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BEREBLMIKERS,

CETESMARMEEER T, BEREIREE TRABETLER AN
BUIMEIESE, BRRTESESAM .

X=X, xp) e (%) = (§y(x),..., 9ylx)) d<n
EXTTRMZ A RERA L, FXRE AT R TR, DATEER
Kt BERIEZNNEGERRAEN, BN (ATHTAN) HFEEHL, HRK
HEF AR R B A B, A BAERR SVM U X A ARt T R% .

8132 #—SEERIYBENTAS HER. BERERSHBEENSAR
o, EmERARE
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X= (p;‘s p{spiapi‘&p;:pés my, m2}
—FH AR R TR e ( RP— R,

X = (pf, 1. P} 3. Do P 1, Mo} > () = ( > {pip‘z)z,ml,mz)

i€{x,pe}

BEERFLENEER.

e ——
- -

F 3.1 Rt M AER S

AR LT F RN BRI R LR, EEENHFF,
AXHRILTUROHOFERELRE, FIZXHREBIFERL LR, EX
AR TTRGE T — M RERA AR SR, ERRERELEAS, HHE
BRBRER NS MATTER/MET, ERARNARNA R ERITLER
AN L OREIE, R AR SRR T BAr A RAEE, TR H—1H
SHEFIEA RIS BIF

B33 BRTEWMASEMER, BEXFRENERTARTIAXERCLRB
PlAMBER 2 WERANEA, Hit, BB REE--MEEERYRER, HE
EFRPRAGHERGER, RN EIRIA, — TR .

(x1, X2) —> {1, %3) = (%7, X3, %1 %2)

iR, RATTTRBEGR At BEd 4 WARTE, Sl (BB ESR, M
BMEA R KRR H MARIE B W, = AR ERATHE, AR
FRRIE = T E—RAEA, TEARES 32 W4 R, vRFHERA
BRG BIRFEZ 8],
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R AR R — RIS B R KT B o . 57— R T B
5, enERETEREERT T ANERRER. NAEOHTHTUREE
WA NREREREITBE— N, MR RHEL AL,

WA=, EXRBIERN 5, RETEEER B SRS,
) MBLHERIN S BB AMERE: BRI RS, SR K
WAFER LSRR RIS, SRBERAREASHERYRE, R, A4 2
MLAEE], AHZERRA R, 2T ERTRENFESM. e
(PR o LA P A B 52 ) 0k, TRt AT LU T —
TR 0 2R S -

3.2 BFHEZ 8] ARG X g

AT REHFIREI - EERR, FERE-MERESITE, HEH
PREIHHORELA. RENTRA—-MEENIEREE, SR u BT
ZF, SRR EASEE I8, B, SEOHRRAXMETNER.

f(x) =Y widi(x) +b
i=1

RE ¢ : X - F RAMAZFARRHEZE GBE . SBRHRT QLI
NI BRI R R R M0 F, RO MET
7 [ I IR K,

BURTESR 2 B RRAI—HE, BHEEI B EERR T
RRRE BB ATAR S DGOSR A, TR ok 48 00 AT PR, A e
HIARERR

I'4
J) =Y auyi{lx) - $(x)) + b
=1

SRA —HOT AT LR S AR R (%) 6(x), SURE R A S M
REP—H, RETRER I SRBA I BB — M ERAREIR, LR
R R ROV R BT

EX 3.4 BRE-TEEK, WHEx21eX, HL.

K(x.z) = (§(x) - ¢(2)}
XE oM X2 () #1108 F B8RS .



28 LA EENF R

B EFRARSEFERBRN, X MRS S MR A
BB AR, MWERAN - EELERER IR ANERAEE TR, 358
BRERGENE, MREELHEERENERITENRHFIFETRER—ES
FERB AR L. ZRERERREREARSAEZR, FELTIE—1
AHEEIRAN IR, WMEE TARTENIT B EE, XTI %
(i —15 B R E I TERHIES H] ) Gram %R ( WAFE 2.11 ). XTREEEXHRARER,
EBFHEANS K Ffom, EPTERXBERB - IUBMTENEZRE, —8
AT XA EY, REHN ] LAE R A ¢ RITR RG]

¢
fix}= Z oK (x;,x) + b
i

{E B R — A B R M EEATER T AR ES B P25 T AHETERE
B ABERATSHE BRI ERE. ZRENTERLAER, Ban
BB UNINERRF RN E. ERRSRABEENPOR, BRE—TE
AERREEERDNE. SAEEENERNEAR TRAZERIFENEL
BB 8 ABAE SRR R B AR TR 0BT

K(x,2)={x"1)
IR AT DA REANERE A B AMEBEIE M TR Bex > AEITRMIEMST . SRR
T HIR RN
K{x,z) = {Ax - Az) = x'A'Az = x'Bz

XHB = AAR—FIMRRE EEER . RBTERE P AN—H, BRERT
HARENE S| ADIGIE S BB, FRE-MIAEDRAHAF, XMFETER
THERXRRBIER IR

e - (5 (£ (£)

{nn)

= zn:zn:x,-sz,-z;= Z () (2i2;)

=1 j=I =L

XERTRHE R A

ey N
$ix) = (""‘J)(m=t1.n
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TERCRPIEOLT, M IEARIER] 3.3 WEIBK A MAD 2 MR, HEYi £ jH,
RAIE xoc; BT , R xT AL A o — B — AT 25 ) T LA % JE R PR

((X+z>+g)2 - (ix,-z,+c) (iijj+C)

=1 je=1

LI H
= ZZI;JC}Z,’ZJ' -!-ZCZI[Z[ + C2

j= 1 J=] i=1

(mn)

= Z (Xixj) (Z;'ZJ() + Z (\/Z_cxi) (\/27:2'_) +Cz

{i.=(L1) Py
RE() +ntl= (P)MHHERR A MR 2 AR, HRABLSHK o M
BB HER | 3 2 MR, HATLAPE F EEN O S MIORE, Siasm,
HRM AT U TRR.

Kix,2) = (x-2*fK(x,2) = ((x-2) +¢)’

Hrrd 2 2, WE—ME, (YTOVRRESHESRH AN d WERR, ReNER
SR RF R, XA, A 7V RRRE, &R RARK A RN d.
WA RGO R B X NS FAETE, CIRAREN d ST
%, FHXEHE A IETAY.

FHAMERTEY, THELENEENEENE, RMAEN— EE)
T R MK (x, 2) USSR . 5 AT I i R

33 MEREN

A RYRAEAGTEER, ERBHEAXMIEL, BERMUTEEREL
S-PRROREEE, RRTELERNNE, BEFR—FERRI®AER
WATHGE, R LR HEE -, B ERAE UHES R, #
FIRMTR, AMUETRARR, &EESYB0E PR BT ST2E, &
RIREZN AT RE L~ MEREER L EROFES AT AR, £
I BHZA, HRBHEBBK (x,2) (B M FRE T REE SR MEE
FERZLER . U188 R BB

K(x,2) = (¢(x) - $(z)) = {¢(z) - p(x)) = K(2,x)
FHMRTEMAEL, XMREXRM Cauchy-Schwarz FEX B .
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K{x,z)*

(B(%)- $(2))’ < 16(0)]° (2}’
($(x) - §(x)) ($(z) - $(2)) = K(x,X)K (z,2)

R, KBS ¥ TARIE R S BN R AT M.
331 ZARMBHME

Mercer £ 18

ARG Mercer €8, EZE [ REK (x 2 EBREIT MR, BITAER
— I ARNEFAR, 519 RARENER. ARTEBARBAZEX = {x,,..., %},
HBEK(x,2) BE X LAXIRAE. I8

K = (K(x%;)) 0

BEsR K RN, UFE—MESCHER VR K = VAV, XEARGR K AFILHE
lrEKIRTﬁ! Eﬁ; M{EL MEFENE v, = (o), jm1 3 LR V %5, ﬂ&ﬁ%ﬁﬁ:ﬁ
FIEERIERL, % EAHEMRST:

¢ X (\/I:Uu'); eR" i=1,..,n

WEAH:

(B(x)- $(x;}) = Dvuvu (VAV'),; = Ky=K(x;,x;)

fm]

X BKE K (x,2) B E X TAREBST 6% R, K BIFEEER AR RLE
{9, EORMRE A RIS A0 BB IR v, SRALZE IR E A -

2= i vd(x;) = VAV'¥,
i=1

7k
|2}? =(z-2) = V,¥ JAVAV'Y, = V.VAV'y, = VKv, = 4, < 0
5B UTERMETE. RGN TENGE,

W35 AXAARBAZE, K(x,2) A X Leistd®, B2K(x,z) R HEH
At RiuREK

K = (K{x:X)); .,

REERE (Prdpiediai g ),



F3¥F BAERBETN a1

MRAMEREE TEFIR R, ATLIFER /R (Hilbert) B H 8 MEES]
ALE AT AR, /3

($(x)- $(2)) Zw X),(z) = K (%,2)

AR A

$(x) = (d1(x}, po(x),... , P,(x),...)
Mercer SE B4 H T B FReBHIK (x, ) RIFHFRR TR

K(x2) =) h¢(x),z)
i=1

RFTUERG, Kb LR, TEM TR BISFESHEF 2 ¢(X)HMHR, X
B rFRTEFRARM LM

f’ = (’ivlswzy-'- ;%---)
Hep,

a
Z iitpf < 00

i=1

R~ MHEMEE XS, fORER, KI5 2 EhRaIe F b
RRTEREK, HREERR:

fx) = Z Liypidx)+ b= Z 2K (% X)) +
}—
REF—REARBHFZRAPHER, BIRNBEEPHERR, BEHX
R

I'4
V=) abx)

j=1
EEAERZ R QR KD IARE S E F TS R MR, T5HE 2 F s
BHE D (FTHAHE ). MHESRNKIRER, RMZhH— I RRTRE
A —TEEH. AEME, RERREREREN, WX LB/ BiteE
5 i

EABMAZRBRT 52540, ZRAMTHTRE TRR N T ERNEAY

B AL E RS
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/X K(x, 060z = 16(x)

REK(x ) EER, Wik TEBEEN, X BT EESH, EBAEEARZHK
W, AREMSRERE (FEME R BI).

FIF 36 (Mercer) & X ARGETH, BRE K 24 8atikak, Aol T
Tk : Ly(X) = Ly(X), 7% .

(Tef)() = f K x)f(x)dx
X
ALy, iR,

K{x,2)f(x)f(z)dxdz 2 0 ¥f € Ly{X}
XxX

AN f € LX)REL. BEVEK(x 8 -8 ad ] (X xXE) &
AFF BT Bk, € LR, -l =1, #R1 20, MA:

Kx,7)=Y_ 4x)¢;)

J=1

ka7 EAB.
/ K(x, 2 (x)f (Rdxdz 2 0
XxX

M EARBAZ R T EERM, ERE X x] ERFREERAFLL
TETH f BN x, Y & R R IR RIS BT L BR AR R R LX) PP o) L
TR, EEN&AGEREMEE X AWABLTR, MUAEMFREEZR, Hadt
RER, BB LR RER NS F LR, Wl LR AR RAEERT,
MEHFBTHEY, KRB MAE HWEFRERG ... %} LH f R
—A e v, MRKBRER K RE.:

YKv <0

BR K RNEEEER, Mercer TRRNANSH T X (TEERTE, ML HER
B TFEHGE, XREERENE M, XM TEEEREgRBER.
B—RREEE XA EM RS, YRPERRN Mercer B,

k3.8 WEMGE3S ZEMANEE LR, EHEUBRRIE.
X = (X1,..., Xp}—> $(xX} = (¢(x),...,¢;(x),...)
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3| F BT R BE X B4 RIS )
09) =Y hwsd,

j=1

BERRA MR R, N

((x) - 6(2)) = > iyb;(x);(2) = K(x,2)
j=1
AR SRR SR T B R LX) h A EA M. P BST A B
Mercer $HT. 7 TRIERTHE, BABNEEN, EEARERBIRRER
. LEAHGERBAZENHT T, FECEERBEEGT TREFRERL,
— I A EE R B

X = (Xt Xn) = @(X) = (b1 ¢y(x},... ,bjd(x),...)
BRI AL A BLE XA R (A1)

SN P
(¥¥) =Y Jup,
=1 Y
BASLRRMGEARINE, TIRE.
(#0900 = )" 11by 006 ) = Kix,
=1 "]

EEHRAT, ARBAZEGFHORENRRERN. R, EXHREFFE
M. KWEZTABIELT, #7133 SHMORKIE-RAER, BETUARER,
MEMAG T EEEE L0 RTINS A RIS RS LSRN,

Mercer RS T —MEARMRA TR, CELHNA RS E QHHFHEE X
YR BFIEZS (MBI LB, A BB 0 T W0 B K TR (B 2
Xo Rox) € FRBBATELR, BAEIRAERIERERETHE,

F13.9 FRERMK(x2) = Kx~2), HHERTBHANE, HIAGHE
AN, FURSHOEAAPEATE. 2IB—8HAT, K ELED 2],

Ku)TEAER B RAGESE . 33K, PSR BRg, SRRl LR i — Bl
HER L P53

o

K(u)= Z ay cos(nu)

=0
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TERMERT, KX —2)BIFN:

Kix—z)y=a+ Z a, sin(nx) sin{nz) + Z a, cos(nx) cos(nz)

n=I =1

BE o, 2RIER, XBR K, ) RAEAT M IESRHEE XL A e A,
{hi(x)}2y = (1,51n{x), cos(x), sin{2x), cos(2x),... ,sin(nx), cos(nx),...}

R Ay i 8 R it cos(mu) Al sin(nu)JE L T —EAE K [8(0, 2n] LI RER B . B, #
HIT— B2 % Mercer FE. HFRENIRBFHEE X 56 TR, B e K%
e R JUATHE R

M 39 TUEDEBEHEREE, KWRFARATHER.EEEH R, M
RUEA 0, Fa, = 0, WERAHETUNFHESE %5, KLU, o/ NIEER
HRAERA/DORE, £ FaRE#ETEADOEE. BIt, BT U
R IEAHERIE A, ENERRERH ARRRERAIREHOEW, T4
NN G S W E B A A AR R,

SE-MREZENFRTR, BT (TH) BHELRBIE (A —EREX
RN ), XL RIS .

X = (X100, X0} $(X) = (y(X),... ,91(x)...)
BT ENAR A BRE LR 22 F AR BI.

(4’ J’) = i#}'&‘ﬂ’j

J=1

A B E SR F, EHR NS
Ty ) pdx) (3.1)
j=

T FHBR, H&, R FRARSE, wREBATHELMNREE. RATRER
A LA GRRG, WA AL [ i@ i A REA A . &L
PREEFFIEZ R, el BEA @B BTA T REE B KA, BNEATTREE F 4 lER
PREHIN R RBER, RESMILR P, RTREA L KB, TGS B
SIS R R, TRAE yRUMESBRIZE, FA—2 88 R MER.

BEERRERZE
B2 E 2 o] R N
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X = (X1, Xn) > G(X) = (@y(X)... , j(x),...)
BT EAAR A ELE X LS E] F HEg.

<\b &) = iﬁj%ff’j

j=1

K
K(x2)=)_ p(x)¢,(z)

i=1
A BB AR TR T wi—MUE, JHEBEHE FEE,
X = (31,0 X W) = (94 (0500 ) = (), i)
PR SR BN T A
FANR o371
(v9), D

=1
Xt
WXL = K(x,%)

Rormmal (3.0) & LR T T8 F g, X MR KINAUE 2 TRkt
XF P~ R AN .

()= v8 s = §;9;%)

j=1 =

{0} g() E:%%

=

FELERRS 7 H5E, TUEANRERASBRHEBRESR, REEA T HXS
R, aILI8E).

T (¥(z)) Zw,(z)¢ (x) = Zu,«bj(zwx) K(zx)
J=1

RHEK(, ) € . BRI BREREREY

f(x) = Z K (x;, X
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AL o o 2, ISR AN f(x) = 272 9,6,(x) € # HERK (x,2) KINAR,
QY

i

FO-KeNy = {((@)2, (1o,@), >jl

o

T S0 - s

XA K AN, XUERE #F T EFZ RO LR 2.

4
= {Za.-K(x,-,x] £ €N, (xp,... ,X;}EX{, o € R}

i=1
MEfe XREWRS LA, WMFAKLcXA:
flz)={(f() K(z,")) =0
EEWE f =0, Bk #EFEHAES, FARSETHERRTARIEE
il RTTﬁﬁi!'ﬂ*‘ﬂ‘lﬁf‘ﬁﬁfﬂ Soie K (x;,x) F
g(x) = E;—l ajK(ﬂf X}, WﬁﬂqTﬁ%Hj

¢ Z
() gDy = <Za,-1<(x=-, )Y EK(R), -)>
X

=1 i=l1
{

¢
= Za, E&J {K(xi’ ) K(ﬁ}'f ‘))x

=1 j=l

4 4
Z!Ii Z &jK(X;‘, ﬂ])

=1 j=t

(32)

P ¢
= Za.-g{x:] = z &}f(ﬂl)
fel =l

% BTARNE LSRR ENRTRERTLME ¢ HERE P RYE gx)80
(&1, B5h, TLUBEISG = Toiafx), TUBHEBS f WARRYR, -8
HRAWENER. B, EEB0RBAERIO) Ko, = f() BEE B
Ff] = £ (%) (4f € 2)E LHTFME BRGHEA R, HHEU, = K@), € R,
XH Cauchy-Schwarz A& TR,

Flfll =)= () Kz Ve < U lfl e
WA T € # B,
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MEXEBAEX c R L RBMA /R A%ZE 2, FMZEHEEEARE
A% RAAREZS[E ( RKHS, reproducing kemel Hilbert space ) & AR, FEAT LA
BT HEMEE.

EIR 310 MELAKRX c RYEHE -/ Mercer BK(x,z), AE-IRLEX L
#HEHGRKHS ¥, £F KA FAHR,

ZEHMNEEEE AT, BRENENE SR IEEL RAEKSH, FEH
AR R B BE B R Mercer 8, X AT FEEEBH, MTFf(x) = 10, K (%, %):

I'4 4
0 < mi=<Za,-K(xf,'}»Za,K(xf,‘)>
i=1 i=l »
I'4 4
%y 2y (K%} K%, )
=l j=I
P 4

Z Z i K (%:, X}

FREN R X SRR, K R¥IEER, IF BT ETE 37 RS HET K IEH,
TEEFFRR A R—E BRI RKHS Hi8 l TR

f13.11 BEE T ER e R HED .

S = ((xlsyl)v (XZvyZ),"' 9{xa’)y§}] < (X X Y)t Lt (Rﬂ X R)f
XA EEE S HiRmEe =g, mERE - MHERFER.

¢
fx) =" aik(x;x)

i=1

RIES T UNI7 8
If -l = <Za.x(x, X) — tfx) Za,K(xI x) - c(x))
» 4

i=1

= <r[x) Y aK(x, x)> + £ 1 + el
k4

jm]

23 00 KOs g 1 4 1

fe=|

o) Za'y‘ + ZZMJK(X; X)) + litl e

im] =1
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BRI 5 ETE %, RALETSMESRNSE L 0 Bk, ABBeEs &
#l 5.6 BATHE, HEMRE K S8 Mercer 2, %3 [&]H) Gram FiEEA% by 3,

332 MEZEETREZER

Hrih— BT R 8 B — TR 3.7 P A, CER BN
EEEARSELE L MEBRRLEEN. NAST#ERRAAFNEERR
Mercer %, WTHERAGREAEBEET —E 8 HRHER, ©arhEesmis
A5 B R

BE 312 SKFKREX x X EHE, X R aeRY, f() £ X EE—NEE R
.

