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t=Wo(x), (2.2)
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2.1.1 A % | XA AL
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Fig. 2.1 ST 13 S L BB 5y (v w) = wo + wx.
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(%) = [90(x). 01(x),..om (x)]"
IR P 7 15 21 3 22 B 8
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JUF- P SE B 1 it b R A2 BEATLIE BANEA 58 1k IXSE AN 2 PE AT RESK B
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ZRPE, ANATREXTIX LAYl RMERATARRX A, AR R
SOz, AT S AR AR RSV AR RE ). DAk, FEAREE—
MEFR, BAIARAZISIRZ 407, — BERATEIGIZ LA, w4 T A
B E P IR AN S IR AE FT A S s [0 i v 5 AN T B i

XA HATTH SN AR AT R B 3RA R X LA e 1, JF s 2
BT BRI MRS RNLa> P s B AR FE, A
P LA = A SEME R R IT. AR5, B TE AR BRAT 2k
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PERIRRADR, JF2E T MO B R RS AT R o AL ANy fig.

[ B 2 AT M A TSy = wl o (x). FRATA IG5 2 1 T Ey A H
PRAZ OB LGS, ISR T TP 07 R ZE AL AE ). AR FRATIR e
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t=y(x;w)+e
=w o(x)+te, (2.6)

Hre ~N(0,871).

AR 2.6101E T — N Hx BDWEEME AL 1, BT ExE T
JELNE SR AR AR 1) S, PRSI AR It W AR TRy, B SR N AN R
AR R B AR R S E e X — TN LR PER JT45 T (Linear Regression)s
Frig [El =, 2 dEx i A AL Ex A H bRAg & 2 (A A B O R ISt o0 e B
2245 THE— 4 NBRAENL T, Gtk R AR i H AR B R = B

r A

y=wo+wix

/ N(wo+wixo; B7")

>
>

X0 X

Fig. 2.2 WKLy (x;w) = wo +wix, HERERM Ly (x; w) A& B9 16.

4 NN X, TP T EIR 2 [ AR T SO ) H AR
B 2R A

ptlx:w,B) =N(t|y(x;w),B ).

R BATH (x, ) — Bk, B2 1% eI — BT (0 A B
R, SEEMINGED = {(xp,ta) :n=1,2,...,N}, %A X — a4 1
SRR

N

p(D;w,B) = N(talw ¢ (x,),7"). (2.7)

n=1
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EXREWMBHIRE, —RARNOIRRE. B8, BRI — SR ik g
T8, AR R A O SR AR BRSO, BLAR R B (L ok, PRIt
U R IATRES B AL S FAE AT LR bR BB B KAk, U AT S B2 A 7R A 2
JEME R S A, X — AL HEMIFR i KAUSR - (Maximum Likelihood,
ML) #EM, AR R R T ERR e K AR i e B KRRt T rT E fk i
_F:

{Wumr, Bur} = argmax p(D;w, ).

w.B
o 2 M BT VR ) i R ABR AR A T 368 3 X 22 AL b 5 Al 3 8010 2 A5
o NUHHEITE, KRBT, FFE AR AR AR, A:

N
Inp(D;w,B) = Y In{N(t,|W 9(x,),5~")}
n=1

N N
= Elnﬁ—EIH(Zﬂ)—ﬁE(W)’

Hrb i 5wk, =008

1 & T 2
B =5 X = w90}

B, SEwi B R BT S50 X E (w) B /Mb. AFAIMEE R, E(w)iE
X (2.5) FrE XK PR 2. X ERE R T 52 B & T2k kA
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o

17 ANV SR B 5 p(Ds w, B, 1T BAE FUE (w) UK 25 17 40 A B 46 5%
Wieh (w80 iU I £ b O PO AR 2 9 R T RS
M A BRI A . — T, XU R R AT, BT O BRI
T, TR R A A R LS . T, 3K U A R A
B A MR, TR S NSRBI, A1 AT iR
LB A A L, MR 22 0 & B A 0. — EIRA15IN T 48
FRTH, X% MBI SR R AR, BT R 2R X — R 2 0 4 5
eSS RIRYE. B, AR R A BT AR, TR T L L
ST T A TR S . TRAE L & RSB RIS 243
DMERBIRL S, BA 1AM RS 577 0 A B, IR0 %
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BUAELEFRATT 58 R M Al AR ) 8. A wits i R AN Ze 4 [m] 5 7 v 58
M, TS HHEHESENR Gt E LR IR ERL:

VwE (W) = i{wT(b(x,,) —1,}0(x,)T. (2.8)

b A I %R 22 B O w6 Pl B AT S (B 2 ) 1 22 7 P 3, DA
72 53 N RLE N S N AR B OB RS BB A T S 5O R L. HOZBERE N
T, fEPwWETE

wy = (PT®) 1ot

FoA R ARMLE W2 T B R AVRE N A5 2. [ 3], XK 3IF 4 S HCN
9—‘;’ ﬁ:

N
Vﬁlnp(D|w,B):ﬁ—E(w):O.
AW KA W, 153
L1y {tn —Wi19(x,)}? (2.9)
ﬁML anl n ML n . .

