EREF
EitA$

Bl b >

[B] #2115 &

Faris %

{¢(x)}iz

1 875K EIFEAANI ]

BT ATHMATLABR A
EDIEEIES VT T e

T P s AR

POSTS & TELECOM PRESS




b

ERERF
Bita$

Bl Lar 5>

[B] #2038 #F

FoRts B

o

L o *
— — 7 i o O
/ 00 "0/ / o
r
/\9g 0 " /

L\ Sx % x 1 *

IR €S

UNRE
A =S



ElEEmSE (C 1 FP) HiE

ERELSSE /() 8gF ;o rkfeie — b
i ARSI epL AR EE, 2015.4

(PR P A D

[SBN 9T8-7-115-38802-5

[. E- . D @i M. OPLEEED—M
fi# V. (UTP181-64

o [ 6 AC 1B PR CTP A B 7 (2015) 55052954 %

mEREE

AEAE SRR, MR TEELNE, W5 T R Y 5 FHL
e S WERAETT TR A fred . B 1 ARARTER T HLERSE 2 SR RES: 5 11
T FEE AR A S A 1 R M 0 RS A R BV T
SRAEE ARG BV IS8 T B R R . RO
T VERE AT IR MATLAB 25 i CHS, ol AR A 1 il

A% 030 G BT A1 AHHILAR A <) A A o R B

* 5 LA E2 L
i ik
HEHE R R
PiTas  FLIERS
WAEERI ik
& Apolpa it et R L E S AR 115
BEdw 100164  RLFEEME 3 S@ppress.com.on
ML hitpyfwww.ptpress.com.cn
Ak T 3T BB e
* JIk: RRDx 1230 1732

Elgle: 1.5
FH 200 TF 201564 F5H ) &R
E1#¥r, | -4 00077 N SEES HARREE | B ERR

EfERCENEC S B 01-2014-3345 5
s 49.0000
EERESHRLE. (010510951865 600  EDSENREAAEE . (D10)81055316

B EMTAER . (010)81055315
[“EEEFHNE: RIS FE021S




IMEEAMBL

Standing on Shoulders of Giants

.
| TURING

-

iTuring.cn



hit # 7= BA

IRASUTO DE MANABU KIKAI GAKUSYLUL
SAISYOUNLIYOUHOU NI YORU SHIKIBETSU MODERL GAKUSYUL O TYULSHIN NI
) Masashi Sugiyama 2013
All rights reserved.
Original Japanese edition published by KODANSHA LTD.
Publication rights for Simplified Chinese character edition arranged with
KODANSHA LTD. through
KODANSHA BENING CULTURE LTD. Beijing, China.

Adrrh H AR b BB ARE M B R et R i M b SRR, RRGR
WiAT, AESPmREE, AT el Rardies . fi otk



EEF

PR O R AT Ay A TR RER AR T MESA,
HL28# ST B ST AR E ik, FelRaling . E(E .
P, &Rk, PLARA . P RAE N 2 R T IZ ]

QAT (1SR AR Ly ] ) A M (T RS SR ) A
S TN e o b S ol B R P B U A
R AiEEAr#d T iRE SR

RSP . ASAIRR, AR GE
{0 SR8 Sy B B AP, R Al eGSR
YRR

e A EEE S B AR s ey, B, KEaHE AR
TSR Ay . (T2 Al RS S | bR e o PR e 1 i
i/ s R k. T RO, AR, B T2 AR S0
il _E AL ATy AT T - 2Eay R, R4
R — 5], el Bk e

P A - A R R AR R, (I 7E LRSS ) S A e
florfr e S S] T 4 A P i P s e S W . A RERE T H A
P e mirEa, O E BRIl A 0, M T 5,
A A S e AR R, TS0 ) A R ST T T A
EH . U S AT AU A e R 3 T A

ARG R A A LR A 2 E R R CHE S, T TES e 0
B BT A A T L e R S R R AR R R O i, R
R EGEAERN R, AR TR AR AR, Bk, AR



SEEtgl, PR, SNEREME. FOMESEH AT, AR IR T
HLASS T e i IR F Bl ads b ) i 8k

FPAFERAE . SESTH FaEElSed Bl LHE,
Fu[ S H L b FE. FARAr BT AR . B0 MATLAB MRS,
P I AT A b A IR . RAE R IR A, prRgineEsyT R, i)
it B O ETETAY T B A

Hlave JEE R A H =, B ird Rl EE, |J
ATIF S AT BT B e b GeE. e gk i
MEASE B, HEF IR E, Wl E,

AiERME TERAASRBMOECES, WA IEE TR R
i T ENE . RO AR TR, fE R TRIRAIN

iFacfh
0144E12 H F3H 5

I =&k



AR EFIHFTRATTE A, RE] "8, "TiERE e
AT FUHLC R A e ORI, (R AR B “HLaE" fe it
PP, BLARES, BIRILTENUILAT AIREERY T . R A0
A EF. TR, BEETHELER AR e, HLER e T EE R
MR TR AR H X R A R LA T R
—&H,

TEHLARE I S, WA AS B s, PR R Ry .
(5 gt e T X — S B A B . R TR A kil g
PG R AR AR TETE A R M. AR i R e B
Bk, #EERSNMTE— Boh T RILHER L EREAM. E
PSEE R T rE el s, WE TR RN SRR ES R
LR A A, RSN R, Hitk, DEMRT R
LR A, BIA] SR aE s ah M o R A B A L