$: X -~ R"

KR R" x R* L8, # EBR—XREIEE n x nElE, RATEHKEEEK SR
.

1. Kix,z) = Ki(x,2) + K1(x,2)

2. K(x,z) = aK,(x,2)

3. K{x,7) = K (x, z}K5(x, 2)

4. K(x3) = f(0f (2

5. K{x,2) = K3(¢(x), (z))

6. K(x,z) =x'Bz

i EE—-MERAENXL. X, AK HKRRMER LS EOHBNER, %
BAEN R R’ MBUEY K 2L EEEMNATHERIERE: Mih e, Hod'Ka 20,
. .

a (K; + K3l e = «'Kya + «' Ky >0
fiﬁgl(] + Kz%#ﬁﬂiﬁﬂ{]s ﬁﬁfﬁ +K2%E§Eﬁo
2. %Ki, «aKx=au'Ka 20 oK, ¥,

3. %

K=K, (g)xz

RIEEEK, MK AR R, WA EEERENHERBRE YL IEER, RN
FEE R A LA B AR A AT BIAR. e K, K M B H A PR Ky P
B Schur B H, TR RAHI BRI, B- H 2 i — 155
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AFHEEL RS LA K 0T TER. R ek AR s meR”
Ty

o Ha = o Kay >0
X H R R E IR
4. WTEHAFIREHLK:

¢

ZZM‘J (X, X} = Zzatxjf {(x;)f(x;)

i=l j=1 i=1 j=!

= Z % f(x;) z G(Jf xJ

i=1

= (Z%‘f{xi)) =20
i=1

5. BER K REEE, BH K PIAE o). olx) HEBIMERE R TEER,
6. BIRERAELER VHALB=VAV, T8 ARQIFRSIEEMAE
B 4 JURAIHHET AR AER, B8 A= VAV, BfiH3.

K(x,2) = xBz = XV AVz = X'V \/AJAVz = X A'Az = (Ax - Az)
X RAF RAFAE RS A FINR,
ﬁiﬁ 3:13 4:’\ K](X,Z) EEX X Xi%ﬁ, X, 7€ X, p(x)%EgﬁmgImﬁo mﬂT
E R RS Rl R

1. K(x,2) =p(Ki(x,z))
2 K(x,z) =exp(K,(x,2))
3, K(x,z)mexp(—“x—zuzfoz)

R ARUCHEE =

L XTEmMAMEL, TUEIHAMEARMEERBE. BE, ¥4
DAGE RIAr R B9 58 3R 43

2. FERYT DR IE AR MAERER, RAGHN—MER, i
TEHERME, HIGE.

3. FISMERTeRALANT -

exp(— §x — z) /o%) = exp(— |x|* /a¥) exp(~ lz| /o%) exp(2 (x - 2) /o?)
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] A ERAY S I ER MR R E TR, aT AR HYE AR e
=AETEY.

Tt 8.4 HEePRERMEERNY. X EEE R T2l L,
AL BB E R M R

3.3.3  AAFAE SR &

HMRARNFTALR RN, SENRBE. IMELT, &
TWEREYIER, FAXEHSIAABYE D E R, s s — 1% T
LUHBAHTRERETEN B, HERH—ME CERBERERFHEE T,
HIE BRFA R, KRN TR S E A R R 1

Bl315 (FRE\THFIE) LTR—ARTHR, FHRERATTRL AR
TIPS, AFERA. BTFHE s, 1, BIERETFRHEs = K E, o
REFHE s M R FRR - TR s PS5 R TR = (..., 1w),
FHISH < <y < lsl, Xfj=1.. ufiifuy = 5 B0 T ®iGu = sli], Mk 2
s FITFFFo s HFFIACBEIG)RE iy — i + 1. AT REKE n WARTHS, IR
RIATHRORS:

tral
YEUP
n=0

e AR F, = R, ALBERNE My € 08 X u BER0(0) B H 7 5 9
BERE6. HEM <1, EXL:
bl =Y A0

iu=si]

RENHEER TR s PP FRENGH R, HFRECTAKEMR, B,
R s, o FROF o) B A ARG N T B TSR IRER AT AR BE AR B

Kifs,) =Y (0,05) 6,(0)

ul
=Y Y Y
]

CER ju=s[i] Ju=t|)

I I

UEE? ussi] ju=t{j]

XEBEHBM T XAIEBER, HE-RRALUEBLMIEERA. THEA
B— TR R BRI E IR, 4
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Kifsty=Y_ % N Ao g n—d

we L tu=s[i] ju=t[j]

EHETRFRS s fl SRARKE, MAUUEIGRALG). BEEX—TKNER

Kos.) =1, XEA st

Kis, =0,  IF min (s, |1} <

Ki(s,ty=0, {0 min (s, )1]) <i
Kifox,t) = AKj{s,t) + Y KL y(s,t1: j— 1D =g n—1

Jiy=x
Kalse,t) =Kals,0) + Y Ko y(s, 21 f— 1)

Jitp=x
A R AR TE 2 AR F0F S K TR 1, BB EUMO RN T
—PMRF, HEEE n MEAHETRE. SAEIFNREEFELLR sl 8
gyt A, BHELE RBE . IRARTTEARR) o (58 Kals,1), (UK (s, 0 BT
BB ER K n HE 1 BIT, ZARE] LU AT 3.12 B 1 AR 2 )
M—-MEK (s t), AR o LS AR ERH SRR K1),

34 BEZEPAITE
BEAGERRST

X = (X1yeee s X0) = $UX) = (84X, §,(%),...)

BEARRIEREN, ~RRREEXTHEZRMN » £THE, BEHZMEH
BEEAMEEERA NG, FHR, XeganERERR, mRAX
LEBHNER, TUAEER AT ERHER BRL T LIERE. FTHERN T TH
AT, 2 XORENTEHF TRAZMMBER, HEXF = co(d(X)) K (X))
MREFTHAREHAGHZRE, EFR, —AT UHSTURTRR.

Is
P=) uplx)
i=1
X RE I FRA.

P = (a, Xi]f:z

B ARENA @ = Bon)y. FIMSESAMGERENR SRR
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MEREEE. wm, MEx, i=1.. R PEHEEARNES, 5.i=1,.. sEHiE
ARES, WA FRAR BB E A RO B WA R 2

1i1 )_lil ‘)_ E .! U_l .s
21=1(!x! 5 (’IJ - JSXI i=1 ?z} i=l

=1

S84 E 0= Banli MR TS,
(PO =) wpKix,z)
hf

T X RIS % RLE AR RKHS o 9P/ R

f2 5
) =" aK(x, ) Fll g(x} = Y piK (2,%)
=i i=1

BIRL (- 8) o BRUE, HUFTLLMRIBGT SN RKHS SERFRAN, HNEUAH
THIRIH RKHS R,

Mhix € X, SHEMROBRTIRE K x), EENTFRTE, EFERALE
T | EXFIERT, BREASIHRASRAIRGEE. K008, P Q ZAE
BT BT .

IP-Ql = (P—Q P-0)
= Y anKxx) -2 abKix,z)+ Y BBK(2.2)
¥ i ¥

f’ﬁ%ﬁmﬂ’ﬁﬁﬁw%, Pﬁ‘?ﬁ&ﬁﬁ'}ﬁ X, i=1,.. agﬁg%@(lsxl)m%d\ﬂzmtp‘b:
P o= (mx)l, B

4 ¢
@ = argmin (z ;K (xi, X;) + Ekaé‘ (K(xk,xk) —ZEa.-K(x,,x;,)))
“ =1

=1

AR PR x) TR

4

(P—(Lx) P=(Lu))y = ) wwK(xx))
ij=1

£
-ZZa.-K(x;,xk) + K (X, Xe)

=1

AUE—RE k Xk,



3% BRBHETN 43

BB, 0 AT LA IR ) 2 (6 (R FOR TEAFIE 2 I T £ RRAMMA

WiE 316 BUZRA—TERZL, UATEABEERRN - TUENE, M
EEAUT WS ASFRERENGEN ., e 2% M R
HHE, CRERRS. BAZRNRESOTER-MBNTRE, CHE
BEBAZENEL, EXTREASTEEGRTEY, FERONRESE
EEAREKBEANBRERR. B AHEEXERKESE L 2HOER,
BREKEEMHEEN. BE—MEREBREOKE o, XNKEFLELHHE
B x M 2 P IR RIF MR FIINA =TE, XWAAERE LAY
A x = etd KRR R, RERBIFITY 0, WILUBEIMAYER BT H .

ds’ = (1, Lz) (1,x)—(1,2)};
=Kix x) 2K(H)+K(ZJ)

I o~ 32K (X, %) K (x,1)
£ 5 Z}Z (———-—ax ) dx, Z Z ( axta’;} ) dx,—dxj
jm] j= A= Xz

i=1 j=1

_iz lazK{x X) BlK(x,z) dxdx.
- 2o, owixy ),

1=l jm=l

M4 T 3R g RIS

19°Kixx)  *K(x,7)
ij(z) 2 2
Xidx oxdx; /.,

B, MKERBBETEHRIERKR, T THRKISR SRR N
WA WS TR

35 BSEHhIE

MEIER x € X, ZREBSOMME. 47 REE VELERY 7 LS
A atent, ALOKE N EEGENA R, Hi.

{f(x)  x € X)

RIENBERXHENEROES. IHEMEEE I RALTR. Rk s 1
SAHERCRR, EURMHLT, RR6 R e RGRae, X
BRI R T I B —MEE, APEET—ERAHEA M,
FAES 6 TR ARSI BN, o, A& BRI N2 S i
BARERFRME A BH SVM RRBMRE, HREM IR, Not
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WANREGHEESKREL. MM ARIERESS = ,....x), BHRH
(B ) MORREEDHEERET = X (x,... . x) BRI T MBI THHE -

A RE—MENAE, HESAREREANNETHETHERIM. oM
(4, ) VRBER T FOa)RS O ARt BB R B E, o [f(x)f (x))], ENSxMx,H X,
B FEMRD T EREK (x 7, FRE(x,,... ,x); = K(x,x))o DIEEFERT
MASRERE L RIEEMERIEE 3.7 A HA0E X Mercer BiRIHERRYIEH,
EA A LES R X BEINERE L EXETABEMN TEX x X EZE X Mercer
%. Rt REue LB B el Lt Rt s R eRmim e e L, B,
[FI7E SVM i it Bifaaie SURHIE 2 1ol —+E, BRBRaR R H SRR AR Lt B B b
FEBEHEATE N, T REEREAREER RN AT 2880t 28k
B, MR ENHAEIT RS M —#, L, RESHO—EERE
Mercer $HAERY F 258 H (48 P iR B2

X = (X1, s Xa) > DX} = ($y(x),..., (x),...)
X EAFIE S S T IATSUARE Xk 218 F o,

<‘f’ &) = E’l,"‘pjlpj
j=0
WERRY LHXRME 9REGMAT | LM E R N FERLE 2,
MR ERME, TRLTERMA S x Mz 2 RRREHEC(x )

Cz) = Egus [ 400 (¥ - 4(2)
L ¥ 00} ¥ - $(2)) dDH)

szﬁ.‘(x}("j(i) /f i d2(¥)

i) jmi)

Z z Gi{x)p{2)6 54

=0 jmd)

" ¢ix)gi(mk = K(x.2)
i=}

Il
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3.6 >R

b, RSP, SR GO A T B R B

2. BK(x2) = exp(— [x — 2|’ /o?) BIFE 3.4 PEREEH, BN AEHE
BRIk =S Rl LS, RENMAZTE X BEBEX x X FHEER K (x,2),
BT RS K EE LWFER B, HEEX x X LER?

3, B 315, FRMARSFLES R FERIEE—ME, #156.0)88%
HoufER s FHEEMRE.

37 #REVHESRER

Mercer EHM B RAFHES MM, X2 1964 4 Aizermann, Bravermann
il Rozoener FEZRE T B MHEE LG5 ARSI SRM1], BREKNEESD
H# Boser, Guyon Al Vapnik Z4+28 SVM[1918 4 B KB RIF 2 %

B L A, Mercer EHATLGENB] 1909 4£(95], HABAREREH
(BT R Aronszajn 75 20 #42 40 AR TG 6. X ELS R FIENCELE 18
BRI, 5 0L Wahba F9-5[1711F184E 1999 SERIE5R{172]. Poggio TF 1975 4FH %
WA T EMAM15], ALY BRI TSI QM 2RESE, & Poggio
#l Girosi FITTAE, AN 1990 SE X TR EHA ML IL(116],

EE R RN EMMXRECTEBE, ASitBmM LeERERX

[180], 5 |, BHERREENTM A B HE, Saitoh[123] /R T EIFEIT R
BB AREMRERERIE R T E KR,

WA A T LIRS U HRE), AN Micchellif97], MacKay[81], Evgeniou
% A[39], Scholkopf % A[136), Haussler[58] 1 Watkins[174], %F RKHS fititdi A
T Haussler #4936 3C[58], T 3.15 F3E:A4H B Watkins FE3C[176], —~BEEHATH
(it 3.9 BRE Girosi[51], H#fE=S 8] AR UMIR R Burges[1321H8 450, FiEA
— B R Mercer E AN ERE,

Scholkopf[129], Watkins[175]#1 Hanssler[ S8)F8 S0/ Ky B T ER, B
ENER LT X E—-RYES L, MA—EERESE, XRE T EEH L
REHGEE, SADETAREYFH R B X EEHE T Vapnik(159]
iR B[R ANOVA #.

Joachims[67)F] Dumais “F[36]1 ARG In) B0 L AHE(T . Jaakkola 1 Haussler
R ARSRA BN EE R0, X E I B B2 A Fisher
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S EHHREEAREES 841 TIEHINIE. Watkins B ERHEMETX
TR IO FF (17412 A 694, FI#E, Haussler 3 xH4EYFF1RHFHEIE
(58],

— N EBETR T REBMNEIES KRB, Jaakkola[65]MiL LM Cristianini
FABNERR TR T, E—REEMNMEXE, Amar f Wu[3i#Hd T —Ff
Fik, EMUESRER B kB A S E LA, WM SRR

FAREAEBET, BB —F—REEAF TRET 20T LR it
HESK, LB AR FRAF34THEA BE E Scholkopf, Smola F1 Mueller[134]
Bl PCA, ERBEEELBRFMAT S REHEAH Shawe-Taylor
Cristianini B3R, HEEE 6 NG (RATEISH(140)),

XHHE TEA MY www.support-vectornet FE# M, XARIHE AR AT
I OB TR R IR B R AE SRR
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HOHARKRES TEIBHARES, FRFTAEGHEARAREHESY
ZHRE Y. KPEERGEME L FREMEN T L, BAMF G YA N
GRABFREREMREL,

FLEBETEI 5 AR RN TREESAS bk, ADEHH JHRER
e E AR TR~ AT EGSMREL, CRBNABERIZIETRART A
RIS S, BHA LA IR A FRARM, £ P, A Vepnik
o Chervonenkis ( VC ) it 85 SVM R R &#45, RAMNA £ L3, ©R#ET SVM
WAL, 42, Bk SRR U Mot AT A B SVM,

AFROH VCRANHEELER, ATRETEESABEANATER, bt
BRI B TSR ARG LR, R EEM 20 Nt At ke A4S
Tkt g, EMNATRARME G A5, TR REAK AR L
Ha

4.1 TWEEEBEREER

AEENBOENERRABARRNEF. EETEPERETER—3
RSB, EEEIRED, E— RN THE TR (pac, probably
approximately correct ) M EE; il CEHRFEST FHBTLELIR, Vapnik 7
Chervonenkis B 24 FC07 I T 40 1HHEWT . BUX 18 719 R BR7E T T H 80 8 40 4 st
B HE B,

BE R — @ RSB E AR E LR EE AR NERZENHH I M
SRS )RR BRERAMLX(XY) € X x {-LIERSM, X#HFER
F Ty BH— BN EERE Y = (OREHEL, ERNBTE2EETY
SN RAAHENGEN=ERRTLTRAER, LIERFERIE—
EFFIF=E MR R, BELD 20 T I BERERAERK o i, RE2INER
R P REGHRMN MDY, RBEBBIAXEBAZL, REERiid HER.

B MR R R E o4, ARFR T HRBIN—FREHNERRE
WAL= AR PR R . E—E T L% B E AR AN A ENIER,
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Yo Hrih ot Z IR, R O RE b 1 9 LAGIR Eerr () N
eér(h) = Z{(x,y) : h(x) # v}

RFEAEROERAARRR, HACERTHERER, SHMEMRS TR
BWERER . WIFECHEHE LTRSS pac BILE¥ZR HERE
REFRREAHA T EMNS . FUEFTIEENHATRE, A0 TH#
ARERFERE, ZMRETUEEAPARBERERNRE, SREATH
TR &

ZIE— " EERAEREN, EAFEIREENOFLMN H PEE— B, ,
BREBERESR

S = (X0 Y1he-» (% 0))

L, S GFETRENT 2@ 11d TR - DMNGRER, X MED, TLUESK
R erralhs) B MERPLERE NV GE R E MFYER, Ttair2 Wit
B AR EA L MENZRER, XENNBERY AR ERBYIE
L. FERRETRIHMETRATER, BAEEHRETHSIETMHE,
AU A AT LI AT R . 2257 B9 pac BRIBE— A RAEER
R, ElERE TiIZLIRERYIER erralhs) SRR, BRI A/N R 2
EMBHORE, B pac FERRe =olt,H,9), FHAMYLTEHBESE §
EEALIBRAE - SETERTR B RIZHEERR

Eg(hs) < et H,9) (4.1)

RE GG ATRERIEREY (pac ). EEM THEIIGEE—MERT KiRE
LRI

9’ {s : eér(hg) > s(f,H,é)} < (42)

pac FEBGIHBRNBE, EWEBELSWNRERNG, XERENSLE %
B EREEN, REMRATROMERKR s, LI MELLERET S
SRR, SR BT FA T,

pac FHEM— M ERZMEFRARTHEEHIE, BREASHHITL, ¥
BORETE AT M E 8, RER—ERY, IMERBIMELE, BES
B, H—-BARNEIREEIERE, BREFE 56 L8Ry -85
HEERTAARE, TEANEXRE SRR T RN AES, LT
SRR RITE RN BT TLBER T G
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42 VCHit

MTFERENEE, PEFELAER (41) BANR. BEEROBENIN
ARG UNGE § PG — BT BB b, FiE ¢ MHE AR SBIER —
BHE erralh) > cHHERRA L.

2'(S H5r—BHE ert(h) > e} < (1 ~¢) <exp(—ef)

REBEAARFAR—MATRKB R B, BMERZE A HMERA KRIRE,
Hiw—15 S —BHBEREE Y.

|H{expl(—£/)

KRLTEFIN—-TRENERARESR . ERET BB b RE KT MM
R, WBAEAER (42) hadis—.