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=w¢(x)+e,

Y] T2 AR AL T — N i N AR e (1 H b’ WE? 1 i B R AAS E
MR — AR AL A e, DR — ADBEHLAE USR8 RN — Nl e
X BT — AN T, 1 2 4 e R R p(r]x). SR RIS F
B, IXFP TR M T 5E R — L R G EE R, (HIER
AT A EEAG RS 1) TOIASE 2R — R A R TR, — P D7 ¥ SR T 7 347
B, "R

Bl ] = [1p(t'[X)dr = (s W) = wh § (%)

RO, SN AN AU B I T 45 2 — B, Rt 2 Tz 2 P [l A
UL B HOBER B K T
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—ANA S, AR AR B ? X W] BE TR A G U (1 S bR A A
L. L s B IR SR 0 K R AR VE T, 50T /8 2% FE A% Student-t4) £ 5
PR A, — ORI R IRAT BRI R T RS RS, s
B A LR AR, A —FE L EIRA TS % B IR m . 4 H
PreE BB, s A BAR R ANE A, X I B A A R A A R
HREE B I Logistic R VA AR Y RIY 2 1 Fof Ak T 58 100 75 () S 7R

FIRVP IR RAMR R BB B R . RN NERE ST RS £
AR FR, enf LR SEx 1—#5r, KRR A s e b
PR MR Rt = W (x) AFIRTE X, Hrpx—3B & il WA, 5 — 843 W)
AR W (Ble), FRNFBRASE (Latent Variable). 7FZ61VEMLRAEA—5rh
A E Bx A2 B AR B 1

2.1.3 Fisher/EW 5 & M5 %

FESY RN, SSE N BLRORAED = §(x), TIN5 KB T

DAFIRIOA A, BRI S =R AL R 7 i

o KAPEECE: B AMX SR AL (i), TSR I  H T 0
flo, METTAEI 0. M TT I Fisher AP KREL 5N A%
Bl T N SURHEN, S RE X, (i

o AEMPEREEBUR G AEAKOER T BB Caw), (E5 KR
HEEIREAERE M LR, T DU A KA SR T3 200
JERMERP(C). 17k OB B S SRR BRI R A RRIE, B
AT, 5AHALE.

o DXOPPEREEBULE: PR R BLRP(Cp W) ML Ty R SR
TR, FTEA T, 2 T LA S A 55 o AT 95,

A5 FATT M Fisher[X 43 o6 BT 46T 18 (5] A fEE, FATH S 402k
@, ARG W AT LAY R B 2 5K . NN NGFEAR{ (@, t0) :n =
1,2, N}, b, € {C,G )}, GG AMZE. IR L8 S — N2V Ui #5
B —4E 73 [H]y:

y=wlg, (2.10)

Hrbw BN 28 R Tl R AE ge 2 21— MU faw, (15 AR 2R

HIYIZRAEAAE MU 23 18] B DX 0k fe o, RT3 2. 11 RV RT 45 21— A iy 51
TP HL. FishertfE I %E LT 40N X 70 P4 L -
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J(w) =

mp; —m
2 27
S1+S3

ﬁ*ml,mz%CﬁDCzE’Jﬁ—Z]& AE SR 2 18] LA S, Sy NSy AT W b = ] HL )
o I 2N IERWISRIA)BE AR, SR 0 73 BORE L /N, UMK Fisherdf I 32X
%%Eﬁ["fﬁﬁﬁio RERRFEHEIK. RAAKX 210, f:

@2.11)

TS
J(w) = VVVVTS;:VW (2.12)
HorbSy 2 2K IR W 77 Z2FE R«
Sw= Y (9.—p1)(¢ + ) (¢ —u)",
9,€Cy 9n€Cr

b Rl 2 PSS REASHE BSOS 2 1A b M. Spie T 7 Z24E K5, & X
W
Sp= (M2 —p1)(m2—p1)".

T 212) Ww BT, 5V (w) =0, FIHEH:
(wTSBw)SWw = (WTSWW)SBW.

ERE (Wl Spw) Fl(w! Syw) &l & bra, H:

Spw = (M2 —p1){ (12— p1)" w}

o< Uy —MUy, (2.13)
A
Sww ety — .
s, ik, A
woe S (2 — ). (2.14)

B A X M B T [Mw R 1 A2 X 2SR A S L T A, H
%5 1A N 2R T AR R AT R . R T FisherdfE U (1) 2 14 B R A
W R N 26 PE ) 5] 40 H1 (Linear Discriminate Analysis, LDA). i i ¥ i1 & #
H)FisherfE M|, LDAIRZE 5 ¥ e 3 % 4y il [4].
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Fisher ft I ) & P2 B AR 00, (HIRATRER] 1 5 26 VA0 R R A ] AL
AT A BE PRI, e HEN AN ? D (Al B0 — (), iAo
B, LA R RAEIX 7 R AL

BERC T IIFEAR BN, I IIFEAR BN, —F IR — NI
GRFEA Rl XSO PHIREAR 5L W H bR = N/Ny, MO EIREA S, Bz
Nt = —=N/Npo WML IR Z B EON:

E(w):% Yy (wT¢n—N/N1)2+% Y (W, +N/N)

¢”6C1 ¢)1€C2
WVWE(w) =0, f:
Z (WT¢n —N/N1)§n+ Z (WT¢n +N/N2)9, =0.
¢necl ¢n€c2
L SLET .
(Sw + }VZSB)W =N —p2).

2130 A1, Spw Hpo — g A, XA
woe S (y — ),

TMIX 172 A3 2. 14575 ) Fisher [X 73 bR 28 fidt

AT — T b i HE R 4. JRATA AR D KR, R
ANFEZEZ B X ot K, NI ERATE LT — A CAwAS B L, Jf
€ S [ Fisherff MR AR fbw. 7EiX —id e, WAVFFEA T 2 H RN A&
FEFisher #EN], H2H5% Bonfx —dElle T — NG X HEbniE. 28
M, 2T, FRATKIAE Bk =7 @i, WKFisheryf )75 21 (1) B 5 bR
ORI T A ML S5 2B R B2 S M E). B BT RHe T AL, 2l 555
W p@t|o) HEEAARKLIERE, XU Fisher %3 5L FRE T 70K AE5%
RS AIRRIE R m . KBRS K AL,

X — B A B T R R B e 22 Wl 230, Horh e R
B AR A TR0, MBS BIE M. IEHWEM N, & —E% 3 WEH
A RS (S0 TFisherftE D LAk UG R BRT, 2] HAR 2%
FEAR SBIIA B I BT 5 Aldh GZEE B B R R 2k Fros), 192104
KNG TR, JH—%E 57 AR BRALE), N T RPIR S A,
PLE B DA LK T (028, XAEAS T $ds A sh AUk, S
FKIA] X 731 T B



