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E=Wo(v), (1.2)

Hrhg ()l 2L M. MR AER, NERRET FIAEIRE LT
He)a R, BRI B A T IE A X, (HAR Hg 15 N SE A
AHEE S EAER 2 A TR IR A 5 2 8] B JE i Y 2R AR TR g e 1 [ A2
() P CLE B g T T BRATTAGRT B 2 A 1) 4R 1+ e

1.1.1 % 3 X442

% — A B FENABE A 80 %D = {(x,e™) i n = 1,2, N}, H
Hrcm) e () 8 i — 4 iy, FLeO) Agx (36t B H bR B FRATT AT 55 A& 2% 5 —
AT o8 By = f(x), A3 0 B B2 D AE — B A (1) T 45 SRR T g
e, U R O R A MR 2 T, A B T A R

M
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ix

1.1 ZR M T AR Ay
gy R X (I KM e ), 75 BT 2 2w 3E47 0

tho NI, 7 E SORZE RBIF B B S Hwih 1k 2 R EBUEA T I — K
E SCNGRED EWF IR 2ZE iR E R, AR
E( *1 3 (n). ()2 1.4
W) =5 LG~ (14)
HEEZRZERERWRE. KX 13N B, A
1 N M
Ew) == Y (¥ wilx}/ —)2
2.3 j=0
XN S Hw R I FEOESHE T, 71§
N M N
Y Y w1 = YO k=012,
n=1 Jj=0 n=1
L SLEC
M N N
Y ow; YO = Y 0k k=0,1,2
j=0 n=1 n=1
FETF 5 ks
W()Z” 1[ ] + len 1[)5"}1 + ...+ WMZN [ n] —ZnNzlt(”)[x(")]O
WOZi,vzl[x ] + W1Zn= [x"}z 4+ . +WMZN [”)]MH Zilvzlt(”)[x(")]l
wo X0 XM 4w YN WM 4y BN [ ]PM = § N ) [x)]
5 SRR A
N0 BN e e )M wo Y e [0
ARTESC) LD WY P D Y B2 S I R _ N e )
HECRI LD SN RCILAS S N I N 1 B D Y R

FPUEN, B 2 IR R nT e, At AT ME— AR, B N
FH RPN RO 5 = f () AT 0L 051 O 2 I

s
Mo



X 1 2P

U RoR 2 A R — B B AR — NIRRT 9, (x) = X/, JFE A
i B B AR, W R 2 WG AT LY ROy IR S . i
ARLANEBIS N EOIM, R R 5 R AR B R g X

¢ (x) = [@o(x), ¢1(x), ... (x)].
[FIRER P 7 R A IR ZE R
1 N
EWQZEZpﬂmw%—NG% (1.5)
n=1

Xt BRIt FEOFEZ %, B

VE(w) = Z,{qu)(x(”)) — 1™} ()"

FRHEFEER, 17:

T pw = dTt,
Hrho N HRHERE, 17K DR, AR DAL IEm A,
Bl

9o(xV) 91 (x1V) .. g (xV)

o | 9E) aGP) ()

Bo(xM) @ (x™)) . gy (x )
t A PR T AT YRR A 1) B R AL R e i, B

t=[", @ . M7

H B ATR LA & B S L TN S 0 -

w=(d"T®) ot



1.1 ZR M T AR Ay xi

LSRR 4R, X R RES YRR AR,
B (LD s —BE. BRSO —ANrEw, 12— ME
FEW .,

FEHATNIE, FRAVBCF O sER Mk 7RG HE, Eaa g
B MERLA 0 AR AR B T e . SR, — AR )R AT A B
FSF 7 iR 2V R RO AN e R s, gt @iR 22 F— 1R
SIS X — T HOR AR IX Sk . RATERI, TIiREH L X2
VI ZREH 1) — Tl v T A 5 o

1.1.2 &PEwE )3
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BRI mREMEN, A R BV SR s S, SEAE. B
PATREH FERIP A IR LLAR, KB 25— AR 4L, e Ar it 2
HHRR 26 R ANB 58 PR W] AR (. SR, AESEBRM I, 25 8 31 ) Y
SORPE, ASFTREX IR LB — A B ERA T A8, WA RTREST R
ARMAR, B fH a0l AN EVE BB ARRE /. B, fEACHE
—MESH, BAIANEAZIRRZH T — BRATZMZ LG0T, e T
AHRENE. X TEIRE AN E VELE T LT A SIZF il AL e 0 1 AS AT 3k S o

XA HATTH SN AR AT R B 3RA R X LA e 1, JF s 2
BT BRI MRS a > P s RS, A
b LA = A SR R IT. AR S, B IE AR BRATx 2k
BEARA IR ZI A B 3K — PR BT A TR AR AR R ZE TR ) R %
FERIRARADR, JF2E T MO B R RS AT R ot AL ANy fig.

[ 3 2 BT PR E AT Sy = wl @ (x)o FRATA EE A5 21 0 T {Ey A0 H
PRAZ OB LGS, RIEAR T TP O R ZE AL AE . AR B AR e
y St Z T UAFAEZER, R RO AR th T AR IR R BEALAT, ABE . A
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t=ylx;w)+e
=wlo(x)+e, (1.6)

Hre ~N(0,871).

AR 1L.6MIE T —/NHx BUMEREME AR A Bk, mfAREL T
JELNE SR AR AR 1) B, PRSI AR It R AR TRy, B SR I AN R
A AR R B AR R S E e X — TN LR PER T4 (Linear Regression)s
FIrB EE, 2 Fi8 0 i N\ A2 Bkl H AR A8 fr 2 [ A TG R Ge it o0 i B
1295 THE— 4 N B EIE O T, etk RIABA A i H br L = s 2 .

r A

y=wo+wix

/ N(wo+wixo; B7")

>
>

X0 X
Fig. 1.2 WKLy (x;w) = wo +wix, HARERM Ly (o w) AT 216,

2 — NN B, T LT IR R 1 B] AR T S R ) H AR L
B 2B A

p(tlx:w,B) = N(t|y(x);w, 7).