A A5 BT LA R

91 SRR T AT L B T SR A B
AUSEE S | RN S R s o) S AL TT CARRT; M2
ArE T LRSS AT SR S S0 A 45 b HE AN

55N SR A A 1T e B (L () SR A T 0 25 D (e
Bfeifd, fRTESE 30| A T IRIHE LA AERE, BiE /2 i,
AT T RN G 0 AT R R R R —REE T . Bs
AT T e R T R O O S IR B R L RN
RS L. Bem il I A B8 R EEm A EEE L,

F Mol T SR 22Tk, FTRAEET [0S [T g e
W B e 2 I p ar Je A 0L . SR RS A T 3 T[] R R A IR



B & 0] REALAP SRR, T ELETAR 1 SRR i B R R
CEHRAEI R CE, S TR R L A R S A
MR, BOFETGIA TIRETERERISR 09 I o 4 R
EPEfE A AT BB A E 2 A i, 4 T Bageing #1 Boosting B ik . 4%
10 54T 5] 78T ELl LU R 17 71 3509 Logistic B3 89 - 8,
A R f sy — et ) R A s IR R e 2. A5 11 REATER 1RESE AL P
A R R % ) R A e 2 1) S R P LA

IV TR LI WE: . 2808 rEL s
(R RIE R ik . S 1S RE R T e o P I Ay ) MR
HEVE, S4B TINEERE S b

BV T LS ) S A 2L S 15 B E TN
SFEAE N AN E R E D B W16 T AT T TR A AR Y BT
N SheE A 0 Bemt -, SR L P L AR A R s B
HEHE., |ITESH IR L. S 1888 T LG R HH:
fbhef ST HHGTR, RERER THE AT a9 I T
WLoTNH T2 TFITHFZM LM IR, RS TR
f ke BT FE AR

TR VI AR5 2038, FEgif AL 2 Fhd -5 5 il Ao g

DI I T O | O ) 1| ST L 1 8 = O D DR ]
RS TS s S5, LIRSS ms e, Sont s
1188, G5 RS A M A B N B, W05 T IR e e A ] LA e s
BEPgEE.

BfFA5ef ab R B, A [l R T A T e S i
FAYMATLAB BFHCE. & T RIEE S — T A, E
MR aT L AR A, R Erp A A A B e s il il 3o,
R RFfTE HEmin F L,

rand('state', 0); randn('state', 0);

B ] 4 R A e 9 A A S R



i

-Elﬁﬁﬂ*\m
i i
=

—

L )
{1 16

{3t s 8

i

WIS |4

szines) [ osun 1=
ol i L 5
Wﬂwl | Ty |

A h

Fam
i ZIFEE

i

BT
BT LTk P
W . -

:

Vg

LA AL

EI5E ‘[
wen || puers

ELIne ;é'ﬁiir_'_“'.;’;'-nﬂi]_[ #10
| e || e || #EEES
e T i e |

A= :

=
I

198

!

1t

e
=

——

VIR
5O
i EME
T\ BESED
B i

1

L
-

A HEiak



WG, AR, AR EN G RO R, Al
2 Tl R i T — B 342 . NTT Communications FHH AU R
Fira s It . R S S RO RE I A R RER . R R ny
MR . Aol Dl Fm R — e ke Rii R ek |
4 B Y Horiguehi Hiroshi 5642, 87 F TR & B K isfem, 1%
S e Ll )

PEAlIES:
2013F6 H



H =

1%

m2m

BLAN % ®

tABHNEFS

L1 EIMANEE e
1.2 HERETEF BT i
1 R 0 s .

31

21 EBEEBIT e
pL I - (L S
28 FREBEER e

BE3W

w=d=

EOm

|

2

.................... 2

.................... 8

12

.................. 12
.................. 15

.................. 17

WA AT |

BN _RFIE

3.1 BD TR ..o e e
3.2 B BB AT T e v
3.3 FoHMEER I T EE

TRARRGNENFEE

8 % S R T O R i
4.2 EHHEEVEVD ZIRF T

4.3 BIARLEFR
e

.1 LR T e enias s e
5.2 FETHAE D ST BRI i
5.3 B EREE I IR e

22

.................. 22

45
el

31
- |

.................. 33

-

43
43
-5
.-l



#26m

E

#8m

#0w

#®#10=

R 1 AR N T R ) |
5.5 Ol BRI A IR A i 52
BEFS 55
[ R L5 7 AL i o ——— T r— 56
6.2 Huber fiFR/DEET .o 58

6.3 PFEIEHIEREAMEZE .ot G3
6.4 £ 29900 Huber R0 AMEZE T oirieceiieeriannes 65

B AN

BEFm/h_FEiEmoE 70
AT Tl T R IS —— 70
7.2 O/ VAR FIE] R oo 73
7.3 BAERDIETE oo cissasrssnivsnesrsnssia s naaness Tii

wiFm BT 80
8.1 MINEREATERIEE . . s B0
8.2 WHRFFERALRBRBACRIE T i B3
B S s s oot e T 86
8.4 (AR A REETERRY 88
8.5 (U Hingeffl % MEEI R o a0
8.6 (U Ramp i RATEREE S 03

SRl 2 08
O L 3 o OO 08

0.2 BaghingEIEE e smsini 101
0.3 Boosting 1 e e srasssisrisssrssssssessssens 105
LT s 112
10.1  Logistic [PHE i 112

10,2 B T HEHEZEARE e e annene 116




=l1%

BRI 6 D 121
111 JFFIEERIERIE e, 122
112 SfFEEHLERE AT e ia e 123
11.3 R SRR s S e A fr i ... 128