XX 2 LRMEREY

y=wo+wix

0 eoro we

ms m: X

Fig. 2.3 BT&MAEGHDETTE B AR BRE, Hdhh—4, PIREuEY
RFRC A0 L. WA & R, G ELONEL, RN s R (FE R A
2, MMEELMmAL N, FBERMAX TR EREP e B R, 7%
T s MR B2 LU AR e, A B BRI PR,

2.1.4 Logistic &2

EEFEAERNAM 0 RITIEZ P U a7 5 . (Al 239 40 /D BU,
—N B R R R A R A S B AOKIE, T T T R 2 HE A A 1K
ST 5 RIS K. — AN AT RE A A R 5 92 R P Al 2 o HBon B B AT
JE4E, AR S AR R B S5, AR R B R E A B
8, T A BB N TR ZE R BE AR A G B, Logistic [A] )9 MIX
PIT TR A B EATAE IR, 8 22 38 W7y 2 ]

AR DL =70 2K ) e T 3 g 45 5 — BN FE AR 2R 26D =
{(@n:10): 00} = O (x0),1n € {0,1}, Horb, A FME AR AR AR — B,
AMRIARERC F 01R3EKC, 2. Logistic [H1 BB 7 & w1 N AASSF) 4 i

P(t|g;w) = y(@;w) (1 —y(g;w))' ", (2.15)
Hefy (¢, w)Ro)8 F-C T s, & SUh:

y(@:w) =p(Cilp:w) = (w'¢), (2.16)

Hrho ()P NLogistic ¥, E UA:
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B 1
T l4e

o(a)

R o ()R SEEUk S B X 18)(0,1), AT R IELR M 46 1E . Logistic K
HAENBRF I BN HAER)Z, RAVEESE TR E R F R TR %
2164 IR R PERE R, ORI EZRPE TN 45 5 N T — AN AR 2R P R 4
B T Logistic bR M BV, FRATTAT LT AL NI — BRI IR 2 — P 4 1
TR, BURR AU R AL,

Mg PERNIH—FE, AR 21585 21658 X T — A FE: 8 X
AXZ R AR MWL () A RREFAE, B AR wT o B ] —
PR, BEdo()EGEEN0,1)2 0, &HEHE R EE SR 546
ZHUE N H bRte X —RRIFR NLogistic[B] AR AL, Eh i Logistich Y F1 2% M 7]
AREAY, W B AR, 200 R R — AN ARSI M iR B o () AR B R
I3 AR L

ET R BEAEER, WA SRR TR S Hw, E e, &
Xy N:

yn=0(w'9,) = p(Ci|$,).
WA 2,15, —AFEA R (X, 1) BIMEZE T AL Bt B
p(ta|@n, W) = {yn}tn{l _yn}l_t"-

WU K 82D _E LR B AT ASROR

N
p(D:w) = [T {1—ya}' ™.
n=1
RV T, B IR AR R SO B E Ak B A

N
L(w)=—Inp(D;w) = — Z{tnlny,, +(1—1,)In(1—y,)}.
n=1
X — H b pR PR 958 e 0 % bR BB WK ER BZ, IF R TR Ro (a) =
o(a)(1—o(a)), BHEA15:
VWE(W) =Y (vn—1n)@0- (2.17)

TR TR 52 IR BR O w6 B B T AT H ARE 2 TR )R 22, SRETE
AAELMERE B M I, WA 2.8, VEREMNZ, ¥ LR EREIFARE
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AR Blw, FoyH gy, RwidEZtt kg, HEX 21704 BB T A C
28 R TATR FHBR BN B2kt wiZ B Rk 1.

FfFE N B#V% (Gradient Descend, GD) & —F i F 1 BR B AL 77V A
BREf (w), RACH) B AR R B — w15 % R BB SN RS R B I —
MBENLIxFF U AT R, B Pk B — M f(w) FRERCR T A, IR 4E
207 I RTEE K. BUONAE f(w) N BB ORI 7 18] B2 f (w) FEW! s 7
o], PRIUZITERR R E T k. B Kn k&2, FHEE T LR DR
RS B S 3 B e

| F GDX Logistic ol H H 158 X B ALE (w) AT R4, B—D RIS
O AT

Wl =w 40, VyE(W).

— ORI, BB R ELECOR, BEE AR BEAT AT LLZ TN, BRI —
IME JE DR I E -

Kl 2.425 H L T2 PE[H 0 (Fisher X 73 BR300 HlLogistic [B1H I7E P 24H —
e AR R, BRSO, WA A RER, WTRLE B
PAFN I3 R TTVERCRARARL, A8 22— 38 b I 7 S e i, Logistic 71452
X[ AR N D E S

X . x

%X xy %
* gk 2 X ot %
A o0 © I
¥ o )

o ¥ ¥x ol XX ¥x 5 ©
x o 0 Xy o
% sy

0 - ol
oP /o
o [¢)
— -4

Fig. 2.4 460 B 28 A48 €8 28 59 501l & Logistic [B] VAR 28 1 [ Y RS o 1 24 — 4 50 A IR i) 40
HKiflo e B PRAEAR A ER L BE T, XS RIS R ZEA R A B I
T LB SR G BT R REAS, DRI £ ] R AR () R B B AR 2, T LogisticH] Y45
R A VNIDER



2.1 LR A xxiii

2.1.5 Softmax ¥l )2

[RJRE (1) 77 V25T B 21 2 43 5 el /8 E, BN Softmax B 5. 3T 2 4 2510
R, Softmax B H¥ H bre B — 23 2 Wl b RAA SR 0 A 47 e 21 2 104y
A (Multinomial Distribution), FHM [} 575 7724 HO- 1K <4 J& ¥ One-hot#
e WRAAK, WK HHFRS K 4 —fH g, i RGBT JE 2% B
HIYERER L, HARUEE N0, HETX—FR, (9,t) IS k.

