we—w+6, N



(3) WRARFAHwWHWESL, HEE (2) .

KRB — L @), BIRMETRE (6.33) FHIS. WRFXY)EHE, RIXHE
filx,y, AFXY)=M, 24607 LR XHZRIR AL

8 = ilogm (6.34)
M TE.(f)

WROAKX AR T E, BabIaEd BT F RS, 8GN TTiERA4 . e

8)=0F 7 (6.33) , AWUEIEINIEICRIO, Hide@)=0. ERAL
<& _ 8E")

= (}fﬁ] o g,(é;{“) (635)
\%‘&Jﬁéﬁsﬁlfwﬁ‘%ﬁﬁu HTO T2 (6.33) HHAR, FtAwmykEysl, mHIRSoH
FEAR

o h+1)
0,

%

X

6.3.2 ik

B RIS o 3158 ] LN AR WA e dth A ik . 2 BB .
Xt I KRR &
ool S5

Eexp(iw;(x,yﬂ

F.(y[x)=

ERANESEVE
{nLn S(w)= Z P(x)log Zexp(;: u—;..,f;(;f,_l,-'}} - Z: P(x,y );: w.f.(x,»)
B L -

— [OI{H) o) @f{u—‘)JT

] 1 - X
ow, ow, ow,

ﬁi{“} S PR 1,5~ Ep(1), .-

FH R E’JUﬁFﬂéﬁ&BFGsﬁi/ﬂn?

H%6.2 (e KA %% 2] M BFGS H.%)

BN FFIERREU L. £ XA P(X,Y),  H bR R E(w), 16 g(w) = Vi(w), i & 2
RE;

i RIRSEUEW BACHAIP «(Y[X).

(1) PEEWILE MW, BB NIEEX R, k=0

(2) Mg =gw®). Flgl<&€, MHFIETE, [Hw=wbd; BTN (3)

(3) B, p=-gKitip,



(4) —4EiR: RAME
FOW + 4, p) = min fw" +Ap,)
(5) Bwkh=w®+Ap,

(6) g =gwD), Hlg. <€, WFIETHE, H[w'=wkb; BN, %K
B, :

T - oT
B, =B+ .};%.h _ Bﬁﬁkfi B,
¥, o.Bb
Hrp,

y;l' :gk+l _gﬁ L] 5& = u:”‘"” _uJ_Uf'F
(7) Bk=k+1, ¥ (3) .

A B

1. BT EEBIAR R i DLR SR 0 A s 1 0 R . 3B 48 i =] VA A28 m
Y55 I e = T =
P(Y =k|x)= f,’_‘}’(w* %)

I+ ZCKp{wA_ - X)
k=1

P(Y =K |x)= :

K1
1+Zexp( W, +X)

k=1
K, ONEINRHIE, wRRFERIAUE

TR [ ALY B AR T AT, AT BREE (x) S ST bR K. 35 i [ AR
0 P N () 42 1 R SR T 1 A R0 ) LR B A

2. SRR A B DUR 2R 23 A1 R I 0 AR o e RO ARt mT DL T =28

%30k,
ol St)

=l

Z. )= Z exp(i w, f; (x, 'V)J
v =]

o, 7 CORMTEALE T, TR ERREL w AR AL

3. MR R DL P A A B S i . A T A Y 2 T ) —
gf@o%ﬁ%ﬁ@%ﬁﬁ%ﬁﬂ%%ﬁ%ﬁ@(%ﬁ>m%ﬁ¢,%%ﬁmﬁﬂ%%ﬁ
R,

B I JE T 87 4 SRR (12 ST, 45 AR 2 SR A il

P(y|x)=




min —H(P)=>Y P(x)P(y|x)log P(y|x)

st. P(f)-P(f)=0, i=12,,n
D P(y|x)=1

SRAFE A e 0 A 1) L1 X il LA 28] B A R

4. IZ I (Bl YA A B R R A T A e B AR A

5. SRR [ VAR R S KR R 2 3] — R AR OR AL AR A T, Bk A (R AR A8
SRS o TR AT m] VAR R 7 e KRR R 2 31 ] DUE S0 A TE AT R R AL I A SR AR 2% e
DUAL i R S AT ek RS AREE R . BRI T R SRk

9k SE ] B

AR [BH R 2R 2 WOCRR[1], S KR R A 20 2 LSRR (2,31 2 4T [
oA B AR 2R DL TR (1) 5% R 2 ILSCHiR (4], I2 3R i [B] A AR 5 AdaBoost 11 9% 5 2 LS
WR[S], I (] A 2 5 2% e A1 O 22 5 L SCHIR 6] -

>

6.1 BN B A6 )8 T4 B A
6.2 5B A SRR A ST RS B R PR R
6.3 HHEKBER S MDFPE Y., (O T— R INDFPE LS W EB)
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TR SCFFREL

X FFmEAL (support vector machines, SVM) & —Fh 3B BA . E I SEABIAE
8 SCAERFAE 23 18] bR TA) R e R I Btk 73 284, TR RR s RS A ) T SCHRem LIS
BFEZETS, XA BSOS E ARG 4y KA . SCHF IR AT 2 = SR AR A2 A] B f K
1, AT A — AN R A K (convex quadratic programming) A&, T
gg%%ﬁﬁﬁ%@ﬁ%%¢%ﬁ@oiﬁﬁ%ﬂ%%ﬂﬁ%ﬁ*%ﬁ:ﬁﬂﬂ%%ﬁ%
o

XHFRI B S TTEA S M R B AR BT 43 SRR B AL (linear support
vector machine in linearly separable case) . ZiPEZHFM =AML (linear support vector
machine) M IEZEME T FFRIEML (non-linear support vector machine) . ] BLAETY I & 4 ps
BRI EERE, B R R REIR TS O o H IR 2t mT o), @ il A () B% e KAt (hard
margin maximization) , %> —NENER) SR, BPLMER] ) SCHFIREAL, UMKV AE A]RE
XHEFEAL SUIGEAR I AR ), E R AR s KA Csoft margin
maximization) , HE2>]— NN IRAE, BIRMESCRrmENL, RO RE SCHE R &=
Bl NGB IRLANEAT 0, WA AT (kernel trick) AKIAIRG & RA, 7209
AN SCRF R 2L

NS (A RR RS (A B B B AR & AR (RN A /R AR B A, #%pR % (kernel
function) FR7RAHET A M 25 [A] BICSRT B HRFAE 25 (A1 45 21 [ RFE [7) B 2 TR A N AR . J8 {5
R BT DL S FR R M SRR I L, S T a7 v 48 R R A1 2 ) vh 23 3] e M S )
Blo %ﬁ W T IERR RS #77% (kernel method) A& LU e EHLTE N— KM 3% 2%
71

Cortes5 Vapnik#& H 4 14 S FF M L, Boser. GuyontiVapnik X 5| A#ZH 15, $2HAE
AN SCRF L

AT FR B3RS ENL . R B S — PR 5 2] BE—— T A N i
AL (SMO) .

7.1 SVERT o0 SCRF R &AL A 1] R de K AL

711 R B A EAL

- S =5 =~ 1 TR 4% NG RO £ Rl 11 b R o N s 1 P W Nl L1 1
RS AR AR A, RFAE S (A D BR PR 2 (B B A R AR 22 ) o 2R TT 20 SCF [l L, 2Rk ST
R A A LB SO P A2 T [ 7T 3 — R, IR\ 22 8] ) A AN R D9 RP Ik 2 18] o (1R
LT & o ARZAE SH ) B LA A — A A\ 20 ) BRFAIE 22 18] (1) S 2 1 I SR 47 g AN RS 9y
L. FTEh, SANHRH AN A A e B RFAE A (8], 3 A AL 22 SR AL 23 Al BEAT

1.
25 & —AMRRE 2 8] _E I 2R 80 46
r= {(.’fl,}’i )-:(x: ,yz),-‘-,(x_v,_v_,.‘.- )}
Hr, xex=R", yeV={+1-1}, i=1,2,...N, x AFBIMHERE, WHRNLH], v,
HxHIEFRIT, Hy,=+18, FRx NIEF: Hy,=-18, FRx A0, (x, y)PRAFEAR G
BRI SR EAE R 2T 0 1 (HLE X2.2)



7 2 bR AR AERFAE 2 B R B AN BT, BERE SR 0 BIASRI IS . 7 BT
TR R T 75w x+b=0, B HNEMEwMBIEbIRE, T (w,b) KK R . 7 1 1K 47
%fﬂﬂ%ﬁ%%%,—%%%E%,—%%%ﬁ%o&ﬁ%%ﬁ%—WﬁE%,%—w
NEAG

B, NGB AR L E R i, AFAETE ST o3 BT T AR PSR IR T
IRFIHLAN R R fm/ NSNS, RIS B i, A I a5 24> &bn] 703
5 [ A LR P 1) B B AR B 0 BRIl 3K, A mE— 11

BT CRPEF D SCaF BN e Pk IR EeE R, i 1A b i KA B
At SRARAR L D™ — R IR 1 i 2 ) 45 81 1) o F 1 1T

wex+b =0 (7.1)
DL AH B 3 e 35 R AL
f(x)=sign(w «x+b") (7.2)

PROAENE W] 3 SR A AL

B RE A 7. 1R B YRR S 8] TP R Al L. o RoR BRI, o RoRafil
IZREHR SR NE W] 7), XIS AT V2 ELZG RN PR EE il 7p o ERME W] 20 SO [l AL I
R SR IR R O O Ho Al R i KR, a7 1R .

K7.1 3K

* Al‘EﬂK%%ﬁ&*ﬁ&%é@%%ﬁt%l‘rﬂﬁﬂﬂ%ﬁt?@%{ﬁo I B2 A 48 bR B0 g A L AR ] 58 1)

7.2 BRI LA I

EET7.1%, HA, B, CEA, R3], BES B IER—M, e
MBI, RARR Yy BB, 2 T U9 IS, b A {5 T & IR 1) mCiR
Gy BRI, A TN SO IEZREA IS 2815 SBAT HAECZIE, WH NIk
KHIHEEAEAECZ I,

— kU, — AN AU S 4 B T e I T LSRR A SR T S AR R . AR T
wex+b =0 & KGO T, [wx+b|REEAHXS HI 7R mix B B~ IR I . 1w x+b I fF 5
Ry M5 21 — R KR K2 . LAl FEy(w-x+b)kREK w73 JE 10 1k
Wt S E R, X2 R ELAFE (functional margin) HIRES .

ENT.2 IR X4 U R AR AR TATE T I (w,b), % SGHET I (w,b) %
THA R y) I REE R

¥, =y, (wex, +b) (7.3)
SE SCET 1 (w,b) I8 T I 2R 25040 28 T o8 28] B 98 ~F 11 (w,b) R T TH A FEA Ri(x, y)IP)



BRI 2 /M, B
7= min 7, (7.4)

bR 58] B W] DL 0 TN D IR B VE A A5 R . (2 e 36 Bl P iy, A e e
BEIEANGS . KDY R B R L e wAllb, IR e AT 2wl 2b, i 5O AL
1B R 5T B8 A BN JEUR 240 o X — TSR s 3RATT, ) DK 7 T 1 I PO 925 e w2 2
20, WREAE, (\wll= 1, (EAS IR RRR A . X BR HURI R A S LT TEJRE - (geometric

margin)

Kl7.245 4 7P (w,b) K HE R Ew. HARIRE—SEflx, HIEPRIC Ay, =+1. KA
58P (w,b) B R BLABZA H, 181EY .
i w o b
el T iwll

b, IwWIPAwWRIL YE 3. X AT IR — A T . 2R s AR T 1 S ) —
i, Rly,=-1, A4 SETHEKEE

e
’ Iwil " [lwl]

—fRCH, AFEAR R(x;, y) BT (w,b) IERA 2 S8, xS T (w,b) I R B 2

[ W . b J
:y = -.I;J' g ‘xr'
r | wil || wl

X — s LA TR R A 2

K7.2 LA TE] B

€ X713 OUATERE) X4 w G BFEE TR 1 (w,b), & SGEFIH (w,b) K
FREAR S (x, y)B LR TR FE A

%=M{w-%+ b] (7.5)
[ w| |w]
5E SGE T8 (w,b) & T YN ZREARE £ T ) LART 18] B Dy~ T8 (w,b) < T TH T AR A R (x,»
NALOPARGE P =Y
= rl‘]I?!iﬂ_\: ¥ (7.6)
FEE T (w,b) K T AEAS R(x,s y) 80 LART 1) B — PO S5 5 3088 ~F T ) 45 P R

(signed distance) , “4FEAS x4 T2 1T 1E 6 53 S 5l 2 S48 o 380 68 ~F T ) R B



MR E TR AT LART TR R ) 5 X (X (7.3) ~30 (7.6) ) wT 5N, R Ei Al B AT ) LART 1] B
A NHFRAR:

ek (7.7)
[ wl

- (7.8)
| w|

IR wl|=1, B2 BB LT ARG ARSE o R 1 S How b EL B 2 G-
HEA B BRI RS % e b 23, i J L Aey Ta] B AN A

7.1.3 AR KAk

SCREIAI AL 2T B HE A AL 2 SR AR BE % 10 1) 20 I Rt B2 1 HL LR 1) B e K8 23 18
P MEAER G EREN 5, &M 2B riA s 24 GEGTEA
B AERE ) LAn] 1) I8 5 K FRD 0 T~ T A M — 1 o 32X B 18 T o i R SRR Do e i) e e KA
(58 B AU ZR80E ST A Z Ik ) 73 B (8] B i KA X LD

(] B e KA B EL R AL - I R Bl R 1)) L AT [ 58 5 R - T RS AT 70 K
B S FEXT I R BRI AT 0 2K R Ud, ANDCRE IESASEB mi T, 10 EL SRl 70 iR S 451
s CEGEP I fd 1 ) AT A2 08 R IH S B eI . IXRE AT T R 32000 AR R B
SR AR B 1) 0 SR T e

1. K IRIRE 73 B 1 T

N THE B AT SR AT — AN LA 18] R e KPR 23 B 1, RO TRIRE 20 B P 1 . HAR
iy, IXAN 1] AT LR A IS THI R 29 SR e e A )
max y (7.9)

v,

s.t. _1-,.[i.1;+'f—’};z-y, Fil e (7.10)
| wll | wl|
R FRA T A B 5 KA ~F- 18T (w, b) & TN R B S (1) T LA TR] -, 240 3R 25 AR 3R 7 I 2 8~ T
(W, b) R TR GRREA S LA frIBg 2 b 2 Y
2 J& JUAnT [a] BR AN R 2 TR B ) R R (7.8, AR XA S N

¥
(7.11)
Wb || W ||
s.t. yv(wex, +b)=y, i=12,---,N (7.12)

bR K 8] B 7 X U AN S LAk R e . SRS B, BOBeRE w Ao % LUl 2028y Aw
MIAb, TXI eR E AR A7 o BRI R 43X — 53 onf b T B DAk 1) R A AN S5 Q) SRV AT
%W,Nﬁﬁ@ﬁ%ﬁ%&&ﬁ%w,&%%%,Eﬁi—ﬁ%%%%ﬁﬁﬁﬁoﬁ#,
FATLA =1, 57 =1\ BRI EAAL RS, E S BRI /MG 2w A
(K1, TR AUE 2Tt 1L v] 73 SCRF A AL > A e AL 1n) i



min  —wl? (7.13)

st. yp(wex +b)-120, i=12-N (7.14)

XA AN IR (convex quadratic programming) 7]
I ARAL ) R 48 2 R A AR A ]

miln f(w) (7.15)
st. gw=0, i=12---k (7.16)
h(w)=0, i=012,-1 (7.17)

Hoeb,  H bR R BUE(w) FZ R R B g (w) B R AESE R R 8, 2939 R ith, (w) 2R
FRIA77 55T ok H5

2 H i B8 (W) 2 — I BR H HL 2 AR R Bl (w) A2 07 S BRBON S R T e DA T s oy
TR [

WESRH TR (7.13) ~ (7.14) [Af@wb", AR LA 2% K A B
ISR W -x+b =0 M 7 2R W TR R B (x) = sign(w™-x+b"), BIZRYER] 73 L RF I MUY,

Zx PR, A TR St W] 43 SRR AL o) HE—— KA R@YE (maximum
margin method) o

FAETY CERNET] 43 SCHF I B A > Sik—— e KIA R )

N SRS R T= {(x,» )Xy Yooy} FEH, xEx=R" Yie‘y
= (141}, i=12,...N;

Brth s B ORRTRE 40 S0 T 43 R o S pR

(1) Fads FF SR i 20 R e Ak i) 8«

; 1
min  —||w|]
w,h 2

st. y(w.ex +b)-1=0, i=L2,---,N
KA ALE, W b".
(2) AT 2055 B -1 :
wex+b =0
I3 R PR AL
f(x)=sign(w «x+b") H

2. iR B R 7 1 T ) A AR ME— 1k

2R M T 43N SR B S 0 K ) B9 2 B P T e A HME— 1.

EHT (ROKE G B P A — M) HIIGEIEETERERT 2, WAk
WIEREHE B T IRRE A £ 58 42 TE R 20 T 1P 850K (TR 20 B8 e ~F THI A7 L —

W (1) FEM

T ISR £ L mT 4, FrAEE7T 1R R AL i (7.13) ~ (7.14) —EAfF1E
TR, X AT BEREA TI, bl (7.13) ~ (7.14) WEE, 1Bk
(W',b")e T IIGEHE S REA IR A CE 25, Frbl(w,b)=(0,b) &AL AT
%,ﬁﬁ%&ﬁgﬂﬂﬁ%ﬁwﬂom%%%ﬁ%ﬁ%ﬁ%ﬁﬁﬁo

(2) Mg—



BRI BRI (7.13) ~ (7.14) f@EHw M. [BBARE (7.13) ~
(7.14) ﬁﬁﬁﬁfﬁ%ﬁﬁﬁﬁ(“’l,J".ﬁn(wz,hg)o SR =W |=c, FHrFcE—MNEH. 4

Wi +w, . b 4b
VTR PR, SAwb)RIEL (7.13) ~ (7.14) AR, MiiH

1 . 1 .
e<Iwl< W I+ 1w lI=c

R . .

EaFH, RPOARSES A NS, Hw|=2W 2, WBEW =AW, A= 1. #
A=-1, Mw=0, (WhALZFM (7.13) ~ (7.14) WaJITE, FIE. KkpbFA=1, H)
W =W,

T A A A o BRI OV2, B3 0 305 o BRI B2 TR =87
RS (xy,=+1} 45 B R T (w DO A0 (w" Do) 45 ) R A 25 RS 5 BT K A,

. " » |
A {x ]y, =-11 43 BT B2 T-(w BRI (w* Do) (845 ) B Y A5 25 5 s i s, T A =23
. |
(Wxtw' ), h=aw rw ) E
b =5 =[O0+ =) + (= X))

NN

wexi+b =1=w.x/+b

wexi+b Z1=w.x] +b;
Frbl, w'@-x)=0. EFEAW (-)=0. K,

b —b, =0
W =WiRB =BET a0, AR BRI, B MR, AR IME— {25
FHIAE (7.13) ~ (7.14) FFIuE— 4 RIAS55 550 ~F 1 A2 P — 1 o

(3) oy Bl BE A U 25 Bcdie B mh IR P 2R R e 4 IR 3 T
FE AR 2 1P PR 240 TR 25 1 BRIV AT 4550

3. SR A A RR A 5t

FELNEFT MG OLT, IR S AR A i b 55 70 B e~ T PR 2 A5l A AS A ) S 31
N FEmE (support vector) o SCEFIAIERMFAREKM (7.14) G5 plor iy, P
yi(wex, +b)-1=0
Xy, =+1HIEG RSO3 ) S AE P 1
H :wex+b=1
F Xy =100 5, SORF ) B AR R T
H,:w-x+b=-1
F. w730, fEHAH, EE S0 CR A



K73 SRR E

HEBH AT, HFEEA S S EE e 5, S5H, 2 MR —% K,
S ERETHS EAPAT BAL FedTdh e, KA seE, BIH, S5H,2 (A EE SRR N A kg
(margin) .o [HIFRARIS T4 B840 P T (R ) w45 T H AOHL BRI RS 32 57

TEYE 5y B T B A SR s e A, i At SE] SO AR E . i SRR B 3 FE
) EEK S BT SR A s (LR A SR AE [ BR 0 S AN RS Bl Fo A s g o, R 38 Fo ik e p, T
EANSHUE . T SR R AR T 2 BT G YOE MR, BT DU o S A
%giﬁﬁ%moiﬁﬁimﬁﬁ—ﬁﬁ¢,%uiﬁﬁ%mmﬁ¢%ﬁ@%ww%ﬁ$
HiIE

#17.1 iS5 E12168E . SA—MNET7AFT RSB E, HIEF] S Ex, =

(B3, x,=A3)T, Ffl s, =(1,1)T, R A b 4 BT

2

=)

L O LS T < |
T

0 1 2 3 4 5 6 X
7.4 1RG4 T 7 1

i RIBEIRTL, RAE IR SR G 2 AR AL )
. Lo
mip 00w
st. 3w +3w+b=1
4w, + 3w, +b =1

-w —w,—b=1

I
SRAF U ARAL 7] () i w, = w, =12, b=-2. TR KIAIRE S B~ 1 N



L
— 50

Hh, x,=33)"5x, =, 1) N FFA &

7.1.4 IR VL

N T RGLAMET 73 SCRE MmN SR (7.13) ~ (7.14) , BEENRG R
e, N RS BH H R (STERC) , B SRAEXHE A R (dual problem) 7521 J5
Gin) @ (primal problem) JEAMLAR, IXHkAELM ] 7 L FE M =N XHEE L (dual
algorithm) o IXFEMIPL A, — RXHME N B E R 7K R ARG AZRE, #m
HET B LR 2 )

MR H B %0 (Lagrange function) . AL, WEE—PAEALE (7.14)
It Fik% B H ¥ (Lagrange multiplier) a>0, i=1,2,...,N, & XFut% A H 4L

+lf”—2=0
2

L(wb,a) == [ wlf > ay(wx, +b)+> @, (7.18)
A i=] i=]

o1, a=(a,a,....a0) RS B F IET- L
SRS B I R B ] LA 1 ) LA A/ L

max min L(w,b, )

w,h

FITA, N T A BRI AR, 75 255K L(w,b,a) % w bRy, FERXFafI il oK
(D 2%[2..[511 L{w,b,c)

W R B H R EL(w, b,a)73 % w, bRk T4 4 HET0.
vV, L(w,b,a)=w-Y ayx, =0
i=1

N
V,L(w,b,a)= Zafﬂ.yi =0
i=1

an

N
w= Z a,y,x, (7.19)
i=1

N
Dy, =0 (7.20)
B (7.19) RNRRBIHES (7.18) , JERIAR (7200 , HIf

L(w,b,a)= %iia,:x;_r_,_vii.t, "X, )~ ia,_r, {[ia{_rr.\'f ]1 + h]+ ia,
i=l j=1 =l J=1 i=]

N N
o %Zzara;yl-rf (J‘.-' » "'Ir'] + za'
i=l f=]

i=]

N N

min L(w.b,a) = —EZicz,a.f}’,}’j(&- 'Ij) T Zaf

Wi 2% =1 i=1



@ REEODOagattypiok, WA B
ma:r{——Zz.f;r,a’*.,mj +Za (7.21)

rlf]

iaJ.J'J. =0
=1

a =0, i=12+N
Hiﬁ (7.21) K HARE i&ﬂﬂjﬁmkﬁ%i‘ﬁ%ﬁkjﬁmdn USR5 2SO S BRI

v 785
min —ZZafaIyrvj(x X))~ Zaf (7.22)
= i=l j=I
Za,yf =0 (7.23)
i=]
& =0, i=124N (7.24)
Z BRI (7.13) ~ (7.14) FISHEHRMAL R (7.22) ~ (7.24) , Jz-iizn

I R B FLC. 244, BT LIAEAEW 2" B, fdiw R R 4R o) R A, a” B2 %o A ) R
fift, XERERMBIFE RIS (7.13) ~ (7.14) A L AR AESE B (7.22) ~
(7.24)

SR ME R UG BR AR, BRVHE BRI (7.22) ~ (7.24) Staffiffha’ =@,
r%',...,H.«-')T Al LA Ha SRR B RMAL R (7.13) ~ (7.14) XH(w.b)fFEw" b". A T

B,

T2 Ba = e RAHMER R (7.22) ~ (7.24) [HfR, WIEFE T

bri, 1390, aﬁcT&TﬁX@?ﬁ AR (7.13) ~ (7.14) HIfEw"b":

w' —Za' VX, (Fi23)
b=y, _Za; (%, +x,) (7.26)
1=l
e iRAEERC3, KKT/T\#E}Z_L, HIEE;
V. Lw.b & )=w —Zﬂ,l,\J—U (7.27)

V. L(w.b.,a)= —Za:yr =0
i=1

a (y,(w.x,+b)-1)=0, i=12,- N
r\-',.[w'-xa.+b')—]§~:l}, i=12,,N
a'=0, i=12,.- N

i

1%



W‘ = Z al'.y.l'xr'
I

Hop &b —A >0 (HRIEE, % =0, H (7.27) WHw =0, iiw =042 E ik
BICAERE (7.13) ~ (7.14) Bf#, FEETE) , MtE

y (W ex, +b)-1=0 (7.28)
%ﬁi(725)¢ikiﬁ(728)ﬂ%EE%W;—l,EM%
b"=y, Za’ yi(x-x,) [
m%%@Tﬂ,%%t¥ﬁTU%m
Za} (x.x)+b =0 (7.29)
e @ﬁTu%m
fuﬁ4@1zgmqu+ﬁ) (7.30)
i

AR, 2 U R B T S AT R REAR I NI AR . R (7.30) BN
I3 S FE A AL E T

BRI, XTI EdEEE, AT RAE e SRR (7.22) ~
(7.24) [f#as BRI (7.25) FIz (7.26) KREBJELE AW b NSS4
%?E&%%%%@ﬁoﬁﬁﬁ%%ﬁ%ﬁﬂﬁiﬁﬁEMMﬁ%%iﬁ& %%ﬁT%
THREMEALE S AR

Y572 (ZRMET] 7 CRF R BN ST 5D

LD é)%‘fiﬂﬁj\i}lléﬁéﬁT:{(xl, YI)a(XZ’YZ)""a(XN’yN)}’ /\EPXEX R", yley_
{-1,41}, i=1.2,....N;

fr s BN R SR B AL

(1) Fa3E I SR M 2 R B oAb 1) i

_ i N
min EZZar.afyfy;(xi-x}.}—Za;
=1 j=I

i=1

N
S.t. Zar'yr’ =
i=1

a, = 0, i=L2, N
RAF M ffa"= (alt,“:',. . .,a.\")T o
(2) 5

Hif a0 — NN R0,



(3) RAF 7 B 1
wex+b =0
IR R AL
f(x)=sign(w «x+b") n
EVET] oy S, B (725 o 2 (7.26) w151, wRIb RAKHE T 2%
Ji Pt LT % SOMIREA i (x, yy), T HABREA S w FID VA B . RIS
S I8 - G5 >0 1 52451 1 x ERFR g 4 1 it

ENTA CGLHEFRE) %ﬁ%é%%%ﬁ@(lw>~(1m>&ﬁﬁ%ﬁ%ﬁ%
(7.22) ~ (724) , BINGBHREF IR TE S0MREA f(x,, y,)HISEFIx ERFR N K ]
&,

R — L, SCHFnE—ELEARRIA A . BHKKTHANEAF AT A,
a (y,(w.x,+b")-1)=0, i=12,-,N
R T >0 524, A
y(wex, +b7)-1=0
&
W oex, +b" =1

Bilx,— € FE A fid b o 3 B AR S ) B ) S5 AT T4 H PR SRR 1) 2 5 S e — B0 .