WIVIy M)

w122

®13®

w14 =

BEHEN 132
iy I - T NS ST, 132
122 FRFEEHLFEERE .o 135
12.3 HTHEREHERERTM ... neassssensns 137

o i PR e 143
13.1  ZRPEREEERUIRRR ... 144
132 F AT st 1A
133 B R e ersenn e sres s asnsanresneenesens 148
18.4 BEEELEMADIIT o orsammnersinssmasissnsmses 152
13.5 PSRRI . 155

B 158
141 EIHEZL . ooeescnessssssessmaasssesenes 158
14.2 KBS oo 160
148 TR ... o mcnemmmamasssmssomsanmms sasnemeps s biaR TR i 161
144 TS B SR e e 163

BV BTk

2156=%

EHEF3 170

15.1 BB eeeeeccciisiens s e ssssmsssnensans 1T0)
)T T L L T I



#1162 FEEZE3
16.1 7% 1 B A S AT B e caaneras
16.2 by Mk e — e Rk ik ...
16.3  Fr ety oF MR ER oerieceeress s
217s LR
17.1 S5 ) S A A 1 BRI e
ITR FEATERIE ..o s mnsnrs s v srmsis RS i i g i it
#18& FERS
1% 5 A h e S ——

18.2 WPk FAERSE e

£19n FESEFES
19.1  MHHE A PR EEHFEA
19.2 D R R R S
19.3 ZUCHESR I BEITET o

181

182
183
186

188

188
195

197
197
204
212

212
215
216

WVIES 4 i

220 RESRE

E &

222



i

T s







WU IR, RUTE MRS, WEEd . £F5
WA, AL, ERAb ., RrEEeE e SE, R
BE DR b L 28 R ST 5 51l . SRAE SRR AL
o I AT S . TR S R BRSNS TR AR A A
ﬁii.i!.ﬂl"n*-'l?-l*fml'ﬁi"-“.*

K, BHRERG EIMMEN T, ¥ “’*fu.rf” % 1.3)
TERLERE T, HEA F RIS PRl R I‘H-JJ—I’s[‘?r Gk
T R R R AR TS o i = JJEF—IEHHJ W%
FEE, EdE, ErEE BT LA -}';rl}jﬁl’ﬂ. ol o I MG
[ i BB, UM, R R A S E DRt R

B3z | XEEFS

1% SEEdoz 003



SR 011 A 6 B R E AR-B 4 T S B B A DT s S B TR
AITERRR]L XA A8 ) YRR % 47 B S . e

srfbiE ., SUE AN, BT ESRATEE A
ﬁl]#‘ﬁ'fﬂﬂ[[.lrmﬂqr T EEfEHE A H bR, HEEFAEHEY, AEEE
IR A . SRRAREEMRHAT. Bm., MREMTEESSRP A
(1ol N B e e T [ R P A L i s S A A e i R
sk, EIRTEEH MR AOTRTIL . R e R
7L, AL BRE B FETREAN, R T S e g e A A
BT A (P 1.4). B8 LS R T I 0 rry Fin Lo B .
Hi, ik giil A AEFEMN AR AZ . Wik, el
wr A E s L T RELEERR g A TR L T b AR 0 d £ TR
AT 2. el lhEaHBme, 43, BEEHEESE
Frri st A R

1.2 LSS HBIT )

H R ESE A RN, BT el LR ek s]. A
WEFAAERE AP REAESE, MakliR., 58, EE,
T 205 I A S Rl —— 201

C Bia ] MRHEE]

004 W18 HARNEEY

-l



[, 92 o B A e B L (L A 4 L A R G )
ISl 150, W, Fff |3l T L i Irn s i g = 1 b A
SR o 11 ik TR y = ) O R AR fEMTE =B, 3 Ay
HACpREOCHE fREKRMD., ffFRllgnaEni Al 5 {(zowl}l, £
EEA, B, —#eR F, ELERyMEHEE fix) PEES
AN A R S AGEEAS e SRR A o) T P ] B
LN R R T e [V e Rl ) T o i = B R TR i el TR A T )
FF TR B ) B R O AR R R . AN R TR 2R A () £
il ] LA A0 B ) 5 B A e E FRHRS N, R R R - e
SERUSEE S BB b, IR F edeors et ke T AR
HE-22E R 2 ) 3 1) (o] &80 (o, o] LA H L 408 8 0 2 e mE ATy e,
ST L A A e I PR F A RR A A TT AT

AP, SRR TR E M BLASE TS Y A B AR LR B [ ke ¢
16), W, Ld iy sce i i« fF 0 ARER, AT Ab A
An, AT LA 25 25 o - B2 R0 0 (el A TR 0 . R A SR n T A
R {(mo ) b AEEVEIE . (HE, S EpE A HEE Ay, TR
A AR, WA BIC AR, 2, - oo TREAERRES T, 45
SHZER, 2, o TRRE = fe) M50 B2, SRRV AT . Hik,
2R [, T (A (o] L ) SR, Bl R R R O M ) R, #R, o

E1s | B3

IS 0 5 e B s = "*?;_ AP N e R T R — ST, —

2 HEEFEESTET  DOS



SPAEE S, FEATELEN T A S EIRI TR 2 b iRk, 4
5 (v 8 0 A 0l e B A T S O - R AT IO, AR i
S T R R, X - SRR

SRR R, R RS AREAS (b, PTG E R e R Y ]
T O 0 A s 5 5 S A R RO T8 0 T . LS AT W o 5 )
RAHIFER., HE, —BENF, SRS, P2
R, AR EEn, FIvRAemM. Rt
WEEFR SR A R ) R e, — AR S A i ARSI
AORIARAE T & P8, B S R BRI N A0SR (] 1.7).

