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1.1 TARMHENE

B MIANRB A ETE S SN F T B R AREA 0T, T AIHE
RIZE( R “H B REE"Y MR IER S T. ABR— TS EL L6, LN
Feqit B (ERMMEAY) . AREBHNCMAlls, WAz L, DS RERHNR
R BV A ERIF S G008 E R TREFTE(ER . BRAREINEEH) . B
an, ZE AFEME, XTE -PMEFER B K E S (Mar, 1982; Levine, 1985; Churchland and
Sejnowski, 1992), ML EKNELEARINBH—PT X THERGENAF, HFAEFEHEENRERE
HRATMIFIE X TG BARDF, B AR BE & (PR S — K g AR &
Fa SR AR KBEEE 100~ 200 Z8, T - /IEEMTTRE LA S IE 8 JL R e8] 7 fE
e — A0 TR SRR BRIEF .

FgE—MAA, BNt e, SHERL - MEIRBEENFESR. BRTHRM4EER
(Fln KR BB FEME B, BN RE LI E SR E .. AR/, Bish
[ B AN B B 04 o £ Fndi £ 19155 B (Suga, 1990a,b) . BT 5 BARM B 479 Bl HHEER,
MATE & ENERMEHE RAFE AN TE. FEE, —ARBEMKWE IR
TSH L EE KR RE R A iR, X— AT LHLEREE N TR g b,

W2, AR B e i B AT B X — R RS W 7 Bl — i AR R AR L B M LA T 3
T ERN ER WE T A NmgE ), f#%, SRELFAIFEN, AREsd ik
WAE N B4 T Bk & (B R, (HRE RSBt S%ai#iT,

— AR BRI R S AR AR R LA, T M RIF—A KR R L RS R
MRS, T B AR TR s B T ST RERIRE, A, ER
AT G RK AR PRt . Bl m i N rar 2 w6 50 0 A 58 it e 1T 45 B
FENGBINREAY B b T AR AOPLER . M — S AR EE R AR RN LR
B, EABH, RITEENFEENHLRE, XFREEDT S T SERLTER BT,
BT AR, AR R AR BB TE f A B R, XL TR
TERR N 2T AT, IS R R R B Ve — R B R

— AR RE - MR EAEARRBIAE TR T AL E, RELA 5
2 W dm it otk 2T GG A E MR EJmAF BB AN

1. AP 22 P R IR G iR RSP R P 5 T ke,

2, EANGAGEREEE, FPEMNME, A THARRYmIN,

HFoCRA T RRITH N 5 3 Fok, HIVERE LA F R 77 N BE P4 a9 28 A fE A
7 i3 N W E R
BB SR L NERITHERTE. XHTENLE BN BRESERRE



2 EFl1#

VE. BRI ER I B AR TR M AR H S 1 P 7E 1R 4K ( Widrow and Steams, 1985 ; Haykin,
1906), ML ML M e 4 B VIR FNE TR R TTRE R0, 1 40 A MR B M 28 7 & BB = R0
FY 2 BT 42 2 A K O R YA

M FRTE RO AR U 2 B, SR 2L A%, A FRALTRE, KB
T W R A HLFT M AL T R

L B 4R B R

MERERENTEREENRESE LR A, (DASBEHTHARSH. Q)MERNE ¥
RES LA R B RFZACRE 77 . AR IR ML M8 A A TEV 4 (3 37 ) B ok SR T A= 4
Hpl . PRGBS SR T R -2 SATIE A REAL EAT B AL a0 (B (A
o BREALEY, MRS RS RYE, ENFERRESA— T BWEKT
BAE. BiEH, — A ERAEFEER S BRLGFHSRRNITE, i Lems 1
RESTHMIATRIFAES% . (B2, BOTEH Y — 4 uf LB SR VLS (MR ) Z S
REKHEEE, MEX—SREREEN,

H R AT A E e S .

1 ARk, —-DALMETAT L B el B RIERVEN . — A B3t TR i A
KR I B L RARR M), HE IR MR R TR NS TSR R, R R
RERAWER, 38 SRS ERAGES UNESES) ARSI A IR M

2. mAd i, ARERFIRNARAEIRB—PTEINRTHEN, BEMESHIRS
)P 25 45 A B -89 5 X P22 O R A SR AU AT B . 8RR A - MEE— B0 A 12 5 R
TR E ol LA, A— PGB P BRI — M RE AR A LR, PRk H S b B (
HZE0), LIS/ RN A (55 LU X A5 o I 7= A i SRl B 22 (8] B9 25 5, 4
FRUNEGRETHREMA T EEMERA NI, LARERLARE B AUEE F stk
ALk FERT S AR AT RER S VISR LA AR B . P 258 (ol 45 ) 25 58 5
B e AT B T, B M ARE T A G 3 3 0 05, T
R ERFEHALEE— N, REMNEYSEHAES, FRY mbula msa 2#2(Geman et al .,
1992). XILERFSECRFAN—NBLTE, BEWEASIERS BT EE.
m, BER—PTEXNG RS, XENERELNAREEYHARE RS S453) L4 Hisk
RERIFPE, EXPRIEAIESEOTET, ERAAHETE NI RAES SRR %K
EFHERHRAR, FEERBRSEEY, AEEBEIEMES F— R0, X
FR7N 2 PR AR L A0 B HENT = [ 50— M AH T 2 1

3N, HEMBESRAT —THEA 58 MBRE SNSRI EE ., SRR,
—PIRFPEIZTT IS TR VIS MR MR, X 3REE 204 A K WARAL 1T LLZE B 647 5 3540
%ro MH, HEA—TH TIREVCHEITEERER L) bisfiat, M s Eral
CAGETT BB ) 2840 . A FRECRY, (FY b MRIPS S M2 M 50 0 B3SRBS,
B LA RE AT i NI . HE NS SR BMy BRI ME R T, fFy—1—
AN, FELIERBRIFRRER — 1 R A AE R, B2k — RIS T 5170
EREREMRAEEE. PR, FEMANE, QOBRNER—TSHE BN, S0l sEHMH
Ro W, —1 5 EENRERTREMATH, UESFETRE R, X REREMAE



-1 3

MaElE . NERARIFIMAENTE, REETEZN )% B R B 6] LB 34T,
MR A R WA B R L, X 2E— P2 - 7 24 B 5% (Grossherg, 1988b) -

4, i p . FEARCCIH BRI, FEs W25 0T L5 1 Bl B B8 (1 AN B T S FEE— 4 Fr
FHRANFELS, MR EICANGE. BE T LA AR BB a0 TR A
Ao AIXHAFE, FLHRHRIERER 20 %.

5. HROMEE, MEMBRNIEE SAREAREAEIN, M- s ok E A
RIZg AT Kb e g s . Hit, TRFEL QRh— T HaRagitm,

6. T4, —TUBHEAZXBRERMERMEN KERSEMNER, REFETEWEE
7, BEMERMEREAFBITRETER TH, ki, —THELRTNEERET, Z8
SR IZAE R I . B, TG RTERO TP, 7RI 0 B e T
BUZEE MR JH . Bk, FE, — - #HEmEHeER R T — S8R T~
BIOEMERT RN, A8 X TSR EMZEIERE, Mg B T, H FrREmMsE
HIEL ERFESE, FLEERTINSRRIS 0 50t R H E A B (Kerirzin and Vallet, 1993) ,

TVLSL B, HERMXR KMEHITHEE T BE RGBS S0BERR ), X—
TR R A MR 1R O F A8 K M & X (very-large-scale-integrated , VISD AR ST M. VTSI £
—TRERLARRE U EE 2200 R B E T A B,

8. A AT AR it d— gtk K b, MAREESEEABEMRESERE., RIXRD
RTERXAERE T, BPwy B 42 P 4% 0 N R B B A7 ST 0 AR R0 B o X RMERAE L S ) Y
FNERH LK

« MWEZIT: ABERT, R AR PERR 8RB,

© RS EIRTE A R TP R A 4k F IR MBS ANF BB R o T B

o FBRACITEE T LI AR e 0 X584 AT

9. iRk, WEMGRHITHER T AR K, ARE—1THRNHT
MEEERIFASE N, IR AR LA S AT A RPN, ALY
FRBALDHERBEFER— BB EWASENTR TR, B—HTE, TRREEHE
eV R B E R R B, G4 o] B L4 T 5 ML AU BE (R B3R AR AT B
BRMEEEZR, TEFENFHE T XA

* TE Anastasio(1993)7, KT RIEMK IR REERNETE 1.6 TR RE

15 B H R AR KR 15 MK RS R RRER, 1§ BE 1.5 55T ( vestibulo-ocular reflex,
VOR) RIERRIESI R G —H 2, HAFERRILIREK 5L 30 miER 8 )i 15iE 5,
LAZERF B (BRI ) B (R a9R2 E 1. VOR HIATEE MBI RT M S 0BT, Aismma
TUMATREE A A TT R LR E B IR, K6 R MRER UL A o sh e 48
TCo WACGKERER:E R ) Mk (RIRIER ) T LR e, Hik vOR S & Ak g
B, A5, ERILEEHAMRIER , FHLEER#HSETANSERSHARES
BARGF B, E =R A, BRI (RS NEMS T ENENEEE P
EREZERES| AEER ., VOR VARTC 4 R4 B2k 1 78 40 4 oA 28 0 2 31 1 1 A A
7, XIERRITFHRE VOR R ERA —20E A, HRVHARM B T T
FAAA K. 2ERBIHENENERCSBAKNET ., VOR K HME
BRI CREASE 15 RSB T4 ST BB ) BE LRI AR B2 185 VOR M2 7T




4 F1FE

WIF SR, BIEEAL S SRR A . s, AN MR, Rl ERER
P # 45 4L ( Anastasio, 1993) .

« AWM BEAFET ARG EAMEAE S, SR HEABIE O BERENB—1T
R LIERAAR LTI T HERRESHN Y. ERIREKEHKHSHR
MR, HIOERR e E R 4 F BT B L R s K B I ch AR L
R XR TR TE, ATLUA R = A S BERR . fE¥S#E
P R P FEBREFC R 2B R RS :ﬁ’l“"‘mﬁ?ﬂﬁi(smﬂing, 1990) -
(DR TTRNERES.

(i) ETRAET I SCR By B 7= ) i £ 2 e B A L S 48— 2 DU A M

Gi) )R, 2t 22 BT S SR A L 0 B o de 235 4 AR Y4 HH 1 43 7T

FERZE B BN Z B SR M A SO W R S5, A5 T0m%E
B SRR K AR M E T R K R MR #2000, XM T 1 ER BN
EMZEZEIFER. BAERUSPERIRRARNE.CTE: Bl THAEREE
MR E AR ERSRREMZ . —RBIRA R TR T R0 R B S H B ol
}1 (Mahowald and Mead, 1989; Boahen and Ardreou, 1992 ; Boahen, 1996) , X820 1t B FR
AL G ERBEE, X PRIEH Mead(1989) FF Q3% , - - HEB AN BB LR
B —HEE R B TRE TR (R E) BRI E B4 T . T AR R LS I R
IR, R R AN g, W2 R, Bl T A BR
HA—TEEMANA.: BRE—MFANGES, 14 S8 F R E— T EaetiE
W, BRI L TR T TSR R s B R &
pRiif:Np-A

ATHEFYZHER, RINMARELEANSHERIEREN ERERELEN,

1.2 A

AWHERAENEFEIEAR, NFER 11 FELHIER, 250N R REAR, Hi
ZRS%FT, EEEBERER, BRAEFMHEYHRE., BTAEATL, NEALH
AL RAEHERNE SRR RLESWLE, NEBEWHLETRRE DK, 2o2H
ARER ST A PR BRI S 3 R iy, SRR (KBS RS B, WA R I R 8 B
HHER )4 7 A (R ppa A AT IR BB MR R PE D B Bk h .

#1 T Ramony Cajal(1911) B FFRIYE TAE (LT AA4% & AA/E M AN B4 1B, B
AR D EREE T, B%, MATHE2EIER P 6 MBS, EM RS
HFERETFWHFO07 )R, MAEMSPHEAREEZH007O%, HEM RIS EEH
MEEHWEITHN, §ET(HAMOBEERSEA, MATTHZaad KB, 4
TTARIERE KY 100 1238 G T0H KLY 6 {2 I8 32 bl %4 (Shepherd and Koch, 1990), Jaich &9
MEEUEN . IR, MR EH X
BHETRERA N 10 EH, M4 W — moH ##gﬂgg. > WREE e K
RET G THE A AR N R B * Ml
A ERIE ALY 107 2 H ( Faggin, 191) .

AR TS T 2 A E B R

Bl 1-1 W EgHERER



£ 7 :

RALEMAINEEAN, BF BN —RREMELF T, Tt BIsMNEERLAED
B, @IS OCE RN REMERE, REEHTERBEE, ARt 12 fka K
B AMbE s S0, RIGR A MIF {55 (Shepherd and Koch, 1990). FIM#RIE, X
HHUEFF L EN B R o RE. EEHENMESHEARRS, MRIGZEME—RRWE
12, e aaliied), RAREINVEHEEES 4T,

AT IR S5, T foid & B o 2 R B L & R7 FR 32 B 3E { Eggermont , 1990; Churchland
and Sejnowski, 1992) . TERFEARMF, pl B ETLIEBEE VLA, MIEMETTHIHESE
HMEHGEE. # R (WESE5 AR 2 (MEZRE) ARFHARKS4, eNaksLE
M BRAENER, HO0043%, WERK, Wil EMER (LRI EH %
EREAELD, R AN AR E £ 8957 £ (Freeman, 1975) . WP RIA R E R
RAKDIMETL, B 12 2—Fabat, CEREETEERY., MHEMTrEMHaT—
B, EAMERABEREIMAGS: TUAE 12 PBAMR BT, ROl LE
- o BB

- f_.—,_,:.l\'ll:j—i

. Jo-m 77 %:_\.,.k’ _
—% o
T3 <

L—-]
L ES

P12 A
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6 Fi#F

— A B E R SHAMMERE, 0T ISR T8 H iR 40 -

KEFMHETIE TN ) f% M AL — RN E Bk ebmiD, XEikeh, --BARH3
PR BT, PR AT AP A MR B B S O B SE B B L R0 S 0 S R L, MR
Ol {5 ) h £ r o 1R L AR 2R A9 R R R BRE R . SRR

KIRA, AR&EMEEMFEEXHBE, X ZH/ /4 THE H RS
. WAL RC Rk ik 8K, A KB E" XA 1
IERFERMERNGE S5, EBVLEIR B RBEE X 158 L
D R S 8w, A BIA ) — S BT SR E RN, 3hfE t

B AR T S AR X [7) B ) A = (Anderson, 1995) =50

TEAMG ', HRPBAIHAR LS, PLEERAE T 25, 1

H 13 BB AR LK FRRNES, XEETE) 2L WP
:J:HEEI%BEEE%%%IFEEPEﬁﬂﬂj%(Shepherd and Koch, 4
1990; Churchland and Sejnowski, 1992). £ & &R ERNE %
W, HiEaB T4 FAE T, HEMNEREHEMBE. 1
IR ARG MG T, A5 e BIERMBR, HE R s
LU= OGRS B E M B A, R — 1o iw I
BRI, B/MIRSRARK () B8, SHREOEMYEET o
HZVER, HEaBEES SR THE oM R # £ 4t I
AR T £ E. BADELRAN 100pm KA, R2FTLAH e

BFHEIL. AL (KL Imm K) 2GR R K
T HRAEURARERNHETHN, IEGETEE  mis pasmesEsn
SERUR R K I AR IE £ 1R, BURChP R R A €8, Bk,
ARSI EL R, FEHRPARR 2 X

Aro 22 B S P R VAR AR AR R . e BASRA sk, mFEA L b —
. RPN, IR X DR SRR T AN E, 1555 6 R S A &
ERTEE LE, B 14 &7 Brodmann(Brodal , 1981) {8 tH KB4 B BT RY ARSI . =3h
HRAAFRESEEE Gedl, e, P, TR BH PRy BRI EE &,
TR ARG —R, RiRER EFHAD RO K RIA] e B + e th 8 2 R R T A
T o

WRFIEX LS ZEREARNEAFLEEFTER. RITERFTRILTR
AEIXF SR, BATH PSRRI ES . AR, ROMBIRME 13 iR
BRI BT ERIRGWERIRHESE . T LIS R 2 P48 B A T M TR AR o 4
JLRILCH S OB 2R, 34T B ATRE B AY RO 28 FUN B3 0 2 B4 ) e I A D ] e B A 2
B2, HibS AWERRLZ: 20 FRRITEFZRINH TEEINE ., UMHEEWEIES
REBRER, MERMNBAHEL TR TRAOXEME, T— HERIS AT MG E
B2 FhEA.

ARMFEXBRTATREAFFRTA TR . RITAEEA THETER T
PRl , MeEmmREA 115 A P Y 3Rt
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1.3 METKRE

AZARNERMBRENERGELENSN, FER 15 ER{ETHER, EREA
TRz pii2al. BRINEXPAEMEHERN -fEALATE.

1, EhkaAas, §-PEHhHERESEREEREE, BHE, BEINEETER
Zhj LRWAGES « SR NEMNEw,. FTERMNE o W THNBHERER, 8
— DT A ERME T, BoATHEENETER RS AS. ARPAOEMA—R,
ATHETR EMRESA —TE, o] DIRGEER AT IR R,

2. iR, AT KMAGBSHAEITTOHEN ZE MNP, XTBEWR—T4&na
5%,
3, ME R, FRMREZ o5& ik
i, BiEREBHR AR &K, HTEE
it {E TR (R B ATFEEZ A —

EfH. HE, —THSTHLMEEEE g )
CEASWEAAXE o, 1] kER 8 &S
X[ -1, +1].

B 1-5 e & T B e i - -~
BE, IcH b, MENFEHEBRIEHLNE
B AR, AR 8 B R 1K ST pR O
EERTA

-5 WA HER



8 #Fi1FE

SRR, BT UM T - BRET— I HETT 4

4y = f;w,qxj (1.1)

Ye = q;(uk + by ) (1.2)

HFx a0, x, BEAGY, waywe, ' " we, BWETTE NEBNE, o BEARE

SHSEMBELSBNBE, RENL RESHE N ),y EWENGHEY . ME M

YERERT A 1-5 AR R R IEH G R T o
fEF T8, WHAS:

b, = u, + b, (1.3)

A, WMERE b, BUESG, MET kB

5 LA A, RRALAL A Bt 0, A /
FIXRFME -6 Fn; LERIMBEAESRE i
RO A TR T BT R S| mmanmen
Bl v 5w, MR BT, .

WE b A THZE & SARER, RAT /

AR F—FEFE e, RE, FEi
AUEEFEL.DFO.3)EF W TFAR:

BRI U WE b, >0
b,=0

F
#

bk-r:l]

T (1.4) Bl -6 RO T A
" (BEE up =OM o, = b)

e = @lu,) (1.5)

e R, BT E— N FRTR M,
Him AR

%o =+ | (1.6)
FE 2

g = by (1.7)
FOEEBR THEZIT F NHERE
-7, EXPEY, WERFERZEM
HE. (DEEFHEEEA +«1; (2)
IFEETRE b, MRBEE, & :
iz EE 1-5 B 1-7 MR FEMALE (AKER)
R, BT LEMRFN, B 17 TR

o SEE e (R

BUE AR, 1CM o(v), EBRREEHE » & X METH N, XERIIGH ZREEY
s S
1. BfA &4, R REE 1-84 ok, WHER:
1 R e=0

o) = {0 ME 5 < 0 (1.8)
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FELRRCES, IXF R —RFR A Heaviside R 80 . fANHL, TEMEIC b (R XF BH %L,

Hi ol #m A

HAr o, AL THIFEST REEE, )

w o= D, wex v b, (1.10)

ﬁ#—ﬁ“%ﬂlﬁé:ﬁ#kﬁi F1§5 4 McCulloch-
Pits # &, Pl & ;& McCulloch and Pius
(1943) B4Rt TAE. FEBERIAr, QU3
oL TR AR, W, &
B A7 0, IXHEIR 1 McCulloch-Pitts 17 () #5
A= E B I (all-or-none ) I FEE

2. SR EMBH, TEETEEH

B 1-8b BroR, RA1AE
’1, v3+%
wle)=<w +L}y}_i {1.11)
* 2 2 -
0, IJE-':__-_;

Hip, EIzBEMKUEREARKETES
1o 3XFHIE 2 TS PRE R W AR R IR
AR B, PRI AT LA R s R
ORI R
o TEfRTFIZH R K A Bt 8y
BT, RS EE.
+ MBREKHEXKBHARNFEF K,
HS 2 it pREGR fh X 4 1A 55 4K,
3.sigmoid B ¥, WEFHELR s-
B, oG ANTHER S EREE BT
WIGERR, ERHEEE R, sl
AR 4T A 2 (6 B 3 R B B -
EH— TR logistic &4, FXMTF .

o{v) =

{1 MmE e, =0
" lo mRa <0

1.2

(1.9)

1k
0.8}
G.6 |
0.4
0.2

Plv)

0
-2

1.2

-15 -1 05 0 0.5 1 i3 2

0.8
0.6
04+
0.2}

1.2

08
0.6}
0.4+
d.2

T

0
—10

|

-£ 6 4 -2 0 2 4 6 B8 10
t

c}

B 1-8
DIFERE brERtRE ORH AN
LB 2 B sigmoid BE

(1.12)

1 + e;;)(— av )

HH o & sigmoid BERIAI 458 . BUEBH o B0l LIBEBAIE I, i 1-8c Bim, Ehr
b, HRSHBESFET a/d . TERBRFN F, WHASHBETES, sigmoid AR T HAH
PR e . B {H RS 0 5 1, T sigmoid BMESER 08 | MELER N, £EEET
sigmoid FBEE T A, TOREBRBAR, (0% 4 FHAHGRE, AR M 2 M 4 IS8

12
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-~ BAEAE L )

fE(1.8), (L.IDF1.I2)%E XHBEG e SR AIRE 0 2 + 1. BT W EB T k)
(HEE 148 +1, XMEMNTECERE LTI ARMRE; BEHE, BiGERLETR
PR TF R B TR, BERE.8) 1 —MIE AR

L, ME» >0
¢le) =¢ 0, WRw»=0 (1.13)
-1, MR v <0
NS signum F &, A I Hl sigmoid B AL ST R, FEfT0] DL 2 sl GEd 5 St
‘ ol v) = 1anh{v) (1.14)

(TR, BT sigmoid RVAYM TG eR VAR IO {B, XA HTASEH BRGNS 4 TEA[ ).
HE TR FITERE

B 1-7 M TRIR EWE R, CREAS H i AT R AR fE L. [d7E—e
WERMBN T, BETHIMWEEMNIHEHETE., H—EHHLEE A, McCulloch-
Pitts 45 BY RIS PR SUB MR A KL B, FF500, — DWEITTAITEF rl fERIRESTE + 1
-1, — S TEA(BIERIREF AN LA T BEIRER ., M« ERBEICH
R, P(ORREENESR, b RESERS, ROATUERE

x_{+u I P(v)
-1, LitE# | - P(v)
Po ) — M ARiEEEE R sigmoid % B pR 5 (Linle, 1974) .

1
plv) = 1 + exp{- o/T)

Heh TEHEE, PHEAPHES KA EHE. B8, TEWEMEEL YA
TH, EMAEMERFMNYERE, VREIX—SHEE, H—4, Fapridmim—e,
HIINE T BRI EMEREMESORRENAEINSE., Y TET O,
(1. 15) s LA Tt A e s (RIa e M) B, 32 MeCulloch-Pits ¥R,

1.4 FHEFEENHEME

B 1-5 B9 HER R -7 AR EHR L T RN T s MR A EE AT se A, R
Ul AE R B DU BE A ) % A4 F S S R BT LRI AR . Mason( 1953, 1956 ) FF &
TREMBY ~EFEF0E, TG E UFKN . TR R E T BT R M 4%
Jrgny A Hl. A, (S REEMAMSREE SR ATRIEME TRIEN ., Rl

TS

5 RBE - THAMESE(SLNEEY SERNOMNS, - TR Y S 41
W EAEF x, — DHBIMEEEEAY S T, 8 F WA, EHHERE SR
AR AU ET R ERIE Sy, IKBT T8 RIES, 2R N, BEPREHHE
B EUE 3 KA KN,

MW 1 AFHUUEE & L E L rm e L Rish. PR ERESE el X ST

s KBS, ENTHHEREARMOXRERE. FANE 1-9a iR, HHEES 4

(1.15}
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TS x, LI BAE w, 7

o MAEEE, TR -REEARSEABHCERE., W 1-9b R, HAE o)
poi| 35 Rt Srao ki

MW 2 HAEESSFEIE AEEATT T EAFES SR,

BAHIM AN 1-9e iR £ B4 R AATE.

M3 FaE e TN EEMIMEE, LRSS R AL T (o) AT

b 1o
E 1-9d Biros 28 fl 8 4 el 5 ok (BT

‘\_“ x .‘.f
~. Fi 7.
>}}=}"+}'f x:<
s ! x;
W P ) |
C) d}

1]

o O¥p =Wy Xy Ay o— “_"_'—0}'*-=¢(x1}

a) b)
E1-9 B PG S HERNEA LN ESR

Lbdm, FHiZSesm), 40707 R Si4E 2 5 1 Xy = +1
EL-7H e S A 1-10. TLESR, B 1-10
L 1-THIEAEE R, AR RS roHE
WA ERELE 7, H &, EE MRS, &
Axg=+1 AR REINME w, = b, Hrh

b BHETE L ORE, o L)
e, MEE -0 {ESHEANE R

BERY, FRATUT LAZE tH— AN #p 22 I 28 11 T 3 i

£
HEMGE -~ ARAETLERTRAT A Y

M EEBURAFAER, L 442844 M 1-10 WA TTAE R

1, BEABEALTERA—HE BN HE
B, ~AMEBCHINNBE, RAATHREMESEHEFLE, BEAP—ABEEH +1 A
#Re) EE AT,

2. AEAM EREBEA ARG AT .

3. B AT 8 A U R M R R AT B 485 T B3R

4. BMEZERHMNWNBEAHFETFHIRE T2 D,

— T HEELRPRE R LA O BRI MR REET R .

— P URE XA NEREZ 4, RBIEEMUUER THETHMNES R, ST
RAWELETUATNAG SR HRSERNMITEEE P AEMLTZ MG SR L, 7T X
TR —THEEL, EEREETABNESHMAAY., IBENTERESRTAN. &
BOFFIL A :

L &% ARERERAGS,
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i2 Il F

2. BP#EILE— 1T P RN,
3. BREEPE AT E WA ZEINEA R ERENE, BT RAIE SR F R

y: g
BRESE S — 1 el BB 52 4 1 A 1) ) B R BT 9 4 4 P 45 xg=+1
HI#ME, MRMEMENTR, B 1-1 584 m F %,
FEAM—AATREBOBEER + 1 35 S 4R B —H2s . it
TR, FEERENA CHITE Y LUAEE %
R, TMRYEARMFHRER. AT, RIHERHXE
WERRFE. & 1.6 TE BSR4 REHEE AT *m
B, AT RS R M AR B 111 MR
o FIEN, RERLKRITIRERE.
o EEHEE, BAPSPELNGEREA,
. EEWE, HRRRE AR,
1.5 Ri&
RBHFETHERSE, BA— M TENGLRIZWEEBTZTEMA, HikERT—

THETHESERFERN S ERMPVEARMEZ, LR P, RIBREETIRA SRS RSEKILE
# AN (Freeman, 1975). FHH, F—EESRANMEZERME —@ 2 S RTARIHEERE
Hiff. BI-R2EXREFAFREMEORE, GAES 5(n) A

5 (n) ARIES (D RBBES 5, () REMAEER A
HIEE. XTRAR“BF A LN EaEEm BT R R
AR RAFEMAR, FRESEEG, RN, /W EEB S w112 BERBES
Hi38 ot RO E B H S L . RITTUBRAESEIA 1- {2 P
12 M AR R,
y.{rn) = Alx";(n}] {1.16)
x'{n} = x{n}+ Bly,(n)] (1.17)
HYFHESEATEER ANBREFERETFNAR, E£(1.16), (1ADPBWHE v, (n), B
vi(n) = — Al (n)] (1.18)

BANE A/(1 - ABYRRBEFER AL LT, ABHAFRET, —ik, HIRETRAESHR
P, Bl AB < BA,
lin, FEE -3 PHERRBRESE. A R—TEEWNHEw; BREEERELF
7, HH B AR T E AR, BTSN BANARETRERN
A w

2} w

1—}1£=I—wz_J=W(l_qu_l)_l ijﬂJH—i@fk("}
AL - we™) " HARTE, TUERSMAFETESS pe
] AAB = w Ewiz_r (1.19) B 1-13  —B R shi i i
- {=0

(IR)IEF 20 5 SR
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B, #FR(19CA(1.18), J&fil4h

v,(n} = w Euz |_5t: n) | (1.20)
Her, Bkl "SR TFMmELL. *TE‘J ¥ilre)
1, Bz '8 LRIIE el
i (a)] = 50 - 1) (1.21) wr(O) .
Hrb o, (o — DR A R SR 1 AN 1A 2 F B “rwh
A, W, mTEREA 5, () REER R £ WS L I”I“r~ .
R B IR 427 S il yeln): 2
yeln) = Ewmx(n—f) {1.22) ¥

RN HE RS NS N RERE v b DU S
filny. $BE, AT LHR BB RERBR . . wx {0y o~

.lwl <1, WHEHRET », () LIFEEORELG
HEERIR, F&EkE, Wl 1-14a X P IF « EHMW T n
TH LT - 0

20wl =1, BEHRHES 5 () REG WL j
W, BEARE. B 1-14b Blwl =1 B9fEN, &8 R4
BAFM, B 1-14c 2wl > 1 BN, B o 3
TRy . __,"f w1

REVEE R B RS IR REE, w0y 9=~

lwl <1 BIFMAW RFERF LRILRL, K2 ]
fe AP AR T AR L RsARNSE, HH,

SCAC KRB R 1] n F R A o .
i TR TS M S R A B e U@ B AR &

We#h, TR R B B B AT A TR Bl 114 18 113 HPRTRIAT v i)

T, IX— MTEA TR — T = A LA e R o

afEe DENER SmEERE
1.6 KE&EH

22 ) 2 o 2 T RO G T SR I SR R 28 B 5 ) BOE S E AR, U, IRA)AT R
%, HTFREERIHNFAIEEGIN) ERMER, RIFE T T AR50, M
EFRFERHEEPRRAFRNFEIRTE, IR TET MBI R

— R, TR LAK o =R AL F AP ZESH

1. BERIR M 4%

9 BRI, AT MHREL, FRIENSEFAET, 7Y RN,
BRI AE T R G A EE, TARMK. SRR, XML £ 8
ST, W 115 FoR, BHMAREE 4 M0 A, SR RERYEER, ‘&
R R B R (B T0) M UR RIS AR A, BN X — R

2]



i4 - FIE

Hil&E,
2. ZEHIEMN

IR RSB E R NG A —~ 2R E 2 R
B, MRV EY S RRN R AR A 2
.o BREFFZETTAITLEE 2 LA FhAE H A L ASR
i A Mg HZ . L — 1R
B, MEEu] LG HE TRt . BMERE 5 R
iERE, HTBINEMERRIBI/IMNIMSGE T
YERT, wlLIERIBERIR A 8 E LT K5 -1

/T\'"ﬁl';‘éig ( Churchland and Sejnowski, 1992 ). X B 2 R W%ﬁtﬂ%

AR KPR, ERERRESHS i ErogE

IR EHMN . B 1-15 A2 ek ToE M ad LA
AR LR EEFEEATE B A XST““

), AMFEE(F—-REE)ME cGtaT

SOMEAGY. E_ENBHBTSIERE=R

WA, XB—HEET . B8, 5—28EA

AR E R, BT R 2 I TR &

ARG R A R 2k . g5 InE 1-16 bl

Fimo Bl RAT— R LA 26 R 6 7 ORI

"'
SR

Fo. XA 10-4-2 W4, A 10 A0
M, AT BB, 2 MRS L. R
S ABIF, BA m RS AR RS, B
— N EREUZH b MHET, FoAAREEE by y o
THETE, BHER ¢ PHEL, o Y y

m—h, - h, - g%,

f o R B g 4
B 1- 16 BN o] LIRRZ & A% 2 R 4% BAR &R 23 A
ﬁ%ﬁﬁ%;%ﬁ%—ﬁﬁﬁ%ﬁﬁﬁnm%m A 116 BA— R AG  E
JEIXFE, RNIFRZ AR 4R 4R 55 B4 TR BT o R 4%
3. BRI EE

HEARMENATRNEMNRBIETEELE T ARF B - 178745, %3 Mg a]
VIR, ARENENE - MHExhm SR HiMaxrmAd L, XM
HENERRE B RN, HRBHEAWEZ LNEE BRI CEACHMALE, BEi-17
WILH BT B 1-18 iR BiFEREME o — 2523 R4, R it 15 00 & LR R
EW 2 uig B,

RO HIfEAE, AEAE 1-17 KA 1-18 PRI, X RLERT2E 88 1 f e A gk
FIRZBF 0, FH, W TEBABREH R EGER 2V WERSHT X, B
HEMEaEIRREE I, XFBAFEEMNIETTRH,
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¥ P P R T i ] —_—————

FIEIEED 5

)

it

Y

B 1-17 A IR 2 e nE AL B 1-18 AREMHL RIS

1.7 HhRXRTR

LI WHRRAE T B R MAE, RN ERE NS MRS B RE X AE
B A, BATHERI X —&, THEZE—8 2% X (Fischler and Firschein, 1987 ) ;

$o R RA BB AR RAGAR T S HBER, A R R BE, Maife
BHM R,

PR AFHNERRFERMTE: (DTAEEEWHHARN; (OWH LiELERITH#
A AR SRR RRIAYE, ERARFRR. A S PS0BEM A, ALyl
ST RER T AR M A B9 3 (Woods, 1986) . AR — 2855k | REVLES 09 0 42 P 45 e 2 4
M. HE, BRHBMAEAIRNRRESHEMNTERELEGEZHER, XREETHE
PR 445 P8 T 8 ) SRR BN — T PR R APE RO T

HER B —1 EREFR I ERFAINIA G N—MEY, JF ERFSFZEE
MAESEH R R BME, IFERARNENNANTE Bir. AXRURNBREAERERH
Ao

. EFERAPRE, T AFEME B AS L&A XPBXREREF A
iz & o

2. i RAVGHE (R), A0 &2 MR EN ST AR ERIEHRE. —&
Bk, XEMEETERAN, HTRERSHNREMEANAZEN T EiRE. TNEER,
XA B R LB R A RN St 2 R 28 B -F B Rt

PIFAT LA ff e, A DR R ARIL 8y . Bl FHCH, B80T r®RNE 5 H L
MSZBRIRLE s R, A—HH, EHCHAFafEEARFTASRAREE. ANEE
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L2 | B, —4ifF, TEwnSdXssS, B THEMSE TSR] DI2E ] MIRREHRIL,

— 20 (L AAG 5 FUAR R AT 36 W 5y 28 00 AV S A ST BR Rl R B R i SR AR, BT
BB X R RIRSE, HIEEFBEEFEARNE, XTRES, BAGSE- FER
HE®R, BERBAENEHPHEIEN T MFESZ—. RN KE e &%
ARSICERB N E. BRSEARETFSEEFNREBLE, AR rEXiRaE
. B TixEeEA nTRARE St g .

» B, EE-TEANEY, SARZPEBETARMEABRGRNGER . Ty
FZELE 10 S (B TR —PHE0), FESENEY, VR — T
SR, XTEITErEME T,

* BT, RAEHEAEIRE ISMERGITIMERE, B9, SHL MR g A KIS,
HHEFASTEXEERERRE TEART . MR6H e R PR HES Rk fg
ABBRMLEPLEINNERRER, REETRXEZIHENSL, XEBHL
BZRIARE .,

XU RERFZ BT S EME G S LB RIS (AL B EREREYN, 55—
FEDL, B RRRATEE BT — A M MR B, R BRI R,
BRRCHEME R, ME, MEMBNT P TSRS, g b o, Fiym
ZRIZRRUE T A PR MRS SR, ERWSCH T RMER IS A EThES

T NSt G S 0] LI E S A B 2R . Fhan, EREaayiEm /S |, EF
fa LR BRI B AR (IS ) 0 A VISR B0 . R o ERes, B0 sl it sas v
EYR TR A HEREE . b T XA, R (AR A ) S U 4
EPUBSMAARRESEEYMET,

TEMNEE P28 AR FR S o, RIERSE B0 IR R T 45 040 B B 2 30 (B0 S A 0 i 8
BIBESE ., XFEIRFEROE MR HERENRITES, A, QSRS ee,

25 A LM FRMIRARERE R, BRXEA THEB 4 £ Anderson, 1988) ,

MU 1 RIS R AR S AGE TN A RS Al R R, B, TR AR--
.

BEH AU REF A, FHNHDEREFFHBULE SIS, /£ 955, 2 x
E=—Pmx 1 NETER &,

X, = [xu ,x&,"',xm]r
EIR TRREMFER. W&« SR m SRR LETIN—1E, 28 R &
T mx1MEx, x, TERRLEAFEERT

axox) = fxox o= | D~ 5| (1.23)

HA xp, x r BIFEMA B Bx, x, L0 8. MM, GmEx,x BAKEE AR
L E SO LB IR d (x,, x JAOBIE, MANE x, M x, BT, HULEEES J
(% ox RERE/N, ARDIERCER K. SR m SR MR, AR 1 BB S 1IH A R —24,

A—THUBEREZET LRI AR, SEHEMRAH. BE xR0 5B,
x; . ElIRAFRRRE x"x,, JEFMT.
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(X, .X;) = Xlrxj = E:x‘_kxﬂ, (1.24)

WFT(x,,x BRITERR ix, ||« | x, |, si2WA s, .x, BRERRE.
BX LT B B AR (L R R A R MGBR R, AN 1-19 FR
o WOLBEMEHE | x, —x, [ finE x, B & x, #8571
Ko B 1-19EFHBRUADILEERS | x, - x, [| @/, &
x, F x, @AHRL, I x"x A _ \
W AR ERR TR ERZ E, TRITH e \ / X,

x, i x, W3-—1t, EP %'y,
Ix I = [Ix i =1 119 PSSR IRAE
A1 23) AT AT LA G S AR B RRK
d(x;,%,) = (x, - x;)7(x, -x,) = 2 -2x"x; (1.25) RLERIERZIMHIRE
F1.25)RARAMEHBIL BHEIER d(x,, x; Jbx R B AL BB (x, , x ) Fig K4k x, Al
x; BRI,

X B AR L B Tt B A P R R A PR R B . R ek x, AT x, B
AT SR GE) PSRN, RZCERE AL A EE, B RNA
EfiEEma. 4 p fip 2HE R x 1 x 83, BRRiE,

n, = E[x,] (1.26)
Hb £ RGN HE T, BiEmE w FHEEX. I TERXMDNSANES, RiITUM
Mahalanobis 76 ZRAER, 108 4,0 M x, Bl x, FXFERE ¥ IrERE 4 (Duda and Hart, 1973 )

dy = (x, - p.)'E'(x, - ) {1.27)
Hp Z- VR 200 X A ERE, BT il BEER N, BT,
E=Flix, -p)x -p)'] = El{x, —p)(x —p)7] (1.28)

Bx =x;, Bo=p=pF Z=TH (LA, Mahalanobis PEESAF MR & x FIHH
B p e Rk JLEfHEER B,

A 2 R A] S R A AR A R AT R 4 2 HIAR KRR .