B17.2  IGEEESHI7.0MF . WE7407R, BB REx=3.3)" x,=43)", Hflx
Fex, = (1,1)7, R FIET. 2R &R 4 CRF R &AL

filt ARIEPTAEEEE, XHE R

|T}jn %iiﬂ;al_rhv!(x[ X)) = igf

=l j=| f=]
I 7 3 )
=E{|8ﬂ'|' +25a; +2a; +42a,a, -12a,a, -14a,a,) - a, —a, —a,

st. a+a,-a,=0
a, =0, =123
i — A . Kra,=a+a, RN BARREIHL N

s(a,a,)=4a + gcxf +10a,a, —2a, - 2a,
K, a R S HE A HN0, S, a3 BB, (E R 40 2 a0,
LI M AR T A,
st —ont, AR R Sa—ont, TR, T Ase e —6a,=0
KB, Etﬂﬂ“a3=a1+32=%o
BB, @0 =@ gt ISl BRI B, RS (7.25) AR (7.26) $H548



o
W =W, =—
2
b'==2
oy BT
x{ll_l_lx{li_z_{}
IR R ECN
= 1 {1 l {2) ]
Xx)=sign| — +— -2 n
Sf(x)=sig [zx 57

X ERAER] o [, EIREMER 0 SCRFF AL A ) CRERIRR R R Ab) ik 58
1o (B3, YIGREHRELNE T R BN .. EISERE T, JIREHR LR LA
R, RIFEREA o LR 7S By e e BB, A R S Bk

7.2 LM SCFR R m AL A R R A
7.2.1 MR EN

BAER] 7y 1) R SR IR AL S J7 0, A A RTINS EE & AE I, BRI
ERITIEFR A FE LA R IFA GRS BAA R T R BI M A T 43 v @0 ? X5 7
TS DA ) B fe K AL, A HL B A B e KA

BB 4 8 — AR 2 1) b il 2 diia 2

T =10, 010 (%2: Y5 s+ s (X0 Yu )}
Hr, xex=R", ye¥V={+1-1}, i=1,2,...N, x NFEIMHERE, yhxEbrid. BIR
B AR R R AT A0 BRI, WIZBCR TP SRR Coutlier) , X
SeRs e MR E, R KER HIREAS AL R R & F Gt w] 70

LNEANT] 73 BRAE FELEAE A fi(x,,  y) AN BETHE A2 BRI EA] R K 155 T T L R 2% A
(7.14) o T RPN R, o DO REMREA S (x,, y) 31— AT >0, 5%k
[FJRE N EAa i A B R T4 T 1. IXRE, ZURRMAAE N

y(wex +b)=1-¢

ﬁﬁ,ﬁﬁ¢M%§§€,iﬁﬂﬁﬁm{aHﬁ@ﬁﬁﬁ%%ﬁw@%ﬁ
%H wlk +CY & (7.31)
i=1

XH, COMONETISH, — BN R ERE, CIEKRXHR IR, CfE/
I

B X R R RSN . S/ MEBEFREREL (7.31) BEWES X 02 |\w|PR & /NI E] RE
RER, AR ESENERED, CRIAMZEN R

A1 B ek, wT AR ZREE S 4 n] o3 I — Rk 2 RN SR AR L S ME A BT Ak
A ME SRR IR ML 2T ) /. AR S T 18] B e KAk, BERR R AR e KA

L MEANT] 43 B S M SCHF I LI 2% ) i) AR Rl an R ™ IR ERI (convex quadratic

programming) [F]# CJRUG AR -



N
min  ~flwlF +CYg (7.32)
W, ie i=1

st.  py(w.x, +b)=1-&, i=12, N (7.33)

=0, i=12,--,N (7.34)

JFUATF I (7.32) ~ (7.34) R— ANk, FieTw, b8 EFTE
Mo BT LAIE B WIS ME—, (EHbRIEAIME—, bR T — AN X E0,

W (7.32) ~ (7.34) WfERw, b, TRIUER D S FHw x+b" =054
FER TR PREL(x) =sign(w" x+b") o FRIXFE IR U RFEAS LR AR AN ] 23 B (1) S M S KF 1m) =
ML, RN R RN SR, M CRFmENE SR 5 FrmENL. T IS
P GBHE A R Y EAR T, SR BN A ) 1E T

I TH 45 H 2R SRR IR AL E S

EXTS (MR END S TFARRLEAT NG EEESE, @R —
VR ) R, BVAR TR R B AL R (7.32) ~ (7.34) , B3K B8N

Wex+b =0 (7.35)
DL SR I B 43 2 e 55 R BT
f(x)=sign(w".x+b") (7.36)

PR S 1 AL
7.2.2 ] EL

JEAE A (7.32) ~ (7.34) [P0 ) 5 2

N N N
min éZZara,y“vf(xr X)) Zaf? (7.37)
o i=l j=1 . . i=1
N
st. >ay =0 (7.38)
I=]
Osa =C, i=12,--\N (7.39)

JEAE AL (7.32) ~ (7.34) KIRLREIH B2
N N N
L(w,b,&,a, 1) E%p wiF +CY & =D a,(y(wex, +b)=1+E)=D> u&  (140)
i=l i=l 1=l

Hr, a>0H>0.
St A8 1) B A% B BRI R /N . B SR L(w, 5.6 a8)%Fw, b S/,
N

V Lwb.Ea, ) =w= a,yx, =0
=l

N
V,L(w,b,E o, 1) == a,y, =0
i=1

V.L(w,b,8,a,p)=C—a,— y,=0



an

u_za, i (7.41)
Zar_JJr_ =) (7.42)
i=1

Gty (7.43)

Bk (741) ~ (7.43) AR (7.40) , ?aa
min L{u b.&,a #)__Ezzaaa 7y, (% o x )+Za

i=1 j=I

ﬁﬁw *Lw, bla #)z*zaﬂﬁff&jt HIEEyopte Itﬂ Fl:

max —ZZaa Yy, (X%, )+Za (7.44)
“ i=1 j=I
N
s.t. Z (7.45)
Gy = =0 (7.46)
a2, =0 (7.47)
u=0, i=12,--- N (7.48)

KSR (7.44) ~ (7.48) #ATAH: FIHERLH (7.46) HEH, N
MAE T L Ea, FFRHLANR (7.46) ~ (7.48) Hhk
0<g <C (7.49)
PR H bR R BRI SR, TR 2E R (7.37) ~ (7.39) .
AT DL E Ik SR AT A 17 T 45 20 B 46 1) R, R 0 40 BRI A SR R .
I, fi)tﬂu%ﬁﬂﬁ%ﬁﬂﬁyﬁﬁﬁl‘rﬂﬁﬂﬂﬁmﬁuﬁﬁmﬂ%lrﬂ LRI R 2R

EHT3 Ha =@ e )RR (7.37) ~ (7.39) [—AME, AR
— ANy, 0<9¥<C, D“JJ?&“@ W (7.32) ~ (7.34) KIfgw b ] 4% R R
w —Za VX (7.50)
b =y, Zm"(x x,) (7.51)

WERH Egh lrﬂﬂﬁarﬂpwjdaulrﬂ . fAEKKTZ:AF. BIfE



N
VLW,b ,E . u)y=w =) ayx=0 (7.52)
i=1

N
V,LW.b' & e 1 )==Day, =0

V.L(w b & ,u)=C-a —y =0

a (y,(wex +b)-1+&7)=0 (7.53)

e =0 (7.54)
y(wex +b)-1+£& 20

& =20

a'=0

' =0, i=12,--N
B (7.52) S (7.50) o, FHHER (7.53) ~ (7.54) A4, E{EEY, 0<9)
<C, Ny w"x+b"-1=0. HILEIER (7.51) .
F b e F A, BT ) PSR
N

Dy (x-x)+b =0 (7.55)
43 YA BB LA
i) = sign[Zcz:‘y,. (xex)+ b"] (7.56)

K (7.56) MM FF LR B .
LEARTH MR, A FH 5,
F7.3 (RIE R L S 5D
N SEIRET={(x;» )X yoo(Xoyy)}r H, xe&x=R", ye¥=
{-1,+1}, i=1.2,...N;
Bt e BSR4 2K 5% B
(1) HIFETTBHCS0, HidFH RN — Uk 1 8

) | N N . N
min 5 Z Zar.a,.yr.yj (x;+x,)— Z a,
i=l

o
i=l j=I

g ia:y =0
i=]

O=sag,<=C, i=12,--.N
RIGEA MR = (& @ ... &)1,



(2) i Z e
e $Ra it — 3 £ 5 F0<<C, fr%

b =y, —Zya (x,-x,)
(3) RAF5 BHEF

wex+b =0

f{x}—qlgn wex+5b") [

B (2) i, WE—IES FAF0<E<CII%, Hal (7.51) ZBAISRELY, (HE fT LG 1
éz%ggémMX%MM%T%#UH Fr CASEBRTE S ] LI BT A 56 SR REA

723 ZHFRE

1 %*zrif ST, BB (7.37) ~ (7.39) fiffa’= (@ a,... & )%t
R F- & SOMIREAR f(x, y)ISEBIx R RE I e CRRIAIRGE SC R &) o nE 7. 5%,
XIS FR R BB LR T i R LR 2 — 2, b, P I RS Ros, AkEIL
R ELRR, BB EC o7 RR, s H<x %%/T P FRad b H T S, 28] [R]85 1)
;f

R
o

K175 BRI RR A SRR R

55 61 BEG  SCHE F x B R IV R 5 b, B A I i 5 5 4 B RSP T 2 ), B AE
Gy B RS T 14— Eﬂkaﬂw’o,ihmix%ﬁ@fﬁ%mﬁi o=,
0<$.<1, WI4FKIER, xEMMRLRSH BRI #56 =C, =1, Nx/E/rEl
SEH s #9 =C, €51, Wx AT B HEiEs—n.

7.2.4 S 0R KA
o T L S ) B ST ke, LR N 4 BT T w xb” = 0 % e S B B f(x) =



sign(w™-x+b"), 2 ) SO BRI RG KA, 2 > B0 0ol .
ZENESCRF I BN 28T 4R fgRe, w2 s/ MEBLR H br R AL

Y [1=y,(wex, +b)]. +A | w|’ (7.57)
H bR s B 501 R 200 30 R B2 06 XU, eR R
L(y(wsx+ b)) =[1= p(w-x +b)], (7.58)
FRNA TR BB EC (hinge loss function) o FAR“+"FR~ L EUE{E ) R 5.
= z>0 759
L2, _{{}, z<0 (1)

KRR, AR R, y)BERR S H R BURIRE (S y(w-x+b) KT 1, ki
0, MR-y (wx+b), FERERIERT.SH RS mix MIEFH K, EHRARZ0. Hir
PR R 20 2 RECUARIWIIL, Y64, 2 RN

SEHT.A LR SRR AR AR A DU AL A

N
min %ll wlf +CY & (7.60)
- N =1
st.  ywex, +b)=1-&, i=12,,N (7.61)
£=0, i=1,2,N (7.62)
S0 T B AL A
mi’n i[l_.‘?{“"-". +b)], +A(wlP (7.63)
WER "R AR R (7.63) SRR (7.60) ~ (7.62) . &
-y (wex, +B)=&, £20 (7.64)

My (wx+b)>1. TRwbEHELREM (7.61) ~ (7.62) . H (7.64) H, [1-
y(wx+b).=[¢, .=, FrLAALI 8 (7.63) W5 K

N
min Zlg +A | wf
a1
FHE 2C,

N 6 DR
min E[EIIWII +C§sfj
5 (7.60) 2,

Rz, WABEALAE (7.60) ~ (7.62) FaRMHE (7.63)
A TR R R B 7.6 7~,  Hiflh R AR FRy(w-x+b), FEHk. BT MK
BIRG — DG, WEE TR R



|
N IS

i R IEN

< (0,1)
0-1 i 4k "

(0,0) (1.0) R B HI B y(w -x+b)
El7.6 A TTHKEE

] i i L 0- 134525 R, AT DAIAR S & =280 25 1a) J A B T A ok eR Ak, T & T AR
REREARO- 1R R ) B . T 0- 18 R R S 31, BRI B A s H
PreR B AR ME, AT LA ZRME SR m S LR FHO- 140 2k e 0y B (B T4 2k e
4 Q) *@E?E@Hﬁ@%ﬁo TXIS IR b G40 2k R B O AR B 25 R 3 (surrogate loss
function) -

7.6 B 4% 7 (2 I NIL A 45 2K bR B [y (wex D)o IRET S AREAC KT (xp y) BB
IrREE, RRZ0, BMIK -y (wx+b). MELZ T, &R RBANE K IER, 1M
HARE R ik A 20, HAtR UL, & TR 2R RO 5 216 B s 2K .

7.3 ARZRME SRR MRS A% PR AL

XL 73 SR, AR IRSCFF RS — AR AN T k. (HaE, AR
AIGEARLRMER, X A] DU AR SCRF M L. ATTROA ARV SR EAL, H 2Ry
RAMAZETT (kemel  trick) o AL, SEENEREITT. REIIAUN AT AE
HL, T H N T HeAl Geit2 2 [

731 ZEI
1. AELR 4 2 5

AR A 73 S 1] 2 i G A Y AR L AR R A BEAR A b AT 70 SR 1)l 56—
T W77, A REE, e RoR BB R, o RoR ML . AL,
%‘PEﬁH%% CERVEREARY) K5 IR DU IR 20 I, (B AT AR — 26l h 2k (IR g
EATEW 3 TT

yi2h
Ll |

-
- -
- .

- ® gl - 1

* - x |

.
.
" ¥ )
x ]
®
. " 2
- - .

(1]




K7.7  ARENE iR S T )

— R, XA NGB ET={(X,» 7):(XpYo)s. XYy} Foit, Sifilx )&
FHNZA], xex=R", XNEARCE PRy eY={-1+1}, i=1,2,...N. GREEHAR K
— A TR TR AU IR 3 T, TURRIX A [l A AR ZR 4 ] 5 1] R

LR I A AN SR AR, BT DA B2 8 FH AR 2 1k 0 25 i L 1) 5 VR AR X A i) . BITR
U Ve AT — AN AR e AR e, g AR ) AR R 2R 1 1) R, 3 A o i A 2 1 ]
R 7 SRR FOR I AR R PR ) . 6 B 7. 7RG, JE AR, K A B v [ AR 3 o
LB EL, AR 0] AR I 2R 7 2 n)

WIRT A CR?, x=(xDx@)ex, FEAANZCR?, z=(0,z)'€Z, & XMIFEA3E
FH A A AR (IR -

z=¢(x)=((x"y,=)")
21 A z=0(x), JRAEAx CRZFMNF A= [MZCR2, 525 (8] HH (1) 2SR B AR 46y 2 [/
R A, TR A T PR PR AR [

w (xPY +w,(x?) +b6=0
A5 Wi M 4 1) R L2

lem + wgzu} +b=0

BRI HT B, 2w, z0+w,z@+b=071] LUK A s I8 1E 5529 i 0 T . 31X
B, TR (AR LR AT J3 10 AR AR A T 3 2 8] [ 2R P T 4 1) R

TR, 2R O R AR AR L M A S B NS e S — AN
W T2 (R R B R Wi BB 2= (R) s AR5 70 3 2 () B FH 4 1 0 2382 20 7 v VI 8 v 2% 21 4
PR, I E TR Tk

BTN RS R L, IR 2@ — AN R AR o A N S R (RR RS
[MREL B EEE &) SR T —MRFIEZS () (A /RAARE S HD ARSI 25 (R R A 588
TR TR S FREAE 25 [T H P PR CGERFRIENLD o IXFE, I8 1) 2 ST 45
T 7R ARFAE 25 [ HP SR A 2R S R 1) ML v A SE

2. e EE

ENT6 (ZRED Boof A A (BIRZ R FERBEBES) » RHNE
LS8 (A /RAFFASIED  AERAFAE — D M BIH A

#(x): X > H (7.65)
{H1F5T B x,z6x, PREK(x,2)iH /& 261
K(x,2) = $(x)- 4() (7.66)

MFRK (x,2) A% AL, Ox) NS R, X HO(x)-O(2) HOx)F1O(z) TN TR

BEIGIRRE R, R 5T H e U R EK (x,2), A 2 e SO pR 2
Q. B, HEITEK&)UWRES, MEaLox)Mo(z) it BEKEx2)HAR S . FE, O
N ROBIVRFEZS [ H P G, FREZ M H— B m e, H2 2 L5 %M. TLE
B, YT E MK (x,z), R ZS 8] HAN G B 2O BGE A ME—, 7] LA [A] 4R AE
25 18], B R AE [R]—RFAE 25 1] BL 1 A] DAHUAS [5] () i 5

T THI S — AN TET B AR R B AZ BR BRI PRI R AR
:%'WB ﬁ&%kéﬁﬁw,&ﬁﬁﬁmquxﬁ,ﬁ&&ﬁﬁ%%%ﬁ%@Hﬁ%
JOX):R*—>H.



ff BURHMEZEH=R?, itx=x"x®)", z=(z"z", HT
(f\_.:): =(xm:m +'r123:|:1)1 ={'1_u1:¢lr)3 +2'_m:tla.\,131:|2: +{'_12|342|):
JIr LART DUHC RS
é(x}:((xill)z’ﬁxilleljj(x{ﬂ]z}-r
B HAEQ(x)-B(z)=(x-z)*=K(X,Z) -
T H =R\ &
1
P(x) _ﬁ
FIFAHO(x) 0(2) = (x-2) =K(x,2)-
] LLIH=R*M
¢{x}: ((Im]1’xr,nxr_zj‘xmx:z}a(xu})2 )T -
3. EGAESCRR R E AL N
BATFEBBEL SR M E VLR E R, o2 BBt & sk ml (38
ST HB IR B K N S5 S 2 1A N AR o ZEXCHE ) @ H bRk %L (7.37) AR
T DR B EEK (0 )= 0(x)-@(x) A B JEIN G L 49 b R
W((Z}=%iiQI(IJ_I:‘J.‘Y}K(I}-,.‘L‘F)—ia‘r (7.67)

@ﬁ,ﬁ%m%®ﬁ$%Wﬂ@ﬂuﬁ&®ﬁﬁé’ﬁﬁ%%%@ﬁﬁ&ﬁ
f(x)=sign [ iﬂ:_l p(x ) d(x)+ I?'] =sign [i a yK(x,x)+b J (7.68)

((x{l]-)2 _(xtll)Zflel}x{ll,(x[ll)z +(‘x1_‘r‘])2 )'|'

XS T~ 20 0k WIS R BN T >R PR N 2 () A 48 38— AN BT IR AR 2 [), A A\ 72 )
R A AR x AR 4 RFAE 2% ) v B N R O(x,)- D (), FEFBITFRIRFAE 2% ) B I ZAE A v 2 3] 45
%iﬁg%ﬂo%%%@ﬁ%#%ﬁ@ﬁﬁ,%2@%@%&@@%i%ﬁ%ﬂ%#%ﬁ
R

W2l TERZREK(x,z) % € ST, AT LR R AR E At 73 2 in) i 7 V2 R i 2
PR R SCHF R AL 57 o) R B AR RFAE D A AT 1), AN 2 5 2N 8 SCRFAE 2 7]
AR PR IXPE I RROAR TS, B P b R 1t 4y 2R 5 2 7 S % R U T E
LA R o FESEERI A, A MO TR N IR B AL R, % R BOE R A 2K
P75 2 i SR Ak

73.2 1EEN

C AR bR 200, 7T LIS @ (x) MO (2) I N R 13 B BIK (x,2) .- AS R 3 I A O (x) RE
g%g%g;ﬁ%ﬁ%@ﬁK@@%ﬁ%&@ﬁ?ﬁ%ﬁ,@ﬁKm@ﬁEﬁﬁ%#j%

N /<‘ L

AR BURIE BRI TR EE LA 0 H BTt i RZ B A0t & IE B A% R 4L (positive  definite
kernel function) o AIE B I BRAG A4 S T2 H1H

K (x,2) 72 & XAEx>x ERPDFRERE, I BAERIIX Xy XX K(X,2) K TX,,Xy,
oo X I Gram B2 2 IE B 1. AT DAKTE R EK (x,2), 4R — AN R AR S (7] (Hilbert
space) , FHODURJE: HJow MO MR R E SRS RIEES B LR RN AL 2



;B JEK S 58 % M A R AR RS 22 1) o
1. 58 WS, KRR B3] S

SR S
g:x—>>K(+,x) (7.69)
RPEIX—ms, SHEFExex, a€R, i=1.2,...m, &XLMEHE
f() =2 aK(-.x) (7.70)

S A N T A S, e SH IR R G, TS K —

AN A 2 T
2. fES B SN, O A AR A (]
FES BE L —A 85 XHERELgES,

f()=2 eK(-,x) (7.71)
i=l1
!
g(-)=> B K(-.z) (7.72)
i=1
I !
f*g=> > apfK(x,z,) (7.73)
=l =1
Wi JE* SRS N . NILEEE.
(1) (efy*rg=c(f*g), ceR (7.74)
(2) (f+@)*h=f*h+g*h, heS (7.75)
(3) frg=g=*f (7.76)
(4) f*+f=0, (71.77)
f*f=0& f=0 (1.78)

He, ()~ B BR (7700 ~RK (7.72) FKE& )M FRIERSHEE] . BUE (4)
zRX (7797 o B (7700 KX (7.73) w15

fef=Y aaKx.x)
1 Gram & 1 I s M b 3t R 4, £,
FHE (4 25k (778) » FAMEER. WIEBEE, # AR,
| f*glP=(f*g*g) (7.79)
w, f, g€S, A€R, Nf+AgeS, T4,
(f+Ag)*(f+Ag)=0

[2f+2(f *g)+ A (g*2) =0
SR RA =R, A5, SR TET0,



(f*g)=(f*f)g*g)=0

T3 (7.79) fHE. BUEAf=0, NIf=0, FHEL L, #
f()=2 aK(+.x)
i=1
Mz e XX (7.73) , SHMEEMIxex, A
K(-,x)* [ =2 aK(x,x)= f(x)
T,
| F(x) P K(e,x)* £ (7.80)
Hm=R (779 X (77D FH
|K(-,I)*f|2£{K(-,I)*K(-,I))(_f*lf):K(I,I)(f*f)
m= (7.80) A
| f(xX) < K(x,x)(f*f)

HFEH, Her=00t, SHMERMIxEG|x)=0.