Bedge R REAR ], AR R, R IR TR
B (E LR, B EET L AR {2}, $RIG PIRT &4 4p
Bl 11,2, e mmEAEE L SREl IR R AR B B A HATE

Ei16 | 9%

_ELT | SR

D) Bedn B e el ok 08 ey —BHT

i IR (FARMEYS



B, AR A ] B A AR . (e S, (e b
B A 2 (] (L R o S AR

BEEE, A M S R RS o B R b T
A1 0 P (o] B TR AN A i (L L9 BLOAOledih, i AREAR {2 1)
A M B A AR, AT LR A A e e AT A R A L=
ERPERRAE Il L T, T LU R T AL =T, R
MRS RS AR IR] AT R MR S RG29S
H R A AR (o p) b, RO RIREE, BFUCES, TR
AR R AR {2 ), R R R sk . S
ZAHRE, WA BT AR (el RO RIS, SUETAMEST,
FEREA R IR R A = L, 25, R I i AR A (e}
(6116 | R A -8 6 T e B S N g

ik 2
aA,bA
® 9 ““
:... ..
| l. o o m
] I.
i3

ElLe | BEair

{EE== )

1.9 | [

1.2 {LRen TR T

00T



1.3| mEssnE )

L EFR kR, A, DI e 4925 5] o it i
(L0 s (1 e R 1 s RN IR - 1 s e o o 1 B
Ao, LR S A D e B A LA

1.3.1  EpRYy 2EHIRRIRY T 2

TECLAME e A0, 0 SRR 53285 55 001 gy ) S {48 )
R ACE ARG A9G, SEal RIHET T AT 1

§— argmax p{y|z)

R, arpmax” AEHGREACEN S ENTER, R, max, ply @)
RGNy BUR AR plylee) B8 XL, W7 argmax, ply|e) 245 25 ply|e)
Wz A (RLR R0 00 o PR CFE 1000, fEdR20 R, S 22 oy e ) il
FALFR ORI LA et g s AORER T aElER e,
NS S M LA A o T R, AR TR G RER . WA
LB AW 2 g g e ST W o e R 13 D e o o 1 i

Ft, IR LRIR S ply ) Fr Ay i) eREL,

- plx.3)

— a1
p{m] jr-\. ¥ :I

ply

i b, JRATTe) b A B N ] T o ple, ) S R TR
B plyle) E AL ERY. TEERA AR, JRNT AT oS R 0
ple, wikPIRAER T, SR ply =) kBB R
A

LML #essssnasnnsnasns saasmssn

E1.10 . mas ] argmeas

ﬁ HIM asdnEea



=argmax pix, y )

FEER AR AL, BT pla, w) P S0 R4 1F N2, A T B S
R ple, y) AR THLA UM By 25 I ik, B i sr st

LFFEE AL AR A AT B ARSI R - TR
i EFL AR AR

ALMRFEAP, FLEREAMRSY. AFAE MRS
wyE AR, RRde Rk — A g 6 VLA AR A — AP e R
AR TENEE, WAL -ANHES RTHES
AR A 1E A R R AT AR i — A SRR T ) AR,
AT R8T B R B ok — A — b Y 7] 3

AT AR ARRT BERD, PMEFLMAT B R AR LR — R g,
MATFE R A, R TTAE LI AR A, RSN A ple. v )R
B FAY,
ple.y)  plzy]
ple) >, Pl )
Az, M LA L R s plyle) . 280, RIS REE plyla)
A, ECTE e e R A A ple, ) (T L1 D [MUKE,
PEA I B ply @), T LB A AR pl, ) B — 1
e e N BT T o 71 A = o - W 8
plyle) RS T . (HIEER A A2, WS BRE & M2 pl, y)
B — PR P [ 8 o S L A o R A - T JE R SR
LRI E A R A A B U R AR )

W) — i, FEAR SRR, ST LSRR AT DGR A i
plae, gl -SSR RE A0, AR R o, TR g o ST
FE AR N RS SR A PR, ST A A DGR WA (e, )0

ply ) =

(0t Viadimir Mavsoovich Vapnilk, B WEEHE, B o g

159 FEEEELE 009



o AL

SE
E/BR 7 RAR

Bl | FEEEmMEE

amr ]
N

TR EIRM, S RE, TERT A D B A A A plo, ) e
T = A SO o 1 i3 B o e L 2 e SR A e 7 e P i |
5 FEiEEEFFHER.

1.3.2  SuTEiEtosrZ e,

o, RN OFS8emE gz, v @) R, i8R
R pla, y) )] RUBET T iRH]

TEHUTT U R AHLERE ) kb, R fih i die e bt
HFERINEFEERD = {{I,-r;“-}:' AT Ak T AL Wi, ik
FAL AL TR b, — it N R4 D 1 B 75 B ) BT 0T I
T O E T

b

max H glae;, y:: 0)

PESE TS e, ey by 5 5 DA 3 e B IR =L 0 2 E AT
FE R

HZMx, AFhFE kb, e AR T R,
FLUEHEE p(@) DL IE, 113 S U 2 D R i 1 f S S p(0 | D)
i iz Y 0 B BE L, RE 0T LA fE R Se g B A p(0) R B S G R
pl@|D), A

p(D|8)p(B) T, ala, v |0)p(0)

81T = —
PO} =" TTI. a(@s, v, 18)p(6) 6

E EiN (tEENHRES



IS AR p(0) 2 CLRIPYEG, o SR p(0 1D ) gk ] LLFEAT b5
BEATAEEE AR TR PR, AR VIO AR T D, S0 el
i3 SRt S AT AT A

A R B T IR I L B R, IR H s
A5 A A e M T T BRI B A 40 e 7= a2
Wik, N A LIEE E 1] % ST E W RITIRATEL 8R4 )
Bk, PTELZE Ok (10] SFEEA U INBEA Y4 3

1.3 NEEIETHE 011



% SJER

RS NSH IR ENFEETNOUESTEENS
FARERITE .. FEFHFPELEREITHRNETE .