F(S .5 h—F3HH err(hs) > &} < |H|exp(—e)

RHTRELEWNF S, 4.
1, |H|
e=¢(,H,0)= EIn Ls-
RAMEMRELERTREE F SdENERNERENTHEEWDRER
§1. H ABARHE LT RLMA. BERANEREELRESHE H WG EER
FRPEEREXRAER, Hit, HRXERROE—SRS, 2B R YA
RERENZRAHTAEEGTNEN L, EhREEREERRMEENEM L
B30, TTUER, BRIEEH RN XEAEMES, Vapnik # Chervonenkis HiEH
FETMER LR BB ERERE, LN En RS2 %
T EN
BE—THREAN, EelBHEE—BREE, HHemsWFrREBE 1 &
HAR 5 LHROKY. HETREREFYRBESHASER (42) WERR,
TRAENGHAR E BREEES _MEIEA S LB RENE RO,

74 {s :3h € H :err(h) = 0,err{k) > a}
) @
(43)
< 29% {sﬁ :3h € H :errth) = 0,err(h) > s[/Z}
S

54 > 2K KERR Chemoff RE—ARIF, HIMKRRETER 20 P&
PRSI RE R, SRR ERET AT REES M A EE e,
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BEAR B FE SR ATEA, BT 2 R RARER S DR EL B B BT L7
L% B AR E— A M A X RS SR TR, AT R R R A H
RMRGR K21, Sru s WFEEREX, AR MR E LERRENRL
FRERSMER EER, EIE AL EASHRETY M rRRE AT
FEREL (43) GRRBASEENEKAG R, FREENHEIREE 2 AHRRZ
AR, KBTIV ERARNE.

BH(5)=[ max {(h(x1), h(x2),... . h{x¢)} : b € H}

XA A RN, SRS MERRTRSANY, BARBARAR
HERKER (K _EFFINATE, WAE X, xHEE:

{(hxi L h(xa),...  h(x,)) th € H} = {—1,1¥
AT LEAES H T . MBEEAESTTEITE, WX FHE ¢, KB

®F . VO EEMBR 4R LTHER BRI BESMBARTHIER .
EXMERT, Mexd, LRRBORY,

74
{ﬂ<(d)
CHERIBE TETAMEKNEE, dRAREX 7 E VC 4, B VCdim (H)FR.
HRERTENENFETHEEN, EEEIETE., BHEIRENAELER

HEZHEN—RT . G& ERE KRR FANEAR R URFE 5
AR A UUFRIEE, ATLIBRIA%ER (42) EMAF

/ 23{ d __“4[2
@ S:BheH:egr(h)=0,e£5r(h}>a £2 ~ 2

MR T EE—BEE 2 B pac F-

2el

e;r(h)ge({,ﬂ,é) (dl gT +1 g‘s)

X Bd = VCdim(H), HREE TER SRR e,

ET 4.1 (Vapnik # Chervonenkis ) 4 H & VC % 4 4R F A M EX x {-1,1}
LR ESF G, H/MEIMAES B EERETNhc HAS LR E
ARl - SR KT

egjr(h} £elf,H,b)= 2 (dlog%{ + log f;)

SHREALE >,
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Wit 42 X—gHEEs D TEREGRE, dUEmRERLIBRE, FiEmN
SAERERIE R VO R, RINESTFMZIRES, E—BRIER T ISRA R
R BREAMEER,

VCEIR A —BBREHR T AP EXTHR—ME R, BifalE L EREL
Frizlog BTH, THEAEEEEEMIES X0,

FHA3 SHAAMVCHd» IHRREN, HEEFI Nk, AP HB ALY,
AMAHS LE SRR, BB BErHiREE VS,

d—-11 1
max (W’ 7 In 3)
Wi 44 EHEEWTAHRAR VC RO, FHEBABEINEKREIRML
NERERRBFRNZ IS TLLEEHR VCBZ2E T pac X ERFEIEH—
FIRERIBRAFR VCdim HKRE, MAMHLETF TR VC BRARAERE,
R T RH ARG HERL . MBI, MT AN VC BB
RN, BRE, XF SVM RS M ELRUER, FR SYM ZFHIFH
THRBEERKEITR, XEET-TFEAHE,

A TRXAERR PRI 8, WSS n TE R PR RS 28
VCdim( %), EWE T EHA R RRE BB MBI ITE 2 A TR T
BHMBRAKE 4, WREBE 2TBOEARE. TERAEHE 7 XHERE
fHABHEER % .

WH 45 APAREMHANFTEL,

¢ F—BEE (FEAn ~ 1RGHGHTEE) Lot IMIBHAGTELS,
ELPELBE, RS TINESGFTTHE—RHLS,
¢ >+ IMNRARIEER, RV AE-AOEARBRM 2 P ERL T,

FEM 43 4.5 BREW A P M E T RARTREY, —MRESH
TRAMGAME N ERENFESE, BRATUESE, BB LEN pac
DTSR RYLAE S RA BRI, TSEH MBS SR04 fe
M AREH 43 T ATERGBIMER. T~ iR~ TR pac 4
#r, EERAXMWRIREL TR EFESRSHE FEw— EE, ot
THTERAMZRER.

et} < &4, £.8,7)

EAEAHESRIAES . Hitt, SVM %3 sk (E R 245 F0 LR &8 bk
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X, BEARASHRONAPEERL, IREENAAE TERIIGIRNSR
e, BRARERX,

X BAR A SR T S B S IRRE - B, MREEARERER
AR ERER B RRR BN, WXREATEN, HEREL - FRAEN—K
¥ UBEXEEATARFENGE A —ERENER, BEREIHEE
R HAHE R RRPPITR. FRZARERD T RAERSE.

FEA6 SAHAVCHA INBRRZA MEXN{-L N LyieEBREIH D, £/
MERHBIE S LR 2 A k9 EERLh e HE S Lo 2AMA - 0R KT

% 4 2ef 4
eér(h) <6, H é)= 7 + 7 (dlogT + log 3)

2HRd<L,

XAEBBWREEE H WYl SFERN R MO RRERE, FARTEA
EARECEE H iz, SMIRRERRRZRAR R/ ME, EIRE/MUA
R B B R, 1 L AT LA A B — MR P R R e 1 26

HcHyc...cHc..cHy

CHER/M, BREREE-TFAR ABRNTS . MRS LHHEBIB/D
PSR ZAE R, WTERE I GE S ERISHRYK HH 2
kizkyz..2kz.. 2ky

RS VC #di = VCAim(H B T — BB FFH. B 4.6 B9 0] LI RIR AR AT H B
DBEh, EEBRERE (B0 fECEETAR (B2 migm. X
B A RIS RS A R e B M

43 zEERERR
BIRRGE X 22 b A manE XL, SRS U SRR
Bk

EX 47 ZEAWASE X FER—-LEREE F K0, BER 0, 2 XHH
(xi i) € X x {1, J3RE T3 f € # BORIIG 2 :

7, = wif(xi)
By > OBBRE (e y) EH 23S, SR TINGE S B fQRIRZ AR S PHAHIE
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WA BRI W AT B BB IMELBR D X TUIREE 8 B9 F ERIRTRR ms(f) o HRSRLFIE
woa¥k s, XMELZEN. B, METEFNEGE S NEMEENFf ¢ # LR
KIEFE,

TE=ANTEAREEFEINEES = (xi,p0,... X ye) |, TESE F KER
Vil

Ms(f) = {y=yf(x) 1i=1,...,¢}

MARERRRER . MFZE—EEREE, TURERMRZLFAGR (LE
X22), BERNERMBRAMTER, T EHEIHEER ms(f) REB/IM;s(f),

431 BXEER

LR 4.1 P LRBE F B 2 B ARARBRE L. KiEkay
AT LA 4a /RS (R UL, DR Tk BE T LA DURE AR A 4 TE /2 PO A e
W@, FERRT, ETRNBEER LR /2 REBIL R LT I ARENR
RANTBERKE BB KD AREER A RSB TH R E SRS
HLEHES

EX 48 SFREH X FM—LTERY. MU T—RIEAL:
§=(x1x....,%)

FHTAEEARBNE B, XN H fesF, HgeB, B E
maxigice (|f(x) —g(xi)l) <7, REBBRE/IRFTURNF,Sy)ER. FEES
BAER .

A’"(W‘whggg%(ﬁ&?)

e, BREVGE 5 LE—MRARERms() = yRBE £, IR
R RO S MR R REE 4.1, REF N BEISORE, errs(f) LS 7R
AE S LR e LA R R, erralYRIERIEM A QRN £ A8 HEX
i, BA

7 {s 3f € F cenn(f) = 0,mg(f) 2 v, er(f) > s}
’ 7 (44)
< 29¥ {SS‘ I eF er(f) = 0,ms(f) > 'y,esrr(f) > f;—'}

BEMMTHIISSEFH—11/2W%E B, S5€B, EfM12H, RE ¢ &
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errs(g) = 0,mslg) > /2, MMBFEF Ex e S HBEER, A4 g Ex AN
Fr/2ERR. IR (y/2)-errs(g)Fm S P g WIEIRR/NF /2 B B4, £, T
DR TSRS RS M AER (44) HHIKF

29% {Sﬁ 13f € # rentlf) = 0,ms(f) 2 ?,egr(f ) > sm}

< 297 {SS :JgeB :egr(g) =0,ms(g) > 9/2 (7/2) -eé‘r(g) > 85/2}

< B L IN(F 2,y ] 227
A5 B E T 'mHLSL.
EHA9 AREEL-AFTEIRERNFHFEL) ERY EX x [-1, 1} Le9 &
BETESH D, LANBms(f) 2 y BES € F ELMEIHES § LHREUR
Rl -SFR KT

en(f) < o4, %.6,1) = ; (log W(F2,1/2) +log §)

RS2,

W 410 FHER T UTRms () RFEZARE, XAN-BALUANGAZRIE
Bl XSREVERBE NN (F,2,7/2) . BTBRATURM—ER VC %, Higa
DAHER AR 2 /DR KR RR R~ A WP Z ALRE T . R VO A
AR BEARTRAES VC TR ERERK, EXMFR VC ENRER
PR, BIAl gk, REEE 43 NTAAFE, DAL= BB A K]
Bna iRt REFRERR LA, HEFHSH LEAEEL,

EE 41 FEOEN ARSI R WE M ENERL T b TRENSGS
KEHR AT WERINE, —EEREBNAT—-EERES, BES—15)
HRIETH N, o log AFHRERAHARIR F B LHEARE TR
A—B AT ATER Rgy R L4 TRk B0 T A, R EHRE— 3
ERMOATHAEFERYE, BEFEFEMHEM. HHAEERAZRAEY b (%
WA 48 RIS E ), TR ENEBIINGBRE log 4(F,2¢,4/2), WEM
R, XR—EBHE,

BTF log ¥(F 4,y) MBRFRT VCEIAI BN ET K BN R I
HOT, XBRERE VCY 4, MAERKBREL AME d WETA4E KK, ERF¥
REBRSMROMENMRE VC BKTEE, URRTTHE,
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EX 412 SFRENER X FEEREE MRERASE X, X} e X' R
B EUITH, MUAFE T =1, ¢, B THIEbe (-1,1Y, FE
he?, HE.

L SRS -t
REAVATITELAE (e () B X B AVITERTERAD.

XA HR R R R VC . ORI BMEN RS, My
WE T LARRATERE L BRI S X, REE, HEEK, TTH® SR gHm
B, (R0 R S AR TR . IR R TR SR, B4R
MKFERITRE . SEEBMEEN A B ETUERRSATHRIMERE, HESH
REAER T, EAEITHESEANE, E2ET TEATITHER RS
ARG, FRE B R,

532413 A FA-REEX - [ab), #RIREX LA A, ##B0<y <1
HAd = fatg(y/4). Wxr2dA.
2e4(b — 4¢(b ~ ap?

; (dy Y 10g 41 - a)

HEANF Ly LR L ERANEMB A -2, BRMELM og BT, #FEEK
TTREAE E X log A(F,2,7) RAKBIHEERISFAR S F H 78 VC 4 F %t log By(0) ki,
Fte MM Bl RERT, o1 LI iRy /SR ITHA M A AR VO &, EX b, WEE
MEREH 4.9 FFT)H 4.13 T LVES FER#ED,

i 414 BEAEXH [-R R)RBEL-ILEERSE 7, HES 7 e R, M
Xx{=LI} EREEHRYE 2, F/ MRS s EAFEREms() > v 0188
feFHES FHREDBRI - 5AKT.

log 4 (#,£4,7) € 1 +dlog

16e/R . 128/R? 4)

2
e;r(f)ss({,f,é,y}zg(dlog 2 log 7 +Iog§

RPERS > 25, d < ¢, KB =fats(3/8),

Wt 415 FHEMRZE og BT, SRR EITHANMA SE® 4.1 F VC 1
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THRMEEM K/ RM( B T—MZAREN R,
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Dglltts ﬁﬁ]‘Axiﬂﬂ'%@J_‘/b{ECi € ]R; j= 1,2,... :H{Jiﬁﬁﬁﬁﬁg € L(X)ﬂugﬂg:

¢=Y abs
BESS LXHENRRZE, TR LX) BOLREM LX) LSRR, Bilh, MRl
(f,8) € F x L(X), & XFE(x,¢) € X x LX) EA(f, ) RN
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Bk X AR ¢ AMRLALHLG] § ek £ ARl — SR K T

1 74 {
eér(f) € 74 (dlog i + log 3)

6 BHHAY SVM R RE BT — T REAE, B UEHR KR RE
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EX 51 (FHBMAEE) SRERQcREELHRE f g,i=1,... k5
hf, i= l, K
minimise  f(w) weld
subject to  giw) <0 i=1.. .k
hiw)=0 i=1...m

X fw)BRF BFReRE, BT RXADNHIAEXLRMERLK, BInRE
B AL (AR Btk A

RTEACHE, Few) < 0RFme™ <0, i=1.. .k FERXhw) =05
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EAARRAARNE L.

BESR SR AL R T LA AR R B MRy R1EE, RFuE fw) s, RS ER
MEFFABIRE—RRPRS], i, (EMARETEE R AR,

AIFT R AE R R SR R X, ATLARR R

R={weQ:g(w) <0 hiw)=0}
BEAXPBEMNBEEEE-TlweRr, EAEEEMN SweRr BR
fiw) < f(w'), XA B2 RE/ME. 1Rk > 08HE f(w) 2 fiw'), FHywe

Wllw—wi <e, Ware e QFFA fiw) BRFER/D.
7 BAR BEARAR KA BN ARBRR 27 £ AR EIHE AL R,

EX 52 T BEtRRE, FARAFAARALLH: MBI MR Z AR
B T HmRER K, MR AR LRI MY BAR AR~k Mk
[

MRMw R gi(w) = 0, RERNW ailw) <OFRABURE (B ), HNFF
FAEBRE, BN L, SFRAARBRBEN. AR T mEAAREEAS
RAR, FIARIRBERNSR, #rke, WHAHR.

w0 = gw+§=0 HHE20

SEWRAGRERAE T RN 0, TR TIERRAETRREARPERAN Bk
B,

ARHEBARENMBRAARE, THE LSS OREMNENE L,
EX53 MFweR, MEvwueRIERXTFEERNS ¢ (0,1)H:

f(ow +(1 - B)u) < 8f(w) + (1 - B)f(u)

LR fow) TR R, RAEXRE ML, Wik RSN R,
YR —A AT 3 B BAY Hessian R L EZH), Mz EMH . (55 BB
AR A MR b ZR NN TER B

(W)= Aw +b

RS REE F Hessian 1, BT RO B¥ . I vw,u € QHIHER O € (0,1),
sw+(1 -0 eQ, WESQcRELRAM.

IR—A R R, BARERECH fIOEL R BIE LR R R ME w2
LREME, BAMTERuE v, RERTR/MINE X, FERMER | KothH.
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fw) < fl6w + (1~ )
< Of(w)+(1-0)f(w)
MR f(w') < f(u). ™ eREANXMERES X 8 BN E & B M KRR 1k ] &
TR .

EX 54 MR- BAAEEROREQ, BirEBRTAOARERON, WKL
AR,

BTG SVM, REEAMAER MR BHEBRMEE, FHO=R", Hl
f LAE AL B — AR IS

BICCECIES RE— AR A EFER, WS RBREBMABHE L
AWikit, AEEEPEESHHAE, F 7 TWHRTRENLARE, T4
M BHAEBIE (Lagrange ) BFHAREY B, HHARHE_RARNAEZ A,

52 hNBAETER

Tt B B MR B IR AIE R A R FAARNRNLNBNE, X7 E0
AT ERS R E T AAEB H B, XMHER Lagrange BT 1629 4
Fermat f§—AM51, 7 1797 FE 0 1 FEE#R T A, 1951 %, Kubn A Tucker
# Kuhn-Tucker i Piff— WX Y BRIASXARAORR X =EMEEY R
RIEIE A SVM 4L T ARSI A TETER, BTN ERELERORR,
REBENMA—REHRME, SRAARONE, BirBBiEsEUzERHS
FHLF

EEES5 (Fermat)w' Ahfw), f € C'RIMisy s 542 LY = 0, A8
mEfRLARE, LE-ALGRG,

TS HX R LS MR T, R TRARI R, R EETE
BARRRIOREEIRRLELHRE,

56 MBRATEMH—TVIGE FHEFRH.
S=((xu, )., Xey) < (X x Y) < (R* x RY
I i1 Ban R =4, R 3.1 FXHERTR:

¢
fx) =) aKix;x)
i=l
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R4 T BuMERER) RKHS {88, LM
? ¢ ¢
-2 Z 4 + Z Z oK (X, X;)
i=1

=1 j=1
B K W EESRIET BRRRERNE, BIRERSS, KX T 6B H04
H¥T%F, #83.

4
~254+2) 4K (x,X)=0 i=1,...¢
j=I

1%
Ga=y

ﬁ%ﬁﬁ G ﬁﬁ'\' Gram EFE; Elﬁﬂj G.’j = K(x[ng)o Elﬂ:, ﬁrﬂéﬁ “.E.I.HH—FEE
183,

a=G"ly

ERARMET, Mike X— TR0 E R, KRS T HiF B MAR
WigE, MHERRETRXRRE. $td, hke A &EE Uy B
ARMEHH S, RPN SRR ERT,

EX 57 H[E-TREHE, HbBIREEE fw, FA4R w =0,
P=1,...,m, EXHHEEH R

Liw,B) = f(w)+ ) Bhi(w)

t=1

Kb REpAR AR H T

MR- wHF A AASRARMBRALRNTE - RERE, T
U 4o, BRBEERD FENTRBHLER—ISNAYE, HTEFERY
Sk, WA EEETFE g AR, TAY TETHANAR, MASERTR
WRB TS VRARD.

ahi(w‘)*__

{ ™ .:—l,...,m}
IR BARTRE), WA & ERHHTTHCE B REE, AT A HFFe
[8) V R T R AR AE B,
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OW) N p g
ot ) Bh(w) =0

1=}

X WBEA T ERAREN T BIRCHER S — MRS,

TH 58 (HBYUE)EfhelT, $F—%pd, SwEHELKW=0,
i=1,.... mTE{wYRNMEHLESEER.

6uf$ﬁ__0
Aw -
oL(w', )
3 =0

R Liw ) Awh &K, LEFHELRLSH,

MARETRR—T G TP HOTEE, T8 ERFANR, MAX
SR (BT EA ) TLIRRIR.