AR SHN) 1 EH R

B3 MRELANFEREE, BAMBERX M EREEERKEMWHI,

e, FEEEFNY RAERLRE(MEINTHEN BRN2RY . MAREERN
A TR AR (WATESR) B . XHENEERENFEN AR b T @ BRI 20k &
B :
« FHREA, QEBQIFEEN RS RS BB BAERE,

« EEBEE, HEBIRAFEN REAE HARH BATEEE,

4 #8 Neyman-Pearson ‘£, TR EHMAREMAE—SWHEHMNEET, FMERXEEAHE
(Van Trees,1968). ERXFW AT, WEIFSHEHANEZEEMARBAGS PR B4,
SEhR L, MRS BKER AL BInr MRy A KENE 2 580z 8in i B, #FH
HEM, DCERGLIREGSE R FTERW A %A KEN A S S MR BN S LB, &
FisRE T, KERMEITTHRIE T FIzh il 5 B R4 fdd 4 iR WA TR 5484
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MU 4 e (G AR A LR R RIES I, R TR L M 2 i
it,

AN 4 $p A EE, HARIERRX— AR 3B RS SRR (F R ) 2. &
—RERMEEER, JBEWT (Ruso, 1991);

1. ERAYRREFOUT IR RIEFEFFH.

2. AN PR EEMY, HHENERTETHE BSERESN. Bk, HEkR% AT
s HI SR BAE T A, = BRI B Y,

3. 3 I TRIR P 2% 15 B 1% T 2 R (B R 4% 3l L8 ) A Y

4. FIEEB RS PR M0 ER A B, BEHRE/N,

EREMENKZRITHNALEER

SR, EREMESMERITTFE ARG, LIS T i et i, X2
BB ERMN R, AR, BERERA A a0 0 sk Al fy B A1
HRIIR AT LTI, BRI — g HER, 1592, RIEH T ERAEA
MEE S (LeCum et al. , 19904)

1. B RRD BB, PR P2,

2 A AREAEEE ) R R RS,

XRWE T, FRRE—f, FRFAMIERE, CHERSAHSHNEE RS T,

YERER, HE—wE 1-20 iR/
T EEBI R P, X PIEEHE R H A9
g, TS 6 MEVHARBREMELT 1
PR, MEBHEARBEMWETEE, X
WEEEERH, BRNEBRBESE4
WEITH AR —H RN, X, MHE
1-20 R KB F, BREMEBTHE 61
JEhERE, HA 4 BREMEIT, ®ATTLL
ForB MR LAE T RIEMT .

v = Z;wixhj-l! Jj=12,3,4 (1.29)

A 0 WRITE DA BEMATRT  SRARAR  BEEER  RUMELE

WA —EE, », INETEk=i+j-1 B 1-20 BAMAERZMAMNELENEF, &
HEEROIES . HR(1.29) N E R KER, AR BAHETER T TR MR R S
BT RXTIRE, AR R R AR ENEREASUEIL R B A M 4

TEPHZE M4 R P BB AL B IR (G B RIRER JE TR 4 f9—3843 s BRI A9BSR 3R 40
RATEAE [ R

MEERSIR It PR AT

I8 TSI BB
o« HERXGEN EIRIER R, TREE R E B AR BHEOE %S MR ML
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U ||r

o H—MRETHEBEFEARENENFEBHNMTERT, BT REBHTTHANA [(o]
32 EE B B B IR S TTARBY A TE R ™R W .

o ASEEE AR SF S ICERE R

MT oy — TR ERMNES, — P EEBREIRFEN BT RN RE L AR
ME, BRELIN U —ELHEHANREESHN TR, M, —EEGHE RN %
BRI AT R 4K, RN, 7B FHNERPEFST A Z s
A RFEG B Y R

= /D o] B = FhE R[5 4 2585 B ) 38 2 P 28 2f 25 A 7F ( Barnard and Casasent, 1991 ) ;

1. #MARER, BYBEALNEKET, THESRERHEATE, SHE, TETH
o B 1 628 0 2R o i R BN K [R] — % A S AR B R RE e B . R A R 2 R 2%
W A BB RS 8P, BORMERMBEFE AT X THORTEREAZR, 110 e M %
ORI BRI . 4 w, BAMETT; FIS A BRI E | WEE., WRAHERN
T EEP OB EMHSHER | k3R w0, = w,, IRATLERNEIFEAMELZAE. |
R TR AT, MRS AR tE A LRI L s ABEN S MR R LT =
A w, « XIEH FEEAATHN— IS, BERKRIFTT B8P ER/ DB, K
R ERE H b ETHEER K.

2. MHEREAE. HEMSEREWEA SRR PAXMEATLHESAT i
F IR AP, B—20K A R]l— Bir i & R AR RS S 2 02 (BD B fR R R J7 6 1 25 kY
2%, EEFERARE BT LR, BiTHEA BB O INGE MM 2FEL 08 ERN
A E, AT AR Y45 Mg fExt 2 BB El AR A0SR AR A s IE MR EET ., (HRE
AIBNAES, ISLITEEFRTEAR: £—, R —-THERZNGE D NERK
HiEAAZNE, P—TiRiEle s Eal2R0 BN SRe AT, 82, NEHNITEE
RAHERT T, TR S e = [/ R H ANk .

3. AFARE R R M FEFE R R AR RR A 1-21 B, B
TRXFHATIREMY, BRI AR ERFER A SRR A, 383 v A KE#R
WREATL . R BRI, B4 7 25w 22 Ik AT LU 2018 LA &2 4 8 1) 2 s G DI 4
AR R AY T 4E PR B3R . ®ess, JRl— B PR E AR S 0 E B AULTE TS E R E 4
FAAGRGEEN RN, PFETEATEEL T S PRBAREL . B—, EHT RS
B RS RIBE KT, B2, REFRIMKERKRET. $5=. FHIENC LR
B AR5 B SRAIE ( Barnard and Casasent, 1991 ). HR, XA BERETR R BRI AR,

S, P T R B R AT e e
"j"‘" v T i 3: b ﬁﬁ ‘
X, ATLREAE A RERE S LB mA | SR wems | O oo
BA,
FT R R TRA PEARGE 2 ], — A S

#lf, ATEHEETHREREK, HHE

ATEER KL, KX, S#EMHE HR, WX DR s a5 S, #A, LR
TRFHIHMFEEGSEDH ADEAR/DE A =13 (antoregressive, AR ) if A2 R e K
(Haykin and Deng, 1991)., AR fEIR 0T 6 B ¥rdm e L0y BB KT A .
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x(n) = Naixln-i)+eln) (1.30)

Hepio M AR R, M ARG, x(a)REA, e(n)hEBPERELZ, EE L, T
(1.30)09 AR MR Bk R s B0k BER, D 1-2aP M=2 KB, B, EFTHHE
£-22b FR B MR A BTN, ERREHR AR R4, K 1-22a THEEIE AR RECHHE 1-
22b WHIARIAU R B e —— X0, BTSSR RIER BRI A «(n) BEE, HAEHETEEX
HIEHR, AR BREFIRHEZRERAEY. THFEQOFE 1-2 RS EL4E, BT
AT EAEEET LA -4l g w2 REER, SRE R4S R ER®, S—4
RYBIHE LWL S, DEEASNBEEASASBEETR. (U8, SERERNEERE
Zew), G EERFR LS SR, XBRRNEAYEES TEANRHEE,
RAFRIHER AR R E oA s, v T IR EME, FROTME S
RECGTHEYH S H AT, B TRERBRHEHABERSFEAGYNESSPMEMRE.
FENEHE, —{L R EREE ] L R P A L E PP R X e DGR A BIEIR
BEIMFEIRN Ak, | XN R ¢, BT,
K =ke™, m=1,2,-.M (1.31)

xiny | x7n-—13 xm=-2
— e 7}

Z ,e £2(n) = x(n} —;(H]
xin}

b)

Y
[

E1-22 _BrAEER
a)FARIEAR 2R MR EN SRR (L SRR ENE)
H o 8 — RS EBNHENA. Q3DWMARZER s £E, —HESSH LT TE45E
AL RS RZER, .y, T, &, ATE—RSCER. #1105, s FHEEANT
EEIRESRTHAE ALY, R, SFEMEE, Bi=XBiEAEan, E—MAE. HEmE



e 5 2]

—

PTG RIS SRR CELE SRR, A E/ DRy 85, Hhim ES LA CPLR 5. fhE

B, Tk SALRE I 1203 U0 e 8, PR 4 2 B (SR 1 ) LU 2] o T

& (Haykin and Deng 1991}, iXHFE, £ 1-23 by T A 22 B MM A8 A th iR £ %) [ 32]
TRABEHE, 6 105 5 FAEREY % % BYHET X 5038 B R E R KL

15 e | >
BRI (FLEE ) g N - RAmm [ 3
L | >

EEMER

B 1-23 EAESHSEEH TR AL IR

MaEMGHRMIRRRN — M EFENHFERIENEY A TAF N RS, T ESH®
Ff, REBIRIB A B (FM B chip” M55, £ FM {55 P15 S B0 57 3 B A ] 45
o FFAR, RS A R AR M BARES, B RAKREREES. o TR H R
FIEETEERFEAARASTSHASWHETEIEEL, WENHEREE =1 F%
A 41 22 4E 2 ( Simmons, 1991 ; Simmons and Saiilant, 1992 ) .
© BERE, EHRPREDRRY; HEB W IERAENEBRRE, FREH A
[ 43 AR B — B f 42 JU R FEHES .

« BERE, HHMEFEARZNEEEMNMELICHRT; B IR RIEE AR M E
GRS

o B EER ) GEHMETEREGE TR R A R ENN., TEERRE
e 7L B R o

FATFHEBIC A R A R E 23R 2 B BR A At S B AR . Ml F
H A RO T R I AT (R 59 ) a0 Bk et fa], SRIBRRAT“TBAR”. ML OB, A5 45 8
BB N Do M I SR AT, B Simmons R GVEE W45 K Y48 ( Eptesicus fuseus) 34T
HLEE, RIRIE TR MRS, TRER A IR TR B R R e A e R, e
A 7 4 A R ER A TE B AL RS RIESR . AR BRI AT B [R1 75 A 2 A T S B
R e HIE = 18 SRR 2 A 7 BE A E], {ER BER WRIR A R a P HE 19 R T 20 i g JF Y — 8
. FHFIEAEERBEAFTPEGQERGIRE, MLVE4E BT Hirdw iE sh g s
Bl iz a,

BIEATT 1K, BIMERRPHRIRER, TMREM 1.6 THRNMEERNEE
BXE, NEWR, 2RETIMERS T RUREIRE I (LR Mg 5N, RE BN
RN M NI AR BRI . SERR L, ST X B S R B E Ay Rk
BRI, XREMER AR BITE WREWE I P RS

ABU SR, XTSRRI AR, B LM R A A AR R O
ST ERTII KRB, XEFEMAIR, MRS RMEENPEUR NS HFLERE
Ra SEFPE A BTAIRAR G M 48 RIE8 A] RASKHEAOHE) ™, REp) R 2 M4 28T EE Ak
ZEREANMRYL, BABUESEARN I XHBEERRESMEHHERNTTENE, X2—
TPREARR, FHEN FREFEXREFEZLNES, HinE b ETHMET M. X



22 | ﬁ{{h

K Y, BEEREANSESRASLEETHER, MELATHEN. RIIADI6E
H— P IRE R PR A TR RN - MDA, B FWiNE.

1.8 ALTeEHHMERLE

A TR RAD K H 28 AL NI E AT AR AT S LR H R . 20
& Sage £F 1990 EX AR KT AT HBER, HHEE, XHAZANTEEHE AT X.

—A AL RG] LISER R T (D655, (2)
EAIE R AHA R N RE, (3)EILEEBFHIR, —1 Al
R =R, Ffon, HEACES, K 1-24 R,

1. A7, HIF ATREFNSIER R KRFEASSEH
L & R AR AR GG o] 4 B Y — A% B IR ) DR B R ER kA
W XEFSEEUEFRAERE AL+, FEEHEE
BEEMWE AL WG5S R, s, AR SHETIR
EE AT

AlFISE A R E A 5" S A REEEN S —# 7
B, TATLUR BEIMEAT, e RARRURE Y, o R B1-24 AREN=F
SR P A RO A 2 DL TR AR B — /LB S S KA
MEHEF AR, ARSI~ TRESTEREMHERPEIFHEEY, S5ENT#E
AlRGHBEEL, B—FE, £RFF RS, Bl A—MTHRTEDED, HABEEH
HPE L. XPAHERAMAE, AEREENREBERN, TAZHEESRIHAEE
g

2. % HEEAKNEAT, fEBEENEBERIEN, —TTUKAEREENE
G B4~ - 424 ( Fischler and Firschein, 1987) .

o FGELMNGEMS RN ML AT A i (o] BRI A RS RY

» R LNEEME R F T P HE BT 5R 48 8 ul r -8 o L

« RGUIA —TaHE, B LIRE MERLEE R AR I, FantEcs

HIREER— M ER, ETARRNZ PR A T1E,

KB EEE TR ERE, SHERWERFERSTAN, KB, £
(Nilsson, 1980 ). HERIEATEAE, MisdlfE H TN, FHE— T, “MRITR A" &R
AR N REHNFAES T B8R TS S KARITERR . XMEATE B ek
MR A, SHE A— T B - - MU A9 REAR, 48 Ml ok (8 TE (AT B {5 11
.,

AL P ERPREESHEN(MET 28, aJRRREATTRHAHERD . X0HE 4
FEFEG, MM RiT Al Rgc0] LA B A5 2 P (Russell and Norvig, 1995; Pearl, 1998) .

3.5, 77 1-25 IR LSRR, HiEmE I £ AaR8ER, IR T
HXEERRE it g, BOME £ BIRESSRT TS, FEE T2 X
BiRETATER, L2 BT AGESE o HE e+ 72 3t e i 41 5 58 Z R AN B RV 4T,
R &4 QMM HEAT, REHRIHEREATTH A, RAAYLE T D{EPLAHEN T #01
W E L EMIEILE .
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“Yu
H'n'l.

|HRFE ek BE B 7T

Y

¥

g — IR

Al 1-25  HLER5 - RO B SR,

Plasss A B KN FR A —FEMERALHE: RPMEE, RAGELHE, —BESman
HIRGBRAMERIRT . RS G RLED, —BOMNEAREEREEHFL, ETHL
MERYZE ST MRS, (R BIIESEATAC A A A, & PR ) Fad iR
N,

A MR 2SS R EEM R R R EF IR NEINE. S92, nRELES
BAHEXR, BLABEREONEEEBNREEHNEAZPREBEARNTRERRBE,
KPR b, XHES K A8 B,

EFRRENTSH AL SEAMARBRINW R RSB BT, #1)
YERA 3 05 BRKT, 43 RAE AR/ KEH (Memmi, 1989) .

L. BBEARF, (LHK AT, BORETFSRAF, IERTECEER ST R
Y. MARMBORE, AlREZEECEER, HHBLUMSFRM A & 23 H 32
( Newell and Simon, 1972).,

A—HH, HEMBBRFHNESEF 75 AL 2 (POPBEYVMER., XEHAREE
BALHET K B S TU B AR AAERIRHET, PGP MRS TUE L RIS S A H b
#270  Rumelhart and McClelland, 1986 ). [RlHT, #h25RI%% SO0 JRA MG A M 24 B2 AT

2. £ B RH, HHEGH ALY, DFRELANKTRNEBEF P —SAEE $ 4, P EE
BHBAMERF (FINEHR X EBENFEESHANDMERT, LBRE--£ 5 HT
8, PATLENRBERARENR A HRESHBEHAAA 4T LK von Neumann H1 25 1 4
. NRLEIE, FERY Al ZE von Neumann FLES 2 5 R A LA, 1 von Neumarm HLE545 &
R FE fedx,

AR, FATRERE P AMUENEMEERLHEAERE, REEIRGHARE. A
HITHRAHMKAULT I IMMERT), XS TFHEME—MRIFHSENE, RS BRAIF
EFMEITRE T, MPHETHREFRAENVEBEBEHFALARE, BEHALERARELN
WMAWA ARG, ZHMPEOT LRSI, FHEAADTE. MENERE—FERE
NS TR, PIZEEE 2 o] DOm " S 405" 0 S 4L (Hinton, 1981), 3% B &AL TE L
MHET L,

3. ks, EHH ALER B AR AR S R, T8 B o BT MR T A,
BERBETNRAR—H, MM Al BR—BRBES, THEAFSLURASALT &, 4
EABRRTSE, FEXAHEEXTEANFSRELOA SR BB REMMIE LA
A o

FR BRI RS R 4% AR, F 1988 I 3 H < Cognition Y(IR 51 ) 22 5 80 5ET
1=, Fodor Ml Pylyshyn 5 it i¥ 7 AR FELHADE S PHITEE L. iR

E3
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B MARAMTER M EAFIANPBAE R —H L  EZATHERMcRE AR, ik
TTHRE, A TEER AL

o LHEFTRMETH S TH A PR A SIS

o IR PR TR FR HI2H S 25 AR B U

HE:, XA RS R KT

SR, IROTATEIEMA S ALRBUE B 0B TR LoR B b W & F R e
{B%, ATLIEM 2 RE#RRERE REMFEIEHNIHToHmUMEs, BFdida L
FITTGIE T S TERIAKRES, FREAFAEEMEHAE TS AT amME I REER,
—PTEFUAFTEREN R, #r4abd i A8 000R 0 A5, XM, RITgeH
SHEMBHHEARNE. SRR —FHB T LRSS ABENES. BHEEANK
FFIL (Feldman, 1992; Waliz, 1997 ). SBr b, BTN 0¥%, DR S AU 2 MK 4
HEBAIIG Tr 3. B M ERERERT S MEEEE by ERENLE, M S T
B A = A L 5 ( Andrews and Diederich, 1996) .

» PR TIERE R N EREA BT HIA SRS R a4 RV 0 IR
WD) BERIS A S SRR GRS AT R F R, 2(2) 3 e R 4 7T gk
TR, BENERMEMNZLEED.
ABRHATEEER(ZHE) R A SRR ERE.

TEEEISTE T REFEEZEE I ERTS TENURNTE,
AL L ER MR E NN RS DR TSR,

1.9 FEEE

R — 5 £ B X — B2 R RN 28,

BB 2 P8 E 4G T MeCulloch and Pitts(1943) B -0 THE . McCulloch B 55 3% O M
TR A MR R M 20 £ MBS RGP LT EHFHERBE, Pius BREX
A, T 1942 FFH01A MeCulloch B TAE. #8385 Rall(1990), McCulloch F1 Pitts 1943 4E5 1 i SCTE
—THERB/PHRATR, Z/ATE Rashevsky 5 F £ B A EE D HEFREFRK T .

T2 HE LT, MeCulloch 1 Pitts 5548 7 # £ R BB R T —
M EREAPEER, ] B2 ER R TS B4 ( all-or-none ) AN,
RN Bt 2T H R 8 B FE S B R BRI R IE, McCulloch 1 Pitts 3iF
PR A R 28 SR b AT A AT ol B . XE— T EERENHNER, BTER
th oA M P A T8 BB A

McCulloch #1 Pits 1943 R AN EHBME —BHH# I ERE, C2mW I von
Neumann, #7544 EDVAC( Flectronic Discrete Vanable Automatic Computer, i FERAICH TN
RS, AN McCulloch £ Pitts fH 250 % HH (BB L A L EE R TTiF, X EHLEE R
ENIAC( Electronic Numerical Integrator and Computer, HL F#{H 3 428 M1+ 28 & B i & 1
(Aspray and Burks,1986), ENTAC BE—GEFAR FIHHENL, M 1943 F£3] 1946 FEEEV LB
WA FRBE R T TR B #E A . McCulloch-Pints FYFE I MR 28 PRIE, 4 von Neurnann 1949
FEAE Thivois KFEMEMTE RGBT BEDR A EENE,

1948 &, Wiener 1945 E{ Crvbernetics y (FEH18 ) M, H#H . @EAS HHE 5 4b 2 iR
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FRAHEME . 1961 FiXHH TR AR, I PR TFRAM ARSI mE M B EF
TR 2 B, Wicner BIRFE B AW HUE T4 A4 008 MU L, HERSE I L ¥z
A ERERFERFEGFTERER, HEBL T Hopfield(7E 30 £4FELUT).

GRS A EHE A BIETE 1949 T Hebb 845 The Organizazion of Rehavior ) (17 F 414
O, MITETSE KGR T & A B A2 P, 45T, Hebb 328 A I
AR A ARSI AW IR T BT R B B R, A 4240 R g 1T X FP AR 1L B EiE 3
BJo Hebb 27257 Ramon v Cajal BB EHFIAECHEE SN F I EB, WM PHST
2Z ] By R 58 il A E R e Al B e PR R T D — AT B — DI E B ARSI T, Hebb B35
L EEHXPTHEBERNEM, EEEyR% TR R/ RBEAEEN,

Hebh I H R ¥ T R AFHEAA4NTERAE B RRE R, Rochester, Holland,
Haibt and Duda BYi330(1956), T2 AT VBRI LL Hebb 2% 378 i 4 356 ) =g 40 28
HEMEFIRRH— R SR GRS R RS EE B A e R TE. W
—4F, Utley(1956)ifm T 1A o] B AT RO S RIZE, o] L2 3] 4 250 08y — (ERE 08,
Uttley 51 AT Fi I 4 i & 6% Ao 5. K AT 8 7T, (leaky integrate and fire neuron), JEF3¥ Caianiello( 1961)
XEE TSt TEHRRBER TS, Unley(1979) 8 18 7 1 £ 7 8 0] 20 23 S A9 V5 H
T 5% B P S T SRS RIS 1T 4 &, L H] Shannon BI{E BLISHE BRIk,

1952 4F- Ashby 1 35¢ Design for a Brain :  The Origin of Adaptive Behavior ) (B09iRF. BHiEWN
TAMERR) MR, S RIGERNTEE -FEE AAMMR, XA X 2EAS, o
HEWAT AART SHERMEEREIN, M 30 (R%) T A EBETF, XAH
9 VA1 BT G (L ML 8% % 3250 BT RIS i e MR,

1954 4F Minsky EEM WA ES M “#HERE 7 E S 3, 8 H & “Theory of Neural-
Analog Reinforcement Systems and Its Application to the Brain-Model Problem” ., 1961 4 Minsky % 7%
TEEZT Al B@’[t%iﬁj[“swps Toward Artificial Intelligence”, JGHX R X ERIGTH EHE
AHERBPHIEN KT, 1967 4F Minsky AR T¢ Computation :  Finite and Infinite Machines )
GHE: ARMITRILAE XA . ERE— AL BRI B T McCulloch F1 Pitts 1943 F 9
iR, HEETIETF 3T EERAY 2.

R 1954 4F, Gabor i T ELX M A€ A EHNEE, MERIBEEEL LIS
Z—fieREHARNEHE. MEEAAEENFETECH TR XML, HATHR
Tt Cabor et al. (1960) 7, MEITIEREYLIT BEEEA DL M FBYLEE =4 B BT R E— R L8 D88
KT FE,

20 th40 50 474, Taylor(1956) FIGHF R 210 . 3 Steinbuch(1961) 5| AT 3 3] 1%,
3K FE R 3 AL AR AT PR BRBE " 2 28 R THAA ARG I A8 2 I8 B TR S 1 RO AR Y, . fE 1960 A,
Willshaw, Buneman #1 FLonguet-Higgins X% T = T2 B AR KBKEICIZHEF LT, X8
AT TR SEI AR R R M i IR A S R R A
224 . BRI B A A T ) H At B E #2945 Anderson(1972), Kohonen (1972) Fl Nakano
(1972) 3L E, TR —FFE 4P 805 5T LR A0l E 37 #h 5 | AR SEEREIZ 8 B,

Von Neurnann 2 20 488 50 KA 2B K . BFTE VLAY ZER von Neumann 25 #)3
TR AR . 1955 FEFE K@ M E 1956 4EME Silliman 3845, {hFE-TF 1957 4F, &
JEBEIASE AT Silliman 3R G FHHMWE B { The Compuwer and the Brain) (3T EHLF MK,
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1958)., X& BREZE, HATESRTIH von Neumann AFEALS#T 4 BFFHEIREA
AT B E KER,

e 2 ) 2% R 1 26 00 AT — 4 1) B ) B A R A T i W 4 8 O AR 4 B ] S ) e 2 I
#% . von Neumann(1956)F| T4 ) BB THX N EE AR, X Fh 8 E s Winograd #1
Cowan( 1963 ) B fF ML RIIE 6 H 4 XU LR, M TEW KB AL R fE stk R
B INE SR IR R

TE MeCulloch 1 Pivs RIS R T2 15 LG, Rosenblatt( 1958 ) TR Ath A4 56 2 4o 38 BUTR 5T
iR TR RIRIENF R, —#HFNEFEEEI Y. TN A B a2
Rosenblatt BX 15 B AR EET . Rosenblatt{ 1960b } FE#L B TS S =N E —MER: #5E
FH A IE BA 61 10 BLAE. Novikoff(1963) RIH A A B _LA: AR . Widrow Al Hoff 2| #F T % 43 # (LMS) &
EHFTHRRT Adaline( adaptive linear element, B & SL& M L4 ), BRAIZEF Adaline B X %Y
AT NGB, RRATHENER B QBN AN ZHERE L — 28 Widow AL
[F5 4 2 B Madaline{ multiple-adaline ) 45 7 ( Widrow, 1962), 1967 4 Amari #8FEHLES ¥ 3k
FEAIT IS, 1965 & Nilsson 14 Learning Machines ) ("F IV )—F, B4 HENE &
A X 2R A B A BRI B E . TE 20 IH4D 60 AEfC R MBS By 250 BT B, S0 Mas
Gl LMESUEfT R, BE, FEZMREY Minsky FI1 Papert(1969) B4, F B2k iF o #a )2 AR 40 52
FrRET RO ARR., EEXZBZBRABHEE -0, I1ANEHE (£ 8 b B 5 028
AR RN R R AT LITE B E RIS F 9 5i iR .

TEL B A0 B T Ml — - 2 2 0 (o] SRR 43 4 8 8 190 4 ( B B8 386 34 42 7T /6 W 48 opy
HIfE AR . Minsky(1961 ) EMBAY 1S58 2F 3 REAGITRMERNE P RIER T4

C BETARE . FE 60 UK, 1R TR 3 B (R R 0 I AT 0 B K A JE A A B A

B2, MRIMERZ N Hopfield P EZZEYE I3 (W 51 FR2) BT IE A fiF B A H2HE, &
i, HF 80 FCXLEARMEEA HEL, B Cowan(1990), T HERXHHETES =
A
+ —MNEREEAN—RA D ABRETIERELE., B0, 26 Gabor KW T
flE RS e BRIAS . MHBABIFL A NI IE 1 B SN EL B0t a] s gy
T—AMEH % (Gabor, 1954 Gabor et al. . 1960).

o FSNIEEESRLEER, HoREE M, Minsky 1 Puapert 75, 1960 £ Y £ it
SR AT AT R R85 RO 57 TAE Y Lo pL 2 T R 137 9%

o TEMZZMEFME AR ZRAE LT K. T3 1975 £ Sherrington #1 Kirkpatrick
ARAT A B,

FE 70 F R Z LUXFEURRN A RS T AME— R Mg, i —slm
FMENETENTRZ, FERRANTEIRABBENE THRIR, s HEE
FIEE B Q) E Qe 2 DER ST . MW TR WA R, A1 2L BN k38 70 S8 N
2 R HREA ]

® 70 UMM — " EEESIREA RS FE I A s d . von der Malsburg( 1973)
SRR TR OB TAE I RS —KEs FEEA. EARPINING FREEET, 1976
5 Willshaw Fl von der Malsburg & & I"88 — R X T B AL METEEAIE T,

£ 80 F AR MR T FEEA LA FHRAE T RS, M HEmMn
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R TAEREA MTIREM.
Grossberg( 1980) , T B 3 % 5= 3 BIG 1Y 5710 TAF (Crossberg, 1972,1976a,b), #1 T
— PR HELRN, MEFZH 5 E 5 &2 (adaptive resonance theory, ART), FA& F
i, X THEEEE—THERWEARER—THEN FATER., RS AETD %
BB L EE . — iy | S L R A Eh AR A (BT 255 2 R A K I ) sk & R .
XA e/ R e At R M A R EE AR & T EHR RN
1E 1982 4, Hopfield BB & R E A EARTE 4R - Fh 748 28 ST ARl i 14 A0 38 10 R 48 BT A
TTRTERE 3. I B AR X FhE R R 2% Fge it i B R fF A B9 Lsing #E R 2 JH 57 1R
XA EE O —E S YIRS (YR ) S A B CRRSET IR, B2 R% i
S 1. XERF KBRS L AR 0 £AFET ARMEE, TERMTEEE
{ &% W] Hopfield M %, K& Hopfield WME AR RE L HHZLMBREHE, EIIEEEK
IR CHDE 2 A i i PR e A5 B AR ) R IR 2. 20 b, XA EBEET LB IR
& H A5 & Rt T4
* Cragg and Tamperley(1954,1955) AR BN, TR THE LHER “E &7 (B %
ARAKTERIL), BrUE—A R SR el S A R TR,
* Cowan(1967)3| AT “sigmoid” BH FFUE M — M ITTHT logistic EEH T35 &4
* Grossberg(1967, 1968} 5| A T — LT A it A, W RIFLHZ45/800FE, 3+
HIER TE ARSI AR AR &,
* Amar(1972) ML A T MDAV MR, HH U NLE L8 o T
W& A
* Wilson, Cowan{ 1972)# 7 ' €35 XA FUaM ] 8480 3 22 S0 ) 25 10 SR 3B AL O B (A3l A7 2248
AR TR
* Little and Shaw(1975) iR T HETTRE R ABIEW B 2 EY, FRAE LB TEBIC
TZHIE .
* Anderson Silverstein, Ritz and Jones{ 1977 ) $&H! & % #55KX & (brain-state-in-a-box,, BSB) R RY |
H— 1 H&5 FRLRTE 5 I 2 B fa] BT AR I 48 4H K
Kt Z A #r4E, 1982 4F Hopfield AHE X R EBETIR TR ASE. At b g —k{E
TEMEMREMETFEHEGEERIEMER T, Hophled M T M MGt 2 A ie g sl
R LA MR EEN R OMNEEARE A, MR T URIERSEI — R E s
. 1983 &, Cohen 1 Grossberg #37 I FEAT (i34 8¢ Hophield W& /E IR FIMIF M AT T
WAL — MR BB FHERMEM— N SRAEMEFE, EUARMTRIFHACLA T
RS RIAEZR s hZrp, XA AL, oAR%INIERY. £XMEFET Cohen-
Grossberg B FIEH HE
1982 £ 75—~ B K A BB Kohonen 36T {5 B — 4t all — 4E 4% W E5 R B8 5 20 28 B S 45 1 S
2, XTEHESHFEES Wilshaw 1 von der Malshurg THH-BI TAEAH . E X BEd Kohonen THETE
A AR A T H Willshaw F von der Malshurg INEBIS 8| T EEZREE, O iX —4g
HAL G B G R .
1983 F Kirkpatrick, Gelatt 1 Vecchi iR 1" 8 B2l & B 0L 89 Bl A R o4 3048 K B9 3T
Tk BB KHBYIT 1%, B3 T Metropolis et al. (1953)FETT B YT B & Sefd Bpy—
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A AL AR . Ackley, Hinton and Sejnowskif 1985)Fl) B BLH#R -k B9 B AL R B#R A Bolizmann FLAY
FEHLELES, EREEMESRMERF — MM, 58K IEH Bolzmaon LAZI T EERE R
B R ERTTERER, HEEY T Minsky and Papert(1969) FIFE L E Tl By, FTHE T
O PEPERT . Boltzmann #1424 Neal (1992} Bl 5 1Y sigmoid 12 B M 4B & BAE THR T AE . sigmoid
EERBZRTRESR: (DFIEENE: QOBERETHALMEM{GEME ., signoid EE R
PRSI RERY - - 1R S B Saul, Jakkolla and Jordan(1996) | Fl— M F & it HFH T Hy
7R S vl (havy: o

Barto, Sutton 1 Anderson —FgJ5-F 38R X 5 J BB A HF 1983 45, BRI 24—
UCASE FH 9 55 2 (B3N Minsky {Eff 1954 018 i 0P @Bt e), OIXE xR TE
TR A F ) R R A A P R AR R R . SRR, M TIER] ©— MR 3 AgpT L
ERA BN B DL T 2 3 SE45{8] 37 42 (broomstick , BPZE b 37 f04F) . 22> BB (N R L
X B T B AR i — s M B E R A s N R R T (E 2. 1996 - Bertsekas
Taisiklis E{J%VF{Nemo—d}ﬂﬂmic}(ﬁff — AR AR X A HE R 2 F Bellman 530 A A
RHEKER, EERE—E Y% .

1984 Braitenherg B 45 { Vehicles : Experimenis in Synthetic Psycho!ogy:&(_l'_ﬁ-; S e
FISKES ) AR, FFIXZA 45 A Braitenberg 24 T B AR 2 @80 A A RITH RN . RIFA N HEA
Pl s Mk TE T WA R R TR 208, FRL/MINERT,
Braitenberg i1 b & F H A R BB A BRSSPV IR T iX N EZEFEN], X et — 183
HENARWR T 4246, XEHSMIFERTII81T 3 S 28 23R S S0 1 2358,

1986 - Rumelhart, Hinton Fi Williams 28 T A @544 HE 5B, F—4, B Rumelhart 1
McClelland 4R f93E 27 R L5 E1E Parallel Distributed Provessing .  Explorations in the Microstructures
of Cognition} (JFFT AT NATR, INHIMEWHIER)IHIE. 5 A -BER M EBEEHER
AEFERERREN, CCRARBHNEZBABREINGEERE, T F, K mias 4
— B [ T A P 1~ b 7 35 9k 37 2 B Parker, 1985; LeCun, 1985) ., 1T 80 ATAC Ab#8 % Bl iz [5] 45 4%
BN, % Harvard K28 Werbos F7F 1974 £ 8 AW 122608 LB 23538 1 Werbos
B XEWRA R RERAEE T ENE B U, ST UMM SR R —
FEREg A e AR R EE A B AR T i — 1B B8 2 Bryson Al Ho( 1969) 145 Applied Optimal
Control ) (W IR EFEH) . I BHENZMBEER" W 22T, MR TEH Lagrange JE2 3
W RS, B, BRNMFEDRLEEREENITEREET Rumelbart, Hinton #
Williams (1986}, B MM {TRE T MRS E PN AH AR T EEETF,

1988 4 Linsker #4318 T A RIFI4E 50 5 4 23 ) B A9 351 IR 28 ( Linsker, 1988a ), 2% DB 1 i
AR KM AR SR WERELR, MUXEEAIL IR R R s a3 AW H., HAJL
ARG ERRG THEMAOEIN, B2, & Linsker {#f FIAR F 15 5 B0 30 8 815 8 1
TR K Z1% & (infomax) JRF,, Linsker 80 X T EFH R TIRE B HIE IV F 3 2 23 [ 2% 7y 21
o FEEIRE, Bell and Sejnowski(1995) FRfE O SIS F 12 5% 4 & MM D SR #4
EVREFRBTREZKRNET A EANRK - NS B ER,

[FI#EFE 1988 £F, Broomhead F1 Lowe {38 T {8 F 2 7 4 % # (radial basis function, RBF) i}
ZIEAIH MR, RBF 2T EEBRMBN S %8, RRREEENEAR R 2 /8
B Baghkirov, Bravemnan and Muchnik (1964 B R BH W H IR FE U R Aizerman, Braverman
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and Rozonoer{ 1964a,b) £ BB RE I, Duda F1 Hart( 1973) 1042 LEVEL{ Pattern Clussification
and Scene Analysis )(ME B MG E S S THERFTEH— MR, A, Broomhead
and Lowe fI3CEFE T KA MAE RS IIT BT WP EESE R R 8V I
KEATFLNE, 1990 5 Poggio and Girosi (1990a) | fij Tikhonov I IE M L3E M — L EE T RBF
25 i

1989 4 Mead K1 Analog VLSI and Neural Systems y (83U VISI I RS )— B iR, X4
TEMFREE T VISI AR BB AOBEESHT T R ERES . BEENE, © 0I5 Mead Fi{t
HAEE L X TR MBI RALE, XHEE Mead A1 B HEA)F & BT

£ 20 122 90 F1XRM, Vapnik FBRYS1EE RS T HERKITHREN B —FE B ¥
] W FR R £ & ¥ PL{support vector machine, SVM}, HI TR IRM . FAAISE M
[2] B ( Bower, Guyon and Vapnik,1992; Cortes and Vapnik, 1995; Vapnik, 1995, 1998) . X 2
B FARE R ETERRER, ORI B — - $i R R A TN BT L B R i
HARET Vapnik-Chervonenkis{ VC) 28 $¢ . VC HEFrELHE T 3 28 R 48 W — 4 AL PEIEE D
) - *ﬁ}ﬁﬁ(\fﬂpﬂik and Chervonenkis, 1971 ; Vapmk,1982)

AR HEE S 1 RAE BRI BRLNAE T, FEARE 7T —TEM, s
W4T PR B E S FEA 3RS T Freeman( 1995) AH{EXA MBI E R 2 5 E M.
W% Freeman BE S, MWLM SRR 2 A AR 3858 0 Y, i 2 A A SRR B0, S B2,
R B) ) A TR N SR E T2 G A HA AT E AR T TR —
A FEA

HLUFXT 20 40 80 A HE & W48 B A & 24 A B2 WH (1 2 Hopfield 1982 4 (9 0 & 0
Rumelhart #1 McLelland 1986 SERIM 545, AR HABAFEE. MWLM M McCulloch FI Pitis
PR S ARRSGACES TRE—BE., WELEOH T EMEMER THEN%E, L
M, ¥or . PEEMLENZ AR A, BEES . AT TR
ARG BT HIRLH RBEEEIRA

R 2% Sk

11 XM KE LH B Aleksander and Morton (1090),

(2] MERENETHEEE, AAMNHEEBEHFmB MR 2FE Anderson (1995)
B B 1 5 R A A B R] B F Churchland and Sejnowski (1992). 4 X#&HLEf A
AT Y TR E (9 #4578 ] 2235 Kandel and Schwartz (1991), Shepherd (1990 a,b ), Koch and
Segev (1989), Kuffler et al. (1984)F0 Freeman (1975),

[3] &T sigmoid MEFIH X OIRE &M ALR T2 E Menon et al. {1996),

(4] logistic RREEL S XFHHI UL logistic 43/ BRELA) @y, 3k (0 LT K& SCER BT B AY “ logistic
R, MHSYMERYEN, BEFE NS KB RERA logistic 4777 AR

F(t) = — L
l + ¢

Hp ot (ARME, o BANEH. HEERIEWRRZ logistic 77, T H Gauss 475 0
Rt A AR RERE H TR 8 . RS — R EH LA (Feller, 1968) .
(5] 45 Kuffler et al. (1984}, “BESFIR” (receptive field )X~ AR iE T B Sherrington (1906) 4

i-p
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ERY, JE8E Hartline (1940 EFGFIA, ERERASEITET, HETHETEHERSAME
i g b PR A 65 | B 2o R A X

(6] BXRINEHXER AR FZE Rumelhart et al. (1986b) A

(7] EHEANWHLERISS(EHARET)EFFAES: (1)Saarinen et al. (1992} K3
=; (2)Rall (1990) #)&EF7; (3) Widrow and Lehr (1990} i 3L B ; (4) Cowan ( 1990) L &
Cowan and Sharp (1988) 3L ; (5) Grossberg (1988c) RIS E; (6} 2T HAITENFE
F( Anderson et al., 1990; Anderson and Rosenfeld, 1988): (7) Selfridge et al. {1988 ) #] 5=
7 : (8)von Neumann J&?}Tﬁ%ﬂﬁﬁﬁlﬂtﬁﬁ?:ﬁi%(%w and Burks, 1986): (9)
Arbib (1995) #m AT EIE R 2 R B9 FA;  (10) Russell and Norvig (1995) (755 1 &,
(11 ) Taylor (1997) 1) L&,

=178

W TR
1.1 — logistic BRELIBTZE XA

1
1 + exp( — av)

ERRREN O 1. EBEXT » RS

%LP = afp(v)[l - q}(v)]

g7, X FEARSRERE D
1.2 —A3F sigmoid BA¥E LK

o(w) =

o) = Loonl=a) _ (o)

1+ exp{- av) 2
HA anh AR IEY]. XA sigmoid EEIAOM IR — 1 F0 + 1. B () £F v WS
¥k

S RO

dv
g, XTSVERSPHERED? BB « BFK, (o) WEREMT AT L
1.3 B5h—AF sigmoid BRERLE sigmoid:
plv) = 1+ v
TRIEMRER -1 # + 1. IEBAEXT » B2
de ¢ (v)
d’b‘ - 1,13

i, XTREAERSNEREE
1.4 EETFiG1 A%,

(1) o(v) = ;/%Jiﬂf:xp( - ‘x;) dax

()g(0) = = tan™ (v)



W N AT RN E sigmoid BREM TR . EHRFE]?
1.5 7rweiEE 1.1 ZEE5 1.4 77 sigmoid BRFCP R R B3 4 F R 37 R BRIR
AR IERE L,

1.6 A 126 Fin AR VERE 8% o(v). ¢,
(DT () ETF » BB, o
(D)% o RHET 0, ¢(v)RHIHAHER? e
.7 XTFE 1-27 BRS¢ () B / i
L6, “05a 0 0sa !
1.8 ——P#ZILAB R 1.1 BY logistic BREE LMY & 126
BUE R o(v), H v BERRFMITEBE 28 e 7 Pre)

ﬂ?‘:]:'ﬁl: fi}xn Ko TTTe Xy jgf,ﬁﬁﬁ f%g’éﬁiﬁ-dﬁ,ﬁﬂgﬁ
AlRY, b B, ATRFAFTEEL, RAITERIK
HREBE « IEFRAR ., G oo

-3 0 !

olv) = ‘ 7 a v

| + exp( - v}
RAGIf B B A 2, x5, -, x. AR &/
LR UEPRAIRA P A IERR .

1.9 f&oT j Mk nESMA, &M
im0 10, —20, 4 F1 -2, BT j ME R
A 34 0.8, 0.2, —~1.0F-0.9, THETHIBERENL T I B H .