2.1 &iemn )

B, MU fer S o AR —HEMO R BCFF IR . e R
WO ATAC{RAR ey SRR A R R R A e, I, AR
RIS (him), W3- 28y, sslmEnndlit g
FE BV OR o  TTIE eS8 (L o e O B € (R = S | B ]
fEETTEY, #Run. PR ORI -5 BAE SRRt mdn Akt el E (BD T2k
RFE ), PrLIYE RS b o T, RN AR R AR 18 2.0

E2.1 | EAEIHREIRE T RER T S et e R i

Fit, SRR, SFE ot Bk ST RN R,
fl AR SR ZE PR R, SRR ] LA SR R R e A T o
2kt m A Shith 1

II.I
folz) =Y 8;04(z) = 8" ¢(z)
=1

ﬁﬁ WIW FIEN



LT, oy (x) IR dlx) = (di(z), - aulz)) B ;TH
T 0, EEHEEe = (6. . 6) MW TET. Bk, bREEREY
8L LRRTRREMAEE. RIITLAES, B R RERT
e RO MERREG A, (O, G0 0 Rt R s S Bt g At

¢i(x) = I:t,r_r21.-_ !Irb—l]l

g FAE b =2m + 1~ MEHLIER
@(r) = (1,sinx, cos , sin 2, cos 2z, - - -, sin ma, cos ma) |

R 2R PEAE R R Al LR S A AR ek AL T
T bR b, — o i) Bl A o i Al LA T Sy o S ) (] G =

=z ... gy’
folx) = _0,6,(z) = 8" p(x) (2.1)
i=1

B EZHERER AN B e, QO BEFE S IS 0 B eR B AR ok
CLORE R AR Tk e e s 2 TR IR - RIVE VN ER RISE e i
i A4

FiE AL, L HENY LR RO PR T, A O LA i AR A
LHERL R T

b b
fol@) =" o305, b, () gy ()

Felp, ML ASBENSECE. b FREEEDH 2R R0 HE
ST S G, Pte] B i 2.2 (a) NEEEH 2200 pR 8L, R
BREERE, Irf S0 E0R (07, BRI R AL 4 50 e
A RAERECY . Wi, Y =10, 44210009808, S EYT
I EL T

10" = 1000 - - 000
", jo—
1M -

HEETRLHET., LeaTHEir TRttt . Rk

21 Hebes 013



i nEl

I. FEA B RN, RSN |
R R 3 TR R T
} i PR T A R s BT A A R R A

( SerEmimenr. {0 HCR BN SR

Elz.2 | SHEHEY

i A SE R A I, TR e RIE RO B SR, R A A Al
APPLAE A ORI R R R 1 (P 2.3), Qe et b B

deE, RELEE A E VPR g R
i[IFFR BT ST

fE—HEp R B0 I 1, i 6 H T i R
EHERL PR 1L

d B
fo(x) = E Zf);_,f_ﬂ,f.f""']
k=1 1=1

E23 | #EMoo. EEWASIIEN, SIHESSENNSE

014 F:w ZFEmn



IR P A A SR PR, B SR A R
i, %6 =10, 48 10060, RS-0 10 « 100 = 1000,
BT ETRHIERITHMER. B2, TSR aEE T -4
FLERFA AL, ke MR L 2.2 (b HEEERYRT el #, RA
IR A 3R R uNE

2.2 | B )

AL PEAE R, Bk = M a0, e R SRR A
{(, p) o AEEAHICRY . MRS Pl B A sl W2 7EilE 1y
K RN 1 Tl L AR ()

AR, LI AR i sl oK, ). BIK (e, =,)]
AYLREEES T I AL SLRY

fol®) = 8,K(z,x,) (2.2)
=1

TEARE I B, Ll e el S i H fh iz

e|?
FhE

E B, || 2 digk, Bl = /=Ta . ke WA F i
BRI S S O (P 2.4

Kz, c) = exp{— =

}

1F ], D
= = fi=1, =8
B smims W= =0
i h=3, o=>%
G
04t E
0.2F m
.::::-:‘:-'.-
i .
15 10 15 20

E24 | HER. SOED SN

22 =il D16



TERM R, 035 T AT (o L TR, L
PRI {0 M B RGHA TR  (H2.5). Wik, fediiRe i, —
fie DUE 8 1 S A AR AR B AT A P AT TR (2 2.6). SN ACE
[ 1 4 A pR A T AT Rl AR AR R A [l fEas T B, PO HGE
A6 2 R A AREAR ()T BRI A PR T AL, BT LM R R I
£ SURTRCE W - Ul

F 4 “'I-.:i.:-i'nl
',.""f : r Kim,=,)
: >
& T T,
I T ARE A [ }f'_JJ_fn’chUr’r&r‘IL.
B, IR E {60, A SR S
o 5]
LY i -
E25 | —HAOEUREET