69 (HBRERORNEAERE) ZBHTE-1TETFH = 0Kwur, EIE
BEFHERBEANRERE T - NEH oo ZETHER.

minimise  —wuy

subject to  wu 4w+ ow =¢/2
EA BRI B TERXRBL = —wur + Biwu + w + vw — ¢/2), BALILAIEEHHE
KU M AT AR

dL
™ =—u+ futv)=0
L
E» =—ypw4 o +w)=0
L
W =—wu+fwtu)=0

R BEE folw —u) = OF pw(u—v) = 0, BIME—RELAREW =u=
v=1/¢, BRRERMENTR/MIZEVENT BV ARERER, FEaRAHK
B & F R ik,

#1510 (RRHSH ) —PABELL... 0} LHERAIAP = (01,2 I,
SEXH Hp) =— 0 plogp, . BEBER YL s = 1. BARKR AT Rtk
RS ¢

Lp.B) =) pilogpi+§ (Z pi— 1)
=1

i=]
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EifRE—A R ERER, EPRE AR ELER Q={p:p20,
i=1,....n}, CREKMEEER THAR i G logep+ =0, WEHFE Kp LT
LopnssaEmewane =G, BRQRMK, WREESHELOHE
AT R A B, FTLE R — % (ep In 2) 7 BI%T ) Hessian HIRE, X M50
WA H BRI,
FF 511 FEUNEH hw) = bEBRE I ANHE, HEXREGENERILR
= 10 WERb TR, (5], = 8. B RS T AT
BINRKIESE,
5,12 HEERARESTE, B0 H BRERKE S HELT BiFBRE.
Low' ') = f(w')

W% BE—ROBASERLNEEAS SRARTAEAERYH, Tk,

T SRR B H A2 L

EX 513 RE—TFEEQ c R EHBRLEE,

minimise  f(w) wel)
subject to gw)<0 i=1,...,k
hiw)=0 i=1,...,m
SEXT hRR B H REUY

k m
Liwa, )= f(w)+ > oigiw)+ Y B(w)
i=1

i=1

= f(w) + a'g(w) + B'h(w)
BT LU SUARR B H A (IR
EX 514 EX 5.1 A IFIRIRE kg B H X REE T

maximise Oz, §)
subject to a0

X0 ) = inlyen Liw, 0, B), BtrRERMEERR b R)E M,

TEGEAEEEE, RS RS RS REXRFATE Y
HrEeEL,

EE 515 AweQAEL S YRABY~ATHE, fila )22 514 P8
P TATRE, B f(w) 2 (e ),
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iR WFweQ, Mo piEXibE, A,
B(a, By = ;gg L(u,a, B}

< Liw,a, 8}

= f(w) + ﬂt’g(“’) + ﬂrh(w) < f(“") (51 )
Bk w BATATHEERE g(w) < 0 hiw) = 0, [l (o, p)RITIFTHEREIRE a 2 0,
#ie 5.16 X EREAER LR b FREGESR

sup {8(x, §) 1 a 2 0} < inf {f(w) : g(w) < 0,h{w) =0}

#ie 517 WRIw)=0e"5), Hibe' 20, FHew)<Ohw)=0, 0] wF
(", B ) A T AR B IR, AXMER T aw) =0i=1,... ,k,
R BEREHEMSN, WER (51) FH—RAASERDER SR, 594,
IERMEA i, ogw') =0, MERHAFLRERER,

it 518 AL, WBRIRE AT —ERE R RS EEE, g aEi
BRI RSB RAE B2 ERIEAE, DRI E2RT, iR
EM . XN R B R SRR R A MR, A BRI
(IRIE., T[] B A A A XHB ] R B AG(B 2 ZERR X BB

Fr AR BB K ik A m O L. TR AR BH B sR3A BE R,
B—1=ot4.

(W‘,a.,ﬁ'} quw‘ € Q, a ] 0
MTRERNweQ a2 0, H2EADIMER.
Liw', o, f) < Liw',a", ') < Liw,a", §7)
FAEX BMwH BRI E LA ERAK,
EES19 HTRAM, ZAMw,« p)RBEBNaFRERE, SARSEER
AR R o 1B ) M B R M ELE A BRI R, RS F M s
fiw') =0(a", B')

REREEAREHE, &E BRI TS AR R 5 e A ]

WA MR E,

EHS520 (BANBER) HTRQcR LG MRAAEH,
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minimise  f(w) well
subject to  gi{wy<0 i=1,..., k
hiwy=0 i=1,....m

Ak R EH, LRRSTEMBEARGT DA,
h(w) = Aw — b
Rt B4 E,
BN Kuhn-Tucker E7, HEHESE 7~ ROBRLAEE RIS,
£ 521 (Kuhn-Tucker €8 ) # & —AMELAGHQ c R L RALFM .

minimise  f(w) weR
subject to g{wy<0 i=1,...,k
hiwy=0 i=1L..,m

e Clrie, #hg hRAGHEK, — 8%, —NEwRAEEEGASLHL
Ala B WA,
OL(w' o', 8') _

ow 0
5MWJJWFO
op -

agiw)=0i=1..k

gw)<0i=1.,k

o 20i=1..k
W% 5.22 SB=AXERY Karush-Kuhn-Tucker TNk, TREWEM THEAR
A »0, BEMFERRAFRE =0, #—F, TURENTFREAFSE 0 $
b, W = (] B RT RRREENAROABE. R

BT B R R

it 523 MR LA RO T RMS T LURNP FASXARENH MIE D
B—1, BEAEEFRARMNATHERGNE, EARRRAREXHRRL, B
—HER T, YRR &R Fermat RS Y, Bl e hTF, EHE_MELF,

RGBS o hris B H 3. B Karush-Kuhn-Tucker {FRIE 4 4R EA
iy, kB gw) = 0, EAHNHFEFHES =0, LA HA N ERew ) =0,

53 @
(3 RS B AR B AL AT L B — B R B A, R
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BEEWHEERSLEH, BrEELEAELARERMEN, WHERRELS
AXFRAM B R AP H R TR SRR R TR XHET B A
FAMBHEE,

LGB R B B RS TR A RN SHET, HHBEMEELLA
TEHIME B H R, RS % B 0 T RE RN, XM TE
AT

Oa, f) = inf L(w,a, B)

HANEH ARG ETE, FHEENENARRGTERL., XITREHET
—BORA, HO BN LR R AR . IR ENEERRERN A
AR EREHE 2 EPNENNERFELE™HRLERN, TEAFREMET
L EBRAR. Blt, KiFm 2N ERAMMERREANMUTMERE 3 R4
BEZRPTE, FEBE TARRAESHAEEERWER, #—-SH6F2
AHBEBET LUE RSB A R &, EERAREISHS M SVM 3810
R K. Karush-Kuhn-Tucker B4R ERE RABRYRFETHRTE,
RUERE SRR B E 2N GR0AR/ML . FHEAE
RSO B X A AR BRI Lo o (B B IET IR

Bl 524 (WA TEEXNEENABM K B e — 1 EEMm %5
&, XA —Fh PRI :

minimise  WQw—k'w

subject to Xwgc
Hir Q B~ nxniE@il, k B—1nmE: c B~ mERE, whE,
M X Bmx nf3ERe, BRFTfTREES, WX EETES XA,
max (min (%w’Qw ~k'w+ o (Xw— c)))

a=0 w

£ w EHBR/MEREAE, Ew = Q 'k - X'a) LEH], HWiHARARRE, #
BIHAMEE R

maximise —3¢'’Pa—a'd — Ik'Qk

subjectto a0
KEP=XQ X' d=c-XQ 'k, Hith, Z KM UMM EHRES A 02 R E,
BREFARE R,
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54 &
L. LR v RN R ERIKRE 2

Br(v)={u:ju—vl <R}
KFRAETRRRESHR/NFRRERG BB R B
5= {K[,... ,X(}

& 5.1 B—ARRS"EN T, SHINEERCIETN, FRARg
ALk A S MY & T L RETE—MERRIE S R PR .

i\

B51 —“#EFrasEanR % (|) R

2. 8B4
T= {xl,... ,X{}

MOFER THRROHTE NGNS, BE—TAEERFIRNARERRZ
HRIAMIIGES = STUS™, KM ST S P FEAxMx [EIHIER
Ix™ —x~ | B/ bR R AR H— R LR EEXMERR ISR 5 Hks
FImAE

3. BR—EEFRARENBSEE N, EX SR A RN R T
EREE MR, BMNGREH] x B3 B A i T R
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i s
(w-x)=0

5.2 B8 TH =AHEIH SR ERIEL, 08T R hEE
IEBAREBREAARIERDSRAER. WD RITHNGERNEE
WEAERER, £8 52 PTRERTH=AK. KIRTZLEFTEUS
[ B RERET DL AP 5.2 89 SV M@ REN BT, EEXE
HETERZE RO RAFN, HX A REEE I EER,

X2

B3 AR o]

M52 Zitke I RELsE

55 IRIEVIEFRER

BT AT LAE M3 Fermat AOEAE, ftifE 17 {th40 #0020 s (A1 RE V-84 T 4%
R 1788 FRIRE DR EY RBSXAREMT . EF 1951 & Kuhn F! Tucker(77]
AR BRARFRARMOER, RS THERMRREED, Kaush B2%E
1939 SFAGIRSC[60) R T X MR AL ARfE, iXBRR 44 M Kuhn-Tucker & /s
B|H& 4 Karush-Kuhn-Tucker ZEAIER.

FEHRFHJLESD, Wolfe, Mangasarian, Duran A AT KB T kS840
RIFFHELERY BEOHANER (TIS%8010F S ), 20 B4 60 Y
KER RN T AT F L f A e s, AR GRS/ R)
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LA Ty R WAL IR 6%

Olvi Mangasarian ( tL{0, (84, 85, 87]) BAHBLLEILMHBIMBET D,
fREER AL RS, T2 Bennett 2 A 14182 A1 IR B AL ) Ry
FRRERARER A FARA MHERTS . Mangasarian {16 ME LR ER THE, &
Y ERS EAP SRS FETHEEENRE(ZLE 18 THESNSE T
i 2 EPA AR BRI ER G LA E— MR RL LR, RS
H—BREART, IR-ATHE BRFFREBAITREMEIES (—IF
EERIEE ), TR —Rr Rt RS, KRR 4 Ediheni
B, HIBTAXKEARRE. IMTRRAT F—EXBRENMNZ4,
Mangasarian F) R B EAE T EERER/MUF w B—-BrEN0RE L, BEELEHN
2, BEit il BENRRR N R EEXERE (2ES 2 Ehihed) &, B
SRR SN E I PR —RMRI A

RIUEERR - REAEHMBEWERSS, AESEOIESE AL
—AFREPBPRE], —AAEER A2 m MRS OEER1], 28
FIBEH-BI80, 41, 8614 TIRIFRAIINMG ., RMAELE K HAFERFLIR RS
REEHEAR, RS 7 EPERXME, BAGEETTFERmBNAT
ERM, HARGEREFE, METCAREAE 7 HO%E, #:3 Kaush
Kuhn-Tucker &4, GHNETR (SES 2 EPNH) MERRRNE (BES 4
B ) MEEEN, IFH s b xH B LM R IAR,

NREEEL B AR AR MA EENBITHERNET, 491
RHXH, HHIRIVAEHESHBNRIEG DL XAMRBR AL [128) 41T
5, METFORMEERME 2 14 HE, HEH T MR LR AERK
FIRETFE, (3R TENEE, BhaR T EBOEE (SR8 78 W
WEESEIR ),

XS YRR M7 MG www.support-vectornet 4 H, X/ FINeE AN B3
FER PRI R R AL B,



%6 FhrmEH

WHLENHHCBER T MR, AEREIAMRBZ EABEHGER,
A& Vapnk AR E4EELEREN-FFIHE, IRTETULEIENM 8
HHRKETEPARRINEL 2ENBHENF TR, AER LR E4E0210
MW, FEEATESEORKAER, LI TEHLL. KBNS
BAF I RER, & AREONETBET, AARAEEARGTE, Xy
¥ Karush-Kuhn-Tucker &4, ZARHFIET B, FAEEFRHIEEE A RO
TEHLERA, HOFLLG R - ERHLEH THS Mercer £, TS5
MBS RACE MR A O, B BRED,

A AL A IR B R BR S A B R kA R R AR ok (Rheih 2
M) HARRR ., AELEHAH A S E RN 058 5 Kb sy feae ik,

61 ZFEESRE

KFFERARK BN A RS, WTREAR RS W2
“HRRETE. EEET H BT R 4 R R,
T HEGHE” BE R B AR E 4 100000 BBE L, FHAEREHS
MW iR AR, Rit@deiavasnRERITUMRLHNE, MRRK
HELEY T O BNHFEARRBMMAR LEROATE, ARKEZLEREE
TARWEE, WORARXER. HRIHFIGRRYRES, FEEEERR
EFMB R KO, X80 A R B R o — B M E R BT 5
B, AERGHREORXEERRE, REATROFRRERT, FUEEA
AJREa s -4,

6.1.1 RAEMRS %R

EIE RV PR A OERFRLOERER ARSI RS, TREATHE
BEPEME A S HBER, BRHARARTHATERRTER. FRR, E£R
EHEMNAY, JFAREMERMEBIEEN EEER, CRRTRES
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SRMRRIFE, DA SR RENREELEE.

o4 BREE 418 S T RMEFIROZHIRER , X TFREAM N T4
S BB f RIS ms () RARER . TR MRS R AR A Bl
o BARRDRE RTINS T RO B RREFER AR, R
R TS [ RHER, FRLE Ao me LRSS g R B0, &k
AR R T H— DA RILGRR, WAF I EREE—1T ke W
(S A TR K (8 RS

ZR B R R R A o R AR BME— R MR SR AR IR
B BRANDEREOELTH-NREYAME, R MET R EL
Be(Aw Ab), Kb e RY, BB (wb) KB EH AR, RITHN T ILITHE R
TE, FREHARREEL, R SRR LBy ERRR. ©8 4.18
B T ILAER, ERE R ER R KRB, FtE e REERET 1 (&
SR | AEF A RN ERETE ), REMTFRICIUAER, HRMORE
R, R w ERERNR, BEES M8 x LEBRRERY 1, 5L
WTITR LR, RSB Ey 1 ERE:

(wxt)+b = +I
(w-x")+b -1
[t , TR BRI —1e wo JUNTIERG ¥ AT 42528 B0 AR -

= 3w ) ()

1 -
= g, (X =)

1
[wll,

L SUe B PR A 1/ tiw, B E T RIAESE,
RHE61 BR-AEHTHIGHA,

|

§ = (X1, y1)... . (X, ye )}
KA AL
minimisey;, (W W)
subject oy ((w-x;)+b) 2 1
i=1,.../

TABHBEH (wh), CERTNMARH v =1/Iwl, 4 Lk MrE8LH,



84 IHHERFR

BUAE % A RIS 5.3 WA SRR I R AT BT RR (L A A R R VR, IR
B H R Ch -

!
Liw,b,a) = 2: yi ((w-x;) +b) —1]

kB2 0 RABBART, 485 FEHiTdRR,
R AN wA bR T, TTLITRBIM R I (T

I'4
dL(w,b,a)
= weS"vax =0
- w ;Nxm

14
oL{w,ba) o
E[b - Z yfal - 0

HBBREXER
¢
W o= Z Vit Xi

=]

/
0 = Zyi&i
=1

RAZIRSA R B B R, B35

¢
L{w,b,a) = %(w-w)~—Za,-[y,-({w-x.-)+b)~1]

i=1

= Zy‘ylm'al X; xf Zylyfaiaj X;* xj +2a;

| i, j=1 ij=1

= Z - = Z iyt (xi ' xi)

I J=1

6.2 F—MEHREARRTUMEDNGRIOEEAS . NARAELE R
S TR 2 BN RN, SRR RN R R ERMERT .

il EEER T T Eame EE0S, EhEaE 6.1 T,
wH 63 FAE-MNEMNT U HEHE,

§ = (X0, 211000 o (X2, 32))
FE A MR T @ = R = M ey R
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- ‘ ‘
maximise  W(a) = Yo, o — § i Byt (X X;)

subject o Y, iy =0 (6.1)
w20 i=1...7

MREOEW =Y,y FRT TR RS
y=1/]w",
BEXNEETLE,
Hi¥ 6.4 bAEREHBENERRES, FARGRYE—ETIRE b,

_ maxy—t {{W"x;}) + miny=1 ({(w° - xi))
2

%5 mAEH 521 A TFXAMEARRE, Karush-Kuhn-Tucker B4 RAHRALT
X FRNEHNERGE. FEERBRRS, (w',b") LFHEE
a [yi (W x)+8")—1] =0 i=1..,¢

X EHRE R BEER Y 1 WRAS X, PREREEET IS N ER,

i A xR 8  AF . AUAERENRORSAS, RAZERER/REN.
REEFASCRFBKEREE . & 6.1 RAAERKFdFmE,

A

b =

v

M6l AR LR R KR AR E
R PR AT IEX R R RS R T Rk
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'3
flxa'b') = )y (xiox) +b°

=]
= Zy;-a,-' X, x)+b°
SN RRKORR S HRTEORER, HBTFT BN ERNER, mE
ERONTENMNERERRRINESE, FRIBHROARFTW, 8
HHERT, IESBRMINESAERE. EBRANET BN BT AR
RUMEXL, RPUBEEREHFINGSPERESE S LSRN,
Karush-Kuhn-Tucker HAMRG I B— M EEERAE TR j € sv,

yjf(x}',d.,b‘) = ¥; (Z}’l“; {X,’ ' x;) + b.) = 1

i€sy

ESi]

¢
(W- : W.) = Zy;y;u:;a} (X;‘ ' Xj)
ijel

= Z"I;}’jzyf“; (x; - %)

Jesy iEsy

= Y aj(1-yp")

Jesv

P

icsw

il

LA T T
mH 65 FR-AEBTIOULEHLR,

S = {(Xl,yl),..- ,(xc'iy&’))

BRAH T BB (6.1) 198, MREAEW =Ty x EATLE
o F& A .

~1/2
y=1/lw], = (Za;)

R XA R,
RHE B 7 R R — R EIE, REEEIULBREARS, BE
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ETEMAER—F, SRS P REE BRI,
wH 6.6 FE- ML,

S = ((xi,y1),... . (%0 y2))
CAEKED)BRALLORLETRATRERTHY, RELAKCH L THH kK
RAC R R B

maximise Wi{a) = Z:;: o — % EEH Yoy oK (%3, %)
subject to EL, yit; =0 {(62)
o20i=1,....7

M R A sgn(f ()4, BB f(x) = T, yerK(x,x) + " F R FH K ) BARZ
S BT R PR K BT E, AT LT

(39

BB Mercer ARG T A (K 06 x,))] _ MIERERFAIIGLE |
REEMER, B ERERAAD (62) RO, BERER (K, x), 1
REERE . BTIAGE SUHHAES 1740 B SR BT SR B TR OR (R BT WR A B o —
SEARBEL Bk THAMB ISR B KRR NS,

WIE6.7  BKIRRG ARt 4.18 A, IR AR L E R RSB
HORRFRTERER . AR E BRI 7 1L P T M ot
FITEIZ AT el 6.6 il TRIRRAYLH, 7ERRAESS 1A] o 76 TR A kR A2 T LA
HIE:

R = &g(x(xh xl)]

BEEE, REEHREMRERRARE, HUy MRS EpE AL
BB SERR, ATl AR EEAR AR, B B MNEEEY, W
ERWERENRE EARRNEE,

RAECER—-ENEELERETH 515, ERABEEREE LB ENE
ER, BRTEEZBMIEHREEHE 5.20 H&4, ARMAEFEETBER, B
A LA R (E AR 604 822 DI R BRI RIR B AT AT B, 46
B MET. E R LGE R B R A BRSO 0 HHE, 4
SE &f /MG Lw, b, &) FT LUB B E ) B w RO 24RT0E. R, ZRFTLLTENT.
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It

. . A
WE -2 191" = inf Lwb.8)— 3 ¥’

R
= L(#b8)— 5 [#]°

= -z{:&i i (-3} + b} — 1]

i=1

4 £
= Z&i - Z iy (% i)

i=1 iy=1

ER Karush-Kuhn-Tucker LAMRPFHMAN R, BEEXMAERGRANHEFEN
%, BHRE & HREGAR, BEEHEE A (F-x)+b) 21, ZEHT.