SR BRATHRE (x, ) VE R — A, ) A% AR X — R (1 A Rl i
Ko WA ERNGED = {(x (W) n=1,2,... N}, Z%HAIA X — Bl 4
[ ENER N

N

Dwﬁzrl 1wl ¢ (x™), p~1). (1.7)
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EXREWNBHIREL, — BN BIR AL TR, BRI — SRR A e
T, AR R A O SR AR BRSO, BLAR R B (L ok, PRIt
U R IATRES B A S FAE AT BL IR bR BB B KAk, U AT SR B2 A0 7R A 2
JRME R S A, X — A HE AR A KAUSR (Maximum Likelihood,
ML) #EM, AR R T ERR e K AR i e B KRR o T Xtk i
_F:

{wmr,byr} = argmax p(D;w, 3).
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N
Inp(D;w,B) = Y In{N(" w9 (™), 57"}
n=1

N N
= EIHB—EIH(Zﬂ)_ﬁE(W)’
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(WS FF G B IR A . — 7T, XU ORRE R A, RO T
DR, TR R AR S R LS MR . T, 3K AR
R — MG R . FERE SOV RN, RO T iR
o LR A A L, R 2 (0 & BRI . — ELRRATEIN T i
T, iR R T SRR Bk, R B AR — iR S 1 A E A
SRR, B, MR R R A, TR AR AT L L
W B o S IR 2 . BRAE R L & B B 43I
BB, RAOTAXRZ 577 A FR AT, VRFIR 2 2% vt
R R A S S, B — Ry V38 I 6 BB R BRI, TR Hh
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BUAEAEFRAT 58 e P Bl AR i DL A w i I R AN Ze bk [m] 5 73 58
M, TS HEHESER G E LRI R ERE:

mmmwwﬁyzi@®—wwawnmwh (1.8)
n=1

b A %R 22 B O wK B R ER TN AW B 2 TR 22 57 P 3, DL 8
72 5 N RLE N S N AR OB RS BB A T S 5O R L. HOZBERE N
%, fEf[win

wyr = (@7 ) 1Tt

Fo FARMLE W2 FE T B R VRN A5 2. [ 3], XK 3IF 4 S HCN
9—‘;’ ﬁ:

N
VgInp(Dlw,B) = T —E(w)=0.
PRAWII KA Trwagr, £33
Ly ey (19)
ﬁML anl ML ’ '

HREB s BRI T2, LB, 005 2 B S KU A T4
T [ ERR AR X I R B AT T A5 2 A A
BBtEA] C il B KA TR S 7 A EIRE R AT

t=wlo(x)+e,

B ] 5 A L TR — AN BT A N B I H bR TR ? R i R B A4
BB A E — BN AR e, BRI — BN SRS, 2R — AN
SE MY IR — e T, TS MR p(r|x). JREBRIESE
B, IXFP TR M TN 5E R — L R G EA R N, (HIER
AT A EEAG R 1) TOIASE B — A A R TR, — P D7 v SR T 1 347
B, "R

B[] = [ 1p(/)dr = y(x'swn) = wh ()

RO, SN AN AU B IR T 45 2 — B, R R 2 Tz 2 P [m] A
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— AN, R A R AR R RS ? 1K ] R 7 A S s 1) SR A A
TG0 et S8 AR R BRI, 5T 58 2225 F& 1% Student-t7) 4 5L
Pt h A, —BORUL, A RILAT B ket 1 AEEANERE, & i Al
WAk R, A G TR AL A e m A 2 H bR
R, T A A R AR ANE B Y, IR TR P B A R A R A
M. R TSRS A Logistic ] YA A5 Y I T A A 20 HiCHE 75 (RS

EIRVP R AR HAr R Bt AR R, RN TEIRE ST RS2
AR FR, en] DL R —5, Bt R Asa g b
PRAELR MR = W (x) KRR IR TE R, Horheh — #8702 v] WA &, 55— &)
NZ2Aa] W (Ble), FRABRAEE (Latent Variable). 72814 M AR T —5
HHRATT 2 Bl ax R B AR B 15 DL

1.1.3 Fisher& N 5 & 5 £

TE RIS, 45N A ExPIRHEY = ¢ (x), FA1AEE 5 FE 3 e T

ZENFE I e, AR, J 2 R R =M T BE R SR g 7

o XpER Bk Wit AKX ERELS (9sw), e B0 HE AT 12 b KO AT 1
th, BR800, AR J7 i WiFisher 281k Kk %. SLMEM AR
Bh, X —JPVERET NN E SCRIAE, 3 % R ZR S, (H B ]

o A RRMERE A AN RCGE S AN p(9|Crsw), TE5r KRBT
H M AREARTE AR R, BT DA AR 208 T3 —2Km
JEIMEZRP(Cr|@)e IX — J5 RS B 15 5 S bR B (1 B2 5 FE R, ik
AR, Rk RER LT

o XA PEMERMIAE: BN MEERP(Crlo;w) BB X — 7 E AT H
AR AR, RO KT, 1R KT R R R AT S T A R
AATPAT M FisherX 73 BT 4018 (5] AEE, FATRIT 0 =020

A, (AARSRGE W R LAY R B2 S, BN INGREEAR (90 ,¢) 1 n =

1,2, N}, Hrp € {C,G}, CIRIC R, XL gl — > Gk i 5

5B — 4k [y

y=wlo, (1.10)

HrhwR M 24, R T2 GEHE fe s ) — ML w, ERA R

WIZRREASE B 25 JB) L) X A3 M oK, WU -2 11 1B AT 45 21— AN i 5 43

FR . FishertfE U 52 3L T 40 F X 014 & .
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my —mi
J(w) = ———
() =55

FHoerbimy, my FECyMC IR s AE MU 23 18] LA IAMEL, 51 Msp AN T 220 3K
LITRWIRIA R, SR 7 BORE R, U K Fisher #HE X PR (11X 73
Phblss, XEREMFEEER. RAQK 110, A:

(1.11)

WTSBW

J(w) (1.12)

T wTSyw’

Ferb Sy A2 S8R W 7 22 FE K«

Sw=Y (0" -0 —u)"+ Y (6" —m)(¢™ — ),

oec MeC,

o g B o 72 P SR FEAAE JEEH 2 () b ) 38ME. Spe RN T 2/ RE, & X
R
Sp = (2 — 1) (o — )"

T (112 Xw #HATHA, EEV,J(w) =0, ATHEH:
(wTSBw)SWw = (WTSWW)SBW.