(a)METT MR,

(b) M £ TCH McCulloch-Pitts BiRIER R,

B s 2T mE R 0,
[.10 X E-F logistic PREL

B 1-27

1
1+ exp(- o)

@(v)

PR £ TUREE R T &3 R 1.9,

111 (a)IEBA#E5TAY McCulloch-Pitts TE U ELRY o] By sigmoid # 48 J0 18 3 (BUAT B B4 HE
A5 AR A {ELBY sigmoid 1% ERELHIMIZ2T5)

(b)UEBAZ #4270 1T BB TR /D REMAERT sigmoid 322 0BT .
o 2% 45 44

1.12 —AEEMTRMEEE 10 MEY S, 2 TMRE, — M BER 4 MALT, %
— A 3L, BRI MREHET, Mg MRS HE,

1.13 (a) 1-28 | — 1 2-2-2-1 iR M RIE SR, AE o) E R logistic FREL.
B rh XA R4 e SRR A RIS .

(b)RiZE 1-28 5 RE NS B W BT TFEERMEE R ., TTH d X MR%E S
N ST

.14 & 128 PRk A MK R B RE. RIFE-—-RBZM TS LR E 25
H-1f+), FEERENTHEMETHRESI N +1 81 -2, BHAXPREE LEA

47



32 F

A 1-28

T B T 2

1.15 HEB—PEBERHRMNSE, B4 KIS w1 R, uki e
HEN T HRERRMENEIE.

1,16 #iE—PEEENBIINEG, EEA S M
#Zon, [ARFE R,

1.17 B 120 For B N R R =i
B. GEREL «, (n)H 2, (o) ETAIREEE T I,
XA E & Ay FlE LTSRS LT, X4
ok g RE d o

1.18 BI130ERERBEREOMNTIMEITTHD
HMEESRE. SHBRELZETHE—H#e
Lt =0 AR,

1.19 —PEIREESE 3 MFE WAL, 2 PR
LM 4 M EMWE T, MEHERXE MBS
B,

HINER

1.20 --NMEHATGEEX B FHEa BT EEEESE)
y{n) = wiy(n = 1)+ wsy(n =2) + = + wyy(n - M) +v(n)

HRE A @i (ARMER, H y(o) BEMES, () VAFHEATE T ENEEATE
MELIRERS, w,,w,, -, wy J& AR BERIAOZR R, T M Sy RIBE. JERAH| MR BB R
MU . ()RR, (D)RSREEE, TEHP 22 PSR B FIX B A 287

1.21 S xHRARE, ste. ) AEHMTER HMEAT xMTRETF. EHERTE
XK

» §(0,x)=x

o s{a,x)XT o AFH

i) B MR 898 «, x) /9ol Simand et al., 1992).

BRiF x UE—IEEE, « BIEESH. @« B/DEHREET S 87 Y BX T IRE
BRI EE R RTAER, Rfha?
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SHFMEMG ET R ES LR EMSGEMNTE D F THEES, R EI 8 R T
Fo ST Ao R R ER IR — M R BRI TR o AREE MRS I B A F B Y R A (L
Fw B KPR B Tl Bk S A A . HAENK T, WEMBER KEREFMT
REXMERTREAESH T H#,

At B XMESHBERARNTTR, URABLEMKIr A HE L, me, %
ST EE R —Bh R, R RERE T L RN —E i, DHEE
KR ) HiREPIET RERRREN . FINRRIIARRMBET MM, BRI
H— 4 M Mendel and McClaren{ 1970) 23 il i— T F 2= T HIE 3,

EINEMEMEHTERTE XEIMT .

G R—AitE, BREAGEAEFNBEH A HAMERRINATEOEHEEZTH
AT, FIHXE AR LN FARE,

RE RO E LR E DT R,

1. B ERMBE—TIHE R

2. FERNX G R, MERMEBETWEESR LA LT,

3. | T 4% T IR S A R SR T A B i o S B AR

B e S R — M8 4T LR ESFRE S 7 sl BRI AR AR,
HF Bt REE—BFEIEE, &, RIFHEARZIBERFIN—HIR,
F-ITHTCHACKRRE ., BA b, 258 5rr Hx 2 T i 58 o (5 59 1 1 7 U A H R
B — HEER A A EENHETH M SN (EIILER) S HFRKRRN
F. WE—THER, RIMER S 3 SaERHEME T FEPRREN TR,

FEMESA

AEHNMEEREANSTER. S—B2aEE 2229 2.6, RITIEETEF
M8, 2L - BIE%Y, ETiI0ZE% >, Hebb %3, 3% H Boltzmann 7,
REGFLIEBRTERENR, ETiCZ60F 38 o E NS EER#1T. Hebb £
JHEFEIHES THEEMF LRAZENIE L. Bolzmam FIHFHARF, BAEER
SETEM Gii2E Rk U R B E

AZWE MR EIRA, 2.7 TITREERERNSE, EEF N ABMNAER. 2.8
THL 2.9 YHORAB R AESIES . (DFEIFEY, Q)EHEIFET,

EEWNE=JHAIE2.10 ¥R 2. 129, BEFEITS . iICICMAERK KRR,

AEPBREHTEIE 2. 13WE 2151, A ENEEMSEIT FE. 2.13 Wit
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B/ AHEME., 2. 14 FiheET vC BRSNS IFET B, VO ERERE T XYLEF6E/
H— IR, 2.4 0 ES— P EEES, TEEEMIERA(PAC) RS, ¢ i FEE
e — - P Py ERL

BT 2. 16 T FH— 5o PERRE N,

2.2 EREMBIEET]

A LRS-, SEME 2-1a Prasd — D ME T b R BT R S M
EHE—R T SNE BN, #aT Lt —EREERBWHA T ERNE S S x(n)IK
2, FEEEMECASHEATHSMENEN S (BREMA R KM AMEERS, S5
n RoNBIRATE], SRETHTHER, BIFDSHST b WRASENLSE MR, W2
T kR EEF Ry (A)FR. BT HERMEE—GHEHLES SH 4.(r) £RHE
oo AL B ARM B ILEE. BIEFRR N e, (n) ORI EE T, HENX, FiIH

: elin) = d(n) - v,(n) (2.1)
RERS o (n) W44, HAWEEBICHETITIIERFMEI & IWESHAE. BE
WS —E S BIEM TR ERBES 5, (a) MRS 4 (). X— BiR8rih
AR R BB AR IEARE(n R, C(a)EHHRERES o, (n)ENLIWTF .,

€(n) = %ei(n) (2.2)

LR, €(n) Rk £ F R, SR IS0 & MR BALIE 2545 18 0T 00V 5 i F
FE&, HARREADRZ RS (MEMEEFRETK) . Xif, $3I28LE.

HRXE, HRN I BB RWERAR L - 5 2%, 855, WM ERE ) WE
AL BT W PRV E AL S Widrow- Hoff 8L 5% TR, $MMar8 2N TE4E
(YA B & (Widrow and Hoff, 1960 ). % 1, (n)RRES n BfH#E, BESEE x(n)H x, (n)
TRBANMAETT k BRAE, BEEREAN, £5 - oS ER T RS EN AT S
Aw, (n)EXWT:

Awy{r) = ne,(nlx,(n) (2.3)
RE N R—ITENHEE, CREFIABPN—AR S —SE0ET £, FL, BITEAT
RHFR n REFIRE5H, HFZ, BEHATLERRN.

R THEAEMBRAGAT BELTRAFIFPREGFE EROHAR FHER,

AL ERAW BN BEREESZAE T EN, N TXRMAUERE 7, &
IRATESMWETT b HEMERIMNPRERERN, 52, WET A BHTRAR
TR, HE 2-1a iR, ANEEPETUER, 8% - BE¥ILFE ELHEREBER. X
OISR e e B FE R 2 A S R T2 T & B,

EHRRMATE Aw, (n)/5, FEE w, 505 5 HE G

wiln + 1) = w,(n) + Aw,(n) (2.4)
BE . b B, w0y ()1 wy (n + 1D TTRCA IR AT w, B9 B FISTE, WA
B, RilETE5Y.
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wyln) = z_][w@,-(n+1)] (2.5)
R RRGL - BIRER. R, 2 BR A A
& 2-1b MG IEERRE - BIERNF ISR, HESSETEMWEIT ( BB .
WA x, FOMLETC k MO S Mo o, 4 BUBRAFIRESTE b (055 A BERAI T 28 A5 LG 52
fafs 5, ME 2.1 BHRRE- B T2IRARAEARN—0T. BB %0 E X
FHRmEEEHAREAN LR ENSER T, EX B, RI{KA—-—TE—EHREK, B
ERAHEXHBR R FTESH p. HIL, FHER ¢ UBREER ¥ o B AT ek
WS RRE BN, M WEFEM BN EREARB T E R RZANER, fs,
225 RBH n ERITREIRE ~ B E% SRR S LAl

A S e L s o — — — — . —

T —BREE () _
R gy TR HET

Ly ———— o e Em T — e o . — — -

% FLH R 4%
a) MEEMAITIER, M THRLEN—HET

- xy(m)

x(n)

b) ¥ H &L TS 5 LA
Hz2-1 RE-BEEIER

Z - BIEFTRES 3 BHE 4 |IRMNR, 3 BN EERRMNYE, 84 2ty
s A= RS

2.3 EFiZmI%ES

TEATRVILAF I, B (RRRS) UENE N E A RAERIE AR NEA -
B (x,, d ) RREICIF, XE x, FREANE, d RSN, Sk
B, MATRBBIEER Sy — MR, i, EEEXSEF, BEREFITO BT NG,
26, MR MRiIR. XM, PIEWEA 4 3728, B o8 —1), 3%, imE 1., 4
T B A &2 x,, (LIRTAR WG ) 47 40 260t , Bl B BOE 1 x, 80534858 93]
BRECIR BT TR I

A ETFIEILHEIBRAER N EEN AN 5.

53]
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o BT CMAEE X, PR ERPEAEN .
o T %, BORERAR S AN GRS Bl 25 2T ML
TR R R T R A B AS R AS )
E— BT A A ARRFE R AT AFE] (B TR KB, RS e oA
kel & x,, B EES NG, BT, [AF
Xy € 1% ,%, ", Xyt (2.6)
WARAE x, AR S, WR
mind (X, , %) = d(Xy, %) (2.7)
XM, dix xR x Ax EJLEMER S, SREEEMCERNER, tiZnE
X v BRI B9S2 HUH S A NG C I A A4 A
Cover and Tart( 1967 )E A A T A — PRI 4K L EMEGE SN, FEF HI B
TR
o SPRSLH(x,, 4 IRBEA(x, HWBRGHMBIHER IR SHF S (id),
o FEERDN N BEREA
TEIXFE- MR, ATUATERY, B SRAT N5 e B 43 S 0R 22 20 PR 1 7E W~ Af 3% 238
F(OBEFAFHEAN P Na/PREBE)NFEGU L, DR EMETE I ENE. &
AR, AR, ERKMONGEETE —F0RBGEATERESEF, _RS AHF
HIER.

RSN AR - RERSER, B o O
W - 0 o
o TRk, R SWRE R x, BB P
kA EFIBL. N Y,
W x E MRES TR S L () oWe TN
B x, (BRI BB TR BEFT 43 25), b 11“
BEE, k- BORARARBSIE RIS — R R, 4 !
DA, ST k=3, k- BRS04 58 % B A 9 4 41 E 2.3 3HEA
(outlier), fAP] 2-2 Fras. - THISME—TME, XTI BEFEESENXRQESNE T
BN FRITRMRAIS RS H A, WH - PR B TR O W B X d A

bn by ) W FMLEI R Nemo % k=3, k- RIS

M& R Tt ar2aaERl B B G
2.4 Hebb 3]

223 B) Hebb RIREFTEFH MNP REARERN,; BE2AT L.EMWE.LHE Hebb
(1949 & Hy. FER—BS| 8 Hebb BS{IT ABIAL)—F (1949 ,p.62)

LR AN ERRBERASE BIRLANERRBER, A RTAER
AR EE - PRANERFTEL, IRFAFARHBOER T H A0 EH
X
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Hebb 18 8 53X A5 {0 VE AR 24 3T BRI (R AN IRAK T ), LA SRR = Tl A 110 Mtz 4
FEE & B G S A I FREL i B

XA BRR RIEWAA YRS SRS 8 OTTLDE Y FRIFEIR 5 =53 W] (Stent,
1973; Changeux and Danchin, 1976 :

1 e REXM(ER)E-ANANMFEAKE N (PR T)RE, ARSI IBEE
A Y TR
2. o RAETEEE—AHBAATELHFTEE, RLARAS T AR E 5 AR

IXFE Y b BEBRE Hebb 280> . (B%)49 Hebb FL RIS 345, BHIME, &
i1 X Hebb Al X HEA— 3 fl, BEFEH—TEMNE®., SEHFGRRAZL I
HARZERKEFANTRASETREDRNHEIL RN —NRH. WXTE L, BRIIT
LA T EAR.& Hebb 32 B EFAERY 4 N E LN (FR-E) .

1, eb AL . X —HLHR S X BE— 3 5E, Hebb 28t 5 0945 e BR T 8 R MF S
Z s 5 b B AsE EIET ]

2. B, RMEEERR FEERAGET, EPER - RBES(ER T RBMNG
ZE ik FRIC P IE AR AT HTE S0 AL T o 2 894830 . Hebb i8R B R ] B{E B = g A
BAE 1 B B A 14

3. LAMA . Hebb P THEEREATERMAHNES., WIHEIR, Hebh IR
TR, ERNEBEMAXFHMESNPEE—TBBELTNEY Lk, RERRTREMTG
iz SR BIERZRR” ., EEXTH@EE3G.a fE4< i _L M e Y E e bR .

4. RBERANK AR, ¥ Hebb 2B MR - 28 SRR MBI 44 AR G s
SHIEEK, T2, BIEXAER, AsSams s fES RiEa K4 (B -1t E E R ) 2
DLPEAE ) e fl ol . IE R TaX BN, Hebb 22l X RS FRAE £ B8 8 A, 7EXS Hebb % 3 |
e PR, RATATDAUAGE T 0 A A2 HEE S Hebb RAMSIEMZAALE, 455,
BT F0 fo 2 i SAERT (B] | B X B A I EH = AT Ik, Brlk, Hebb Z2fhth G FR1E
A % R, AHICHSE RS ST BB ( Eggermont, 1990) .

2% i f) 5 SR F0 P

25 B 25 H Hebb 28 fith F SR A5 Bt ] fE S 30 B 35 — XoF 1 22 o 1Y 2 frh o 55 10 B a2
. #se, FRATRTLGE A VGRIEAE IS TE 3 3 3058 Slhg 5 198 856 3 7 R 3G 35 Bh 3 328 b i 555
#HETT Hebb &M MIHE2(Stent, 1973 ) . sl il IR IEAZ T A RIM . FFFIE, RN
B3 B 44 ] RE{V(Y BBl 22 Ak sl S R A FE A~ — 2.

FATHE 4, HEMBISH Hebb X . K — Hebb X F14E — Hebb & (Paim, 1982), &
FEIXFp R4, Hebb MR R A EAHCHNAT MG EMES IS M, URISESE
ERHCRERAMCH T RREEE., &, K - Hebb Rl XK ETR AT 5 R ifs
Smmss, RRELHNESTEME, SR, 7F Hebb Z5MFIFL — Hebb W& B, TR ik
RS EROE TAER B L RIKHIB R SRS AR A E ML .. EEHRMHELT, K
Hebb €l A94E Bi{i s & Hebb 349, RETRBETIEE L. 75— H, IF - Hebb Ei A RE
Hebb #7181 H I {E fo]— Fb o
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Hebb & 1) #E R 8

B TMECF FRIE R Hebb 23, ZEWLETT & 1Y TR E w,, 70 x Fiy, £
IRBIR MR RS S . TEt RS n T AW w, MR E —RAIELT
Aw,(n) = Fly,(n).x{n)) (2.8)
K, HP FO, ) BN R RME SRR, 5 1 (n)F y (n) B EH LR ERHH
2y, QAT HEMIERX, g XEEASHFEAIE Hebb B, T, KiZEHER
XAERTEA .
Hebb f8i8 Hebb = By & iaf L IE A A ik 4
Awg(n) = gy, (n)x(n) (2.9}
HitnBlES I E2WMIEHEFE., K(2.9) '
HAEHL SRR T Hebh R HEHE. & .- Hebb BiE
I BCRRAR 55 3 = A LI . B 2.3 b oy
IR B R o (2.9) PR B Aw, BESH ISAIE = %,
B JaRARES y, EWEEERER, M 1% 1 = m(x; - X)
XAERE, ROBLEEHEAHARGE B ERR
(A RAED ), HSEH y, WU R g EREEy
FURHTEEOE R, OB {28 AR 7
MRS XE, BEEAEEFEERM
o Lok R AL
HAEMRIE LR Hebb B %R H 5
ERZ— A Sejnowski( 1977a, b) Tl AKY
Wy 2. XM E, F(2.9)H) G 2-3 Hebh BitFth rEiiRrE s
R 5 %R k{5 5 2 5l P Av 28 o IS 2
ESSENEAE—EHERR OB BEENRBENRE. 5 My SYIFoRATEM «
USRS 5, BOB I - 40, SROBHOT 2, 1R T RS o, MRS Xy
Awy = 9% - )y, — 7) (2.10)
Hy g BEILSH, « My WEERERTREHGEAMBEE, ke =i iE R,
RF, BHFEREEET THRFA®:
« WCETFAEFEHRA, K =x E‘Ej@ = § BBk
o f S ki  BIIEhn o ik ik B ) 05 o ( B RN 2 A ) BB AU TELN
P 2-3 i% 84 Hebb RIS ERBTZEIMZE S, FEHMELT, Aw sty BRBRZ
VERY; AT, 7 Hebb RIZHPS 5, SMHAZERAER S, MiEHFEBRPRIE v, = v 4b,
FATMNK (2. 1005 In T EE M.
1. S0SRA B B R S A o SIS SR B, BRI R x> My, > 5, Wz
RHAT(E 0, 15 2003 .
2. MRELHET FHEEZ—, NS EBE R
« AEZ BEEHE R MEE (B y, < P RS T RTRAEIE (B x, > ),

— (% - X)Y
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o fEEE REHIRT RIS (H) & < 2R FITEMBTARP v, > ).

SRR T 2 ] IR S 2 A A R 52 ) —Fp 2

TERRIE % & B RIS KRR T3 Hebb 3¢ 2 & 71 /B B2 UEIRY . WS X IE2 Y Ridi
WAy H R, XA A F IR 7S Hebb 222 R K| 7.

2.5 BHFET

AR, FEEFF T8, WERSE I LA L E T s P ok RN TR BRA (8
K)o TEEET Hebb 2 ML TR R, ST HEMHE e BT THFERE, ERES
FAW, EEREENZEA TR LRBEN, LEXMEEHEREIEEES TR
MGt PRSI, XA FRAL RS AR S 2k AR S
T mpE D N, A B CE (Rumelhart and Zipser, 1985) :
¢« —PHELES, XEMEITR T LMl o m BN AZ N EMERN, H
FLH T2 AU E R A R M — DN G E i AR ST RE e,

© HEANMEITAEEN FRRE,

* SO MEE TN — T E R A T REPAFIT £ FHYLH, ATiEEgREE—4
WHEELHESFH AT HETEMEN (BT, EF AL THF YR
A 217 (winner-takes-all ) # £27C

FHith, PEHMET - EEa LM TRAELSE S, ERMNER, BIRAAR
KA AR F RN E

ERAPNTEFFRIEAF, wENEFR—N—2 %) oy
ST, RPHNE—MMIBAYT AR LEE, M
WU EEHEICH R ESE, W 2-4 Bin. EX A% %0
IR LE g, RURESRRITM a8, 8 m2onEs
A B A 5 A ) B A e T . AR, B 2-4 MR g X30
T o B BT G RIS R R AR M Y (W) .

ot F—PEER SRS TSIt k, TS x oA
WA x S R o BREMBEADFAEHE  FIRE  RERLRER
TURECRE) . FREERRZETT & IR HES v, BRI, BF B4 - MERESEIME

- %‘E{ {3 * 0: ﬁﬁ! | - H‘]i’ﬁﬁiﬁ, Eﬁﬁ&kﬂﬁiﬁ,ﬁﬁjﬂ
KM A M2 TREL S SEEN A o T 025 80 ) 5

J@={1*'m%”*>ﬁxrﬂﬁﬁﬁf#k(ln) 522 B MM (HE ) ) S (L

0, 7 EEHNFLF LTS
Hip, BRREE o, EREEHMABEMETT E BT
R IR S AR B0

D w, RANEEMA TS ] BIHETE WRMXE. BUEEMMAETH IR (allotted) B &
BRI MAE (BB RGAUERRIER), RESTEENBATRZT; B3R

Quwy = 1, XTHA k (2.12)

PRI M 220 R R AR M B B 13 BRI AR ) T AR A AT S . RmB Tt — 1

WEMABAASKE, BARFEIREEBIHET L. MR- EEMSTREG T &
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¥, XAMETCHIE AT L —E LA ECE Y 2SN E, FRBIAUER G T3 77 2
EEA e b, EEARHERYSEFF T A, fEAI T RAAUE w, B9S8R Aw, T LK

A - {T](xj- - w,) JAORMZETT E m Pl

" 0 VRMET & TERRI

Hodp n R RS, XMW ERHEMMLETT b R EHNE w, @RAERR x B3

MRS BOR

FRATAT CAE RIS 2-5 P28 5 J LA 28 b 3 5 HH 3% 9 2% ) 19 25 B (Rumelhart and Zipser,

t985). HEBITMAKR(FME)x IFRX-HEBR/ILBERE, FERITUEERER

N - EM- -5, B N ERATSWERE. NV URREDEMER S w, B4
B b -BREM S BT M TR A SR LB K (), RRIT.

Diwh = 1, k (2.14)

SRMPERE L EE, TR AEAR - V- i3 sk — 48, 728 2-5a PIAT
B U= MR RRAREEE AR B R4 (). X MEREE— TR IE SRS
XFR), CAIHETE TH# 1281, F 2-5b B yE e T 4% 5 50— BL R 49 2% |
R 5, BTMAHETELSERBRERANENECT ZIX LB ABRKE
(Rumelhart and Zipser, 1985; Hertz et al.,1991), iX-AiREH T HZ2MRE T ERE I BT REN
HES1o #RW0, N TiX—ZNREREVARRE R HRAT, A AL B AT B E
o BN, MBAIRERRE, BATEA PR RRER S S TT R 25 0 B A

(2.13)

#2-5 ERFISENILMERE, dREWANE,
AR 3 4 i 2 O R A A (A B
DFIBEIERT b FEBH AR

2.6 Boltzmann z£ )

8 T4 Ludwig Boltzmann 16 4% 9 Boltzmann 5 S #1002 — 4 WA F &1 A2 b R
B HABENA ST E LY, BT Boltzmann 22 > £ 0351+ 159 2 70 ) 48 #- #% Bolizmann #
( Ackley et al., 1985; Hinton and Sejnowski, 1986) .

7£ Boltzmann HlH7, #ETTHMBHERSH, FHFU @ =24k, B, SlaviiEa s
TH +1ZR0"FRE, BALTH -1 #RE°E"IRE. Bolzmann Sl gk ¥ &4 £ ik
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L, REHE PRAAY{E B HLER I AWM E 0 BRI E RS AT IE,, R
£ =- —é Z Zw@xk;rj {2.15)

FER ]

Fot x, BMET] HRES, w, G T BIMB TR RBAUE, [~k B STAULER
BB A — A B R WL S M SO T2 ) 3 AR S 2 B AL M B — 3
BRPINAMET k), RIGTEE S T LR

1
Pla, = x) = 1+ exp{ - AE,/T)

R0 k MIRE x, RETIURE - x,, HD AL, BHXEM A TSR0 6050 (B8
REERFEMNEE). F8, THERYHEERE, MAS ) SEBNMHEA, X — RNk
EEER, PeFH AR T4

Boltzmann HLE# 03 R R ITRE A, TR A&, 7705 B2 120t W 48 fE
TEHP BRI AR R, MM e A HiafE, ARMEEERTNAE.

= AHE KA, EXRMETE T T s 2T Bk A S th B T S A,

« HHEFEMN, TEXFEE PRI 2] R )RR A 8 HistE.

S oy RARPBAEHERI R TR, L R ERINM AT, & o, ERMGBERG
HETEFRMETWE 7 Bk ARSI A A S, FHELEIR YPI8RL FRESMFE
AJRERAERY T, S5, AR Boltzmann F T MR, EBTMMEBIT j BIHE T k (4T
{8 fy ok A B il

(2.16)

Aw, = nlpy -}, =k (2.17)
fE X (Hinton and Sejnowski, 1986), Hritn RENEREH. HR of Mo, MEEIE -1 5 +1
Gafa

B FHE MG FE R R, AR, AL #HER18 Bolmann HLANH fth
FEELHLES

2.7 SEME S

AT T mX RGeS BN, AR AL (credit assignment ) , { Minsky, 1961)
W EH . BAR b, FERARELE S EEEE L EafhaaiRas—1 M
F A VlasE B N BR O TR R AR LR i A4 g b AR R SR A i, (51 Rt {1 1+ K e B R A
FHEA, NG—HnErGRE SR OMENEHSE)

MERZIEIE T, Sy dd %) (N SR P R B R dy 7 T HLas R BV — R P EFT i@, #mif
i, ARSI R A e it , SRS X EESIfET A RN R R B R . X F
T, RATRCAGE LA () B 5048 9 B~ T o) B Sutton, 1984 ) :

L. X tH B 30 VE 5 R A, 3% B FR o0 Bt 4] 13 4 % {4 ( temporal eredit-assignment ) [8] 28,
R e B R AR R AR S rE 8 R B R B AT %

2. XTEPERI N AT R A EMUIE . X H R B 45 4 15 42 M 1A (structural credit-assignment ) [A]
=, HOAEW RN REAE BETE RIS E T E I RE.

ABMEIrF AP, A THRER N REEPERER 110 JUF 7 2 o 7 4 5



42 #2F
SRR B AT O BB AT SRR B R, X B MEERENEMAXN. 5 —F i,
2 A R BUER 2 s fE 1 2B Yo f B I EL 3R 10008 8 X e sl i o 25 WL iy 4 F S R 1A 5T
i, AN G R R RR AR 2 1 o B ] AN R {5 (T R (B AR 45 G 0 M R T (BT iR E 7
KBTI RS B RYTE DL T B e B BE 1 40 0 :N 2 ) BB AR B A7E 1 (Williams, 1988 ),

Blan, XiE - B FAIEAHFEERHMLTmgs, SERAMERENT ., £
FERIMEE R, F9EME TiEEEE ML WL mEhEE—, M TREEE— M RMER Y
FAMES LRI BIEKEER R HER. SRR, AT EERAMERTS, REEHTRIT
RE - BIFEANENATHHETEF—a2mT AR, EXREET, ¥EE2-1a
EEE . B PG E T & XA FRA A, BRul B4R X D s o3RIt — 1 H SR
MBI M ILME, RIWRE - B EXIRBTEH 4T R ER RS EnNE
T8, 2.2 3 FTREAE O EREE . (R MR % — B 15 30 i R TR B i 53 0T 19 B 22 ok
BAERS, FTTA I e 42 T E R E R (R IR 7 TN A ) M py o A B g

2] FREGEE; TS 4S8, BB MR 20 aim L R g kg,

2.8 HEINE3I)

RIELRAPCEEHHME TS, RITHRTRARFEI, WAL EST. B
2-6 BeBIX AP ) A M HE B . ABES B3, JRATT AT LUSA 0 AT % JB 1T 5935 fr R
G AR RYPUSTE B E— R I A9 A - 8 8 F00) . SRTIA B 4 25 KUK R IR ER b
— AR BAEBAT R B BT AT 22 1) RGBT
43 T P L 45 e 2 L Il
R B (BB T )M 4T, BOTAT LR
i H S ERN— R 2R %R
YIS BE A A5 M oz, BRI — R 3 W
I EER RSB TILRIE A, W
Z W4 S HAT ITEY S B AR 245
CHGAMET BITAE. REG ST
ASTE SC A7 2 IO 4 S R 060 i 5 9 90 Wi o
2. BHAET LIE S T LR M
7, BB AR ELL NS R
W FERRMATH BT, AR H2-6 HEIETHEA
RFPBULE BN, FIAIRFFE, BOTX PR A AR L il SR K BRI M 4
LM, AR R, BAT LS BUNHERTES i WIS 5 4 A R XITRE

RA INIRIHER B0 Wl 2 BRI 2.2 FihR IR 2 - BIE¥ Ik, TR A
RIRRGE, AARMTFEE L EAER R, ROTAT LR ANEER R FRERY FiRER
fERPEREMIAT R, BAILE X ARSI A B SR, HRBTUBF 1 £%
RE il &, REWHELSE, HFEESRE N ERE, SRR e R 78
AR S R — R E T RA S S RIERETEET L5, #E

(6] Grehhnd FIARITIEAE, BRI BOTSEST , Bl M AL ATE 1) 5158 22 o T8 O B/ 0 MR F e,
RER/NRFERRDTR/D, QUTERLHEFHRD. B8 I RERELEX LY F

Aeiss
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FE. EALURIERGE AR RAT M E L R EM B R, R E F AR — 5 808 5
AR AR TR ERINE . KhRE, FEMEATHITAHEEFEARER T, BT LR
B (o) BTmE T 45 3, kBT RGN B F YA S Al i RN R) . REBGX PG — R 2 S BTER
ZHE RIS M s P AR LU BRI B A I, AT, RIS - iRi
HWRYRE R RBERD, W HA RS ASH RS RTRIgGR R, IBaE
T 5 2 RGUETE AT LU SR A AU 2 | lRBBIEZ BT % .

2.9 XIS

THREFI RS T, PR EERIFOLE TIRTH. R, 7EAHF 5 T T
F, IERERIA TR A BRI AT SN MM T . BRI, WERLE LTS
BB AT 2] SRR Ol A (LB S ) M e MR FF ST A S A R Fo
LB,

1. B FES/MEhTRY

13 X 5 I (reinforcement leaming)'™ 7, &5 A% Hi SRS 095 o Bt 5 IR 458 M S B AT
HAESXRE, BRRE— S EEEin i Bimh, B 2-7 BRI e .
XPE ] BRI R L, PRSP h B B B R ke 3 1R 15 S R
— MR B R E T MR BRI S, B B RS A (Barto et al., 1983) i it
ZRSWHPR M TENEREHEN Ip
TH%ES, BIEWRE RS ME N IER R CHA) Yz g
W Hg— B PR R (BILRZS 118D, B2A7) - )

BAP AR IIERE S, ¥ImH :
R cost-to-go & # /ML, cost-to-go
BAKUE LR —Z 4 B SRS
MEFMEE, mARBHAHNEER
o ATLAGERA . BT )53 b S R B
RV EBRL FEBRMNRAEBGHRTE.
2 MBI (CHRIR T REHNE -4 T —T———
24 ) R 2 F e & B B P 34 A BT B

6 B4 B3

HERYER A M BB RMEELPR tid ], BEERE .

o EEAAETREN IR, WSR-S AR,

« RS REHIFREERGEES, XBRFFIVDIBRE LR E B, wE i,

o H 3 B A 55 REVHTHE R 3 5 0 5 — i, F P& A bz 3 E L f0
R, MRS HEE TR TR B GE,

REFEXERME, EENREIREEEERII M. TRIEESSBEFE ST M
fiff, FEMEAT MR SIS B RS SR AR NN -, RBE IR EESHES,

1R A T Bellman (1957 FE R A HEH BT R TR E NS AR FUREL, BEH
RIS RFIR R EA . BRI REDSMUNELRYS, TERFINEE,
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X — B £ Bertsekas and Tsitsiklis{ 1996) F/E T &b . SIS N E SR AETH L

2. g ET]

WE2-8 Frn, EARESAMALESRHED, HAIERAH IR AL PEO ok 1B 3 3T 1
TR, BitRETFESNBEIEREOESE, ERMELAIZERME A hSEEREXTME
BAFEML M, —Ldmee BRI S5 AR NS S IEAE— 8, Ba el RBERE
AT AR SRS FIEN AR LFMEED, MB350 Bk TR

- . . Hrmi
ﬁ“ﬁﬁ%%%U(Bmker,‘]%] Yo _ -~ b@
RTEEEME B, AT LU SR~

A Fan, MEMERAEUNENE. ARAE S
B, SIAZIERZGHAOEEE., B9 EHE a5 (R
—E HYEE ] BN 8 M on /R, A1 ETRAS I L 40 & 7R A SR PR IE N ST &
B RMTE A EHER B RE HESE "R, EW2.5%h, ExfEmh L8
SR ARME IR T FIERTE, HMA AL ITHEE,

5 8 FAE 1 BRI RN BRI NAFRED: .

2.10 2EIJES

AEA ML IRT ARAE S BRI SIH . A h, RATHERMR—gkp2E
AEF. BE—THFENFEIRESMENBFBZLEMEITFEUMEL, EXHTR
T RATTFHAR IR AR BP0 ) LB e PR A T AR A (25

RS

BeAT R 2 XA RERAFE NS A0, AT L2, Bk
BOAERARA— B FRFAE, T EIAR AR ELX R AR X6 Ak A
B4T A Anderson, 1995) .

FRARNMERX: axA5FRA, BBETHIEFE - RIS (R &) a g
EORAWHE BN S NG ME . KSR C e iR ok i (g0 B L E A4 Mg,
IR 28 BFHT 55 R A & (00 ) AR E . BRI 5 5 B A R Z b 7E T —MME
BrmiARAESSA TMRBELESRN . AT EFER LRSS ik, MRPAE
FKHME A,

Wx, RAEBRBICIZFHAAEX(HE)Wy, BRratBgA (M), NETRHBER
BAEH

H2-8 XlRExHiEH

X, > Y., k=12,"¢g (2.18)
#on, HH ¢ BEFEMEEMS PSR, L x, EVA, RUBREFHEEL y, B7F
el g, B AR Rz A .
A BBRRLCIZES P x, =y, BTl AR D8R n = R4EEAER) . EFBEE D2 E R
B ox 2y Wik, BTRER AR LS RIAER ] g S AU T REEAEE, Bl



B AR IZ A B B A — SRR T B L

o AHERCEER, PHIOREMIER (2. 18) X FIA AT,

o EACHRER, U ST S T A A R SR B S B A N I I TR

S HB A x B LR x KEREREBR. WE 2-9 FiR, XS 4EH
WK )y, EAERMENZ, RITEEA y=y,, & A it i B
ey, Jyr G x B BIR IR, MRt * S SR
x=x, B y=y,, SRBREICIZE FZHR. 1

BRARICIZ DT RRBOREU B H o $8 B IR 4 T2 B2-9 BAREHMASLLRA
RENB— D R, R, NWEREEEMEEN (7N SRR
ZICEE VT REKA, FHAEREEZ B 0 A B IE R EHZ.

Al

AR RN, AERE, ROTTL AR RS20, H BT
IR, ROFRERE R, JLFZERRS. @0, BIIEBIHRIRAT — % B
B, BMERANTAX N ACESEAGEE, TIeRIERBIES, RITER LIRS R
iR A AT TRV ER B AR B A, (U --F, MESHE— 2 EETER,
AR S BRI BRI, WA RN,

RAPAN G AL L —PE R, B A RERRE RS E S E h— i ER
(BB PH—L, —PHEMEE LI FCGRMNFE RS —MIEGTE, wiltadRE S
MEFEANRES - MEXEGURS M rERNED, K5, B PUMRENR
UHETHATNGRSENA -SSR IERESHERL . WE R LRI A%
B P ERBUAE BRI R R LR, WENgMRAIRIIER F EETHIHSEY,. &
MR LA oA AP E R E — 205, FIES BRI AARFRMREE, 89 KE0N W

— AR, He AR gt R N —o1

o N S gt TR T n| HFHE o2
HRAE ?éﬂ] | I:J mﬂﬁ%’i‘*ﬁ T%Ef’? x BN oo MEE R muERs |
TRLLR BT 22 1) (A 41 R AR RS or
HRABTHRA,

— R MTE, R A AR 4R Y
ANEFPLZ AT AR

o MNA 2-10a B, IREIHLS
R ER S, R R e
RIJC B PR FAE S £ B9 U
B, XF Ok EELS
RIS =t S H B 7 &
(Duda and Hart,1973; Fukunaga,
1990), A &ARERFR, - SRR 27 1) - A1 r- BEFEEE
— P ERXE—P m EHA b}

PURINI SR &7 I SR ] M 2-10 BMASBREHS BT EER
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(Fogg) s A BB — 5 xo 0 2-10b Bk, RREEGNR N — T4, BER A x
BRET A — 1 g HERFAEZS (A AT E A9 P )T y(g < m). iXRP 0[5 1B B4 20 5 i
(B, BOER4E), RMEEERE TS REFHEIER. XL FATHIEN--
TR, TR PR y ST r RS A L2, HE r BER MR,
o RHPLET R — T RABEFARENEEWNHEMS ., EXE T 0Ekd, e
R i P 2 B = P TR ROL AT
SR b AR HMA IL AR — 105k, R TR HAMNERS

g 4T

BT I ESEREEE, FEDERER
d = f(x) (2.19)
RN — e A B, Edmk x REA, MBd VEH. 8N S O/E
HAH . AT EE MO FRNEEE , RIEEENTHIIEERES.
T = i{x,.d )" (2.20)
BATHZER BRI —T#E RERE T AR A E £ ), MY THFETHMHREA - B
RS AR E FO )R U EREMNE LT Y #(-) BB, D
| F{x) - f(x) | < ¢, FTAHE x (2.21)
Hep e B2—R/ADWIER. BUEVIGERAEEH vV LA, MAMBRAESNKOMNAM
ZH, WA TRENTFHEITIRE ¢ i YR BEAD.
X, BAFEEIE~MEERAEEYT, Ebdx EHAFRE, Md 288
W R o FRATTET DA — 1 A B B SR I B, B B E— B,
4 22 R4 E i — T AR A - 5 AR ol DUAR A EEIR120
« RHEM. RENQ. I9FERFB—
PAREB LIS 2 s - § i
( multiple input-multiple output, MIMO )
RO ASIMEE; B it wag b
Ao, WA RN E AEHE W F * '
4. SRIETRAIFNAHER(2.20)FH IR
R T £ A 0 R 25 i wew o
f—MERE, BOEy, . ROMERNEE B !
drat S A B &/ x, A B A g @mwﬂy_
EME 2-11 e, d (9 x A T
SRy, Z P MR AL A2 RV
e, XTREGFSEEFRAEAYNENARSE, RATRNBRLHE LS
Wi i M TE B2 MR ELGEITE L LERIR/DN,
e ARG, FT—FBERMNSE—1TEHILIEZ MIMO 4, HbR AR BEENR
(29} R., ERXAMHERTHERENAHE —T# A%, 4¥mEd Y4 RZ%EH
B x, R LIH

R
FH
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x = f_l(d) (2.22)
R, HbmEBEEHE ' (DRCCOBRRER, 8, 'R CHREE, Fhi-11L
R FE AR ETE . EXRESIMNRERES, o BERS fC)ETES, MMRE TK
HEREB CINEESA, S 2.2000 BEEE, RITTRAELCREE 2-12 B
AR — TSP R A (7). TEXEERMERD, x d OHEZTHRTVE:
wE d AEAREA, Wi x EAHEREN, REMRE e F"a x, SHAEREHYT A, BSEERE
By, ZRIBRE, HRFEHFIRREEY, FRRZEGES W ERFTTRER S8, Rk
HIT3T 2R G R P A H L H TR MR R AR 2480 T B L FiRBIE /.

e,

AR fé’ﬁﬁmﬂ g
d; b PR

LATEAN wﬂ-'ﬁ_ P S R l‘:,*} T S L RS L R

A 2-12 EEE RS HHEE

2 il

WL P A8 ] LA SE BN 3 b — A2 B F v & il e, vl & EnR—4
TR AR AR EIRE TSR BN R RN — RS, FIMER AR~
HEAEB AR/ DERTN, RERMARSEE M TENBMERLEER), EAEIFE
H 2P 1 . TEERIRXFE LR, AR E—MEEEWNS T, B DI
— I X Edldy, AR TS, BB TERET LRSS (mILAME
£HHE), BERE AR BRIRERPEME G ET, JE H ol LIAEAR B RIK P 134T R4k (Werbos, 1992)

AEAE 2-13 IR R RS A 4. BRZWRFI MR RAORITRG, BHTEY
Wi AR RAWMALY . HEENE S y BEMPE T RREENSEES d. XERK (1]
FRRERYS e FRZMATIHSEM BUBH YT EMEBSE. BHldn FEEMEN
RERAANHEA, ATIHEEREL y BESEES d BAHRE, FEERSAEAR
AR A S DT TR
mEHS WERA

E2-13 RBREHERTES

FINFEAEE2-BPEREEFEY e TIA RSzt @t E, &2, BiEE
% - BIEFHE R MEA S 8 WS RETY, FEATLMEIE Jacobi

- ] 2
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Hi oy, WEBEHH y W78, o BESHEHA o —T0ff. AFNERSEI 7/
Fu X TARFEIS &, jEBTRENETA, BlERAKN. BIILORATEREM T EZ—
3R Hea W =RUAILEES v
o J#%T ., MHAEENIRFRAA-BHNEE, FAMEHaMEEf)™:-1E
HIE HI . BEM XA R Jacobi FFE J B — T hil{E - B2 HE# L Jacobi
HEE J RSP TR - B ESEES:, UEHEXN#HEER Ak 238098
A5 { Nguyen and Widrow, 1989;Suykens et al. , 19963 Widrow and Walach, 1996) .
« HRFF, WPy, Ou W5 EAENTEFRRENIESNEAN BEAL
M. EXEWRERTIATLAEEE ANFSRBIIX SRR, EITWLENHAMSE
45 10 £1 B 8080 —Fhar A X R 2513 (Saerens and Soquet, 1991 ; Schiffman and Geffers,
1993). HEIh, MEHEH ISR EiE M I MM E =/ a h S5

BEBX T AE-BREAORE—-FEERES:, AAHTEN—IHE B EE PRI
~EHBNHFEERNER. B EBREAANFRES ER ., F, et RAFRERE
BREMNEHE, WiIERAEREENFSETEEEBRERIZERE . D —1TET R
—AEANE SN EBERE R IRE SR E ., AT HE R ks 8
= EHEEE B AT

1.k, XMESHBHYEEETHNHE » AE8 - HEE - ENNNESBIR—F
BEMERNER.