¢
Vi (ny&f {x; " x;) +b) 21
j=1
RMEABRIE—E R, PR KBIRHEL FafTHREAEEETER L, A
TEAED, EEMARAREL T, AI1TERRE T LM,
NANBPHEFHENTERFETHES, FABHY:, IEREIFmE
BFETENETFENMALERE. WEBRAAREMS, TATL R
#NRTERIERPRRWRBTHE, XA UNBRERE S, KBRS
BTG, MEANFERMAFHFAALLEE. B, BEERHAE. RiE
Fa4VHEL, BRABETEE-TESIE, BRALTE T HRBHTE, o
DEMEERSBEMNGREGBANRRTE. mAEE 425, TTUEATEK
i,

TE 68 FREARTHXLAHEEREAFORMALTMELEINK 2, #
Xx{-L}LizZuisH 9, BREBLFGE , MRS § Loy £k
1 -6 RETF:

1 ef {
e;r(f) £ 7 (dlog 7 + log 3)

BRd=#svR I FHEHHE,

ZRHEAXFARNE ERS, FAEIME. REIRILEEHEER
N Ockham MR A IRER . FH RIAERELET B AR ST MIR0AER R AR X
& 6.2 BRT BRARF o R B R B YA B8 S oI
ERINGR, ARRFELA, BRaRERfs. HHREHANEER. BOKE
B TRERBEAE N NG, MRCRKBQEHENANR. EEHEHHR T
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Wit 6.9 MMBHZAREN—THERKFTLURABRESRS, FHE-ER
B H-MEXHEESZRE, CEALHISHENRRTRERDR, ZHR
ZME &

#5v

£
W FRENEABRBAMAARARREZTURAXMREHF, BEERNHE
ZURAREEN £, SREFMUETEE, FXE, B-BRAOZRTX
(el = 6.8 AR MAERKRRALFOL T — NSRS HBRRL,
HFHERFER T TEAE KR,

BAERRFEEAEEHF0RANE, AXRPERRERINHE
PR, ROREEDRE™E TRESHHARLRRERSE, THES 7 HEHA
.

BARRBENENAHERENLESE, CRERMRE, YMEHHE R
R IR R 2B, REERE A Y HBSHNFE, HEHREK
BoR¥, HANZMAREGHERN, BATREE LS BERRR 2.
HE, —AiR, BN FREERFBRHE, TR E R A MR,

XL T, BRARNRNARTERRA, BIUIZREET LIRS
PITRER EHER, e LR TR R

FRHEERANEELRGT MR, SRMJLERER I LR TS
o, ENERARRERENLER: M TRARR, I5ER%, RABAR
HABEIR G,

i 610 EBE SVM HRBERSEERE. —REHEKHE TROTIT#]
%, HEFEHRZERNE;, —RASKAR®ET Karush-Kuhn-Tucker B AME,
(IR 7= T A B R

6.1.2 RERRELIL

BRI RS~ HEME, EANMMEENERE SR mRIAES,
eSS B SR AR (5 8 SRl — MR ). IRBIEARS,
Reir S — AR ST (RIERRRGE, BRENESREENE ). BX
M2 2ERN T RABR Y SR Z R4 — M RAGREN BB, X 4R
RERERNAEH =4 NER, MR EUHEIETEMTNERAL

RE T REIRX B R R R AR EA SRS R ERIEN., EASHE
W, B BRAEN, ReFRERBRME, #5050, JETHESEHPERN
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RELRtE IR T, TR ATy R AR 2 iy M I R U A 1) B AR e, X
FREREAER IR, e EEAE 4 EAANERM XA TR
ER. IFNEREBFEARANERL, FEBEESNIIGLA, mARRRE
AR AR

ol PR K R oL T B R SR AL IR RR AN T

minimise,, (w-w)
subject to  y({w-x}+b) 21 i=1..,¢

A TR A T, RESIALMER, EAFE—CBE LBRABAR:

subject to  y, ((w-x}+8) 21§, i=1..,¢
E30i=1,.../

5 4 EHTIR 422 RN RO RS S TELRER, FHE B
B, EE I wEORRR L) & B, BAHTRB SR RS R

2 1213
ATy A 1
— = jw|} R+ 2
y Jwi?
= |wl3 R+ [¢]2

EIE AR LRI H AR P C — D RIRERNER R

minimisezwp (W W) +C 30 &2
subjectto  yi((wx)+b) 21§ i=1.../ (6.3)
C,;*,O i=l,...,(
EEMRE <0, MEE =0, B—ATARMRRR, XMELEE/NBIRREAMHE.
%R & EMEARRBHRAESHE (63) WRE—BH, BT LGSR
T ER AL ERETE (6.3) K.
minimisezwy (w-W) +C Y0, &
subjectto  p({w-x}+b) 21§ i=1..../
FET, B8 C B—TEUEEANE, K04 RN R M %
RN XRIEEAR, FENE—MIGEL BRI, 58 C t—F
ERAZWL, Ivl, SBHNOESETE. Bilt, MWESHRE, %8 C HEMNE
wRE vl 4908, REEwTRME,. ITERETEO—MELPRE, TR
MERE R BETERMR TR BN AE, AE2HEEH 424,

(64)
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minimiseop (W W) +C ):;;, ¢
subject to  pi{{w-x)+b) 214 i=1L...70 (6.5)
L20i=1,..,0
BERE—4 ¢ MR Iwl, MBS, X4 C HhAHRAR, XNRX
WigE wl, FREBIAIEH KB/ ME.
THEFA/NTRARR R Mg & REMXEER, dilRamRER
i,

“HENRBRE—ARE
F# (64) THBMIFRARH BRI

Lmbiga) =3 (- w)+ 228 S (e +) -1+

i=l

X B o 2 RN HRS, XRS5 Efd.
AR RSB AT LUB I R B wd, boRIR T, BF

aL(W, b’ Ci a) = W- iy-aixf = 0

ow
SLwWb &S _
5 = Cl-a=0
Awbty) o~
B T Z;ym-ﬂ

AR XA RO H R B, ATLUGBINHE B4s R T KB IE

L(w,b,§ a) Za. - Z iy (X - X;) + (a Q- = (a: o)

i=f

1
= er,mwzm;agu; X' Xj) — Ta — (a-a)
i=1 i j=i

B, FEabRAA R ERREEN TRAL:

Wia)= Za,— —Zy.y,a.a, ( Xi"X;) + Cé,j)
=i

ij=!
X 8, & Kronecker 5, i = jBREEH 1, HAN 0, ¥AIAY Karush-Kuhn-Tucker
HAMR R
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o plixi-w+)—14§] =0 i=1../¢
TR BE RO EN— R,
WHE 611 FRyR-MIGHE.
§ = {{Xt, y1h ., (X4, )
EHKxDBXELAFEEAT, BEAK T @Y ZARAF MM,

maximise W(&} = 2;1 o - % Zf,jul Yiy % (K{Xl, Xj) + ééij)
subject to 2.'{=1 yoy =0
w20 i=1...,7

& f0) = T v K(x,x) +b°, X EABpRFN)=1-0/CHz, Ehstie
EiF o+ 0, XA G sgn(f(x) &8, BELFHTHRK(x,2)88 X2 LeRIER N

THRKEBEES, CAKLEAR (63) B, RPnmTEOTLELTNR
%

=172
y = (Za.-' - -é: (o -«'))

fesv
iEAR xR e = CfHkb {E, 813 Karush-Kuhn-Tucker bR {4
% [y ((w-x)+D)~1+E =0 i=1,....7

HARBARELET o T—EHEFN. TARETEY KRS, BELTIUH
PR/

{
wew) = 3 pyeiaK(x,x)

iyl

= Y ay ) yaiKx,x)
jesw iesy

= Eo:; (1 - f; -y,-b')
jesv

= ) a-)ud
i€ty icgy

= Ya-glee)

iesv

RPBBRE - ZUHREE, FTLRSRRARRETEHRN E®. 8
AR T —A BT VC BIGERKNABERE X AT E = R T
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HEEAFEE ERIN T —AAT 1/C, ERREAFY RS, R LU AR
o AR — 1 A

K'(x,z} =K(x,2) + %5,(1)

—M BRI ER—REYR
— o AR I R R AL PR RER s b B H R B

I'4
(w-w)+CZ€jf

i=|

Liwb ¢ ar) =

[

{

¢
—Z o [yllxi-w) +b)— 14+ &) ~ Z rigi

=1 =]

REe 2 0,ri 20, MMEARRALUEDRMRET wi boT, BFHE

P
oL(wb,¢,a1) = w-zyi°‘ixi =0

ow i=l
oL(w,b,§,ar) =
———-—-5-67——————————— = C t11 l', - 0
oL(w,b,{,a1) . _

7b B ; i =0

A H RS AFIR A H R A 88 BiReR B T B LE .

s I's

L(w,b, ¢ a,r) = gas - ‘;‘;Piyjf‘i“i (x; - x;)
BEERNE, ES5BKEBHEGREHER, NEHKHNREAE C—g—r=0F
r20, EXMTusC, H4#0, ({%r =08, Hu=C, Karush-Kuhn-Tucher
HANRAFE -

o [y((xi W +b)—1+&1=0 i=1L...7/

(i{w—C)=0 i=1,...,7
H &, Karush-Kuhn-Tucker 4 EHREF (LY a; = CRHEBAEFT s A&, JEF0
FEAAH L |wiERRiRZE, EORLAERNT L Iwl, [0 <g < C RAMTH
& 1/ IwiEE B AL, AT mAAE.

mE 612 KRS E-MIGHL,

S=((x,p1)s... (X2 )
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ABKXDBATIHFLZTE T, REAKE T R ZREMFAMAHH,

maximise W(x) = f=1 05,'—%Z:j=1yi}’ja;'ajK(xisxj)

subject o Y0y =0 (6.6)
Czm20 i=1...,/7

I =5 vy K(x,x) + b, R REBGEF pfx) = DAL, APSHEE A
C>o >0, REAN Y sgn(f(x) 2, EFMTRAKNLEAR (65) HHK(x,2)E
AR HETRFHRTFH, FERRTFHLLE T RFaX .

-1/2
y = (Z yoy o K (x,, X )

ijesv

P  {# H Karush-Kuhn-Tucker HANREFSBE b HE, MRS EREDE
C>a >0, fié =0, 3FH.

yllx Wy +b) =1+ =0
W TERE ST TR

(W -w) = Zy,yja oK (x;, x
i j=1

= ZEY!J’JQ “ K xu

Jesv iesy

A AR EX RSN THE R A RORARBETEHME, Kby
RRMFAR lh ¢ X ER. BFHAESARKHEXNTE, BhFER e B4R
Kh C METE. BEMENLHZMSBARERT oD, XARERES
YIRIRH T ER AR, MEEANRR A RTERRA. ARBHRR TS
Xia R, B IR e A R T RO,

% 613 HRARHAN ALY C Wik, BURNFRRE—THEEINR
E, HARBINECIGERFNEE, RIETRA-FLEEMBHMRE, X
fEACIRRE ( 6.6 ), ARKY C ERBIERAT mAEILFEES v 0B 1 L BRI
iR
maximise Wia) = —3 E,J=1 y;yﬂ.%K(xn x_;}
subject to Z; (=0
z;—l %2V
1/ 220 i=1,..., £

EXANSHIART, vAINT o MHNKTR, EABGREPERTRET. TL
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BHvERERRENIGENLEN LR, Rl XEIHRREEHE 52580
BHLLAN TR B, vBUHTREN—EEHNSH, TERESEHERET
®, MNSHENRFREE L. INMFTENESREERBFRNA, TUE%
£ 6.5 TROMMEE,

TR R R BRI, WG ERTTER, FEREMEER
TRAWE S, CREN FEMARERE, XHERRERETE,

4
§; = max (0, 1=y (Z VKX, xi) + b) )
j=1

X H o BRSNS EE T, EE L MR i MC > 0 > 0F yif(x) =1, —BJER
BT, TR EAR AR B iR B2 el BT E % Karush-Kuhn-Tucker B4 R4 50 F1,
R ERERE R

4
—L(w,b,é‘,a,rH%<w-w)+c;¢i =

/ ¢ !
=Y [y‘, (E y_,aJ,K(x_;,X.']+b) -1 +é.~} +) ré,
i=] |

=1 =1

KB =C—o, M, FHaERAH, FHFRREERSRRE TRA T

! ¢
Zai [J’:((Xs W) +b)—1 +gi} +mei _

i=] i=1

¢ ¢ t
= Z % [}’i (z yinK(x;, Xi)) - 1:| +C Z &
=1

j=1 =

¢ ¢ ¢
= Z ;Yo KX}, Xg) — Z %+ C Z d

iJ=1 i= fal

'3 {
=) a-2W@+CY ¢
i=I i=]
iEE 614 XWRTHH2EBRAETEMEENFEIRPBL (K8 ) HRE—
PMEEABER: —Wr R R S B T SRR RIS TR X L (LRI,

Wi 615 AIEAEER, AIATHERES, REHRNRIHE LR R
TRIE. AE—-BafERaaMRER, EREs, SRDREAEN—HF
B RAEE, BRTIRERRPRATPERR TR, G RRIRAEk
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6.13 HMEMXHEEN

MR ARG B0 LR, BT LR A T RE, tinE R 425
MER 6.8 BHMHEARGR . XBE T IRBERH S FELERRNEY:, A%
BEHMAR. X ST ERRA, E B R M ERTRE O T, ok
i, FIRHEERY 1. BT RRAIAS TS RMEN, oA THE
Fnth, B8 TEEEMRILEE:

minimise  L{a,§) = Z,il %+C Ef=1 &
subject to  y, [Z;la,-(x,v,xj}er] z1-¢ i=1....,7
G!.-;O,{I-}U l=19:{

BRI HEEI R SRETRE SVM E LP NI BB K EREL. EHitA
R AR L, TAR SVM PHO_KARIRE, X Bk 0Ll
FEREDBRNES M. EAMREES T oHX, KRR NG,

6.2 S FFOEEME

SRR A L R R R S, (RE T RARRE R LT
REIE: JELrERET LB AR 2 M R 1 5 38158, RN AANSRES
REIEZ (M ARBON I 2. MaRE%—F, FIRBERM—1TMEY,
 HE R R

FIAXELARE—H, RENERORRRAS 4 ENHRAZLRE, XFE
EX—MRAKEY, UL AREEERS FTRERGRE, XMHERIMERH Y
RRAMBIKEY. RAREX AT, RENEYZNELRE, HREEN
WEHAGRMBERET s MES, A BERERBEACENRENZR,

6.4 B8 T RA e MK EREEIRBNHF. TROERTINGA -
REAAU, e ARBREANLREY 0. & 6.5 BRTIEZMRBRH ARG

RRBYAEFEFROEE, CORLSRNRMOVFE, Fite RSk
BRI — PRI RINE K SVM —H, B AR BER OB, RIS
RE—NMITRRESBARKE RS A RUBH KRB A ML
%, FsRReRBNHOTFENTEZ LR HRL,

AV AR, RRAE 4 EMRBEEMEE, H95REmR
W—MAZE R 7L, B nMESEOREIIES, ©AEARE
t, FUAEZMNIREE. BEhnTETENTRN—MRTHEEEE,
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R ERIMMFO TR B H e FIRE, HE#S SVM X,

A
y

Y

6.4 — SR A B

Y

B 6.5 AFL&EPIH R A BB
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6.2.1 EARERHR%KEYI

SEHE 428 FEE 430 A1 TRERHASWZ RS, ELUNERBHBEEANR
AR AR, s RNERIRK RS T e i,

EX 617 (&) e AERBKEE L (x,y, ) ELH:
L(x,,f) = |y — f(x)], = max {0, |y — f(x){ — &)
FEFREX FEER, x e XHHy € R, 20, W ARRBIRARTRL W,

Lix, 3, 1) = ly — fx):

SNSRI AR BREBUFTE S 4.27 FE IR R RS, TLAE R R
PR § ((xy ). f. 0, WR IR .

$Axi 9, S, 8,7) = L*7(x;, 33 f)

Ak, LR, 54 BRSRERT e ABBMARY, Kpe=0-7, H66H
6.7 BReR¥y — fx)fEey 0 AR O B, LA R RMBIRKHTER,

A

L

0 y; - <W.X;>-b
6.6 <K 03k 0 R REML M c Rk
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A
L

. —
0 Yi~<W.X;>-b

B 67 &k 083k 0 Rt RM i e R BRI &

ZReA¥BIREK
EH 4.28 BHUE L B/AME K e REURIRK I A

{
REfwi + 3 Lyixiysf)
i=1
KRR ET ik, XEFRNENRwE LNEH. BME M RIRBRE
A 7 ER/MER, SERETEFES = o + yE FR/ME. DRMEERT, &
FIHASH C REREAHARKNDRY, FILEREE 0T

minimise  |w)’ +CYC, (&2 + 3,2]

subject to  ({w x;)+b)—y; e+¢ i=1...,¢
Vi—(w-x)+b)ge+& i=1,...¢ (6.7)
gi‘f!’ ?-0 I= l,...,{

EXESATHIMER, —PREEHEZ MBS g, 5 RERGEZT
AT, BT C ERFBEXIMHR, RS AN TELESRNBM®
B, WAEAGRT RS HHERE, el =0, MEMNYLR =0, WFE
KRS B TR
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maximise Z’i;l Vil — o) — EZ:;I(&.- + &)
' -3 ZEH(&" — )& —ay) ({% - x;) + §6y)
subject to 30 (& — ) =0

&,-}0,&,-;0 i=1,....¢
E XA Karush-Kuhn-Tucker HAMERR
a((wex)+b-y—e—&)=0 i=1.../¢
& (y,- —{w-x)) —b—-s-—f,-) =0 i=1,...,/
‘f;‘é;‘=0sflf&i=0 i=1,..,¢
Ei£6.18 FEELER =0 BFEHX Rl =0, TLUESHERSE, #E
BT EEL T RIEA.

maximise 4 1~ 6 ooy 1Bl — 3 Tty By (% x5} + Loy)

subject to Zf=lﬁ,=0 i=1..,7
i€ (-1}, %o=O0RMEHEENNE, MBEHERS =8, NEENRER
| HREB N, MAKWET « REME. $XL, WEERXREAN, £Hek
| BB,

W 619 odf 0 FAMPHESATEENESBREIMEEEET. c=0M
HAMEREFAMSH C BHIHRERRETHRER/ D - REEFA, Y
C - o, MEEHTLARKED R, IENTREAFEENHAE, EE,
FEAR R BG4 R T — R 40 K R MBI 5T .

THERE —REBRA RER

620 MELNLE.

S=((xi, 3100 (x5, 2))
b A K (x,2) 8 R E AR T MR, FEAE AR o M A M

maximise  W(@) =Y ya—e T,
-1 E::j=l atj (K%, X;) + 28
subject to Yo ;=0
4 F(x) = T, K (x x)+b°, i Bk p 42 f(x)—y = —e—a; [CHAEE § o] >0
FAL, MAKS)F6 TEBK (xR X2 HRETHFRBLALFH (67)
A3 HREE,

B AHERL
EH 430 ERM2H ¢ HREER/IMER T RBRUBRR L.
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4
1 3 .
EWH+CZ?Jmmﬂ

MRS EER T EENGE, B8 C rTLER W AN, FRRFRIREE LT

minimise w2+ C 0 (& + )

subject to  ({w-xi} +b)—yi € e+ (68)
v ((wex) +b) e+ '
Eliz0 i=12...,7

RN ] PR HE T R

maximise Zf,] (& —a)y; ~¢ Eg’;l(&,- + ;)
"% :'jj:l (& — a;}@; — o) {x; Kj)
subjectto 02,2 C  i=1...,/

Yo G-a)=0 i=1..¢
NI Karush-Kuhn-Tucker TAMRSE

az,—({wm.-)%—b—y,-—a— ;):0 i=1,....,/
&;'(yi—(W'Xj>“*b—£—E,-)=0 i=1...f
g =0, a8 =0 i=1,.. ¢

(—C)E=0,k-C)&=0  i=1,...¢
FVEE 6.18 BEIR—8, F o B8 — o, HHas =0, BT HAGE,
wH 621 MHEAN%E:
§={{xs,31),... . (X¢, y2))
L AHK(x )X Z LR ETAKDE, FEEEAKC T RKAR AR,

maximise Wia) = EL, Vit — 525:1 |oti] = % Zij=l oK (Xi, X))
subjectto 3.0, 0,=0,-C<aigC i=1..,0
A %) = i K (%, X)+5" i Rk B b AT f(x) -y = e ER i 0 <) <CTF
B, MEAK)ENFHEK )BRALLAJETN P LM (68) A5 A
F,
¥ 6.22 8RB G0 S Bk IR R 2oty , AN TR0 A 1H B Y s SRR I B
FRRAEMTENRER ST C .