TR B (wT Spw) B (w7 Sy w) M AT B, L

Sew = ( — 1) { (2 — 1) " w}

o< Uy — M, (1.13)
WA -
Sww o< Uy — .
WS, Wk,
wee SNt — ). (1.14)

bR B A X M BT w1 R I IR A RO O T W, H
%5 1A N T T AR R AT . R 2 T Fisherdf U] (1) 28 14 B R A
W R N 26 P ) ) 40 M (Linear Discriminate Analysis, LDA). i i i3 i1 4 #
HFisherfE M|, LDAIRZE 5 ¥ fEH 2 4y il [4].
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Fisher/fl U 19 2 B 1 A2 54K 1, ELTRATTRE B T 15 o e 40l B 10 1
MBI, SSRGS 2 A, TR A
s, A AR AR 5 B

YEKC) R SOAN,, Corf RE AR BUANy . — 4 e sk — SN
REA . MO IOREAR S, B H bR = N/Ny, WG IR, B A
Nt = NNy T 2 (09522 56 2

Yy (wT¢(")—N/N1)2+% Y w4 N/N)

omec, PpMec,

PV,Ew)=0, H:

R —

Y o —N/NDW Y (w9 4 N/N2)9 =0

oec, oMeC,

T4 N
( 22 Sg)w = Ny — o).

L3R5, Spw S — py A, X B

W“Sv;l(liz—lil),

MIXIEZ A 1.14F7R W Fisher[X 73 B £ 1) ff

lJ:?kﬂ]’]‘nLiE T BT A RATAEER - KR, R
AFERZ A X R, NIERATE LT — A UwASE 2, JF
€ 3 T FishertfE WSk fbw. fEX —id#Erh, WAVFFEA L 2 H BN 4%
F¥Fisher #EN], H2E% b3 —dElle LT — AN EHEE X EiniE. 4
i, ST, BATKIUE Lk =70 18, (K Fishertf 115 21 (1 WL 08
HOFN L T f /N 5 22 HE U 2 1 005 O A 15 B A A BR B SR . N BT
FIT TN D& mE, LS 1fl\ﬂ:p(t|¢)ﬁ%ﬁﬁﬁj\?ﬁﬂ’l%‘%ﬁlﬁlﬂ X
BFisher /7 1A 5L FARGE T 70 BAESS TR AR 2 m i . X EARZRA KR
Eegiiline

X — i o A AR AT Sk o KT R ZE . i L3R, A PR
R RIRR NI, ME D e M. IEEER T, B—RAES B SEMIE
3. MKEMEILE (GEA TFisherdE D AL G RN, ) H 52 &4
ARG BIRA B IR M GRS W E B e R, R8I0
MNERE TR, SHI— & 57l m R, A7 BEX L5 2,
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WA B AR T ALK (L2, AT N BE 2 sh AU, 330
RIFNX 7 1L B

y=wo+wix

”

ms mz X

Fig. 1.3 B TA&MMEHIGETE B A SMBaa @M, Sdih—4, WEEES
RFRCNOM L. WUEREA & R4, MAEBELARE, WRIMALOT REE (FERA
), MW-EELMALR, SRS KT R EEEPa LI 3m, 7.
T FARE SIS B L SEER e, b EL ERRE A PTR.

1.1.4 Logistic & /3

FETLRNVE NP 32K 2 BT U 23 5 e Can P 139 4L s BB,
— AN B R R AT e LA B K, BT AP T R ZE U W AR X
Loz SR s K. — AN 1T RE IR H U7 1k R R HE 2R P R B0 B B kAT
JE4E, bik g i S AR RS RN . A — 5T, FEAS S H AR E R e HGE R
B, JF @A i i /NP7 w22 R BUR A A 3. Logistic [A119 X
P 7 TN 26 A EATAE T, A 2 08 B 43288 ) R

A RE DL = 28 R T i 1. e — NEFENDNFEAR M4 4ED =
{(™ 1Y); 0 = ¢(xm), 1) € {0,1}}, Hrhr, A FMEARFARS. Rk—
ek, P RIEIRERC, 25, 0 fRERG, 2K Logistic A1) % 75 6w F ARSI
G
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P(tg;w) = y(¢:w) (1 —y(¢:w))' ™, (1.15)
Hrfy(¢iw) /208 T TR AL 58 SN

y(¢;w) = p(C1|9;w) = o (W' ¢), (1.16)
Hrho ()P NLogistic ¥, & UA:

- 1
14

o(a)

RO () SLHUER L BIFF X 8] (0,1), Al AELe B4 1E . Logistic B8
AN F IR HAERE 2, RAVEGEE T REER . s T3
L16FE i 2 AR Y, HUAR T AR 2o ME TN 45 R 5 o\ 7 — N E 21t & i
FE T Logistic R M, FRATHT BLE A X — AR SR 2 — Fh 2 1
TR, BURR A I PR AL,

LR —FE, A L16RR 11652 LT — NG RE: ¥ Jext i
ARt — N AER ML ¢ () A RAFAE, B AR wT o 5 B — A
brEadla], Bado()EgE21(0,1) 208, &HaHZEgaEE S F] 5 A
S H bRt. 1X —BRFR A Logistic Al AR, LE R Logistic 5 28 1 2% 14: [H]
VAR, AL B A, 20 R — N AR I B iR B o () R 25 R
I AR

BT BREDEEA, w7 P SRR TR R S 8w, H %6, E
Xy N

W =o(w o) = p(cile™).
FRAT 115, AR (), 1) (g T S 5 e R I ok
P 1o w) = [y} {1 -y

WU FEH RS D L FALLSR B 5RT AR IR A

N
n (n) n _4(n)
p(Diw) = [T {1 =y,
n=1

U BT, MR A B SO AL F

{10y 4 (1) In(1 - y)}.