2, FALEE, BoAESAETRELHZATETFENPA » A—E BTN EMNTED
83|, METEAME » Z/SMWERMEE T U ARESIXMNMER. XEWE L7 g
B, PHEHMNERAER, HAEFBABESES, RIS EEBP HEZ B o 6035
#5, WMARLIRIFE » 258058, NGt B B, RIJPIEEE TR Y1 Y4y
R/ Ik

3. i, X MESERGRAES BTN m, R BEREINER 2 (F a) BRI
¥, RE—EEBANEMER, REBEBTRESRE n + a, BTZI0EAEMEL, HY 0o >0,

MR AR R ZHRARMN B RE SR A", EERIE S X — A R B,
FRIEEE HMp T RE, AEENSEGSANERTEZIILFEA LN R EITE
., HIBEEVW, AFIEE-—TEETAENES. 2WEEITE S22 EHRRE, 1F
RO G R R AR, TEMAME, §EFRTEMNEA BT FH F B Velmans,
1995) . TE( A L)MERLIREF, Hl— e NEE, WERES M3 858 (Comon,

REEE SRS s (02 BRZEHESE 1y o SELN 0 y,(n)

o KEAE S ANEBRBNAIRS, = | T Raman i | For o

e m x REF R (B E 2-14) ol 2 Ml oy
T iEnE "

x{(n) = Au(n) (2.24)

s B 2-14 HESEHER
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u(n) = [u,(n),uy{n),,u,(n)]’ (2.25)
xn) =[x (n),x(n), 5, {n)]" (2.26)
MH A E— TR mx m FEHREESEE. HEWNEEE x(n), ERELUEEFTE
HFIEBES e (o), u,(n) o u,(n)o
BRI B B SRR ok, BESFATEN N EHYSNN -BE, x(a-T),
x(n=2T), ., x(n-ml), P TRERB, » EWAIRF, ERIGTRELHIE «(n)
YT, ok 2-15 B, BESADIGREE A R AT R A S XME e, Al WA REE %Y
M — B TR Ok AR T &, o x(a MRENERN Y, BE 2(a) B ML
B8] » PR ITME, BAIRZEES e(m)LIEX T 2(n)5 «(n)EMHE, () HERY
PR RS AT, Mo 5EMER EARAMME, EHETEXT. XFH
MR LN, WEERFEEBENNEDEIEOR R ERRT, EX—TREIE

LMENY, R4 (o 20 0 4 55 o A DAL T *(n) 0

PR ¢ — IR A B R, /
BHESHABPTTURAEHHE =00 s .
o (HRE AR AR T T — W] R . WER%

WG BRI L B TC, MBS e mT) o

Fiix(n) MBIARRERTHN, B {
I RRARER L 215 AT
& 5 A%
RGBS AR R, FIATXK 4 BIRE S RRs N AR, AT
BB ERAE AR E,

HRTEM BTSSRI MR, B AU SR A 03 3 % 5 9157 ( Bregman,
1990 ) 1w 48 (2] 7558 (2 U7 3 2 Ot B2 T 2 AR QI B 1B 5 Suga, 1990a; Simmons and Sailant, 1992 )
H1, BATTH ©FHERSER . SiE B 5 200 & 1E 58 0 55 3R I8 H1 (frequency-modulated , #M ) 75
MiE= rMRAETE, RGAHEHTRAZ(EE —-SHREPEETENEY (KT
R ), B H Rt MR AW E R (R E R THRMEAR), W REH
HE ™42 & &) it (artentional selectivity ),

KR RAFRATEINENRSE, EIHERTFRERESBESEANTIRES A
AT HEAEN M EMFEEE B Hir. B NHE#XMEFE R,

« HEEHE AR T,

o FHESEAAMEREE.

ALBRX RO B — P 5 B R A 5 3L 3F #0l I & (generalized sidelobe canceller, GSLC ),
H2-16 BB EERAER. XNFRGH LT 444 5K ( Grffiths and Jim, 1982; Van Veen,
1992 ; Haykin, 1996} :

s —TXAALRF, vREXNTHPEIR S ERNEHENEFSRENTR.,

s — P EMEASE, ERHEENNEES (w /L, 8 X8, iR = AR,

XARMEHG AR EHR R — S MRS, Ch—TEER2E| (i, —b

[73]
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) C—er B8 S ()

REMES e(n)

Ee, (1)

-
y(n)

B 216 [ L EMIERRES A E

R HIRiE SHAGRS ARANRLITE) . BRI EREHATHITN,. BH
M GSLC Z B AR =4 — B WA, REESHMHRIE LA d(n), EXE
I B aR P LB B AR N

o —PEEREERE C,, FHEEERE T, SMHTHEASAREEHS BN

[ I A8 A S A8 K A 5 AR TR Y

« —MEAVESEMNAZRKE, BRI REEE N TGS SRR

WzREHBHSRAETEH —PFEIRERS (o) ERERNAUBEEIREIT A,
e(n) MEYEZ-B I d(n) ML RBESIIREIL y(n) ZRKEFE, AW GSLC FEZ
HH A IS TS, KEHARHYE B MAE. FATENNEF IR, 8%
MAABREMERE RN Z NG, — SRR ] BRI IR AR AT 2 5
% W % B (neural beamformer) B AP % — K £ 76 &L 2B (neuro-beamformer) , XEZFEPLAIIH A
E MY 2 3+ B AL attentional neurocomputers } #7703 B ( Hecht-Nielsen, 19903 .

IR 6 2T F 09 B B 2 B E 5 B AL B R GUE FITEAVIER] . KA
BN B, prsesk S {5 R AL R B A (FTRER MRS )2 3 we STV TR, SR A 9508
B ARAIR, TTREAEEEHF A -, MEPTEBEXLRE, 8BMEFELEHEAERE

Mo (BB REIEE B — ik B S8 5 Ay WL e .

2.1 g1z

XFH¥ITEMITE, HEEREATS, ERINE A ELrEE, EH
AR RTE XIS, P2 R B AR A R 5 2 (el o B FB O 55 1D DG A AT
B 75 (Teyler, 1986) ., A XFEAKEAE LS. WH, EERXHICIZAERH, BOMXTHE
ZHBOTERA, XEAFLERHEERNTH . AW, —PEREISHAE RT3
RGTEEEICIZE , iDfeMEBEEABEKAEE, YT FeENEREREENE, B
RPN, EHREMRSENZEX, iDt2ef a8 sl M K eZ, BT
{RFRAYBT 18] ( Arbib, 1989 ). BRI EREN“ Yai " RENDBRK&HH . LERIDILHEF
fE AR RREZ B NE M ER, BEHAXEFHEHICIZ. 5—07@E, LAk
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J7

it TR 2 A A7 R Y AT
X — W, FRNF S F AR R A ER AR 14T
o CIZEDINY,

o BN A R SRR B AR A (FEAE) 1A Bl B M B AR

» A EEREREUNRSN NS, TIIEERER.

© FIBAEOIE R AMUBE T A PR 7 B it B e TR Rt

¢ BRAMESUAMURWTREAARR F TR, BEICIZERD YRR A E S

i VR B4 5 BE A

o (FREEICIZP RPN Z ENGEAAER . (FieZE 2T 8EER, Bhe
B RGN K BT 2 B8 B BN M0 A48 o ) IXOBE R T2 7 L A dh e s iR 2

H AR AR A9 AT BB PE

TE4 A 2L fe g, FEAW B T £ IR 2 5 HY
[FIF B AT [R) PP A 7380, 33X AR SRl S Sl S Ay S5 L
AT IR EREAMN S X TN E B,
B, BATYICZ AT — A0 A, Bl —
AZHMEFRREBEL N — TS E T EERER, R’
Tal A5 18— H A8 4k f b T 2 428 T 4 L B i 22 ) 2%
KRS ARICIOH S A — L T B, WRIA N 2-
178 4 2 % % 48 B A2 A1 B 9 28 1Y B #% ( Cooper, 1973
Scefield & Cooper, 1985 ), TFHIAJE &4 #2 JCAL A&
WEMNEMMETHES, LR R NWERERE
ROME TS, 76/ 2-17a SR E A Mihpym
HEEFKARE R T REME R R MBS FER, X
SERAIG B AF R T 50 AZ ) BB 42 0 22 N3 HH 2 B R S i g
FrEZE. AR TMETTRTE K L B b
EEA AT TS AKE,

B 2-17b i i EAEN R A T HEMENFEN, ©
PH— TR SWRAR —NENTES SHHE T
. EXEMIERT, PR ERIEIMET
IR R eSS B 2 . R 8 W E 2 (] Bk sk
] R 2R

FEUTFHE%ath+, BEWE 2-17aF0 2-17b A F
SR RENY, X—RIHHABES - MME TS
— P EMASS —HEA, E - 18 MESREFR,
Ji T, BRE-PMEIER x, XEERENE A
=, A—rEIEN y, FEEERHZ . XERNE
EIE AR B ML x, RIS y, 2 Ml BIEAE P o
R x, My, ARERR, MM ERERCY.

X; = [Imaxkzv'“smm]r

| %l
2: 2

m——Z—H— m

BET  REEE NRD
L N =

R L
A B WiHE

b)

B 2-17 BE Q2 ER
a) 39 #5 ZR 450 A BN AR D47 O
b {# AT ¥ 22 T AV IO s

B 2-18 2RMEMLEETT i BY (76
Ao EER
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52 PEE

Fl Y. = [}’m:}'m:“':}’:ﬁn]r
AT RBRITE, AT A S BER (R R <, B4 M 5 R 48 (Pl y,
RO MR, #%ET m. MR m RS AR EFRRAeH, T8 n TFHA
B W B EiaE ERMe o ., X M EEKEWESIIHNHEME, xREE
HING I, ST m W RERTR K.

x, fly, WTERUBREZFHERERE, XEALHEME T —DEHEMNRE. YEiEk—
A BB BOEACE (B 0 — W2 T0 A3 2 A — TR R A B A BUS K2 ) 2 VR R X
A F A Bt el BE R A A — MBS RY D,

B 2-17 BEE NSRS, S x, MEiSiZfmE y, 208 BT L EE G
Rk FRNTF .

Yo = WE)x,,  k=1,2,+,49 (2.27)

X WOE)RREER:, BMbiA - B0 (x,,y )85

AT BABUARENE WO I ERE, 2BE2-18, TATEHHESR - WEL i M
HEHEF . &P ARFISOH TR x, oA E, WET B BT
e

Yo = D w(k)x,, i=1,2,,m (2.28)
j=1

B, (k), j =1, 2, », m BWEITT W TH & B R ANE, T
=, AT AES R

Xz

Y = Lwg (&), wp(k), o e, (k)] F i=1,2,.m (2.29)

T yuo RQ2VEHRPIF BRI MR x,, SEIER(2.208A m x 1 ([HTEfER
B ¥: H‘Jﬁ&i, 53

r.’ﬂl_ _wu{k) wu(k) W]m(k)__:xih_
Yo |_ | wnlk) w”‘f“ R G (2.30)
Lyt L (B) wa(h) o wn (i)l sy
H(2.30)EA (2. 27) PR EE AR MR R B ITE R, BER, mxom B8 Wk
£ XK
_wll(k) wu{k) wlm(fe}'
W(k) = wz':(k) wa (F) win (K (2.31)
_wm](k) wmg{:l"i) wm(fi}-

BMRRA ¢ WBEER x, >y, k=1, 2, -, ¢, EREEREHRNGE, B W
(1), W(2), -, Wig), BRImX BB AREERE WEMLE, BIRTIEY—F
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mx m ICILHERFE, ARGRENEAUEESFIERERNEM, ERAOT .
M= SW(E) (2.32)
ICIZ AP M E SLBRASICIZ a0 ARSI D ZE 2 R 2f R . S350, B MILFRICIZE=E
g MaA - ELERANEsE, AY—RFARAELE, CREAEMUEEFE N
BAAEHZ P TS SR i AT 3T
FH(2.32) A AR T i IZ i FEA 2 LR RIE ] I #T &Rk

M, = M,_, + W(kL}, k=1,2,-,¢ {2.33)
XE M, HFES o E R, [d2 P A RMESRETISRICR 0), BEANEM, ik
(232)FEXMMBESEMHE. RIEEHEAX(2.33)H, M, EMAE - 1) TR E
ABINANCIZEERN M, M, BERELADREEA =L W) EHGEE, 8,
THEEME, MRS WEISE M, b, M8 wik)BEREKE TIEEE M, o i —,
BRFEAF R EMES, B XHEN{EEATEFRXER, RBERES R ERAHREE,
IREEBHR, HEErEREE ¢ BART, 100 FEE M R B A S IR AE R B /N

WX EFILIZ

BRI A 2-17b FERARIAIZIBD R x,—y, #R R RS2 8 AWK 3 Tz
EFEMIFERITET, BB k=1, 2, -, ¢ ROTTLIBE M, £RI0128 - M REX
SR B 4% 3t 1B (Anderson, 1972, 1983 ; Cooper, 1973), AR T .

- g
M= D y,x/ (2.34)
k=1

Ty, x; ACACREE x, FHCIZEER y, BOsMR, X DMHBRABERE W(E) oMk i HE, 4E
EEEER y, SRS B AR x, b BRRER x, Al y, BERIIT A m <1 EE, FLIE]
R R v, ), LR GETTEMBE 1 m frm FIRERE, X MEEIETMER(2.32)
e LAY ICIZAERE M A —2. I HE M S FaTER S 2.32) b E L HICIL S H & B
i)

SRRy x) BRI AR DARR R yox, . X8 x, BE A S Y A M, o BE L
FEPMEIG MH, 7% t TEERN R w, (), S jICE—TEr Ry S,
=P agmaot  RE-TMEERMTE. Bit, ﬁ(Z.jL’J)QJﬁﬁEﬁ“%%ﬁ"%ﬂﬂﬂﬁﬂﬂﬁ
BSE Hebb & Rk agde /. HEIAHATHEICILERE M WEREZERE, ENRFE N0,
AEREHE, XA R BARLICIE R A A A E o, IXFEIRMIE A KT, TRSERARME
FEHvpigd . B AR BIRNCZ RS B EE Y ( Eggermont, 1990 ),

Q3 A EFEREFI TR Y.

T
X

1
r - K -
M = L_j"IBYEa'”qu:I : = YXF (235)

_Xq,_
X B
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X = [x%,%,".X,] (2.36)
Y=I[3,%n. ">y, (2.37)
X B~ SR AT SRR m T ¢ PR, HEE Y BH AN
DB BB m 1T ¢ PUER; BRFREOIC IR .
A (2.35) 7 AR MR F AR
M, = M;, L+ Y.X], k=1,2,.q (2.38)
B 2-19 "aRiX T2 ANES A, HiE
EMME SRR A L(2.38), HEH
M,  RFICIZERW IR THE; EHE M,
RT|ICIZEMTEX x, {1y, FEOFE %
RS (E., beEat(2.38) H1(2.33) H K
HBIE, W/OTUEL, SR y.x] RRER
BEERE WM TE & M XEEX x,
FHEIZB K y, B A EIHE. 2-19 %R (2.38) WSS RERET

Bz

TR R — I B R R i B AR . GRAF i PR Ry F 42,
TRBXA N —A T, RAITEM 2R—DEEILIZRICIZERE, B3 5% (2.34)4
—HH ¢ TEIEER, AR TRXMERNET, BLER—XBER x, gl
) el B 7 A o

¥y = Mx. (2.39)

I

B (2.3 AR (2.39), 183

Yy = mefﬂ- = i(xfx-m (2.40)

ﬂ%,%ﬁ%3ﬁ¢M£g%~Aﬁ ,t%ﬁ%$%ﬁﬂ§jﬁﬂx%ﬂﬁgﬁmﬂuﬁ
H2.40) BB

y = ("x)y, + 2, (6%, (2.41)
k=i

AR x, &, -, x, BBV ER AR, B

E, = Zxﬂ =x'x, = 1, E =124 (2.42)
FH R H ‘Jm&drzﬁﬂﬁﬁ(%ﬁﬁﬁ)x Py iy 15 4 A
Y=Y +V, (2.43)
Hd
v, = i(xfx},)yk (2.44)

bow i

A2 43) AR —TCR M @R y, s BTLL, AT EEEE SRR y RIE 8"
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—— - —_— —_——

Ay, BTy, ROREERT, TREHLCENE x MEGAE FEETTEMENEEE
A, WA R v, BOERIZIBEMRE,

LM BEANHNRT, RIJTLH iR« M x, £ AQRZE S x M x, K
PRI LT 14 O MRl RS S R ARE, BTN

XX
o) = T T (2.45)
5 x| AU RS x BROLREIEH, 00 x, BAERIT R
Il = (%)% = £7 (2.46)

Wy, FERREER (2. 42) 68 ENESL N EE R AER. Rk, RO LR
(2.45)%E AR A

cos(x;.X,} = XX, (2.47)
FATA AT (2.44) PR S 0 B EFTE LA
v, = icns(x#,xj)yk (2.48)
A, BT CHE B £ X (BN, ATULEMEE X T EMEL), K4
cos{x,,x,) = 0, k = f (2.49)
Flftherm g v, 50, FEXHMENT, W yE Ty, . EXLBREBAEXES, DR
ro 1, k=7
X, X; = {0’ oy (2.50)

WMo, BB RAMN,

B, REXEMERLER(2.50), BABBICIZAEGIEARR B LK #1445
W, SEREAEEXMBEREEEE DR X —RAMBHER T BEETICICES M 14,
Frl—MERE AT R EM T E AT (D%, BR_IE, W r EXE—NIxm
HEAEMERIRE, B4 reminl(l, m). EFMXITRZT, IBIEBME mx m S0EE. Hf m £
WA RIS EIL, iCIZERE M B ER m BB, TR0 T BLE R
R Gl A AH SRR A BB OB P AN YT BE R L A A 23 1) R HE 3

FELPRAEE T, RITERSZHBREFEIHXRERTALTTHN, WREHN
BEAEN. WithR(2.34) RICIZE R R R OERE I E SRR TES 54
ik, BEER, iICANSERHD B BAR LR A A B 8 CBE . o T iHBH B
Bicizaix—gte, FE—TREERES

X X XK, X,
H— P HXIEERES

P oew | 1Y %2077 ¥,
K EREHRES SR EERAAEDE, BI115)AMNEE (community ) A8, FRATHE R
B x| T R EAPAEERAER x, A x, B s, TR, BEM ERH
KRS x,, | A5 (2.38) 3 B ICAZAE BB G | Yoo | FOEBAEIRIZ I 4 S B IDIZ 56
Pro RERT X | PR MERAR MR (ER BRI EE), 3T ix, | PHEH
RURIEE x, AR R RS2y y FE0(2.39) 8 . B —3 |
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X X = 7> Xk o j (2.51)
WFERy BER, IBAICIKLAREK A y BES 5., | PRS0 —EREE A HE,
RAiZESHAEERER
X, = X +V (2.52)
W, by ZEGYUAIE, ICIZBE RN ., FERERER y WA RREKX LR
FMNGRRIB X x My, ROLIETARL L — A8 XSRS 42 4
(animal logic), 50 2B A EH (Cooper, 1973 ).

2.12 BiEMN

FEPITH GBI BT, RIEHEAREAREIIEYIR—PRARLE, T
W EEF I T, £ 210 TTIHEREME ST S (R . BERERS) REIT58
#AEPER. ARBBARLEMYREE MR 2RISR AR, AR ST
HELEE BT B0 B B4 T R 25 (8] o S A st E] 5544 ( Gallistel , 1990) .

M E3F, HHERELT— 450 (B B SR R e (e 51k ), k4%
IR EBA IR LIRS T HTSE T, SR, W05 A Y LGE ™
SRFAENBREESGNGEI NGRS, —BUEER, R SEATER ol TR R
R RAGIHER, BRI HRETENIRE, ¥, ST RFIREXFHETRER
mis, PHZEREFAN ER L.

A, WEETEREAEHILY, HHFESENREGRNESNE T S8EE N A &4
AR, TEXMIFR T, M H WSS IR ENESN, B MBRA MR ER T
KIS TR BAE T . N TR ERE, FEWMEREE G LI —#SCnti
X, AEHRIERAGSHTH RN EREESH. NG E48 2248 E—DRER A
EHFHIME,. 52, GEMERENEIGHRANER, RERETLTS MM R T
A XFPEARE TR 4 % 5T (continuous leaming)BY % 83 X, % I (learning-on-the-fly)

KM B E R EMRRIADRERRE SN, TRETAKEAGE D (AR
MEAT ARSI . REEIINSERRHARIFERRNIN), B4 8 2
AT /ARG, &R, 59, B85, aBERENERTFESG4M, AN
3 P N me = "Pﬁgﬁiﬁmﬁfﬁaykin,lggﬁ;‘ﬁ’idmw and Stearns, 1985 ), {HE:
ARk B 15 R B 2R A R B R B R A

BEMFEP IR E UM SRS TN TE, RIOTDMEERAR S, MM
AR E BYFT RIS B T AT A S DR A SRR e 25, SRPLX — A [RERE -~
AR e L BT R E E RS, HaEE—T RS EIAY BN 4
e, Fian.

o FEHEF(TSNPLEITE 10 2 30 2R NT AN EEAFREM .

FEJLFP A A 1R R TR 8] () T SR R R A AR
FEIRHAR, Bordhit RSB T IA R TR,

LR FSEH W RBEES P, DRITTHETT SR EATE,

P EATT R AL R RO TRt B, BB A SR 605 T 3 7 35 45 1 22 (5 i 8] [

*
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e N E# D A E N LI BEMR . B0, XAFIL ] RS S R BT8R
X5 ST WECRY B AS L, FRTA A M AL FE
« Fith ABCHE PRt R R AR 1T, EHAT RABHA S R ORE R, UM R gx
P £
o A SERREEEREAN, ETRENBEEREA, FEEs— 0E A D H
ARBHIZIE, BHIFEFII

« FIRAEFRIEHE OB

o TEEZMEM | EE X,

Mg AR AR o 490 5 {0 R 2% 22 o0 4 48 D 259 2 2R R T g S (AT 254, AR
XA, MEMAEFER MM AEMNERASMET eSS g pEA R BN
TR HE M I B X A s AT AT, Al IR BT IR AR IR AR 7E - MR
SEAPTAMARTTR . RA SRR A e A S b RFRE

2.13 FIEENGITER

ABEWBRTRRITISE I WS T . X E N WEREE T - R TE A U £
B, AT RO RIA B '] w A, T2 N PR K% 7 (x) A1 H i 28 4% Br S8 iy SERR ™
REL Fix, w)ZRIMEZE, HPhEE x BARBAGY . XMEESTHFRFER

P o 2 L il o i 5 o] AR — A~y 2 0 R BT B Y 42 B S R GH AT R A A —.
“BIHH X B EERREN— AN E ., A&, EE—PEIAEEMH T, Eh
BEEF -HALETHHINE X IR A —THRM LT FNETIESE D #A. MEE X
LERAVAFREMAC AN E S X, KT E D B— M I E N Mk
B A M. RIRHRERNIE D ix L B PR & X v PSH, DIEA LY
FABEETARE D M- WA, XL i (e ) F s, T H

T = {(x,,d) ", (2.53)
RABNGEER, BHEXRINAFHE X f p ZBIFw mE R, B DIECATHE o $2 1 Al
( White, 1989a)
D=f(X)+¢ (2.54)
e, HA fCOVREASE RN — a2 R, «c B—1THVIHEERE, EET
FATH DA X ZEMKE LA LA, AXQ.5)FERPG I ERRA 0288, P
RAK 2-20aF . BFEIRE c--PE--THABEAN OO FEMAEMBRBIAE, FHLE
i, B 2-20a IR ELE T ARA HATER
1. #8550 (EAo 9280 x, HHER{RZ « B0 {E R, Bp
Elelx] =0 (2.55)
Had FE BECABERES. EARMRE R, RO MIR= R &K F(O)ELSEmMA
X=xHTERT BERET D&M, Enh
flx) = ELD | x] (2.56)
% —F X EHEBER (.55 AR (2.540) 3,
2. BBEIRE « HSHARE A XOEBDFMHEXHE; R
Elef(X)] =0 {(2.57)
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XAERSEEELNELHRE, CIRMERITESESHA XKW X T D WHEAHCH
EEHELIREAX)ZP . X2 5DASIEHNT
Eef(X)) = E[E[ef(X) I x]] = E[f(X)E[e | x}] = E[/(X)+0] =0

B 2-20a B EVE MBS FEUURE 19— 8 ik, ERBE®EHINE X FEmmn
WKHE R D, 8 2-20b X A YIRS E AR TS RE RN E S
H il SR AT Fom B2 50 REN SR AT T I ) — 8 B E R B w, R

Jo>w (2.58)

Lim Lt , ML RIS T — D RIE 2-20a YR IR B U Rl”, S f 28 P48 X A6 B x 1Y
SR b Fe A M EE LA

V = F{X,w) (2.59)
Hot O w) R M4 TEBAT S A - 5 B8, BTN N &EET, mmE
w il o B/ e R

.lf
[y . — i 2
E(w) = Izzl)(dl ~ F{x,,w)) (2.60)
a1 ¢ FC,w) F (T Ye—u
2 EHEE (W) b) W2 S EUE (MIBSY )

B 2-20 FEYLFREEE

w2, HAMFHEF 12 BRATHREEMEREROTES STREREES 3., B THA
R 172 LISk, U eRE0E(w) R BEBME N 4 A2 RYZR SE BRI 5 22 (1 7E 38 M S Bim & T
ERF L E. FRACOFN IR ERE T T R g, g a4, 14
TR 2 M AP E R AR BRI GAEAE i, WA R MR AR |-
Ta

2T By A ERTENMNGHATWHEATEF. AHEET L FRHZTHARNTE
fIIBYeREFE R x F d; (x, I RBRVGHEET FH— T, SHAME, SiHiHEE7
EVERIERILER XA D Ay R E, TEVYH—NT4H. BT ERE, ZHRMERN A&
L DR R s B s o

AR (2.58) H R RO #, BATAT LU iE R Fix, w) & F(x,T )3 0 H k&%
(2.60) BE BEMIER

E(w) = é

HAEIL(d - Fix, TN f(x), BMAEL2.54), BIOTER
d - F(x,7) = (d - f(x})) + (f{x) - Fx,T)) = e+ (J(x) - F(x,7))
BTEX(2.61)PRAMEERL, BRI, 17 LUFCH e (w) EM R ENTER

E(w) = %Eg[f] + —%Eg;[(f(x) - F(x, 7)) ] + Eg[e(f(x) - F(x,9))] (2.62)

E; (d - F(x,7))°] (2.61)
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i, A (2.62)FHMEFH—TUHEE - 'R RAA 0;
o HSTHT E- IR, KESL Q25 BYRE « HEHEE Ax) 2 XK,
o BHEIRE ¢ BTH 2-20a Y InHAE R, TEERE F(x, w)JE TE 2-20b M2 M 2%
2N
Many, R(2.62)4LH

Bw) = 4 B[]+ 2y [((x) = F(x,9))"] (2.63)

Q2.3 HME—TR NSRRI Z FITER BB (ISR RE « Wh &, X—W
&N ERE, BAEM Y TARMERE w, stR/DMEXT w BV EE (W)W S, el
Pz XA, BAMERUrAEE (W) R ENE RS E w B /MEENIE f(x) fE
PRE F(x, w)Z A SR FHTE FIEE. g2, X Fix, w)fF R ER N 4 6700038 A4
WU H SR E LR

L.(f(x), Fix,w)) = E; [{f{x) ~ F(x,9))*] (2.64)
S REFRAHNEER L, BAENE A Fx, wIERY £ BT LI 4 #1R
HGZERT RS rBCEE (Ceman et al. |, 1992).

wE/ A EEE

B2 (2. 56) ER, AT AR Fix, w)RIFHFESEHE LT

L.,(f(x),F(x,w)) = E;[(E[D|X = x] - F(x,9))*] (2.65)

X— B AWAT LLEEREE NGRS 2 FIHE R BIIEME f(x) = £ DX = x| FLEFE

PREL F(x,w)Z RIS R 20 M. R, £E5MN E[DI1X = x] X TFIISGEREERT X

—PHBINE, #ERIIEW

EIDIX=x]-Fx,7) = (E[DI1X=x|-E;, F(x,9)]) + (FE; [ F(x,9)] - F(x,9))

HPRMNEEm LM ETHE E; [ F(x,7) ] M 2BEFMAR2.61) TR (2.62) BR#E

BAAETRES, RN (2.65) HS NI Z A W&l 2.22) .

L.(Ax).F(x,9)) = B (w) + V(w) (2.66)

Hep B(w)F v{iw) & B LT
B(w) = E-[F(x,9) - E[DIX = x] (2.67)
Viw) = By (F(x,9) - E; _F(x,T)])*] (2.68)

ME, RATMEHMEEEEH:

1. I B(w) BB F{x, T)MFHEGFREER f(x) = K[ N X=x]HRE. X—
TH LR F BRI F(x, w) g I 28 [OOSR BB R R R W IH PR L A(x) = E[DIX=x]. ]
EH AT S WE B(w)BE i,

2. M V(W) BEEMIGHEST 2 LS EBIRE Fix, R F £, XPHEALS
EINGHEET EPRXEFEHARE A X)WERBEA TN, KIMEETEFZE viw) EER
itk £ BRI,

A 2-21 Tor HARMREFNEM RO R, DU THR 2 st 2R o 2 2 i L&
M, R TEREFMBIESE, BiIFE Fix,w) = F(x,T)RIBEF T ZHLMIRDAIT,
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f— fix)

3
- : i -8 (]
] 1 . ’
| PUX, ) N T
W, et - i _:__h‘_\*'.\\ =
,'.f : F{I* F)"_f"‘j
RE
x s

B 2-21  BBISKR I 5 A & MR IR

ANERE, RITENLLEZH F5S H LSRR KD RE e E Mg H, 3Kigh
REMRMEF K, A& Fa P wERg, D958 A0SR TR, RITAGEHRER
HIBERMERAFERE. FRREINFGE/ 4 L£B¥%, HEREARTHELKEIL M Ceman
elal..1992)., B/ AERBRERE, WRRNBEAHMONIIARE, XEEMFEIFHR
AN HB AR AR, AFE s, RINSARIEENBZEITTFARREELEN. 6
i, EERGLEMERT. A FTARABYZFTRERAHE LEN", IFHERFIRIEHE
R RAEBR Rz g ER, REA KKESAFIRE, —BEMN, WA EMTE
BIR TR E . ARl BAREY - SRR Ak B2 R BB, XA P a5
HHE A A AT ROVERE. e, ZYTRLAR By R IR B AT LA AN T A A o 2O B
SRR AT i A RB BT (DR FERME, HrPRE KL 2 h W — T REA . Y
A (2) 45 W4 Fr g 22000 BL By 38 Bl (ocal receptive field), B Z BB RFIEER
[l K5 H B R R BOBIRAE (TeCun et al., 1990a )., DOMSMIZR IR IHRIERTE 1.7 WA ARG e .

2.14 Srit¥SIEig

X —WE, BATES R E T 2k e 2 RE G TR, AT
B9 1 BOS R AT 45 ] 4 22 K28 A HET B8 BYARAR (A1 ﬁlﬁ&”’*’%’%%‘?ﬁﬁg

WoBtEe STES AL AL R A EBEMER S, i ¥
2R, M AT I (Vapnik, 1992, | msa
1998) ; 2

| Sk, FEEWAKN, BUEFEx, T4 T B
— [ R R B ER (R ) A @ |

2. #M. BT A R ARG AR A ) B s
B EGN 4, HREEASBEMES NG
oA E Fo(xid), ©ERBEEHEATN. BHEwH i~
R d AR x 695K 3 .

d = j(x,v) (2.69) _'ﬁ[ “l — F, w)=d

Horp o RMGHIR, RAHITEHEREY". . ”

3. RFMB(F k), FIANFHEMEE)EEK
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B O-HEA - WA, R A

y = F(x,w) (2.70)
Hoip y RS HLAEATIA x BUSCRRIE R, w it -~k B S5 ME) T WK E & 38
(RL1H) .

(2.69) M1 (2.70) & H 17 SREFE IS o

W e ) A B S VL B IR AL Bl S BB A B EE WA . B4 0 BT F (x, w) Y, X
B AL R VAT B LE L, XA SR TIEA (2.53) Pk v T3k
Bl oA 60 Cad VN GEED, NAORTEESWT

T = 1(x,,d )Y,
BRI EI VLR G BRI R Fop(x, )T P, BEM TR
W—F, Foo(x,d)FIERMEBERNE, WEPIWEf7HERETXE— 8. gk
Fi(x, d) I REFESREAEEXWE LA BRI EREaY = I Plas? X34 n AR —T
7R T Vapnik and Chervonenkis (1971 A KN TR . 5502, RiITELKEEES
AR A —NEEA RIS, XWEIRBEERY (W EGTEDER » =
F(x,w),

A Lid, Fix,w) ) EEWW TR AME x WEITEm LN 4 F B 52 PL88 55 7 A 1R by
Fix,wZRMREEEF. —TFBEHMHE L4, F{x, w)EXBR- AL BH, B8
XK d = fX)HBE F(x,w)ZHERKES, BrAa”

L{d,F(x,w)) = (d - F({x,w))’ (2.71)
R(2.6OMEEFITEX L(d, F(x,w)) AR - T R, HRSERERFEN(x,d)Z
iTHE.

RGBS K SCHR AR A T R . X BB 7 B EE
— R AR TR RS L(d, Fx, w) )RIER, ZEAWEERIPERE TS EER
15 5% PR S .

5 5 R BN R i AR 2

R{w) = [L(d,ff’(x,w))de_n(x,d) (2.72)

ol

EX, HPESREEEFNT (x, HWFFR A EEATHNEZERS . KBTI EnRTSRME
BIEEE Fx,w),weW |z FRIAEEIZ A R(w) ., AWM, XREZE R(wRRERE &
B, FEABESBEROHER Fr,o(x, d)BERERMA. EWEBEId, Mk RS E
BOEEIINGEEET ., AT RREX % R, RITRASB R B39y 7R
(Vapnik, 1982 ), X—BRN 2 &KH T EEHEET W oA, XESEIRTES THAME
iR

—EEEEX

FEREEHCZ AT, HRITEE FE BN E— g S e R e e L,
R HEBYIEEFe,, 0, ay  BRIEE §>0, MFEXHE

Pllay-—ag,1>8) >0 HNo>ow (2.73)
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B, BER X - - FEHL A P T o B S A BB LS o

ERRATHRR FRD swp ARETSHIRER SN BTN E U RN R/NMRE «,
HTAE yEed, A xzv. MIREAXHHORETE, RIMNBESESAN LRR e, X
i, ENGAHTIHN, Hinfd &R, #EXLMIHENEIGE x, T4 yEdh v
vo MIRZEAITEATIA, RITEEZELGAH FHASR - ».

SRR MEE HEMERAT =1 (x,,d )Y, ffzﬁmﬁﬁz@mﬁ%@ﬁ L{d,, F(x,
w)E S A

o (W) = = Ef(d F(x,,w)) (2.74)

Pe—5H AEE L(d,ﬁ‘(x,w))ﬁﬁﬁﬁ'&% L(d, F{x,w) ) WA 54 d 5 & W
B Fy (X, )EXL. W) AX—RBESHNEEESFE, #8

W(e) = {wi[L(d. Fxw) » o (2.75)

Hfte€C{-—w,+ o), FEBREITREAR(ERL) —88, NMBMIZFEW (D, F
IR (A SR AL B 5

0E Ry (W) S Jnf R(w), T (2.76)
BT L, BAOITLISEE TS Vapnik WETHES B,

gl g R AL A

Z e N UE R A SRR A (2. M) EXNERKRIZ R R, (W), X—
HHIZ RS Q2. T2 AREZ AN AR Z L ETH M HEF A,
1. BB AR AT 7117 BREX Fxp(x,d) .

2. Pt b, EHERIRUERE w B/ME.
wip T F (X, W JRARAMEA (2.7 T RIS R IZ R R, (w) FIBUE R B R BY

M5 . ?ﬁ.fuﬁﬁ Fw, B F(x,w, )2 REMEI (2. 72) PR SRR B 17 v R {w) (AU 1R & F1
ARG, w  Alw, R THAREAZHY, BITAELTHEHEBESH R(w,) M R
(wo, ) B ZBEE R, OGS F(x,w,, ) SEEBG Fix,w, )RR,

ME-FEw=w", KEZHR R(w JHE TN FEXFIREYLEEECF L,

Zo = L{d,F(x,w*)) (2.7

X, ERREIZE R, (v ) EENEE 7, MER(FERA) 54, HEMRKENTER
BZ WX #EHE, E—REET, RIOTRAYIGHEAT L5 K, MWL E Z, 4%
BRI T EMEE, X—FSHERZRRRIZR R, (w)XINBHMEBZ R R (w) 14
THEIER., AW, LREAAT z2, MNEBRHERSTEMHEN, #RERBEEE/ ML
240 R TZ oA R, (WRIBLE R & w, MRS B/MEREBIZE R(W).

FATRT AR TR T ik4T, RUARIIN T AW EA X —FE., WRELKEEZ R R, (w)
Row LK —1EH e —BOLBRFEHARIZE R(w), A R, (w)BIB/NMEY R(w) K8/ ME
MR A 2, WBA L, XBERERNTLAFEIN — R S E B we W
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—_—— e — —_ — — —_ —_— —— — o e e e e e e e —— ——— — . — ., — — — . —— o — — —

e> 0, BEHL AR
Plsup | R{w) - R (w}i>¢e)-~0 BN > {2.78)

WL Vapnik, 1982 ). HH§EK(2.78)6F, HATH AL FH R eei LS E wBRZ M
W B, FirH, WURIHEMIESRE ¢, RITHERK o> 0 BH3E A% R

P(E-lip] R(w) - R,(W)I>¢) <a (2.79)
Wa, EREUOTHAE BN
P(R(w. ) - R(w,} > 2) <u {2,80)

MEZ, MRFHQCIDEL, MAELLUES 1 - o, B/MEERREZ R R, (w) B #F
F(x w8 SRR R(w.p ) S HIE R AME T REEBR KU R{w, )R 2 A 2885 2e.
WL, HH(Q2.79)BWREWT HEPRER LR 1 - o FATE B 2 (Vapnik, 1982 ).
Rlw,,) - R..(w.) <¢ (2.81)
Rop(W,) ~ R(W,) < ¢ (2.82)
AR E NS BIE LT L RS Fee i AR RTE w=w,, Fl w=w, 82258, 4k, mF
W Tl W, 23BN R (W) R ROWEIR/N S, FRE

RepWoo) = R p(w,) (2.83)
Bt ATFEIN(2.81) FI(2.82) b, SKISEH(2.83), R UESA S
Riw,,) - R(w,) < % (2.84)

M, ATAERQSDFR.B2)IFLUBEEN - BAHE, FFUARSA(2.84)th—#,
BATE R L E IR AR A,
Riw, )} -~ R(w,} > X
IR o B3r, XEXF(2.80) WER .
BAE, WATAT VAN 22 % R & 10 8 B =4S4 5B R D34 — 198 1 8 Bk

( Vapnik, 1982, 1998) :
1 AU IZE R(w), MIBZERRUSIZ o

Ruy(W) = = DVL(d,, F(x,, W)

ERT R AR AR NS, d), i=1,2,, N

2. A W HRLEAUAZE W _FR/MEB T RIS BB . 4 QB2 KRS

B R, (W) — O F BRI R(w,,), YUISHERGRE N B TESK, R (W)
KR APILR A R(w), wEWBR/NTTEEE.,

3. 1

P(SgJBLR(W)—Rm(w)i}e)—*U N> @

B X BR8P B MU R - - B R E &

AT E-FERFEWE A RERE, RIOTANIMT . £33 0088 BT,
GBI B S A REAT, BEE IS AT, SNSRI (x, )L AR
AREE TR A F{x, WM REMERM 7. MNSERENEE VB, MASHRELE
Himk, LRMEIZE R, (w) BN OB RN BN RUEHZ BB R(w) BB

[93]
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VC %

2e8G BT R R, (w) BISEBRURHZ fR R (w) iy — SO s i SIS RS WY, 2
{3 TFHFR A Vapnik-Chervonenkis # (B vC )W EESEH, HERENTEZENEIM A
Vapnik 1 Chervonenkis.. VC ZERXT i 2 AT WL 88 LAY 4 2 el B0k 0 A F ol A 7 4R 1 i e .