Z, UEM] TN EE SN BT B R RS O AR RS A
WA BEAR* NSHINBIS S, AR I-2oR, B

1 /
f()=2aK(.x) &)=Y BK(-.z)
Ul "

i

I
fg=Y> apBK,.z) (7.81)

3. K WA (RS TE 4 A 9 A ZRAA R 42 1)
IIEH N SR X (7.81) & LHIAATT LIS 2IVE 4

I fll=NSf (7.82)

Rk, SE— MM RS Rz EoirEe, S FAE&NREHRES RS, —¢
Al LM 2 se g tl, BRI ERIE R ESMH, — NNFRSE, 21— ANRYE ) &2 (A
FSERA I, BRA RIS E] . IXKE, ISR T A RIARE R H

X — A5 AR R 25 AT HAR N B AE A /R AR 25 18] (reproducing  kernel  Hilbert  space,
RKHS) . Xl TEZKEA AN, L

K(+,x) f = f(x) (7.83)
K
Kiox)+K(s;2)=K[X,2) (7.84)
MEAHA

4. IEERIITEEEAF

EMTS (EEMABELM) HKAXXSRENFREE, NK(x,z) 8 IE & 1 e 5
MI7E AR EEXEX, 1=1,2,...,m, K(x,z)%] N ) Gram &[4 -



K =| K(x,x,) ] (7.85)

/—\EéiiéIE%%EBio mxm
" ft{jéﬂ B . HTK(x,2)RXX EIIEER, Bt DAEE WX B 7K A0 R 2 (R H ke
O, ’/f%[‘

K(x,z)=¢(x)-9(2)
T, WEEX Xy X, FIEK(X,2) K TX,,X,,. . .,X,, ) Gram i f
LK Lo = LK (%X )]
ST C,,Cone .0 ER, H

> e K(x,x,)= ce,($(x)p(x,)

i, j=1 i, j=1

- (Zq—é(x,- ))-[&@(a )] =

FKIAK(X,2) KT X, X,,....X, FIGramE FE 2 - IEE 11

7o . CEIXTFR B BK (x,2) AT X X, . X EXs K(X,2) KT X, X, . X, ) Gram i fE
IE;;E%E/J MPEFTTH S R, XTer 2 MK (x,z), 7] AR X B FEAN A R AR KRR =S [ H R
LR«

2
=0

‘Zc,-eﬁ(x,-)

¢:x—> K(+,x) (7.86)
Hat (7.83) W40,
K(+,x)- f=f(x)
FH
K(+,x)K(+,2)=K(x,2)
hzl (7.86) RifE

K(x,z)=¢(x)-¢(2)
FHK(x,z)& XX L% R %
EHAH T IE R R ERA, Fke] DERNIEER, AR A 55— L.
EXTT (RSN E D WA CRY K(x,z)2 8 XAEX XX ERIXFReR £, i
BIMEREXEX, i=1,2,...,m, K(x,2)%}BifIGram4ERE
K =[K(x,x,) ] (7.87)

mxm

IR E AR, MFRK(x,z) /& 1E E .

X — 5 AR IEZ R R A . BT — M B EK(x,z) k0, e e’ NIk
EMRE AR, FNERIMMEEARMALE X, X,...,x, I UEKAS B 1) GramHi f &
BONEIE R . RSB A A N A RS 54h, HMercersg B r] LTS 2]
Mercert% (Mercer Kernel) ', 1FEE#tMercertz 8 B — &M . FHEAAH 5% H B K

7.3.3  HHIZ R

1. 20 %% (polynomial kernel function)



K(x,2)=(x+z+1) (7.88)
X SR M EALE — M pk 2T Kas . UL, 2Rk R H N

N,
f(x) :s-:ign(Z:.c:':_n.():cr .x+1)” +b“] (7.89)
=1 _
2. % k%0 (Gaussian kernel function)
O v
K(x.z)= exp[—u] (7.90)
20°

XTI ) S FF I AL B A [ L PR 2 (radial basis function) 43253%. FEMIBEE T, 02

f(x)=sign [;a'}“ exp(— H IZ_ZE I J+ h"] (7.91)

a

3. TR HEZ MRS (string kernel function)

1% R BN AT LU SCAEBR R 8] |, 38T DUE CE U SR & B b, 545
P e AT R RS LR PR B SCA R FRERR. EWEEFE
7 AT R o

BREANARTRRE. TRHsRMNTPEH A RN FARFS, B2 78,
TR M s #oR, ERIERILIES(1)s2)..s(ls). PIATAF H s M EZAL Este FT

=] | X"

AR 7R 8 R GICEZ, v & R SIEE Uu

FRETHTRsIT Hue 458 —MEWFII=()r 1..00,), 1S4<i<..<i<ls|, sHIT &
& X Nu=s(i)=s(i))s(i,)...s(0,), HKEILEID) =i+ WERVEELER, MIG=[; &
My, 1G)>[ul

BRSEKERTHE TR RS, sRSHR. W@ LT HRESEHR
G2 H, = R B On(s). RYFoRE LAED (M sas i), HAR—4ind Ri— 5 5
ueS™, MR ON(s)KE T B st BT A R I — AN R, Al BRI A

[4,()], = D> A7 (7.92)

%E,mﬁg%4¢ﬁﬁﬁﬁﬂmﬁﬁiﬁ%%&§,ﬁﬁﬁﬂﬁ%ﬁwﬁﬁ%%%i
HEAT

B, BESNICCTRE, 13, SAKERTIRETINTHENES. BRET
FFEESHLN BIRIE S (B H,y o H [ —Z4EXT N T 745 Hrasd. 1XB), F4FH “Nasdaq” 5 “lass
das”7EIX —4E I 1{E 73l & [D,(Nasdaq) ], .= A F[D,(lassndas)], ,=24° (0T . 1B
NP, astRIEL Tl (ERD TR, asdRKIASHAES T, Ik
21K

W 445 s T 7 245 A R 02 6 T L O Y A 2 1 1

k()= [6,@L[4OL=D Y A0 (7.93)

4 AR BB (5,08 HE T 7 4 s e R 28 T 0 T £ L B R G 40 5 1 2 A
[ Ccosine similarity) . BV E, PANFRBFMRINFH&Z, SO0 EL, FRFH %
BB AR . 252 72 R R BT L ph 2 2 ) B 5



7.3.4  AELRMESCRRA & 2L

n ERTIR, MARZSES, T BOR G or SR 10 58 2 TN BRIV E o SR R R 25 . Hg
iﬂ%‘fiﬁ%ﬁ%ﬂ?ﬁ JERHAELAME SR RN, R F R et SO AL B 2 i ARk
€ XT.8 (ARLRVESCRF BN MARLAME D FRUIZREE, i i of 05 BB e d5e K

6, SO ZRH (7.95) ~ (7.9, AR AP B

f(x)= sign[Za:‘yiK(x,xi )+ z,-.*] (7.94)
RO IR, K(oz) R EE R

N AURFELANE S ) AL I 5%

FET.4 (FEGAE SRR M B ALY 2] D

N U”éﬁ‘iﬁﬁ%’r:{(xl’ YD) (Xpr ¥a)s e oo(XpoYn) b ﬁ\:EPXiEX:Rn’ Yiey: {-1,+1}, 1
=1,2,....N;

favth: RO PRAL

(1) JEHUE 24 k% oA K (x,2) U S S HC, s I SR g i A Ak 1n)

N N N
min %ZZQJ-U,_I’J-”'I-’IK(.\'J ¥ X;) = Z‘lﬂ (7.95)
“ i=1 j=I ' i=l
N
st.  Day=0 (7.96)
i=]
0=sg,<=<C, i=L2,-,N (7.97)

RIGEAR MR = (A e, ON)T,
(2) B —ANESE<Ei<C, iHE

N
b=y, - Za:ny(x, “X;)
i=1
(3) Mt ko pR AL
N
f'(x)=Sign{Za:yf.K(x-xf.)+b") o

i=1

YK(x,z) e 1EEZ R B, M8 (7.95) ~ (7.97) & okl m @, R ALEr .

7.4 oGNS

AR SR BN SIS /R . RATTAE, SCREmIEAL & 2] 1) @ LU ik
JSRAFE ZOREAI ) IR ORI ) B A R AR, I AV 2 AR
ATV TR — A R . (R Sl 2R A S AR RS, XSRS AR HE AR, U
BOVEAE A . FrbL,  an o] i R SE SRR R s AL ST O — N EE N . BHETAATE
PRV ZPUE LIV R . AR H A F S BNt (sequential minimal
optimization, SMO) 5%, XFh5 519984 HPlatthe i .



SMOSEEZEAR U ™ — I B0 415 i) e«

N N N
min % > aa,yyK(x,x)-)a (7.98)
“ i=1 j=I ' ' i=I
N
st Y ap=0 (7.99)
=1
0<eg,<C, i=12,,N (7.100)

RN A, R R RS  HRT, — PN Ea T —MEARR(x,y); LSS
TINGEAREN,

SMOSLVE R —F ) R, HEARDKRE: WRAE & 2 k& i
BKKTZ M (Karush-Kuhn-Tucker  conditions) , A& X/ NEHARAL I @It 52 T .
RUNKKT 2 A R i AL 0 B 78 20 B 25 A . 0, B AN e, [ e HAh AR &,
Bt XX PR AN AR B A — A IR ), XA ORI e RO T X R AN AR B 1 A N 1% B B
I 46 — ORI R) R PR A, DROAIX A4S R 4 — VO i) ) H A pR B ARG B /N, BB
A, IXES - n) aT DO AT 7 vk g, IXFER AT LR S AN AT RS . 1
AR AN E, — MRS RKKTHRASE NI —A, 55— HELREM EshifE .
Wik, SMOSEVZENG I 0] AN Wr 7 i 9 5 I 0 5 06— ) SR A, e T 08 1) SR At I 1) 1 H

i3
EE, THEPNHNZERRE - NMREHEETE. ke, a, S NEE, aa,...a
5, MamFEXLAHR (7.99) 7T4n
N
a, = _.},lzaf.},i
i=2

a5, A a2 . 57 DL B L SR R
o, SN SMOSIOHPS 3 RIEPS MY MLEIOIT R SRR
FAVIRT S

7.4.1 PR E ORISR U vk

ARt BRI Eta 0, HAWERa(i=34,.. NEEM. T2
SMOIEATAL IR (7.98) ~ (7.100) [T 0] /@A) LS R

! 1 » 1 .
min ~ W(a,,a,)= 5:‘(],&,‘ + EKEJCG +y 0K, a,

N N
~(, +ay) + v, ) ya K, + ya ) vak, (7.101)
i=3 i=3

N

st ey +ay,=-2 ye=¢ (7.102)

it
i=3

0<g <C, i=]2 (7.103)
Her, K=K, x),i j=12,...N, SZHE, HIrRHE (7.100) HE0E T A Ea, e,
RO
AT SRAFWG AR B ¥ ORI I (7.101)~(7.103), B e/ HT RS AE, ARG TEILS



HEAE RN
HF REWH N EE(a,a,), LR LA 42w ERERR (WE7.8FR) .

a=C
R
By
o, =0 # / o,=C N
s
4
o,=0)
N F V= o—ap=k ViI=h=>otoa=k

K7.8 AR B R

AERAHR (7.103) {§i15(a,,a)7EE T[0,C 1x[0,C TN, ZRAH (7.102) fii(a,a,)7E
FAT T HEF[0,C 1% [0,C WX AL B2 o RILE SR & H AR R BUE — 2 AT T4 f 2k
P2 B L M . 345 P9 N8 B ) e e A T i s R S o b i R AR = ) e AR AL TRl R, AN
WiZ5 FENAR Ba, B LA 7]

BRI (7.101)~(7.103) MIMIARTTATMACT &8", BIRMAST @, Jf HRBE
W& LR T MRS B BN a MR NE

T i EASRLAE (7.103) , LB (R HU T A 2 4%

L™
Hrh, LSHE® FifERR A SR, Wmiky 2y, (OE7.8KEEFIR) , M
L =max(0,e" —a™), H=min(C,C+a)’ —a™
Ry =y, CE7.86 R , Ml
L=max(0,a" +a =C), H=min(C,a" +a™)

N, HYRITEAR T ARG HRRE EAERLHK (7.103) Wra, KR ILHE

G, SR IE SRR R a, R . RN B AR XA R T AUAT L 2
g{x):iar.yr.K(xj,x)ﬂlrh (7.104)
E =g{;rr}—‘_1"4.=(iabl=I.K(.1'I,x'}+b -y =12 (7.105)

Mi=1,20, B NEREgx)M A HITNES Bty 2.
THT7.6 AL (7.101) ~ (7.103) IELIRIT I RGBT K] fF 2

- AE — E
a_zncu-_um =a§ld + .11{F] 2) (?106)
7
Hrh,
n=K;, +K,-2K, = |‘@(I1)_ @(Iz}”— (7.107)

O(x)EHN S (B BIRFAE S B ST, B, i=1,2, H3X (7.105) 4.



L B4R 5 a, AR A2

H, a,""" > H
T T I e (7.108)
E; a <L
e SR
a™ =a™ 4y y, (@ - ™) (7.109)
uER gliEE S

:i a;y,K(x,x;)=g(x)- Zo:yx{x,,x) b, i=12

BRI CIRE1R

Wi, a,) :%K“af +%K3:a§ + K, a,

L

- (o, + @, )+ yvo, + y,na, (7.110)

a,y, =S-ay, 4% =1, m%aﬁ%/ﬂj
=(5 — 1,a,)
RARK (71100, H@J,\Eazﬁﬁ éﬁzﬁﬁaﬁ Al

1
W(a,)= —K]l(g avz} +2K2,af + ¥ K = 3 )

=g & Y5 )%~ ot MT =050, ) + hva,

Xfa, 3K 4L
oW
=K, a, +K,,a, - 2K1za:
da,
—Kpcys + Koy + s —1—vtmw
A HIN0, 153

{KII + K:: "2K|1 }az =.V3(.F: =M +gKI:I _gKu +v _""1)

=,":[J’z -»+¢kK,, —-¢K,, "'[g[-‘]}'z.l’,a,xn -b
=1

_{g{xl )— Zy!afK:r —bJ}
j=I
old o N .
e =aly +ay RN, 135
(K, + Ky —2K,)a™™ = p, (K, + K, 2K, )a.:ﬁ."’: +¥, = +8lx)-g(x;)
=(K,, +Ky 'zKu:'a;ld +0(E - E,)
X%HZK11+K22'2K124J€]\’ %%?%%U
new,unc a,nld =0 J”z (E] - Eg)
n

2 2



Eﬁﬁiﬁ%&ﬁ%ﬁﬁé@%M@ﬁﬁ%ﬁlﬁﬁ%ﬂfﬂzI‘Eﬂ[L, HIP, AR FRIAR
(7.108) . HZEALH (7.102) ;m?%'ciual K2Rk (7.109) . FRE R G E
(7.101) ~ (7.103) [IfR@ % ),

7.4.2 TEWIEFEITE
“ SMOSVETERANF M rp ik AN &t HhE/b— N e iE RKKTHA
1. FINBERER

SMOFRIE L 1N BT FE NIRRT ANEIEFRE VI 2K A ook BUE [l KK T4 1
U E IREA S, IR B RIE NI R, Bk, RIGIGREA S (x, y)2E
T R KK T A, |

a =0 yg(x)=1 (7.111)
O<a <C & yeglx)=1 CLITZ)
a=C<yglx)<l (7.113)

N
glx)= ZHJ-J’;-K[-".-v-"“;-] +b
=

Hr, .

ALY RAEE VL A AT . I RE T, AN E M S 1 A 2 % fF0<a<C
FIREA R, RIFEMI L B SCRr R A, e e S R KK T, IRIXEEREA
AR R KKTHA, A2 A8, I EA 5 EKKTHR A .

2. F2ADARRIEE

SMOFRIEHF 2N RIS FE NN ZIER . BOEEANZES B LK EIFE 14 Ea,,
IAEZAE N EIE PR 22 A B, o S22 AR B BRI AR e 2 A B e (e, 47 2 05 K 1) A2
1o

2 (7.106) RIZ (7.108) A%, % R FB, B, AT It Gk, —f
TETHR P AR i Pra,, (E XS N B -B, i K. B ha, O, EWifie 7. WHREZIER,
WAk m/NIEAENE,; WRE MK, MBAikEHFm KMESENE, . N T TETHER
6], KT HEAERAEAE— IR,

TERFIRIE LT, R oy 25 I DA J7 70 B e, AN REAE B AR R0 2% 10 T 1%,
WK AR 8 R A Gk e a3 7 7E ARG A BRI SCHRrIm & AL, AR UK T B
AEAE N, A, BRI HRRECE EBH TR HHRAREGE R a,, A48 I 2550
8 HEAREE N, WHFEE1 N, FETINZMEA TR TSN, .

3. tHHER{EDMZE(HE,

TERR RS RPN B OGS, 0B B B B b, 240<C <CHY, BKKTZM
(7.112) AJ%0:



N
Za:'yinl +b=y,
i=l
FR,
b = a. v.K. K —a Yk (7.114)

[ homt i ke 1

HE, 15E X0 (7.105) 75
E = ZU! v.K, +a'| 1 K +a;’ldy2K2] + b —

=3

R (7.114) BRTHTIAT 'ﬁﬁiz

_Za.' v.K, =-E +a‘1°'d}’1ffn +aold)zK1| +b™
RARK (7114 , w15
I1 W E:« '11IK||{Q'|IIU“ _alnld]_'r:K:I[a,;cu _a,;'lnl)_i_hnld (?] ] 5)
[F R, ﬁﬂ%0<‘¥2 <C, M=,
b =-E, — yK,,(a™" — ;"') 1, K, (a3™ — "’)H:"L (7.116)

R o FRE R AP0 <C, =12, Bl =0T gpe™ o™ gomi
Oy BB RO Bl e 1 2 o S R A KK T4 P B, i H e 10 A 1
b,

ERRGE BN B2 S5, BB RIEA, I e AT T .
E, A 1 5 37 B Flbrev u&%ﬁiﬁm%ﬁW%%

E* =Y y,a,K(x,x,)+b"" -y, (7.117)
&
Hof, SEFAZFmExIES.
7.4.3 SMOHE

HyE7.5 (SMOSE)

N WERBIET={(x,» Y)Y Ky} HH, xex=R", yiEyZ{-l,—l—]}, i
=1,2,...N, f5HE;

. TG .

(1) B¥{Ea®=0, £k=0;

(2) SEHUR LA e @, AT SR AR AN A B B AL I (7.101)~(7.103), k75
E%’ﬁ[}ﬁnd(h-n,a“ﬂ) E’}Cﬁ‘ jja(k-'-l)

(3) F5TERE FEEVE R s L1



iar'yf =0
i=l

0<a@,<C, i=1,2,,N

=1, {x|ea =0}
L, % [Q=sw; 20

=], {x|a =C}

.},i * g('xJ } =

Hor,
N
g(x)=> a,y K(x,,x)+b
j=1

WEE (4) o FWAk=k+1, B (2) ;
4) Wa=a*?,

A B

1. SCRF A B LR ] B A1 LA 2 1 R 70 SCRF IR L, Bl a) B S Rp i L. e
IR NGB LNE T 7p o He SIS i KB B W] AR 9 — R e,
JE s e AL AL A 7y

s
min - —{w

§.L y.(wex, +b6)-1=0, i=1,2.-- N
SRIGEACAL I B W™, b*, 1SR 4 CRFR &L, 70 ST
wex+b" =0
3R R
f(x)=sign(w +x+b")

KRR VLA, BRERIRE S LA (Al 2 B B RS .

2o oy SRR ENL I R ARAAE HME— . AL TR FEad A bR se il o SR . B
P43 B8~ T HH SCHF R B 58 A e

ORI ) X A8 1) A

mln %iiaiaj.yh},j {xf' 'x}-) _iaf
i=l j=I1 i=1
N
st. >.ay,=0
i=]

@ =0, i=12,N
N, AL SRR 7S S LM TT o SCREIA AL, BIE S SRAE T 1 ] et 14 3 10 1B



a’s SRJESREUE W ML, 75 7 B8~ T A7) R R SRR 5
2. BLSErPNZREE RR 2e I T 2 (s IR D, N GRER AL A I AR P T 23 1), IS
2 SCRF AL, BB B SRR R A L. Lot SO AL SR A (R SRR IR L
o TR i o, G SR R AR RS, LTIy, (3B SRR R L ST
RIS T R, SRR B AL R

1 S
min S +C2d

st.  y(wex +b)=1-&, i=12,--,N
& =0, i=L2,- N
SRAF A AL R fftw b, 13 BIANMESCRF BN, Hor Bl iy

wex+b" =0
eSS S|
f(x)=sign(w’ «x+b")
A F] 23 SCHF [ EA L i w ME—{Hb AN —

X ] 2
N = x
min DD aayy(x-x)-D g
=1 i=l

e
=l

.'\'I
o Za!._v! =0

i=1

0<a <C, i=12,-,N
LR SRR [ B ML 2 S B2, B e SR A 1n) RS B B A e, ARG SR IR 4R e R
S DR fiftw ", 45 HH 53 B P T 3 S e S5 o A
S 3% 1 L ) gt P 2 O SO S0 JSix Bk A SRR T i . SR B AT R MBI R L, i
mﬁgﬁwﬁS%%ﬁ¥ﬁ2@,ﬁ%&ﬁ%ﬁ?ﬁﬁﬁ*mo%ﬁﬁ%ﬁ¥ﬁmi%ﬁ
HITERIE .
LR S A B ML ST T /M B TS I AL P& T B 2
N
Y [1-y(wex, +B)] +4[w|}
3. MR
X T N2 ) P AR 2 in) @, ] LIS I JE 2R AR ol T A N A 4R AR S
) T R 2R 2 2 10, A e 4R A 1] T 2 ST S R L. TR S i L
ST XS r) @ EL, b bR BORN 23 28 ke SR bR B0 R N S 5 S 2 TR N AR, BT DA 5
B HIR e AR AT e, MR AR BORE RSP N R, il — AL
FEH S WA 2 A AR . B, K(xz)R—MERE, BUEER, BREEE—
M N 2 A x BN RFAE 2 A X R O (x): X > H, ST EExzeX, B
K(x,z)=¢(x)-¢p(z)
SRR BIK(x,2) NIE E R BN R SHEExEX, i=1,2,...,m, EZIEEHm, *t



FRERELK (x,2) X0 87 1Y) Gram i P 52 - 1FE 2 1
P LA, FESeMESCHF R 2L > WO Pl b, A R 8K (x,2) AR AR, SKARAS 21 1Y)
R AR ZNE SCHF R E AL

Pl = sign{ia:_vr!{(x,x;}+ b*)

4. SMOK

SMOZKLFAE S FF M AL S B —Fh P 592, HR AR AN ol SR — O Rl ) i 4y
fitt o RPN & 1 ORI 1R 8, X R S AT AT SR, BB T A AR B
KKTZAF NI X AR JE & =R 77 745 21 5 ol il @l ) e A g . R 1) U g
M, BRI T R EUERIR B, AR TR R EUR 2, (BAEBAR B 2 m R .

2k 8 5] 11

ePEC R ENL (BKIEIKE) HH Cortes5 Vapnik# . [F]iF, Boser,Guyon5 Vapnik 3.
FINZHTT, AL SR BN, Drucker® oK Hy 2SR A E[FJHP, Vapnik
ViadimirfEAR K58 115 =) AR H— 45 oot SCRF [ EALIRZ AL RE T HEAT TR

Platt$ T S RF A LA RE 2 > HESMOY), JoachimsSEILISVM  Light, PLK
Chang 5Lin=Z I LIBSVM 04 V2 {6 ] . &

JRAE B SCHF R AL 80 AR, XA 21 2 K00 RS R EALST, DL T
S5 RE TN %) &5 1) SCHRE ) B AL

KT CFFRENBISCIRIR Z o SRR BV AT SBR[~ 12]. ZITIERIAN
e LSRR ML B — AL 5 S 7. T E I 0] 228 SCHR[13~15].