™=

L(w)=—Inp(D;w) = —

n=1



XX 1 Lot
X — H b o BP9 5 e 0% R SR wEIER B, IF R K Ro'(a) =
o(a)(1—o(a)), BHFA15:

N

VWE(w) = Y (6" —1")9. (1.17)

n=1

TX AR AT g R O wR i FE B T TN A E AR B (R )R 22 SRUE
AAELPERNE B B I, Wl 1.8, JFEEME, ¥ LA ENEFARE
B3 50w, ROy Rwi At 5 AR 11704 MR E T
T4 WS TRATTR FHBR BE N B2k wiB A0 3K kG 1

FfFE N B#7% (Gradient Descend, GD) & —Fid B 1 BR B AL 77 V8. WA
BRELf (x), PRACH H bR 23R B — A 453 1% 0R BODUE B /D BRRE T BRvE N —
MEENL I U AT IR A, B — Pk B — Ml () TR DT, H4E
BT AR KN, BRORAT f (o) N 38R ORI 77 ) BV 2 f (x) £Ex, R 7 1A),
R Z T EERRONBEIE T . i BOP Kon, e ig-& 2, BREE TR B35 AT BLORIIEY
/GRS IS 5Zy

F| FH GDXf Logistic 2] 5 o 52 SR R BE (w) iEAT A4, B— PR 2
O AT

W =w 40V, E(W).

— ORI, nRIBUE R LLEOR, BEE R BEAT AT LLE TN, BRI
ME JE DRFF I E

1.5%5 B T2t [0l V9 (Fisher X4 B%0) FlLogistic [V 7E P2 —
e AR KT, YR LUROE R, WA A RAER, WTRLE B
PIFN I3 RITVERCRARARL,  H 22— th 23 S Bl I, Logistic 11952
BB FENE N 2

1.1.5 Softmax= )3

[FJRE 1) 7 VT B B 22 3 28 e /i E, RO Softmax [F)H. 36T 2 45 2K 1]
T, Softmax Bl H4 H Fre 1 =43 2 il v A0 SR 0 A 7 e 21 2 104y
i (Multinomial Distribution), AHN 7R 7775 HO- 15879 & HOne-hot#
e WRMNANK, NPKEo ) HIRE K 4E A8 W&, HA RAG ¢ B JE 280 %0 B
PILEERCAT, HARYEE 0. HTIX—FR, (¢,1) IS g
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xygx XX
% i ]
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Fig. 1.4 £t60 E 2R 15 5 B 2k 43 5l 2 Logistic [ Y= FINZR 11 [ VA8 70 %of 19 288 — i 50808 A= 1 1 43
M. A2 B P PR AR AR LR, XM R s OSSR ZE AR AR L
T Se B A SRR (M A A, U R A R AE R (Y R B AR 2, T Logistic/H] ) 4%
L&A =Y N EN

K
p(@.0) = [[{yew)}*, (1.18)
k=1

Hy = ye(¢:w) 298 T BRI R, 1 AR (E BRI B, & Ll
PA(Y1, Y2, oo i) N BB 2 W53 A Softmax [958 SC— NI ALZR 1 5 HE 2 51
BRI GR

eWI{ ¢

ye(@iw) = p(Gliw) = —0 k=1.2,...K
Yje
Horbw e 0 SBAREE AT TN i S 8. b oA ) 2 sUFR Ay Softmax bR .
FlLogisticBk KL, Softmax ik Fth 2 —FhAE I — K%L, w2 AR
LR PETRI AR H A — A6 30 (0, 1) 2 18], DRI & & R A
T HRATR S Ew i I R T B R A2 2 U1 18 AT AT w)ABA
SRBRENR

N K o MK
p(D:w) = [1TIp(Clo™)e = TTTT0:"1x

pui

Forpry™ =y (90). ok b AR SRS B 4 52 B2 R A

N K
E(w)=—Inp(D;w) = — Z Z t,En) lny,(("). (1.19)

B b 3R R 72 R B wT R E . 5 B Softmax bR B 3 80H 1 R B K
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e _ w(l—=y;) j=k
daj —YiYj ik
Hrbaj=wlo. HBLATREIE(w) XwIBZ IR

Vi, Ew) =Y () =)o

X B A ORI ZE M [R1 U5 2 Logistic[FNH B E A XA R — 10, #EikE
KFE— AN RZERBIRRRE T A=A, 2 RO IR A 1) T AE A0 H
PREZ AR ZE, FF HIXEeR 22 A Gl i 2dE 1 5 56 24K, FLogistic[A]
VA—FF,  FRATVEAHRA FE T B SRk S BN 22 S0 152 22 eR B 1Y) B /M

BB CEN BT BIERILPER, XL AR R, HZ T
T AR (R B At FRATTARR A SR AR (R e AR G T AN R A HE
M} Can~F 75 1% 22 FFisher#E D) RIS AL J7 9202 BLULIRT,  (E0 A5 20 AR B 1) B i
FEAERN. GIAMREZE LG, FRATA K I B AE 25 b O A HE I 5 5 1 3 A
ke IR S Bt FA TR AR S AP 7 VA B mORAS B 2 X Bl ande
LSFR )53 284901, FisherdE W2 By DLE &7 e cdfs B VERE TR, RN
P ITVERTEARM T R, X PR S S bR e B Rz, AR ke
A HIAVE m RS n SRS, X2 e 7. R
FATXS Fisher i W5 J5 AR BCAS 1A, DUAR RE A B0 3K — fi o FLEAT 12 1E.
MF—NHER, XN TAE 2 2] SR R AR AR, B LA &
FLLAHE A A U E 2

BAVEZR o — F AT R A AR s KA (ML) . FRAT
R BN SO R R B AR AR, B H ATy IR R T R K ALAR HE T,
RIS B8t O ME 3 de R A S ORALAAR AR — MBI e 5, (HIFANSE
%o Hiltn, WMEEABEHMIRMEIRLESE R, X RANEF RIS
AR R, IEEH RIS AR H bR R B P R LU EE, S B )7 DU gl A
AR AL, MR KA (Maximum A Posterior, MAP). FH3Z I, Jf
T AR b 2 ) D)t A i I D, B R R TR AN R4 5% IR 2B 364 224 1 o
WU, AR A 10 23 A 19 DU B 4 R AR AR
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1.2 Mt ERIER