K
t) = [T}, (2.18)
k=1

Hoefrye = ye(0w) QIR T A BESE, 1 ST Bk IAE. VERE B R
B (1,y2, e ) B I Z 5. Softmax [E]1 58 S — M DA LA 835 7
TR F

Ye(@:W) =p(Celp:W) = ——— k=12,..K

Horhw R WK ZEES, 0 S8k HoHs 23F 47 00 1) 2 24 Lﬁ%?ﬁmﬂ/\ﬁﬁk
NSoftmaxf #. FLogisticBh FZEML, Softmax ek £ th & — FhAE £k 4 7 —
#, AR 2 AR BB T F A — A6 20, 1) 2 8], .ﬁﬁﬁﬁﬁﬂﬁﬂﬁzﬁo

N FRATR SEW I B RRUA S TF. B SRAEAHE 2 A 502, 18 7] A1 X WK
SRR EN T

N N K
p(D; W) :HHP Cr|¢n)™ :HH[)’nk]tnka
n=1k=1 n=1k=1
oy = yie(@n)o X EECGON BT 2 2 73 I8 1) R A8 R R 72 bR 2L
N K
E(W)=—Inp(D;W)=—Y" Y tyInyy. (2.19)
n=1k=1

B3R iR 22 BB WEIRR . 7 2 BISoftmax B 3L S 506 W R

8yk }’k(l_.Yj) j=k
daj —YkYj JFk
Hrfaj = whe. Bt T#FEIE(W) XTWEIBEEZ LT -
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N
Vi, E(W) =Y (Vnj = tn)@n-

n=1

X BE A ORI ZE M [R1 U5 J2 Logistic[RNA B E A A R — 10, AEnkE
XFE— AN RZERBIRRE T A=A, 2 RO IR A 1) Tt & A0 E
FEZ RAEE R, JF HixX SR 2= A Ge il il Ho 73 52 240, FLogistic[H]
VA—HE,  FRATVELARH T 4 JR0 32 S TR 58 SN 1 22 R U B /Mo

BB CAEN BT BIERRILPERA, XL BART R, HZ
TS AR (R B At FRATTARR A SR A (R B e AR G TR R Ak HE
M} Can~F 75 1% 22 FFishertE D) RIS AL J7 922 BEDULIRT, (0 A5 284 AR B 1) B i
FHARN. GIANERE L CLE, FRA1A R I REGEAE S R A A v U35 /5 1R 43 A
ke IR SR B FAN TR AR S AP 7 VL B ORISR R X FlandE
Kl 2.4t~ 73 6417, FisherdE U 2 i DAFE 77 S 088 EMERE T %, 2
P ITVERT B T s, X PR S S PR i 2 R, AR ke
A HIAVE m RS R RAn SAREE, X Z e 7. iR
FATS FishertH M5 J5 AR BCAS 1A, DUAR RE A I3 — fi @t o FLEAT 12 1E.
MF—NHEER, XWIERIAE 5 2] SRR AR AR, S LR &
FELEAHE A A U5 H 2L

BAVEZR o — F AT A AR s KA (ML) . F i 3RAT
IR BN S MO VIR R B AR AR, B H ATy IR T R K ALAR HE N,
RUBRGHI SR B8t O ME 2 B KA. S RALAAR S AR — M B M e 8, (HIFANSE
Fo Hiltn, WMEEABEHMFRMEIRLSESE L, KA NEF RIS
B MR e KAk, IR EEH RIS HIRAE B AR R A R B E, S o U A
AR AR, MR KA (Maximum A Posterior, MAP)., FH3Z I, Jf
A VIR b 2 ) D)t e S B T, B T R TR T AN [ AT 5% IR 2k 64 224 1 o
WU, AR 0 23 A 17 DU B e 4 AR AR

2.2 e RIRE

FIT 71 58 U P 2 e T 00 A5 R A1 34 i N AR R LR AR R T LAY, T
AR BT B AR AR B AT P, XSS bR AT — N SRR p(tx)
IAEFRATZE B — AN B e 1) e d SR 45 AT — A, 2 5 AT DAHESE tHx e ?
VX FICES & v] WAS &, AT 5 Ji— 15 i B e PE TR AL X p(x[t) i AsE. 4R
M, {E2HEHEIATS Pxa A n UL, EPREAE & (Latent Variable), X JGi%
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AU S — MO TR AL, PRI JE VA A X ELRE TR A Al R T SIS 4 2L 1]

L, FATTIEH XS p(x) A p(t]x) B9 73 AT AT R, RIS 2T R U HE N

RAFIXLE AT M SH SRR DUH-407 23 300 55 5805 p(x|t) R Bt x.
UL BRI R AL, It (i B A R 2K A

t=Wx-+eg,

HrpWRZHOERE, Bt xedl e, 2hitRISEE, AR
PLMEFS . X HBATEA HEx LR (), B PRI RS AR,
NAZHRG ARV BT, Bt EREAT 2GR AT RERY, A2 TARIESR UL L.
R LR e RIx S 2k, TG 21 B faj it i) 2k 2K

t=Wx.