HTUEG TR A XM Ve HEaEs, R EEAERAE, v
WTHE d€ 10,11, FATERIARE = 5 (dichotomy) 5 {H 40 2 REEH LN, SFRAH

s WA A, A

F = [Fx,w):w& W, F:R"W — {0,1}; (2.85)
SELFRIRFAT BN m- EFEXPR N DENEES, B
P o ix €E%Xi=1,2,, N (2.86)
— ML S LA T B BRI FESL, #E,, ERRITH
0,% x € X,
Fix,w) = [l,iﬂLKEEl (2.87)

LA FETREEEINSBLANARA 2B E, A (DBRFERR I =1HEE
Ag (LI BAME, HPILIBLHTENER, RITHSEF >4, WE A (£)=2""", AW
RLHTA B A RT R RREBET . BRI A (D RBK AR,
$2.1 B2-BERTEF4I TN, %, .
x, Ml x, B— " HmASEY, BPEERE
REL F, F1F, R R B R T IE#RR R =l I :
(E3%) 0 71 1, M 2-23 o, J&fl )5 H %K F, ( RN
B4 N e
D, = 19, = 1x,%.% % = Ix!| h 4 Sl
B—hm, M F RH 0 —— - e .
Z = {Efu = 1X,%!,% = ?:Kaﬂx-tH | u .
WTaE 4 MAMESS, BV =4, A
A; (%) =2 =16

i 9 A " T
B 2-23 i/ 2-1 mETE

.

FEj2(2.85) BB 4 RS B R (2.86) PN B L BT A K — i ig, HATHRE
AL T Y VC 240 T ( Vapnik and Chervonenkis, 1971 ; Keams and Vazirani, 1994 ; Vidyasagar,
199?;Vapnik,1998):

SR EATH VO RAZEF TSR BRRESLH R

=Y F VC E(BE VCdim(F))RIE Ay (N) =2" MEA N, HEBRBKER, 77
HARBE F(x,w): weW|H VC 4R BB TR R A BRI, RFEINT

AR B A ATRE N s iR LR IR
$2.2 HESARRE m g5 AR METEAEHN, EH
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F:y = plw'x + b) (2.88) [95]
Wk, Hbhxg D EREDR, s ERE. BERE ¢ 2—THERE, W
I, v =0

p{v) = {0, 0
(2. 88) P RIFIE MU @ VC SRS T .

Vidim(F) = m + ] (2.89)
S TR —E, ZEE 2-24 DL T HEmAZE(H m=2)ER. R 2-24a
ch RfiIA x, % Hx, S0 8, AR INEARSHAEARICEEER 2-24ad, APRA]
RAGERNRE - SAMEESBX LS, GE2-4b P, ENEAX, x, x Ax., Ax
Al x, MAT R 0, & x #x dRI0H 1. TRX—K, RIOEIEx M x, FiEHA—-RELSS
x, fl x, FAFEFR. A Q8N EFHRS m=2 BN K vC RN R 3, XREX
(2.89)FHFF .

2.2 2.2 H— PR RAR AT

$2.3 FAVCERERSR(ERDERENSER, RIMNBFUEBHEFEFREAH
SR LS LSE R VOB, THE R E HBRNEI NS SH K8 Ve i, RA]
BFER— P X — R R
FEOH - PESEMETRRHE, XMW
f(x,a) = sgn(sin(ax)), a € R
H s RFERR. BRRITERTER vV, FEMWZRBBR I N A X
— R
x, = 107, i =1,2,-,N
ik BB f(, a) IR R TR SR B 5
d,dy,rdy,  di € 1= 1,1 [96 |

FrsERImdE, RITRIEL
(1 - d,)m")

g = ‘.'1'(1 + ZH: D)
SRS o REB T, IHRNBHEE, FEE-AhB3H BIF5 R R f(x,a) Y
VO #ER LS .
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VC R EEMER K&

VCHE— TS5/ SMERT XA NMNEEM RS, TAGHTFINEPILESE—
TRLHAE, XEEFHRATTEENE TS HEE, ARITHREE, VCANEEE
i, MHESHLUL, A VAR TF - BREFRNEANREIE L THRIEM ve 4, R,
X VC MG HEEE LR,

A—AERT, VCHRBZMENEdSoE. AMERSHREERHRT, BEE
AT TEIFE VC 8., BRI, HERMSH VCEMREERREAME, X, F
R AT Rk E s,

1, SN FHARETHRGEE T EE, BIE(Heaviside) 3 % & 3 34
l, v=0

wlo) = {0, y <0
Nag VO HEA O(W log W), Hb W E WM&V & & 43069 540,

PR IFT T Cover(1968) F! Baum and Haussler( 1989),

2. ANETFT—ANB BAT M4, Fib 2501 B — A sigmoid 35 B &

1
ip(v) ~ 1+ exp( — 155

NeG VO 4 O(W), £+ W AR T AN 54,

X ZARERIATNT Koiran and Sontag(1996) ., A 115 HiX — 4510 BB i B im0 i & B2k
METL(— KRR, HRAERRERERFOMNMNBEATEIL T W 8 ve . XEFT
YL AWRRESE, HAREH 2.2 PEHINIE—TERERENELT w8 VCZE, i
RIBL—THR—NAUREREMEE —PELT Wlg WK Ve 2. #E, @k THe
LSRR BIKT sigmoid MHEZRIEE KA LG, H—, HGMEME BBl Eg A%
MAUEEY signoid AMAETTHM. F, KWMEwh BA/NEMIER sigmoid 12 TTH M.,

EETEENEE G-, ZREATRMYRE AR VO 4,

FIBETBENRINEHERSHR

FTEHTRIXE, RINREAZE_EEA TN EEFILRAE RN, RS R08EN
WX dC 10,11, HRARA R RF T ETREME.

D, E F(K,W) = d
L(d, F(x,w)) = {1, i (2.90)
ERHARIET , A HIEER(2.72) F1(2.70) 5 BRI 0 R (w) RN R, (w18

BIan TR
« XRHZ & R(WIES ERRGBERHREE), RRHF Plw),
¢ BRNEZ R R, (W) B %HEE EHISGRBREEFREERR), XRH v(w).
B, MWK LALA(Cray & Davisson, 1986 ), —TFHRENERIVENL T —FRATF
A — SRR, HESR(RERMSIF AW EBTES K. X Biienf
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T, X —EE B YHEAUE R B ow, A TI%E, UURIHMEMREE >0, F@E
GRS
PO Piw) - v(w) | >e)—0 NN o (2.91)
He o N ZIggEWAb, B, BEE, KMEQONHRNERER/ MLINEIESE L (w)i)
SIS (B -5 E R M E wHB SR/AMEFZRIREHER P(w), 4T -TEERIK
RRCR v BYIRERER, v(w)5 P(w) SRR — N EHB W&, BHE N S8
{147 & > O FRAYSZ ( Vapnik, 1982 )
P(Hlip | P{w) — v(w) | > &) =0 BN » (2.92)
FEXFPREN T, RO E I 43R 290 F 2] v(w) = POw) B3 — B8,
VC HERYME S0 — SOl R BB T — 1R, &5, 3 F VO 48R h By mfisE,
b 1T B A 3 7 Vapnik L 1982, 1998) .

P(Eﬂpi Plw) - viw)I>eg) « [Z%N)hexp(- e N) (2.93)

Kb N RUISREEAKKD, ¢ RAAMEEIR. BT HRE—FURSHRINIFTAALEL(2.93)
R T R N TS, HF exp( - NTEX—HHEEFEN, BAHECHEE N ETN
TRBCFFE, FFHRET (2eN/h)" NERRBIEF = | Flx, whiwEW BB ER A (1)
Iz hz BB R, XA Saver 5122188, HEX—REALHK AR, HLQHWE VAT
HHGFRMETHF; QR VCHE r BEHRE, X —-BREGIBE. $52, 4RO vedk2
22 06 RS B/ ME R B — B B R b B A0, IR AS XA & RAES, £mM—
AICEFRH AR TENAER VC 4, BRVSEHAR-~ER..
2 o RARFH
sup | Pw) - v(w) ize

HEMBFE, o, DBRE 1o BRITILAENHENERE wCW, TEHEASSEREY

Plw) <« v(w) +¢ (2.94)
{E A (2.93) PHEAR A RIER o« FE X, FiTAILLE
o = (;?)hexp{a N) (2.95)

(N A, QTR (2,95 BRI, ik, RITRESEH T K EZEL 1 (Vapnik,
1992} .

& (N, h.a) wf"%[mg(f“g]; 1]:%.:@1 (2.96)

RATFR o (N B, ) AEAFE R, HERRTIINGEARNK D N UK VC 5 h MR 4,

(293P e = (N, A, ) HRP AR EN P(w) =172 T3R8, HAFEHRI;

RN P(w) A, TR B RMERAE . T/ P(w), BMEENTBYRR
F2(2.93) 7] 3K93 EAH AR A (Vapnik, 1982, 1998)
Plw) — v NP g

P [SEPL_(«/_)P(E)M > E) < (27&) EKP[- "‘f) (2.97)

G, WA 2.97FPHSEFHNRNEER, RETHAFSSHH MR ES,

Al ENEE —TMUMAER. NQ.97)HES, HESR | o, FHHRINYTHE wCWE

o8
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( Vapnik, 1992, 1998 )
Plw) = viw) + (N, h,a,v) (2.98)
Hi e (N, h,ov e T ERERKE, E2BEN-TEEKE (N, o) BEXH, @WT

{(BH > 2.25);

. 2¢ nr / P(W)
e (N, h,a,v} = Zeﬂ(!'\r.h,u)(l +\/1 + Eﬁ(ﬁa’,h*a)) (2.99)
B BB FUERRZE o(w) . T ovlw) =0, BIHRFRER
g, (N, h,a,0) = 4€§(N,h,a) (2.100)

RITRAT LB —T E £ —BulBud A S H s AL
L. —BUER &, RINEGUOT —BUEHEERF-

Plw) = viw) + ¢ {N,h,a,v)
Heb e (N, ko, ) IIR(2.99)FHE Lo
2, MFRGET 0 /DTN IR E viw), RITE

P(w) < v(w) + 4 (N, h,a)
AR EEN P RE IR T — M AT R
3. MFHEET 1 FIRNGRE o(w), BRITER

Plw) < v(w) + (N, h,a)

R AR RN

Wik £ R BARE - BHAREMEI VLA A VIS I B AT R IRRU M, M, Sk
2 S SMULEGFUETRE LA RNt iR M. X BEEDSEIER
SV GE IR B SRR RN . SRTARERZEFHERY vop (W H v (W), BE
Vi W) SBTE/DTRETHM v(w)§R; SBREBNER »(w)kBkFERE. & R 5K E
BRI F(x,w)hwCWIXTRATHESN VC 4. 4, KEAT-BURSGRERAE, 147
AL IABERE - o, M T GEAEL BN > A U ERN TSNS LXERF(x, w) .5
RiRZE v, (W) ELRIER /D, SRR E X RERAR (M EE)
KB EE I A Vapnik, 1992, 1998)

Voot W} = v (W) 4 (N, R,o,vy) TV S~

(2.101)
HPEERT ¢ (N, b, e, v ) EEAR(2.9)  BRE
EX . W FEEHENINEEE N, iR
EHERFED VC A b 005 N 8 38 W,
mEfEX R EE R, Fik, e RE Rz

REXN

Wbt £

{‘Bﬁ%%ﬂgiﬂiﬁfh{ﬁa E%ﬁﬁh:ﬂ? 2-25 I:P 0 YO, h
DEEBENAFRNBAER. X3 RNEZ

HI, PlEsEwTilHa PrBEERNT, “ ® < @
EXANMBEXELE, BFEIMEBE2ETEH B2-25 YR, BEXREH

(overdetermined ) . #Eif B/, 3 [A)HEE B 2 R e R R
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KER, WHANGREENTINHEREL LK T
FTUL. e B2 B ok iR SR L (BN B B 5 T B IR 8 Il 88508 rYR 2
BOLHHITAD ., 2 WA & D F F B A0 VC R — DM H AR R R it —p
PR VAR R IR A AR (Vapnik, 1992, 1998 ). FikM, FEEXSEHFNES I Fix, w);
we W, HE L n YL ELSH
F, = (F(x,w);w& W, k=1,2,.n (2.102)}

WISRATH (B EHE 2-25)

FcF c...cF (2.103)
RS cBR“UET, iy, SMEXSBBH VeREFL RN
hi < hy g hy (2.104)

XERE R MMIN KR VCERARM, Aril, SRR/ MU EIT T

o MEMEADES, MUERRE(BYI%IRE).

- BEAARMEUERB RN TAR8F " X—HHIEREML SR NGRS

CEIRF VISR BRI U R BT ) A0 B 5 X 1] BN T sR O B et ) & R A R IO

AT Hip R AR B — MR Ay, (IR BELAVIGAR 2 /) il B 0 A A4 ke 8 B Ve
2 B FEAIK o

A1 RE R MOFRIBELA B R 585280, B, BATH DUEE S R E T B0k
BAEVCH ho F9AE, RIMHMEZERNZEMRNENSE, BRE— M RER W
PR FHAT AN, SHRERMUENRE, X—pEPRIFHMEREITERE
B/ —A

VC 48R (RS UG /MU IR I (9 B, ) Bt B — 1 Bk S0 Rl BB A2 {01 IE 78 ( PAC) KO IR
Fim KHE I EREEL. T WHEE —MER, LIHORES R A B4 392 ) MM R s 11
77 B G — 84

2.15 TFIEEILUERBIE SR

T §€,3L 120 iE# { probably approximately correct, PAC )RIZE H B EVTHT Valiant(1984) . 44 B,
PAC B T {A R RET T A2 ST A AT ST TR gE . e b W S B AL,

IR TEEAT . —TMERHRESRHRAIBES (concept), TR TENESHIBRAL
(concept class)o — T HEHI# (example) 2HH —THIRE RS b 0 — 3 R (object) , 4
REZEFEBEH—TRR, RINFEZ A EH (positive example ) ; HIR IR R R SH—
R, BATERZ 8 E A (negative example) . IRHELHIFTEFRIE B fcdt 4, W T —BHFES
c, RITFELE N N g EdesFs, B

T = Hx,,e(x )Y, (2.105)

o, HPaaREENG. Bix,x,, - xy SREFEDEEE KA B A IFEX
FREHUREL D R, X0 FE N T FESEEE.

o FARBLE o(x ) BMEMZEEN 0, BB —ES, WH o(x HETRFRAK,

o XEPLEE BOAN BT E, XESRE (TR (LR x, T x ) B SR

B RS T 1% B BEREERBNH,

101
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—_— — —

ERNTNRATH F P, FHEXTLERTHAEMSHBAZE, HEMESERT
o £45 (R 2 BE i R

MABX RS ENBENEGHERSZEE, B, B RnfEsfus v A7,
“FhE BTSSR, XBESPME TR RS E R - T EHEEH—TRAER.
MR I MR, RITA S~ S, — P EINSREMAE—TRmEE, B
R BT BRI — T HRRE RS BN, PLZETTREBIR RS F /- A7, AR BTE, H
AHIRICE R ITF RE B S) ME SRR TRAY, RIESHUESTHASTES
lHf, TEFEFE X, BE 7S [ F0E 5 A9 SOnT s )5 2R 80— 9 T8 Al el 580 A Cx) A
Bl e ¥ F{x, w) L,

WA, BERIAG ~THEME c(x0e€, EHEEOE 1. #ITHFEH - THARYE
KFEZRX—HBUE, ETHEMERHA(2.105)E XHBEETIINEG. 4 ¢(x)CYERGEXF
VIERIR B EA - S0 D BT B, SRR T —RIEERIE
g HFBE c(OABEE. WF g(x)=c(x), HRAFIREEE, FHIRENRAER
T A~ R ECR FR ] R B Bt R 2 3 X el g, SRR EREE XL R

Ven = P(X € & g(X) 2 ¢{x)) (2.106)
RN HEE S GO E S TAERERNDN—F. PACFINHIRRERE v AYE
MY AT REMESERINGHERTR N N . $54, PEIEEEETR M E
2o

« RELSHC(0,1]. XITEBHEEEBRR ¢ X)WERFRES c(x)H—TRFELF

B R iF iR 2=
« ERSE3C(0,1]. XBNSHERWE—T R IFEEREEY:,
B AT BT LAKS PAC > BERIEVE A 2-26 A BB %
2 ARRE &2
FEHFE R TRITIET DS PAC 2 B4 L i I A 1

Brik &0 T ( Valiant, 1984; Kearns and Vazirani, 1994; [(x,, Y T

Vidyasagar, 1997 ) . o — g
SERTEE EH— AL, RITHEELRLE
PAC MK, WMRFE—THELAEFINTHR: i B12-26  PAC S RAHHER

THE - TEHEEE cc¥, MELHBMEEI M, UEMHAN0<e<12F0<8<1/2, W
RAZL AN ELRBENSAFIRET = Hx, e DL VRS c 05, A AEELESLE
-8 —MRE vow <e FRIR g X TR REHMMEST PERBUBEHUE AL R 0]
BEAAE T BHEL PR AR TIRR . BN N UK T « 71 8 M— 1 R%L,

ez, RENGHEATHID N BB, AHENGCARNBESE Hgg2Z 5,
RAEERNTE O, BB TENSA -REREE ECERMN", 8, RRGEAT S
RIS, FIEEE N H A —E R T S c SiEX M EARER S,

TERE 2
£ PAC = EEA, XHCPbrE LR R R A A £ e ., X — A4
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AETHRERESFARESPEIMNERREEBHRG 2BHFERFET — T ARy
IEFERIR R TS o0 B VIRET M R/NWIZER?

FAERMRES VOB YEE. SR, SRS iTieiX a2z Hl, |AIFEE L~
THESERE L, 27 = [(x,,d) 1L HIEHENE, bS8 x ¥, 81 4.€(0,1),
& o WESEEZ EWBIEE. A, DME « BEIISET REe (RETHL, BT R
5 e MEN), WRMIF l<ic N IR c(x,) = d, (Keams and Vazarini, 1994 ), FER
PACM M, REAR PR RETRAHA - W AR, TRMEN VC
“e. TENERML 0, FRATHE IR — D EEL L (Blumer et al., 1989; Anthony and
Biggs, 1992 ; Vidyasagar, 1997 ) .

FERELAATRVCHE ht B398 ME,
o M TEANMNEMBHMETITERZ PACE I Kk,
« BAEFHK, A TFETIENEE, KA

N - f—-(hmg(%% og 1)) (2.107)
MG ERRGe, AP HiRELHF O A FEAH,

X TR EHERATER; VA TRES I IR EE R 2 500% 9B
FA T4 R E IR ER RSN . R 2510 0SB — A 0 1 N 22 R 48 BT 4T SOk
FRATEMTERH TR, BET VCERNRGARIEMMERSHABER LS, BRTRA
RIZSRUS, B EXFAAE, WA RBRMRI O WS A £ L6,
R ANA IR, HHESEER T RITE T E 2,

B

FEPACFEIW, FEFHEXITWMS -MIEETBEERERNE, X --MEBREIE
HERTE AN, EWTs, L AN RS EREGARAN N B EIRERER R,
W BRI Ze 22 B4R (2 A HLER ) Br R MBI L T 80 A TRTIE)

AsLEE S, REMETHE GRKBI T AR EBHTHERE . HE, NEtHaE
B, AMERBIAMOB T B RE NI EKE L, BTXABMN, BIFNMUEH
B E 2R T AT B RTR HERE (N . SRR W BT E

TR BT B R RERE, FAVBAGE ERERESIC /D m( BRGEY4R 803 22 B 48 1Y
WA ZBCN) VALY, b VM ERREIXFEHE FETE FRERN, mirefEng i
MFR—BEEBE r=17 0(m). EXFERT, RB{TETEER m T KN, B
EEWHRA—T ANk, B— P BWARBEERITHEITFETEATR S
53 017 { Anthony and Biggs, 1992)

wEEEHA—BERERESE .. BATEREFAERMENERE Y2 - REETREERY,
TEEHE I BRI EE R R TERAERE « fil284k. HM L, RATHHE 2 « B/ hot
Bt e S IS ST ERME, TR H L5 B kB 7= 4 — N 0] G2 U E #8355 4 BT {E 14
BfALREIN - Rfr. AT HEHEEEMN, EHMNARTRBITHEN /e BT,

RxX e B R G —&, BT LI T8 5 5045 BT 8 2 4L # B4 (Anthony and
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Biggs, 1992)

AR EATIRERAK e, A mAENEES RN LI EH Y, R EH
EAARE AL TN SARY, FEMTFPACE IR EALS AN NG, )2 A F mfe!
K e,

2.16 /N&EFIFR

AT, BT EMKNAEITE T 5% NN 25 mEE 0 —HE %R #,
XEE—K, WAL BRTHIPIREABI FTEM. A MESIRN, BHE£ - $ 25T
AFiLiedsF 3 | Hebb 37, #4537 H Boltzmann 5 3, WS THER, X
P —e T E R, BT S R e N TR AT BE o AR
b HEEE A L £ (10 i i aE AR AT B

TR Fa e, —PEEMNSFS L EIE, EHRBERE - B IF% T bR/ Rt
NP EE S R BER R AV IR, B0 1R Boltzmann 2 BEEERERI4E (1 H 2T 8B A TS B AT
“RHECRIFAE, XS R MR S SRR R, AN A TR g R e
BIE(TEZZ AR ) B 6 WU B2 BB, WASA BRI SBIT A
No AR, IEWF 3BHE 7 BHBERNIE, BE¥ICELW v T EEATHARLZ it
HAE S — A AR A .

FHEL, BB (TIEE )22 HM (LLED Hebb 223 Msm $r% 5 ) B2 MK 4 P2t gy B
KH), AR, ATEARITBHNEIREE, HEESE Shannon F4Z LA LIEEHE
B, X BRIV IEF| Linsker( 1988a, b) A9 & X 5. 4% & ( maximum mutual information , Infomax ) /&
R, WFEEERGEEHREBEEIRE, U AMEW L MR B MLT REEEL T 3
NAEF-B o Infomax [ER] R HALIER 10 EiTie,

UISR AR Bk A ik B3 3 B (Edelman, 1987; Reeke et al. L1990), X5 5 e plistie
BRATE2N ., BEEFLE RGN FHERE—NRE HNEYEELN, EEFELEY
TR EYRA R R G RP U B 5 AUAZ. 0 (Edelman, 1973) . 3578 SC3E 4545 3 B B 3L 44 45 H ok
#HP., EWMARE, B MEIWEGBHPRMNEREU M SHEL PR G R AN
AREFETAIEIE. BRI, MERSEMNERBEATTRENMMME T, MEAWERE
BT REE . M — MBS 0 SRR T M8 T A 2 fd B A i A8 T AR 4k
HEETLR Y RS MG EE ML PR R IRF R OFHS ., —HWERAR L84 %
# (repertoire) o — 154 RERLH FHELEA KAREVIME R WX EEB AL OELH RITFW
MalE o — P~ BREE & H4F 22 B A 1300 AR, AT BRAIE T X ] BB 1R 5 2 (H 38 P R0
AR E Efe i, AR EEYE ) STEMERIZZ W i ohE 5 0 B Ry S B R R 2 4b7E
TERET TRE TR, 3 H HAFAAT By 497 R4 A Il ghat #2 ok 5 .

RIS ZIRGE TSR B AR FR RS BT, VCER 2R IRt
HBWANZ OB EXEH X &/ NMEFA2E S fnT 88 BLUE 8 (PAC) BRI E A,
VCHERAEILS 6 BITie g /e EVEAB LA . TEE 758, BITiTH—2%
HT HE4S ( boosting) B ZE 17 22 ( committee} H,, HIIEHR T PAC 25,

SEMMMEEBR T WL, SABEFHMFESEH &3k F A2 b TR Mta T
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F 2 N R ETE R A
TS E LK

[1]

(2]

[3]

“%%"(ﬂlguriﬂlm) — a2 MO R 8= % Mohammed al-Kowdrisimi BB ke, B4 FTE9
A FHAARRRTHTHE 8. 8. . sl @8l, s Al
L) L BE B IR T Algorismus, Algorithm Bt 22X #2474 HOR 1 ( Harel , 1987 ,

KE A E T RIEAHMN, B2F Dasaathy( 19D WG TS, XA LS I Fix and
Hodges{ 1951) F7F RIPE TR A Bif £ HC TR P 2 AMF L EE I HE,

& T Hebb ZEAME M, QT EFR, %5 Brown et al. (1990) B Frégnac Ml Schulz
(1994) . FHMAIZRIBRA K v 2% Constamine-Paton et al. { 1990)

KR B ii—Hebb RAtHI LB FIF R

Hebb( 1949) Jy R 142 1 & S b icACOLw vk, AR M 42— a2 b £ 5 fth iy
LA RIB LIS IR 2. 1973 F, Bliss 1l Lomo B R LEHR I eGP B2 0%
B R HEIBGE SRR IUT B —8 3o T A S5 R B 3508 1 5 v v
My, FEEHERTIRIEMA R, S50 1S P8 R T B BT i AR SRR R
ol Lo T S gy M i N 2. 10 S AT 82800 3 o o B 1 DY, e i) R TR R R 4R
IRERBE . IO A R RGBS B IR AR o] DU R KB, iR
PR LG Ok 6 MR 4 ( long-term potentiation , LTP) .

REFEHILORRT LIPUEAISCE L, RAJMEFZEMNEEH . Hin,
RNFER SRS EREES . RITRME LTP BB G L BEENE, FriF
BRI R R ERERR A EER. FHEEELF, 1T ERHRETR
5B LIP SR FBHWAS— B AR YTET, NS AGRE. X2 A8
Bt RENAERES FENBEERMAEL, AU, 7E Palov HERIRBF, —
AWML REREFN - oE (Y RS X MRS & &4 L 40 R,
ok Wit B SR B0 e 005 B R

TEIX SRR T2 088 TAESE P LTP RUBEAEPERR ., 28 LI sYiF £ R8P B
AMRIE MR, B2, LR EFEFRBM#ZTTHTE IFEZ AR ZHREN S E
B, PrfiiX ez 884 Aoy, HENIGFIER PR R, 202 ks
JEH AMPA A& B RN (R EZRFNLFHRERE T 0y B 225 B4
WmEE, HENBEETRRZTYE) . B7E—1 LTP LK PidF—MEhil, B
EZHT AMPA ZH sy RIBHERIER . R MBTES ., BRSE N LG EMIRK 3
PexFEE . AMPA Z A E FEBETR KA, ST ARARE A0 R FIHLRL.

B ARIN S AN Z NN, B NMDA 244088, G —LF R . M NMDA 32
Pexs e EARA R A HXME FHE, HEARCH E 2R MIEK (R
AMPA ZHIZE) A R RMAEL . FHitt, AMPA Z45138 Atk 4K fY, ™ NMDA
ez AT —AL IR R R, RMNFIINGEEEEX T ERNEEH., Al
AMPA SZINEEAE SRR RV B FELE M & F @ sl (- R R a BN B R . #1 NMDA 7
PartA KBS FHEERFSHALR, ARG EbhSEmBEERR, ERXFEHE
RRAERMAERS, ME—-EHNESF, SEF AMPA B985 M5B W DL 38 B

[ 106]

[107]
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g2

[5]

[6]

L7]

BriEm .

AERRNTA X 1° Hebb FERRIHLE] . NMDA 2838 TR gif 2¢ fid 75 BR (B o & BR )
FroE BBk, XRMESEREA BRIEH Rk (R R AT 1. R 3%
B— a5 AF— SR AT, SEMABN SRR, MR ARIES ZU8mn
FE, FE 22 38 75 IS 28 A i 300 NMPA Z 2 4F .

F R Hebl @ R BUTR FEA RS T HLI, R A F sy 3 20, W] LA
MG LA RIEYE, S EBET LIS XTI A RS 4 ABCRE
HLE AT R E TR s A s . R e i A B BLE SRR A BE . %R
B E E8ESS . XARBREMEAR TN PR AE W, XFHAERFZ AN KB
# &, (long-term depression, LTD ), BH — Syt EHRZ AT A A L AEA. LTP
PR A IE S A B T, T AT 28 A et e I S SE TR A
T R RN B 2] von der Malsburg( 1973} BY 36 T R_REC R PR Ry 1a) BIUR 4 4 40 Hg 5
HHZ, Fukushima(1975) LA 2 E 2 N HEARLE MWLM L, Willshaw and von
der Malsburg(1976) BY H A LU UM 215 Z 551, LK Grossberg( 1972, 1976a, b) i} ( 1E R
BEASKFNRILE. FEFEEMNIEERAESY Y IERE DM 45 P& £
SR (Dutbin et al. , 1989), FVF Ambros-Ingerson et al. (1990) B 3C & TRt =524 5
I — A A2 R
N 2.4 Fras, PIRMIREEMESES RERRIT. KEPUERRCHLE, RIREKATRE
B, HEREEIKRIMWE RS, #RLLXEE—Fr N8 g, B85 e fu & 095 307 4
el 42 o o = A= flUiR) ( Arbib, 1989 Fischler and Firschein, 1987) . 7E AZSECEI S, A&l
RBTFE—FPFEZ 0 & & W (Mach band) FIBRR B, I BH R ¥ H2E % Emesl Mach
(1865)WIZ Fkmra . #in, MWREANTE -3k - +R—-FEHRLEE, BMEE{]HE R
KEE, BRI SFEONEERLLEEN T TR — N, RS EFRL
HREEFEREITTHARAN—AW, DA RYH B, MERE Ra0LE, A
e th i w1 A2 R a5 R B o 8 5 5 T .

John von Neumann BEZIAIRBIGE T 122 A BYLPEEYE, 1949 4E47E Mlinois
KE FERY TR 25 | sl B Fng S p9 71 W45 B9 38 =~ PR 4 LB X —
o TEMERTFEEMAITTEILINE =K HEP, von Neumann $51H : PN FMEHLIT
B AFEEMIE, 58RI L 2 A G ERMTH, FHBRCUERE
Bt gL R B ITH. BUOEE CETHHRENG IHRE, REAGE X —
AP THRBE S Y, IE AR R B B RS TR e — 8, B SiPLE
WA B YR IR AR ETEE &, HETIZERL AN,

BHHARE BRI "R E Minsky (196 ) FEMME BRI A _LFEWFRFANEN, R A
Waliz and Fu{1965)7E iR M7 #E . HEHE AR AT A LIER 12
2 LSS P E HH B (Hampson, 1990) . ZEXNEH = F . tH Thomdike B F iR HL4 F 12
W] L), 2 B 3X — ¢4 ( Thomdike, 1911, p244) :

T AF R LA ARG R, HAE A0 L0 OF B R 45 4T sh 4 2 B 550 £k 25 ]
HIZRTE A E A RERM IR R B E B R, XN EEH AL, EfELAAEELR
g Hahgy IRt a I E s PRt IR R HAR R RV, SN EENRRES
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- ——— [ R — —_—————— —

—_— _———

[9]

T10]

[11]

(12]

[13]

[14]

. AR E RN, BITRERATREMS, WESATFIRMFERRX, kR WH
1 o8, Al 59 PO FR L A AR5 R

WA, PEEEEMEIEET -7 AN SERR, AERREs R
KB I A Z W B A AL G T R B B — R A A S 0
WAL EMAATR, AR &, RNMTEESEMEXATEE, BRI
MERREWmN. HTES- TYWHETENARTAZ LS, FAmME ki, |
-BRTHEEERERRIRRE P AR MRS KT8 rRas, BRTiE
A% E AR,
RS IR IR AL R S IRE b Bk FER BRI 0L 4 A TR B E B8 41 (Cherry, 1953;
Cherry and Taylor, 1954), XFPEE I RIMAM R ARG R =fd R NE G .

- 23 AR S EIRRANEE, §MEREX TR ER SN A BN

B TERHINTAERMRRAAG RS, 2E4EE BT RREELMoray, 1959) .

© EE EAUTENT R PR — U T 2R A A AR A A BT (Cherry , 1953)
« Hit FEIERPEAMERRR S - ABUE N, SRl TR s

AR5 AR D[ T B b =085 { Wood and Cowan, 1995)

1 s S 1 2510 R AT 355 BT o R A Ah BRA S22 a0 2R RIBY
Wit iR RS TR A G EH SIS ER, XPRES H
Kolmogorov( 1942) 42 i J H A~ & J5 1 Wicner! 1949 Jih 7 #f e .

F—FH, BRARL M R UR A SE R AR, ARTE 50 18,
Zadeh(1953), Wiener B B F & (Wiener, 1958 )F T AB B AN TAE, Wil ASTGiE
IFRRREE R T i £ TR,

1954 £F Gabor 2 —MARPEHELM S &R S MERN A, FHBBITE S
EEA PR L T MBI A% (Cabor et al. ,1960) . B7R [ Gabor #2113 T e384 A
MR AR E AR AT , BE LT B0 SR S A . IEB SR B AT
FHIRA

X

y(n} = Ew x(n) + 2 Ew Aa(nlx(m) + -

n=0 m=0

Hedrx(0), x(1),- ,x(s\)tﬁﬁlﬁﬂﬁﬁ/‘\%## T2, B R 2 - Gabor-
Kolinogovoy % 7 A& Volterra 2844 . ) I L E - Jﬁﬁmﬁﬁﬁiﬁ%ﬁ, B —H R w, |
Tk, BOWME—H TR v, RIE, BARRMEM,; XTEREIERSH AN
BEARIRAR, MIREHET SR W, B R R h A TR HEE& /ML B
(I )m by (N FNSENRBIERE S v(NZEHE.
27PN R R L(d, F(x, w)HMRATInE . HEEmR Am&E df, Bif
BRECRH BHHETE A Fix, w) o XBFIRATRE A BRL E AR 3

L{d.F(x,w)) = [[d-F(x,w)|[°
YENTRR RS, R F(-. ) ERTCH W BE B,
i % Burges( 1998), Bt HEAE Vapnik (1995) A H 2.3 140 F E.Levin #1 J, S,
Denker.
2R 1 B BT (BN 33 ) FL R AT 48 Ve 8080 | R Baum and Haussler( 1989) %
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]

8., BEfS, Maass(1993)iERY, XFXFERZ%, —TEAAWT R, HREERNY
Wlog W .
sigmoidal # 22 R ER B VC HEFAE— P F AR Macintyre and Sontae (1993 ) FE (K iy
fE o Koiran and Sontag(1996) 0 & I Maass( 1993 )48 H By o FFial i .
“FLAS sigmoid BTG eAET oy ) = 1/(1 + e VUL S W28 ) VO AR & DA T A
2R BN BIMAART”
Koiran F1i Sontag fE/B47) 1996 F CE B dhml B 1 2Ll , 1040 8T i A ik
Karpinski and Macintyre( 1997 ) B HR 12 T 30N, FExX G —/ L EH BT ET
BN R 225 IR TR 2R 3R sigmoid MW VC BRI — 1 LA R O
(W) XL A Koiran Fi Sontag(1996) 5 Hi1F) R ZEIF LRI ER - Kapinski and
Macintyre( 1997 VA5 R ATy L FL AT LARRAK
[15] Sauer E o] ik A (Saver, 1972; Antheny and Biggs, 1992 ; Vidvasagar, 1997) :
SF JORF IR LA ok, 35 VCAim(F) =k, R AROIzh=1, 4
BEREE A (DATFR A (el/R), H o A AXEAIT.
[16]  ASXEFPIRAIS o0k PR AR 22 PR AR S 172 1k M) 18 Y P11 H B A 51 A9
Jsto
B G, Cohn and Tesauro{ 1992) 41 B |~ VC ZES A HERE AR A AR
T LILWEE PR E S 1 R T RO R, e, Wit VRl &Mz (L 7 #
Vapnik F 2 Mg T HR S 040 LXMW RMFHAZHERXANIAR, X% ER
FIE Vapnik(1982) & LY
vm;(}(%lng(g)) (1)
Kby Fi2iRE, b B VCHER, N EINGRERIR/. Cohn F Tesauro 45 i RYEE R
REEITZ AR 77 bR D) T S 47458 % .
HY, Holden and Niranjan{1995)# & T Cohn i Tesauro - RITHIE, ML T —1
MRl R, HE A EEZHFERL.
o P RULE AT AY iR B SL U R HNE VO BB B iR R
o FER|FET RN IBE;,
o STRGRFHIN A NG AR
BRI L A4 B R B (AR A B Ze T P IS IR IE B 8 %, HE
i F 2Bt BpaE 17 i,
#5=, Baum and Haussler( 1989} &5 7T AL EREM K LA B ERHEMBE R F
REFEZACEE R BRI A SN V. RIZNSGENE EMESMREGES, T HIF
Wiz e P RERY I A AL AR M ARIF B9 1, FE4, R4 Baum FIl Havssler, 0RHELIT
A%, FEILTEEREEEk:
()R USR5 = L iRBIR R DT 2
(2) NS EF RIREE RS N

N = U(Elug( g)) (2)



# 7 i AZ 77

Hed whMERMNEREH., RQOBET S0 LXHRFELT VER. XB,
R INGRE AR TR AR Q)RR R A - EKHER,
Bfn, ERAGERESTHRHEMER, RITEE ZIAP AL Cobn and
Tesauro( 1992} & B R 2B AER /DR ZWIISHEEB B XM LY, Batlett (1997)17
WX, 7F Bartlest (9L EWER], X TR &MY 7 BRI MBUE
ARFFBIREES, EdmB{EM KN ZEUEE B e e b iEae .
=)
=3 bl
2.1 RQ2.3)HRAHEF A (2.9) #5548 AT Hebb MM EBFHAAR RS Fik, FIH
1 RN M T X ] R (1]
2.2 FIAZS E M D PR BOU RN B (H #R(H ), - X - Hebb® U ( Mitchison, 1989}, AT
LIS IR B I N, i8R B¢ ¥ x: XK g
T IR R R
23 W27 B BAFHEHEEL
., —HaBEALRETEEC ME— x
DEESERE TG, HEREEHE )
R AR AS AL = BB R e
2.4 EEHA, EMIIXTFHFE X o ¥ h
FHEAEREY BT RREEER . o e
FIMAEY, BREEITESES, #A
B LMEEE LR —3, AR ¢
REPEIEm, Z—Fm, RER S
RAEEEEEI, R4 KE LR
HE N XEMPERXEFH FIERRE
#, EAFEHARE -BELKRE
(Linsker, 1988a) , P 2-27
WHEFTHE A B I A2 5 89 Hebb BRIBAIZEMIZ 4L,
2.5 —-~ Hebb #LHIAS LK RTH#id K .
Awg{n) = aF (3 (n))6(x(n)) - Buy(n) F(y,(n))
b 2 (n)F y, (o) HRCRBAGRAES: FCOR GCINENSK AERNER; Awy(n)
ATERZ n B RAE w, XTFE S () H y, (n) PR L RBCER ., FIR(2) T8 5
(b)iX- LI XA BN,
26 —TEENIAWAGESEENHTOMEN N 1 (RMERE. TEAHTEH

S0 iof 2 AR R O i 25
()TN (2.9) FHGER Hebb N MR FIEK, RIFFI LS v=0.1, 12
(b)TEA (2. 10) PR AT B 2N, BURATRAMIES) « =0 MERMIES) 7= 1.0,
2.7 TER(2.9)F¥iR A Hebb ZEAIS RAFRIER . UL MR M) IE #1E .
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2.8 FEXQIOPFERAXTFAELAEINMTERK, BIEE (RIS 2 el 2
AT, WEBTEAR10)FH Aw, (n)BILET RN
ElAw,] = o(Elyx ] - yx)
IRERERERE R T ER.
2.9 HHBE Linsker(1986), %3 Hebb E %Al RAFA
Aw, = H(J’k - ¥, 0% - x,) + a
s, K x My, 3 AR REBFAGEMES, o, 4, %, v SBEER. BRHLT K
RN, B
¥ = zilu,jg:cj + a;
T, HF e, B—F. BEAEMAGSHRMEN AR, B Elx]=£[x]=p &
K CRRINBAGSHMFTEERE, EFH § M uEEXH
e, = El{x, - p)(x, - p)]
RHE ElAw, .
210 A 2-28 MR MIZRTT AR v, ROFRIRE, ARG NH FAIE .
x, =% i THRIRES -
w, = B § SIS TE 158 AT e gy [ mrRT
ey = MM EIT k& B2 707 B 42
FIFE
v, = T TL j BNHT R "
y; = o vj-) BAKFREES
W TE § B3 A &R R A & 278
- 3
2.11 EREMIEMEcEEORR, EERE2.10,
2.12 {0 AR, BUESEh TG A7, W LIRS Gauss AR E R, X
PR A MR E R, B, TR AIE f % b T4 H0 i 1 th 2k A Bed m s S i ik,
Wl LB SRR A TR A,

BN HEH

1 _ s 1 2
W(I) = ¢ £ — e T
v 2me, v 2o,

KA« BRI E TR, fEES w(o)A#—171m|m, — 20 —E22,
MAZ I AEET » 8.