R — 9 18 A 2 0 AR R B A\ AR B A AR R W LY, AT
B N AR A AR A R BEAT T X FE SR BT — A SRR p (¢ x).
BUAE AT H & — DA ) R A R 3RAT— e, 525 W] DAHERE xR ? A%
VoA A ] WA, RT3 T AT — 5 PR A 2V PR R p (o) i A 2R
1M, 52 BAEBAE S5 o AL, BIEEAE & (Latent Variable), XN JEik
AR SL — Ao B TR, PRI JE i oo B T DA AR 3 S HE 7L 1]
R, BRATTIHE X p () AL p (2 x) IR 3 A7 QHEAT B BE, - I RIS 5 B R ADLSR HE U
RAFXLEIATHIS L HEEL R U272 300 55 SR p (xr) R T

LUK B I A k. B e A Ry R B B A,
Sl 22 [B B A U N PR &R

t=Wx+e,

Hrhw RS HOE R, Bt e BOE RN &, )i REE R, B R Ak
PR, X AT A Ex L2 (), B BHER FR & A2 &,
NAER AR I PR AEr BT AR MR AT RERY, A2 TR AL SR B 2.
R LR e xS 4 i, 75 2 5 )il i e e 2

t=Wx.

X PR FROY LR AR AR,

T SRR RN A N AR BA R, XOAE T 2 MR A
R R AN W BEHLAS &, 15 2E 2R PR T AR AL rhoc ol LI B sE SN X —
DOAREE.: AR LS, WIS EE A, Hitsa>107
U B 21 AR T T o 2], R Rt e T 1) T A i 17 S e B

® O
nm e H— @

y=Wx t=Wx+ £ t=Wx+ &

Fig. 1.5 AYEPIIER (7o) REAEREREA ChD MIXH). B ITHER R e, 15
RoRHENACE, ABRRRRERE, KOFRTESEE, WEPLLFR, Lt mn
RER R HEP R B4, 2 MR A A HER R AR A 1A /e
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LR VEME AR BRSO AR B ML R FlA ML, EIX—HERT,
FEL GBI, AT DA E SUEF I 2RI O 52 26 HEBREOE 15 /5 1) B il x
PRIk, iz R 2 T R o A AR SR IS AR 55 P AR T = A=
BE|, RVEMERRRR MR B (G fa B e BATRE X — B i 3 A 2 v
W, H AR R AN R 2 (R R S, RV 2 MR MR 5 X
FARASH R 7 i 0 B A AR s i N AE R 2R

1.2.1 R 5H

BATM FE 4 5 ¥ (Principal Component Analysis, PCA) FF A1t 8.
PCAT; Bl i #R 345 A B AEAS I J7 1), 645 W 5 35040 £ X 28 777 [ (1) ik
SR K AT g M AR 3R R 254 () o A Ve . AN 5 AR — AN E R (Principle
Component, PC). WO JEEAE AR RE JIHEE, FRONE —FRidy, 28 =3
. —Mekul, AT BRI EAAREER U E S AR S, *
Sy BB — oz /N T BR 4E R, It PCA R R AU P 4k

AN AR I SR VA T g o B AR M — R R AE R
F (PRI A (8] L7 ZE R, A BB VK R BSR AR 5E B R e e IX TR
AEMI S B2 S e T FRATT BRI 4% 8] 5 72 B KX — I HE- 3 HE PC A
AN, GRS A BEAE 3 Rt 25 1A R 3 8 2 DR A J 5d 1) Z E

WAV TR E — E R I h. BEBNMEAR I GBI ED = (1)
RP:n=1,2,..,N}, BIEMAESRETR—NT7 M, € RP, R HIEEDIE
K= B T E R R, AR, v o E, Biviv =1 %
P EEAER S (B B 7 ZE v R

N
Var(v) = % Z (1) )2
n=1
1 N
=5 Yl -5 -5y,
n=1 (1.20)



1.2 ZRMEmg R A XXV

HAPON GRS RIEIE, SRV IT ZHERE. SRAEVar(v)i/MERIv Hii 2
PRV v = 1o BT RSB HIRTIE, Rl AR U5 540 10
0~ A AR AU L AR

W(vy) =Var(vi)+ M (1=vIv) =vIsv +1(1=vIy)). (1.21)
KB v B E

V‘P(vl) = 25\/1 — 2111/1 =0.

L SEUIEC RIS

SV1 = /lvl.

b U i A DA S A B S 93 7 [l vy e SR B T ZE AR RS RFAE 1] e s
XN Hbret %, A

Var(vy) =viSv; = A,.

M Ay E B M 7 2% Ty LA GE AR K. Rt
AL (v /R RO, T 7 2260 B3R G 0 o2 A
BRI,

WU R, KR A T B S . R B4 A
BTk — I E R, BUIE R E R v, 185U 2 b 37 2 R
Ko HopSaik— I ERMER. T BN, BRI 1210
b B8

k—1
() = V/{S"k‘f')tk(l —Vlzvk) + liv,{v,-.
1

=

S v (R L -

k—1
V¥ (ve) = 28v — 20 + Y, Avi =0,
i=1

¥ b o 22 fev! (Vi < k), ARIEZMERTARA; = 0(Vi < k), BRI 5K
BT —RERTE I, R W75 225 MRS HORFAE ) 6, O 2 AR AIE 17
N HUEFTRL A s &S U 75 Z R R R, BN — A 3oy
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Ja BT RN B0 75 22 55 % A 6 N R AL AL, A R ATK S AR
Uit EBE R B 5 R B KRS AE 17 2 B W]

1.2.2 BE I RO

PCARG WP B Tk, Tz N T4, EML. W% %
R, SR, PCARIMRAL RS (Wb =2 1a) )y Z i KEUR E R Z /) flE
53 2 ) B IE A BRAAR KRR FE @ AN E X, IXAHAFPCA & H 4 Bl /b B
TR R AT EATH T RPCARIME R = 3, FIZR VMR B AR AR FEPCA, X
— VERR L R4 43 HT (Probabilistic PCA, PPCA) [11].

FRATIZE R4 T 6] B 2 1 A A

t=u+Wx+e, (1.22)

Horhr € RPREDAEN SR, ue RPREME MR, WEEHSH. xeRME
FEE IR AT FIMAERS & A &

p(x) = N(x|0,I),

€ € RP D4 = AR &

p(€) = N(x]0,5°T).