X RO AR A,

TR AR RN A TN AR BA R, XOAE T 2R MR A
Ry ehxo AN AT DL BELAR &, 1 2E 2R PE TS Y b2 ] DL B E BN X —
XAREE: Ax Bl E e, BATRWE B EE A At Bt >0r
U B 2 2 AR T T o 2], R Rt e T 1) T A i 17 S e B

® ©—__
nm e H— @

t=Wx+ &

y:WX t=Wx+ &

Fig. 2.5 ZePEFINEERS (7o) MZEMERBERBER Ch) B, B rh I HER S 2 4
FoRMARR, AGRRRESER, KOKRI LESERE. METLLIR, LrIEH
BRI HERE RN A, e AR Z I g HE PH  H A5 1 e

LENVEMERAAT N | — PO S AR Bt B R PR 2R, AEIX ST,
B LB — AN, AT DURKGE SCIF R 2 5C 38 2591 U 1 ) 1) B R
Blxo At 2R 2 T B 0 A AR AL R BSR4 55 . A R T
HATF R, VMR AR MR ERRE R ] T o SR X — AL 2
AT, H A2 E RIS FER 2 [ A e, RIS 2 P& A A 1 23
i PIAMAR AN AR TR 77 B A AR SR K A E B R



H

2

1

XXvi 2 LR

2.2.1 RO

AT F B 43 43 A1 (Principal Component Analysis, PCA) 151 .
PCAA Bl R B4 T B AEAS I J7 18], 649 W0 52 5048 1E 31X 28 J7 [) - (1) Bk
S 55 K AT e MO AR S A () - AR . BN T IR O — AN 4 (Principle
Component, PC). W EEHE ARG SIHET, FRONE—F s, 2B F
3. ok, FRATAY B B B AR TER LA R AR B, &
J 3 BN iz /N TR AL RS, N PCA W] F 7R 240 P 4

RN PR AR ISR PPN 3 g o B O ARER M — R R AR R
TR S 75 B) L7 22 B R, o EH SR PR AR R SR R B (R 4 R B /e X AR
AEM RS B A R. T T FRATT AR IR 2 18] 77 22 fi KX — 1R DU 3 HH PC A
Kz, SN WS A B AE TR 27 (R R H RS & DR TR A 1) 7 e

BATANFHE — RS THah. WERBNDMEEARR N GEE LD = {t, €
RP:n=1,2,.. N}, BUEMMESREIK—ATimv, € RP, H340EEDE
K—J7m BT R R AR, v AR, Biviv = 1.
BAR AR B B 77 Z W

N
Var(vy) = % Z (v, —vIt)?
n=1
1 N
==Y vit.-Dt.—)"w
N.= (2.20)

Hrh OISR ME, SRR TT R M. sRAEVar(vi) /MU v B2
PR A Vv = 1o BT REBIHRTIE, LR RIS S0 T X0
0~ H AR AU LA AL

Y(vi) =Var(vi)+ 2 (1 =viv)) =vISv; + 41 (1 —v]v). (2.21)

R b vy KRR L -

V'P(Vl) = ZSV1 - 2)1.1V1 =0.
LS TIEC B W
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SV] = )L]V].

b A Bl R DA 2R A 0 2 B T )y e SR W T ZE RERES R [ B s
EAXARNRA Bz s, A

Var(vi) = vISv; = 1.

U B EE S Ay BRI T 2255 Tovy X B HREAE [ BEA K /e AL
NEUEL(vy ) B KRB 5y, A T BRI J7 22 56 B ) e KRR T Xof L PR RRALE [+
=HIA].

WARE — TR fE, WELUPRATA R EZ & T . REAESH
Ak — 1 FE By, BAEFIRERAN F v, (15 84E e, B3 7 2 8
K, Hvi 50k — I ERDIERL. ETXEEHEMESE, 22240082210
H b ok 3

L(vi) —VkSVk—i—)Lk 1—vkvk Zkvkv,

O v I «

k—1
VL(Vk) =2Sv; — 2)1.ka + Z Aivi = 0,
i=1

¥ bR 7l Ze 3fev] (Vi < k), AKIEZZPERTAA; = O(Vi < k), PRILAFE] 55K
F T R, Blv W)y 2200 MES IR AL [0 B, X B2 AR AL [
Mo HILFIRL, A E R HGZ 7 Z IR AL R, BN — Do
Ja TR0 B T3 2255 T A% A R 0 R R AL AL, A ERATK S E R
R PRI SR KA RAE [ S R AT

222 BME IR,

PCARZ MM B T, Tz AT RY4E, EM. W% %
R, SR, PCARIMRALEREL (Wb =2 Ia) 7 2 i KEUR R Z /) flE
J o3 Z AR TE A PR AIAR KARFE B AN E X, X S PCAFIE F P B/ B
WfRRE. AT RATE FRPCARIME R & S, LR MM AR R B PCA, X
— VERR LR L 4> 93 M (Probabilistic PCA, PPCA) [11].
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AT R fij B (2 PR A AR .

t=p+Wx+e, (2.22)

Hrte RPEDHENSA R, e RPREREEMBEE, WeRVMERSH,
x € RM A& IEZS AT I MYERS 5 AL

p(x) = N(x/0,1),

€ € RP D4 m i Ar &

p(€) = N(x[0, 6°1).

b T B A R SR TR IR p(x) AR R R AR R (YR X
FRIE AN WX, JE AR R s, S E A — A el
MeEe, X —IdRRWE 2.60R. HERIE, X MR IrA AR E
Wi xS lirde s, AP H + Wx 2 m e,  FIA A
MR IR A T, R, SERRULEE B BRI AT SR T AT, sl 2,65
7o SR TR O A ) 2R R A AR AR O e v R A B T
(BRI St i e e St

w

p(x) p(t[x) p(t)
Fig. 2.6 PPCAKIA, JUrhls2siif & A 8, v — i, B eiRam s B /e
S p(x)FF B — MEA R, 2 AHZREA S e = WR+ . R IS E 90,
W7 £ N IR B (b L e R D, SIS E — AN IUE. 46 IR R Rl
G fip(O B EREL. B S% 2110129,

A 2 PPCARIAE TUFE 2 2.22, AT LB B)IX — ML HERE&+ 54
L, (XA TE Y 25340 2 HEHE I A E A AT ULA, FRATRTRE JniE ) W & — M
WM R p(x). H4h, ERLLE— MRS, e &,
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AT HE T 55 R AR HE U Al VT PPCARY B 2 W, pflo?. JE
TPPCARIRE R B B, p(x) A p(t]x) #8 AR M v 7 23 A, BAL T 3 % 0 A p(t) th
IR i oA, SR AT e A )