Wit 6.23 RIEERHE TRAAERARE, XRPEI TRET., AEHRET
i PR R RS AU (R AL ] o AL HIOERE BRI T, RAKKBAER
EHERA, TAReME. XTEA SVM MM s RS 6.5 WAt
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6.2.2 $lAmE3

MEFETER 6.19 4RI, ZIRA R P e = XM ER NEEEE RS/
ZHREI, XFHFRERE. T 2AATSNTRFIEESLASR. Hik
ARFE NS RS, KEWXERENKR. XERFER T RED. (F) [
REFT ARG T .

minimise A ||w|> + 30, &2
subject to  y,—{w-x;}=¢ i=1...,¢/

WA RIS Bk B H R¥
minimise Liw,{ a) = 1 w|® + 2 £ 4 Ei_ (i —{w-x;) — &)

KIWEF, 193

(69)

1 o :
W=ﬂ§¢i": L] 5i=%
EHBESXR, BRI TR EIRE.

maximise W E, =1 Yitti — a zu—-l &% (xl x}'> ; Eaf

AT HEEREREN:
W@ =ya— -l—ez’l(m - ia’a

EEKFER Gam HEK, = &ox), REMREGHES R EER
K; = Kixi,xj), ®ffrack%, EFRETHAZS:

2AK¢ - %a +y=0
LX) R

a=2K+ il ly
IR i AR [ )5 7«

fix) = (wx) =y (K + A1)k
REKETHk = (xx), i = 1,... CHME, B, AT HRSE.
e 6.24 WA filsk4.
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S = X1, ¥t)--. . (X2, ¥7))

L@ AZEKxDBXEXHFERNEE, & fx) =yE+ )k, RZKAAH
K, =K(xi,x))f7 x ¢ #9488, kKZFAL kK =Kx,x\)¥&E. HR&X)FATH
Kix,z2) 8 XE LB RETH P RBAH (69) FHOETE,

XNEEE ARSI, THERY Krieging, BEREMLRS, LENE
Tl R, T~/ (R TR I ok i 5 (R B B 2 Rl Y B K
6.23 SindE

A/NTEHEE 4.6 TR N MEES T8 3.5 THEREE., RRa%.

Pt tix,S) « P(y|t)P(1,t|x, X)
Hey BilgERSHH, BECHBARMN; t 25 y HENERELRTE. H
XM 415

|
P(yit) o exp {—5(&' -t/ y - t)}

ETBEQ=61. F35 TP EHBLRSEELNT,
P{f,ﬂX,X] = me@ [U[x)vf(xl}s-u vf(x()) = (f,fl,-.. ,f{]]
mexp(_%?ﬁ—w)
RRt=(t0,... ) FESITMFNEIFBEM 0B, TH 1 Blrd T TFERRE

Bx, TEMHFTERK K H L) = K(x,x;), F%Sy0 = K(x,x), HAE AT
O 50 BT R .

S0 =i = K(x,x;)
TR SR ERMS . ER—MUMEN f () FERV WIS,

f(x)=y(K+aT) 'k

Vix) =K (x,x) - ¥(K+ oD 'k (610)
REKET A K, = K(xi,x;) (¢ x £ B3R, k BRI 0k = K(x, )&, Bl EL
SRR I T [E] AR 6.24 QMR RDORBIER —B, X ESHA E HRE N
FE, XEAT R ERMELIEEPRENXR, TIEBEL RS LRE
(67) | MRFHE N ¢ MRETRS0ER,
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Ei R LB 2 A 7 22 A B T R AT R R AR~
SYHTRL LARIRAS T S R bh 2 eR MU FE B IE R . R, ATRUBE BRI ME
WEARE MR ESEAB R, BEREEREART R E, SREEREDS
FERBT LA R R, R 7 — MR R R S R 7 ik

6.3 itit

AEEE T ABRROME. ERAITASE 4 R B R R maE
%3 BTN RGEIME S TN R, HEHER T TR A EREIERAR A
ot R AL AL AR S B YR I, R EER T, SR RBOUETILL R
HeRRE, XMREREEETERRANARRRT, ATTRFERNEEAN
FRRH . MR R BRI RN BN FixEe =0, STLIER—1X
R TEREH R B E REAREH, REERFORREHRE. He=0
Bf, X ERMRARER T RN HRBLE

A BEEFA RGP ETE RAX A R R B RA £ TP,
i TERR R, R R —E AR

{
i +c; i;uyf,ﬂx,-))
EELERSEY, 1 RETEMKET, CEEILSH, MELREHH%
R, B TERME, AR RE— MR, MR,
FERALIER AN B,
T BRI A ROR SR LR, M RAR ARSI, B
A LR IR B

6.4 I

| Ha R ALEE (6.2) (M, Ty RARRAY JLIATEIRR F R AR 2R
¢
HERRAA? W), Tla Y yymaKix) i 7, MEMERRSH

ij=1

A48, RIS A 4 RHEY 3%/ 15 RE 7R SK R R A 1 ey P 2 T 2
vl

2. FHEEMEE (6.7) MAEFERER, FHFEHME 6.20,

3. HETFHEAMIRE
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MiNIMisey b (w-w)+CIZf_1 {I-+C;Zf_l {,?
subject to  p{{w xp+b) 2 1-& i=1,..,7
&Ez20 i=1,....¢

BB C GBS ERER, RERERRER,

65 RIEVINSRER

YREBVE-FREINERE, BRERTRATE, BERER)D, BOKH
th, URELRRBREREEAXNE (WX RE BN REHAR, EIE
H Boser, Guyon 1 Vapnik[I9]R#if, FEWLEITREIHEE (COLT) 1992 £/
SR PRE . BREPFERXBSEC LA, FEBM 20 g 60 FAF
RN EISRER . BEAESWASREAFRBFE, HA Duda 3 Hart
[35], Cover [28], Vapnik % A [166,i611RLEZTHEI (Hin[4] ). HHEERE B
Aronszajn[7], Wahba[171] %1 Poggio[ 11615 1 FY), 1964 £ Aizermann A [1] A8
SCHR I T BAESRAE 2 ] R 7R P BRAG L {aT g B2 . Mangasarian{84] 2 24 2 PR HEA
HATFERRG D, RAEERERIDEIL28), MEHEMFERST., FERHRBE
B R SRR AR a] AR 7E 20 4T 60 EARH Smith[143]4+ 4352, Bennett F
Mangasarian[15] 8 TH0E, AE, HP 1992 ERAREKTAEHT—RER T
BARMD %, hRREAN L RFERMN. 8 1995 F, 5| AKBREELT]: 4
AEA BRI R it B RAE RN SR, BI{138, 1004 THEIRMR
SVM B — /NP4 R, T4 VSRR M E D RS B T 2RBHA

ERINNSAZE, MMM EESS TXERENEEMRIEMT, &
S4E TLFRAEROEEIE T— MR, AT IL/MHEERKMSEMES, i
git. TR, REUANEEIS, KRR LRERELER Cortes
Vapnik[2713| A K, B 1995 4E4 B B BB [158],

Vapnik BTRIFAE 5810 X—FBRE T ZRHELTER, HEBT
TR ERAEER.

AR, ZIRPATHERFTERF NS RERAETHRE—TES, X
RN BN — R BN, (88)HF T BRI e,
[178,159,13] Ry BB L L HEAL T, —MOEERNEBE 2% 3. Smola,
Scholkopf #I Muetler 78 T — BBV K RHA[147], [144,125]1 148 T FAEZS (A iy
WEIHE,

W DR I AL P46 O RrRR I . IEMIALAYEES R Tikhonov[153)5| AR, 3
Girosi A [52] MBI E N MERRE T, BEAEE51,171,172,146,3810F5558 I
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NLREE R SRR BULA R R . TIE RIS RRER FIM 2 R4 A6 R IR ZE 1990 4E(116]
AT, [52,39) A ERM .,

WHE 6.13 hRNEIRE e R M BERAENSIHEIA, H#—HHBRNZE
[131,130)9 8 T 4., EADBARECLMATIFFEIT167). 313, Nt
FAGVH(39]. FEIB[60)% 4. Rifkin % A[121) 8R4 B LKII5E, KR
BT LR,

AEFES 4 BERTEBESE R LBIE L HZERMT, ERIET
SVM WIS, #£30066,160,177,173,107) 8L THBIRE M L RIESH,
(1591 RIRFIE & A E X R BB/ NRE BB THERENR,

JUREAEE ML SVM BLAMT R, H i Mangasarian B3 SVMIS3], #5514 &
BRR—MRN NG R ISOIRFFE, R T IR0 sa 4
M. BRERTREENOIE, BRABTRT REFAOEE, HARTHENERR
RFEIRSA . K0 SVM ZREMA - MAITFRBSIBA LN, TRRAABR,

BRERET SVMKKRETE, BRBH-ZHGR, LitwEas, He8Es
FHITH AR (HRAEE 8 TR ) FRH B RTEN132,149], M R E5R[23,145,39]
. BHHEE RRENEER EBE, LUEFE30],

Bi5, —EM13, Hin Cortes[26]. Scholkopf]129]F) Smola[ 148HE{E T 4%
A Rl TAELE P OB T IR A MR — b,

o R 4R W[ 180]#1 Rasmussen M H30[120), BHi R BRI MKHE
R TIECETFG, AL TRBNEE,

RESE URHLAERYS www.support-vectornet F2 M, /MBS NG R At 3h
FER IR R IR B R AR S



B1E LB HEA

LT R T T LRGN D G ALRY R TS RRANH
RO FM, TGS ZAAERABFR D FTHRAR, HE, LAFHHE
AFRERTHREARERELNPIG4LRARE. RMAFZTEHSTRELL
RALBLGPMOEESSHE, $ROFETERTALEL NS SVM #94
P, B, FERAT, MRMERRATEFEABEARHL, i, EH PG
FRIALBFEARABRAGER, BARNFRELEERTE - ML
RERGAATH, PREAALFAL, AGTALERE EFREF,

WhEH T L He TN L8, XRFEAATHOMEML, LALF
M) fede e F WA A RS, ARERERSTELIRHRGTE, B
REQRFFRT A —F ARKBEERRS LS P RT &,

AFANEOH-LRAAG Tk, REFABE-AMRTOHEE: ATRAD
#.4¢ ( SMO, Sequential Minimal Optimisation ), € # Mk ERETEARLA LS
AFkZ—, RETEHTER AFRTHBMLALY TR0, EETRHR
BT R RS,

71 ERER
SA%LHGE BRI RAFET NS Y.

maximise W(a) = Z:;, - % Z:M ety K (%;, X5) (7.1)
subject to 4 &y =0
0go;gC i=1,....7
RE C = oot 1 R E S E — IR RIR LI T ¥ B B T B E BT 0, T
C < oo MEH T —Bra kB ER, 3T mISE, 284 e ARS8 s En)
£

maximise Wi{a)= E:;i Vit —32:.;] los| — % ZLH o0 K (X, X )
subject to Y, % =0, -C<ogC i=1,... /¢

RELC = ERBEHN AR M- ER, BE W REERRMAL

(72)
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[P
PR W () FIRT AT A AL BRI AR SR B, R Karush-Kuhn-Tucker
Bk, MARBREREL, €12

w [y (W x)+b)—1] =0 i=1,.,7¢
R E R, ENTR:
o [y ((wex)+0)—1+&] =0 i=1...¢
T o — M A B R

o [yi (W x) +b) —14+¢] =0
(- C)§ =0

EEERT, MR REURRKRE, 1R

w{(w x)+b—p—e—&) =0 i=1,.../

&.-(ys~(W'x,-)—b—s—5;)=0 i=1,..,¢
Cfei=0,ai&,v=0 i=1....,7
Tkt tke R RN K B ¥, TR
a((w-x)+b—y—e—§)=0 i=L1..,/
&;(y;—(w~x,)—b—s-$i)=0 i=1..,7
GE=0uk=0 i=1,. ¢
(6 —C)=0,3-C)& =0 i=1,..,¢

RETEETLH, XY, EREGREE-ENFLRENEE, FHH
ERgEL B8, MEBE—TRIH, SRR B irRimE,
AERATTRE, ERRE—ELEAS, AH-LRREREAN, SRIEH
Foi f—MMOFHB ERBRITERE, FLAMUGHARNAT HENHHE, #
TR AABAEESR (RT LA BT,

MRl B B O AL A T LU BIR W 8 L . — iR nl AT
EIBRTEME DL, BURERBTLUEREAET. 5T ERRINEER S
BEMHODTRATZE MBRER, HRELE. 27— EEREB B MER
Karush-Kuhn-Tucker &{FEHIWTR BRI, X =FE LR AR TFRRER

L. BWRHE HAR A . XHEE SVM (AL, Yl B i
ERBIRAR. EREHOHE, LREF S PENEK, XRETRIRN
B &M, SAGRYEY @MEKRERTEMEHALE (Hin10-?)
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i, BEAE, C2EFXIMRGERT RN, EFERNTER
Bz,

2. WHIFERRER) Karush-Kuho-Tucker &4, TIIRWSNTEG VERE, Rt
BEET -1 HRNEE, LNESRELT, H—MERRKER I —EE
BETEARE.

vif (Xf){

EEXAMER T, AREHEMMER o M EREERRLL, KL
ity ?. 0

>1 oy =0
}’if(xi){ =1-9%/C %a>0

XFEOR T, BWERE S =a/CEREL. BRTEFHERMEENE
SETHE, JMELTEIEN—MFABER 102 LA,

3. MR A —F AR ERRY B R EE R B iR B AR, ER
AR AT HE . XPEFFATTABR, KA FIELRESHRERER,
BB R A A R A0 R R A E R AF
E—Br R AERICLRRER T, AT LMRE 6.1.2 TR
B B4

{
i = max (0, L-y (Z v K (% %) + b) )
=

FHEBEMNBRAB YA, &8 b BEBEEN i TCr>u>0F
yif(xiy =1, [RE B R BRI AB B INT

y / y
Zcﬂ |:y: (Z y;ﬁjK(X_;,Xf)) - 1] +C Zf‘ =
=1 o

0o gC

1 ¥|0C1=0

1 Yo<y<C
I i’m-:C

FAN Y

=

¢ 4
=Y 2@+ CY ¢
= i=1

ZEW ) ZXHEA, .
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R EAE-SHERRE L= W@+ C YL &
T b4 A+ Wiz)+ S o — 2W(a) + C Tl &+
Slia—2W@+CYL & (7.3)

T Y u- W@ CYl E+1]

hHBESET - HAEER, RATRE/ T —MERINI073, WL AE
A

SRR - R Rmmaitt i GBS EBER A L —1E#
RELM), AJLUEGIER I AFTERR « WEAHC, = max; (2} + 1
RERERLAETA2TEN, B—IER « HYSAET RN ER
HEEIM— TR, XA, AR TR R TR, B
P CERBA, > max (), RE S BREARMEORLRE, BIMEE—
B,

EE71 ERELEAFAEDSHREE, ARRAEHEERMNENG, MEE
INME EASHEENLE . RHERTREREESNED FRRFAMREIETN
Lok F

w72 FLEFN- T ERERERARAE AR ERERBEORRE: HinEd
fERZIX RI AT IR B A TR A UOR E B R B . KR, XBST LR TP BE

PRI
¢
% [}’: (Z y}ﬁjK{stXE}) - 1] + ¢4

j=l

BELTRLREERE AR EXNER. TILHRHEARRYIGEE
AR,

WE73 NZEEMRUERNRELEER, BAMER w BIE—07, Ll ek
Y RALF A,

EEAMAEY, FEEMR—MEAERGRESNARE EABE, R4
T e~ SN H--FIERRS, SERSERAR TERRNAETE
ZA3.

72 FEER. BELAHEE
ChRAL IR R R R S R RS E I, BRROVEE F R, X8
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EAERRRE T TS, WERE LIRS RER, e+ 0K, BEWeE
{i Ea' (BRI T M B ah . B UCEACER K7 ) e E AR B A KRR E
i, ERRBRFAESE,

EFFFIBEEURA S, BROCH— MG ERERE M E SR, &
il Bu:-5 ¢ :
oW ()

00

EHARS . RESHRETE. MRS, RRRE AR, T
BB R . BT LR o R — D B RS, S RIS T A
AMRE, BRRAT RGN, 1HERRANTAN, ntALERREREFME
WERRRE, o/MURERIRURE, AR ERERESRERN T MR TES
W, WREFANER. BERESKUREEENARNTS. #—5, —4T
TR W R AT R POUF M, FAHR SRR BTIEERA LT
BEANBE, XEETHE-~FTE,

Bt REN S — A AR B e RS ER, R —TEREW (@&~
Wme BE— 1 E R R LR~ — R, 2R KE R
bl sk 0, RIEB AR, NEERARE SRR AERRW, L
TAROBEETHES, DA—ME, RRIWEXFTE. FEHED, F—
M EERRBR BRI T MIGA, BYARER NPT R,

R, EERMREFREAR.

ol =17

4

I'4
§:wm=n (7.4)
f=1

ERERERE TN RENBEN, IMEE LT E2EERFR— N EF
B, HEHTTRKERME - LR, XPTEXKBHRRMIER, B8R
BAEYE; A—Hat—-RER AR RS ¢ REEE, WiikER
MBS BARRAET RN FERER, THXMARE— ARG RHR
UMIRARFUTER, #BNE, SRKIEH— S RATHRENE. mES
VEHE, FE (74) WAERRELY, BRE— o F—KEFLANEFRE,
ERABRE T, ATRIEFAEFTXE, ERNEHIRMNEFRER?2, #
WM T 7.5 % SMO BEAR, HiRmuiE, WinTmys,

I'4
[ <) dygl,

i=1
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EEBUHNL REMN. FHTIRE » - TETENER T RS, Bk
ABELHEANK.

374 WEBTREFTERES RBER. WREESASE X A S — M
win—geyZ A X, EPuFEEEEFNRRTRERN X = (x1), FAarl
HEARERER w FRE b BRNSE X EHEERE, SNHTSEX LR
¥ = (wh/OMBRERRNER, CHE:

wex)+b={h T

HEEX— %R

S ={(x,y1},... ., {%e1yr))
B2, —EHD < R = maxiqee (Ix:])). EI—HEE K BREMHESRF
M TR L Em A RBIEH
K(x,7) = K(x,2)+ T

AR Wk SR T4 ] v A A T i LA R BEE R D T IR R, iR
ERRAMEY, XITMEFREER, 2ENERNEREMNTELXENZ LR,
REwEB—bay, BIES EHONEME & HRBEBENT S + w 8L
RE Y. Bt & B9 JLAARIFR 22 -
piwg™t =y (1+67/7)
< p{1+ Ry

R X (R4 BEM416) PERETRENRE LY,

~1/2

maxi g/ (]Im |12) R

),2 -},2

FEXPRA R,
maniaiee (I0°) 2 (R2.4 22) (1 4 R/
PR v

B = REF EXARBDB/MER? . Blrl—RESERFERET R, XS
ERITHA L RiEm— R 5 4.