CL 75 i) £ B 0 4 A B R Bl
o AR T L, o] L
AN | etk

Yy s AV
| e A o r
8 s \

| ’ Uy N
L / y . I
N ': _i/‘ IR RY \q!"'\-_-' ---- — f
- ."":_af | A r F
.I'l N d .--'\H:.' £
M =

i Ez l HEAS A R

016 mzw wssn



Sl b, TEEEEIRIEL, SR B o T AT = 2R,
SRS n e . [Hik, Blg AdEdrd iy, VUEINERRER
Bon A RACK . 2 7E 00 5 ELAG b JHN R 2 L i B O R AR
Bon iR, MUK AREAR (@ )] 09T RS (e b R Btk
PR, TR et T LA S TR A R

falz) = ieﬂ_.:h'f:m &)

i=l

B R S a0 = (0, . 0,)7 MYEEHERE T, Rt du T L ff:
A (2,1 VARFEM L T SRR A S R L (S R e 5
e T AR, Rt TR O S R T SR R R RAT IR R
A, S, MEAES TSR R R SRR, O
(e BT TR | I B o T (R <~ L SR [k o2t
T SR SR AR, iR A A A [

FERE A 50— PR AEIE, CYE AR A @ AR R A, LRES
TR M Fd e, B (220, S ARE e HAETE T H s
Kz, a' )b, FHilk, Biatm-ra A4 e B $at e it e Bohn g
M, MAMELEASEAz BRI 4. Wi, HitCS8ag A BT
fit ABEA @ BLFERT A Do P ST B e Y (R BRE BR
B TTRYHLAR S T, B Uik, BERRET T ik R JLEEHL AR
S B TRIF ST SIEE . S8 T B BERIAY T iR emag A4, s A AT LY
S A1), [3])HITIRASFA.

2.3] EHEE )

SEHHR AR RN, BRORIEZE AR B L R DGR
A RER T AR, WBRT AR Z A E R PR R L. B H PR R R 6 ok
e, BARsPEE RPN EREA, E AR EITEEA S 2R

0 H parametric model 8] non-paraanetric oedel, ——FHE

23 EwEsl 01T



&

folz) =" a;il; B;)

Falidr, dla: B) 0L 54T L% bt S0 KRl
ERPERARUAILL, RO R TR @ = (0. o) T B9ERFEIE S,
(LT A R i e Lt & B8 bt {8, ) |, BTLL A
WEETFEHEE = (a”, 8], 87T IR

KRB R A S R R B ([ 2.7)

Sk (2.1) T80y

; 1 T AT
(z:8) = : , B=(w"y
@lx; 3)  — = - 3= (w7

sl 5 5 0T (1 2.4)

mWﬁr=meJ“gf“). B=(c,h)"

S 1R R RO (1 1 Sk A2 M A v i A ) R, DR S Y e Y
- L b St s I i | o S VG B R e 2 T e e
T RN R E NIRRT, (R, R R AU AR LS Y

TR, RS RSB o, )1 T p g, s
HERE RS R ) P, A DA 2SR A b

iR REE TRl R R R AU 1 2.8 ARy TR s

i i of e
1F S LE L’
. =
D) =
iRy L] =
" =
u =
VNl o . =
L = o
0.4F : = — =1, =l
y - =
. = wma =1, =10
0.2r : ; vmim =0, =]
'. v w=h, p=10
D I L ']
-15 =11 -0 0 a 10 15

=20

- Bag | SE@mH
H Wom oA



falx)

E28 | ZREaEREE

SN, fERdERY, S%e MEE i AR ——Riay. 0,
fEb = 2 A T WP e i R,

fﬂ(m] = E'I:]_{L':P[ﬂ::".l.ll : ":|'|_:| =+ -ﬂ:;t,ﬁ{:l:; Wg,":l'z:]

HERMw = ws = w, Hyo=92 =78, Wia + oo RIEE,
BEAAE AL T (7 — B

falz) = (o + o Jolm w, )

(E P b B . A T O A 0 2 ) e R T
e

FEAHEN TS RS B BB, R A I M ) T gy
i EANEEEERE Y A, TR AT ST & A, E a4
i AFEARN) R, — 2R T R T, AT LR
70T b W AR A i (A8 E

23 Y 01






JIE AU EE)

TEA-TAYE 0 #84F, Fei g8 mE i ) Efhaa W H I8, FMH
TR e BRI Ty L el A S ) e T e [ B
o AR A 4 [ 0 (e R e B fe AR AR R e

b PR TR B T R A R A R A i ST IR A R A S M A
YRR S N W e A 1




/N _FF X

FEFEE R E B T IEMLLIE .

EFRTHLITE D, BG4 R 5 BSES B 2 e (£ RN .
LAZESHE yFRE AR Sy = f(e)fF 2 O TiRE., XEMNE
LRSI R FEFRAR, B R PR S EE T f Y
ST, EAEMTES. EETE—RER T, WHiEsy
HIRSLES (e ) PER =M F IR

3.1 Bh_R¥ES % )

B/ e 3T R KRS (81 1S o (e ) 002 S s (), B9 T
Fig

TL . 2
hs(8) = 4 2 (fol=) ) (3.1)
At RSB eI TTE
é]_g_ = argmin Jy5(8)
I

"LS" J& Least Squares (9 H FLE. B4k, 3.0 G2zl &
¥oa/2, EHTHEN TR BRI 2. FHRE S (z) — )
ik

fol®:) — ui
By €%, Fbdn b 3 S A R AR ik R MESE i
AN FHEE PR A

b
falz) = Zﬁ'sﬁi{ﬂ-‘] =07 ¢(x)

g=l

02T WiE WP



i UIREA RO 2% s BB B T TR,
hs(8) = 5 | @8 ~ g’