E[f] = E[n + Wx + €] =, (2.23)
FoAh R 7 xMef BN TR F . K00, T7 2w s oIy ZZ R AT 2

Cov(t) = E[(Wx+¢&)(Wx+¢&)]
=E[Wxx'W'] +E[ee’] . (2.24)
=WW' + 6’1
SIS
p(t) = N(t|p,C) = N(t|p, WW' + o).
BT EIRAN, BT R ARRME N AT E A S8 45 e NS A
FIBIEEED = {t, :n=1,2,....N}, XA ELIR R EON -

N
Inp(D|p,W,0%) =Y Inp(t,[n,W,0%)
n=1

ND N 1
In

— ~ 5 In(2m) - S n(|C)) — 5

5 (t—p)'C(t—p)

e

Tipping #1Bishop i ) [11], ¥ L3 f0L4R bR BCEAT 01 16 748 1 F 98K AZA
it

By =t

WML = UM(LM — 621)1/2R

1 D

2
Oy = —— Ai.
ME D_Mi:§+1 l

Hoh, Uy € ROM ey JGUUE B4 By 77 72 R BES A B MA S5 K AREAE AR % B I RF AR
BTG Ly € RMME X REFRFE(E 4L o6 f 3 RE, R € RMM AT
BAERZ . R IEHMERET RN, AL EHRE S fip(t) = EEm, X
— RIS TSR IR p (x) 1) % 1 [E] 1



XXX 2 R
Fe T bl A gAY, m] DL W R AR Rl HE A B R Ex, B S S0 A

FHp(x|t)o T 56 50 ME 2 p(x) 2% A BE 2 p(tx) B2 = W ih), v DA 8 %
Ja MR IR B A m e K UUH-rE s, nI1g.

p(x|t) = = N(xIM™'Wiy, (t— ), 0y M),

Hrp
M =W, Wy +oi, L

BT IZEWME, e AT 5SS R (MAP)E N E — A iR
weP R R Ex. BT ZERMR S, MAPRYTHSE R T2, Hm
f:

Xpaplt=M"Wh (t— ) = (Wi Warr + o 1) Wiy (6= pns ).
Moy — OFF, AJHES HxFMAPTHINT:

Xyap|t = (Wi Warr) ™ Wiy (6= parr)
= R7Ly; Ul (t— pare).

R E BHPPCA 7 X JF 4 B P ek TMAPAE T i, B S kg L i g 30 A0 A%
GiPCAIF] FE 1) F 23 (8] (Upr B W 77 22 50 B 1) RUMAS R AE ) 2 2 80,
I — A X B,y 2 AT R T DA 43 8 ix B A R X
BPCA/ZPPCATEoy, — OFF IR IR TE e M — NAEE, X UHPCAH
SR T R R A, BT IX A, SRR B R R S
AP R IE RS A A 20 — AN R AR A5 21, DR 878 B et A5 4 v 0 4
e 20X — AN RN, PCARDE MR 2 PR, filln, MBdEes] AL
Al Ain, PCAMILE AT e =R B 2.

2.2.3 mE XA O
PCAFSA B (AR A i I, R FE AN 5] KRB (0 R [ 40 A A0

AT T B R, AT DA e AR S AT . R T RIANE
V528, FATEPPCARTY A 2.22 51 -
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t=p+Wx+e
x ~N(0,T), €~ N(0,6°T).

AR T AR E e N A S Blx, g — Ak
Gu+Wx, RIFFHAREYEEe, ST RAMAMEN, WTLNSH{n, W, 0%}
BEAT T
T EAR B P RS X 7320, R — MR IR R Onf Hodis
f oA @Y HEAT R D, BUEH BUE T AR, & KCHHE LS A,
W) 3R 7 AR TR T
t=p, +Wx+e (2.25)

x~N(0,1), €~ N(0,6°1).

[FIRETE T S R BSRUE N, Al S5}, W, o237 i R B, A
A28 A B R AR AR, BT 24, X — R s BN T — i
WL X 081 (LDA) [8]e BKIt, LDAW LLIAANZ—NZ KA
BRY, Hoh g — 8l — MR TR A RO, LT I — A itk
SHHEFEW, RUREFTE R T Z R WIW + 0L

R 2R RO R B SR, R AR R S B I R A
FIZEAIE I K, X PR RN IES R (No-Parametric Model Do 31X —
BRSPS . — R W R P RS R, WA E T8 1
I, SRR WA 7R (IR IR AR AR N B2, HE TR YA 2]
M= E w22 ) R ey A BEAE MR A8 B (B 2%, RN IX S 28 7R I 5
Bl R I, PR R REANIE A M TR AL

MEZLDA (Probabilistic LDA, PLDA) ¥, & {E—ANEEHLAS = Ciff A
RBHD R T LR [7,9]. AEPLDATY, 7 %6 — AN SG I AT ke 4
—K GEACH) MIMEw, FH— NS, + Wx + e2E Bz R T G
KFfo TESERRRIA, O 8w ARREMMEER (AR, HE5,
DR 30 5 PR A7 — M 425 18] o diitk, PLDARI R pn R A

t=p+Fu, +Wx;;+€ (2.26)

w ~N(0,I), x~N(0,1), &~ N(0,6°1).

R A oot AR TGRS R A REY LA B, e hafORK R Z 5,
xURENESR. ETZEMY, W AHESH, m2RERE, BESHEAS
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AN ZRAEAS T R BB G, TR — AP R (0 2R AR A, 45 2 — AN IR
Bl BT FoRA B R T RS B S IR p(pt), 15 IR AR K
S, DRI R AR 43 2T 45 AR IR AIE R e 9 I — HE B 5 000 1 2031 %
AHERR, FUNEBR RN SE, FTE S E00 T 2840 2
L.