MRS WENEEHE, HERERXRRRER:
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maximise W(x) =Y a— ] EﬁjE, yiy i K (%, X;)
subject to 0w C i=1,..,/

W BB i 1R

oW ()
3&,-

¢
=1~y ) ayK(%,x)
=
PRI LA AN BSR4 > 58 ofd R By RN
0W(a)
oo
BAM W), HFEE-TERBRARNERE « 8H. 5o, TLSH
N, WEEST T RAESRN.

o — i+

3W(a))

; + max (0, a+n m
i

Ry, 3o f R aRERERERN, —~BEET C, ARASREN C, WkRiE
fTER.

o + min (C,max (O,cx; +H62;F )))

ERRFRER I,
ETMEED T2k SVM TR T B I0R 7.1 B, EES - MIGRHAH R

LA,
271 RA-MEREMMEAERNE

bR IER LT Ry € (RY)
T |
EH

for i=11to ¢

o; e ai 41, (1 ~ Vi zﬁzl oK (xi, xj))
if a <0thena; 0
else
if ;> CtheneyeC
end for

-k EC AR St
B




116 LHHENFH

EFA A EEA LR RMORE . %, MEMHEAERRRRY
2% EESERTRRE. B, MEFERMSTHME, WK for R
B ER A B, REEERERE RN a= o, Thl, KB wET,
VAR EARN, SREEEE LAY, SRR REST R
WHAERE, EREEEE, TLUEALAAHHOEN -4, UHEEXR
Karush-Kuhn-Tucker %% . RI47iE]BRal ¥ EAR RS W (o) LRSI ILE, BLE,
B3 (R S ot B 2 [T RY Karush-Kuhn-Tucker %44, B 438 , BES08,
ERES, ke MR, EHSECE 0 (R HLUE

J=1

,
. 1
g it K{xi,x;) (i ) yizafny(xi’xj))

B

= -y ) wyKx,x)
j=1

{
—yiy.K (% mﬁ (1 - ?L:;a;yfx(xi, x;))
= 0
Fitt, BE0<s<C, Ef:
1
" Kix)
AR NS, FRNKRMEIRER < 1,K(x.%) < 2, HXNEHHTIT
KRRV RN, SRR, FHESHERERD, ERSGTEH, RE
KB REATERE, FRMR LA B, AL O DM e DR

o = < "

W) - W () <5 (W (@) - W («))

REVBPHEENERTARK, BRRRALERREN, KRN —
MEEFARMMAHE, FEAEERKFEL. £7.1 BRSEERIEFL,
{EAR B B3X A T LATER R IR A AT BT L BB FINREH g,
EHA LA R £ AR AT, RO B R AL AL % %G R R4 A1 TR
KB R, WATLUMRSER B A, RRRT LA A 5 R ESHEER Karush-
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Kuhn-Tucker #4895 . B8 B SMBFARI KU1 4k F 48735 K Karush- Kuhn-Tucker #f4:
)5, BT —A AT IR, R T H ] Karush-Kuhn-Tucker £k RS HIPLE,
SMETRERTRAHIRI SRR 0 < «, < C 0, BAXERECIINERET T4
XIMR L, (USATAREnASD ERMRE Karush-Kuhn-Tucker &f, — P
PRI b SR RAIETR A SRS, XX B A SR TE I 7.8 thAv 4R,

WiE75 BREK—TMELEOEEEELMAERN FRH Hildreth 773, TE
Pl PR E IR R % Adawon B, MRRMBENER, LRERFH TGS
MHZTCH) Adatron B

W76 ERBERERLWEREN THMSH o € 0,2) FRREZMLER
o, FEREEE.

o — %+

I'4
i
15 Y aK s,
K{x“xl) ( }"f;a.’}r;K(x XJ-})

ERMIENERS, g =1, EENTR T OEEPEEL = Kx) ™,

WE 7.7 ATRAERI R B R R R K O, x, ) B9 EBCA TR A VIRt , B
PR EERRERMEN, TSR HRRN, IR TEERMEE ERET
HRMERERRE, Lk, WEETURTERD, THEFHHEHREY
BRATRIHYE, ANERSE 14 THTREEFNEEE, MERHESR, o
PAERRBS A BT AR, X TEME RN, BTN,
MPERARE (W58 EWHT ) ~BCRARNBRE L AR, SARARERR
#RY, EH RN IRRLEA R, MRAEEERY., £TF—MEERY
WdE AR, ERIRAE T B ROBEE,

WE78 HAABRELENEESHEF ARG REEMEN, — MR
HEOHFRERSE 0 QXA Z5 LT OTE TR0 # YR LR BR%
BEE, NERMAGTRINERN, AEREBEL =00 H, XBR T
ERFFRFIRE TR o o X RTRrE B B YA, EATRR o By T
AR, HB RRARRE SR, MRS ORA S EHTER,
P TR R R, SRR, F 13 TR TR RT 87
A RERBAR R R R R LRI

T 7.9 HEH ERANBONELTRY—HBE s, RO ERE
S €, RHE E max (0, —p((w-x) + b)), XA REEHBARSRE, B
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T e = 0B e REEIN AR DD TLERTHE F B BN B SEILMRER TSR
EI8%,

HiE 710 LERRR R T -SRI en g, RA8, mRE%
o < CHAR, XTEEER M BARREE. NRFERE_RERLL, T
LATERRIE R b ) B I — 3 P B K K + cL

SR, AWFIHMERRRESZH TIFE SHABE LM RS, EAEF
Tk L RE, AURSEIRE . F5%. R, BINASEAITER R E RN
BEMBA LTSRN BR AR L, ERANEARETE
0%l n b

7.3 BREATPREE

HERCAE, BEFETHTHUMEAR, HynF £ LI ERR A3 KL
o AT IERE . FXER AT EA T AN HE SRR R HLRNR
i, TESERRENFESHSEMNEIRT L. AEEL, EN5LHE
FRR R E L AT ERARAER, FEREF EREE R,
HEXHENFH=MFTEEMAER, AER EHREAG MR mAKERY
— M ARy, POV, ERESREERE B E, 4
FYERERBERAHRIAE, BRESRERERRAREEREN W . K
MBI, X TEBERE, AMBESE 74 THRAMREAZLSHH. KER
AR N A, EAMREEAE 78 T,

REH AN FERBEEHER, A ZRFETRERLRGEMEH
Fas, Hep—nl DL RS . ERIERREEL AT, BHEXERK
HRATCRMEVAER, — R EMEER MINOS 346, E*H Stanford
KEFHMAERE, AT MBS, H—MREMLHER LOQo, BEMT
FXEAN R, HRHE MATLAB {40 T RASRME “ R FRGALER,
RAELR quadprog th qp BIFRE ., RUEKMGLFEEMAEERTES 18 T,

mh, —TEFEANNFREFRADSFEMNIFNEVIRMER, I Joachims
[ SVM™™ | London A“% Royal Holloway 75 AR 24 FIE At T 1A S i S DR 4868 -
HEEVI A . K00, SHERAE T L S 28 W B RER R, SORAIFE
RR RS 7.8 TiEd
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14 RES#

AI— W R M B ARRA VLR AR RIS, ARETEPERESR
A SERE G AR TE RS NSRRI R B e BN FE R AU L 7Y, i RRA
BARE R AR LT REAA,

SN, EEKATFHANE “ER" & TER" HIEFRN
S, FROTEARRY . NRFLEBMARERRY, RATREFHREE
BRAR, ATRLRE. ZRHLIRE, FRBLANTEMEDELY, F
BUIGREIEXMFE . EREABEFRLEHERREAN. REXEER
E¥RIEEAN, BRESHEPTITE R RSN A B B F L ARRE
73 e il € s

REEMRZRIR. ANEENTEETRERRNE, EEHIHRELEREH
MEAE RGN, ERRETXRNBTMER T MR, RFEARIMRE
ERVBBEFAM S H5 Karush-Kuhn-Tucker R {ERTEL M ( REHSE)
SIMABIRTEREN SRR RPERR—THR . BERARN, AEIHHEL
MBS AN T e, BESREAMELRERER, BREKR. BREY
B EEA AR TR, TERMAREANRED, (il FR2EMA,
HEEISEARBRARY ZREME D NGRRE 5, BENHhBERT2
P,

F72 BRILEXAENHNE

BEIGRS
g0
EBEBTHES S
HE
ES ERBRAES
MAH I Karush-Kuhn-Tucker &/ & ¥l b #5740 T HERE
HBHR &R+
Bl
BERELEE I RMBENEEMES NFHFET LIS AZITER SR ALK
Ha. —f, DRAEAERHNIERENERKR, TRRBHEDHENIRS
RE, UETARERIERPLE, TUERERROEE, g, 223
THREFETIRFENEE. HHEEREHRRET o« 89— EEMITE, Hit
FRAE, B, 8% 1MHRMABI TR, 5 REEBRE, EXHES,
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His A2 HRE NPRARKEEN LEEfrh B, mESREREN—
MYFE KBNS, EXNRED, FarEing, EEAEEE—LERAN
ZHWRHARMR R EE R, TR AT R 1,

REERA Sk kW st s, {HE:J:E&“F' ENTTERRE, #
BT LR SRR E R AR,

ERRREE T MESAET, A KA FRENL AR B
RRAEGH, AL RAAETATY, BRERPEE THEEN-HERNE
ERFERE AR, WnaSiRe iR RRERNY, RESHK
RAL & IBE R Karush-Kohn-Tucker -8 E 5.

15 FRENMULEL

FRE/MUL (SMO) BERAEMRA R B ERERBIB LK, MERERN
AP RNRDFE, XREARREI TR S LB LUK R AT
i, WIATER SMHE LR A

RRM T o = OMBEA RPN, EHESLERLNRT B/MCY
2: RRMH—MRTHEER, Z2OREEES R RBRRMERL

B SMO BN TTE o fley LRI, EHASBEEWATRT , RBZXE
TARBENBE, HEFHB N MR, X AERRE R, mmt
RERF AR KR RTR, REFEELNEARY, EEMERFER
SRR, BEEERE FOREARBRMER . SHRRSERER, BEL
MR IR R, EATERNFIERER, CARERBMALRA1;
HECREHEM. BERATE SMO REEFIEIER, BAERNEIATELR
HE—SREERER, RSMrEEERE.

751 BEMITR

Aftk—ptE, BELEHF LR RO Mo, BAXHMBEGTERNE, of
LB, BT ABREHART o =0, BFRBHELTE—FHEL .

ay+ a2y = E = oly + a3y

KARERRTE (1, )T, HAEO < a0 < CHIA TR, AN BIFRED—AH
KL BN— IR TR

Mik—-mtt, HEBEEETLHR 47, HEREEE 4. EFAR
0 € oy, 00 € CRIRIESALR, £ QWA ERMET I HRILR.
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U gV
ZEMRE Fy2, M.

U = max (0,25 — ')
V =min (C,C —§ + a3¥) (7.5)

WmE = y2, M.

U = max (0,2 + 23 - C)
V =min (C, " + o) (76)

EE7N THEREEEEATESLMY UM VREL, REEFALMESEL
EHMER KT B f () RFZRTEF T 2 BT B « A1 b BT ILSE B9 M AR

iﬁo /?‘\'.:

¢
E=f(x)—yp= (Z%Y}K(X;’,Xi)+b) -y i=12 (1.7}

=

BUlgsxdx ERREE B M EFIRNES. BE, BELERDSE, XME
BEWRK, ILgn, Fn =1, REBHES(x) =5, FLEEHRE, BRE =4, &
WS ORE iR N AL N TRBR, TURRN-, X8,

k= K{x1,%1) + K(x2, %2) — 2K (%1.%2) = [$(x1) — d(x2)II (7.8)
o ()RR 8] BURFAF 23 (H] ROBLET .
BLTE 43 1 0 IR T A ) 2 2L

R 712 Sado ke, KARE (7]) MAGREHREXE, TAR
W AT @ E75).

a;ew,w — mgid + }'2(E1K_ El)

HRERERANHRU " <V
v W pemine sy
agﬂv - arzlew,unr % U :E a;ew,unr -‘;._ v
U g,i mgew,mu: < U

REERFR(IT)E, cdFE (78)4%%, Uk VHF4£(75) AF54#(76)
B, TOAMG™ P ™M

arllew = II?M + yl}’z{fxgu _ ageW)
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it
ZJ’J“J (XX} = Zyjoc, x.x;}—b i=1,2

W o Floy E‘]ﬁﬁﬂ?ﬁ Hix:

Wi, o) = o +ap— %Kna% - %Kzz"‘%
=yiyKnmer — piogvy - yeov +HH
X8 Ky = K(xuxp), bj = 1,2, FEAR Sy =y = 0 BB et
oy oy = H¥ = ol 4 s0dd =y
R8s = yiyr, MAZMTEALA Q™ HE 0™, WART BiRRHmTE R

1 1
Wiz} = y—smta—Kuly- sop) — EK”“%

=K 2(y — swp)arz = yi(y — soz)oy — yaoaty + 8

HRRE:

oW ()
6&2

= 1 =5+ sK{y —sa3) — Ky
+ K20y — sK 3y — 5a2) + pavy — yov2

i RE R

o (K +Kn—2Kp) = 1—s+ys(Ky ~Kp)+ya(or — 1)
2y —yi +yy1 (K~ Kia} + v —v2)

H

2
0k = -y f(xi)- Z}’jajKu + Ky
=l
2
—f{x3) + E yiaiKa; —yyiKi
=1
= y~yn+fx)-f(x)
+y20:K 11 — 20K 12 + v20K9y — 202K 12

= yatak + (f(x1) — y1) — (f(x2) — y2)
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a;ew,uﬂt‘ = agl‘d + Y2 (El K"‘ E2)

B, DEMBRLTHE ™, BIERCEKEUVIA,

752 BERNEHEZ

T RESERE, T EUREE TR B T R PR AMER R
AR MATHLERRIRENTER DTS PROEAFOHTER,
BUTE S B AR AT T i

AR L RIS R B S B 5 TR S B AR tedn, RN
AfTERR, — 1T BAREFREANLEREN Kansh-Kuhn-Tucker FHHE, E11
FEE R (R 71 TR LERG 3 ), EERERTIHESN S Karush-
Kuhn-Tucker ZFFETR G, FOMNE RREHLTREIFHEHIERE,

SMO SRR R RERF SRR, AR OFERERATRFH R
Ko 2WERARma A A SRR RS — P SR A A

E-MERMBARNZE B—TSAxiABER Karush-Kuhn-Tucker 448038
SRR, HERSMERRIR S F K EBR Karush-Kuhn-Tucker &H#
fR, FEREE - RRER. 8RB XERNE, BE T EEN
HEATEERF - R, EHEARTHE, REIMEFERFRFY
Karush-Kuhn-Tucker % . i T # & #% 3} Karush-Kubn-Tucker i 5 #7461
2, MBI BRI R 0 <o < CHN, XEREFEHETIR
EAFTRBEARE, REYRESARENELERME Karush-Kuhn-
Tucker i, TR HEE FNTRIEFAEER, REHAT-PMRES,

E-MEBMBRRANE FoM8 o MRS EEXRNFR, o,
ERERSREAAEL, FEMBEREXNER. I TR#TTEHH
BRRB A, —MREME AR FERERB KR E - BRI N
xp, RBEIEER 7.12 95 L. RE BIEH, SMO B~ BAR/MR
ZEREERx; MANRE ZHK, SMO EHE—EABRKIREE R,
MEFEBREE - AELR ERENRE, TLRTER, FEX
MEBRATEAME B LA RAERK, SMO &8RRG M ENRA,
BHAEN RSB IEEMETNE AFI RO B, XBERA
LTEWNE DT - RRRHEES ARE .

John Platt ) SMO AM3EHAIDBEERR A B0, HETES 78 HLAH TLH
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SMO BIELRHKHE I SMO e BRI A R SUR IO

it 713 HESMOBEEHEFRT2H ¢, MEERT RN AR —r s
RICCIERE, R LK C MATFH K, BT SMO, NfeERE (U, V] L8
R, ENRET T G"HTR, Yy # i,

U = max (0,25 — o)

By =yt

U
y

0
aclvld + agfd

T 7.14 SMO BRBERGETERAERE, BAGHACRITEE, i=1,2, B
S, XHFAwmBE, BALE b MERMA, B EZRMEINEN, EHR
BEFMENNERENER ZHRM, St EDES b MET RN 0, Bkl
SUETTLME A BT 80 Karush-Kuhn-Tucker S04 8 L RIREHE b 1)
i, HR, PR AFRTEETHE b 6O,

Wt 715 7.0 WHREILRE 3 TRRFNRY. TEXTERERENHE. fFR
W BRI, b WA EE BRI o MEWRE < < CHIR. FIRH SMO
BEAEHRTNS EAETHAE . DRATSAHERABHASR, SFRUHHR
I A3 o

W 7.16 HE SMOAEEEMAMREBEOWRT, B> LR
EEAERQANARMLE, MEEORE, SMOBRFAE 7.1 kAR,
#EH:

I

7= (K{x,x;)™!

SR, SMO BRERLUARE (7.2) SHANKNEEIE S « Mo, T
BB MT BB SRS BHX. REA B ERARBERERIE
IRE, FRUA a2 KT E TG

U = max (C3,08 + a9 — C1)

V = min (C2, oM + a2 — C1) (79)
X B OAFABEBE Cy O F AR MRE, ZETRAL:
%2000
cLlo ~C (7.10)
C,iC |0
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717 TEMZEGER HSLS U VIEL REES AL R
EHMEARER, #E S (x) ZREET S 2 B « 1 b BR85S, 4.

4
E.=f{x.-)—y:=(Zﬂij{xpx.Hb)—ye =12 (711)

j=1
RS 1 2oy b 69 R L (AT AR EL A2 R

B T may e, X EBRR T I SMO BABIEIRRE, g1
ERARBSEE T WAEFAN, RESHE o Mo ZAHEIRER, BROE
BERAR A YRrEN A RBPIRFHE IRIWEEEAL—TRR
M, REXESRREL, S8 QiR R FRARKAORR,

EET718 Lo fasdBAMind T fMmyAALEn, £LRM(7.1) 8E
HadsE LA, ToRiEtETaxAE54.

newune ag!'d + {El - EE) —E(Sg“ (dz) — sgn(a;))

o =
: K
WHREREAHRU S <V
V 1 a’fw‘m >V
agtw — a;ew,anc ﬁ U é a;ew‘unc g V
U gy

REIHEARRNERRENERER, ERFZ (711K, «B52(78) %4
RURVEFE(79). X758 (7.10) &d, Aol ¢35 ol 4.

a:lww - a{]}fd + agfﬂ' _ a;ew

R EX
/ 2

o= YK (,x) = fx) = Y 0K x,x;) b i=1,2
=3 =1

18 P e o ) RTE K H A7 3K
Wia,e) =y +pn—e (o] 4+l - %Kud% - %Kzzf!%
—Kppaoy — sy — agvy + HH
EEK = Kx,x;), i = 1,2, BEARYC o =T 0= 0#kE &l
m o =K ="+ =y
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MAEAHEAT UG TR 4™, AR T BRERTER.