B o, =5, 0,=8Fl6,=1, o, =2 R X MEHETEAE LS.
2 313B 5

2.13 B 2-2BGi 6 BEE KA R AR HERE (Gorin, 1992) . B HEHLES X A 10 80
REBE M EE KRR, RO SRR M ERS ., XM EATE R
NETHGIF, BBk AEE,

2.14 THRES, SEESETA TSI RIS

(a) B SRR
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(b} k — BRI SE AL
{ ¢ YHebh 7 =]
( d) Boltzmann % > 51
AR R R .
2.15 HREFIeTLAHEAELSEES LA (Hie XA NPy L,
2.16 FHREFIVBEAMLETFESER (B, SREGFETEREWEME, £XEFRE
2t ieat Rl EEREMSHEEWEENEE.
2.17 R — MBI EFSE R TS, KRS 00 SE bRmm b #1505 i
WM EMREEENERES ., (TIEWEEI AR EINXMCE,
218 FENFHFHAXEE LA SEEN T RIERE.
x, = [1,0,0,0]7 x, = [0,1,0,0]7 X, = [0,0,1,0]"
A AR
y, = [5,1,0]" Y, = [-2,1,6]7 v, =[-2,4,3]T 114
(a)PFEICIZ R M,
(bYIEBH 22 e =Rkt .
2.19 HFHERE2.18 MHHREFICZ. MATICIZ ORI E CEER x, AFRAR
x = _0.8, —0.15,0.15, - 0.20]7
()T HIIZ R LY v,
(D)UERRIR R y 7EBK L B UF AR =L y, BB,
2.20 HMATEIRENEUISaBREICTE:

x = 50-2,-3.31  x -4 -2, B x -

(a)itEXEmBEZEERS. ENHEZREELEELE?
(b) FIFIHES &7 Hebb MM CEIAMEAIND , B RIZBACIZER ., £& A RENRE 2L

] T
43 - 1 ,/6]

BKEAEIR,

()i Xt & x, AIThETELED WA

x =10, -3,/3]7

B TFIEAZ. HATIZOWANE, 454 R A B J
Wi x, HLEE H.e 5
=Br-Yi

221 BH2-29FE S~ THEMBRAKWFEE, BEES
AR ARSE LA BEMEE, 'FHA e(n)
x(n~-1)=[x(n-1),2{n=2),,x{n~m)]"

BE

FEEE £ () RS IEREME (2
i, RRBITHRERSS X
e{n} = a{n} - 2{(n) ' 220 115
CEREHATEIERMT RSN, ChRIEH
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B MM T R E S THERE, T—8E -R0EM L E8 X MRE, Rt
(15 B2 SR & R (Mead , 1990 ) -

GHE 2-29 DR T —RESATHMTT .
FitEIEip

2.22 RIEMAK2.61)RH (2. 620 R, FHRQ.66)F XMEHTHER L, (f
(x), F(x,9 ) I AR,

2.23 fERXTREPRMNEETBEEANEE AR E S MER RIS ve 4%,
WERRX RS VO RO 4, R RGBS TR 5t

(a)FHE LRSS, DIERANS— 1T SmE S NEB BB I — 7,

(b)FE B8, LERFERS—ALirEAS N F eSS ol — 4,

()FHEEEDNR, UEEAS—TBirE S ER MRS T ),

2.4 FHEEHETCHEESSESR, EAEANExE nd, MExHNE—-TSE Y
B M5 288 $ R MAUE O IR E . BB LT HASHN VC B E B/

2.25 AFRXQINEX—BRBEEN—MR, SR20 KB S/MEF A3,

(DREAFH(2.97) Hor, BIER(2.98)MIEM M.

()2 EXBEKE e MERX(2.99),

2.26 #f2E{ 2.3, ERAE 2-30 TN E 450 HE R EER BB B F(x,
a), o< R,

@ 3 8

1 P 3
O < Lo

& 2-30

2.27 TEEERMEINAE NNtk E - FERENASHWNRRMEBEE,

2.28 (a)HRHA sigmoid RELAIMETUH M X ERTHRFE MG E LR PAC AT %5
o SRR T BOR B IE R o

(b) 1R R B B R 22 SRR T B R4 PR AR AR 26 B B D7 SE IR
RHEFTE,



EIT PERASE

3.1 &

T2 P28 BT BT BT (1943 — 1958), —SLi ST RN T H R TRk
» MecCulloch and Pitts{ 1943) 5| A HZ2 R 48 BUHES/E HTE M 1L HE,
» Hebb{1949)3R Hi B H S AU — RN,
* Rosenblatt( 1958 )32 BRI ZHF 0 E BIHZ 3 (RUIE B 2= 3 M5 —MERL,

McCulloch - Pitts X FHEMB RN LERMEERWES | ETFE &858 r 24 HE
A, Hebb RIS EMER [ FH 2 ERHER ritie. FEARE PRAITHITE Rosenblatt
&% awB,

RN G T &4 T -8R (RPER R4 5 (67 T8 18 Fir 43 BR T RO P 300 ) 23 28 0 15 1T SR Ry
SMFER, BEA YR TEAFTREMERRENSSTTHEN, R HE M
R H S E B R R 1 BLTE Rosenblatt (1958, 1962) 2 14 59 A T K IR BRI R B0 — 3 X
AR, Ewx b, R VIGBRRENRER (MR AEMRET 093, Rosenblatt
UEB TR E R ®), T H A A SRR A T2 A, BHW S T R
BB BN E R, BYTE—THETT L RERH A MR 2025 8 BRI o H B 78l 55 2%
(BRI MR 2. BV BEASAHEZE T L EBRMSaREA L — ST, bR
(TH LT 2 TN, HiE, REXEREREA RS ABER TF. ZE2K
— BAETFROEARRFPESNBASHNERAEE, BROIRFESERMHETLNERL. §
*Z AT BB EER.

AW TR —T 8 E AR & BROER, HENEHEEIMERNESAE LY
R —EATIEEER . HENIEHFRBRNEE FZEIHIT Widow and Hoff{ 1960)7H X
#0239 7 (least mean square, IMS) H i (L g #5  delta #L00 ) B2 01830 IMS BB S AR08
REE, BENHAPERENNRE, JLE, EAEEAENBERRECEER, SR
FUEMETTERERRBI Tiady, HEMNERASERL ., S5 R%. BEHEL. F&. 74,
H R FFMEY R FE TR SR L TIEER I A (Widrow and Steams, 1985; Haykin, 1996) ,

IMS B RS A R . BRBEIEENSER—EEX%EIR2EEMN,

A EH AR

AELH ARG B 3.2TEITH, FERMEAEMBEIT LMS Bk,
B WS 3.8 3,107, 4bH Rosenblatt FRMAS . MESHISE, RITRALITE
Ze 1t B8 MBI AR TIE Rosenblatt BRSO M8, XM ENTEN £ EHBAIFHER .

E32HIFTCHENEENDE, BEHFEIINYHEB=MTHARZMLETT. BETE
#: . Newton BEFl Gauss-Newton 35, EAHES BB BKBMRTH XA 3.4 FitiLL K
ANTFRRUENES, EHEFERKENE MBS T Wiener B2, Wiener I 2 AN H il

[117]
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82 E3 g

R eI AR T IR IR E F s TR Re iR — A AEZE . 7E 3.5 TR IMS B3, BT
YOS FRBRTE . 76 3.6 WA AMCEN By B A ERE AR T L B4R, 3.7 Yt
it IMS F LR kIR .

B )i ¥4 151 2] Rosenblatt KB RI#%, 3.8 TRt — s 5HIEITH M EAAEE, 3.9 TR
R R T2t a] 7 BRI 2 A A = A A (B o & AR B ik, FR50E I B B w i Sk
7F 3. 10 5 /R KA Gauss FRIE T Bayes LMK E,

AL 3,11 TR AEFIVHEERES R, { x,(i) O—

WA

. (i) O—~  Rizh By
3.2 AENEHREOE :

LR —TEHE AR, HEFHERT. &2
HPY 2R FAEEHA A EEEEm RN —F
PIFFEM B A ~ B BdE, Bk, Y— m 455
R x(VEIHEXZY m MEATSE, BS54
—MRERI JCOERMERE , ME 3-1a B, H
Hi=1,2,, 0, ESKKIET N HEIE
K

x, (i) O—

Toix(i),d(idsi = 1,2,,n, 1 (3.1)
ik, H4
x(i) = [x,(i), 2, (8), 2, ()17 B’ 3]

@'@E{]#Zﬁiﬁﬁ—ﬁ“—;ﬁ%ﬂﬁ%ﬁgﬂﬂ%[ﬁ]ﬁﬁﬂgm L) GRS b)) RSO ENERNES A
AT x( i) SRR SORR A A 228 (8] 1) 2 MR T 9 4 3 dimensiomality )
R xCi Y RBB LB MR AR RF T N2 — B, —FiR 23S R F0 5 — R Al Yy .
¢ x(DF m MTERNESE P RARFE S, EXRENTRITR x() 5 wg
( snapshot ) ,
¢ x()8 m DUERRERE LSS5 R G ENENREMNm - 1 M0 EA R
K5 .
BAVE W KRR B S B — R R RN A TR RSB EEN— £
A - BEIERE, XMMESTRARA - MERNEE TiEiTe, BEESE Mt
RUBE R, RS T EA:
s HWEEMEREE N — SR MANET
© AN RFTHWGHEN, RMSUETSE R SR A0 (BIHEE)inatE
&)
s FERRPERNTTEE KER— MR RS R B E R,
IXRERE M2 TR Y § 1% M 3% % 25 (adaptive filter), BAFEFE RN RGEHIRH— 4
EHHRTARMMER, B8 ERN RS ERERT R A RS — .
A 3-1b E— T BENIRERNREE, TRETHRMEETBRERS.
1. g E, BEREESITE.
s =T, 28 vy (D, EHFEURNEREEE x(O8 m ATE, 8y (),

xl(i)ﬂlui xm(i):l
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—_—_—_ - ———n

_—e——— ——— ———— e —— —_—

¢« —~PMRERS, IERh (i), EEBAMHEHE v O MARBMBLENMEISHE 4(4),
FHa b, dOEI—NREmMMESSEBRES.

2. BN, GFRETIRE (WM ETTEMBUER & shif,

M, XFAE A E RS Ml — 5 S B ER LRI,

B e RERYER, Wl (DB N FERREIR (i) B

y(i) = 2(8) = Zwk(i)xg(i) (3.2)

HA w (i), w, (i), ~, w, ({)FRENZ [ ETCH m T BAE . A FEREE A
AL RAR vy (O Rm B x( O w( BN BRERDT .

y(i) = x"(i)yw(i) (3.3)
X B w(i)=[w (i), w0,(),,w, ()]
FERX T RARENIESCHEL, NSRS E T TR, BARITEERES
ML, IMERATEN—F, METHRE y(DESXAEGAENZ | (AHEMER Y
d(OENE. 8%, y()5 (DA% NItENMHHLEEREBA TREES,

e{i) = d(i) - y(i) (3.4}
REFES e (HARMHECRUBIERAE#TEHAN TR EGRETRY a3 N BIREEH
RO RERER . X85S REAEFHEX, REEBE—T TARBREFEEE TN,
XA B A DT AN e 2R BB R IR i de b, B LI HE— S Mg -,

3.3 ZHREMALEAR

U RS (w), BRI UKRARE(SE) H & wHEE TR, RS (w) bt
B wHIIRATH. ER—MER, ARAFSENBHELXMRESE ME wfidE
DB Ir a7, WITHERB— 1 RRE w2 &

Elw" ) < E(w) {3.5)
HEE IR, FERE— TR, |
I L ARMAGE w R DA REE(w) (3.6)
BN ESMRE
VE(w™ ) = 0 (3.7}
XEVESEHET .
A Py (3.8)
[ BtV E(w) 2O R E &
Ve(w) - 3E 3€ dEqT (3.9)

— M ARG BEN AT AR RN AR LR U BTGE LT B A .

A=Ak fF s w(0) 7T 4%, P2 -2 RASE w(l), w(2), -, #BRHEK
E(WAKENBRBARPEHTE, B
Elwlin +1)) <« E(win)) (3.10)
ZE win) A FH AR win+ 1)ECHENAE,
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B BRERARRINEAH w . RIOTE"HEEE HERIER R W5,
BEAMERB(RITERNEE).

FEIX — 0 A T4 ik = Fh LLUE AU BB A X f el IR #p 18 20 0 255l By T2 3R B ff fb y ik
( Bertsekas, 1995a) .

=% ThEE

TEEE TRET, JMHEMR w S RE R REE T O BT, WHEE R
SHEREVE(w) FRMEEY. ATERHFE, ik
g = V&(w) {3.11)
Kb, &R TRERE—-BRRA
win+1) = W(n)-—‘rfg(n) {3.12)
XE g R EHE R, BRA T K (stepsize) B F 7 & 4 # (leaming-rate parameter), g{n)&27E
w(n )AL E ) B {H ., FEMER n B + 1| R PEEN SR
Aw{rn) = w(n +1) - w(n) = - ng(n) (3.13)
K (3.13)%hr LS 2 iR iR 28 A XRnEE A,
ATUEARE TR AXE RN G0 FNER T &S, RITE wla) TN —B
Taylor BEURFHBITE(wn +1)), B
E(win + 1)) =~ ¥(w(n)) + g"(n)Aw(n)
EAIBNG n BERN EXTEMERICAR(3.13)8F)
E(win + 1)) = €(w(a)) - ng"(n)gln) = B(w(n)) - qlgln) |’
FARY, MEMBTEZSE o R BEERE AR TR, (H BE0NES REL
B, RA SR EEE N ZER.
B T REAWRBIRIUE w WEEEHREN. i, SIRSR MR EFEEE
-2 T
» 4 BN, BEABRRIREEE R E (overdamped), HITF wn)BUEbE W EEHK
—A G EZ, WHE 3-2a iR
o S ERH, BEEBEE R 2B 248 (underdamped ), B1 T w(n) BIEE AR Y (3R
)R, M0 3-2b B,
s HpEdTHE-EREN, BEESREHAAEHE),

Newton 77 &

Newton J7 1 By 34 AR 2 B/ MUY R ECE (w) T 4808 win) BB ZYGERUE: &/
HERRNEETEHERT. #55, FRRNEEES win) BB TIK Taylor ¥R
A, ®BEUEE

AG(w(n)) =%(win+1)) -%(w(n)) =g (n)Aw(n) + ‘%‘AWT(H)H(TL)AW(H)

(3.14)
LRI —#, g(r) BN RS (w) S w(n) M mx 1 B E MR, EM H(n)EC(W)TE
w( )3 m T m % Hessian 5 . E(w)H) Hessian SBFE A
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4.0 T
%nn' e — (AH\“: oo ——
B
T =03
1+ nm=10
n=1
—4.0 4 n=2
410 0.0 410
wyin)
a)
4.0 -
.’E 1 1 1 | | \ | [ 1 1
~ 0.0 H 1 1 1 T ] 1 1 1 i
=2 n=>F
4 n=1
n=2
T M= 1.0
-4.0 +
40 {.0 4.0
un{n)
b}

& 3.2 BdTREXTEIEZHEHARHEE "4 Fal
a)Jp=0.3 bin=1.0 M w, Ml ow, BNREEE wALE

H = ?E‘E(w) =

A F ¢
31&’? dwdw,
FE 3 €

7w, w, 2 1w?
*E & €
L dw, dw, Jdw, dw,

a* €
dw,dw,,
& €
dw,dw,,

e
awi

d

(3.15)



86 FEI3IFE

RGIHFEBEAHREE (W)X T whIoTE s arit, w3148 Aw ", 4
g(n)-+]1(n}ﬂ“(n) =0
AR & A w) BT/, AR AW )N EEE
Aw(n) = - H'(n)g(n)
HLER &
win+l) =win)+Aw(n) = win) - H'(n)g(n) (3.16)
X H H ' n)EE(w)H Hessian 55 48,

—HEK U, Newton FIEHEABMRSR, MOAASHAEETHREEHSEHNBEREN
&L, B2, W H Newton 5 EEHT, Hessian RENANM B n BREEEREY . g, —8BA
BERIEFE R B R IER P H () 8 B IEEFEE. R0 Hessian 58/ H(n) AIEE, BIF
Newton 77 1B FH 42 (Powell, 1987; Bertsekas, 1995a),

Gauss-Newton 77 %
Gauss-Newton b‘?fﬁiﬁﬁ?ii#—*ﬁﬁﬁ‘rlﬁﬁ RN ARENENFH., &
Ew) = = Eez( ) (3.17)

XERERT 12 27T AL T B2, Mf‘ﬁEPﬁﬁﬁﬁﬁﬂﬂi%EIﬁ%E%umﬁrﬂ% w R
AT AR, XE wEBK lgign R RBEXEMNEE.,

REFS (DETEMEME w IR, HERIES win), RIMNELUTHFARLHE
b e (i) X w AR R ;

i) = e(i) + [2240] wewm)i = L2 (3.18)
AEFIC ST SRFMTEX
e(n,w) =eln) +J(n){w-win)) {(3.19)
Here(n)RiREM R

e(n) = [e(l),e{2),,e(n}]’
Jin)E e(n)B) nx m Jacobi Hi[E,

T de(l) de(l) Fell)
awl c]wz awm
de(2) 2e(2)  Je(2)
J(n) = | dwr duy I W, (3.20)
de{n) deln) = deln)
- le awz awm Tw=wia)

Jacobi ol J(n) 2 m x n BF R EVe(n)HEE, XH
Ve(n) = [Ve(l),Ve(2), - ,Veln)]

HEHAMRENE win+ DENLH
win +1) = arg min{% | & (n,w) | 2} (3.21)
R %3 19) K531 ¢ (n,w) B Euclid TERG T, RIEH
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| e(n) |? + " ()I(n){w - w(n))

P

R 2 _
> & {n.w)|? =

N -12_<w-wm))f.r*"fn).nn)(w-w(n))

B, Beid ERAR T AN woki iR R NE, RITESH
J(n)e(n) + I {(n)I(n){w-win)) =0
MaX- P irf @i w, FIEPIA G20k (ol .
win + 1) = win) - (J(n)J(a))"' I (n)eln) (3.22)
bR Gavss-Newton J7 B AVHIR T 2,

A& Newton b B D640 H1TE L4 FREE (n) ) Hessian B[, Gauss-Newton 77 ik HEEE D f
RZERE el n)H) Jacobi %, {HE, J I'{F Gauss-Newton BCA[1E, SHMERD J () J(n)
WARAEE F 1,

ETE—R, BIBARBI I () J(n) BRENREN, N THRIEERIFETHA, Jacobi 8
B JOn)RIFT R n; HELENL, KG.20040 J(n) ) n FTOH RS LALLM, T,
MIHABEX TR ESEBE. BTHIEJ(DMBETH, BENAERBER I ()
Jn)M—JHAERE oL, B8 & & -~ 1/PEFR, EAERLHREE

J(n)J(n) + ST n RIEEH
FEXAEARE L, Gauss — Newtan LA N i/ ME B 2323,
win + 1) = win) - (J7(2)J(n) + 8D J (n)e(n) (3.23)
SRR n AW AR, X ME EATHE R EH B K, R EB#RIEL(G.23) BBIEY
AN IINTE .
&w) = {8l w-win) "+ 33e2(0)} (3.24)

g, H wia) EBUEME w(i) B 5HEIE.
MERMNCLRE TRRENE A8 IS R E R EIEL T,

3.4 ZMER/NZRIERHSE

FIfFRBRE R —FE, — T EAER D REXBER NIRRT, & -, TEWEEE
AT RER R, I 3-1b MERRTR, £, FAXRHEERBN N RBEE(w) RiR
ZEHF, XGADKEN . EXNER F, FBERG.3)MG.4), BERE e(n)LiFE

iy H
e(n) = d(n) - [x(1),x(2),-.x(n)]"w(r) = d(n) - X(n)w(n) (3.25)

Hifpdln)E nxl HBEEEGE.
d(n) = [d(1),d(2),,d(n)]
X{n)k nx m FIEIERERE .
X(n) = [2(n),x(2),,x(n)]*
M (3.25)% wln ) BUM 3 BRI LS
Ve(n) = - X7(n)

AHRFHD, e n) A Jacobi R
Jn) =-X{(n) (3.26)

1251
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Iﬁm%fii(fi I XEF & win) B BEZEMER, WD R Gauss-Newton T B — K ERE
> FEE(3.25) M1 (3.26) {8 A(3.22)15 3
win+1)=win) + (XT()X(a) ' X (a)d{r) - X(n)win))
= (X"(n)X(n})"' X" (n)d(n) .
BUX ()X () "X (0 YHEAERBIIERE X () A45 8 (Golub and Van Loan(1996), Tlaykin
(1996)); B

(3.27)

X' (n) = (X"(n)X(n))'X"(n) (3.28)
B, FAITTRIER (327N E 5 BEMTEL,
win+1) = X (n)d(n) (3.29)

R AARRA FEBFRRE—MEEF R “BUERE wln + 1) REE LR » f—
AYREEIX [ b Bk M e/ — S falRa

Wiener IR K 2% : SEHERETHRER/N_FIEFBHORARER

— T HBRBER: SWAESR xCG)MBBEEE 4(0)% 8 F 552 (epodic) BT
Bio BRATHT AL A B8 s A fA) 24 i 0 1885 300 42 o M4 388 ( Gray and Davisson, 1986) .
X — A LR LT B ke ik .

« WAME x(i)BIHHREERE (correlation matrix); N R,

« RAMEE xC)MBILWN 4(7) 208 00T 4650 & (cross-correlation vector) : WM ry .

X BB BE X WTF .

R, = E[x()x"(D)] = lim - ix(n)f(i) = lim —X"(2)X(n) (3.30)

r. = E[x(i)d(i)] = hm— Z}x( Yd{i) = lim ~x (n)d(n) (3.31)

f—r @

K ERRGHHEE T N, ﬁfﬂ_ﬂeﬂ’ﬁﬁﬁ 27) M ERYER D TR E
w, = limw(nr +1) = hm(XT ()X(n)) ' X" (a)d(n)

n T

(3.32)
= lim _(XT(R)X(R)) ! llm XT(n)d(m) = R;lr,d

T

X RITEACER R M, HT 408 Norbert Wiener % 3X 0] BR4E 4 69 REE, AU & w,
PROER M R I UE I 1) B ) Wiener % ( Widrow and Stearns, 1985; Haykin, 1996 }. B, {7871
YEH AT (BRI .

-GG BT, HUMEHIMSETLYH, SR S B A T Wiener
BAB.

BT Wiener ST BT REM IR WMAME x(n)MHLES R x(n) 55
HRL d(n)MEMXHE r,, HE, HALRBINREESHR T IXEEEEHERME,
RATT AR FHZR M B & R B R% (linear adaptive filter) AL IR AR MM FEE, HENEX B S
BAEUE EAr E R HE B OBV B i B EOR MR NEIT Ak, TR F xR —
THRATHEERR/ N, EES Wiener IBIFBHIHLN,
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3.5 R/MAFEE
F.0¥) 7 (least mean square, LMS ) #2857 B EFR HAM R e 44, B

E(w) = —éez(n) (3.33)
XHE el )i n HARNEYIRE, B8 (w)IHEF&E wk 352
22 _ oy 7ein) (3.34)
B B D e 2R F—4AF, IMS BiidiTiE— MRS, AR E{EE RN
eln) = dln) - x" (n)wla) (3.35)
2t oty = X
dE(w)
Fl §H%=-ﬂmam
Bia HE A &r—Fh a1, ATLRLE
g(n) = - x(n)eln) (3.36)
i, PIRRG36MERRG. ) PEEE FEEMMITHE, TTUEH LMS & kAR
Win +1) = Win) + ;x{n)e(n) (3.37)

ZE g BAHRBZH, IMSEREPESGHRENE W) BEBIRMERRE— MR R 2,
BB R E SRR &, TH S S0 8 (Haykin, 1996) . i BESh7E M F- Y0 6] 5 30 55
BB gt B, % q&E—T8/eE, AEN IR ERESE, Lk ESNEE
BRG IMS BikiclZ, SE— 1 EHMNSRSRE. B9EH, ¥IFRBE 0 EHE LMS
B —REE,

ERGINPENA G () E wla) ARBAXHE—TE5, FIHEEHTRE L5
—PAE ) B IMS B =R A ) B8 -—ME 6. BTLL, 5 LMS BBt 1R i1
WRE FRREN—NMHERE, ERETEES, M—1T8EH o RENE wa)TERES
FfhH —IfE L, STHZTF, & IMS BiEdiiEmE w(n) MR E— T FEHL A L
e, HTFIXTRE, IMSEXENEEF AWM ERE". X IMS BEMAEREHT
LRRET, #(n)TE Wiener i w, AR FEN B s (Fizsh). EEMELR, MMREH TR,
IMS B AR BERERENRIT IR,

ER3- 1P/ IMS Bk, ERERVURHERAE AL, mXNRPENY, MF

HEREL, —MEEEFHRANENHERIE.
& 31 LMS WENE

TEET v 48 WAESME =x(n)
BARIRY = d{n)

P RS M

EuET o FE % (n)=0

itE. Yp=1,2 -, HE

eln)=d{n)-%"{nix{(n}
®(n+1)=@n)+minde(n}
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LMS BiEHEERMEBERT

HaA(3.35)M(3.37), BATWLAUE LMS BEh A B TR IR T
win + 1) = ®%{(n) + x(n)_d(n) - x" (n)%(nJ]

= I-ox(n)x"(n}]W(n) + m(n}d(n)

B, RATINRS | ¢ '
win) = 27 [W(n + 1) (3.39)

XH T REMEREAR, SR Ry Y s o' | gy )
FERE. R (3.38) FI(3.39), AU

E 3-3 2N ESREER IMS &

. XMESTEET TMS BiERM

HEAR & Go ) — 8. BLIRRG 4 B

(3.38)

R IMS B B .
LMS B 2 4046 85 8 18

MEH B RATE RS RS )
EHEREHBR R A NESEEREEN. H3-3 IMSEEMESHEER

ME 3.3 F iy, ERASEMT BFE LMS BRMERG AT SR, BIE, HR T
R, BEIRSK g MBARE x(n), BEXNREROEREE. BLRITEREA
I8 x(n ) 9GRS I 3 S 2 S TR AL ) LIS B35 AU 0 7 o (BN S0 ) o IR S
7 EEAME, FERR A TR AR & (o) WIS, RATO P RS

BB 0 LMEE LMS B
LMS HE B — IS ERDR sk, MRh
Elw(n)] —>w,  Yn— o (3.40)

XHE w, B Wiener ., i, XEE—MEAHENERELTANME, BV—ENRHENE
b AR B TE X R & T BRI,

MEEPRRR AR, HiERS R R ks, RN

Eel{n)] =8B Hn—oep (3.41)

(HiE, —1 LMS BB A B B S B2 8 TN 7R 50% L 7T 17,
i NCE (i VIR 714

1. B AR x(1), x(2), - HAESImr,

2. 765 n &6, WARE x(n)XTLIBTREA BRI 4(1), 4(2), -, d{n-1)E8it
YA

3165 o 25, BT d(n)5 x(n)F X, HXJLARTRYFTG B0 5 Gt Sr

4, A E x(n ) FIHEREL 4(r)HES Gauss 43 5.

TR B ad TMS %%ﬁ“'ﬁﬁﬁﬁﬁiﬁiﬁ(independembe theory ) { Widrow et al. , 1976),

8 5 AT B RBE R S R E M B8/, Haykin(1996)IEHH HE » 3% 2 &4
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0 << i (3.42)

LMS B2 ey, XA A AR R & R4, {H2, £ LMS Bk fHE B R
B, LB RKARN . ATERXT-EME, R, A (gace) 8 ZE A, BRI, EXFHEN
T, FXRB.2) LIRS R

0<n< ﬁ (3.43)
X ol R, IRRERE RAET, BRI, — I FENESETHIATTENR., HAMEE
B REITATEETHEERSMANS ME, BRITTUEFRER IMS B g
.

0 <y < 2 (3.44)
1% ERim AN TEZ *
AR S A BB A, T4 IMS S dib I E . REE, Moot
EEWE, BRIARA—FN,

LMS FEMR R IR R

N 3-1 BEALA PR AIRAREE, IMS BREEL SRR SR, 1o, LMS B RER
MR, REEEERN, XER/DEERREESEF/ s (R RER IR 3h) BRI 8 S5
DMEIHRZ(RER D), AR ARE, IMSEEER B SN (SaD 8 AN 25
YLAY (Hassibi et al.,1993,1996)., #£ H™ B X FHRLEEAFRES T RIER" .

R AR R eE R B R4, FXREHEAFHLE,

KHALOR IMS Bl MEH E T ENBRIEE . 08, IMSH B BitEARXA T &
AR ERN 7N, &5, CRBERETERENFARERETHAOARET
fERIEE . X B AR BRI R RS LA, TEX—IRET, BILH
Wiener fPERTRIZZ4L, LMS FEMASD T — P FIIEF—BRE Wiener IR S S AL .

IMSH 3 40 £ B R FR R e 8 8218, I B 3 3 A VKRR 25 14 09 78 1k 5O 8 R iR
(Haykin, 1996). LMS Hi:—BEER AFEER T EHEAKEA BEFIETRE, 4%
AT AR A i R ISR . TR R . E T AT &N IR IR R 8,
LMS EH: AT AR & x AR R A & 4 Sl 4 {8 # A 198 {b i i B R 8. R
HEOCA 3 (R), EXWTF:

ol

x(&) = {3.45)

KB X M 2 s AIRIRF R AR R/PDILE. SRALE x(n) BB RN GHEEZR
A, BEMRNASH ¢ (ROTEK, LMS BEMF4E ¢ (ROBEK R B ESHN™
B, HERE LMS B Hessian M E LA EE (w) X w B 38, ©ETHEER
R; HRGR 3.8, Wik, ERBHITES, IR Hessian 5 FHAKIEE R AFF 1L
AR AL

31
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—r

3.6 3k
— A ER IMS Bl — - 0 I A R ST R 3 I R T i B R I A
TR TRF I @, FIMARLHHITRENIFEE, (n) X TFERRE 2 B
1.
g B R R, B EHSARERERERTBT, BEBERH
T, WIEFIEIL, XA IRNAR RN, IR 252 [ B 25 5 R SR IR T AT AN e A
AR x(n) SHERLN &(n) IO L AR, 88— ks qm iRz
( BRI 5 L5 S P BB B A i 1 2 22 ) P A T Rk B R . — S e 22 57 i 28 py gt
FIERH R, A RRE TR EGWBEYL:, A TiHE ST R (IS, (n)XT
n BYEMR), WRAVRHIRE PRI R SRR R T, AT 57 B0
B BN IEERSEREN, R
IARBL S EHE 5 e R oG &
HFRER—TBAKEE, (0)FF ik, & 0 r
S LARL A B R R, I R o s [
M ERRRE, BRSRaI—17
FEE, (o), WE 3-4 iR, £%Y
M m 20l FIRITBEB T X HE Mg
AW BEERE, () BB E
— P EEE (B MBEHEE, (0) 1)
109 ) BT B0iE R E .,
AW MAREOHAN . o
78 R BRI AR F2 1R 1T (misadjust-

Eau[n)

AEHHRE

ment), iCAM, € TR Wiener JE Ex) —
Wasr 4 R/ TIRE, EFECH M
e i B &R
MFER R LMK E r, 526
bt WANETRLE B 5 RS B 3-4 LMS RSk M ERE Y HiR

TR IE 5540 T (Widrow and Steams, 1985 ; Haykin, 1996) ;
i Elow) -8, _ %cém)

cé1'1'11'11 in

RAPTMR— P EENNE, CHRER B ENEESEN HFREBEXTNRRE LK, H
ST 1 R EMBR S, BERE BERN SR ARENE S, EFRRATAERN TS LT
No FTLL, FlEn—1 10% SR8 B KA B 15 5 38 4% (68 W 78 UG ) 72 4 — A LA B Y
Wiener ﬂ?ﬁ%ﬁlﬂzﬂiﬁﬁ%d‘ﬁ}ﬁﬁi%t@mﬁ 10% BIEH1R2E, AP O 7 L bR v 8 B A 2
S NHER,

FH— LMS B BEY BB (sending time) , B2, WEEREFFLEE—H
o B, BAVCT LR 4558 T 0 (o) % 3 o, RIS B RS i 48k B 2 S 4%, R
AP - SR ENE A ER, o 8/, BeEn s e s &kl

-1 (3.46)
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R TRAD .

o - EHEREABITRE, IMS BRI TME S LB o BIF A, iE
P8t ] B v, B T E SR B 9 (Widrow and Stearns, 1985; Haykin, 1996 ). FATH i
AXHE—PTFEEGER: WEBRREIRSHE[/RERATTE, 4 IMS H 5 E
. R, WM RESRONHEZ AR, BARATHREm, ke LMS
RIER XS] B8 ¢ EFELMFEITFE, XA BEI—HENEEAERE.

3.7 FEIXEBNAEE
LMS BB B EMETTIA FEIRSEFEITEIEP AT, Erh
nn) = 7 MHIFE n (3.47)
XAEFHESRRURE A TREFL . M, 7E Robbins I Monro B LFEHLE AR M [134]
w3 (1951), FNRBERMEE R A, 7EREYLER R R # B 805 0 RS 5w
B {L MIE A2
n(n) = ?? (3.48)

XE ¢ BAE XH— e 2 g0 i FEXLE T B % A M (Ljung, 1977 ; Kushner and
Clark, 1978 ), 1HE, HER ¢ BHKRH, XT8N » SEETREH RS AN EE.

YEREEA(3.47)FN(3.48) B4, AT LAfE S Darken and Moody(1992) & X f4% 3 )5
A 4433 & (search-then-couverge schedule)

”@)=1+&h) (3.49)
XE M R EFENAEE
FEHBEMAO BB, ERK
B n AEXTHE S AT R E B < BT, ) T MS
%) EBW () FMETF 1. & /
HEFT A b RS R HE” LMS "o ' N

B—HA, WE 35 frn. H
I, EFEAFEENEE
BR e, TATHEN BRG]
P {E BB 3% B e — H B OF W E 3
TEHP E &, RE, HEM4
R n o T aHEE B KA,
A EZEOAMUA c/n, XBR c=
™, & 3-5 B, BEBMIEL
— 1% 5 89 B8 P8 i B/ B E AT
B EERFENHRALE, X
HEIERICGEEREETE ooy,
IMS 55k 19 B S R AE % G HE L

BTSSR, B35 PARBARE

0. kg

AL R T




(135

136

94 e 3¢

3.8 RHE%

A TR AR BT 54y, A8 Rosenblant AYBREIES, LUGHEREIER N £ 42 & (percepton) ,
U LIRS IMS Bs @ E— W a b, MRMBETE— M EREWETE,
Bl # 22 JC 9 McCulloch-Pius BB, {1 W1Z 5 1 7
= B R 4 TR R B — 2R AR A o S FIE
RHERE S (P — S R B ER, mE
3.6 Bk, MATERERA YA BEATE W0
#h AR — DS, RFHSHE— T
WA AEE. XTMTEBMAM, WREiFET
R, $A—ERES. TREYFERES -

I ACKHIEN, Mt +1, XN - 1. A3-6 BAMBAFSHE

EE 3-6 A SRR, RN REBBEILR w, wy, . w,o HMM, AT

RIS A BICH X, x. . 1,0 IMERAWBICHN b WX MEEIRA] R IR IE

A M EILH BT R

¢ = Z;w,xi + b (3.50)

AT S B B AR AN S R 2, ap. o, x, IEBAZT NG, G, BESS. rRMME.
REmEEE v B+ L 2, 2, . x5, BARRATALS,, IMRRAEEE vy 2 - 1
M4 A%, ,

T H— MBS RBNIT R, —~BEE » S PpimbREREE, X1
SEEE m AT R, x,, . %, WEH. FEBRARABMBTEYE T &I

IR R X B, R LN
St b = 0 (3.51)

M THMALER », v, BIFRCER 3-7 PG
B, EdihEhREEL. MTHRE LTHA
(%,,%, )5 AG, %, MTHRETFTHRA(x,,2)5
A6, %, TEXERE » ERNIERFEAFRNER
mEH.

B SRR R A AUE w,, wa, v, w, AT EGEAE |
LU ERIKRBNER ., T B SR TR AT ] A6 3
BRI SR E B R B AN,

e Wil R

3.9 Bl SEE | g+ Wk, 50

BTEHBMBREBIEEIEE, RITZHE w37 Ny — TR 2K
AEE-S PHERMNEEHEEFE, EXTS (a1 gty e 385 i AR B — 4 - R A S
B 3-6 RIS B R, RE B(n) B (XA FHFBTEE -FEL)

£,
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F—TET+ 1 WETHABWA N RMAE, FF-n
BB L (m + 1) x 1 A8 wA

x(n) = [+ 1, x,(n),x(n), 2. ()]’
SR VNSRRI VE NG - O TE L D B
MEX(m +1)x 1 FREFEH :

win) = [b(n),w n),w{n), -, w,{(n)]" .

Hit, RtEA s Er LIERERER
v(n) = Eﬂw,(n)x,—(n) = w (n)x(n) (3.52)
KB wy(n)RWE b(n)s WHREMR n, R
WX=0HH K m, x, o, % B9m BT LA RE)E X [ —METHE, R
R NN e i [1aad 3 o i

AT ERABIEHTAE, 6, 16, MANTELT R M. XEREFILEL LM
AEEBTLUMMFREFTEHEETHE. XTZRSHERNBUOEENE 3-9 Fin. 7£H
3-92 A, FI%, BB RS, FERIIfEE—T8Y  (ELE TR —FHE MR
thiFAR . HE, BRUOAFRNAEE, M6, |FHRIT, 0 3-9b frax, &8 TRIELR MR
SYE, XTSRS T RSB REEES .

B 3-8 FMOBRNBIETHE: B
VAR R BER T AR KM

A 3-9
a)—RTREMEERX b - ERESRES
BRBRHNBHMATERBETHIRET 46, %, AEmR x (1), x(2), F
BTG, MmEEEMTE, ¥, RANERE x,(1), x(2), - BTEE s EHEHBAT
£, ¥, WY, HHERBEMIGEY, AEREBEY X, XilgaEds, NEIET RN
{5 & w b ERE SR8 16, 4, Wik, FE—TENR w BFEI TR
wx>0 XETIEE METRAMNEx
wxg0 XETHEE NEMMARE X
73 5D ME T Y wx =0 R TEEEEMARE x B T, HFVNERETHE
¥, Y., FIERRAERRIIGE R RE— MR & wiE R R (3.53) PR T AEA,
FRARMBAONERNE BEVHFERETLANL FAARE:

(3.53)

137

138
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1 BIIZEFHE o THA x(2) BBEEETRS o KEAWTEEE wia) BT
%, FRARRHE SRAIEM X T RSB K.

win +1) = w(n) BRI wix(n) > 0 H x(n) BTHE,
win+1)=win) Bl w'x(n) <« 0 H x(n) BTHE,

2. TR, BANSRROAR AR R 2R IE LT AR

win+1)=win)- q{m)ﬂ(ﬂ} B4 WT(.’E)K(TE) > 0H x(n) E:F%(‘QI (3.55)

win+1) = win) + 5{n)x(n) Banw (n)x(n) g 0 H x(n) B THE,

RBZEALBE q(n ) HEWES » REAPIPEFERET .