> el
1.1 PRBUBENALRRHETE 205 2ot ] 2 SCHRE M L AR T
1.2 BEIER Ax,=1,2)" x,=23)" x,=3,3)" 71flHx,=2,D" x=@32)" ik
SR B R RN R 70 BB~ T 2 R o S pR £, 78 B b 0 BB 1 L TADR@ 2 5 R SR ]
o
1.3 &M ENLE R Lo AL TR
N
min Wl +CY ¢!

st.  yw-x,+b)=1-¢&, i=12,- N

&=0, i=12,---,N
R X A
1.4 UEB N AR I I HE SR pR
K(x,z)=(x.2)"
SRR EZRE, X HpfEEE, x,zeR"

225 3Lk
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F8E T ITIE

$2Tt (boosting) Jiiksa—FhE MGt = 210718, N Z AR 1E5 K0 E
Efi;%%ﬁi‘l;ﬂﬁﬂfﬁll%ﬁzl—‘%ﬂi, FAZA R, IR RARIAT RS, 1w
éjj"ﬁ )’ ﬁbo

AT SN PR T IER BB AR 42 ik AdaBoost; 248 JE il i Il 2k 22 53 i
Rt AdaBoost WA 4 RS M SIRE BE s I HLNET M 73 28 iy A5 24 1) £ B2 i B AdaBoosts
1 S AR HE T 7 7% 5 EAR 1) S A FM (boosting tree) o AdaBoostFiE & 1995%F H
FreundflSchapire?@ Hi 1), $ETH#% /&20004F H Friedman%: A& H 17

8.1 f&JF H1EAdaBoostH 15

8.1.1 &HATikm A B

RS ITEHE T XA — A X T —DNE MBS RV, 2L AW AT E 41
ZEE A R, BRI AR AR — N B R T i . SERR b, BRI T
B L TE R

Pk b, KearnsHlIValiant i et 7987 %% >] (strongly  learnable) FH“557] %% >
(weakly learnable) “HIME®. Faith: 7EMEZRIT{UIER (probably approximately correct,
PAC) Z2JMAEZE S, — S (—1N , WMRAAE—A 22 ) Fikaeg s o)
B, JFHIEMRR S, BAMPRIENES MmN — S, mRAE D20
57 I FIEREE 7 2 e, S S I IR R A LU BENLAG MRS 17, I8 BURRIX S 2 55 7] 2 =)
(1. 3% A R 1) /2 Schapire 5 K UE SR T] %7 2] 5 §§ ] 2 2] 2 S5 I, A2, EPACH:
STHIAEZET , — MRS 2R AT 5% S 1) 78 70 0 B A AT 2 XA 2 55 AT 5 ST

Rk, MBESCN, R, MRCEKRM 75850515, WAkt e
Ft (boost) Ao Hyk”, REFE, KILFTF ) BkE s B R IR S EIRRw S
"2 Waurm BARSE R T, SN TE R IR T TN T e i) I f . 8 T4 71
WRIRZE, ARZHEIEWRE. s RAARMENEAdaBoost5 7% (AdaBoost algorithm)

YT RIS, 4@ —NINGFEARLE, KBRS K70 8N (5570 2848) 2t
SRAGHRE 7 2FN GRAERD BHHEZ . BATERENGGE I EER R, REY 2,
22— RY55 0K (NFRAREARD KL , RIFHEGXLLTS RS, Hl— Dok
ar o REBIIRTI 7L R IR AR 04 GNZREE FIBUE 734D, BEREANE]
(I 250808 AT U FH 95 5 ) SRR 2] — R 81 5597 2K 8%

EHE, XHRFFITERYL, AW R — 2R R ] o I SRR AL
HEMER 3 AT R U590 R H A R — N 2Kde . XTI R, AdaBoostlt)
LA, Fem AR e i — 58 55 70 KA R 7 RAEAHIBUE, T BRI IS £ IR A 70 2R FE A I
BUE . EFE—K, RSl A 1S8R R8s, BT HAUERINK M 52 2] 5 —4 15570
RS RKIE . T2, RAEH — RIS KRB miaz”. &5, ]l
90 RARMAHE, AdaBoost RN Z B R U771 BARH, Ko KR Z RN 555>
REFHIBUE, EHAERRPERERIERN, BN RIRZER KNGS KR IPUE, 1HAE
Kk EBNITEH .

AdaBoostJ I 20 2 A AR T e X Le 4878 B AR B A b SR E — Fh A B




8.1.2 AdaBoosti

LTEAUR AdaBoost Bk . 4 E—A> RIS EEE 4
T= {{IUJ"LM_I“J’ )-r :{x?\-v}, )}

Hodr, AR S S ShRICAL. Sl ex SR, Ridy €Y= {-1,+1}, x/E5f1%
1, VRFFIEES. AdaBoostFl I LL R 5,  MIZRER h 2 =] — R 5540 2 Sl e A 4
KL, XY 4y SRR A O — RN 5

#7%8.1 (AdaBoost)

N WERBARET={(x;, Y& YooKy} HAXEXCERY, y€V={-1+1};
592 5] B0

Wt AN FRGX).

(1) HIHEA N ZEBR AU 5 Fi

_ 1 .
D =(w Wy, Wy ) s wh.:E, i=12,--,N
(2) XM=
@)ﬁ%ﬂﬁﬂﬁ“ﬁD%W%ﬁﬁ%%? RBNEEA R AR
G, (x):X > {~1+1}
(b) vfﬁic}(x)%EUH%?i&ﬁ%ﬁ%J:Eﬁ %@yﬁiéﬁi
e, =P(G,(x)= )= w,I(G,(x)*y) (8.1)
(¢) WHHG ()R |
I l-e
=—1 8.2)
a, Zog = (8.2

JX HLARHOE H R AL
(d) HEHrIgREE R RIAUE 2 A
Dr =(""-’.muj-'"-“'I"”t,;'.'”-'H':n-l..-'\r':l [83}

Wai —2 exp(-a, y,G, (x) s i=12,--,N (8.4)

w =
w4l m< i m
m

XH, Z et r
L Zm exp(—a, y,G, (x)) (8.5)

(= GiiDmﬂEYdﬂ—/l\i‘E%%ﬁJ\%ﬁ o
(3) AR LMEAE

f)=3a,G, ) 3.6)
e .
G(x)=sign( f(x)) = sign(Zame(r)] (8.7)



X AdaBoost B iEAE U1 T Ui B :

AR (D RERINGEEERA S RUE A, BRI ZREE AR AR R AR 7 S0 1
PRI, X R ORIE S 12 RS 7E SR AR Hds b7 ST A7) K ARG (%)

IR (2) AdaBoostx B2 I REA KL, HEF—Hm=12,.. MIKHAT T 51 #
PE:

(a) BT ATD IR I R 5, 52 ST AR RAER G (%)

(b) THREA LG, ()EMBON R 5 5 L) 7r Rz =R,

e, =P(G (x)=y)= D, w, (8.8)

Gy (%, )2,

XE, w, RN FEmEE A S AUE, ghm lo XKW, G ()EMMBEIIZREda4E -
P93 FRARZEF ARG (X) R TR MBUE 2 M, ] DLE B BAREAUE D, A5
KHBG, (M ERIRERPIK R

() THEEARD KRG, ()M R am. amFI/RG, (X)TERLT R IEEM ., Hat

(82) A, e <if, a >0, I Ha Bifie, MM, F7 LA K 2 200N O 2 A
I3 B TE RN R T I T
(&) FHI SR TR F R E % . X (8.4) 7T BAS Ak

W, -a
e G (x)=y
Z m( l) y;

m

W
—mem.  G(x)2y
Z (%) 7 Y,

HIBE AT AL, AP IEER G () R 7 A BT AR, T4 L 67 70 SRFEAS (BB 0

UGN PIRHELES, IRDFFEARNBUEGTIOR e ff. DIBL, IRDSFIFEALLE T 5
IR E R . AP R8s, M AW B AU R 20 A, AEAS I
ZRBARAE I A P RAF 2 ST HEA R I, X2 AdaBoost ) — M Ao

DI (3)  HMEHE)SEIMAN A LA AINBER . R ¥a, Kon T 2EA 2K
G, (OMEEN, XH, frfa, ZFHARLA)WFFTIRESLHIxIIZE, ()M HERR
Sr RGBT FHEEA 3 SR AR I B A 5 M B 24 43 S i & AdaBoost 1) 55— 5 5

8.1.3 AdaBoost/{] 7] 1w

B18.1 45 IR A PR I GREE . BRBEES 0 2Ry tx<vElix>vi= B, HBIMEVEZ
RIS HIEE L RiR R 5. W AdaBoost %% 2] — M5 73 K48

®8.1 N HER

3 4 5 6 7 8 9 10
2 3 4 5 6 7 8 9
| I | 1 1 1 1 I

i
X 0

v 1

I
g 1
fik  WILANWEEBUE AR

Dy = (W, W5, W)
w, =01, i=1L210



Mm=1,
(a) FERUESM A AD, I GREE L, BIE VIR, S 43 R FE AR AR, e Ay 2558
A
G](I):{l, x<2.5
-1, x>25

(b) G,()ENZEIEE 1R % Ke, =P(G,(x)#y,)=0.3-

176 _o.4236

5
(o) WHGMMEM: “T2%
(d) NGB IR 5 A -

Dy =(wyy, oo, Wy,mee, Wyyg)

w] i

Wy, = ?exp(—cxl_v,.G] (x ), i=12,+10
1
D, =(0.07143,0.07143,0.07143,0.07143,0.07143,0.07143,
0.16667,0.16667,0.16667,0.07143)
£(x)=0.4236G,(x)
g3 A8sign[f,(x)IFE M GREHR 5 A3 MR KA.
m=2,
(a) TERUE A ND, I GEE L, BIMEVES. S SR E R K, FEARSRIEN
G.(x) = 1, <85
% -1, =x>85
(b) G,(x)TEZEIRE LR ZE%Re,=0.2143,
(¢) 15 a,=0.6496.
(d) FEHIILEIRAUE A -
D, =(0.0455, 0.0455, 0.0455, 0.1667, 0.1667, 0.1667,
0.1060, 0.1060, 0.1060, 0.0455)
£2(x)=0.4236G, (x) + 0.6496G, (x)
o3 ARsign[ () TE NG EHR & LA 3R Ko
Xj‘m:3’
(a) FERUE AT ND RN ZREE L, BIEVES. S 2R 2 R ek, TSR N
i 1, r>55
G.(x)=
%) {—1, x<5.5
(b) Gy(x)TEVNZRFEALE L1112 2 % e, =0.1820,
(¢) TH5a,=0.7514.

(d> HEHT I ZR B FOABUE 70 A1 -
D,=(0.125,0.125,0.125,0.102,0.102,0.102,0.065,0.065,0.065,0.125)

T2 30
£.(x) = 0.4236G, (x) + 0.6496G, (x) + 0.7514G, (x)
53 AR sign[ () 17E I B 55 LR 70 2R s N EURO.
TR &R N



G(x) =sign[ f;(x)] = sign[0.4236G, (x) + 0.6496G, (x) + 0.7514G, (x)] (]

8.2 AdaBoost5H VI ik 2 o HT

AdaBoostH I AN 114 i 2 & BEE 5 ) i A2 AW I 2Rk 22, RIE DI ZRE0dE 5 B
DRRFER . KT IXA A T ) e 2
ETFE8.1 (AdaBoost Y ZrinZER)  AdaBoostB VLT & RAsHiNimZ= RN
l & ] .
}—Z!(G(,'r}.) # )< -Ezlaxp(—_l—;j{xr)) = HZ,” (8.9)

X Gx),f(x)FZ 3 H (8.7) « K (8.6) Az (8.5) 4AH.
ER BGx)Ay I, y(x)<0, Hifiexp(-yfix))>1. HIHE RS H A2
Ja s R E R R Z 1 E A (8.5 & (8.4) WIARE:
w,. exp(-a,y,G,(x,)=Z, W,.,,

I S0 T -
#ZﬂwmﬂM)

L Soo{ Bero.o)
i Hiss]
M
= 2 W, 1_[ exp(-a, v,G, (x, )
i ni=|
u
=7,y w, [ exp(-a,3,G,(x))

M
=27, Z W, 1_[ exp(—a, v.G, (x.))

=ZZ,Z, z Wy eXpl—at,, 1, G, (X))

M
= l—l z, [ ]

m=1

X—E B, LA — R BUE MG, S Z B, T GRiR 2 T i
Po X 2R, g R:
EHE8.2 (2K i AdaBoost 1| 2Rk 2 )

A M A M
[1z. =112 le,(1-¢,)]= [[Ja-4% < cxp( —22 7,2 ] (8.10)
m=] m=] m=I m=|

|
XH, ¥V =3-e,.
WEB HZ B XN (8.5) K&l (8.8) 15



N
Z.'rr = Z H'Jnu' exp(_am.},r Gm (xf ))

i=|

= Z HFJ + Z MHJJ e

yi=0, (%) vi=G, (X))

=(l-e )e ™ +e e”

=2 e, (I-¢ )_\/1—4;3,2 (8.11)

m m

M M
l_[ J(1—4y ) < exp(—ZZ 7, J

m=1 m=I
TR 2 f e RINI=x 7E pix = OFf) 2 # J FF xQfE th A 2 240y < en2n VR T 131
8.1 WAAFLEY>0, M AmAY 2V, N

FZ [(G(x,)# y,) < exp(—2M y*) (8.12)
ﬁlﬂg%EU?TLH:%#FFAdaBoostE'JU[I?ﬁlﬁ%mU\TaiﬁﬁﬁFME’J — T IR AR AT TR
7l
VER, AdaBoostHiEANT EHNIE F . X IEZFreund 5 Schapirei% 11 AdaBoostif fr %
. 5B RRF J1EAFE, AdaBoostE A IEMN M, BIE REE N 5940 28525 H
GiRZEF, RWMAEMAIR GENMFRFA) MHK, AdaseAdaptivellf# 5 .

8.3 AdaBoost5 V1 BE

AdaBoostHIFIEA 7 — MRE,  RIA] LAy AdaBoost iz R AR N AR AL . 412K B
BOTRRR B 22 ) ROV RG IR 3 20 SER 1) — 2800 R 51 T ik

8.3.1 Him P EE
FEMVERE (additive model)
f(x)= Zﬁ:,,b(r V) (8.13)

Hr, b ) AL 7 IR S, B R E R B, X 8.6) £
AR

FE25 T8 IR B M4 B BL(Y SOV BRI SR AT T, 2 SRR R F(x) BN 22 56 XU AR /)y
PRI H5 5K o B AR /N ]«

;nn:ZL[} Zﬁ b(x;;7,) ] (8.14)

m=l
HE X R NERA R @ AT 5L (forward stagewise algorithm) SKRf#IX
— Ak n] E’J*B/jﬂ_/_E .ﬁ%jﬁﬁmﬁﬂfﬂiﬁi WERBE AT IF f5, B —P R 5] — ANt
PR R, BBEERA BAsi gt (8.14) , A4t rl ARIALARIL I R 44 . Ak
Hh, ﬁR%ﬁ%ﬁﬂ??ﬁﬁi@iﬁ:

EFAER



n’;i_}ni,{(y,,ﬁb(xr.;y]) (8.15)

BENGEBIEET={(X Y)(Xer Yo)rero(XoYn) LXEXE Ry EV = {-1+1} . HIKEHEL
LY (X)) FISE B EES (b(Y)) s 24 ST IR R ) A 17 73 P VAU R

H58.2 (R IA 40 500

N WEBIEET={x) Y).(Xyr Vo) oo(Xoyn)t: TREREL(Y,AX)); FEHEEE
{b(x:¥)};

s IR A(X).

(1) HIEHE(x)=0

(2) ¥m=12,...M

(a) /MUK R EL

(B,.7,)=arg n;_:m Z L (J-‘r._f;“ (X)) + Bb(x,37)) (8.16)
BEIBMB,, ¥,
(b) BEHr
,f:rr {"Y} = f""_l (x) + f{}mb{x; J/m ) (8 l ?)
(3) 1BRIInEALAY
M
S =) =) B,b(x7,) (8.18)
m=]

i
XKE, W5 8 R RN SR AR M m= 1 ZIMBT A 2518, ¥ BITRAL IR R A iZ ik
KRIBEEANB,, VR

8.3.2 Hi M2 H 5 AdaBoost

HT AT ) 4020 Bk R] LLHES H AdaBoost, F @ FEAURIX —K R,

EFE8.3  AdaBoostH LI 4 B INTEFIE RG] . XA, AR IR A A
RIS, 10305 pR S TR R 20

UERH BRI D VRS SRR VAR, L R BN FEA IS RS0, AR Y 2
T AdaBoost ] 5 &7 2588

=Y a,G,(x) (8.19)

HIEAR 73R G (x) S H R e, 8, m=1.2,... .M. Al B RIEE—5% 2 LR, X —
it 25 AdaBoost iR — 5 2] B AR AR M AR — 8. N IHIUEBA AT 70 40 20 Bk I % iR g
FETRER R BB EL (exponential loss function)
L(y, f(x)) = exp[—pf (x)]
B, H2Z S BAREAE S T AdaBoost HLy% 5 2] 11 HAR AR
B 2 m- 1R ACHT 7 5082 L DA B RIE, (x):
foa® =1, (0 +a, G, (x)

—_ {.1‘1 (-;] (“‘) R 1 Gnr—l (I)

m—1



EEmitiERAE R, G, )L, ().
fuX®) =1, (0 +a,G,(x)
H b a1 520 BIEAS B am G, (x) [, () E VI GREHRET L FsEEi ks, B

(e,,G, (x)= ar;,mmZexp[ v,(f,.(x)+aG(x))] (8.20)
X (8.20) FLLRRA
(a,,G,(x))=arg mil_’l Z w_exp[—y,aG(x,)] (8.21)

Hort, Ww=exp[-yf, (x)]. FHW :E%TW%METW%?G FrL S B/ METE 6o (E Wik
T (x), ME Rk m kK AU .

PR (8.21) ii@JE‘WJ\E‘J“:ﬁﬂGL?)E;%AdaBoost%ﬁEﬁﬁ?%?UE‘JamiﬂGm(x)o SR AR
(8.21) WA[4rH -

B, ROn. WHTEa>0, 3 (8.21) By/J\E*JG(x)EEwa%U

G (x)= argmme Ay, 2 G(x,))

o, Wa=expl-y, f,,(x)]-

2k %%GNE]JﬁAdaBoostﬁ?iE‘J%ZIK%%%%Gm(x), KN e A A S m AR AU 255 s
IR T /N FEAR R

25, R, BIRA 81D, X (821)

N
>, exp[-y,aG(x,)]
i=]

= Z w e +
=(e” —e™ i (v, #G(x,))+e° Zu (8.22)
W RAFHGx) AR (822) Xj‘az‘?%%ﬁﬁi—arﬁjjo BIf5EME R (8.21) H/IMfa.
| l-e
" :_l n:
a”i‘ 2 Og e

Hr, e &nRiRZER,:
y
Z w, (v, #G,(x))
e, ==l = => w, Iy, #G,(x))
Z W’””. i=]
i=l1
33X HL [ 5 AdaBoost 15 552(c) 5 fa,_ 54— 5K

B JE KRB RS ABUERI E .
fu¥)=f,,(0+a,G,(x)

A S W =expl-y; £, ()], 15




WHF—LI' = wm,l' exp[_.vrame (x)]

X5 AdaBoostHIEH2(d) D R ABUE IR,  RAHZERVEALA 7, IS4

8.4 IEFH

SETHRR A LA SR Bl (Bl IR N FE A 3 88 3R T T ik $RTHRB N Get 22 ) it
REm I EZL

8.4.1 HEFHFR Y

PET VR SEBR R I EAR Y (R pR B R E A &) ST BB, LIRS %t
PR BT VRO FE (boosting  tree) o X432 jn) @ bk SR A& — X028, X [ml1A
[ R SRR 2 — YRR . 7EBI8.1HE BRI AR Fedex<vElix>y, A LLEIERZH— MR
gE S EH P E R AN S TR B SRA, BIFTIB RS AE (decision  stump) o FEFHH
RN E NS RS ) IRF R
[ () =2 T(x:0,) (8.23)

=l

Hrb, T(x:0,)RnRAM; 0, ARFM I SH: MO T2

8.4.2 fRIWE L
TSR R A5 . B S e TR T, () =0, Fims (R

J{.:H (r) - J(;rr 1 (x) + T('X:‘ E')m J (8'24)
Hor, £ ,ONHATRA, @28 XS MEE T —RRER TS50,
®,, =argmin S L, f () +T(2,:0,) (8.25)
™=l

H W X 2 PE A5 ) AR S S gBL S DI Rl RIS EScdiE mh A\ -5 a2 TR ) Ok /AR
AR atl, DRI — AR DI RE I S 2 %

N R EERAS A ) R SR TR 2 ST, L B T A R B AN . £
FE P J7 iR 23R R B [0 e, PR S5 R PR ) o 2R R AL, DR — Rk s
PR SR

TR, PR EE R TR AdaBoost AR, TR AR 73 SR 3 IR il oy — 2
SYRRITT, ] DL B BRI B R AdaBoost BVE AR IE I, X A 4HIE . T
ABUR BT i) R 32 T3

S MG EIERT={(x; y).(Y0)s (XY} XEXER, X NHIA A, Yiey
CR, Yoyfidiasial. 1ES.5Th O e 1 RER R, an R N 2 xR 4 A |
A HIXIER R, Rys FFHAEREA X sk EAf e fay th 08 e, IBAR AT Rom A

T(x;0) = IZJ:C_}.[{I €R)) (8.26)
ﬁ$,%ﬁ&#mw¢mggwmwmﬁﬁmﬁBﬁﬂ%ﬁ%@ﬁi%ﬁﬁm%ﬁﬁﬁ

52 205 2 B4 i 5
(5] U i RLAR T WA P A i 17 2020 Bk



fi(x)=0
J{:"(I) =.f;n-|(x)+T(x;@m)) m= 1525"'1M

M
Ju(x)= Z Fee e
m=l
FERT I 7P BER SBmAb, 58 RTEAE ((x), i KAR

em = al‘g n{;l}in ;L(J’J 3 .f;ﬂ—l (xi } =+ T(IF 3 9::1 ]}

SEICMIE Y S
R R R R
L(y. f(x)=(y = f(x)’

HARAR R
L(J"sfm—l{x) +T(x; ®m )
=[y— £ () -T(x;0,)1
=[r-T(x;0 )
XH,

r=y-=f,.(x) (8.27)
YRGS IR IR ZE (residual) o FTRL, 0F[a] U5 [A) @ 4 TR Bkl A A5
if@.?ﬂﬁ%ﬁﬂﬁ@ﬁ"ﬁﬁﬂfo XA, BVEAAH AT o I Bl U e 2 PR B TR B RUA

92:8.3 ([a] VA ] R () $2 R ARV
N IEBIEET={X,r Y)(XYo)e (XoYn)}» XEXER", yeVCR;
Bt FRIM,(X)o
(1) WBE(x)=0
(2) ¥m=1,2,...M
(a) #%30 (8.27) 15 Ik%E
ro=y—=f. (%) i=L2,,N
(b) EFZEr, 5 — A EEK, 52IT(x;0,,)
(c) HHf (x)=f_ ,(x)+T(x:0,)
(3) 452 [m] )= 7] @R S

M
fu®=>T(x08,) m
m=I
%182 AR 2RI E s, xFBUE TR X [8][0.5,10.5], yHIBUETE FEHN
X [8][5.0,10.0], %> XANEIH )@ e T AR, 28 fe R AR AR 2 pR 20
*8.2 JEEIEER

X 1 2 3 4 5 6 7 8 9 10
Vv, 5.56 5.70 591 65.40 6.80 7.05 8.90 8.70 9.00 9.05

fig  FEMEREELS3, FIARLX)RPEIEMT,(x).
T SEIE I LA A A )




mm{mmZ()r &) +mmz‘{}l %)) }

: x el - xeR,
KA SR Bz V) 71 mis:

R={x|x<s}, R ={x|x>s}

B RIGHER, Rﬂ%ﬁﬁ?ﬁi‘i’%i%%ii%ﬂ%d\ﬁﬁ’]cl, e, N

=—Zv Gy Zv

] xR ‘J v ER,
XHEN,, NER,, RIFEA ST,
SRNZGHHE IV o 0o IRPEFres Bdl, HRun R~ Y5 A
1.5, 2.5, 3.5, 45, 55, 6.5, 7.5, 85, 9.5
Xﬁ%’ﬁ]ﬁj\){—i; KX’E*H:}*H}_LE/]RV R2’ Cys Czﬁ
m(.s)—mm Z (v, —¢ ¥ +m1n Z (y; —
X ER, T X eER
Biltn, Hs=1.58, R,={1}, R,={2.3,...,10}, ¢,=5.56, ¢,=7.50,
m(s) = min > (,-¢q) +min 2(1 ~c,)’ =0+15.72=15.72

yeR,

BUKss Kem(s) TSR 45 AR W R (J@%S 3)
*83 IrHEHIEER

§ 1.5 25 35 45 5.3 6.5 7.5 8.5 25
mis) 15.72 12.07 8.36 5.78 3.91 1.93 8.01 11.73 15.74

8.3 A, Ms=6.5Km(s)if &/ ME, KR ={1,2,.,6}, R,= {7.8,9,10}, c,
=6.24, ¢,=8.91, FrLAEIEAWT,(x)HN

6.24, x<6.5
(x)= :
891, x=6.5

() =T(x)
FE, O A VISR 0% 22 W38 4, b, =y-f(x), i=1.2,...,10,
x84 WRER
X 1 2 3 4 5 6 7 b Q 10
sy, ~().68 —).54 .33 0.16 .56 0.81 .01 0.21 (.09 0.14

FHE )L AN GR B 17 7 R 2
10
L(y, f,(x))= Z(y,. ~fi(x)) =193
F2WRT,(x)e HIEHRT,x)—F, HEUAMEYER—ERS4MERZE. T3



rine 052 x<33
2050020 1235

572, x<35
L) = £(x)+T,(x) ={646, 35<x<6.5
9.13, x=6.5

) VIRl 1~ 5 40 R R 22 2
10
Ly, f,(x) =D (v, - f2(x))? =0.79
=1
Ak ZERT

0.15, x<6.5

T, (x) = L(y, £,(x)) =0.47,
(%) {421 X =6.5 3. £:()

-0.16 x<4.5
T 2 = : L J B =1/ 0;
(%) {0_111 =45 (», fi(x))=03

007, x<65

011, x>65
0.15, x<2.5

?H”:{am, x=2.5

fi(0)= L)+ L) =T, (x) +-+ T, (9) + T,(x)

563, x<2.5

582, 25<x<35

=656, 35<x<45

683, 45<x<65

895, x=6.5

£ B DI 2R HO~F 5 40 2k 1% 72 =2

10

L(y, S () = 2 (3, = fo(%,))* =0.17
BB LI COR AR TR, T4 = () BAFTRIETH
8.4.3 PHIZHTE
ST PR A 5 160 5025 S0 9 S MR AR . 24950 B B P 52 K A
SR B, SRR . (N — R BT & AR — B

WAEE Gy o BIREX— @, FreidmanfZih T #5E T (gradient boosting) %, X=2HH
R BRI ATV, OB A R FH A 2% ek B30 AROBE B AE A AR A )M

ﬂﬁj:{ L(y, f.(x)) =023,




_[6LUAanD]
of (x,) F(X)=f s ()

VRN IB] A T AR A8 B0 i B B 22 A AOME,  JL A —AS [l A

k8.4 BRI HIL

N MEGEHEET={(X,) Y).(Xp¥2)s-o(Xo¥n)} s XEXERY, Yieng; AP NE
L(Y,f(X)); A

. RS (x).