(EiX T, ¥= (- ve) VRGN SR, & TFUbon iy
n % bEFFERE, WERAE T E R

drf@r) 0wl
= : .
i iEs) o dplEn)
NEEFE AT 22 Js B9 28 m i O IR R 73 Ve Jsl

-
_(Gds | Ohs ) _gT T
Vydis = ( a0, ' 98, ) =% ¢  PF y

BEFERTE A . R R E R0, R TR B e £
0 Y I
AT Rt A By T T PR T S R B AT R, AT
BEER
B = by
(e, VESBIEE. ST BAT A . RS S R A SO, T
SR O R R M e R R EER ] L L, R et
& B A7 TR EE A, T R o] LA R ol s
-~ (@ 8 @

¥ 3.1 Bt e dl

Plz) = (Lsin ‘;  COS 5 sin "32“'.;1-,5 325 e 1311“,5 lg:c)T
BT R T RIS . RN, R TR A
PEHE I AT Fesh 3 . R 20 k£ M iR B AT LUAR B Mk
AR, 3~ RO R o OV [ BT A MATLAR AR IR, B 3.2 ki

3 EBRREE 023



A TS MATLAB FIFIRICRY. ek PRUF, AT T LA
FERUMATRE, AN e\ H R 90 — y HTTRI, S
B 1K

|
1
|
0.5 ¢
il
P 0 2
®
=31 FEEtEERH TR O REFINES . RT=AZMIEEE ¢ -
fy a8 s i 2m . . i !
|:..-.|.,Hl]'l %,mn %._FIII'I Tﬁ‘,nm %, e gIN Lz*’ L s 13‘” j

n=30; H=1000; x=linspace(-3,3,0)'; E=linapace(-3,3,H)"';
pix=pi*x; y=sin(pix}./ {pix}+0.1*x+0.05%*candn{n,1};

pi:.l)=oneain, l); pl:,l)=cnes(H,1}:
for j=l:l5
pl:.2%jb=ain{j 2*x}; pl:.2*j+l)=coa(jfi*x] ;
Pi:.2*))=sin({jS2*E}; P{:,2%j+l)=coa{jf2*X);
end

t=phy; FsP*tL

Bgure{l); clf; hold on; axis{[-2.8 2.8 -0.5 1.2]]:
Plet{X,F,'g-"); plot{x,y, "bo");

aaaaaa

Elsz | HEHEREGHTR CIESEIR MATLABIE R

023 =g Wk



AFMIFF 2 ¢ il et i Bl A B w, = 0dbiThnd, #RST
BT ) P o RS B ey 1T O B

mﬂiu% Z wy { fal®:) — )"
=1
i e ik, SRa R,
(@' wae) & Wy

Al LLalad oAbk E, B2, LU WaRlw,. - w0 I IT
(10 7
F 2.2 1P £ A b e Y

folz) = Zﬂjn‘ (&, ;) (3.2)

t ] BLEA CE R el pEs Bt — P SRR b, o e S T
o e SRR K, 0T L R R AR T R A T i R R A R
A/ R

Kizy,2) -+ Kixzy,xo,)
K - : o

K{xn,#1) -+ K(Zs, )

3.2 | BRI )

T e B THE P B A5 S (89
min )

®= Y matp,

b—1

Kev Yo, e mHIBCHSRE,. AdRmE. F4FMER. &R ESH
ot |

W T — J 1 (i =) W I 1 (i=7)
B = {u i2¢) ¥ {D (G #3')
{fi I MATLAB i svd s, o] LUEE & ) Sl i 7 3 S0

22 B0 WECME 026



#ETTE A RS, P BT SR PR e BT L3RR T AR
aminfnh)

8t= 3 wipsd]

k=1
HE, w Bfrkbe ) EFEYE,

e 1/ (k#0)
0 (k=10)

R EAmIE 2. B, b B8R0, wial Ldm N

roingr, i)

EI,E- - Z n'.L I::'IJ"JJ-;!-'_I}:] Pk
k=1

3085k s 3R e 30 o 4 B0 o R O U R A L )T R 1
{fa o (I Vs, BRI bt FREYIE, LT

(f{:lu [I,‘I T 1f§.; {.EJ-])T = 'I'Ein = PP y

AR AP E e B A EE R(P) I TR, (R et
AE AU 4 Ay R R PAE BRI R

FIFE A e fratdi e, 0ELL fo- BB AL AR DATE, B
BB RS A e b BRI E L f (e | HER] R e AR, B

(fl@e), -, f (@) — 20
ik, BRI B B TRIB) R T AT, SRR
5 3 e ) ) i o P TR 09 T AR B AR B 0k, T LR y o A
WP AR T ([43.3),
R SR A AGEE R 0, W RO, G A S
O BT
o f{?}_:,-] _ g

L, IR A, Y Ah, B R R AT 4 & e
(BITEE A A ARERN O, EBFLES 7 fo), ANSEIETINSAE A B n A0
Eﬁ@ﬂ%ﬁﬁﬁﬁ*%ﬁ&%ﬁﬁmwmaﬂ#ﬁﬁ&ﬁﬂﬁﬁﬁﬂﬂ;

m IR BAoREDE



A | /
s -

| Ea.i"j HefEERatR R HES, iR v 2HE R (PR E R

o
]

3.3| AMusE S S EE )

SRR R B DM R b, SRR A n i BB R
R B A e, R S AR N AR BN TRICRMRE T
i P ML B s e e TR AT AT R . RN R R L RS, inE
WIERE s s EIE FIE, S8 e Haiik i J ARGk (H3.4).