B p(n)=9>0, TR yBRGELRE » TXHER, RITE—-TRBRABHE SR
B8 B AN,

FEEENTE NI Y q= 1 M EEEE AN MRS, BEE R AEEERE
BH, REERIEN, 9| HOESYEES TR SEEXmE. M TF 9(a)25 1k
RO G,

45 tH BTIE IR ST XA HE R w(0) = 0. B w (n)x(n) < 0% n=1, 2, -, HiiAmE
xX(n)BTTEX, . X8, RAXCSIMWE-PTREEAAWR, 82 508571 56 15 ¥ Ho %
& x(1), x(2), - #HTHE, AERE(a) =1 BERT, ROTTUF AR 55) B 17
HE

(3.54)

win+1)=win)+x(n) Y x(n) RTH%E, (3.56)
HETTIRFH w(0) =0, RITATVIZBARFBEXT LT win+ N HBRBALEE
139 win +1) = x(1} + x(2) + =+ + x(n) {(3.57)

HARRIEE, W6, AR 0, MRTFEY, ®E#E x(1), x(2), ., x(a)HRER
HR w x(n) >0 FE—TH wo WEER w,, RITILUEX—TERK o,

— 1 T
a = I{r:ﬂ;__nm W, X(n) {3.58)

iy, EAG.SMAFERITAE w , 54
wow(n +1) = wix(1) + wix(2) + - + wix(n)
FELL, RESERG.s8)PRE X, R4
wowin +1) = na (3.59)

FHEF AR FHAY Cauchy-Schwarze A F 1, BER T HE w, Fl w(n + 1), Cauchy-Schwarz
AHFXFRA

fw [ *Nw(n+ DI* = [wwln + DT (3.60)
XE - | ErREEHETaRMBULEERK, M#lwwin+ DEGE, MK(3.59)#4
Alwowln+ 1] RFEFT n*ds MKXG.O)RIMNEED w1l win+1) |1 KFHS
Fiwgwin+ 1), IEEHET

A ||2||W(n+l)||2;na
REGHE Hﬂn+UW;W§%7 (3.61)
FERINAER SRS, S, TR (3.560)%E %



R A B 97

wik +1) = wik) +x(k) ¥k=1,,n Hx(k) €% (3.62)
AT (3.62) i R B L B SRR, BI1E3A
lw(k + 13017 = |w(k)§? + [ xCE) 12 + 2w (E)x(k) (3.63)

LI, RGN THE, FRyE g x(b) AEHT EMRAERET, JI1F w (k)x(k) <

0. HIHEMHR(3.63)P1EF]
Nw(k + 1) |7 < [[w(E) 1+ || x(&)°?

REEE  Dwk+D 2= [w) P w12, k=1, =, » (3.64)
B k=1, -, n WETORETERABEIR LML w0) =0 BEARK, BIRLR
lwin+ D12 < 3 Ix(k) 17 < np (3.65)

XE B E—TEE, EXLA
B = max || x(&)]|°? (3.66)
ied,

A (3.65) RWEPEFE wln + DNHERLEERET SR KEL HEAEQKE » ERER

Mo ARBREEN, XGGS)HNE-NTERERESKG.6)NERMTE., Lix
L, TATRILLR » ABER THENME np s (B 1. B (3.61)(3.65) &S EMr, XH,
M T T T PRI

7 32
H‘ma

Tw, 12 = oeb

HEBHE w,, Bl n,., BIPKE

Bl w it

r

(3.67)

mar

XHERMTUEB THEFEM n, o(n) =1, Ew(0) =0, WEFEHE w, FE, PBABRHINE
FHEN T ERELE n  KEEEIE. MAR(3.58), (3.66)H1(3.67)HER w, 5 n, HIRH
;F:‘PEMG

AT AT LASOR B A2R A4 B 2 3% & WAUE 38 ( Rosenblatt, 1962) «

R @ F6 T Y, U, RENTHY, BLBEARALRAIBATE, BBAXE
J’T‘ ng RBRBME, KSR EWXTELT.
wing) = wlng +1) = wlng +2} =

A% nyn, HBREE,

THEFEE q( o)k, REBASEGENHNEIREBEDE. il i 9(n)EWH
PGl IR-W: DR ZiN L 3
n(n)IT(n)x(n) > wi(n)x(n) |
FAZ T SBENEZRORE » KERHHAR w (O)x(n) FEFSER, BAB L+ 1K
ERF w (n+ Dx(n) FEMERERMR . XEAME w' (n)x(n)HHFESEER, REITTLGE
HiZ x(n + 1) =x(r)REES o+ 1 ZIEREBINGNF. 0EHE, STMEXEEL04
M ER A ERHRE,
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oy ——

[141] B w(0)MEIREA R, (UUE BB SR E Ry A B gl ), XK
BT w(0) S5 w, FIRERE., Xk wOR{EREZ D, BARSARR LRI BWERE .,
TEE 3-2 FPFATHHR A ZBSUR B4 #E5R ( Lippmann, 1987) . TEHLREE =41+ HEAHS
Ry L BRI R P EIC S sgn(+), KRS BRE (signum function ) :

+1 FHov>0
sgn(ﬁ) = {* L%, <0 (3.68)
XEERNTT LR MR NEAER Y y(2) TR AU T REHER .
yin) = sgn(wr(n)x(n)) {3.69)

F 32 BHBREENZERE

AEMER.
x(ni=m+ | EWMARH
= [+ Lxi{n),ealn), -, x, (a}l¥
win}l=m+ | HX{ERME
= [(n), o {at,wln), - w, {n) T
bin)= WE
y(n) = LERNIRY (BLLHT)
din)= HEML]
n= BEIRBH, P UNOERE
1 MGt w0 =0, XW&% n=1, 2, ~PITTFHITE,
2. Wik, FEEIF o, BEEEEEEBANR (o) MITE®T () RH 15 RAE.
3. B KR WIR . TR AIEE Y 3k B R
y{n) = sgn[w {n)x(n)]
i sgn( - ) EAFSHE.
4. PHPI R EEN ., EREDHRGTER ],
win+1) = win) + 9. d{a} - y(n)lx(n)
b o]
+ 1 #Hxin) Eiﬂ'éé‘@]

d{ﬂ} = {
-1 Hixln) E:F?écﬂz

142 5. 866k, BIEIZ o N1, BRI 24,

EEWARNE x(2)R(m+ 1) x1 0, EME—-TRERNMTEPBRZER + 1, AN
H, REMBEw()R(m+ 1) x1 R, EWE—NTRETRE b(n). E3-2F9RE—
Bk BITGIA—IRUERNL d(n), EXH
+ 1 £ x(n) BTHE,

‘“”z{_l > x(n) BTE, (3.70)

i, HUERER wla) ) Bib R L IR ZEEIE 2 A B (error-correction leaming rle) JE T Y 2
i

win +1) = win) + 5ld(n) - ¥v(a)lx(n) (3.71)
K RETREM, 2 d(n) - () BHFH—TEEEENME, 2IRSKETEY, B
O<ngl. HEXTXEIE 4G g M—ER, RITLHMEH P8 B4 ol % 55 7% 5K ( Lippmann,
1987 ) :
« dEMANFHERE TREENBEM/RT, IFE-TRI 4
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o FEXS TR AMES x BRI RBIE oM BYSEN A, REBEMTEREA 14
3.10 Gauss 3ME T REHIZ 5 Bayes 7RI X R

EAIAY 5 — SR Bayes MR BN ERE X G LB RE - FTHAE, & Gauss AT,
Bayes 5 £45i R A— MRS, X EHRASBRAKERR Y, B, BESHS
HFEF A EBET Gauss BRIRMHEAN . X—PRNWFRXFER, HERFEATRBRDE
RIEAT. RN 3t Bayes P 2B8E—MEEME T,

Bayes 4324 2%

{E£ Bayes 5P FEH Bayes R B LB P, RIIBALTHRE GEHR) . XFH 2 H B
(I NZE6, FIKE,), Van Trees(1968)7F S ATF-15 XK % -

R = ﬂnPljﬁ.fx(K 6, )dx + Canjﬁlfx(K | €, }dx
| (3.72)

+ Cgfplj.xlfx(x i (8] )dk + C!gpz-[xfx(x |. ng)dx

XERIMAE LI

p: = MENE x(FREIEE X WEAE A TFRE, FEBREE, X8 i=1, 28
pr+p=1l;

cy = HEKE, RATHA(IMERE x B E FTHHE )i kgXFm FEEE, REY
#E, B, (iLjr=1, 2

Sx(xt6 ) = FEVLINE X WA RREERY, BRAKEOE xBEFEL,, i=1, 2
ARG IDHEAMLFHI R R ERPISE(NMERSE), NTBREFHBRIRERTERIE (B4
). BRFGESFENEFREINA . 755 R E AP R 5 4 B0 A 0 45 32 ( B 5550 #
),

HEETHE — T RMEEB R SRR, FAREEMEHXEERRE, £
FEXDGNRE R x MABFRERHBTY, AEBTY,. Hitk

X =% + &, (3.73)

FER M, FATAl PIER (3.72) M E A A

ﬁ = ﬂ”pl_[x]fx(x I cgl)dx + cnpzjx—xle(x I %z)dx

(3.74)
+ fz1p1jm_afx(x | 6, ) dx + Clzpzjwfx(x | 6,)dx
XH e, < ey H en < e ﬂﬁﬁﬁ]ﬁ%@i?ﬁ%i
Joxxr@)ax = [ fxi6)dx =1 (3.75)

Hit, R (3.74)%H
R = Cap + Cnps + _L, [Pz(cu - Cn)fx(x i fﬁz) - Pl(ﬂm - Sn)fx(x |' (@J)de (3.76)

RO 7OLNEFERAR - B BATERMIEYRBR, BITAR(3.76)5
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‘ FLA T B FE IR .
1. A G B BUE (B S B kst ) R B TR 1 B x A0 DAL T T2 12, (EP2K
(] 6,), BB RIERAE — TR,
‘ 0. B BAENOY EROREL [ B x MBI T2 %, PHER (SR Ke, ),
LK i BR 4 % RS R — - IE 50 FERR,
3. BRI x N T M RR A, B DR, RS
‘ YRS T I, (BIG, ).
ERAERE, BATSh Bayes HABAR T
‘ Bt e

P](ﬂzl — ﬂu)fx(x [ (@1) > Fz(fﬂ - sz)fx(x { %2}
WA, RRERNE x FRAETEZAX, (FFLC), Tl xi2%, (F£6,),

‘ FTRAEEN, X
{x1%,)

‘ Alx) = ﬁ( I(@) (3.77)
i T o (3.78)

‘ B AERNFAEMEE R R, B A4 L (likelihood ratio) . & & BV R AY
Wi, EE A EHRAEN. BEXH PR, ATV Bayes HREBEHER Y.

B AMEErE x, ML AGOILEME & X, #ie x S EAES,, Az, HRL IS,
| 3-10a B— T84 Bayes PR MHEIA . HARREWESRZFFEM.

BAX) > £ Exde
X N A 1
q fui Egﬁ ), H, 58 _{

Ez# j}'mxﬁcg?

FHiogh(x) > logé, TxhkeG
b 4 " | 1
ﬁ‘ Ehelvia B ‘{

Rz, R xR,

|

logé
b)

B 3-10 Bayes 225380 - 4R
) PR RS LA EIA R
1. HAT Bayes ARV BIBIEAL PR S B PR AERUR e ACX) BT E F,
2, KRS REGERMEAENREIBRPHRNHER ST XA . IR PENE
e BRE £,

145
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TR L, BATIERBUR AT R L E R B B A EB L, XA
M. T, UEEEFERR. Hi, AR AOEE:H2ER. EH, Bayes 4r2id8
LA LAAGEE 3-10b PrR i SFMIER T M. H TFHEMNRE, F - MEHRAMNSRER I
AL R LAE 55,

Gauss 4+ 71 T H] Bayes 4> 225

BRTEA IE— TE Guuss 5370 T MBI EERIETE . VLA B X MSEEHET X EB T
X6, E RS, B XA BRI E A, iR,
X€,: E[X]=pm,
E[(X-p ) X-p)"]=C
¢, E[X]=p,
E(X-m){X-m)"]=C
WHEER CEIENAKN, XEREB HEG 0266, MEREHER, BIRCRER
A, XETEHEER CTIFLT,
TEX PR TN LIE X MR AR RERATT .

1 1 YR :
fx(x | (8:.) = (znjnﬂ(det(c))mex})(— ?(K - P;) C (x- Hr;_}) i = 1,2 (3.79)

EE m AR x R
H—H R
1. FRS, #16, AIBURAFR .

pyo= pro= % (3.80)
2. BiRARERFIREAH, TSR0 .
Cy = Cp ELl ¢n = € =0 (3.81)
FAVATEAR TXHFEBEBE IR Bayes 402X H0EH . Ak, B (3. 79 A(3.77) 3
ELARNTE, RAVERA (FILE) .

logA(x) = - %(x —p)C N x -p) + %(x - CNx - wy)

{3.82)
={(p -mw)'C'x+ -ZL(FQTC"[»L; ~u C'y)
3 (3.80) AL (3. 81)IRAR (3. 78) H B B AN 8L, RATBH
log§ = O (3.83)
TN(3.82) MK (3.83) R KT AT Bayes Hsdh BRI, WEREA
¥ = WX+ b (3.84)
Bim, iXH
y = logA(x) (3.85)
w=0C'(p —w) (3.86)

1 ] _
b= mCl, -wCip) (3.87)
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EH—2, AR H “ﬂﬁm%wWﬁﬁb%ﬂﬁW%WﬂA%ﬁﬁ WIE 3-11 Bes.
TEaC(3.84) BURERE 1, FRAJ ol LA H f 7 248 (=] R4 (1)
Xof BLUR HE R S f A AN T

BB RSB (LEHBE )MEEAEN, &£
WA G E x SEHRE ., T, LEfERALKSE,.

147 R Gauss BT 1 Bayes 73028384817 5/
WER BB, A EATAR & 34, FL X
(3.71)M1(3.84), 102, Freil]Z Bk R A — 2580 m 7 3-11 Gauss S} 2EemyiZ A
HEZEMAN, B 42 (Lippmann, 1987) ; :

o JRABBITHIRE R R . FH Baves SEPREF Gauss 4010
AEYRBEMESN, HEENARTAMN. EEMBEEERSEME p, M
w AR FEEE CHREN. REMEROE 3-12 R, XEMN—TREAEER
Bkl (M m=1). HMANEANREATS AR SHEESNNE, BN
MR ELA - P, BAFERNREDAIESTFERE

* Bayes THE/PMEFLIREMME, X ME/MEES Gauss 7B THERZHHFEE L
X Bm, 7EE 3-12 FREFFH, Bayes 5+ EAR S RAT Gauss 245 T HIE
€, 71, HEX R k.

o RASKMESRIESEN, XENRERALTEHAZAEANRBRR. EWET
REGTAEEIBES AR S8 A HFER YO H £ R 2852
o R B R AT HIE Causs AN, BB TIESMRI, #HR, Bayes 23R
ZH ALK ERFHER ‘é‘?&ﬂii’-ﬂ.‘i‘l
K, i RES RS A8
T,

« BREFUREEEHIEN
B LB A BT
FRIIBTFHEEST AR
B, B—H, Bayes 578
ikt REER; Bl
TAE R EERAE, R4
ERmME#HENESITHE [ 3-12 M4 EEMN—4 Gauss FH
BRI

3.11 MEMITiE

FRATESFE ) IMS B0 B B R ae AR EAEEM, IE IR iR E R B B

WEREE. SSEF b, TICEETIRLES E¥INAEBRMNBHOIFZER. RIE“BE"HEX

HEBE YT ARFEENTERSEN AT THRN—AAZHE XS, BR, &
WIBSH LMS B — e A E A X R
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o IMSBEMEAFR—MREME T, MRAFAMEICH McCulloch-Pis JE AR,
o JREBBF IR IAREEREE L. HR, 7EIMS B L EEy Y, X
AL R S AR S FEANE 1L,

—~hE BRI 28 #4 B% McCulloch-Pitts #E AR ITE T E ., BA SR M-~ 08, 45
R sigmoid BRIELVEICHHEIRIESS, BRUSSARSAETNER? SR EATRINE
AR R R KRR ESE A M o Rl p R R TR, B ARER EMN NI R R
(Shynk, 1990; Shynk and Bershad,1991), [Nt LA RE R & v i it 4 4 2SS FIS
— R R AN TR, AEIELREFAA AR, — 1 HRERMNESE RAEEL
PERT AR T A 4 2k,

WATH T B RR LRRIZS AT FHE . BN ZEAI LMS B R 2497E 20 40 50 4E4%
MR . IMS B EHESRME THENER,. TEt, sRACEI—TAEN{ES
AL BB 8 T B (workhorse), RN ESLBAEE MR, WA FEWRA. Rosenblat FER RIS 1
BENRABEREIE FHE,

%§ T Rosenblart JBRA1 2% A5 — N AL E 9P 2L 1H Minsky and Selfridge{ 1961 )32 /19, Minsky
Al Selfridge 75y, Rosenblatt 5 X FERAEE A E R RIFFE B A G B 305 500 3B R
B afEo, AR R — AT, Rosenblatt 5128 4 1 B R FRJG 3k LFE Minsky 0
Papert B2 2 CREAUAS Y S 3 T PR BB IR (1969, 1988) » TR &5 H — b iy & 5O AN 3R 2 FE4M
BN RCHI SR B8 BT LU S Minsky M Papert TEBH, 278 P 7 Zal 8 Rosenblatt
BRI WA - TR T2 ReE ., EniiEhnEs —=, Minsky #1 Papert #8141 %
B Rosenblatt BRI R E 0 — MIEIERNEE —ZE#HZMER R, T
R T TEAE (196080 132 7,

REEZATHEENRR, BEXERTESMAHE. EARERIEENKNL. THSME
Y, EREANZIEN, CEROEN--EBHTIHEEA AN, S TABAHEXERLETEAE
ERARN, BITEXHNE BEZREMALHFER, HRY TR —-ABITARNENREE)TL
— T REEMTEWEHEE,

R RAEE ERE T P —AFEEE) 20 L 80 R P HMNI AR RS IR
— R ZRE T BED K EREE.

{EL 7 56 B Z24E ] Minsky 11 Papert {F 1 BGHESI L PRAKRAER, BAARINMECZAR
EHERMEMBBIEA, ST HAES Ik Rosenblan BRHNAF4RIZ 4. N, 54 FiHeH
R BRENGRERZRAER, F 5 BTN RMEREME, £ oHThHIHnE
tl, ML EMSERTERR TRREBES0TERRA.

ERMBE M

(1] Rosenblaut FA8 4 R4 RN S RERY R R 28 2 2 (1962) 8 =Ph BRI BT JRETE T, B
AEERSTHIMI R BE G, RIS SO ATERK A8 B 70 2 (9] A SR 17 (81 58 A ARL(RL, T EBK 6L 58 0 Ty
MEBITZ B AER A FANRE. BESTMEAR I — T A E A T R
RAIM UL BB A G, S0 AT AETIIE, Rosenblan #1JF IR RAMHRHEZITS R
A — W BRI ( BB HR SO0 ) IR RR T R A — B

(2] —4mEkiRs

[149]
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W f(wW)RABETE wBI— N ERE, (WX wilBHE ST R E:
of (2L 2L .. jﬁ]‘“

dw = 3w, 3w, 0w,
EE om g w RS, THEMAMEERERE RN

| flw) = x'w = ixlwf

A i,
(%E:xl, i = 1,2, ,m
B, UERERER:

oW

o (D
B 2 oRE (w3 KR,
f(w) = WTRW = zm: i WT

i=1

K, Beomx m B RS § AT, FIL,

i=1

s, DIERE L3R

w
O F(2) e B89 L E B A 4R 4L T R R A HL
(3] EEEK

— P mxmBEHEREFVRENEN, WRTHEERME
aRa=0 IEEacR"
BaFEHRAENHRE, HE REHRHIREER,
IEEREG R MEEEREREERETRR, FHLEER R HFE.
IEEREEE R A — T EERER BT EEISE AR dea(R) =0 691B 28R IE .,
(4] W
H™ HERY R Zames(1981) € XK, FHTE Zames and Francis{ 1983 )i —# A48, Doyle et al.
(1989), Green and Limebeer( 1995) il Hassibi et al. ( 1998 ) th X%fixX M H#EM 41 T i 8 .
(5] 97 rehk IMS BRI R R, BI WS B B8 A vt S M R, BSR4 8738 1 i r it
TR, AT CAE R 13 5 /> — 3 (recursive least-squares, RIS)E i, B ERITE
3.4 WohRR A R/ D BRI S SEATIR 1T L. RIS Bk Kalman BB 24—
YW, DEBRANBRIEFRENRETRMLWEEREES. FEEMNE, Kalman B EH
BARMA LT BRI A E T I AR R B, XF RISEBEL K& RISHE
¥ Kalman JEF AR X RFB LM, 2R Haykin(1996) . Kalman FERKBRHES 155
SRR i
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THRBAL
3.1 PFEAE—DMAUH » (RE T, ZRTIHU R

Elw) = %ﬁz — T + —érrw;l

X &, e, BREEE A
3.2 FHEAH R

Elw) = %03 - TLW+ %WTR,W

R [G.SISZ] ) [ 1 0.8182]
“ T lg.3sa 17 T Lo.gIg2 1
(a)REE(w) ik BB/ PRIBREE w .
(WM TR RS E R ETRETE w'
(i)n=0.3
(ii)n=1.0
f g —fiEo, BERERE wa)fE W-FmEEe N,
o (b)Y EIE DRETE () BB R S5 E 3-2 R E IR
3.3 FEAG2OMRHEE, EEARXCATDRELHIRELFHAMMNEERL,
WFBH Gauss-Newton ittt (3.24) A 5 A 2 4k (3. 23) R R E E 5
LMS &5
3.4 IMSEEPHAME x(n)AOMHCHERE R, EXL N
R - 1 05]
0.5 1
AE S IMS BEATER TR T 25 B85 n FEUETE .
3.5 IEHME IMS BEoE U TRBER BB EE R TR

n & _J
win + 1) = %(n) + TxCn) T sel{n)x(n)

XHE g BIEFEEH I x(n) | BARR x(n)WEKJLEEEER, RE c(n)EXH
e(n) = dln) =% (n)x(a)
XH d(n)RHEmN . 4TI LMS Bk ks, ks
0 <y«

3.6 LMS HBREBT MRS, W 2-16 Bras, @Y R ETHHFE, BRiE
HEPEFE AR ERE T HET,

3.7 EE-HER 2(n-1), x(n-2), -, 2(n- m)E R AR BRI
Ar, XB m BERIE R, ZRFIF IMS BEEFIM AR « (2B £(n), B R¥H
BIMIBENMENE w,, w,, -, w, FHEHERR,

38 fEAREPHTHEARNSEYEREERMER, ERETHREFSHIFE,
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J(w) = %E[el(n)] = %E[(d(n} -x (n)w)’]
(a)BiRS A M E x(n) FESEmWAN d(n) A —TRERE, LHH

Jiw) = %gﬁ —rw+ %“WTR,W

ix |§ o= E[d*(n)]
re= £ x(n)d{n}]
R, = E(x(n)x"(n)]
(D)X XAACAT 2R 8, ESAREEE M B A J{w) ) Hessian SHREE 5B TR A
g=-T, + R,w
H= R,

(c)TE IMS/Newton B H & g 7T LA BB A B4R ( Widrow and Steamns, 1985 ),
IEHRAEF B o X BEMTUEROT .

Win + 1} = Wwin) + yR'x(n)(d(n) - x"(n)w(n))

PRHFE R, BRI EER, RERIIBTH,

3.9 TERERPRITEF DGR 2.11 WHIRSMACHEME IO, X NMEIZA— o2
BRI CEE R x #F, ICIZETEE R SERR Y y ASRE R (ERLBE M S LT
SRR M O GOy, MEICIZ AT ARG IR . X808 2 H N Hebb 2T EHEH, ©
BA ARG B2 AR, AT MO, BATH ATEIDIZiR e — MR
IEVLE, MEE R B AR (Anderson, 1983 ).,

B M(n) N IRSEIBIE ST 3 B » W R WICILERE . ISR M(n)% 3 i 5
FMEEMT .,

X, > ¥,. E=1,2,.,q
() KA IMS Bk MR, id RT3 EE LN
I;“[(n, +1) = I;I(n) + T][}i'k *lﬁ(n)xk]xf

X g BEILBH,

(b)Xf HIRRL, y, =x,o REXHFE], I MERERE » ST RGN, iei2 98385 E
4, BEH

M({=)x, = x,, k=1,2,,q

()TEL) PRIZRTYUEEE T ERE, XM LET, x, TR M) B—4
AR AL, SR M o ) BFEIETE,

3.10 G FRATPTI R EAT — X EE R A R L IMS B APERE

FE—THEVIER X, ERE T EEEEA

¢ [ ey Clz]
3 Cry

H{H K p=[:]

(aTE T 28 CHENTK.
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(b BAHREEE R WIS

TEM R B p X TMS PR aR AT R .
Rosenblatt 5] 2% &1 2%

310 g, RAITEERS—F 2 Rosenblan BT H AN I, & BB
W] 5% %% ( Duda and Hart, 1973)

J(w) = (-w'x)

s (w)

X HE (w) LRRBENGLR B w BB R B AR, (FE, MBRTERIEEE,
LW ESUAE, HIBMW wh x<0 B ER 00
(a) JLIAT EEET J, (w) 2 G5 IR 7 200 A0 R ke 3 70 57 A UL B M S 1 RO R L D B
(b)3K J, (w) R E & w iR,
()P H(b) PR ERUas I, bR AOFUE W 3 2
win +1) = win) + n(n) ; X
aE (wla])

XX (w(n) JRAFANER B win) SRR ERE, B (o) RETESY, IFHENER
35 RRF A IE IR 50 (3. 54 M (3. 55 ) W R KO I e A — 3wy,
3.12 R SERASMR AR EN LG EG.THRER (3 54)HI(3.55) —F K.
3.13 ZEF--HE Gauss HEE, F1€,, TNMFESDR 1, BITWHE R
0 o= - 10
@y =+ 10
EWARFEEEREET 0., Hit— RS Egxmias,
3.4 RiKE 3-6 TRIESHE KAERIFIE BT sigmoid JRERPEER .

olv) = tanh(%)
KB v RiFEFRATM. BASHSRERE XWTF . [154]
WREEH y>0MEME xBTEE,, XBORHHE; 2, xBTE,,
3.15 (a)BABULAHENTREZERE. IEH e R B2 RS (AND), 5
(OR) F13E ( COMPLEMENT) B2 B0,
(b)ERMEGH —TEAE R EAERT T (XOR) M. BEERXIREBER.
3.16  F(3.86)F1(3.87) i X Bayes 757 Causs FFE FHREIRE . b i=E

M CH
C=1+1 [155]
XA, REEIrREBRIMR, XB o BHE.






F4E ZERIZE

4.1 &

HEX—ERIIFIEZZMNHEME, THAMEMENEE 28, XF RS 8RIH =55
HE: —HBRHAT(ETR)EARALE, —BEZETETIANRREEL, &F—BEitEY
MRk B, WA SEZEERIEMN ERIREHENL % . XEHEREREERN 2 £
B 40 B (muliilayer perceptrons, MLPs), TEAUFES 3 BEEN A ERBRMISFRIHE

EWEZIMFATHEHER AR ZA SR EIMEE T RNE RIS ZE R
%, BEfleg2fhATFARMEAMERENPE, REFKMEEREEEETRES EXT
MG, Bit, ETUEERERBESEEHNEENEERENHET: E8 3 EHANH
T RAMEUIEEE B NSEF T (IMS) B

A, RERAEREIHEREIREREZEETHN: —KiTa@dm—ka
#ifid, ERIEGES S, —PMEHEXAREMERTRERAT S, EREmE R 5%
—BEH—EmtE, BE, 7mE— ML EAN R ERw A . ERTRUAL B, R AZE i
WESREER. A—HFm, ERaEEP, EHNELTRBRESLEMRNERE. 57
M Bfrm i ERENEFEmEmeEREEFE. XTREGFSENMEHRETME, SR
fil 42 7 ) A I —— R e M R B R, 2 A (E e R R (A R 4 B S B i M T B
XrRITBWWE, REL M EHBEEEXER PRI L & ## H & (back-propagation
algorithm) , BB B BLHR Ny B 51 45 3% (back-prop) . SR TRMTILEFR A M E#H K &, HEEN
TR B FRZ S R a5 .

ERBABRA = TR RIS

1. REREE I METERERE - EREBEREE. AXEERANFEFEE—FR
B, 5 Rosenblat BRENZSE FHAGTE FROS R $0HE . dERME R R (BIBAL AT 3K . T R IEZ
PEER B — R R EE R H logistic PAEY

L

1
1+ exp(— o))

SE X B sigmoid JELAET, Hr o, BMEZIT; BES RIERIE (R FTH 22 fdar A I B E T
), y, BMET; Hiad ., ERERNDBMEREER, 75 ] P 4% (I A B X RS IS,
NEERAERTEA, A, lgstc BRANEARETAY® L2E, BATEREBHEEW
22 JLRY 853 (refra ctory) BFER »

2. MgAE—BEREERENEZ T, EMFARNES ARDHHS. ZEREEZME
TTE SN AR (MR FRIE Z0F BT, FTUEREETERIIES.

3. MGBERNEENEEN, THMERMEE. MAEEENRTETERMERNE
B HAUER R

EEH FREH N EETINEALRPEINEIHSE ST EEERISEAEHWITE

136
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110 F-oE

BEA . SR, FIREXULIEM BB X TREITANAISMERS, 855, HTERERH
LA FEMRER S EEEEFESSBRNSNESIrE T . 82, REENFEHGF
BEITRTEEATEE, HEENE SN E, 3B M e A AOWE SRR B
ZHEFRESETNRRHE, FIABEMNETHEERE T, HARERERBSHTEERE
AR, [N R A AR ] 2R R 647 % (Hinton . 1989) .

“Be e XM RME PR 1985 SRS, TR I 1208 PR I E{ Parailel Distributed Processing )
(Rumelhant and McClelland, 1986) XA -HH LS . £ TR EMEEEZFNGRER, BHE 1.9,

RFERENAREMENMERES FH— 1 E2EE, ARG ERINE L
T—MEBBI RS . BRBANTAEE U5 (S 1838 8 00 Brofy 4 #f oo i IRl B AR 4R 1 T B X
B, BREMZENIFMZEI AR Minsky 1 Papert 7EH: 1969 4 7 & 1395 oh BT B 75 49
FREEIRTR

FEREA

EXREF, RIFILZEZRABHERTRURR GEHBYI. AZF5 L4, T—
WM A2 TR 467, TR SEMEHEEIF XA, & 42957 HE N ERE %
—EVRPRRE Y. 7E 4.3 AR NEARN A SN ZEY: £AEMRSTREELK
Tk, 4. 4aWREEREE MR, E 4.5 E D XOR 65X -5 F 35588 ) 6 B AL
F{EER Y, XOR BERE—- I EBNEE, HRARRORETERIRK, £4.65, T
R ER L REBEFRITAE — BB EX T R RIS S

BN 47BN 497, (T EERMNSBEERIRRF MRS, 4.7 5B
LRSS TR AR B R . 78 4.8 YA — MRV ERE NS FI AR 5 &
B MATRS B R EF Gauss PHHNHEEN ., 7F 4.9 FTiTiCRIERE W 2T/ 1S
fE R0 AR O B EAEH .

FERE =3, BFEMA410 TR 4. 1177, AMIREMEAFEE. 7 4.10 FHHEE N
FHFIEITEEERBRIFEFNEERA, RIEE 4.1 PN 5i8E M E K Hessian 58
R AR R AT m) A

RS, RINGESAREEFBEE NGNS EZRMSNHEE LN&HWE, ©
4. 12 FiHEEZAL AR, ERRXTFEIN—TEEEFERNME, £ 4.3 Witipdt £ 2R
AR ) ELE R BYEE . 7E 4. 14 TP XHIAE VBRI TR, E4.15 VR
RA— BRI -5 B RAEmEHE KRS MERAT (RAKES) ., 4
TR REERXLHREN, MEBTRR N BLER,

PRI TERR EEEINHT. 4. 16 PEERNEBEINEERSHERE, 4.17
TS ZA T, Bl i B i m &SR 3 M SO R M — MBS A4,

FNTARIMMA—MAFEWERERES, UEEEINEMN, F4.18 HiTib e
AR — T RE LRI A S, FRPH, AT T W83 syt He ks 5 0 ok it
Newton 75,

X—ERE—8 4. 19 W EE2BRABEAS . EHBRITITIE—MHEBH LA L%
CREERAE, XFFR %D S ST T ok EdE =R 5 bl 8,

T 4.20 WA —so— i i ip A A BT,

24y
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4.2 &R

H 41 B TRAEFTRREN - TRDROEERAMENENE . A THREZER
AEE—BEANERY &, XEENOMNGRSERN, ZAEREEER LN~ TRELS
EZHGE RIS AT ERER. FYE-BEE-ENER L2 R, W
FRMurRy, MEF.

41 BRERTREENEERABEME

M a2 Hie Z ERNSHN—1S, BREER
03X P 25 753 2 BELA (Parker, 1987 ) -

1. EBEES . — BB M 5 A B 4
RO — G ASE (), ETRBE(—
WA A M BT S, Bl G 2R
B — RS, RIMEXRE - MEEH <
HOREEE HB RS, Bk, ERgE LS . e
BREENNERRNER, B, AERESEg 0 RERY
FIEE F R —wEToal, ZA 558 Rk AL 42 ZERABIEIERELH
RS R EN — N BRI B, B WYRER, SEEENNREETR
WIS B R A, BHESHREEE

2 REET, ~PREGEEFETREN MR MET, FATME(—BE—R)
RS . B2 N R0 RE XM 0E— M S To 0 S B 8L R R AR
i R IR R

WIBWAT RS ) ERRENEEE, & FONATGEEYA)WR MM BE
. VR E BT R B MR R B AR 60 - FB 4 —— B T TR R, BB
R A S B RRBT (B SO) AR A RRA N WERNEREE X NETF T8
B2, PSRN IME A

B BRI B B 2 QM TR BN i R A SRR

L HE— M MAEARE B ROBRES, CEANETRAFSUR S BN R
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A K5 AU E - R SE TR PR AT -

2. BE R (AR ZH X 5 — AT A ER AN E) RiGHTRE, %
B )8 PIgk

Rinfe BT HEMLSESR, BEREX TSR RAORFERHE, RIJELGT
FEHS PR SE— /NG,

me

s {Ti, jRE EERETARMET; BT ESEMBTALEREEE, HEt;
PR e  reEsiaidl, MY#METT j REBBREZER AN Ec: TEETE
M0 BITEE AN,

» EEAETRIZE ) 0, MBS « MR (R EREMNE,

© FSE(n)IRIEN n BTRIBEANR 227 7 FakBR IR ZRER A L TRE o (1A
G )E(n) MPEBIEAD Y LR 2RSS, .

¢ Y o (n)TEHRZEM n BB IT; B HIREES,

* T () BRORATHE j WHBRAEHRTITE e (n),

* Ty ()RR o AR BREM ST MR AR RS S

¢ Y (n)BRRMIUE, BAER %N n BTAMEIT ) B ER RIS I W
Ao ETBUETEZE n BB & Aw, (n).

* AU e BTHIETT A0 RS (B ET R A SRR EIRE )IE N v (n); B
AR R F AT [ MIE RIS S .

o FASRHIRHETT j A0TES A EBCE R O RER N o, (+).

« AT#HE7T; MREA Fr: ERERVEH-IT5%T + | WEZH AMENIR
{HA wy = b, RIFER,

s BAFBER)MNE (M EH x,(n)FEAR-

s BRI BERDME LR o (n)ER.

« FAEBZPICH .

¢ W m EAZRIBIEREIEHIDENTEOEB); =0, 1, -, L, L
RSB RE". BN m, ZARBEXAD, m BEE—PEBERFIND, m B
tHERXAD. BERIES m, = M,

4.3 REEHEEE
W& j T n FH(BIEHE » MIEHT) BHIEEESEXNT .
e;{n}) = d(n) - y,{n) LI j BRHT e (4.1)

BAVE A0 § AHRZBEEBBHAMEE X9 (1/2) £ (n). HIWAY, B MRLEEEMBEESE ()
B SR AT R TTH IR E BB RE N R, XS HEREREFE TR EEHEY
AT gETn. WM, €(n)MitRARE

€(n) = -;13“ e (n) (4.2)

i€
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——

£BA CAENEBUENFEMET. £ NiEVESENGEPRN (P TIREE, X8
B n RE)WMARG X TERAF/DNELNERITIRERE, XRAH

%, = ~ 2 €(n) (4.3)

IRZENER B BRA HE (n ) FI iR 2 BE R HYF {HE, R M4 BTA B b 250 (R 28 A AUE i i & K
FIRRE . W T —THERNGE, €, RApUHrmBE I HEN—-TRE. #31
BHHARARMNEN A hBHETRNMEE, . BEFXMHB/ML, RIERSE 3 THS
IMS BB AR BRI — 8. 50, RITFE—MIGREENE, BMEE—
HEAE—TEANRMEY, H3-TEE (epoch) H5H, BREREMIGENTLERD
W EEAL . BUERGRBEARSEST S0 S NG TR & B R T. Bk, X
FAREFENEGE LHBEHRER Y, BETERMNEENRN SR, 8L ET
PEBMER— M. ERX—VAEE, RIS BT RTER,

RIEHIBE 4-3, EMSWEAET [ BEARR- -BWEIT 4 M — b 5UE S A,
Wit, EMEIT j BSeE REon AL A B EHR, (n) 2

v,(n) = Dw(n)y,(n) (4.4)
=11
W |
.~ A N
Yo=+1
Waln) = bim)
oln) = bin aim)
w,(n) v{r) () yin) -1
yi{n) {% . 2= o— - - - O gin)

H4.3 BAmtmesr i fiNESRE

XE m BEATHEL AR A(FEERE) M. ZEAUE v, AN TEEHEA
vo= + DFETMWEILj IRE b, o FrRAEA n HHIAEMET; BB LAMERESy, ()R

y,(n) = ¢{v;(n)) (4.5)

RSB ELLS IMS BB U RANE w, (n) WA—MEEMH Aw,(n), B
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FHTFE a)t w, (n)BIRMFBOC(n)/dw, (n). MIBMARIEERARN, AT LUK T8 AR

A
2€(n) 3%¢(n)deln) 3y;(n) du(n)
dw;{n) ~ de;(n) Fy;(n) v (n) dw;(n)

WMEEIE( n)Fw, () RE—THBRET, REFRMAUE w, (0 TEFEZRIFEE T N,
(4. 2)BR e, (n) BEB5r, FRAVGH
d¥&{n)

(4.6)

e = & (4.7)
FER (4. DB v, () BRELS, 185
%% =1 (4.8)
B, R4S B o (n)RES, 5
‘;—Z% - ¢ (5,(n)) (4.9)
RIS, 7ER(4.4) M w, (o) BB, 783
%% = yi(n) (4.10)
B (4. E (.10 RAR.6), BT
jf({’;)) = = & ()¢, (0 (n) )y () (4.10)
BEFF 0, (n)BUBTE Aw, () delta BN UK
Aw,(n) = - ”jiii)) (4.12)

He g BRERMEBEEREIZSE. R4 2D)FASHEREREEMR S PBEE T &
(BPFER— 158 (n)H TREBAESCER ) . TREG. IDRAG.12)F5E
Aw,(n) = 18,(n)y,(n) (4.13)
X B R 5, (n)E XK
5,(n) =~ 5oy = - o S R () ()
A R M AUE TR B . RIB(4.14), MIEWET j WREEE S (1) FTFiX
MEILHIIREES ¢ (n) MIARENETE RABH) FE o, (v,(n)) BFEBL
MR (4. 13 1) RITTHEET, NEFEE Aw, (n)ITEFE RN —IXBHEHTEMEZ
UL j M RAIRERE S e, (n). HXMHRT, RINBREMLCHAMMGE, KIIFERHR
RIRGTEDL . SH—RpEOL, MET j R0, KRR RERRE, HYMERE—1
WHTYOHREECHENENGS, ERITEREGSHNNER T YME, A _MF
o, HET ) EREEN R, BRARKEWETABEEEWRE, BRI MSGEHRE
HREIFEBEE, AW, HEREREYNEEEZHETXHLENRENAFTFENSREH,
XMRAE 2.7 PRI MEERERR. XEWELRE LM IEHRERFES MRk
T -

(4.14)
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iR 1 WET [ EWMHTS
W E T j  TRGRAEEN, SEREAC K- - THEMA, RITATLIARG.1)
KT EXTHETHIRERFY ¢ (n); BHE4-3, ()W, ARG 14)KITRER

HR2 HER | RRBEETS

HMET LT MANREEN, A ZEAMETHEEN B, A, &
BERNREGCEREHE SREEMEZTHEMENMNEITHIRERKBHRE . X
it 2R ERFEEARBERRE NN . BBEE 4-4 PRHRELAER, EH2K
MEETC j L RE— T PEEREZE Y 5. RN (4. 14) 3T 0] HE R0 RE 1 22 70 49 Ja sel ek 3
& XN

5,(n) __2%(n) Ay(n) 3 %(n)

dy,(n) dv;(n) T dy,(n)
g LT L
~ A

f R N

¢;(v(n}), WET [ RBER  (4.15)

Yp=+1 +1

wjﬂ(n} - b_; (m)
di(n)

ym) @) g,
B

ALY ‘FE'} yln) -1

ydn) {( wﬂ‘fn)

e,(n}

A 4-4 EIWMEMET & ERINBBENE T HF5RA

FEAXHETRIHA TR (4.9). BEHERRIE(n)Py;, () ENBETWHTLE NE4-4
A LEE

B(n) =+ Dedln),  WET k RBUT A (4.16)

ke O

X EFH XA 2E TR FBRTR . RITXABEATE#LSTEBER 2FEHTR  #5—
A2 TTHIER. EXW 16)FRMRBES v (n)RkKET, B3
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r]%(n) 3'3;;{”)
o = D 2 (4.17)

HEERITIM S, (n)/3y, (n) AN, EE M. 17)HENHIEA
dE€(n) dey{n) 9, (n)
Ty, (n) = 2050 50,003 73,0 (4.18)
R, M 4-4 RETHEER
exin) = d(n) - v,(n) = d,(n) - @, (2,(n)), T kAN A (4.19)

de,{n ,
A S =~ () (4.20)
FAOIME 4-4 L EFEIRIA T & ki, S#FREEE

w(n) = D, ()5, (n) (4.21)

XE m BWETE FARAN ORI RE) . R 5 5 AU o, () SF 5 E T
FEESTE. k BB b, (n), HIRHOB A RBRAEN + 1 AA9, SR(4.20%F 5, (n) KOBA7ED)
dv.{n)

a‘-}’.(n) = w;g-{n) (422)
H(4.200F0(4. 240 A (4,18), BR{TBRIEEMRES
%%:—g = - D) (n (1) wg(n) = - 28.(m)uy(n) (4.23)

ESR_ATRBIRBAEE o, (n)EX, EHR(4.14)8 %, HERE TR &R,
BJa, ANA.2)0A4.15), BEXRTFREBHE 6, () REEAR

8(n) = ¢ (u{n)) D8 (n)wy(n), WA | HERETT (4.24)

Bl 4-5 REFR QG 20)NESHE, BiEREES m;, By @ylvi(n)}
BT, T
ERG.2) P 5RFERBE 5 (n) KITER XK
AT ¢, (o, () MUUKE T REE ML j 0983
B T THAEWRNERBETFT, WREFRE#HE

()

8,(n) ~wyln) Bi{n) @v(n))
- O

e(n)

T b 4R, T A, BT 8 (n), XF RYCAN D . ()
ERBEERET RN E N EESWET 48 Enfrm{m)
Eﬁﬁ%ﬁ#&?ﬂ, %Eﬂﬁﬁ%ﬁ% f&(ﬂ)%%ﬂﬁ: ® 4-5 REEEFMEELE
SEE 4-40 BHT w, (n) REFEXLEZN RN EEWE
SR (2R R B

BE, BISEARMERELESHM R, B, BWHETT  ERIHET; Wk
AUE R IETE Aw, (n)H delta HIE X A0F ;

AR FHEN [ BEE WL §
WIE (= | &% |- | BE |- | WAEE (4.25)
Awﬁ(n) 7 a_,'(n) }".‘(ﬂ)

HIK, REHES () BERTHET j B~ MaBNVEEE— RN &,
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1LHRMET j BE—TWETR, §(n)FTHH ¢ (v (n)) HIREGES ¢ (n) KT,
EATERF MG j MR, BEA(4.14).