(1) #rate

N
Jy(x) =argmin z L(y.,c)
" i=l

(2) Hm=12,...M
(a) Xti=1,2,...N, 5

r:{gglﬁﬂ%
mi 8f(xr.} Fx=f(x)

(b) Xfr, W& —AEER, 3 BEmBRR a5 S XER  j=1,2,....0
() Xj=1,2,...], it%&

¢,, =argmin Y L(y,f, (x)+c)

_1'.:='1"meJ
e %ﬁfmtx)=f...-L(r)+§%f(xE&)
(3) 152 5] =%

f@=LfiG)=) > e IxecR;) =
L UL, TR RO ML B, B R MR SR .
2(a) 5 HH B K B KU OB B 2 A BT (B, A5 B AR R ZE I o 0 TP 7 B2k
B, ERLIE R TR IR AT R R, TR R NI, H2(0) 5 ]
P K, DGR MDA . 452(0) 5 R AR PEAE 200 v i B K A
SR BRRONIME . 25 R M. 53 R L 1 R R (X)

R EREE

1. SRTFITEA R 555 S BRI i 2 S FIE N Gt 22 2 U5k fEn R, 4R
THr ik s RAB SN R 8 RIBUEL 0 AT, R — RAEA SRS (99703840, IFRIX
SO P RASLNEH &, Mo Ry . AARMEIIRTI A £ AdaBoost iH.i% .

AdaBoost#H 2 5570 RAF AL 5 -

M
=Y a,G,(x)
m=|
2. AdaBoostHiE I F Sl AR 2] — AN AN K aR . REGEA, AT
SO AT — R0 > KA R 0 FEE U BUE, T FRAROIR e I E B R BE BUE . e
AdaBoostif H A7) AL VE S ysm 2848, Hh e 70 KR ZER/DHIIEA 7 R LUK



RIBUE, 2570 IR ZEE R KA HEA G S5 LN FIBUE -

3. AdaBoostMYIZkiR Z M3, AdaBoost[&FIER AT DL/ B 7E I SR8 4 -
IorRiRZ5, XU T ErENRTH ik A Rk

4. AdaBoost i [ — MRS 12 HIE SR A 1l 7 0 2 FIR I — A Se B, AERXANITE
B, BRARGEIAEA, BURRACEIREER, FIAERT R P L.

BB i MESR B L

(B ) = argmin Y. L(3,, f,(5)+ A7)
o=l

B5|5%p,, Ym.
5. ARTFA I D6 Kb B T A KB SR T T . SR THRE AN R G2 5]
AT

45

RTH T EAN BT 2 0SCHR[1,2]. PACH: )12 WSCHR[3]. 50T 52 ) 555022 3] (1)
KARZ WL CHR[4]. T AdaBoost I H 4] 1 A& SCHR[S]. < T AdaBoostf ) Ei [ 7325 i
W RS W SCHR[6], T THI S8R FE ST T 2 W SCRik[6,7]. AdaBoost R & H T 2%
I, Schapire5 Singerf B4 & 2| 2 F5 3 F5 0] B, AdaBoost 5@ 48 Wi (115 1 ¢ R 5 A
R FT)

>
8.1 ARSI AEE G, KRS KEB X3, Skp Gk AE

WOMZRL, Wosae hAR IG5y By th2, 3= NG, Aak-1M3.
S0 NFIEHE, W N RPR. i RE ARt M AdaBoost %5 > — 4

SRIF AR
REG N GUE L EOE &
i 2 3 4 5 6 7 8 9 10
4 0 0 I I I 0 I 1 1 0
k% I 3 2 I 2 I I I 3 2
% 3 I 2 3 3 2 2 I I I
yis 1 1 1 [ 1 1 I 1 1 1

82 MACRFREENL. AdaBoost. SEAENTI I BLAL 2 > Sl 15 Bk
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9T EMEIVE KL HAHET

EM&E L —MiERETE, 19774 HDempsterds A\ sl 538, HTSAKREE
(hidden variable) HIMEZRABEIA L IR RANIRA 11, B G SME R At vH. EMEVER &
UER B DA EX, REAE (expectation) ; M, R AK (maximization) . FrLL
X —HERRON AR K B9 (expectation maximization algorithm) , fAIFREM&I%. A&
FAUREME E, ARG THEEMS VL IS s fENEMEEI A, N4 iR &8
3] BJEAUREMEE K ——GEME L.,

9.1 EMZEIERIEIA

N AR AL I BE257 WL 22 & Cobservable variable) , XN & AR ESIEELE
(latent variable) o UISRMERAA AR EEALZ WAL E, AanefdsE, wTUIEEHK
VAT, B TR T AR R S8, (B, MRS E AR ER, HASRE R S
R X e fl v 7775 . EMBEE & R AR I R A S8 OVl T, BORlOR
JEi MR TS . RATBGHR AR R LR L T, BOK e Se iR At H 5 H 2Rk,

9.1.1 EMZXEE

BN A — Ml FHEMELIR 6]

B19.1 (=REMETD  REAIMEET, 2 AHClEA, B, Co iXSLhf i iE i L i
Roalell, pMiqe HEATWFHPEE Ml . JoPiid A, MRPEH 45 Rk B AE MBEUAE m
C, IEMIEMMB, JRIEEMMC; REHHERKE T, PEmmssE, HIEmicEL
B EE/E0; Mt E S aGREE GXE, n=10) , WILERLT.

1,1,0,1,0,0,1,0,1,1
B S RE LI 2 S8 T 45 58, SR I B T ARt AR o e 2 fe) i 1 = A I T H AR
K, B =0 A S5
fifg = HE AR AT DS A

P(y|0)=> P(y,z|6)=) P(z|0)P(y|z,6)

- Jz;;}-"(l -p)™ + (_I -m)g’ (1—-q)"™ (9.1)
XH, MR Ey RIS, Ron— KRN g R 218505 Ml T Ez AR E, R
IR BI A MARISE R 0=(TT,p, qQRBHSH, X —BIRE DL K i A ok
M, FR, MRSy EEE T DO, BEALAS Bz E s A nT i
BMEAZR R NY=(Y,» Yp...,Y)'s KMNEIEFR R NZ=(Z,,Z,,...,Z,)"5 T
P(Y|0) =Y P(Z|0)P(Y|Z.,0) (9.2)

Hl
P(Y|0)=T]lzp" (1—-p) ™" +(-m)q" (1-¢) "] (9.3)
f=l



H BRI RO = (7T p,q) IR AL IR Al i, B
(j:arg max log P(Y | 0) (9.4)
XA ) BB AT AR, RIS GBI VAR . EMSVEFEE AT LU TSR AR IX A i)
A —PEREE . NS HER T LR EMEYE, HAE SRR
EMBEVE T JCIE S IVIE, 1e/EOO=TO,p0,q), R TP iRt
HSHMMTHE, BRSO IE. FiRERSEMETHE OO =(TTO,p0,q0). EMEILM
it TGERWT .
EL: WWRAMMSEITO, pO, O NN EdEy kK B HEEEMBRIHER
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M THEARSH L THE
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i=1
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HNFEAEHE (complete-data) , WINEHEY XFNAEEEHE (incomplete-data) . RKEZ
EMMEARY, HME S0 LP(Y|G), HPO2TEMIT RS, BAREEEIEYH
BER R BLEP(Y|G), SRR BL(O)=10gP(Y|0): XY FZIEEE MR AT P(Y, Z|
6), IS4 58 AFHR X BUUSR B logP(Y, Z|6).

EMAFE I AR L(O) =10gP(Y @) I KSR T BRREREEWL: BN, K
Wi, M, RRtE. FHESRAHEME L.

H3£9.1 (EM&EE)

N WA ERIEY, BRBERIEZ, BREDMPY, Z210), FHESAPZY.0);
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(D EFESHMYIEOO, FFaikR;
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:ZIogP{Y,Z|9]P(Z|Y,E"m) (9.9)
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L) =logP(Y|0)=log Y P(Y,Z|6)
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= log(z P(Y|Z,0)P(Z | a)}
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1&»%% 9 :
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il
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L(e")=B(6",0") (9.15)
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logP(Y|0)=logP(Y,Z|0)—logP(Z|Y,0)

= (9.11)
0(6.67)=>"logP(Y.Z|6)P(Z|Y,67)
é\ Z
H(0,0")=>log P(Z|Y,0)P(Z|Y.,0") (9.19)
Z
T RXT LR B AT LA R
log P(Y |8)=0(6,6")— H(6,6") (9.20)

7ER (9200 AR RINON ORI, Fekik, #
Iﬂgp(yrglr+|l:l_]0gp(y|airl)
=2 [Q(HUHJ,SM)— Q(El”,&'”)] _[H{:BIH-H.HIH)_}_f{glflqglrl :'] {{}2 | }

RMAER (9.18) , HFFIER (9.2 Auigddefn. X (9.21) HimpIz1m, B0
EfEQ,ONYE RN K, Frbhf

00,6 -0(6",8")=0 (9.22)
HFE2m, Hx (9.19) 715
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i (9.22) Fi (9.23) BI&I= (9.21) fumsedE i m.
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SUAO L)AL E R

EB (1) HLE)=1ogP(Y|@V) 5 M K P(Y @) FHPE L RIS 2
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SEFI9.256 T HHQO.0") 5 L(O) I 4 TE K Z B Il T AR 23 2 1. EMELVE e sl
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FHHAGREE . sk, @2 R B IRIEZSEUL v e ZIU SR ZACAR i 257 51 AR AT
ANRELRAE USRI KA . FTUAEN B, WA RGBS IR B, 5 H M ME S
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L5, EMEVERF ) SRS (Gaussian misture model) HJH R 712

9.3.1 SR AEA
E V9.2 (E mmﬁﬂ> IR A R R R EA R TR SR AR R ) A AR

P(y|0)= Zmﬁﬂﬁ) (9.24)
b, s RRM 220, 2T O4IB)REIR AL, 6,= K, o),
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B )= —_ K- 925
$(v|0,)= J‘@éw( 2@2] (9.25)
PR EHRAN PR

— RSB DL R SR AR (9.25) Mg, AN
i B TR A AR

932 SINEEGHRASH AL THEM&AL
R E Y,y - yN,EEmﬁﬁ/t AR A Al
P(y|0)= Zﬂwﬁ(l 16,) (9.20)
Hre, 8=(a,a,... ak,ﬁl,é’z, :9k) ATHEMEE M THE R & A 280 .
1. Bk, 5 58 8 X EUbl R s 2

DL Sy, j=1.2,.. N, EXFEAR): B MBERa kAN = A
Ty |Ok); IRJE KB R B2 9341 O (y |GK) A oW I ety o SIS L0 54
Y =12, N, SEOAIN B EdEy ok B kA A EE 2 RN, k=12,
K, BABAREY FoR, HE LT

Lo 5 AR 15 kA SRR
T _{U, gl

it N Bl s R 9.27)
Y AE0- 1A B
AT IEAEy, LR REARY | B4 5625 2
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|
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2. EMEIEES : HiE Q%L

0(0,0") = E[log P(y,y | 0)| v,0""]

& ud 1 1 .
. E i T =+ ]_ T o— —[ T i .'r -_— B
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5 > E . ,
57, =EV 2 (928) BT

d L | I "
HE,.8" )= n loge, + ' I(]g[—l—lﬂgﬁ = Y (9.29)
. ; e g}’ [ V2n : 20; e
3. HiEEMBE LML

ERAIMD L KRR EQ(O. 0N W O IAG,  RISRET — kAR S5
Bt = argmax O(6), 0")

WAy, GRG, k=12, K, RTOMESH. KA, GTATER 929) 5

C’rZMn*‘nv%U-’F/\ﬁjjo, HIEIFCEIIR ;kakmfz TR R IR S B4 0/ 5]
SRR

Z!ﬂa j
j, =L , k=1,2,--,K (9.30)
ZJ’;;
N :
Zy.,..e.-{}’., 3 }u& )
6 =L k=10 K (9.31)
ZJ’;;&
" Z}’,i
aQ =—= p k=12, K (9.32)
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IJ”MEermﬁﬁ/Eé R S E I EMBE S S5 .
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BN WIEARY Ly, oyne RETTRA AL

i SRS RIS

(1) WSEIWIEE I iHIER
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(4) BHEFE (2) HHE 3) &, HIWSK.

9.4 EMZEIETIHE) ™

EMBEVEIE ] SRR NF R £ (F function) B R-PR R BRIE
(maximizationmaximization algorithm) , FETIXAMEEEA A TR SHE, W)™ XIHE
MK (generalized expectation maximization, GEM) ik, N T L4,

9.4.1 FeRBUPI - KRB

5 5 HEF IR BRI B LR - ) )

EN9.3 (FERED BB ERIEZOMZE M NAZ), & X5MhP5SHOMmE
F(P,OINT:

F(P,0)=E,[log P(Y,Z|0)]+ H(P) (9.33)

FRNFeR %L, R AFH(P)=-E plogP(Z) & 5341 P(Z)HI1% ) i

TEE 9.3, WHEBBEP(Y, ZIO)RONIES KA, NMF(P,0)&PMONIES KA.
B HUF(P,O) AT AR B S ] ]

51390 X[ 2 6, AFEME— A bt KALF(P,0), X BB T4

B(Z)=P(Z|Y,0) (9.34)

I AL BBEOTE A )

W X FREEME, v LERBMEFP,O)E R K AitZ). Fik, F1H3EHEEH
Fe1 A, FikEEIHRECH

L=E,logP(Y.Z|0)~-E,log P(Z) +,1[ ZP Z}]
S Fo PR AR SR
oL

— —logP(Y.Z|0)-log P(Z)-1-A
BZ) gP(Y,Z|0)-log P(Z)




S URSEHLETO,
A=logP(Y,Z|0)~log B,(Z)-1

HbHEH P(Z) 5P(Y,  Z|@) Rk EL il
P{Y,Z|t9):e].f:
B(Z)
B(Z)=1
EU\Z\J%%@;; B 934 .
HIEIXP(Y, Z|O)ROMES R, 3B LRONIES R
5139.2  #HE(Z)=P(Z[Y,0), N
F(P,0)=log P(Y | 0) (9.36)
EAME N ST RE, BEAT
H AL 5IBE, AT LS 356 T EMBIZ: T F R 35 B R - b K S92 A g
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B, MALOVMIETH R KoM, WRFP.O)EP MO AR &R E, A
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F(P"V.0)=E,. [log P(Y.Z|0)]+ H(P"")

=> log P(Y,Z|0)P(Z|Y,60")+ H(P"")
Z

HQ@.09)fE X (9.1 A
F(P"Y,0)=0(0.0")+ H(P"")
(2) [EEPTD, ROCIFEFPD DR 135
6" = arg max F (P"Y @) =arg max O(6. 6")

WAL L EPE S T EMBIE R — UGS Ik R, HEMSE S F e Ui oK ik
RIS EAG 2109, 1=1.2,..., o (P



SR, Wi EMELE .
9.4.2 GEMZH %

#149.3 (GEME D)

N WIEYE, FeR%l;

. BRI

(1) WSO, FFamiE

(2) FHIKIER, F1D: LOOCNSEOMMEHE, PORNREPIIML . RPUVER
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(3) 5225 ROCVFERPED, G KA

(4) EH (2) M 3, HILSKL.

EGEME LTI, HRRQE, NI KA R IR HMER . N A A GEM&E L2
SE%I%‘JB#K%E%z‘iﬁﬁ*”@()(ﬁ,ﬁﬂ)iﬁu*&jtE@ﬁ, T2 — N DEFQAT™,8V)>Q(
M G0y,

#1594 (GEMHE:2)

BN WIS, QAL

. BRI

(D) s sH60, Figskm

(2) PFi+1PGEAR, H1E: {LOONSHONMEIHE, &
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9.1 W9 1B =R ML s A A, WEFEAFIE, B, TO=
0.46, p©=0.55, q©=0.67, RSO =(TT p,q) MK TT .

9.2 UERHGI3E9.2.

9.3 AU HE

—67, —48, 6, 8, 14, 16, 23, 24, 28, 29, 41, 49, 56, 60, 75

AT N B R R TR SR SN S5

9.4 EMEEATLLHBANR I s de g 2z > . WS A

225 LRk
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F10%=  [R L RA] KA A

fe o R A RAEAL (hidden Markov model, HMM) & 0] B TRy 0] @ i) Ge i 5 2] B A,
TR FR BEK 1) By R o] RABERE LA BOWI 7 B I RE, BT AR . AREE N ARRE R
A R PR AME S, AR5 0 I AUA B SR AT R MR T B0 22 ) SR DL A Tt
Fike BRE/RATRBEMEIES R, BRESLHE. EMEE. BEURENEE 2

KA.
10.1  F&E /R A R A &

10.1.1  BRE /RA] R F) 2 X

E 101 (FRE/RATRAALD  FRE /R AT RAAE ST P MR AL, Mk —A
R 1 Sy 7R AT B B M LA AN T I RPIRZSBEN LT 510, P FH %A DR AR e — A W iy = A
ML EEATL R F R AR o Byl ) By 7R ] R BE AL A BRSSP 81, BRONIRES %1 (state
sequence) ; BEANARASAEBE—ANUI, 1 G AR UL R BEALIE 510, FROOUIN 471
(observation sequence) o 31— B AT LLEVE & — M

B By R AT AT R AT AR MEZ AT« RSB 70 AT DL SO 2R 0 Ao o BR /K
A SRR T e A F

WQRFTA T RERPIRESHIE S, Va2 A nl eI KI5

Q:'Fl%agz*'"aqzv}’ V={v,vy sV}

Hor, NAZATTRERIRAZ, ME T RE W% .

LeKENTHIRESFH,  OZXT BRI 741 o

1r=[i-|,i3._."'qlir)' O=(0|&‘031-“70T)

AR R R R -

A= [aﬁjm (10.1)
Hr,
a, = P(i,,=q;li,=q), i=L2N; j=12,--,N (10.2)
FEAEIS ZIAE TR q I 26 AF T AE I Zlt+ 1 A2 BLIRZS o A
B WU Y 56 5 o -
B =[b_!(k)]m (10.3)
Hr,
b(k)=P(o,=v,|i,=q,)» k=12, M; j=12,---,N (10.4)

FEAEIS ZIAE TR q I 26 AF T A2 v, IR
TT RGNS R 1) &
x=(m) (10.5)
Lo,

\

}I;=P{f1 =QJ}’ f:]'!z'."“s"l\"r (]06)



S = 1A TR A MR L

B I IR A RAE A R A RS I B 7T RS ML AE M AFDULIN L 2 56 FE B
Eo TAAREREFS], BREMWNMFES . KL, BES/Ra] REMARPIH =0/ 5%
N, Bp

A=(4,B,7) (10.7)
A BT ARG /R A R = K

IRSHRERIE A S GIRSMER 7 B 7T B 5E 7 BRI S /- T RBE, AR A al W
FPRESF . WIINMERHFEBH € 1 Wi MARZS A RO, SIS FHNERE 1 E 7 nfarr=
AR A

ME SCRTHN,  BaEy /R ] AN T AN I AR %

(1) FFIRGIRA] KA %, R 15 Bk 1) H 7R ] R 0 AR = i 0 e RS AR T~ 3
AT — B ZIFPIRES, 5 HANE 2 FPIRAS WM TE R, W58 ZItIE % .

PG, |i_,,0,,0,0)=P@ i) t=12,T (10.8)

(2) WP S7 AR 15, RIMB AT =B Z1 R R ARG T2 B %1 1) 5 7K AT B8 AR

&, HHAWI SRS TR
P(0, |ir,0r,07_1,0p 15 381015015050,y 0,5 501,0) = PA0, 7)) (10.9)

Fa S R AT SRR 0] DL ThRvE, IXEPIRASXT N AR I . ARy i) e 25 e WLl i 5 51 T
TEF B FIARIE T A o AT DR AR )8 (1) 25040 A P R AT R Y A i o IXAEERATT AT
DL A B Ey 7R AT F A Y 1 2 o) 5 P S AT b

N HE— B E R ] KA 5.

1101 (FTFHERERD  (REAINET, BDET BG4 E Bk,
TR ERBRER10.15H

#10.1 BT HILL A EREL

= 4
ETRREL 5 3 6 R
ER & 5 7 4 2

RN I EER, A A ER BRI FP 51 JTha, A&7 B LSRR
BEHLEBOAN &, WA &7 RN DR, B )E, iEl; K5, AHETE
THEHERE N —MET, SR MREImETEE T, BAT a7 EL& T2,
R M H R R T283, A4 A LA ER0.4 810,656 8 B o i s A A &1, IR AT &
T4, BABLLOSHIMARIE RS TAER R G 73, WEEBNE TR, BN ET
BEEHLL B, s B, R Nk, EEHTSIR, SR ARSI

P51 -
O={4,21,11,1,4}
XN R, Mg O REI B ER B E R P51, WA B ER A2 A 7 HCH g, B
MLIAS B &7 751
EREXAN T EWABENT S, — & TTFy CIREFSD , —ADNEERIEET
W5 ORIFFH)D o ATE RGN, REEEZTWNE . X2 — SR n R
HIBF, RIEATA M, WTUUHIRSES . WNES. FAHKE LR =2,
BT RRARES, REMESZ
Q={BTFLET2.8T13.87T4, N=4
BRICEESS RO o I IR A 2
V={4,H}, M=2



WA FAI 7 S LT =5

WIERE R A N
7T =(0.25,0.25,0.25,0.25)"
ARSEEREMER AT N
[0 1 0 i
i 04 0 06 0
10 04 0 06
10 0 05 05
ML 2R 23 A1 N
0.5 05
0.3 0.7
B=| ~
06 04
0.8 0.2] i

10.1.2 W7 51 1 A Rl A2

MR B R AT RA AL 8 S, o] DL — NN T F510=(0,5 0,,...,0;)FIA B
FEHR W R

5100 UL 51 1 A2 )

BN B RA RERIA=(A, B,T), MFHKET;

Wt : WINFFIO=(0,5 0y...,07)0

(1) FRHRYILEIRES A0 7T P2 AR,

(2) &t=1

(3) RSO I AE 22 73 A b t(k) A o,

Sy ~ . ~ a . ~ . .
(4) FHRIRGL PRSI Z A0 { Wy 2 AR, 1,=1,2,..,N
(5) &t=t+1; WH<T, ¥H 3) ; BN, &k

10.1.3  F2 Ly /R A] A i 34N JE A ] 7t

B T R AT FARIRL A 3N SE AR [

(D MEFRIHERE. HEBEMEA=A, BOAMNTH0=(0,, 0,...,0,), ITHIEH
AN AL P 510 HBLHI AR P(O] A) -

(2) S, CHWIFEHO0=(0,, 0y...,0,), HiFEHA=(A, BB, i3
TEAZAEI T W 7 IR POl ) i K BRI KA F (1 7 vt - S 0

(3) T, ALY (decoding) M. CAIREIA=(A, B,70)FIHLMNF 50
=(0,s Ony...,0p)s RXTLE MM T KA MR PO) i KRS FAII=(is ip...oip)e EPZH
SERI 31, SREA T BE 0T BLRRAS 7 471

TN T I A R IX R AR ] R PR A

10.2 MR TFE AL



AT BB 7 5N ZP(O|A) I ET ] (forward) 551 (backward) Hik. Jedr
RS AT ETE EARATI B .

10.2.1 EHEIHESE

BEBHA=(A, BOFMIMFESO=(0,5 0,,...,00), THIIFFIOH B HIHEZRPO|
Ao BEBEMINERIER AR BRI E . @V ol KB ATRPRS T4 1=
(ys ige.ip)r RENREFFNEMIFINO= (0,5 0,,....,0)IELEHERPO, 1|A), ARG
P AT RERIRAS R BIR A, 15 2IP(O]A).