N 1 !
Wia) = yiy—wnos+ yata—e (] + (2i) — EKH(}' — o) — §K22a5

—Ki2(y — wa)oy = (y — o2hvy — ;00 + B H

MR
oW
8:?2} = yy—yr —e(sgn(z) —sgn{mp) + Knly —a3) — Koo
Ko _K”-(? - 12} +u1—t
= 0
R

fx;ew.m’if (Kll + Ky - 2K[2} = =¥ -—E(Sgn (G'Z}_Sgn (R[))
+HKn—Kp)+o —n
= yz—yl+}’(K[|_K12)+u1_vz

FH .
2
B = }’2—YI+f(X|}—Za;K1;’+?Ku
=1
>
—f(12)+ZGUK2j—'}’Klz—ﬁ(sgn(az)“Sgn(ﬂfl]}
1=1
= i~y + fx)—flxa)
+02K 11 — 02Ky + 02Ky - 03Ky — e(sgn (a2) — sgn ()
= mKk +{(f(xi) — y1) = (F(x2} = y2} — e(sgn (%2} — sgn (o))
B

Ey — E; — &(sgn(o) —sgn(x))
K

Bin, DEWETIE o™ RIRHARE U, VN,

newune _ old
% =y +

76 BEIEMALHEA
ik,

S ={(x1,¥1),... , (X2, ¥2))
Lo S R, TLVEEE 623 WRMNETEKE, BT RE RS
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A 2R A B ISE %%, RS MIBRETE (LR (610) ]
ETAKSHRE a .

4
fO =YK+ k=ak=) aK(x,x)

=1
sk

(K+a’fy'y o
y = (K+o'la

XEKE-TRER, EEF i TAKx, )M E, KBEER, 504 K;; = K{xi,Xj}o
B, PRI LUESKRR 2 x e L BT R REHES, MHFNHAR KBS
THRUER NG~ MIGREF O BHEERMNR, EERITERELT,. 5
BB « RRBHA,

EAEJIMA R RBEE FBEOZESE, Wi LU, Gauss Jordan Z9 AR
TR Cholesky 538 2805 b AT LAGE BT RE R M- AR AL 72 07t v i
BEARRB—- AT BRRRNEMER 2, FRXEFENEATROEESE.,

XA DU — R AR T R R, HE Lk, 2 ERET 1
FREAET Widrow-Hoff AN BERER . DRETUERARE, HERY T
KIBK + IR L, RS PIRITENR, TR MTERAMNRENERS
HIEARIFIBEEAR, 7387 THEREEENITRLE,

a

®73 RERETENNE

lxl._o'hl‘_gl -y
fork=1,...,n

L3

A~ ({*_)l@
ot +
gt — gf — 10K
? - ‘im "h-l
B+ ‘_(‘;lfl +

end for

B a
RA S BRRIETE n = WS AP I ARIR, HERE T 15D oma #—MB
W, CHEREN ax 2, BENBRTTLMER Skiling i, EREIEh%
REBGE T —MAELE 20 (FEATIE 78 WA MR ),




128 e FMF0

7.7 I

1. ABKEREARESR—E T REE, EFEENEES LRI,
FTEQH Karush-Kuhn-Tucker &4 B A (RUECH BB EIRG, 5 A—i
HHmERE A EHER,

2. AT AEE AR R, Rk RRRHE . BB,
TN E IR FfT DA, BEREATLUN UCT BUHE EE[96)3K18 .

3. %EHSMO 7B E:, HEAREEHEE HiEfT.

78 WRIEMINBL T

CRREEM 20 t] 50 EREFRITZHE, CERREERTRER. £
HERA2FI S, (R RmESAEE S TTHAHMRBMRERR . KA RR
e, ATLI7E41,80,11,86]) P43,

W TR ROATHE R, BAFHSERH Smola #1 Scholkopf 145114 & Burges
[23). 78 XSRS IR B A AR W45 Kauffman[70] . Joachims[68) , Platt{114,112].. Osuna
A Girosif111] A& Keerthy A [73,74]1851316 .

WE T AEESIAB SVM G RIE R X TH Adatron B930E[44,24]; ZLATHR
H IS 3V BT Haussler A1 Jaakkola[65]89 T EA 1 SEE b £ SMO[112] X Hildreth
i QP F%{62)H:% . Mangasarian FIfh 69 & fEH BIT R HH T AL AR R A
[90,91,20). REBIHLAR , Mangasarian #1 Musicant [89] 8% 43 M B ( SOR,
Successive Over Relaxation ) ¥ T8 7.2 WA ORENLES B L FHEE S Plan{112)42H
R A RGBT =M% S, Mangasarian #1 Musicant{80]t.6# f§ SOR BEHE4
THRBRE SR,

THE 74 THE TERREERENATEE, & Jaakkola Fl Haussler[65]thf# i TiX
R ; Mangasarian # Musicant[89]376 7 XA fBHR A K P4k (9 % T3040,
[170,45] L R T 2RI F ¥,

BE EFVRRIE (HEAFE e Littlestone, Warmuth FIHAA (75188 . F
FTREBEERTRETSIH BT AR, MEHRRNECEBIPAR, XPERE
BT EREERIBRE T ERENBEAREN—NERE, FFEFERPOBRE., %
MRETUHERI BB HENEENELT ., BREH—- M EREEE TR
EEREE, FEAXFEL FTLER AR ERE TR HFHSR, Cristianin %
A L2910 38 X R le) BHLEO TR Hob

Platt{ 112V Y —J ) SMO Wik, JER BRI CRD LGS, AR FE A 2
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417 SMO #£h5% (John Plat R IEREL ), 3 SMO MIREH B F EH—HEGHEE4]
R, HFISH T EIRMERE, Alex Smola ¥ SMO WELH BIRIEER T
[148,145], {REEAIFE GMD MRS IR F53).

Keerthy % [730E T —NEE LM SVM B, EATERMT /MBI EH
MECERAEIR. AR, R01FERIE AR A A BHT & B R i B — I E
TRKEREERE., RER LA EE4, 1200050, 85 EHIE 2 Bk
RIXA AR, FIRY B KRR A RR AR, 4
[ (43 b, Kowalezyk[76)% (5 T =1 LA FHE 4K B R B A0 S B I & |
FHH T SRAERBENER IR, RS Guyon 1 Stork[56]14: H A9 E]
WRILILER R AR,

TR B PHHREARARC 20 Vapnik 1 Chervonenkis FFEE{F, REHBX
W Rt RS, B Osuna A1 Girosi {111,110,109], Joachims[68].
Platt[112], Smola A Schoikopf [145] LI X Kauffman{70], Osuna #I Girosi i T/E{2i#
TEREFEREERE LT, RESIHT SMOXBENERE,

SR ESMORAN AR CAFE, WD LURRESE, hv-SVMAFHE R
B AT A% STHENT 301 T HMBNMR LR, TR & A7E148]
e, KPR TPEMAR (73) Bk, RARBEDI4PIHT TS,

R[50 TTE T B RE I, B Widrow-Hoff )L BF50 ] L7 [46]F 48 E

FAEN10010Te T BACAL PR Rl AHA, 444 TR R REEEE . SVM
R RS T IE R R TR R, 0 MINOS [1011.L0QO [156] . MATLAB[92]
HHEA L ERBSEER . B9E | EFAR T HRETFHER,

SVM SEBLAOSE & Bhi-ta ] LATER#48 . iy Royal Holloway , ATT 1 GMD FIRST
BT e AV BKE RTLA7E London K% Royal Holloway Z7MESHIMINE[126] L4648
Joachims[68]/K SVM #" 1 ] LA ZE P34 [30] 1-3K75. Alex Smola 4 () SVM 4320k
{4f3 AT AZE GMD-FIRST M2k [53] L 3015, X ek (- @ A HAb R AT LAZE M5 30]
FERE,

SRR B R SRR 61), WAE[4o] P SMEHEEFRRY Skiling F3k
Kite, WA ERNERA-RATESRER, Wi Radford Neal F{LEB(103); Gibbs
MacKay f{E[49].

UL THTE MY www.support-vectornet LA, X/ FIBH 0 R AT 4
FERT OB AT LR H R B 2R B RE SRR
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AFBRBITSANFHROH T, R T B ARESLEGEA, LA ENL(SVM)
LRARAEHH AT ERAAET, BRATAMBRBLAFTA, AFLELRF
Lk AR EHMETRAGEH, AALEHRBHR T Tl 264,

o SVM 5 B BI85 80 SRR 9805 AR K T 00T M, A B A SR B R AR,
Bt o TR RN 4SBT E, FHIEPARCBRRY, ARBFENLE
SVM A&kt & fo4 R TS 6 X 2t 2 F 3] RoFey Bk,

AR SR AT ER R ERAT M, FAHLEHRRBFEEGHE,
EIAFARE, kpHHoH 3 AXNERMEERAHAR, LR ENKIE
BALRARERALERES, REEHCH AT, BB Meie
T, HANBENEBRET —HBEET, BETOTHFERAT NS G HRR
BAS LA, AR ERESS TELAH AR BN ) St AT,

—fmE, BHABERER RS- LA NARARNH, KB T A
BoBEEAR, AFTRALXAHX A, EZHGRAT o~ MFHEFR
RARARESOEY, BEXMRBLAERTRARKE, BTN,
EERTEREABIELI AR LI BEAR TR EAH,

SVM A4kt £ @asg T— Ak 2 FAAH SVM, BREHBEES L, &4
EALHAERNG, AALBRARARFE, KTOXMATAHEG R M
RAGEMRAE,

—~ERRBARAEE, REHLRFAIRAT, ERALAET AAHE2H
THAEGESF, $RF-ERRAFEE, ARRETLANRHFEAMNE,
AEREOH FHRFRAEY SVM G LR, AEE#—FHHE, RELH A
BAGEA, 7 SVM HBREFAN, SVM TR AR G FRLEA E AL
E5 T4 AT,

ATRHEN SR E S LRELA SVM AERSEANH T, Bk EAFE LR
HARHL, FREMEAHRLISTERRGERPF VRS, AFE
SHERE A E M AR AR AR EY,

AFNHTOEILA (BIA) pX, BRSE, LHFH 540 LRI
¥ FEFRINE, ABABTRLAETEFHAGM BT, FEF 5 ¥4
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S EH P E R TR ARE .

8.1 WASZHE

XAGERMES B ARE (HXR) THREART ATEE LRI %
H. BESEHAXHAE, QEMRETE. MIUER. AL, TRRIIM
RS ERNaE, BR—1 CELaaRIE—K5, BBRERRE—1 20
R, HITLABM— AP 22EE, 758 T&2%,

RATEAEE (IR, information retrieval ) {1 X &K —FirERRE R A E
Mercer HiRGL T M BREMSHERS, Bk, EHANHARNEENREETE
R, PTRMETSEAELMTEZEN FXE—-MEERE, XL, &L
RATLGeTHERNMAUEER, BHTUEERENHIRANEREERAT
—SABAHEE TR, THEEGRRHENE RS,

8.1.1 IRENAETEEILE

EERRFE RS, IR THEAEARMBSRIRE, dhhiA
[FR, ERMHED, — P x RrITaEERNAFERARRET —
o(z); MAUR—MHRER, EHRRNERERERE, AUTHEMRHN—H
FRBARXAPAERAE, &5, MEA—-t, ZBRTIAKEMER., B,
A SR ] CUE T MR B A RE Rl A MERD, A X THEM
KRBRMERERT, 2% 8.2 Wit MBS LMER.

[FERRMWHR @i TRE T RiFRR AT, —MRATRERINERNE
AR SR, ELANER] “computer”, “computation” H “computing” FAMFINIAT
“comput”, FILAHEIEREPHMEERTRBEEEHT, HERIMABRFA (i
“and” % ) SRR IRV AL ARAL T RO T AOAR L BRI

BT RER T ORHEARNT

tf;log (1df,)

K

¢:(x) =

% B RAE | 3 x P REMRE, LR SRR A SR T RER
AR, « BE—ENERHERIL =1,

HRAAA, XFhARERR, MERILCR MU PRE R TERRE,
FREATHOESRIN. oA /LIS, BFRIGHEFRAHESHES,
#e-4, WEERIE, RrEFRERRRYN, AA0REETR. BRFEAY
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RSN FETEERE AN, TURA-RIEAREMETE.,

¥ K(xz) = ($(x) 6(2)) NBR—MEHEMNY, FAHERDRNHENSIESMH
FNEL, EMRERETRRLEERN, SVM ATLE K(x,2) B9, B TFRRRH
HEHFR MR R, BERESHPHES FTARFESEN, Bl—in
WElE R SVM BB 248, #—F AT ERBABE MR EA RIS,

Joachims[67181 Dumais % A[6)HE#KBIBRRIRCHBEE FHEHRE, B
Reuters- 21578 ¥4, T & David Lewis M 1987 EREN HBER N F EFRMNE
haREY . Kb, RRAT-MRENFEIFFE, HY “Modape”, SFE 9603
AICHRIISRER 3299 AR, 3% 90 KA. Zd HidiE T HistE
fa, ERREERE, SR EIE 947 A ARRIMAE, RERFEEE LS
M. WETHRES 200 M3RE, HEEXMNOHTRMAAE . A, K&
i, &, £, %, 1A ARRENAT. BEES RS T IR,

Joachims T A Z49 LB A7 Oshumed ( Oregon fREFHELE ) &L, B
William Hersh 7€ 1991 SE45 885, f04% 50216 M HREAIICHE, BT 10000 F3XHER%
BN, BT RE 10000 XM FR NG, B UHFRTFRAERN 23 K505
A, B (ATEREIERR) &, GRS 15561 700 3
A B AR REAE.

& Joachims BB D, AT —MEEMEARRE SVM, HEARERT
AR Lo R SUF, o HAMRERF S A HR SRR A MR, FEE
EEATHENRT. ENHHSTAGNEREER TRENGE, BT tEgs
., SVM RIM AR B AN ST M7 . Rocchio, HAMHE R C4.5 Mk EHE
BB ERE

Wt 8.1 LR R BT ARG R SVM™, 1 Joachim FF &, 3FTTLIM AL
Pl LR (D3R 7.8 ),

HEs2 HBMREE, Hft4 SVMEZTNAPENER. EERNRED,
SRR E SRR KT, TRE2 U 4 BHR e s e A 2 1 17 LB
HEMRDL, BRPGXTRE, #3R% REFAFH B iRl Z B 6 R T
%, SVM ERERAMA TR MES, HNGER T RERR PR,

WE8.3 AT EMRHEE L AR, REFRN. TR
MR, IRTETHAET RO LERFAROBNTE, $—ERE
BERAER 3 B0 315 MENFHRY, IMEAEERETERP TR,
A A EERRQEEN R, BREFMUAERETIE, SRSTNEFAEER
THERT 8E,
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82 HEH&AH

Kt REETEGRLNHEMEE R EERS . MH, BG4
KBRS, CHERBNATER, BER G SEETF SN SRR R TR
%, JUMEARERAR, NEMEETE, BEFHA. TRERKBIMEN%,
REIEPHREZHEET TERIERFEHRE, nERngeNER Y
R ARRRREB X BET ARSI, AT, RRREERFLES
RERFBRRERELELRIBR,

YHEBEERE L REN, FROENEH TRIERREFERIRE, AR
SVM o] LATERRR AR R ARG, X — 5 L — T RS  R A R ERER
—ARUATEBER N R TEGYRES, FHEIMELT, KiEE
I mE R RARIOZAES. ERRRRIES Y, AXEARERSEH
HERENRERAFE. EIHE F HROESRREIRE, SiE EFTE2%4H
THERGEL, RETHE, EFRCAEREVERS, EHRZAKER
oA B FAB R S 16 B A B A

R T, & ERRRERRR, JURE 83 TR FERT
WA R T EF TR R EER,

RERREHEERNY, DEAIEFOER. STRENTENERT
Plazpesadiol

8.21 MfITXHH

Pontil 1 Verri[118]%1X ¥4 T SVM MHERERTHT5T, A SVM i SRELE
K ERA. BIIER RS RN EN T AR ER, Y
RERBA . WREGER h AR w, BEERENIKEN3 xhx wiiin B, MK
ERGHHBEER L x w, ARG BRASEEHENEE,

EARAET Columbia H5EIR#E ( COIL, Columbia Object Image Library, M
ARG ) FRR, €15 7200 AR, 100 AR =Z#ARN 2 MFR%A, &
—PMER T2 4 RAXT R E W BARR) S Bk . vIERMKERK, @il x 4/
SRECEIIMT A 128 x 128F8 332 x 32, XA RTAERBRSRE, HiERNE/ R
BRI 1024 B E, §MRER 8 MR, B m e — M
RERHENTRIE R, L T EARNB AR,

HBERARAEATREREERRR, RGN B RG TS B MRS
% 7200 WEEME A HPA, 3600 WERGNGRE, HAMIRE, SEaRE 100 BEE
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10 EREN—NFE XEAEERE, JUELAERENG—TrEFRE
FHHRASR ENIL L) Rk, MBI LR, URRTH 100 TERFHEHLEE
AEH 32 KM TR, REEZH BT 36 MM LI, REAHR 36 TN
s

RESEHLAE RS, RARTEAORERRE TR UGS
A7 . FHLBEWAE LARRBEHNE, BFERHLT, RAEMELREA
TR ARSI RATR. TR, AR TNSSRERMILIERE L
FARE,

822 EFHENs%

LR EWEKMKEZFRNEE, ZRTREACKREENGSERR, X1
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target = desired output vector
point = training point matrix

procedure takeStep(il,i2}

if (il == i2) return 0
alphl = Lagrange multiplier for il
y1 = target{ii]
El = SVM output on point[il] ~ yl (check in error cache)
8 = ylay2
Compute L, H
if (L == H)

return 0
k11 = kernel (point[il],peint[i1])
k12 = kernel (point{il],point{i2])
k22 = kernel(point[i2],point[i2])
eta = 2«k12-k11-k22
if {eta < 0)
{

a2 = alph2 - y2*(E1-E2)/eta

if (a2 <L) a2 =1L

else if (a2 > H) a2 = H

}
alse
{
Lobj = objective function at a2=L
Hobj = objective function at a2sH
if (Lobj > Hobj+eps)
a2 =L
else if (Lobj < Hobj-eps)
a2 = j§
else
a2 = alph2

}
if (la2-alph2| < eps*(a2+alph2+eps))
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return 0
al = alphi+s*{alph2-a2)
Update threshold to reflect change in Lagrange wmultipliers
Update weight vector to reflect change in al & a2, if linear SVM
Update error cache using mew Lagrange multipliers
Store al in the alpha array
Store aZ in the alpha array
return 1
endprocedure

procedure examineExample(i2)
y2 = target[i2]
alph? = Lagrange multiplier for i2
E2 = SVM output on point{i?] ~ y2 {(check in error cache)
r2 = E2+y2
if ((r2 < -tol &k alph2 < C) || (r2 > tol && alph2 > 0))
{
if (number of non-zero & non-C alpha > 1)
{
i1 = result of second choice heuristic
if takeStep(il,i2)
return 1
}
loop over non-zero and non-C alpha, starting at random point
{
i1 = identity of current alpha
if takeStep(il,i2)
return 1
}
loop over all possible il, starting at a random point
{
i1 = loop variable
if takeStep(il,i2)
return 1
}
}
return 0
endprocedure

main routine:
initialize alpha array to all zero
initialize threshold to zero
nunChanged = §
examineAll = 1
vhile (numChanged > 0 | examineAll)
{
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numChanged = 0
if (examineill)
loop I over all training examples
numChanged += examineExample(I)
else
loop I over examples where alpha is not 0 & not C
numChanged += examineExample(I)
if (examineAll == 1)
examinedll = 0
elgse if {numChanged == Q)
examineAll = 1

}
©1998, John Platt, 255 A,
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