Bl 2,745 HPLDARE B (19 42 ik 72 1 5 A —A>— 4 1R 25 20 A 5K = A2 Ak
—ANEH L, G LM, = p 4 Fu e 4 A A AR R 0 AR
Hul. FET UL, KPPCA AR SOl FR15 B2 KM BT A FEA SR, Bk
U, W E LA B — 4 S A A B B, il — ANk
AW B 4=, BRIWx, A SN Ee, HEWx+e, &5
HEAOu AN, BIRAS BN I — A R R Rt X — R R R AT
BN RT3 B2 10 G B, 15 5 Bl SR i BoE A 3k T — AN E (2
Dwyg, FET KL, BRNEIRGE— .

FIRPLDAE R (2 5 {u, F, W, 0 } 7] 3£ T B KSR e W BE A7l 1. BB
SRAUSR R B TR BN T B R 810440 (Marginalize), TF& L L& HAME, AR
F 8128 £ KAt (Expectation Maximization, EM) 5% i@ ik /07 R . %
Tid e — R R, BRIk N (B) AR (VD
P, EMEIFER, RIS ECRex WERMER, R T X5 R
THEALSR R B AR s 7R SR LA, X i T 75 1 1 3 B bR B AR Y S 5
AT, BEEHERSH. LIRE DM D BB T, HBUEL
EM B 2 fift A B o AR 5 R ME 2R S 20 ) R B A T3, T DRz BVE i
S EI R EAR 13, 121

X LtPLDAFIPPCA, W P& B A AT AE T8 X b R AR L, #/2 e 1t
WA, Fst b, T —AMNMEERIRC, PLDASH S & — Xty kT bE
HLALIIPPCA, BIFEPPCAR AR Z 8, X AT — R & It 7
PR —RE, HRIE T KR UE N, AR AL LR R AT B — A A A
HPCANILDAIX W #F UAS [ I HL A8 5 2] T R: PCAH T-#idfE5, LDAH
FRAES, PCARTARMGE 23], LDAH T B>, BARTFER KE R,
{HIX PR A T LURASE AL e A, fEEIR R B VIR, BA K
AR SN ER PG, Bilhn, Rt s TR, W BIEA R A = A
W, PEREES A BE T .
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Ci

Fig. 2.7 PLDAZY, Frh i gesdlie & — 4k, Kb ORREafN R ExHZ 4. o
SRR Fe A8 B T IR AT RARAF RIS AL 1 ey, B30 SV AR 445 B 7E £ 22 [a] o
frbt R, TR L, FRP R AN, KRR E R IE
BRI — e ix, el 2 VA A5 BB 23 18] B SRAEx A AR X 2o 4
i, BUEMAmEDTGSEe 5, RSRNZEE — A RAEE R

2.3 DItEr A&

BT LT AT T LR SE R A L PEAR R, X B e MR R G 1 5 A5+
BEMLAZ R, ANOOG B 10 234 15 D0 Hi i (0 SE DN AE Ay, 10 EL T DO 3 - E A
B (PCALDA) HATHER MR ARTEMER, —NEARRRREER RS
HOEHE R, DRI AT & AR T AT SRR XA E PE SR — ok
RBMTES ENFINAMER R ER. Fla, RN ELmIER L2
BN BB TG, 7R 25 R IX — R iR 2 BRI R 2 I 20 1 XU o
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KA DI 77, SIS HE R R, KX S HIR
EIE a3 IR AL S E e I 2. 51 ABENLSEOA AT BUF AT
PR ) S B AR, B AR X B AR S ) A R A AN R T
KM s KPR, T2x S8 G MR A7 k. B
I, B SI R Sede 2 — AR B CWRya 1~ 740D, Dty
MR HEAH.

SRR SH W, SRR p(w). HETH—WEHIRED, WK I
SE BRIk THw ) JE A

pwip) = PR,
AR AW S R Prior) p(w) &2 FE GO 5L T AwI A0 A
MR B R B p(Dlw) R &5 HIR, KRS E —HSHwhl, 7T LUE
FREIEDIINE R J5 I HE 2 p(w|D) J& Xt S Hw KAl T, FRoR 78 22 23
#DJE, XWSEwWHIMERA. p(D)RIA—WE T, [F 2% Fhmlgerwi
B A ALLER R H ) ) R, X — I B AR O HE RS B F) “Evidence”, 408 HI7E AR L 45
i,

ET RN p(wD), FKMAPHEN G FRINETSH, Wl K5 R Al
Tt

(2.27)

Wyap = argmax p(w|D).
w

AR KRR MG TH A LE, e KR ST 508 7w e iR, Bk a5 4
Yo DRI 8 F W ERAT A (Al e 2R B ORI, Se R iR b
KN, R E R T T o R B R T

RKJE R TR IR il vh, B REIE— #E 1K S JOsk AT T AN HfE 2L
FHELE, JR R p (WD) IR TR SEAT A A TN AR 5 2, R TR
BHERE N 25 8 T A T RE I S Kw, XS B A R S AT FE. X JTVARR
NIk AT 55 9, DU R 30n] S5 a1 5

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

N HFRATTUASE — 5 R A S A 2k [ R O R e DU B 7. A%
GEERNE IR IR SRAL, o SU AN e 2 (B AP AR ERME G R, AR X 2
HowsE L deli:

r=w'x+e,
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w~N(0,007'T); &~N(0,B7'T).