WEFEIN=()s iy,....ip)FIHEE R

P(I|A)= ma,a, a . (10.10)

XTHERPIRESFII=(, ip....ip)s BIFEFIO=(0,, 0,,...,00)FIHEFRZP(O|LA),

P(O|1,4)=b, (0,)b, (0,)---b, (0;) (10.11)
OFNIIFI A H B0 R IER A A8E R Ay
P(O,1|A)=P(O|1,A)P(I|A)
=% bﬁ (o, )aa']i'lbfz (0,)-- @, i br'r (or) (10.12)
SRIG, WA AT RERPIRS R FIRAN, 15 B0 FF 51O KI5 P(O]A), El
P(O|A)=) P(O|1,A)P(I| )

= > #,b(0)a,b, (0,)a_,b (o) (10.13)

B2, FIHAR (10.13) IFHEERK, ZOTNOHIT, XMEIEART,
N AT E AL P FINE R P(O|A) B 3 mflAl-JE &A% (forwardbackward
algorithm) .

10.2.2 A A B

TS AT IR .

JEN10.2 (RTMMEZR) e R G/RATRARA, 8 SCEI ZI6H 4 W 17 31 Mo, ,0,,
0 HARES A M2 VAT I MEZ, 1i4E

a:('i):P(Ulaggi"'ao;&f;:q,;|/1) (I(].I4)

AT DL M SR A A T MR a, (i) S P 51 ME 2 PO A) o

92:10.2 CULI Ry 21 R 28 (1) 1T 1m) S92

BN B RA] REBA, YT 510;

B WP A MEEEP(OlA) .

(1) ¥ME
a()=xzb(0), i=12,--,N (10.15)
(2) H#HE Xft=1.2,..., T-1,
N
aH_l{f"):{ZH,(_[)(:}I}}I.(OM), i=1,2,,N (10.16)
i=l

(3) £k



P(Oli)=2a-,-{f) (10.17) m

BIEE, SPIR (1) VIGHALET R, PTG %] FRAS, = q AWl o, B & 16
o IR (2) RETMBRFIEHEA, THE RN X135 5507 515 0,,0,...,0, 0, H
TER Z LA TR AT IR, w101, £ (10.16) BT3GR, BESRat() =2
B ZIOW I Eo,,0,,...,0 HFAER ZIAE THIRZS g, BT FIREES, B4 eta,)a, it 2 I 2 o0 il
$10,,0,,...,0 LR Zthb FRZS q T E R 2+ 1 BIRRA q B A RS . STIXANTRAERS %t
1B A AT BERINASIR S qaRAMT,  H S5 R B 20000 N0, ,0,,. .. o FFAERT Zt+ 1 4b TR Zq,
AR . 5 35 9N 5L A 5 WAL 2R b (0, ) AR SRR A 4T 2 BB Z e+ 10 o, 0,,....,0,»
0, R Zlt+ 1AL TR S q AT A Ra, (). ST (3) AHPODHIIHEAR. KA

@ (1) = Plo, 055,00y =q, | A)

Fit EA

P01 2)= 3 ay i)

q;

! +1
() a, (i)
KI10.1 A I MER s 4k 2 X

WIEI10.2F7~, B M SAESLFR AR 3 T RS T FI B AR 45 1 1B T B P(O| ) I B2
BT 1) G925 v K DB LR v AT R, SRS R FH B AR S5 M A Tl R b 4 31 4
F, REIPO|A). Bk, 7ERZIt=1, F&a,()INMEG=1.2,....N); TEEZAIZt=
1,2,....,T-1, it&a, ()FINMEG=1,2,....N), 1T HEa,,@)FTHE R HIT— 8 ZINa6).
BT RN R R TS — Ot EE I HIT— M 2T A R, BRER . X

oo B

K10.2 W F 5 1R £ 1



%110.2 HEGTFAEREHA=(A, BT), REELFQ={1,23}, MNMEAV={,
1y,

05 02 03 0.5 0.5
A=103 05 02|, B=|04 06|, 7=(0.2,04,04)"
02 03 0.5 0.7 03

WT=3, O=(4,A,4L), AT EETEPO|A).
fit  HIEIL10.2
(D WHEYME
a,(1)=7,b,(0,)=0.10
a,(2)=m,b,(0,)=0.16
a,(3)=mb,(0,)=0.28
(2) #HHEHE

3
a,(D=|> a(ia, }bl (0,)=0.154x0.5=0.077

L i=l

3

a,(2)=| Y a,(i)a, |b,(0,)=0.184x0.6=0.1104

=l

- 3 =
a,(3)=| Y a,(i)a, |b,(0,)=0.202x0.3 = 0.0606
=1 )

a,(1) = iaz(f)aﬂ b (0,)=0.04187
i=l £l

a,(2) = iaz(i’)aiz}bz{a;) = 0.03551

L i=]

a,(3) = [i a,(i)a, }bj(oﬂ ) =0.05284

i=1

(3) &1k
P(O]2) = a,(i)=0.13022 &

i=l

10.2.3  J5 A Bk

E 103 mMEE) SRS /RARERIA, & LAEN ZICRES g4, M
t+1 2 THIER 3 W T 51 N0, 1,0, . 0 I HEF N JF AR, C4E
B.(i)=P(0,,,,0,,,,"**,0; | i, = q;, A) (10.18)
A] DL HE R 77 V2R A5 5 TR MR B, () S W I 7 FI B2 P(O| )«
F510.3 U F FIEZE 1) & ) 595D
N BRI RA]REETA, W 5105
B W BEEP(O|A).



(1)

B)=1, i=12N (10.19)

(2) Met=T-1,T-2,,1
_,f'}r(f}ziarbe.{nllllﬁll(_;'}. i=1,2,,N (10.20)

(3) |
P(O| )= erh(n)ﬂ[;) (1021) =

AR (D VIS R, XTW%HT?IJE’Jﬁﬁﬁﬁt*qﬂ%ﬁt(l)—1 LR (2) RJER
MRS A 0. 103K, 7‘3TﬁﬁfHT?IJtJj(*jqumﬁFHT?lJtﬂzFEI’JXJM)”JF“
F190,.1,000 - -, 0- HE TAIMEZEB (1), R 7 % IEAE N Zt+1 T
d)

dy
{ t+1
B(1) Bra()
K103 RSB A
A BERINASIRES q AR R (Blla 00, BLRAEBUIRZS S B Mo, UL (I
b,(o,. )  RIEH RS Ja I F SR Ja AR (HIB,,(G)ID - PER (3) KP(O|
AR S LR (2) —8, HEWIHRMERT RBHEME.
I Hi [ W‘E}EKHIF Wﬂﬁﬁlﬁﬁ%XT P WL 7 51 BE2 P(O|A) 8t — 5 Ak

P(O|A)= ZZa{na,bJ(q,]ﬁ;,(;). t=1,2,-,T~1 (10.22)

i=l j=I1

A = 18t=T-18 2 75 A (10.17) =l (10.21) &
10.2.4 — Lo S5HAEERTHAE

F P B AR AN S AR, W AR R e T ARSI SRS MR 1) E A R
g B AR O, FER Zlthh TR q I . id
y, (D) =P, =q,|0,4) (10.23)
A PUE LR A e AR . Fse b,

7, ()=P@ =q,|0,4)=

FH AT A 2R, () A1 S A2 B, (1) 8 X AT AT
ar([)ﬁ{i) = P{fr = qr'so | A)

P(i, =4,,0]4)
P(O|2)

TR



A0 __ a()p0)

()= 5 (10.24)
R > (NB)
j=1
2. GERRARWMO, FERZItht TR iq HAER 21 e+4b TR q 2. 1D
G, ))=P3, =q,i.,=q,]0,4) (10.25)

CIPSGRORIIEYEIEIE RS e ¥
P{": :qa""E.P—I :(f;0|j') ‘P("f :q,--.i,_| :qf"(;w'g'}

& (. ))= =3 ¥
P(()l;l-) ZZP“.«=£LJ”|=@F_”O:’1)
1]
PG, =4q,,i,,=q,,0| ) =a,(Da,b (0,,)p,,())
s

0,7) =g e D) (1026

Z Z af (f)ar}'bj (OH-I )ﬁHI (J’)

i=l j=I
3. Y ()RS ()R B AN ZICR A, T A3 — e 1 1 S A
(D MO ARSI I EEE

iy, (i) (10.27)
(2) T F R AR 115128

i?’ (i) (10.28)
(3) ExﬂiﬂﬂowfE%ﬂé&i%ﬁﬂ%&ja@,ﬁﬂ%ﬁ

ié‘,(i,ﬂ (10.29)

10.3 23] HE

PR Ey /R AT AR 52 2], AR N ZR B & B 5 I 7 2 R B2 PR ES P 21k & HA W
WEs, "yl E RS 5 ERE ST KN EAN AN EEIESE, mENE
B S EE Baum-WelchB.7E: (R 2EMEE)

10.3.1 B2 ik

v CLgh IR0 A B SN BE AR [R] FDU I 2 R B2 PR S 7 91 (0, 1,),(0,,1), .,
(Og 1)} HB2 ] AR KALSRA TR Al T B S /R a] KB (S8 BART T .

1. HR a1t

BUREAS TN 2040 TIRZS N Z e+ 1A% BLIRZS BN A, 2RSS HR W a,

i




A
a Y i=1,2,,N; j=12,--,N (10.30)

34
2. LD () A
BREA AR I K I ECE B, ARSI K I BE R b, (k) A T 2
a B
b(ky=—"—, j=12,-N; k=12, .M (10.31)

M

ZBI-‘
k=1
3. WIRIRSHERIT [l NS IMREA FR IR IR A Mg TR

T B 2 o) R AT N R8s, N IARE ISR AU R =, AR st A
FRME = T

10.3.2 Baum-Welch

s e 2 RS SR BN TR 51{0,,0,,...,O} 1150 X LIRS
1, Bbs e BRI RRIA=(A, BJD) A FATRMM 7 518 AL
O, IREFE I EBIEEEA TR BRI AR SR R s B — NS AR
A B PR Y
P(O|A)=>_ P(O|1,A)P(I|A) (10.32)

ERIZH ) A DL EM A A S .
1. W€ 564 088 B U BLAR R £
P A IS S B O= (0,5 0,,...,07), FIHBREIRERI=(,) iy...i), TEEBIEZ
(O.D)=(0,) 0peessOpdys ipesip)e TEREARIXT LR G EZI0gP(O, 14)-
2. EMBEEMES: KQM$(A,4)L
O(4,2) =Y _log P(O,1| DHP(O,1|2) (10.33)

Horr, A ERA TR AT KA SR LRI A, ASE AR IR T R T R SR
P(O,I|4)= 7, bf. (o, )a{.ifz ab:.2 (0,) -a!.r_lr.rb,.r (0;)
T REHQAA) AT LLE ik
Q(4,4)=) logx, P(O,I| 1)

r=1 T
+ Z[Zlog dy )F(OJ | )+ E(Zh}g b, (o, ))P(OJ |1Z)  (1034)

AR SRANHR X i A I ZR8080s 1) 3 31 A BETHEAT 1Y
3. EMELEHIMAD : R QREHQ(AA ) RIELSHAB, /T
5 T ERRA IS EAENX (10.34) rp oo tHILAE3 NI, fr LR T35 0 % 30073 i 1
.
(1) 30 (10.34) HZE 1IH0A] LA ke

N -
> logm, P(O,1|4) = logx,P(O,i, =i| 1)
i

i=1



VERERITT i RS T RUBRAS I BT, S ok 1 H 8

Zlog:r P(0,i, = :|/1)+y[z;'r —IJ

i=1 i=1

X H SR A T B 45 R8O

e [Zlogx P(O.i, —:|A)+r[21r —IH 0 (10.35)

i=1
7:=!

1=
P(O,i =i|A)+yr. =0
XtizR A2 Y
y=-P(0|2)
KA (10.35) HIfE
~ P(0,i,=i| 1)

- 10.36
P(O[4) (1059

(2) = (10.34) BIEE250A] PL5 AL,
=1

Z[Elogaﬂ JP(OI A)= ii log a,P(0,i, =i, = j| )

I =1 =l j=1 =l
N

ST, B A R B TR T T R

-1
ZP(O,:‘ =it = j|A)
a, =+ (10.37)
ZP(O: =i|A)

(3) X (10.34) Hﬁ%ﬁﬁﬁ
Z{Zlogb (o, ]]P(O I|A)= ZZlogb (0)P(O,i, = j| A)

Fi j=1 r=1

M

FORE AL B Tk, 20 O™ R, A0, = b (o)A MM 8
BAANO, Lo =v)#m. Ki%

ZTZP{O,:} =j|A)M(o, =v,)
b, (k)=

(10.38)

T

> P(0,i, = j| )

10.3.3 Baum-Welchi& S 41+ 4 3

B (10360 ~3K (10.38) HIRRELSBHIFAY (), € Gj)Fm, WIHEHE R r A 3
Sy



g =8 (10.39)

b,(k)=""—— (10.40)
> 7.
t=1
7, =y, (i) (10.41)

Hrr, Y @), $a)armm=® (1024) K& (10.26) i, & (1039 ~=K (1041 #E
Baum-Welch& 7% (Baum-Welch algorithm) , ‘B &EMSELE RS E /R i) KA 22 ) Fh ) B
RS2, FBaumAlWelch$ H .

572104 (Baum-Welch#35)

N MIMEHEO=(0,5 0y...,00);

frh: BR /R RIS

(1) #iath

Hn=0, wH%G , 5®, 1Y mugni0=A0B0 TO),

(2) ifffE. Xn=1,2,...,

b,l' Uf)(nﬂ} = “=1";="—
> 7
t=1

7" =70

A7 B AE MO = (0,5 0,,...,0)FIETI A =(A® B0 T )5 K eh¥ (i), & (i)
(10.24) F1z0 (10.26) 4.
(3) &1k, R SHAND =(AND BN JTNDy

10.4 TR HVE

A S S R AT KA TR R P A SR IR ASEE S 4ERFEE S (Viterbi
algorithm) .

10.4.1 T fRLE



SR AR A, 7R /N e B S 28 A T A BLRIR S, AT —

AREFAT =, b, Iy, el RTs
4 SE AT R T R AR R 510, 7RI 2k TR A q ERY ()

- @DBO) (B 1042
POID 5 0 ()B0)

A — I 2 AT Rk A 2
i':argmax[}'{')], f=1 2T (10.43)

MITIAS 2RS0T —(’ L, M.

AL A 55 1Jrﬁ:lﬁﬂ$, LR S A BELRUE TN RS 7 21 B4 2 B A 1 RE IR
BFA, BTN FPRZS P8 T R A SEbR A KA IRy F5L b, FRTERBINIREST
H A T REAFAE RS IR ORISR, RIS KEL8ij, a,=ORT. L, JEREL)

SR .
10.4.2 4ifFELEVE

s U RE SR A F Bl R B o /R n BB T (r) /8, R A ZhA R0k (dynamic
programming) SKRMER B KR (RACERIR) o I —2 B BB — RS P41

W%@*ﬂﬂﬁg,%ﬁ%%ﬁﬁﬁﬁ%%ﬁ3@%%ﬁ%%EW%ﬁﬂ%ﬁf
TS — N 0 B AR B, TN B RO BT TR MR R
BURBALN . BB RICRE, A B 55— I A B R AP 1, BT
CAUNE S (03050 i Ve LR, 0t 22T AR — 2K ORI S 0 B 5, 3 T I
. ARIER— 5, AT I 2= PR, JHENE D S AE R AR A 91000 % 25 040 B
IR, ELEA BN Alt=TIRAE W S AR B R IRIER . I 21— TR 2
O OREERT, BRI RIS AT ARIE). 2R, N T R &
A, WSt sITIA, R FES R i, L mRm e =@, bk
) BCHLRHERF L

e PP RERIY. 532 LA AR T B iy v i) BRI
1

5,{1'}= max P{i =i, 0,0,,,0,|A), i=12,- N (10.44)
HiRE n] 13 ’3535[3']@?& vl
0,,(= ma?{ P, =00, 0,0,,,0 | A)
= max[8,()a, b,(0,),  i=12:N; 12120, T =1 (1045)
T UAERTZICRA NI BTE ARG, L, ooi ) PR KR AR I B - 1N
v, (i) =arg P"?’i-[‘i-i{j)“n] y i=L2,,N (10.46)
ARG LS

H510.5 (4EFRFELETD)
WA BHA=(A, BJOYFWNMO=(0,s 0,,...,00);



W BT =, b .
(1 Yigatk
o,()=nb(o), i=12,--,N
w,(i)=0, i=12,,N
(2) . xft=23,....T
o,(i) = mﬁ?ﬁ,[i_l{ﬁaﬁ (o), =12, N

w, (i) =arg ]ma)i[f)',_] (fla,l> i=L2,---,N
= jaN
(3) 41k
P= max o, (i)
1=i=N

o

iy = arg max[o; (/)]
(4) mALEEZE . Xt=T-1,T-2,...,1
'E.: = W:—1 (f:ﬂ}
R tEgar=h, b, k).,
A I M R B 4R LR
%110.3 #1102 HA=(A, B,T),

0.5 02 03 0.5 0.5
A=|03 05 02|, B=|04 06|, 7=(0.2,04,04)
0.2 0.3 0.5 0.7 0.3

CTLI R F10= (41, F,40), SR ERRESRES, WRkner=d, b, &),
#0455, BAEFTA AR PR — R R AR, IR UL S TR B

hE
0.28 0.042 0.0147
I+ O @
) 0.16 0.0504 0.01008
B (]
0.1 0.00756
1 o)
| | 1 _—
0 1 2 3

I 1]
104 SR

(1) ¥tk fEt=18, SHEF—AVRE, 1=1,2,3, IR Ao ALLHIHER, id
AR RS (1), W
8,()=xb(o)=rb(), i=123
AN H A&/



0,()=0.10, 4,(2)=0.16, 4&(3)=0.28

iL¥,(1)=0, i=1,2,3.
(2) fEt=20F, XEARED, 1=1,2,3, RE=1RPRE NN L FF A =20RES
WL 0,  F IR BR AR (R i KRS, 10 ki KRR A 6,(1), U

6, (1) = max [J,(/)a, 1b,(0,)
Ay, XREASIRESD, 1=1,2,3, IdMEE R KR — A IRE:
¥, (1) = arg max [6,()a;]l, =123
P4
9, (1) =max [5,(/)a, }h (0,)
= max{0.10x0.5,0.16x0.3,0.28 x 0.2} x 0.5
!

=0.028

w,(1)=3

5,(2)=0.0504, w,(2)=3

5,(3)=0.042, v,(3)=3

AR, fEt=3H/T,

J; (i) = max [3,(/)a, 1b,(0;)
y, (i) = argmax [5,(/)a; ]
5,(1)=0.00756, w,(1)=2
5,(2)=0.01008, w,(2)=2
5,(3)=0.0147, y,(3)=3

(3) DAP"RRNEALBAZ IR, T
P" =max §,(i) = 0.0147
1=i<=3

B AR T2 1 s
i, =argmax [d,(i)] =3
(4) BRI sk, Wmkeh .
=20 i, =w,@)=w,(3)=3
Ee=10, i =y, ()=y,(3)=3
TRREREER, BEREFIT=d b5)=333).

R EREE

1. BEE R A RAEALE QT I e (R AR Y, 3348 b — S B B 2Kk m] R BERE AL A 1
AN RS B A, A SRS BRI LA AL T 7 2 0 B4 ) R i A
Fe By R AT RS T AR S ME R A1 B 7T RS R 2 B AFTOUL I AE 2 [ B o



Eo I, FEE /R KBTS MA=(A, BT).

Fo IR AT R — AU A, R IIRES PSRN 7 81 B AT, AR P
Hl) & SR, AT .

Fa /R AT RAE A AT DL TR, X BPRAS KT RIEFRIC . ARiE v 2 45 2 WLy 41 el
X N AR P 1

2. MERFE R, AEMAA=A, BDOMMIMEFTIO=(0,) 0,,...,07), iTHE AR
AT IO H B BEZEP(O|A) o R [ - 5 7] 535 Al ok 346 HE b v A5 1 1) - /5 TRl R T A vy
R HEAT 8 By SR AT B R T B

3. FAEE. CHMMFHI0=(0,) 0,....00, MiMEMA=(A, B)ZH, ML
ZBA NI 7 FI R PO )i K BRI BORALSRfh 1 () 77 Ak 1124k . Baum-Welch .
%, LR EMSIE ] DL R0 B3 B /R i) R AT I k. B2 — AR B 2 1 SRk

4. TP A, SEERA=A, BJO)FMIMFFO0=(0, 0,,...,07), KX MNP
AR POV KPR IN=(1,» in...ip)e AEHRF LSRR B0 AR v R0 SR i dt
egte, RIMER&EKIPRE TS,

2k 8 5] 12

o By R AT AR A 4R ] WOSCHR[1,2], e, SCER(1T2 &M Einsc. kT
Baum-Welch &5 1] WOCHR[3,4]. AT AAAMER R S0k 30 (probabilistic  context-free
grammar) & F& Sy /R A] FAERY (1) — P, Be By /R AT SRR AN m I I s 2 RS A1
MAEZ E N SO R ORI TN & BT SR SOEM 5] Bhas DU ) 2%
(dynamic Bayesian network) &/E SCEERT P8 b1 DUH- 3 28 8 A0 25 B B SR AT SRAR
A, PR,

> it
10.1 25 & AERA RIS S /R ] RIBEA=(A,B,T), HH,
0.5 02 03 05 05
A=103 05 02|, B=|04 06|, 7=(0.2,04,04)T
0.2 03 05 0.7 03

WT=4, O=(4,H.4,1), WHERFEIETEPO|A).
102 FBRBEFMIRE KA S /R ] KB A=(ABT), Hr,

0.5 0.1 04 0.5 05
A=103 05 02|, B=|04 06|, 7=(02,03,0.5"
02 02 0.6 0.7 03

WT=8, O=(4L, 1,4 4L,H,4,H,H), AHAERBERITEPG,=q,/0,4).
103 ES@10.14, KA EERBERgar=d, b, &, k).
104 BTl o B3 AR PR 5

PO =3 a(ab,(0,)B.,()» t=1,2,T-1

i=] j=I1

10.5 By LU SE TP AR B R T ST HT ) S AR a2 XA
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TERE
[ HIRQER M X ~ ~
QA.4)=Ellogp(0, 14)0.4 ]
A (1033) W% 7 0 Al & 1% A F1/PO|A).



F1E KRN

N1 (conditional random field,CRF) %5 E —Him AN Z E4MG N7 —4H
HBENLAS B 2R o AR Y, AR SR B e HH BE ML AR M R S /R AT RN . 5%
EREHLIZ AT CAF AN R T 0] 8, AR A A E AERRTE W U N o R e = B IR 28
B (linear  chain) Z5PFBENLYS, IXEF, W REAR % 1 H 4 N 410 %60 4 e 270 S0 Fey 1 o) A
A, TEAONT B ZR AR, HL 2 5 7 VI S B ORI AL T BRI AR R AU T 28
PEEE 2% A BEN LI S T-F5 1 0] /2 B Lafferty S5 A T-20014:42 H (1

AREF AN BMFR T ERA, SRERUR FABENLIA N & XS FRR 715, wIah
AR 3N FEA ) @ ST F G R A, 2 > ) RN Tl ] e

1.1 MR Tg ) B AR

MEZ TG R (probabilistic undirected graphical model) , XHx AL /R AT KEEHLIZ
(Markov random field) , /& —/NAJ LAH G M IR R BRA BER 0 A . AT Se BB L2
TG A BB I e S, SRS A AR T ) A A 1) IRl 0 ol

11.1.1 B E X

Kl (graph) ZHIZ5 R (node) MIEHSE SNl (edge) HRIMES . 45 AL 725
iCEville, 45 SAIAMES D HICEVRIE, Fic/EG=(V,E). Tl K Zi81LEA 5 mIK

K.

MEZ R (probabilistic graphical model) 7&H IR SNHIMER 7040 . WA BAMER 7
HP(Y), YEVR—HMENAE. HLAEG=(V.E)yZ R LS MP(Y), EIERGH, 455
VE VIR —MBENALRY,, Y=(Y,)VEV; UeCEFRRHNLAR &2 [H] IR MAOC R .

HE — N RA MR PR ER LM EG. & 5%6E ki ER RN &2
(B A AE SO S5 /R AT K% (pairwise Markov property) « JR#l & /RA] Kk (local Markov
property) F14xJ5 5 /RA] Kt (global Markov property) o

B By R AT Brufivig A EGHE R AN A LS s, 45 Sufiva mil Xt
M EENLAE Y Y o HAFTAE 4 R0, WL B2 Y o BT /R R 2 Ta %
JE FHALAR B Y 264 T BN AR Y FIY 2 S5 A By, B

P(Y,.Y, |Y,)=P(Y, | Y,)P(Y, | ) (11.1)

JAtB R A KA wve  VEEREIGHERE —4im, WESvELIEEN TG 4
M, OfEv, WURAMOHAMFT AL . vERPIBIAEERLY,, WERHEIAZZEHZEY,,
ORRNHIBENI L EASEY yo JRTF S /R A KM R FRIES e RN =AY, 44 FRENLAS &
Y SR ALY e AL, R

P{mec)|Kr'}:P(K-i}:[*]P(Yo|Kt-') (”-2)
CEP(Y[Y ) O, ZEfihH,
P(Y, | Y, )=P(X, |Y,.Y,) (11.3)

E11FRAHR (11.2) 830 (11.3) i mEE D R ar ek,



i
Ow
@0

BILD R R AT et
R R W SERA, BEELHEGH#E mEACH ITIERS S
A, WE2FTR. 45EEAA, BRICHTX MR EH D HRY,, Y MY &R
IRA] R TR E BN EAY S5 RN EAY FOY =& &AL, R
R G =R PTG (11.4)

A
K112 &RS R R

EIRBT ) SRR AR ) SR A] KA E SRS

N THE SRR TG ] B AR Y

ELL ORI B WABREERAP(Y), HERBG=(V.E)y&rR, f£
KIGH, ZRFRbEblAE, RN & RS R . WRBEA MR 5 MP(Y)iH
JERXT S R E A R R AT R, BRI IR A 2R 2 A R TG R AR (probability
undirected graphical model) , BZH /KA KEENLY) (Markov random field) .