VI e, G (33), B {
S =198 (A8 o B TP i i ) L

R T R TERE, BRI 3.8), [
% B S W0 Y 9 g PR e A g ) A
T

B4 | BEE

— R, TR T N ISR T TR R S R J18)
PR A BCRAT, F TTER M0, 6, IR < [0,1],

Jody + (1 —t)8:) < tJ(8,) =+ (1 —1)J{8]

T ket T

1 P



b A (13,50, R MR EE BT (e R R,  Fir L it
b B T 0T LA A3 O T T R s AE TR T P A B (A, B4 e
Rt 3.6 B 1 {0 EEAILES T A e A A R T i —Feih

N R
ll- r
FALT RN, . 8, nuﬂ
s b |3
A e —

|
Ji8) N

B 3.5 eSSt

0 55 0 LS S
B REYLAEEE - UNEhAT A RN, PEFEN s f i DS A (g, 1)
O U En e S, R PR, YRR e,

8+ 08—V (8) (3.3)

(R, %R R MM NESR R, B TR, Vil &
WTFY 4 R EERE AR A I BT O R AT HE I, For BRI | Ry 1)

"..TJE.';: (@) = gplae) (Fo (@) — i)

0O B, BN @, @byl

Els.e | ERENSESENSIMRERITE N EF I ENEEE
T 2N A R R
Tl b
falx) = Z g: K (z,2;), Ki(z,c)=exp (— u)

§=1

@ Bak BoHEeDE



B 3.7 B 15 Ho A A% s 3B ) i R BB Bk ) i MR
Bl B il M50, RUTEMATR RITE RN 0. ERTET A,
MO, B AR I e, sl 200k 1L H I, B R
B 1Tl A B L (HR, ANSRTER S AR A A i
EEOL, WIS EE 11 556 Uk, 3.8 -6 I MATLAB
T LA

1 “hi
L]
0.5
L
L
0 -
L
"H‘-‘
b 1 2
- o
(o AT (b} 50 kLR
] - 1 "
I" "
0.5 - 0.
0 Ay 0 -
[ ]
- k. - | =
03 —5 5 @ . 2 05 2 1 i 1 2
I i
(e ) 100 B TR (d 1150k {05
* .
]
0.5
U L]
»
r - E
0 a1 2 B
i -
() 200 B L (0) b i Bk B (11 650 IUETLE)

Els.7 | (BAERENEEE SRR TR T AR il A E
n60, BHFERFRERFOS

15 AEIMEETAEE 028



n=50 H=1000; =x=linspace(-3.3.,n)'; E=linspaca(-3,3,H)";
pix=pi*tx; y=sin(pix) .S (pix)+0, 1*x4+0.05*randn (n,1);

hh=2+0_ 3%2;: tlO=randn(n,1}: a=0. 1;
for o=1:n*1000
impeil (randn) ;
kimexp (- (x-x(i}) .*2/hh};: t=tl-etki*(ki'*t0-y(i)):
ifsnorm{t-cd)<0._ 000001, break, end
0wt ;
and
K=exp (- (repmat (X_.*2,1,n)+repmat(x.*2' N, 1)-2+X*x")/hh) ;
F=k*t;

figure(l}; clf; hold on; axis|[-2.8 2.8 -0.5 1.2]);
plot{X,F,"g-"'); plot{x,y, "bo'):
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n=50; H=1000; z=linspace(-3,3,n)"'; X=linspace(-3,3 ,H)";
pix=pi*x; y=sin(pix]./(pix)+0, 1*x+0.2*randn(n, 1) ;

pl:,1)=ones(n,l); F{:,l)=ones{l,l}:

for j3=1:15
pl:.2%j)mein(j/2%x) ; p(:,2%j+l)mcon (j/2%x) ;
Pl:,2%jh=sin(J/2*K]); P(:,2%j+l)l=coa (] 2*K);

end
tl=phy; Fl=P*tl;
t2e(p*diag([ones(l,1l) =zerocs({l,20)]))\y: Fi=P*tZ;

figura{l) ;elf; hold on; axis([-2.8 2.8 -0.8 1.2]});
Plot(=, Fl,'g-"); plot{d ,F2,'=—-"}; plot{x,y, 'bo');
legend('LE', " Subspace-Conatrained L3");
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n=50; H=1000; z=linspace(-3,3,n}"; X=linspace(-3,3,H}";
plu=pi*x; y=sin(pix) ./ (pix)+0.1%=+0, 2*randnin, 1) ;

x2=x. "2 XZ=X.*2; hh=2#%0_.3"2; 1=0.1;

k=axp (- [repmat (x2 1, n)+repmak (x2" n, 1) -2*x*x'} 'hh) ;
E=exp (- (repmat (X2, 1, n)+repmat (k2" M, 1} -2*X*x'} /hh) ;
tl=khy; Fl=E*tl; t2=(k*2¢l*eye(n]} )i (k*y) . Flug*£2;

figure({l} ;clf; hold on; axis{[-2.8 2.8 -1 1.5]};
plat({X,Fl, 'g-'}: plab(X F2 'g=-'}; plot(z. vy, 'Ba’);
lagand('LE', 'L2-Constrained LE'};
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