G T B AR AR AR e T ORI NE R p(x) AR RRRE AR B R AT Mx,
A A A A WX, 2R R AR R AR R, B E I — AN
Mefre, X FRWE L6FR. EAF—RIE, XU PIEZREE S5
Wi xR —AEi s, Ry + Wt &2 S5, BmA—Am i
W E AR AR . DRI, SEBRULER B BRI AT A = A, Wil 16T
TRo XA v T 43 A (1 2 M R B A I8 O R R BT A JRATT A B
PSR B R & T iX — 2R A,

AWM EEPPCARIAR LI X 1.22, 7] LUFE 20X — J7 BE A ZR A% 0L & -+ 43 4
ABA, RN 7E YN 2300 o HE TR IS 00 AN W L), FRATT P e 2R3 1 A — M
WM R p(x). Hoh, FEBRWE—MERSH, mAERELIE R,
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p(x) p(tlx) p(t)

Fig. 1.6 PPCARLAY, AWl g Hdi & -4 e, vt —4 8 E. HeliREREE N kLS
DAAp ()R BN —AFEAR SR, ZJEAEFEAR STy = Wx+p, IREIMAIE R0,
W7 Z N TR g (B aED, 530N —NEE. SERHERRD
G Aip(t) R B L. B 3% 210E12.9,

IR ATTEE T d AL SR v T A THPPCARK BB 2 Hw, ufllo?.
TPPCAMI B BB B, p(x) Rl p (o) 8 AR AN i 07 20 A, DAL 1 320 25 93 Avi p (1)
R oA, ST A 2

Elf] = E[u+Wx+¢] = u, (1.23)
FHA R T e fIENZ WSS 0L, 520 B 7 2 AR 2 -

Cov(t) =E[(Wx+¢)(Wx+e)T]
=EWxx"W’]+E[ee’] . (1.24)
=wwT 4 6°1
GEfACIEES
p(t) = N(t|,C) = N(t|u, WW' + 6°T).
BT RIR A, BT RRBRME N AT e SR S8 45 e NS R
IIBARAED = {1 :n=1,2,..,N}, FTRIFNEAUSR 8O-

N
Inp(D|u, W,0%) = ¥ In p(s |, W, 0%)
n=1

= "Pinam) Y (i) -

. () — ) C () — p)

N =
1=

n=1
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Tipping F1Bishop HEB] [11], X IR ALLIR B HEAT 0 AL W45 40 7K S R Bk a8l
it

Umr =1

Wyt = UM(LM — 621)1/2R

1 D

2
o A
ML= D Mz ;Jrl l

oo, Uy € ROM o 50 MR U 7 2 K6 e S T A SR A0 2 R4
REHEAITING, Ly € RYM S AL KRR, R € RYMALAER
EACHENE. TR IEASEER AT IR, R 41 p(r) P LE B, 35—
SR T B p () 0 45 0 O

FET Lk R, T LA A R R A R, B S M p(alr).
1T S B p (o) R AR R p o) B R E T LA 2 125 S M IR AT
BT R. RO, W

p(tx)p(x)

(t) N(X|M71W£L(I_MML)7O-A;%M)V

pxlt) =
/\l:'j
M = Wi Wy + o, L

BETIZIR WM, X4 En, AT fROR S B (MAP)E U E — A iR BE i
B AR B, BT iZ )R BB AL m K, MAPL SRR T 2048, (AT
f:

Xpaplt =M Wi (t — paar) = (Wa Wane + 0 1) ™ Wal (¢ — ).

Hoyr — OFF, AIHES HxIMAPS U0

xXap|t = (W Waar) ™ Wy (1 — turr)
= RTL?l/ZUML(f = Hme)-
b X3 BIPPCA 1E X & 46 % fleidt ATMAPH T I, 8 e R L i G B A0
& GiPCAIR F 1 17 7% (8] (Up H1 93 J5 22 F5 B 19 BTMAS 5 AE 7] & 2H 5O,
Fi O 3 0 Ay BEL,,, B AT R RE T R DU 43 B e B & M. X
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HIPCAPPCAfEoy, — OFF IR TE e N1 — N HEE, X UHPCAH
SRR T AR T A, B X R AY, R B A R A 1)
[F) P R IE RS 3 A 0 — AN R AR A3 31, DR O 588 it B 755 45 v 0 40
fio X — AR, PCARIE MR <K B, MR HEATF
Al Ak, PCAMISE RAlge =B K Im .

1.2.3 BERER 5

PCAF IR KLY B AR A R, AN e R R B A [F o0 Aiie AT X
AT R B R, A AT DA b ie A B AT . N T RIANE
B, BATEPPCAIEERI AN 1.22E S W

t=u+Wx+e

x~N(0,I), £~ N(0,6°T).

ZARRE TN ARG R BN E A iR B, B ANt
Su+wx, BREHANEDEERe, BETRABRAEL, 77 25{u, W, o’}
BEAT Tt
R BRI R G X 5300, PR — AN dER A AR G
oA BT R ). IAET [t JE T ANFR, B KCHIAME e o A,
D3R A R T AT 5 R
t=U+Wx+e (1.25)

x~N(0,1), &€~ N(0,6°1).

[ B T a5 R BMRME N, w0 28w, W, o2 JEAT i ik e LU, A
(7] 20 A S AR, By 23, X — B s B TR0 — 151
WM ZMEX 712 (LDAD  [8]. AUk, LDARBLAA S — A2 KA ik
A, Horh g — R — A& m AR OR, B R — Atk
SHHEREW, B FTA R E PR WTW + o2

IR AR O R B S, DRI AR A 2 B e B I R R
HIZEAIE NG, KPR IESEEY (No-Parametric Model Do 1X—
PRV AN ™ ) . — 2 i RS RIR 2, WA T BT A 4
I, xR A WA 5 (B IR AR NS, B TR A A 3]
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Ml =B W22 ) R TR AL BEAE I 1B B BRI B AE I 25
AR BA L, PRI AT REANIE A M AT

MEZLDA (Probabilistic LDA, PLDA) ¥ B {E—ANHaFL AR (i JEAE
RBHO Rk T FR MR 7,91, EPLDAY, & Ja— M aii R e 5
—2K GRNCH W, FE— DR, + W+ e BUZ R AT H
Kbto ESEPRMIHIh, Rl B W AR BN (A, 755 55),
DR 388 BRI/ — M4 7] 1. Ha 0k, PLDARIEZ Uk st A

t=p+Fu+Wxi+e€ (1.26)
u ~N(0,1), x~N(0,I), £ ~N(0,06°I).