DA b ke e m) BB A R S, SEBR b, FRATTEE OG0 B G SR L ERS ER p A. Xt
258 MRS m) B, AT B AR I I B M 230 15 s T B A MR I AR TR 2,
WA MR AT R 7 0, XFHE TR ) 518 St b, MR m R A
() KRS sl 2 TR ol IR/ 4HIX — 45

1112 BTG R AR R A A 10 fi

E e e 1 B 1S ORI A E S

B2 (RIS EKRED T B GHAT T AN A IR R 45 5 1 AR N ]
(clique) - HCRFEMEGH— N, 3 AR E I — GRS S R — A &
KIHE, WFRHC I KA (maximal clique) o

113708 A LRI A . BB AN SR B 5 (Y, Y,
{Yy Yip {Yy Yh {Y Yz}ﬂ]{YN Yo (EP ONCE {Yy Y2’Y3}$H{Y2’
Y., Y, e T{Y, Y, Y, Y AR—HE, BUNY MY f .



Y, 8
@, O
K11.3 o E R EF K
A2 TG T PSS 2R (IG5 Wk 26 90 AT 3R 7 D e i K ] b R RS 2 11 bR 250 s AR T 2011
BAE, FRONEEZTC A IR F- 70 (factorization)
MR LA EEL, REERENG, CHGLEMRAHE, Y RKRCH N FBEILAR
o AR A R A MR AR P(Y) AT S R B BT Sk I C_E IR E0Y (Y O 1
FetE, B

Py =[]0 (11.5)
=
Hor, ZRHIEHE T (normalization factor) , HZL

z2=3 ] |¥) (11.6)

C
gt FVEA BT ORIEPCY )R Bl — MR 0 AT o B (YRR N H B3 (potential
function) o X HERFARENY (Y )M IERT, 8 H 2 ONTRER AL
oY) =exp{-E(X.)} (L1:7)
MR TC ) RS 2R 1) (R 20 il B T 3 o BESR RAIE
EF11.1 (Hammersley-Clifford;E £#) M5 TG n] BB KIS MER 2 AT P(Y) 1T LA
S (NI

1
P ==]%(%)
F

z=2 %)

Horp, CREMEIMEKE, Y RCHISE SR NI E, V(Y )RC g ™% IE
PREL, SRR B A I R B E AT

112 ZMFEENLIZ I E XS5

11.2.1  ZZHEENLI R E X

%A-FHL3% (conditional random field) Z45 RN L EXFZM T, BEHVIAZAEYH SR
Al REENY . X BB e AR PEBE LRk I KA BENLS, BRI BE RN L
(linear chain conditional random field) . Z&PEBESSABENLI W] DL TARVESE @8l X,
AR EP(YX)F, YREE AR, RKpatrid/Tal, XeEMALE, RNt ERRE
IR 1 ABEARIC P AR RS P41 (S IR KRR o 23T, A IIZR%
P B2 18 T AR AL SA A T B IE DUk IR AL SR A TH 1S B S HF MR AR P(Y|X) s TR, X



TEERRAFIx, K FAREPOY|X) &K 51Y .
S LRI RABENLY, SR 8 MBS SR ALY
E X113 GRUAFRENLY)  WXEYRBENARR, PYX)RIES EXKIFME T YR
BRI . EBENR R YIS — LR EG=(V,.E)X R G/R ] KN, B
P, | X,Y ,wzv)=P¥, | X,¥Y ,w~v) (11.8)
SRR S RvOL, MFRSFATFMEZR D AP(Y X)L . Pw~vERIRTEEG=(V,E)
5 45 SvE IR A 25 fiw, wAvRRES v E 45, Y, Y. 5Y A4
v, uSwxt R IBEHLAR & .
FEE S B ZERXY B AHE R . sy, —BBase XNy A3 48 [R] ) 1 45
Fo ARPEEEES N4 5B PR LS, B
G=(V=4,2,---,n}, E={@,i+1)}), i=12,--,n—1
ERBERL T, X=X, Xy....X)» Y=(Y,» Y,,.....Y,), BKFEEMAH G SES. &
PERE AT BRI AT R TH ) E X o
¥ % ¥, Y

XXX X0
B4 CRbERE S PR

Y, Y, Y, Y,

R

BI11.5  XANY A A [ A P 45 40 R e B 25 A B L

E X114 (REFEAMHNYT) #X=X.X,...X), Y=(Y,» Y,....Y )P NLH
FERRNIIBENI AR R RS, HES eI ERFIIXPIZET, BEVIAR R F 5 Y &R
IIATP(Y (X)W AN, RIS A2 By /R ] etk

P(Y, | X, 3o X s L s 1) =P | X 1, B

i=12n (fFi=1FfnifLEEHRIN) (11.9)
MFRP(Y X)WL ERESRAFBENL S . EARTE R, XRIRE AT H), YRR B )%
HbR e 7P BIR S 751

11.2.2  KFRENLIA I S HALE 2

MRPEE L1, WAL 2R ERE AR A REN LA PCY OMIA 700 i 20, 35 D7 A 2 SCAEA
RBPTASG T A R

SERL2 (MBS BENLI IS B WP(Y[X) N MERE R AFREN L, UIAE
BENLAZ EXHUE X2 AF T, BN B Y BUE Dy 26 A F LR BT i 2 k.

P(yix)=%ﬂexl{ziﬂt(}’;-u}’.—v‘ﬁﬂ+Zﬂ;3:(}’nl'sf)) (11.10)
ik id



Hr,
Z(x)= Zexp[z ALY Vi X)) + Zy,s,(yj,x,i}] (11.11)
y ik i

W, ¢ FsRRFAE R AL, AT N BB . Z(x)Z&RTEAE T, SRAETLEFTH 7] B
A BT

X (11100 Ak (11D ZE AT KRR R, KRG EMNATI
X, X RSy I R 2R . 20 (11100 A (LD e j 5w U 1 FORFAE B
B, WONHEREHE, BT 4arfa— MR, s&x XAES S LRRHER B, FROMIRES
REAE, OB T 4aiA B . (s ERAH T8, 2 R R g, @, REAE R £ s X
EN1EL0; 43 R RE SR AT BUE T, SN0, S5 FRENL 576 4 HRFE R 2t s FIXT
NIAUEA,, HHHE.

L MEBE SR AFREN LI R X B MERR Y (log linear model) o

N HE— AN

B WA —hE R AT IAX=(X,,X,,X,), BHFREFEIIRY =Y,
Y, YY), Y, Y, Y BETY={12},

R BERFAE L, s XS B [ AUE AL W -

=0y =Ly=2:20v I=2;3y 4=1
1% R BRI BUE A 1 ) 5%, BB O 26tk g, B

/ 1’ y';_ :]"vf :Zﬂxsja{i :233)
‘il(}’,-_“}’,.,:(,z):{ 1

0, At
.

L, =Ly =Ly, =1x2) A, =05
L=t(y,=2,y,=Lx,3) A, =1
to=tln=249=182) A =1
t,=t(,=2,y, =2,x,3)» A, =02
s, =s,(y, =Lx1), =1
s, =8,(y, =2,x,1), i=12 M, =05
s, =85y, =Lx,i), i=2,3 1, =08
8, =8,(y; =2,x,3) u, =05

X E R FE X, SRARIEF Ny =(y,,y,.y,) =(1,2,3) ARG A AR CRISA BR
CLREEAL R 7 I 26 A R
e sl (11100, ZeMERESRAFRENLIAIEAL N
M ;

3 3 4
P(V | _X') oc exp[z fi‘k Z""A {.}I,f_[ ayn-x'rj} + Z#R Z*‘;J.- (J}f » Xy E)J
k=1 =2 k=1 i=l

X4 RE P Fx, FRic 7 Ally = (1,2,2) M AR VAL S A
P(y, =1,y,=2,y, =2|x) c exp (3.2) =

1123 FAFRENL R AL 3



AN IR AT ULt A R om . IR B AHE (11.10) F R —FR-EE %
ML BHA E S, AT USRI —AMFFIEE SN ESR A, R B3R e L o — N 2 Rk
?Eﬁl‘ﬁ;ti‘zﬁé?)tﬂHﬂ%%#ﬁiﬁﬂ%gﬁﬁ*ﬂﬁﬁﬂ%*H%ﬁﬁﬂ%lﬂ‘]Ij\]ﬂj\ﬂ%ﬁ, B 2% A Bl L7 1
it =,

NTEEER N, BB RHE AR RHE A HAE R G — MR 53R m . WAK AN
FERHIE, KAVIREHRHE, K=K+K,, id

e G Xi), k=12, K,
AR ti)= {-ﬂ()’,,l‘J), E=K 45 [=1,2,,K;

SRIE, AEERS SARARELE S M B DR, i fE
LGxE Y filyi uimd)s k=L254K (11.13)
i=1

Filw, 22 T AL () AL,

(11.12)

A E=L254K, T
W m,, k=R Bl e R |
T’ RN (1111 ~ (11.12) "J&RN
h
P(y|x)= 7 expg w, f, (7, %) (11.15)
Z(x)=Y exp ) W f,(y.x) (11.16)
v k=1
o AW RBUA [ &, Bl
w= (W, Wy, Wy ) (11.17)
BAF(y,x) 327 4 R AE o B, B
F(y,x):[ji[y,x),_f'l{y,x),---,fK(y,x))T (11[8)
M 2&AEBEHLIZ ] LS Al m) w5 F(y x) 1 N R T
exp{w- F{y,x))
P (v = 11.1
(V%) Z 0 (11.19)
Hrp,
Z (x)=>Y exp(w-F(y,x)) (11.20)

11.2.4  ZRAFRENL I FERETE 20

FAFBENLIZIE AT LA AR FER R . RRP (YX)Z N (11.15) ~ (11.16) gtk
HERAFBENLYS, RARXT A E T Bk, A RLIFRIC)T Sy AR . 5] JE AR IR I Ak AN
2 RS bridy, =start, yy,, =stop, XKP (Y|X)A] CLd ek R XK s .

o W B A — A Ei=1,2,...,n+1, 8 X— A mAERE (m2bridy BUE A
#0



M (x)=[M(y_ .y | %)] (11.21)

M, (3,53 | x) = exp(W,(y,5 3, | 0) (11.22)
K v

W (¥is ¥ | X) = D W (D i Xo1) (11.23)
k=1

O, ST, BRICR Ay AL A T LU | MR OTER
[LaMiOmer 9%, £, srrme vpos

I n+l
P(v1x)=— = | AR (11.24)

Hrp, Z )N T, ot I FERERSRIRE (start,stop) JGE:
Z,(x) = (M, (OM, ()M, (%)), o (11.25)
HEE, y,=startSy,,, =stopRnH RS E L ILIRE, FVEAEFZ, (x)/2 Ustart i 5

n+l
stop N4 BB R M By, v,y el Lo MiQie 3 1905 1 v
1 T 7 i — k.
B2 45— L OFTR A R & BN, WSk, RAS T ly, i=
1,2,3, n=3, #tricy€{1,2}, fky,=start=1, y,=stop=1, FMiEFIFEHLEEFEM,(x),
M,(x); My(x), M, ()73l

Uy Ay ] -bu by,
.Ml(.’(]: ' Mz(x):
0 0 | | By by
M, (x)= {Cn Ci2 , M,(x)= 1 ﬂ]
¢y Oy | 10
HRRZS 7 51y Phstart L sistop N2 s T BE A2 1 HE RS AL B 26 A FYE A0 IR 7-

iR B E L6 MstartBstopXf b Ty=(1,1,1), y=(1,1,2), ..., y=(2,2,2)% %
1 I A R A 20 Sl

aﬂ]bllcll ! a{ﬂbllc'll 2 a[]lbllcll ? al}lbl:z(’llz
aﬁ}2b2lcll 2 aﬂlbllcll ! a[JZbZICZI : at}lbllcﬂ
start 1 1 1 stop

Ki11.6 CREEEEZE

IETEE (11.25) RIVEAH 7. @ THRHRERM, (x), My(x), M,(x), M (x)A]
H, HBEUTHEIIINITEREN



O e P T e ol I R e e P o)
+ay, by \¢,y + aybyicpy +ay b0y +ayb,,c,

Pl 25 1 Mastart S stop 1) i A 642 O AR REVE AL BE R Z AT, BIVEAL IR T Z(x)

11.3 S5 FENLI BN 2R 1 5 ) i

A BEALIZ IR T B )R 25 8 25 A BEHLIAP(Y|X), T Fix At 7 5y, &
ZMERERP(Y =y |x), P(Y.,=y..,Y,=yx) LA R I ECE R R i . N T 7 R W, 5
R I JRmT RAEAVHSRE, SIEERT -5 A m L A 5 DL B MR A . XA Sk
FRONHET ))& R Bk

11.3.1 /i l9)-j5 A &k

SRR =0,1,...,n+1, & AT A &a(x):
a.:.(ylx):{& ;?.y._msmﬂ (11.26)
EHEA TN
a (v |1 X)=al (v, | XIM,(y ¥ | %) i=12,n+] (11.27)
N[ RIRA
al (x)=a, ()M (x) (11.28)

a(y ) FEAL BRI bR 2y I B2 BT b 7 20 B JE Ve, y, TR
AHm, Frlla(x)£Zm4Es & .
FIRE, XHEAERRI=0,1,...,0+1, 5E s M ER(x):

. s ]" yu—l :StGP
ﬁ.«nl {_]"”,.1 | X) 524 {0* 11]_ !L”J ( 1 129)
:Bi (y.i |I} = ‘M{(y, 5.]"‘,'.| |I)JB; -1 (J"‘, r1 |x) (1 ] 30)
SRR
B(x)=M_ (x)f.(x) (11.31)

B.(y, )RR TEAL Bl bric Ny B N+1 En i J5 5850 Fric 5 F10 I AE ARG AR 2
FH AT 7] -5 1) ) 1 A HEAS 2]
Z(x)=a (x)-1=1". B (x)
XE, 1RITRINIImZES| A &

11.3.2 xR HE

PR - B R S, AR 50 T Bb S R B iy 10 2 PR B R 25 G
Hi-15i2tridy, My, F5& 5B



a' (v | x)B.(y, | x)
Z(x)

P(Y,=y,|x)= (11.32)

@ (Yoo | M, (3,59, 1 ¥ B3 | X) (11.33)

P =yt =y|0)= Z(x)

He,
Z(x)=a, (x)-1

11.3.3 HEERHE
PR 105 T 10 8, T DA BT B 06 T I & 40 A PCX,Y ) R4 AR 43 AR PCY X)) 0 5

FHIE,

RFIE B HLE R T 25 A 70 AP (Y | X) BB B 82
Emm--,[ﬂ] o Zp{ylx)ﬂ (v, x)

_% A @y Oy [ M, (1,3, | ¥) B (3 | %)
_§]§ft(yl—l9yi!x’l) Z(I}

=12,k (11.34)

Horp,
Z(x)=a, (x)-1
IBBE S 53 A7 I P(X), AL B HRE SR T I A AP AP O, Y) OB T 2

n+l
Epixnlfi1= 2 PO )L [i0as Yo o)

=Y @Y PGIDI. £ o)
X ¥ =l

i n+l ) 1: i M o . (y,
~TEOY T £y St Lot EDan 1900 10

k=12,---.K (11.35)

=1 ¥y

Hr,
Z(x)=a, (x)-1
0 (11.34) A5 (11.35) AR R AU T — B A T X TR RS RFIE (y .
bYpXo 1), k=1,2,.. K, FTRLR AP B Hepe s X TARZSRHE, 0T LR 20 rh B £ 3 plts,
KR As @y, x> 1), k=K+, 1=1,2,....K,.
A0 (1132) ~A (1135, T4 RN FESIx 5iR1c 75y, 7RGl —k
AT T e, X Z(x), @ — R R, AT T AR AR Y
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Wi DL B U (S I SEARIEB)
11.4.1  SudkE kAR R vk

TR EAREE, T AN A0 P(X,Y). 1 LIt B R AL I 255 i) el
SRR R R IR S 4,
I EREHE )6 BLLIR pR EUA

L(w)= fW}lwﬂ?UH)” vaWmeu)
P, —*A&ﬁt<n15>$m£(n16>%ﬂmﬁ'#&ﬁU%ﬁth PAEALIEZNT A
L(w)=>_ P(x,y)log P,(y|x)

= Z[P{x, y)z we f, (v.x)— P(x,y)log Z, (I)}

Z w o (y,.x;)— ZlogZ(v)

SO BB PﬁLﬁil%_ﬁE’JﬁPﬁT Lﬁﬁmﬂi&zuﬁk@%ﬂz}ziﬁ’ﬁﬁ o N
X AR R E ) B o BB T S A B w = (W, W, .o wy) Ty TR RIS &6 =(
0.,0,...0)" HHSHnEAW+d=(w+0,w,+0,,...,w +0 ). TERPIEL RS, ool
FEEAR B AR UCRE (11.36) MK (11.37) , 1{2I6=(5,.6,.....0)". #HEFHZ
EAR6.3.177,

KT R RHE IR 2N

n+l
EfL1=D PAIY 6 V%)
X, ) =]

= n+l
= Z P(x)P(y| .1‘)2;'A (¥ ¥ %, 1) exp(6,T(x, y))
oy =l
k=1,2,--,K, (11.36)
TR HFHE L I B B T FE N

n+l
Esls1=) P(x,y)Y 8, %)
x,) i=1

= ZIE(I)P{}’ | X]Z“"r U’;~-\',f}t?xpifﬂ-.,”?‘(-tjf))
X, ) i=1

hllﬂgz (11.37)
B, T(xy) & EEHE (x,y) 1 H P)ﬂ’_&T %ﬂE%&zE‘J SV 1P
T(x,y) = Zgwﬂ ZZﬁuulrU (11.38)
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(1) XHrAkE{1,2,... K}, B¥EW, =0
(2) XHF—ke{1,2,...K}:
(a) Hk=12,.. KK, &6 2Tk

” n+l
2 PP ) 4,515 75D exp(8,T(x,¥)) = Ejl1,]
X, ¥ i=l1

I fi s
Hk=KH, 1=12,.. KM, 2K 2T

> PP X)) 5,5 %) exp(Sy , T (%, ) = Epls,]
x. ¥ i=1

Hof, STy R (11.38) 2.

(b) HEHrwll: wew+8

(3) WMERAZEFTHw IS, EETIRQR).

A (11.36) Fizl (11.37) 1, T(xy)RasEIRXY)F HFRHME S E, XA R B 5
CLY)BUE FTREARTE . A T AEFHIXAN W] BT, 58 CRAShRFE

s )=8=2 (Vs Yo%) (11.39)
i=1 k=l

RS — N H LW KA ST BRI E HHEXY), s(X,Y)=0/%
3o IXIHEFE R ATELS

R (1136) , X THAHREL, 8,0 Hife R

1+

D PPy | )Y 1, (s ¥ X.0)exp(5,8) = E; 1, ] (11.40)
X,V i=1
E.
5A,=llogﬂ (11.41)
S E.[t]
Hrr,
fi+l T
E (t,)= Zﬁ(x)z Z L (Vi i, X,1) e (Y] X)MFE’;’[;;}- Y 1 X)B, (v | x) (11.42)
x =l ¥4
FFEHIS (11.37) , XTARESHHEs, 8 18 Hi 7%
3 PP | 1) 5,00 10V €xp(Ey, 1) = Byl (11.43)
Yy =l
& e L Erlit] (11.44)
S T Els]
Hrr,

" T
Epx(s) =D P(x)). Y 5,(3,,%.0) 2 O, |;zf; 0 1x) (11.45)
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FRIE S B KA T(x):
T'(x)=max T(x,y) (11.46)

A AT -5 A A, AT DRE S HTx) =t
X, KT MRS B SE B 7 R AT LS e

- n+l
E;lt, 1= ZP{I)P(}-‘II]Z-‘].[_L’,_U_l’,-,):',f] exp(9,7'(x))
5 i=1

fi+1

=Y Px)Y. Py X)D .t (viys ¥y x,0) exp(8, T (x))
v ¥y i=1
=Y P(x)a,, exp(d, +1)

||||||

=> a5/ (11.47)

KL, EAMEPOMIRHE, 8,=logB. BEZTIRIEE (1147) Me—[STHL, Ay U4
RS . TSRS,
FIRE, X TARAVERE B 47 7 LT LS B

E;[5,1= Y. P(x)P(y|x)>_s,(y,.x.))exp(; ,, T(x))
X, ¥ i=l

=Y P> Py -ﬂi 51 (v X, ) exp(S,, T(x))
=3 P, expl(d, -1)

T
=% Bl (11.48)

r=(0

XH, b KL THIERE, 6,=logd,, S 2ZWATE (11.48) ME—HJSLMR, WATLLH
A RAS -

11.4.2  fLA4dyk
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exp(z m,f;(x,yﬂ
P.(y]x)=

=1

Z exp ( i w, f; (x, y))
i=1

(11.49)
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min () =ZﬁtxllogZexp(imﬂ(x,y)]—zﬁ(x,ymimﬂ(x.y) (11.50)
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gw}Zﬂm%MWhn E;(f) (11.51)

UﬁFﬂaﬁ/z%E’JBFGs%/z%ﬁnF
L1112 CGRAFRENLIA I AL 2 2 M BFGS %)
N FFIERREU L. . £ BRI PXY);
i RS REW: SRR, Ww(Y[X).
(1) PEWILE HwWO, BB NIEE SRR, Bk=0
(2) g =gw®). #g =0, NI, FE (3)
(3) EEBkPk:‘ngRijk
(4) —4EH % KA ME
fW® +Ap )= 1}1_i33 fW® +Ap,)

(5) Bwkh=wh+l,p,
(6) ‘H‘ﬁgk_lzg(w(k‘l)), %‘gk:O; mU{';E*"Lti+ﬁ, ﬁmu: ETﬂﬁ%tﬂBkl
v BG5S B
B =B JqlJf _ ﬁf&fg.:- il
», 0!.- és— Bg-bk

Hrp,
(k)

~ (&+1)
Ve=8in—8&+ O=w T —w
(7) BEk=k+1, # (3) .

11.5  ZHBENLI IO T 532

S A BE ML B FI0I 7] B2 25 22 2 A BEALIAPCY X)) RN T 51 CIRINF 511D x, KA
MER RS 5 (BRid im0 y™, BSOS 3R AT brid . 2548 BE ML ) T S92 /&
FA MR L (BIARP10.47)

H (11.19) 7[45.

y" =argmax P, (y|x)

exp(w- F(y,x))
Z, (x)
= arg max exp(w- F'(y,x))

= arg max
|'|.

=argmax(w- F(y,x))

T, SR BN R TR i) R SR ARG 2R A K ) R AL B A ) et
max (w-F(y,x)) (11.52)

XH, Rty sl. K,

T
w= (W, Wy, =, W)

F(3,3) = (£33, £ (090, e (1)
L0 =Y Ly k=12:K
i=l



ER, X R T EAEOE R, AL EME, LR KIEE R AT KRR
Bz, B (11.52) Bk TR

max Zuf-ﬁ{y,._l,yﬂx} (11.23)
& i=1
o, .
F: (y,-_| '!.H"!x} = {}{'I (y,.'_| '!_V;'axsj}:f:g{yr'q « Vi ,x,.*'),- ' '-;_f::;(_]"';_| . Vi :x'!f))]
72 Ja HRARFAIE [F) B
NHAUR 4R LR . B ESRHBAL B 1S MR =1,2,... . mP AR L2

o (f)=w-F(y,=start,y, = j,x)» j=12,---.m (11.54)
— M, HIBHEAR, SRR EINSIMREI=1,2,.. mAAERTEARER i e, [F]
T 3 A Y A M 2 s R 1 42
o) :]r_nax{dr_,(l,-")+ weF(y,=iy=Lx)}, 1=12,m (11.55)

¥ ()=argmax{s_())+w-F(y_=jy=Lx)}, [=12,---.m (11.56)
I=ji=m

HBli=nl 2k, JXISRAGAEVEAER 1 K AE N

max(w- F(y,x)) = max d,(J) (11.57)
R AR 2% R
¥, =arg max &, (j) (11.58)
1 It e L A 2% IR ]
=¥ (v )i d=sn=La—2sw] (11.59)

KRB ZY =N V2, Vo)
g ERTIR, 15 25 BENLIZ T ) 4E 55 L B
FIE11.3 R AR L7 TR0 A 4845 B 556D
BN BARURHIE M = F(y, ) ABUE R Ew, WITFIIX=(X5 Xo...0X,)s
Wit mEEYy =02, 0.
(1) Wiaatk
o,(f)=w-F(y, =start,y, = j,x)» j=12,--,m
(2) #HE. XFi=23,...n
6,()=max{s, () +w-F (v, =joy, =L} 1=12,m

P =argmax {5, () +w-F (v, =y, =L}, 1=12,m
= J=m
(3) &Ik
max (w- F(y,x)) = max &, (/)
¥ 1= j=m
¥, =arg max g, (j)

(4) R [AEgAE
v, =¥, i=n-ln-2,-1

REBRE Ry =N, Y2,.. V).
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i=1

(1 w16tk
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i=1, sM)=1, &(2)=05.