A& T
p(l|X,W,ﬁ) :N(t|wa7ﬁ7]I)v

p(w|o) = N(w|0,a~'T). (2.28)

B E ML SN RS BIEED = {(x,,1,);n=1,2,...,N}, B U3
A

p(w|D) < p(D|w)p(w|a),

H A5 2w A AR B 2D T

Inp(w|D) = lan tn|Xn, W) + In p(W|et) + const
Z{tn wix,}? — w Tw+ const,

Hrbconstie SW KM E &, R ER A THEDZBUE B s K w. 3 H
R REM LA Ewl w, A5 R 2 R AR AL P ]
R H AR, T B SoRIE TR R p(w). Wz I B AR H AR
BRI LB IE T (Regularization), U 5] N S 56 ik 26 S 40 176 J5 H br ek £ 5]
AN MNLIGHAR, ZARARRA B AR T BUE NS4, X e 2
SeIRNEZE p(w) U s R X 3. AN (R SR B M2 S5 A T AN E R IE 4, 31X
AR £ P AR 1 A% i 2Rl 77 92 Hh 1R U 2 SRR

HEREN 228 XWAERMEA S — M2 Ha, X —ZSHESHwRLKH]
ESH, FUWIRESH. BSHT DUKRAER e, W] DIBET 5K IR
HENZ 2], EREEIp(D) = [ p(D|w)p(w; o) dwrg ol k%L, Bk a] LUK p(D) 1R
FALIR R E o WA gl A —ANSE SR, 1 T 5 oK S B v ok
filtor, XAPTTIERIRRIGE A DI B8 (Hierarchical Bayes ModelD.

— R, eI TR DL IR, (RAE SERR A A S
MRS (] . — PO R MR, SRR B IR SR 1S
B 5 e B I MR AH R B R 1X — SR SRR R Y ASR R H i 3
Hosede, BRI AR AL TR TR R R, T HAR T AR R
TELRS SIHESE. fEIX—HEZE T, fKid KA DM RN 5K p(wD)TE T —2%
ST OB SRS, BT B D AT AR e etk — 2P 2 IR BT R . X —
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WRRERBEAT, WIRHE SR AR, TERIX — % I JNE AT S 2 S e i 2
5 RER BN, IS MR IS B 5 e e R B e,
[ERESAPE NP

2.4 KRENGE

LEPERE AL LA o) B (A s A Y, R R E A Y —, 22D
FHu G R R A AT TR MR — Rl 4 NS & AT L il
DRLRY,  —Ppd i N AT WA BIAL, TN 2 T FiAE 5%,
B 2 T HEFAT S5 TR 2 F IR B 5], R A 2 F TR B 2
o ANRWRFPELRL, HB AT 5 A 2R M 3y = W 1% SR S A0 8% (i
BRREAR B AR AR B, A B AR AE T Al A7 2

TELRPETRIBL R, FRATTE 8 7 T ] VA ) 58 Fr 2 4k [l A ASE 0 0 T
1) JR (T Logistic[ml AR A, 2Rk [nl AL B 15 H A8 = 10 5% R 43 A p (2| x) /2
—Am oA, MiLogisticl AR BB ¥ p(r|x) /& —AMASH oA @B
KRB, Lk B TSR 38 5 A ARG 15 21 1 (51 )9 2 50 5 4R M0 5 45 B G 0
GSHGE U, RXPIFEI B AN, XAREUEERE] T 5HT
MR M RE. RN, AR PUAL S8 5L T FishertH U] ) 28 1 40 B A6 AL AE — 43 2K 1)
RSN T 2R AR A, XA T B ) S bR A B T e A A
BARRAE M. Logistic 5] A ALK & 170 AT R A8 TR AR SR 4 AR %
D] L B35 A 24 ) A

TELEPERE R R b, FRATTI 8 T 25 T IR I B % S I EPCA  (PPCA)
TR T B ST R RLDA (PLDA) 77k, BIAZRMEIE 52k vk
BRI G FR, PPCARAESRPCAT LR IE X, MPLDA L GLDA %]
MZE K. EPPCAJTVET, WEEHE & H— N IR 70 A0 Y B Bl L AL 2 s
— AR EIN E— A m i R AR, X EWREPPCA (L H AL G,
PCA) H@EH /& mEi /A%, PLDA fEPCAKERY b3 fE 2] 2% R,
X — A A AN 2 O 1) B AR 4 2 (R (0 — AN IE S 0 A ik 2k M AR 4
B3, BRhomEE, B NPPCARR A BiZ 35 i BidE. ASF2R
BARILZ R —ANPPCARE AL, PR EAZASE AL 1 AS [R) S P B 7 2 6 g 2 A [ 17
ME—Z R E (PorE) ERAE. FLDAM L, PLDARF FRAIEN
B SH I E R B AR R, X BERAEER L, A5
MBS GHAETC, I RAERIZ a1, AT DU EE I SR8 h i
R TE S
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e, AR TR DI g, R BEOR B E T 2 M e
BERLAZ &, RS SE IR AR X LA i B SR I R, A U a5, dxek
SR I8 FIR AT AN 2 B0 JHR A Rl Al ok, 15 3 Al A R S J i v 5 ik
AJESA T EEERGE, W ESCE T RAT R SRR,
RZHA — 7 — LR E BUE, BT DU —pELAC R, BT XL pEhLAL
BRJEIMER, &R M REHI A S 4, bt m] Al B B A T e
H,

2.5 lHXER

o AN A A T 43 (5 18 22 2% T Bishopl#) (Pattern Recognition and Ma-
chine Learning) 55 =%, ZBMYERf LRI IR, XPCARR > HITHEZ
T ZAAMNE T S ERTIES AR S 2],

o XIPLDAM 182 7% | Prince5s A 123 (Probabilistic Linear Discriminant
Analysis for Inferences About Identity) [9].

o ZNVERITAE KA a5 2 2] AR TCIR I 22 S Z0hA Hh A 2 Bl N 5. WTHastie,
Tibshirani fFriedmanf] {The Elements of Statistical Learning) — /%% =
ME (6], HEE (Hlas>1) —BRE=%5 (1]

o KTLRMERWIAL, W% Roweis™ ATE1999 4FEIL7IE L E [10],
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