R PR u R AR TARYE S A AL AR &, bR KR 2 =
RN ZER. BT ZEY, yAHLSH, MEREE, BHESHEN
FEFNYIZRREA R 2R A D%, PR — AN A% R AR R 2. &5 58 — N IR
Bedls, FET R A SO A T HERAS B R IR p(ur), 1 JE AR 2R
g, PR AR AR S R R ) . T S — RS BRI S %
AHEHEKRR, BB G MR RI S, A SHN T K2
L,

Bl 1745 HHPLDARE B (A2 i # . 1 5 A— > — 4k 1IR3 43 A1 K 7= AL
— AR Oy, BN W, = p+ FufE 4853 8] AR Rk AR
Hufo FETULHG, KPPCA WA S PR BRI T A A A BdE.  BAdk
Ui, Bl — A m RS AR —4E RS AR AR R BE WL A, Bt — AN
AW B e 0], 158w, A E Ee, B3Wx+e, o
Rt RN, RIS B2 2R 0 — AR, X R R A AT,
RO RT3 2Z 28 M T s, i R X SR B0 A pl 2 T — AN il 52 () 2
Louy, FETIZEHL, BABIERTE A& T,

IAPLDARE R ) 80 {1, F, W, o } W] 2k T KALSRAE U A7 A ohe B
SRAUSR B RGBT BB 1l 24k (Marginalize), TH58 & ELEIAAE, 7K
FI 8 ) KAk (Expectation Maximization, EM) %38 i %487 Rk . %
TR MERA SR, BREAS AR E (B) FHEMR (VD
Pl FEMEETHRER, B SRS 8ORux MEREER, T IZFERMSE
THEALIR B B B s 7R BB NF, X i T 15 28] 110 9 2 o U A8 Y 2 4
AT, BRI ERNS . LRE SAM BB RN, B
EMSRLE A fiff e A0 25 B A28 B PR MR e A o) R B AR U3, W] DUE IZ RV A
2B R AL (3, 121
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Ci

Fig. 1.7 PLDABEZY, Hrh g 8dns 2 — 4k, h LR BN R B2 — 4k o
SRS B A8 B T IEZS 0 AT R B2 1 bl [ ey, 200 B MR AR 445 B 7 Bl 22 (] o
forbt e TR0, RPN, KRR R E RS IE
BOATRAEAT R — Ay, G 2 AR e A5 B Bl 23 18] vh R 1 AR T S e oad] F 0
i, BEMAmEDTGEe 5, RSRHZEE —ASRAEE A

X LEPLDAFIPPCA, AT DLk BARATTTE % 30 b AE 5 AHBL,  #B 2 26 1 =
Wi A, Hws b, XN T ARG, PLDAE L b2 — AN Xty dH47 b
BUGIIPPCA, BIFEPPCARAE Z |, JeXtwididT — R R —F MR TT
R RER, HREE T R ORBURUE N, IR AR RATIS — A A A
IHPCAFILDAX A B AN [F L8 2% 2] TR PCAH TH#iid{E%, LDAH
TI384E%%, PCAHI TARME %], LDAM TME >, BARGEAERKES,
I PR S T LURSE AR B R, FAESRE R VIER R, AAR
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AR TSR, Biln, —F ARV m A, A REE AT & o A
I, PEREASS A W TR

1.3 NUMEr A

AL AT T LR R PR, X B2 PR 1 5]\ T
BERLAZ &, AN Hs 6 70 A 175 DAt I ) SE DN AE R, Ty EL AT LUK 5 1 5 A
B (PCALDA) BEATHERMERE. ARWRAIEIR, — DA TS
BOBHE R, AT AT ] & AU 75T SR XA 58 RSB0 — N
RBAMTES ENTFIAA IHEREREIR. fln, REATCLmIER L2
B BB, AR 25 8K — FiR & B AL L I 0 0 XU

A DU B 053%,  ZTER R SRR RENL A R, Xt 2 5]
(VG 1 S B0 HR AL AL RS B S I iR, SIBEHLS B AT LA AT
XY S 06 AR, T E R A AR A B B TR AR AR A A R T
H— N RNSH A KPR ), TN SHH 5 MR AT 1t B
i, R ST Se i — A EAE B OER (W KFa FE P 70 4D, DUy
FARORA AN E

SRS H R w, JeRME p(w). HETIHE—WREIRED, K I
& BTl thw 5 B -

p(Dw)p(w)

p(D)
AW IAEZ (Prior) p(w) AR BEAALATEE HE SN XwHE AN
B BURER K p(DIw) AR AR, FFEL S, AT B E s
BEDIMER; G p(w|D) ZX S 5w WA, RRTEWLEREIEDE,
X ZBwIME R E AL, p(D)ZH— LT, [FIE 2 & FhaT ae fwis 2] A
SR BRI ) B R 3X — B AR N S SRR A (1) “Evidence”, 485 FH 7R AR 2 25 M ik %
M,

T FRMZEp(wD), TTIKMAPHENEF RN ZE, B K a5 A
118

p(w|D) = (1.27)

wpap = argmax p(w|D).
w
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AR RABLIRAG TE AL, S K5 34t R 7w BB i, Rt 45 4k
Yo DRI A IRAS A Al e R R ORI, Se iR RniR A b
PSS SNEE A RAY <l SN [P P R

R JE S A THR IR s fliv, BRI —E i) S 2O AT TN AT HE 2
HELE, JRWMR p(w|D) AL T — Rl A E A TN AHERE Ty 2, R
BHERE I 5 8 A AT REAT S Blow, X R SE R AT 5. X — AR
N U5k ATRINAE 55 9, DUH-37 5 m] S T

t= /tp(t|w,x)p(w\D)dw.