(2)
i=2 &, (1) =max{d,(j)+w- F(/,1,x)}
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PRS2 SR T R R BRI M) 1o ATRAVONRHIEE R, A BTRR A K
HhREAT IE ML AR AR A it

SETHITERI Y 2 ] R AL R INAAR T L Bk pR B P B R B L, R st
A ) Je 320 22 IR, OB RE AL H b el B H

EMUEE & — RS AR A & PR AR B AR R M U5, e st nT DUORIE,
e AN REDRIEYS SR 4 =y e A -

SCRFIAENLEE ] IR BV 5 SRR R 22 3] L SR AR RENLIZ o 21 LAk 1)t
R I AR ORAIEAF AL o 10 HLA 22 3 [ UL AN 2 AR 1



fiscA BRI R FEA

FREE N B#VE (gradient descent) B &L (steepest descent) f&RAETCLIR A
v ) — e I 798, A SEI TR AR i . BE R N BRI R IE R, B — PR R R
H A R ES R JEE T B
Bk f(x) 2R EHA —WriE Sl T EU0 s E . ZERAE I TC AR LAk A 2
min f(x) (A1)

X7 H b bR () (IR 53
BERE N B MBS WHGE M PIEX®, AWHEMA, EHxKE, #1T Hiz
PRELI BRI, BRI, R SRR 5 A 2 A6 R BB P bR 1], AR IEAR B —
A, LSRR EE T TR0 SR AR, AT I8 1D e SUE  H A
%%m?f(x)ﬁﬁ*%i@i%%ﬁ, A EGEAUE I9x®, AR ) AEXORTE AT — B 28
7t

fx)=f(x*)+gf (x-x*) (A.2)
XH, g =g(x®)=Vx®) Nx)TExO IR .
R Sk TE AR A XKD:

p g By Lo (A3)
Heh, pRIERITI, UGBS T p,=-Vix®), AR, m—l R, WAL
f&Y+ 4 p)=min f(x* +1p,) (A4)
BRE R 3

FVEAL (BB RBEZ
HWIN: HISREAx), BEREgx)=Vix), THEHFEE;
i fOMIBN X,
(1) BHIIEMExOeR, BEk=0
(2) HHHEAx®)
(3) HEMEg =gx®), Y|gl<EWF, FILIEMR, Sx'=x®; FW, Lp=-
g(x®), R4, fi
fE + A4 py=min f(x* +Ap,)

(4) ExCD=xO0+Ap, THELxED)

)| f(x & D)-f(x®)||[<E B x K V-xO||<E M}, 1 IEIEA, Sx=x*D

(5) &, Bk=k+1, ¥ 3) .

2 HARRECE RR A, BRI N AR e R . —RIGOL T, HRANRIIE
ARt AR . R R A R A S Bt R AR R



ff kB AR AL DL A=

2ifijiyk (Newton method) FIHLA-#7E (quasi Newton method) & 3R # T4 WA
A BRI H 77, AWSCE R . ARtk 2 kR, D R ER A H bR ek 2L
[P BEFERE SRR R, THE LA 2 . AR I ik T 0 U Ok S o ) 10 o o i
FEHERE, Wtk TR RIS

1. A=y
ST R EBARAL ]
min f(x) (B.1)

Herbx N H bR B AL BRI
" BB B S AL 5 BkIGE A, WA ExO T #ET — k2
JETT

f(x)= (") + gl (x—x") + %(r — "N HE" ) (x - x) (B.2)
ZKH, g =g(x®)=VHx®) & ix) Ik E MR SxORE, HEO)Z(x) MR (Hesse
matrix)
12
H(x}|: i } (B.3)
ox,0x; |

FE R OHIE . @%&f(x)ﬁi‘&ﬁE@M\é%#x%ﬁ*&ﬁﬁ&i—ﬁﬁ@%ﬁ&?ﬁo, BB L I R 090. HF
72 HH(xW) A 1 FERERS,  BRE) IR B R/ ME -
PRI AR /N R s B S A

Vi(x)=0 (B.4)
m)izng,axwﬁs, K HFRREI N L AE AR TOEEXCD, Bk, R
X +1ﬁﬁ .

V=0 (B.5)
hm (B2) A

Vi(x)=g, +H, (x—x"") (B.6)
HHAH =Hx®). X, X (B.5) KA
g +H (% —x)=0 (B.7)
A,
D ) H,;T]g;. (B.8)
B
x[k—l: :x{kl i pk (B{))
He,

H,py==8; (B.10)



=0 (B.8) 1ENIEARA X E 2 2R k.

HEB (AR
IN: AAREREU(x), BEg(x)=VIix), HEBIEMHX), HEERE,
B fOMIBN EXT.
(1) 65X, k=0
(2) g =gxv)
(3) #lg /<€, MHF I, HiEilx=x®
(4) iF5H,=Hx®), FKp,

H,p. =-g
(5) Ex(k”):xa‘)—i—pk
(6) Bk=k+1, ¥ (2) .

R (4) Rp, Pe = Hl'ge, soRH, {bisgse, Bl Bibsci ik,
2. ARUA

E¢m%m%ﬁ$,%gﬁﬁ@%ﬁgﬁgﬁ@w,ﬁ#ﬁﬁmﬁg%,%gﬁe
ARG, =GOE R e = H (7)) S R R sk 3 A A

e T R AR HhI B ML SR 26 1. 9%, HUOME UL R &. 738 (B.6)
HPx=x&D, Rif5

e — & = H (x"" = x©) (B.11)
1Ly, =g Ok=x®Dx®,
y, =H,3, (B.12)
"
H'y, =6 (B.13)

A (B.12) 853 (B.13) MﬁMﬁF@i%#o
m%m%E%%(me%E%%>,%Zﬂu%ﬁ¢@%ﬁ%ﬁﬂm%T%ﬁﬁo
XA AR 2p =-Ag, M (B8 H

=X dp =t T e (B.14)
L) ZEXOMI ZE BB TF S (B.2) T LAEALE iR
f(x)=f")-Ag/H;'g, (B.15)

WH Fre, et €eHe 80> 0 M A0 A g NS, B R0<fx®), HHtE
poe FRETT A
G HE I, BORAMEG i R RIS IR, B, RRVORIRIEREG,
RN, FIR, G R A
G;—u]..vx :‘5;.- (B.16)
H BB A5 2% P PRGN H e A B B S H, PO O F) S il A 02
BRI, ZERR UG A AT DU ARG,
G,,, =G, +AG, (B.17)



EMk A — e RGN, BIbA 2R EAARSEIT % T 4HBroydendS A 15175
3. DFP (Davidon-Fletcher-Powell) %7 (DFP algorithm)

DFPRILIE G, WA, R D IEAUP ARG, 2 1GNP 4SBT
ffr, RI

G. =G, +P +0, (B.18)
Hrbp, QuERiEmpE, X,
G.inw=Gy+Ey+0.y (B.19)
NAEG,, i RN E AR, AIALP QI A2 «
Py, =6, (B.20)
0.y, =—G.y, (B.21)
HL b, AHERHIXERPAQ,, HIhnHL
s
P =Lk B.22
k 5:}’; ( )
¥ oy ’,T a
£%=—E%ﬁﬁi (B.23)
.Gy,

XA A A B FEG, , IEAR A 3K

5 AT s T
:G +{}Aaﬁ. _(IJ.-)’}.--‘A(IA- (824)

G .
: SV VG

k+1

MRONDFPHE V.

ATUGIERH, SR ATGFE FEG & 15 1), WG A2 i AN R G R IE 2 1 o

DFPHEEUIT -

HyEB.2 (DFPHEE)

BN HWRELX), HEgx)=Vix), KEEKRE;

e fOMIBN ExT.

(1) EEYIE A, WG NIEES A, Bk=0

(2) g =gx®). #HF|gl<€, NWHEILTHE, FIfEx=x®; BNF: (3)

(3) Ep,=-G, g

(4) —4R: RKAMH

fEO+ 4, py=min f(x* +Ap,)

(5) Bx®D=x®+]1p

(6) HHg., =gx&), Flg. /<€, WHFILTFE, JiEAEx=xCD; H, %X
(B.23) HHG,,,

(7) Bk=k+1, ¥ (3) .

4. BFGS (Broyden-Fletcher-Goldfarb-Shanno) %7 (BFGS algorithm)



BFGSHI% /& i AT I A %
A UL R ] G s T i SRR B A AR R, ] DL B HIB J8 T HE R AE R HL
=N P I VAEHE PR RS S A

B, .10 = (B.25)
AL ERER T3 2 0 — iR A Bh4
B,,=B +F +0Q, (B.26)
B, .9, =B, + BJ, + 0,6, (B.27)
7 [EAHP ANQ, I A2 «
F.6, = (B.28)
A (B.29)

HHE S FZFPAQ,, HRIBFGSEIEMEB,, HIERAR:
Y _ B 8,9, B,
}’; -5:.- 5:- B0,

ATULIERH, W RATIGHE FEB I e 1Y, WA 2 Hh BN 56 BB AR A2 1E 2 1

TS L BFGSHL A= 4595 .

B3 (BFGSH )

HiN: HIFERELx), gx)=Vix), MEERE;

e fOMIBN X,

(1) IEEVILE S, WBONIEEX IR, Bk=0

(2) g =gx®). #F|gl<€, NWHEILTHE, FIlfEx=x®; BNF: (3)

(3) HB, p,=-g Kitip,

(4) —YEE%R: KA M

G+ A p)=min f(x* +Ap,)

(5) Ex®&D=x®0+A p,

(6) g, =gx®), FHlg., <€, MHFIETHE, B =x00; B, %A
(B.30) EHB,,

(7)) Bk=k+1, # (3) ,

B, =B, + (B.30)

5. Broydenzk%i% (Broyden’s algorithm)

AT LABFGSHEH FEB, FIER AT (B.30) 8 EIBFGSHEK TG EAR A K.
He b, %iEG-'-' = B‘;l r Gea = B-;El * AT (B.30) PR H ShermanMorrisn A TUUE]

15 __
_ sy Y. (. 6y') 86"
o [! N &TyA ]G& {! R 5;-1-,.'-} ] " ‘5,'..-1.}'.: (Bal)
MABFGSHIE R TG IERA K.
HDFPHIEG, MIEMR A (B.23) BRIMIG,, 1c/EGP™, HBFGSHILG, MIEMR AR
(B31) 13EIMG,, 1IC/EGPSS, EAT#H L M, Rl eEfIgitHE




G,, =aG™ +(1-a)G¥® (B.32)

Wip R A, MHZIEEr. Hrho<a<l. XFEHER] 7 —FF00HE, KN
BroydenZ& 5% .

R
[1] Sherman-Morrison A5 A Znl WA, wyvindtn &, HA+uv 2o 5, )

S
4 A we A

PR P U
N 1+v A



ff=xC S BA H X5 %

EL R A, R R RoRs B &M (Lagrange duality) 8 J51 46 ) 20U 46
D A e g, 30 S A A 1) T 4 B SR AR IR R R . T RN A VR 2 Giit 5 21T,
fan, ORI S SRR AL, X B EERUA R A% B H OO A RS RIS R

1. JR46 A &

B, (00, h(x)EiE AER® FHUSELE TR B, 4 20 R D 1

min f(x) (C.1)
st. ¢(0)<0, i=12,k (C.2)
h(x)=0, j=121 (C.3)

PRI 2 A A 10) A IR 4 e e A ) R R 4 i) R
B, Gl Hikg B H BR%L (generalized Lagrange function)

& !
L(x,a, )= f(x)+ D ac,(x)+ 3 B, (x) (C.4)
XH, x=x"x2,...x"))T€R", a, Bj%m%ﬁﬂmﬂf@% a>0. 75 JExIP K%L
Op(x)= max L(x,a,p) (C.5)

B, FRRPA R FA
P S A 1 R S B O 20 SR B i e (w)> OB 7 7E
A (W0, WA

G.(x)= max {f’(x} - iar.q(.r) - fZ,{i’ihl(ﬂr)} =+ (C.6)
@, By =0 =1 f=1

RUONE A MEL R e (x)>0, WA @a—+00, FHHEANj M (x)£0, W 4B fERh(x)—+o0, T
K H AR S, BIIEUNO.

A, R R LR EE R (C.2) st (C.3) , WlEt (c.s) Al (c4) T
L, 8,x)=1f(x). K,

(X)X AR R ) R A
é?‘,,{x}—{%o, o (C.7)
JIT A G 2R 2% & AR /MK 7] R
min &, (x) = min 1E330L(x,a,,{1’) (C.B)

e S Rm R (C.1) ~ (JC.3) SO, RPEATA AR R 1)
min max L(x.a.p) - . ‘ L ‘ .
° PR ks B H e B MR R KRR, At IR da i

x afo=



I R 7R 9T SCh kg B H BRI AR AR R . R 778, 58 SR 6 1A R ) s e
p’ =minb,(x) (C.9)

PR JELGE ) 258 A
2. 0 A

E X
0,(a, ) = min L(x,a, ) (C.10)
ﬁ%@*&jﬁ%gﬂ(a'm =111§11L{x.a._,8) n
1};3:5"90(&,6) = r}ga)iu min L(x,a, f3) (C.11)
X max minL(x,e, ) . | ‘ . X
] B @.Fe=0  x PRI SCRLRS B H R AR R AR /S )t
AT LLKE S SRS B H BRI AR R W] /S 18] 2 s o 20 R s ARG 1)
mz}@x O, (a,f)= ma}gx min L(x,a, f) (C.12)
st =04 I=L2k (C.13)
PR JEL06 1) R AR A T o 5 SO A 1) R e AL
g = '}}a_’f_ﬂon'f“*ﬂ) (C.14)

PR A A8 17 PRI
3. JELGR ) RN £ e 8 ) 5% 2R

T TV A ] RS A e R OR R
EHLC. 5 GG ) SRS () A s e,
d’ = max minL(x,a,f)<min max L(x,a,f)=p" (C.15)

o o =0 x v a0

E B ca2) M (C5) , SHMEEapiIx, H
O,(a,p)=minL(x.a,f)< Lix,a,p) < nﬁmx L(x,a, ) =0,(x) (C.16)
v o, =0

Hl
O, (a, f) = 6,(x) (C.17)
H T T T AT 4 ) 22 A e A AR, BT EA,
1;1{1_&1.);{06*0 (a, ) =minb,(x) (C.18)
Hl
d’ = n!}.ax_n min L(x,a, ) < min 1}:._ax.“!.(.r,a.[3}= p (C.19)
| |
#iC.1 WX Fla™, B Al B AE R 8 (C.1) ~ (C.3) FIXHHEFES (C.12) ~

(C.13) WRATfE, JEHA =P, WIx"Fla",B™5) il fe J5 4 e A0 45 o] 2 10 5ot 110 A o
FESCEE AT, JEUR ) RS A 1) R B LB AH 55, d7 =P SIS AT L g x4 il 7t
B n . T T DARE B R S UBGR AT 5% (1 B ZE L5 1R 1 A TR .



FEHC.2 FBREFGHFS (C1) ~ (C.3) FXHEF (C.12) ~ (C.13) . [REE
) Me,(x) &M EREL bR EREG I HBRBAFERL e ()R ATATHI, HIfFAE
X, MTAITHCc(x)<0, MIAFLEX"a" B xR IG @, a Pt i &, A

p =d" =T 8") (C.20)

EFC3 MFEBRGE (C.1) ~ (C3) AXHHRE (C.12) ~ (C.13) , Bk EKEk
f)Fle ()2 R EL h()RDI R, I EAE L W ()& AT, Wx"Fla”,p" )
S Do T AR KA i) A T AR 1 78 0 0 B2 A X 0", B A2 N THI 1) K arush-Kuhn-
Tucker(KKT) 2k 14

V Lx,a,8)=0 (C.21)

V. L(x',a',f)=0 (C.22)

V,L(x',a",5)=0 (C.23)
a'c(x’)=0, i=12,-k (C.24)
S0, BTk (C.25)
a =0, i=1,2,-,k (C.26)
h(x)=0 j=1,2,+1 (C.27)

R, R (C.24) FRAKKTHMHEE AN, R AT %% >0, Mex)
=0,



G|

BRI T] (Occam's razor)

B 2% 3] (semi-supervised learning)
D45 1F (Bayesian estimation)
LeRE (bit)

141 Cedge)

bRy (tagging)

AN5E4 B (incomplete-data)

ZH 2% (8] (parameter space)

5% 7 (residual)

MAREE (test set)

M E R (test data)

MR 2 (test error)

HHE (strategy)

BT Ey R A] K (pairwise Markov property )
] MEFRIE (part of speech tagging)

M ER%L (cost function)

AR R (surrogate loss function)

A5 IEE R (signed distance)

B0 (celD

F# K] (dynamic programming)

SHEE L (dual algorithm)

XHE A (dual problem)

X L# (log odds)

STEUUSRR K PR (log-likelihood loss function)

Sop #4812 BB (logarithmic loss function)

TR PR (log linear model)

ZHF RN (majority voting rule)

Z DZ AR AR (multi-nominal logistic regression model)
Z A% (polynomial kernel function)

T IUB i A AR (binomial logistic regression model)

1 (penalty term)

ZMHE 7] (generalization ability )

Z MR ZE (generalization error)

MR Z B AL (generalization error bound)

e 2~>] (unsupervised learning)

AELR M SCRFIM E ML (non-linear support vector machine)
72K (classification)



91954 (classifier)

FREEHM (classification and regression tree, CART)
43 BSEFIH (separating hyperplane)

A R %L (risk function)

MO RIEAR R E YL (improved iterative scaling, 11S)
MEZIE L IERf (probably approximately correct, PAC)
M2 E# (probabilistic graphical model)

MEZ TG B #7 (probabilistic undirected graphical model)
JEHNHL (perceptron)

% 3L (Gaussian kernel function)

R A (Gaussian mixture model)

fi4k s (root node)

{12 (estimation error)

WA E (observable variable)

MM F%1 (observation sequence )

I~ XA B H B2 (generalized Lagrange function)

I XK (generalized expectation maximization, GEM)
et A ¥ (normalization factor)

LA Cover-fitting)

LA (Hesse matrix)

PRI%LE] % (functional margin)

A UKL %L (hinge loss function)
¥ 771% (kernel method)

e # (kernel function)

315 (kernel trick)

H{5 & (mutual information)

X143 (partition)

B[ J9 (regression)

B84 (Gini index)

MR- K% (maximization-maximization algorithm)
W RKALERAE 11 (maximum likelihood estimation)
JU1E]F%  (geometric margin)

JLZ (odds)

InyEAERY (additive model)

1% %18 Chypothesis space)

(B % (margin)

Wi B2 >] (supervised learning)

BI4; (pruning)

X IAE (cross validation)

g5 (node)

ZERY RS e /M Cstructural risk minimization, SRM)
fifthd (decoding)

WLl 2 (approximation error)



2206 X6 (empirical risk)

2206 K Bt /ME, - (empirical risk minimization, ERM)
20504 (empirical entropy)

2K (empirical loss)

205545 (empirical conditional entropy)
FEHf1%E  (precision)

1217 JE K%L (radial basis function)

AR /R ] K% (local Markov property )
PR AL (decision function)

WRIEM (decision tree)

HFEMAE (decision stump)

Xt 451 2 %L (absolute loss function)

Fi#% B H3F (Lagrange multiplier)

Fi k% B H XHE P (Lagrange duality)

Fik% B H R (Lagrange function)

i hi °FiE (Laplace smoothing)

J5 (class)

ZKFrid (class label)

Bl —AZ XIAE (leave-one-out cross validation)
ZH T A (logistic distribution)

ZH i EH (logistic regression)

R RN (Markov random field)
ST FE S (Manhattan distance)

17 (model)

A%+ (model selection)

Wl 4E & (internal node)

%5 (nat)

L4ty (quasi Newton method)
Ry (Newton method)

KX ECEE 2 (Euclidean distance)

57515 (discriminative approach)
FIHHERL (discriminative model)

& (bias)

Fr K BB #0 (quadratic loss function)
PP HEN (evaluation criterion)

2 T3 (naive Bayes)

R DU Y% (naive Bayes algorithm)

SRR KSR (EMBNA)  (expectation maximization algorithm)
R (expected loss)
B 43P 532 (forward stagewise algorithm)



A A)-J5 M &% (forward-backward algorithm)
TE7EAF & (latent variable)

5k~ >3] (reinforcement learning)

SRR 223] (strongly learnable)

Y]/ A¢ & (splitting variable)

143 55 (splitting point)

2R /KA R4 (global Markov property)
BUE (weight)

BB [ & (weight vector)

B |a] bR i KAt (soft margin maximization )
g9A%%>] (weakly learnable)

1% Centropy)

" 715 (generative approach)

2 AR (generative model)

5265 (instance)

K% (potential function)

#iH==08] Coutput space)

A Z*E] (input space)

5 (data)

#y% (algorithm)

BEHLES N F&32: (stochastic gradient descent)
ik %L (loss function)

5 5 Coutlier)

FFIE K%L (feature function)

YFAEZS[A] (feature space)

FFIE[A & (feature vector)

BT (gradient boosting)

BhFE T %92 (gradient descent)

$2Ft+ (boosting)

FEFEM (boosting tree)

e 51215 Cearly stopping)

ZA1J# (conditional entropy)

%A-FHL3% (conditional random field, CRF)
S HLAR2~ 2] (statistical machine learning)
i) (statistical learning)

412421 )51 (statistical learning method)
it 2] B (statistical learning theory)
it >) M Capplication of statistical learning)
' —IXHK] (convex quadratic programming)
K (graph)

M4 (clique)

SE4HHE (complete-data)
HeRE L BIE (Viterbi algorithm)



WA (text classification)
IRZEF (error rate)

i JRAAFF 2% E]) (Hilbert space)

2 PE 4> (linear classification model)

LR 143288 (linear classifier)

et n] B dE4E (linearly separable data set)

26t m] 73 S FFIM EAHL (linear support vector machine in linearly separable case)
28t 48E (linear chain)

LR M BES5 1 BENLYS (linear chain conditional random field)
e PEFHE (linear scan)

28 S FF =AML (linear support vector machine)

{53855 (information gain)

5 R LE (information gain ratio)

75 i/ N LAt (sequential minimal optimization, SMO)
2313 (learning rate)

24 (training set)

WZEdE (training data)

YZkiz % (training error)

IE#E (validation set)

4% & (leaf node)

F4rfi# (factorization)

248 & (hidden variable)

Fa R ] RAEAY (hidden Markov model, HMM)
fifi [a) f& % KAt (hard margin maximization)
Al (directed edge)

RIZHLEE (cosine similarity )

T (prediction)

JRUG 178 (primal problem)

FAEMA /R1A%FZS A (reproducing kernel Hilbert space, RKHS)
HIEFE (recall)
IEEZREL (positive definite kernel function)
1EN4E (regularization)
IENAEIR (regularizer)
SCFFIAIE (support vector)
Y HEmENL (support vector machines, SVM)
f87~ PR %L (indicator function)
BH 25 PR (exponential loss function)
A7 (median)
RAFFF (state sequence)
HERI% (accuracy)
FRFERZ BB (string kernel function)
N JE M A5 1T (maximum posterior probability estimation, MAP)
B KIAJRE7% (maximum margin method)



B KA (maximum entropy model)

B KH (maximal clique)

el T FFi% (steepest descent)

B/ ik (least squares)

/N I la] M (least squares regression tree)

0-142 2K A% (0-1 loss function)

AdaBoost®H.7% (AdaBoost algorithm )

Baum-Welch%i7%: (Baum-Welch algorithm)

BFGS#.7% (Broyden-Fletcher-Goldfarb-Shanno algorithm,BFGS algorithm)
Broydenz&4i7% (Broyden's algorithm)

C4.551% (C4.5 algorithm)

DFPH.7% (Davidon-Fletcher-Powell algorithm,DFP algorithm)
EM#.7% (EM algorithm)

Fei % (F function)

Gram#fi [ (Gram matrix)

ID3%7% (ID3 algorithm)

Jensen /" %53 (Jensen inequality)

kd# (kd tree)

KKT (Karush-Kuhn-Tucker) 254 (KKT (Karush-Kuhn-Tucker) conditions)
kif4R7% (k-nearest neighbor, k-NN)

L ja%t (L, norm)

L,ju%t (L, norm)

L % (L, distance)

Minkowskiff % (Minkowski distance)

Q% (Q function)

SH HZk (sigmoid curve)

SHr A X5 iE (S-fold cross validation)
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