T BRATEUES — 5 A G A 2 [l VAR R D R W DL i Stk
GEANE AR RS, 5 SR AR e Z AP AE LM E R R, AR 2
How i€ e

t:wa+£,

w~N(0,a”'T); £~N(0,37'T).
EREM T
plex,w, B) = N(t|wx, 1),
p(wlat) = N(w|0,a~'T). (1.28)
Y — MUEND KA B IRED = (W, t)n=1,2,...,N}, H I

LI/ W RSI P

p(w|D) e p(Dlw)p(w|@),
H1BEA5 B w ALK B T :

N
Inp(w|D) = In Hp(t(”) 1x™) w) +1In p(w| ) + const
n=1
_ By e L
= zzn:{t w' x\"} 5w w+ const,
Hiconst7& 5wl RINH & AR Bl THEZ BUE B m K fw. 7R 2

ERR AP REN E AT Ew w, HAP IR 2 R AR HE L M [A] A
R HARREL TP ERE T R R p(w). AR Z I BB H AR
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PR A IE NI (Regularization), I 5] N 5 56 i 2 S5 4 178 Ji H Fr o8 £ L 5]
AN MLIGAR, ZLARARIA B AR T BUE NS, X e
SeIo A p (w) BUE e K X35k, ANE ) S6 5 M0 S840 T A R 20, X
R ZE AT £ P AR 1 A% e =Rl 7 v Hh TR I 24 SRR A

RN 128 LW ARMEOE — 12 8a, X—SHESHwRRg
RS, FWRESE. B2 DUKAE R E, W] DI R R EIAR
N2, EERIp(D) = [ p(Dlw)p(w; o) dw o)k, PRI LUK p(D)1E
R R B A AT ag] N —ASeIe 3, F 3T & Ok 5 56 E oK
fiftor, IXFPTEERTRRONE DM DL 88 (Hierarchical Bayes Model Do

— ORI, SRR TR DL B R, (EAE SERR A A S
IO ME A B Y. — ORGSR, SRR EUH IR 515
B G N2 B A RSB MER AR [ TR e X — SRR 2R O BAAR o i) 3t
Hoseie, BRI AU FifL TR T R R R, T HAR A T — AR
TEL 7 CIHESR., fEiX—HEQErh, kit &30 DR B 5 5 p(w|D)IE T — %
SIS RFT I Ae S, B R D AR I e B8 i — P A SR B ) . X —
S REEARHAT, WS ST RO AN, Y ERIX — 25 3] VAR AT B S 5 A
WARILHE R, A JE I MR TOVEAS B S R I — B, NI TEEETE K
i sese.

1.4 KRB/

AR AL AR 22 5] s M R R, R R E BN —, 25
HEE BRI EA. AT DS TR AR A — b2 4 A\ &m0 ) il
WAL, —Mp A AN AT LR R AL, SO A 2 F T P 55, 4
R 2 T HERAT 55 PRS2 P MR 2 o), IR 2 H TR B2
o ARTEFEAY, #R]F IR B FL MR TE Ry = W IX BRI I8 E
BREAR B A o AR, TR IR AL IR E I TH Y 24

FELAE AR b, JRATT 8 1 BT B0 1) R P e 2 [l AR R 55
5 i) /L I Logistic Bl VAR, 2 1 [m] AR R AR 15 H AR A8 5 1) 2% AR 73 AT p (1| x) A
— AN E oA, MiLogistic [l AR AR R p(f|x) & — MASS R - A, @il it
RIS [m] AR AR 3 ik e AL AR T4 B B[] 2 80 5 2R MR 515 21 140
BSHE BN, RIZWMER RSN, XNEIE GRS & B
MER AR, [, FRATTR BUA%L G 3L T-Fisher ik M (1) 28 1 43 BT B R AE — 432K )
A E AR SE T RA A, IR A 2 T 0 E B SR AR R T s A,
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BARRAEG M. Logistic Rl A5 AL 5 3743 A0 R WA 1R A0 250 73 A i
AT BE S A 73 1] R

TELRERE R AT 7 T R IR B 2% o) A %PCA  (PPCA)
J7EEFIEE T B ST IBEELDA (PLDA) 77k, B IERS 52t 5
BRI R, PPCARIEGPCA ERIMEZ LA, TMPLDAZ % GLDA J7 V2]
MFEE . EPPCAJT VL, MEHE & — N IEA 70 A1 (1 B B L AR &
AR b A A R, X EREPPCA (K HAE G,
PCA) W& T A m /A3, PLDA 7EPCAZERY 25 & [a) 2 5.
X — A AR R AN I O 1) R R 4 2 (R [ — AN IE S 0 A ik 2k M AR
B3, BEdoorEE, Bl ANPPCABL A BZ I B A BE. A2
AR ILZ R —ANPPCARE AL, PR bz A5 BB AN R PR B 7 2 66 g 2 A [ 1
ME—ZRRMME (homE) ERAE. MLDAM L, PLDAR R KAEN
B SRR BE MBS E NN R, X —BIERAFEER N, 5
M E5HIETR, FIEAERAZARES, v LA I ZREE %A W
JORINESTESSiIR

Ba, BATIE TR R DUt e fg, R ki e S5 e
BENLAS &L, HE S 30 AU Ik SR 1 B SR IR, R DU A 50, Ix ik
Fe6 FN IR AT AR50 HRAT R A Aok, 15 3] M A RO S HUh T T
K JE AT, EEERE, DU AR T RAT R S E AR
TSRO — 52 & —Lefi 8 B, 60T DU — LSl R, BT IX LA
BEWMEE, FEEF R B S 4, R B A B o s
i,

1.5 HXZEIE

o NEE X LR T B 4> 11 18 225 T BishoplfJ (Pattern Recognition and Ma-
chine Learning) 5 =%, ZMYZXLIEBA IR, MPCAF 3 KPS
T ZAANE T SRR TSR BRI R [2].

o XIPLDAII £ 2% T Prince®: A\ 1)1 3 (Probabilistic Linear Discriminant
Analysis for Inferences About Identity) [9].

o ZRNVERIAYLE KPP A 2 ) FIAR S0 22 U Z0hA Hh AR 2 FE Al N 5. WiHastie,
Tibshirani 1Friedmanft] {The Elements of Statistical Learning) — 5158 =
Ve [6], A& a2l —BRE=5 (1]

o KT LMmWA, A ZFRoweist A1E1999 H LA SCEE [10].
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