2, RWETT j REEEN S, S, (n)FTHMEN ¢ (v (n))F 8, I FAFEH, X
8 5, B SeEEsT j MER T —MEEZm L E BRI ETTITRRIIN, 2F04.24),

7. LT kol

R ERRERN AT, TEARRERARSE L. F— MBS RE @A, ™
B AN B R
TERIDE T, 2 MR AR R R, TIRBMREESE— TS TE—4
gz uEE FIFE, BBAEWE L F ML REE SIS N
y{n) = ¢(y,(n)) (4.26)
Hp o () BRMETT j ES R, &

v;{n) = iwﬁ(n)yl(n) (4.27)

B, XH, m BWEI j AR ANEE (FEBRE), T w, (o) BREENEIT i IWE
TC § A, v, () RIBHETS | HIAGSRELREMNEZTT | LSRN REIEE. I
RLETT j EPEBHEE—REE, W m=m, B 7 | BIEREAE | MEASS, RIIBHE

y;(n) = x;(n) (4.28)
XH (o) BIEWMARBERZONE Mg, E5—FmE, MBWEIT j EREMREE,
Wom=m,, FEHTIR; ZIHEMEZENE; Mobm, RISE

¥,{n} = o,(n) (4.29)
XH o (n) BB OEIDNE [ 0. XL ARERRE & ()L, B35S ;
MMM MAETHRERFES . B, TEAMRHB R AN BRRANE— T REEFE, L
WUHEHHZZHNE - M THKREGSTER,

TR, K@INGHEFE, REFSNEZIME—E—2EE, HFH#EH
HRE - THELK S(BHHEE) . HERTEATFEMRERER(4.25)8 delta 2148
o MTFHTREZEHMHET, SEHEBETXMHETLKIEEESE U EHELEE -KS
¥. Hib, RAOEAZQ@25)FITERFRABEENEENETL. SR LESHST
#8, HERKG. 24T BRSNS _ENFaME i s MERA RN ENED
b SEEEX TS MEHIAEMBE, —BEE—EESRTiTE,

FEHRTFEASH—INER T, Hg ARRER M ERIETEBEEMNEHA), x4
AR AR A 4 B o)A RO RS AV R RGR T,

& R

HWREEZRBASE—THEITE & HEX THETHEE AR oW R, R
e, WREBH o(-)ES. AEASARE, 05 B OFTHENERE#E, 8% 5
TEERAGEH LT HIAER RS BRI — B F 2 signoid JERMEAE; REFHHER
Rig— T
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1. logistic i # , XA sigmoid JELEPEME BT — A 2 i
]
1 + exp(— av;(n))

EX, KB o (n)RWET j WES R, BEXFELREN, MEMNEER T 0gy, <1
ZHo X (4.30) 8 v, ()5, BATTHE

¢ (5(n)) = a>0 - » <yn) <o (4.30)

aexp( - av,(n))
+ exp{— ar;(n)) ]’

BT y,(n)=¢;(g(n)), BATTLIA(4.30)FEEHEEN exp( - av;(n)), LR ¢ (s,
(n)) Al LARA N

(4.31)

(v (n)) = B

¢ {v,(n)) = ay,(n)[1 - 5,(n)] (4.32)
RAHETC ) TR, T y,(n) = o,(n), FUILTTLASMET j SR ETT Y
§(n) = e(n)g,(s(n)) = aldi(n) - 0,(n)]o,(n){1 ~ 0,(n)] (4.33)
B o (n)EMHET | HEWNERES, M 4 () BEAMRIREWEN., B—HFT, &
H—ERERE M AT j, BRI LU R E FRH
3{n)= ¢, (3;(n)) D)8 (n)w,(n)
¢ {(4.34)
= a}*j(n)[l—y,(ﬂ)];Bk(n)w@(n), J FRE &
M2 LIRS, S8 ¢ (4(n))% 5, (n) =05 FHBREXE, % 5 (n)=08 5 (n)=1
BB IR/ ME(0) o BESRRILE 10— DRI FE N BB S5 S8 ¢, (v, (o)) BELH], B ko
F—1" sigmoid FiERFRW, RUMNERERENMEITCEIRERFEESECTINFEE
B2 AW R I 280, 1R4E Rumelhart et al. (1986a), EREAEHFIXMG SIS EHE
HENEEFRBE.
2. Ry Ehpd, HI—TEFERAN sigmoid IELEPER 202 Wl IF ) ok ¥, B HEE
H I 20
(pj(nj(n,)) = atanh(bvj(n)), (a,b) » 0 (4.35)
EX, XHB o Mo BFH. FX L, PHMIEDRE R R MG NEBA logstic BB, &%
vy (n)BYFET .

¢;{5;(n)) = absech’(bu,(n)) = ab(1 - tank®(bv,(n)))

= b[ﬂ—j’j(ﬂ)][ﬂ+jj-(ﬂ)] (4.36)

iz

IMRMEI j MTHRILEZE, ENRESE R
8;(n) = ¢(n)¢;(9;(n)) = ﬂi[dj(n) - (n)lla-o(n)ile+ o(n)] (4.37)

WMEMET j T RERE, RITK

&(n)= ¢, (4,(n)) D8, (n)wy(n)
; " (4.38)
= E[G—J@(ﬂ)][aJr}y(n)]Eﬁk(n)wﬁ(n), j RBEMETT

%t logistic pRZH(H FE(4.33) F1(4.34) LA B 3 AU IE VT R 8 I8 (4.37) #01(4.38), RITAE
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-—

T R M LR (S B BR AT LA R BRI 6,
23] &

R & R L PR A T R AR S A H B BB B — R L. I A
FARSE B, M-RERDT -G R R E SRS E AR ED, $tERE
FE AL . AT, XFEGEEUBEF I HER MR, B—FE, WRBRATL o f0E
AU ST 3 B G, &5 RgiR v B (s B4R F R A AUE L B A e (BRE). — 1
BRENRE SR N ERFRENHE B REHR(4.13) 8 delta 30, FELFEzsE
W2 FR (Rumelhant et al. ,1986a)

Awﬁ(n) =aﬁwﬁ(n—1)+‘rﬁ,(n)yé(n) {4.39)
XE o R BHR, BHRER, TRHBELS Aw, (0) KA 5 )
B, E 4-6 Fim, HP ' FRRANEERER, K(4.39)8
BRI S delta ™ s BERER(4.13) 1) delta B HIFE K4 2y
BRAE L (BT @ = 0), /‘\
ATEHATHERYE «E—FVELEHR B EAGLE - $

RN, RATERGIEFENETH  W— I HEEHN, & 20D Ao ()
3| ¢ ABTERRT 5] 0 B MBTHI 2 n, A(4.30) W] BEHE MAVME 15 B a6 PR

Aw; (n)—EFFE. BXTET Aw, (2B HRREE e B2 W
Awy(n) = 730 8,(1)y. (1) (4.40)

EACE AKX n+1 WATEFR, M4 1DF(4.14), RITTE S, (n)y, (n) BT - 9€

(n)Rw,(n), BILERMTEFEG.0)EBEHEMEL

.{iwﬁ(n) =—1 Ez:;a”” g—ff(—zl) (4.41)

XD RRRER L, BATHRMLLT TAMEL(Watrous, 1987; Jacobs, 1988) -

1. HAMEEE Aw, (r)URBEBOMA RSB ST, SRR R FE PR, 3h 8 % B
FR#EOS [ o| <1TEEM. BoFTON, RAEEERBETERRANE., BRER
RSB E R o« AKX REERMN, BERERIETA,

2. MBI BIE(1) /0w, (OEZEEERTHE MRS, BEIB Aw, () EHE
S, BrEL, AU w; (n)KIBERE, EREEEREEPOSHIRETEREN TR

i TR
3. HfFRIE( ) /3w, ()EEGEENPHEHEMREN S, BEOIER Aw, (o) EHR

LR, BT, BUE w, () EBAR, ERNEEREPRAVBRGRENSERESF

(] IR

R ERFELAT, RO EFRERRN— M NEL, e ENES
AEESH —EE MR, SHBENTEEIABAEEEEEHE - MRENRRE/)D
ATRE WA £ 4L .

EFHXAERREENBREIRZR B—HE AW, ELLEHEEE LN

170
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s EEEYL, FARBPNZOSKBUIER . 3K, ERIEE BN R M 6 R A ] g2
BERRERBOBRRNT. XTEX—SET PRI HIFRER.

R EARE RN R, WA EHE RN A A DI F BT o At {6 552 7T i 8
iy, BUETE B EALT P ol GERR B P48 P e AR HRIFEE. MTEE, REETEU
EE RS MG R AR R, BENRMERAERA. X—K, TLERE
L ERMRERNFETESE . 5T 0 KT

WIZkBYRITHEP TN

TER e B ERIEPR AT, I RENEIEE G F T 2R B L BT
RER. RETIER DN —H, - TEIIBTRMIGENCLERKZ R -1 5H
(epoch). ¥R AE—TEGH— Bl& #ERE LT E IR MR i A AR 2 KOE R
TR, FEBMNGSE LAY RERRTREMEME. M= E&2 T — 1 E Lt
75 B2 B REAL R — MREF ISCER, XHFBEILILS TS I @ P B AR R EAR
Hlvk, DR BIFE R At (e e BR A P AR BRI B T BB SRMRIFIESS 14 EihiE.

ST =TGR, s & I TR0 T mmRr Ay 2 R R — a7 .

1 BT R HREHREINRG A EHRAIRER YR, BT AR T, %=
ERETAARESMINGHEAZRZ EHITREER:; XERREBAMEKEEREEAR
PrEl e R Rk, FEEE N IS F@ER)—AEE, HIRFR(x(1),
d(1)),-, (x(N),d(N))o ZEIGHHE—MATFH (x(1),d(1)) 2RBEFERT, 5258 L BTH#R
Hﬂ‘ﬁ?f‘]ﬂ*ﬂfil‘]ﬁﬁ%ﬁﬁ FEPEHRMRENRE TN —ERE. 5, ZESNE-D
A (x(2), d2)EIN, BREIEMRMAATBIRE, SEN% QR MEE R E KPR
H—REE . BRZESERE— DT X (x(N), N F B G EBEA SR,

2. BP IR, EREEHETRETTAT, REEFECAR T HEHHH %
BIF2IE AT W THREH—TFE, RITERMAEEE LR (4.2)A(4.3) B iR
=, XEAEFGHHAGES

E Ee (n) {4.42)

n=1 _,I"Ef:

EHEREEED e,-(n)%ﬁ:ﬂﬂ%ﬁd‘ﬂ mim 1) R X AR T A R IRE, R
()BT d(a)F0 3, (B0, TR BIFTIIBRRIE S d(n) 08 ;440 B RO i
WML, FER(4.42)RET | lAERAEY R MH L R WE TR, TET
n KISMNERFOEA HATE A KB NSRRI I, M T2IREN 1, AT  H8H
[ 0, BB TEAELELY delta 4]

Aw,

—ME _-ﬂzk(m P n) (4.43)
¥ X, BHERIIe (n)/,, AL e, iR (4.43), FEEH AR
i, ARMEBTRETE ( Aw, RAEHE I S| SRS A Hest
MEEREFHILERE, VGRS R R T RE, B — R
BHELCWRTEE. TE, BRI XA EMBMIIGER, FH—  MEstE
A7 A A TR I AOIR R B R LA BEHLPE . S ) FE B B B A B
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AN BT BB R T,

A, 27 AWM RESEGAE RIS KRG TEEET. LEMS,
NGRER D 7 W OV B | R 7 — MEBR T B iR/ D R 2R B R M
A LURIE, B H XA BT N EE S HT.

HMSGFEERE TR (BB E SRR —ERIL T &60), ROJEAALSREDFAHB
B, FAE—RAZH—MT, AMBTHARTLURAXMITS. HEEERAEEET
st JCH AN,

BRI, AR MEHEIRBITE s, (HERE N W AT (B9 i ok
R EBBABTEZERRENA

o BRRYSCELR .

v B A KB IB) R M A (R R A A AR B T

BIEAEN

B, AREIEA R B E e, HH A BE LHE G EETHEN ., B8, |
H—ERSEEEN, EE M A 8RR, XSHERETLE TR ER, &
RN —NEDN, FERATEEZMmMKY RN LSRR/ DR R 2SS HA. BAaUE
MR w iR AR SRR DS BFE w ROV R/D S — T B AR 2 i T AE
ME wiBEENE g(w) (ARSI TEw=w 22T 0, K, Fof7a7 LI B R L%
M B — A~ & PR RS ] ( Kramer and Sangiovanni-Vincentelli, 1989) .

A BB ESGA B — A DR B BERY, TAH RIS ik T A,

XMCSHEN B 2, AT AR, EIRENESBE. AN EEEITEEEFR
= g(w),

F— TR K B/ SRR BN B ERREREE (WHE w=w 2R
VR EE, BATAII BN — A FE s

S H-ARENHTREG TN L TR RR G0, AAR QB EE T BHE,

B REWENMWEN EEZNMBREPNENEREERFZ 0.1 811 ZH, —fAAGERW
Mo BIHE, 8—PHEEHSHZV/DNIES2Z 0.01 XREAE. REMRE, XPHENATEES
SHEIABNT R R,

B R —ME AR HA L RSN, 48— 122X ERZE, FERTEMEN
ZAHRE. HZACHRREE N, Rt E xR, ZFISBER L. B2F
414 T EEEMT .

4.4 REEHEEING

K 4-1 5 H— P EERBABNERTR. REFEBEINHNNESRE, QFE¥dd
B EWREAEMAE, L=2F m,=m, =m, =3 WEREE4-7PER. FSHENLE
H—H#a2 R . EE5HEN FE —#Ba2 KA R, XREHTER EE
&P PR A B R 85 B (sensitivity graph) (Narendra and Parthasarathy, 1990) .,
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122 PoE

s 50 {1 3 8@ 5

B 4-7 R 55BN
ETRAS: drrEnl EEE: ErEGEE

TEERIMRIUEN BT ER EREAGEEENELRIHNET L, HX#HITe
17, BEGENGHREAS ] (x(n),d(n)) L #TEFOT

1. MGk, BEREFAERDIRTA, FITA—AFHL 10 BBk 22 al A (H AR {E
AR EEABESET 0 BIEISIAA, B80T ERERMIZE [ 2T BT R R
HEDR 22 037 T sigmoid BEE BREVER TG #R 5> SR ATER 7> L B Ak

2. YigHEAMEN. ERIGERN—TEGER S, USR8 LI HF 8
BAEER, WKUGHETTEE THERES 3 B A8 4 5 hBriR sy m A @3 E,

3. BiAHR . BT R—MIEEER(x(n),d(a)), WARE x(n)fE BERAT
R A Z AT B 1 B d( ) SRR SRS HE . A2 h Mg —E—E i,
A EMEMETRRRRNERES. A2 | HWHET; WiEFRER, (2 )k

i
5.7 (n) = Ew}”(n)y?'”(n) (4.44)

Xy () RES 2 AT -1 BRMATT WS (REDES, T o () RAE
- I2MWETT i BES ] BEMETT; e, 3t i=0, BIIE +'" V()= +1, 34
wa (n) =07 (n)RE I BHMEIT WRE. BREH—1 signoid B¥, WE I EMHE
TL; W {ES R

yi? = @ (y{(n))
MEMET  REF—REERNI=1), &

Yy (a) = x(n)



FEE S 123

FE o () REARR ()M ;TR WRHELT ) FREZEEN =L, XEH LKA
RIS ), % |

_’)lr’j—JEJI = ﬂi(ﬂ)

HRIREGES
e,(n) = d(n) - 0,(n) (4.45)
KB 4 (n) EHBIN [ d(n) B8 j DRIE,
4, REiHHE. ITTERMSE S(BNREBERE), & XA
e (n)g, (v]" (n)) MR L BWET;

(1 B
o) -Lpg(uj”(nngay““(n)wg“wm i w49

KB ¢ (R AR, REST X delta BENFTTRIEE3E | 2 A MAHE
wi (n + 1) = w)' () + u[w}i”(u —1}] + qﬁ}”(u)y?'”(u} (4.47)
XH g NEARBY, « ASIERER.
5. %, ALERFR—RIFHESLMKRIES 3 S MNE 4 SH7TH0 1 EEALT
B, HIHEE RN,
FE: WEHEHESRKZIRINFEN—1ESE S —1Ee 0 MR . SiERE RS
FEE DG B IR R R—REORD . el g IR,

4.5 Fraxiol®

—TEAN(RE)BRANSEAREHET. Hit, BN AEAIER 04 AR 2
Fo R, EERHETHRAANEREE. FlI0, XFE(XOR) FEHEB X HEE, £
DIEAFE RO TR E RSP RAERSS. B8 LS ErEAERTHO
PREETE 1, HENRREERREE, RMNFERMLTEHE NS, HMARAR
AA(0,0),(0,1),(1,0)F(1,1) B—THRE=THWARAXRTEO, B

0@0 =0
i 1D1 =0

XEDREMEFEARAEEES . BARR0,00f(1, 1) B8NV IEHTE S EA B
A, BEMN>EHEMGERE. B—FME, WAEIR,DH,0)RAAMIENE S —3
XA, EEEHIATXL, R

0®1 =1

A 120=1

BHARRMTMERBN M ANEMETAERER MRFEHIRERAZTNN -REA.
EXFEEN—AABRE, WETHEN 1; MEAEXFHELAHNS —NS, HETHEE 0.
R AZ [ R LB BN M S AN SEENHZ T RMAENTHHE
hE, ITFRASL0,0MU, RN TRNEFERHTHOE A, WwAERO0, 1)
(1,0)th—5, MEBERIMENEXHE-FRELERREDLFTLEO,OMA, DE—ITK
i, W(1,00M0,1)7ER—KEE, SAHgiE, — MR T aEEE XOR ME,

W 4-8a AR, FAT1BT LAE FH— &4 P $i 8 00 B BR ik /2 SR i e 37 2% 1) L { Touretzky
and Pomerleau, 1989), MG S HEER 4-8 b3 . XBELTRIE.
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Fa

L fucl =

AR

7 4-8

a) R XOR TR EEHE b)MEGSHE

o fi— 2 JCER H — 1 MeCulloch- Pitts#5 BY 3%
75, {8 A R EE e RS R A
o RS ORI SRIHAKFE O+ 1 RRo
B E P RAEZTirich 1, X0k
W, = Wy =+ 1

3
b]="'5

BB A IHENRELANBEET -1, EH
4-9a HEN B, FEREE TR ETIRICY 2, &
XA

w21= H.-'n =+1

bg=—§

8 — Ra R 25 DO i P BRI A R (a1 ANALE H FEl4-9h
%
Bl 4-8a BURRICON 3 BB 2T E XN
Wy = — 2
Wy =+ 1

]
qu:—E

i H R 2 TG Th BB R X R N B MR 2 ST B IR R
AHERHAS, X MTEERZTFER 49¢ F. &
TR 20 B — N () R B M AT, W
TRERER M2 75 oy — 55 98 A il (40 ) 8 2 30 L 4
BT, HFABEMETTAREAN, XFERSEA
(ERE0,0)R%RE, BEBMETRENTT. SR TR
BB THREEN, XMHEALSHRARREN,DNR
B, WA ZCHIR IS NTIT, I T TR R

10.1) e - (1,1)

(0,1}

= (1.0

{D,0)

& 4-9
A)TEE 48 R A REM LT | B
ek ¥ A hMBEREMET2
HIEMREDR B TFERER
AR
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228 TLAAAR (L™ A A A AR AT 34 191 S AR B M 2 L IE AU P AR N BOR . TR R
AL RW AR ASTREEM S T R ERE A, AR, D 0,008, mEMaTl
TR, RONERBUEER KRR S0, B 4-8a #8387 REFIRE.

4.6 HMERRMEEFEEMEENKEE

ANV, AT REEERENERE T SHIBRERSE, AniRESR -T2 R,
BRI HRESFHARZR KRBT ABSHLE, MEMEX EIEX M SH 2 ER
Ho A2, AWK IEEEEFERRS, WHRIT.

1. BTEHMARERHFAEH ., WiTHE 283130, RGBS wRTAR0
R— PR —MEANE R ET AR ER, Y SREERRAEBEIS
W, ERWIL. (FEILRNESETEF T A EH TR EM Jacobi FEREMfEITHRE TiHE F
IR )

2. mAFREREENAE. BN DEEEHN, o EWME K EIBEENE— 1%
REA R DR L0 R 3 AL B AR A R KA BRI B Y - (LeCun, 1993) . 153X
HARrIm R TR .

« ERUIERERARER,

o HHBEERESLIRERAFRAR T,

X ERE N TS ST E S E RN, ,

TR RS PR BIT R ERE S, 5B —A AR E
GERGZZRAHFOFREIACFE) . MEEET, FEILT BE— e i
HEHEAR DB TR -2,

ME—TEMB RAIET, HONEHRRERE, X2 RS RS ENEENERTAR
AR — MEEREA RS SRR LOE S A A iR S 58 LRSS
T PR E R T LR AN, AT, 2R EE RN E R EE S S,

« —PEGHRBL RS NEERSHETIEN,

o BISt S S RHRARICARER AL BN T B G SE — RS R, 23X

BB Fh 30t R R FE i A ZS [8] S CTBE X B A2 AL BE h R R & .

3. BUE AL, —MORUL, LRI RIMIAE TTRIENR A MY sigmoid B TE RER R AR A B
e, — TR REEBE RGN EZ B ARS 2 E -0, FHNEIEE 4.11 ¥,
P EE R (o)W R £

¢l—v) =~ o)
HITRERMXIHRR(BAEH B ETENTRE), WA 4-10a, 7£EFE 4-10b KF#E logistic 5
v N P
RF XA — IR B AT R T B — W ESIR sigmoid BYJELEMEYE, BP
©(v) = atanh(bv)
Hba, b LEH. 58/ o, b{HE(LeCun,1989,1993)
a= 1.7159

2
b:3
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i)

a=17159

1.0

-10 0

1.0

- |=1.0

—-a= —-1.7159

a)

Ple)

0
b)

& 4-10
aY WS ES b I EREE

S SO SE SR A PRI
.« () =1Fg(-1)= -1,
o FEIRSEE RBMMA (BRI EET 1, WFHR.
@(U) =ab = 1.71590 x 2/3 = 1.1424
o o(o)M ZFredaE v = | FHARRK,
4. Hix{H. & sigmoid BIE RN T M EFE B IRE (N EmE) BB EEN, BHH,
Z 2 AR I 2 R R0 ;7 BN R J, DA sigmoid BT SR BRI IR E R R ¢
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o EMLEMERE S MK PSEERE T L5 K, S R T 28 £ (0 F1 M T 9818 27
AR, HARH, FHIERE 4- t0a Brs B ATHREGT BB, X FRIBE + o, Ei1S
dj = a —£
HTFEBE - o, #FiTS
d

i

XE e BT EEMERE., MHmERER « = 1.7159, T4 e=0.7159, X, HARET
LI A @ H%ES + 1, WE 4-10a,

5.8 AMEL, B -TARABATEENEERGHE, R LTENSSGERTEY
M {HEIT 0, 38 5t R 2248 bb & FL 8/ (LeCun, 1993 ). H3FAIX 501 9 58 b 5
X, BAVEE S ABEIEN AR RER. EXHELT, B--RBEEN—TMBTHIME %
fAE R REIR e s F e . BrRL, WURSX S B ST A E BB ), T AR
WA ZEREETER, XS RSER 8, RN,

B &R E A0SR, MATENMEL L FUE FEF 8,

+ JIGERLIHFATBWIZAMER,; XETLETE 8 EEIM T 40540 bk kil

Zl,
« EMREHEATENAELKEHESENNH FEEES, FHil ol LU RS
A [R] 32 A LA 2980 25 B BE i T D

B 4-11 AR AT B = N PR R . BIRHE, AL, LR FENS,

6. PG, PERRIRMAEMBEENEN — B ®ES MR ME &5
ERAFE. RBEEE., TAEEmmeE?

MRV EHBER T— ARG, RARBHWEIVBF ESE TR, DRE4
XFEN, RmEEREPREEEESEHE RS, BRESRBREMGRE S TER
1%, A, MREFEMEFRR T —ME8/NHE, RE{EREETERARENENE
R — TR EENXEA ST H% F RO BRI ET RBEO AT, X
BEPERLSE K., AR, XTMRISE-1EN, XITEEE—TMHES, FESL5T%E
LRRZM BRI MR A E, MnEIE N AR, mPixeREEAE, 48K/ Maw gt
TERIPEFRN IR R, 15 MMt R0 T X pr R iR 35 22 ] .

HAiRHh, 25— D300 IE V) R B S RN Z 2R, RREMNEB—MHET
WE R 0. EiEMET ; MiEFRBELRN

T.FJ = E wﬂ};
R — M HATHRARBEROFEN L, REH
= Ely,] =0  XHIAMEIT

=—4g +E

0
@ = Elly, —p ) = B[] =1 WG i
-, BIXWAESENEEY, B
1, = i
Elyy. ] = {G,k by

JrHIR R RASUE R EDZ LIS {E 0 5929512040 BB A — 4

[ 181]
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Xz | *2
®
*
) -
. ™
. . e .
® * .
® ¢ . ® . ®
e @ .
) ® - ®
X1 - & T * o * L X
- L
RinfE LS
X5 X,
- |® »
™ . * t
::'.:" .- » .- e
o o |a®e® x; ™ it X
- » ® . . & ®
Ha4-11 THBATEENBRSE., SHANUEDFEDGZBEHNER
pe = Bl =0 XA G, ) A
2

&= E(w, - )] = ElWd]  BiAG, i) %t

B IR ATTT AKHA 2 R R o, BB RO £ R Y
b= Elu] = E[iwﬂf:] _ i)gg:wﬁw[yj _ 0

Hi
o= El(y, - )] = Elg}] = EL 3] > wawsyy]
=1 k=1
183 = D) D Elwaw, JE[vm] = DJE[w}] = md
i=1

el k=1

XH m BT R R R ECE .

(4.48)

RS EREER, A 0 e S A E S A TR — TR, FBME RS BT
R HE Ui 25 (32 T A9 sigmoid 1% oA BT AYER PR T84T RO FOBE A0 O 08 (X 4k, B30, 40T BT
KB o M b FRRERMHEIED R, SR (4.48)PM o, = | BRI R X HiF, XHER
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(REEE

5, = m " (4.49)
Hitt, F— 35004, SEEHNEN O W/ I0H SHa TR E M AR L,
ATITLAIX A~ A 3 B4 2 Rl A fE P

7. WRZR PN . AR ERY I R B1 -5 23 BIURE AL TE R YA — %) H BR 5T eR
B X, FI R R OB F BTl E BIE BRESEMERE ., AT
g ST A DAHET T N R R R TTE ST, XA L ATEEE I E P AFELRITEE R
TR /(- )RR MR S B Abu-Mostafa, 1995 ), X EHIRGFEARETE . SFHIEZCT A
BAOOMREAMIR, ENTTRIARMNE f(OMELLHMER, TEVNEENE, &S
BEAETTA R . X (4.49) WEMRAEBHEUGX —AWMHT.

8. FANF, ZEBHABIAMETHEIE RN LR —EHERTE, NENEE—E
HREREE R A MEX, Eilt, RE—EN¥FIRESE MiREILINNE D, HREMH
ARIMEITH) S 3 LSRR A RO METTN . 7E LeCun(1993) H 2 Bl X — A4~ 45 72 Ao #
Zou, HFRN S5 EMETH R MERM I TRERR . X7 RENEE 417
EE Z it

4.7 WAFTTTREHRN
it b, — 1 MFEpHE PR M AR ERFFERREANE AR, RITEE M A

HERFTE AT REAY e dik, A 4-12 i, 7EiX —— Y1,
TED, MR FHEREASA LN 0 GRINE ey SRERE T
x 5 j MEEL(EE, AR, xTTUBTH M4 —
AT REK I &k BFERNG, . H 5, R T x; BN Ba.12 ERARKHHER
I kMM TR, FRUT

yo; = Fp(x,), k=1,2,-,M (4.50)

iX B RREL F, (<) XMEMNEFABIE kTR Bre gy, hamAa RN, 4
Y, = [j”i,J'rjf’z,;,"'s}'H,j]T = [F1(x;)-Fg(x_j)r'”-Fy(xj)]T = F(K;-) (4-51)
XE F(O)R—TEEEAR, TEX— TR FRE - B o] A

NS ERmBEINGES, BRToEMS M A Bd S A TR RELHAY
RIERE, EG BGRE IR ZE N TE PR ) B eRE M | .

F:R" Ox—=yc B (4.52)
— XYL, XTHEEREFEEN—SETE— M ESEREHERRREZ R/,
R:E%EJML—HgWE (4.53)

i=1

XE A 2FE x WETE(ERR)BEER, |- | Bam S EULEERE, v ERAN
S ORI E . R4 S)BREE 52 (4.3) R BB, WRERKF(-)
BAURET AT RS NG BT (x,,d,), BIFR G (x,d, ) (625 B8 R 49 [ 8 &%
F( )8, X BB, d)REMETE B (x(),d() ) A,

1B S EAE P (0 B A R 1 5 P 245 25T 1 0 Logisti 9 BERH 2240 75 6t o7 T 0 465 383 48 19
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FERATFIR), Al

1 1R x, JBT K%,
5 - { AR x, Eead (4.54)

0 Eﬂ X /FET;@@#
BT FERERE, 6, M EBME
"0

|l 8 AR

- 0
A — A RIS B R0 Gl i d) S MR 8 T R i S8 B kI £ RO 425 43,
—MEARSINRIEZZZEEAS AR TEEREE NS REERE— M. X
/i 5 0T B R T A9 2 B UE 32 (White,, 1989a; Richard and Lippmann, 1991) ;

« FIRREEEEHYIGENI/D N BTEF A, BMER4.53)PIRIMZE R

BRI w B THBELR S | d- Flw.x) |? AOHER/ D BALAER & w™, 3t

oA RS E, Flw,x) BEA N x it AEFRERE w2 2B e
BIT{E(White, 1989a ), B3 F(w,x) A En S AL B8 w AURET, 502 50 7 38 Y
F(x),
« EACAHIE w’ RS LR E F(w' ,x), B&EHAME x BEm w8
FHEN B R E R/ HHE (White, 19892 ). XTESF 2 ER LTI T .
» XF I MasERX LB, MEWMARE xBTS, WINEERHERNS L DT
RS T1, HibgE R0, EHITHEN x, BBV HEBNSEFHESTFERAK
WE PG, [ x), k=1, 2, -, M(Richard and Lippmann, 1991 },
A UCFEZ MR AR TR IIGE R B X AR LB EERERARERAD, W—N 2 2Rmas
REF(HA logistic BEEHELYEE) W TREE TR IR, FATBUAE T L 2 i v 482 1 9 (Al
FRHh, FRATET LA 138 A5 SRS A 2 10 5 B A il = AE 1 GIEB1) Bayes LI ;

4 Fo(X)> F(x), sYFRA j=k (4.55)
HRMSExHFEHS,, L F(0F F(OETHaEEBREEKGS9F.
CF (x)]
F
F(x) = .2(1)
L F, (x)

HEHNERASRIMEAMER, DIBER | FEE—ORAMBE. X B REEHLR
RENHE: ARMENATREEAE TR REMN BT e R &85 BRI ETH L
CHATBERE R BR RN R RRE T — AR X B AR
FE95 Q01 R R 480 0 b B 5 W BB K (R Logistic # BOBKHE BRBCH FH 0.5), & x RBEL 4
EHREXT, XLRFRELEAERME.
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_— -

£ 4.6 TIRA195 18 520 (4.30) By logistic PREVHEN H 8 BAr{E [0, LI ¥R —TDh#) e i
FrRa S YE A SCRR B R AL, ORI LATE I 4% il 2 o i 6 52 ol A6 B9 608 (el 7 SR AG 3R
KE). fFAXTaIMER, HEBAERZTEZMAN, mMAF#EE F.OTSEERE M
BP— T8 P(€, | x)(Hampsire and Pearlmutter, 1990 ). A P(6, | x)ZR 7B 5t 20
K le,1 -], {418 P(€, | x) =0XNi#itHe, i P(6, | x) =130 1 e, HHTXERPEME
SMRFERRT BB, ©IARmy (4,55 B NIME R,

FHEAEBAE, H— 7T REAR -2 RRAE A &5 — L & E S g 8 6
N, HREHLFE IR R R ORISR (a8 2 T ) PR B s w22 T 3
HF 52 2% W5 B (E AT L R AR (L, 1990 ). SR, XEEM S AREN B THER
(4.53)E tH IR R B B R B F . &8 AL PR e 3 S 0l 22 70 Y A 28 M 45
neRidley, EXTIRGE A S B GX B2 8 o] GEH- R R LR AT 4R B i S R 7E BB
BRI E, KA ENER i ERKETHH,

4.8 TTEYZEIE

ERX—PERIATHA LR R R BRRABE B SARBNFEITN, TR ET
AR BRI EAE" N "4 Gauss T HERN (RSN 1 F12). F%, fire, 4 HE AR x B

THRR LM 2MEFES. RIT, RAOTT RS D270 BT ) S 4 % % 7 e 5

?@(@11 f,(ﬂ(@l):ﬁexp( - 2"1';13' | X—-H | 2) {4.56)
Hev, p =HWHAE=[0, 0]7, £=FE=1

1 B T
%%, £x1€) = 5 el 5z 1 x w17 (4.57)

He, m=[2, 0], &£=4
B X AR, B

i
P1=P2=E

] 4- 13a DRI T 0(4.56) F(4.57) P Gauss FHBI=HEE ., MAMEBRE x=[x,,x]",
Hn AZZRIB R m =2, Bl 4-14 EE 1 2K 2 WE ANEAR A EITHBE S 8 A A,
B2 AP BEHERT 500 M. B EEEMERHRIMAER, XRFLH
R B B e IREEE,

Bayesian A ¥ ih 7

B MR 532814 Bayes MENIAESE 3 AR ETNEN T, BRBE—THAERE, (1)3FKE,
KC, FME, (DEFNPEMRMH 0, Q)BRRGENRNEREN, RNEAZKIED

7 B LR Hori e .

€,
Alx) gt (4.58)

X AGO)ZLUREL, B3R
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1.5

[E 4-13
)RR EM L (26 bIEEFEE SR L (x14,)
_ fx(x | (ﬁl)
ﬁ&)_ﬁaﬁﬁj {4,59)
ERFIRABIE, EXH
. _ Pz _
S= = 1 (4.60)

W EEBT, AR
%

1 5 2
A(X) =?exp(--ﬁnxepln +2%§HK—}L2“ )

1

2

i __..J'._ _ 2 l _ 2)_
chxp( ZUTHK Tl Eaih w =1

TN, BHEBMHLE N

EIEHX-'-IIqHz—G%”K—M![z=4log(§i) (4.61)
FIEE S aEE, X 4.61)RiL N
hx-x [I? =+ (4.62)
xE
R o Bl (4.63)

2 2
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d}

{

a}dee, KytE 8

b)#5%6, G9HaniE

_”. Pi_‘l"z_Hz

LV

f

IHQ, TG, B PR Ak

+ 4lug( p

L0

(4.64)

(4. 62) UKL x, HELCH - PR —TR. £ 0 @XAXDENER, Y67k

Bayes 7r2KAI NI A] BRiB AT .
f R AR AIREAEE R, HHLEGT xR £G,, TURSELHLE,,
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—2/3
TSRS, RIARBRELR, KELET =[], sray -

2.34.
i e KERIEMDEERIEE, e TR LS ENES ., BIE Bayes RN
TR SR (R ) R P &
P.=pPlel€)+p,Ple]€) (4.65)

R Pel® ) RETETHRBAMBR H THE MR RAIE R, Ple1€)ED; p,
il p I HIAACE, FO€, AR, WFRNAMEE, oINS B THESRMS, 493

P(e| €,) ~ 0.1056

Ple! €,) = 0.2642
XL pi=py, =172, BRI R R E LR

P. -~ 0.1849

UM, R R

P, =1-P, — 0.815]

BASERARNTRAT

R4-1IHEZRBABGSHAIESE, G- TREEREWHET, ©RARLMGEY
RUBT UGN, HARASENRR IFRAT T EZHERI %R, X MENET
KB MLPORIVE— MBI 88 ) B R AT B I R B AR

41 EEBHBHTEEY

B 5 ] g oo OB {7 ]
KA M2 T a (2, @)
2E 2 Bl 7 {0, 1)
SR EH o M, 1)

RIS TR E T FRA I X T o R B A R m, OIS, R
FRIEQOHETI) 2 BE 657 A2 & Bayes AP SHRMERE “HE” G 2 1% ) A0 BT I M2 5T 00 /B L
HRACREML T . H, SRS TR REZMATIE RS, S my)
e 42, EWF— AR DRI R T RRE WA TR S B, T H8H
MBBEM o R FEETHOME. HE— MEBERITH, X2%e, F%e, LR
TREHLE Causs FTHVIGHF, EILELNABEER, 5 RAEFRE - EE.
14 A4 P B R UGB T AN B T 0 M8, SRR, i T tE o i
AT P BT T

?42 BETREMETHENESR

Efrs WS H [ &% H iR I He M H P,
| 500 320 0.2375 80.36%
2 2000 80 0.234] 80.33%
3 8000 20 0.2244 80.47%%

* FAE =01 MER =0,
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FERA-2HTEALTY, BFRERMR4.53)x XFEERmIT . TATRE %X
S p QIS IR EUE B S E—MEx, WM REFIEBERSTMIEZA
BB A1 (BT MOk 805 18 S| B IE A I T RE ) .
N DRGSR ST, Fif o SR A3 B0 el DT AT
P(c,N) = p Ple, NV €) + p, Plc,N| %€,) (4.66)
XE p=p =172, H

Pe,N1%) = | filx1)dsx (4.67)

0, (N

P(c,N 1€,) =1 - | flx14,)dx (4.68)

Q) (VYRR | K, XA~ K & x(FUABEPLE & X 8- - L) £ 2 RR 28
(H NV AERECINRE 3128, . XA XIGEEH RIS AT, B RS2 4om i oh S (E
Rk A1 (4. 55 Y i H RS AT AR R R . AR, Ple, NI%, ) RIP(c,NI%,)
FIEEAS T B — i, AR R O (M) BEHERREALIAE ST,

ARG, BINFEHRBTEEENR, BRWINGGEZZENSEI RSy 74,
XL R 7 e LURR RIS A6, K6, i P REHLERAY . & A NREDE B #
AN SRR B P IE A 228 pTiE s, B3

_A
p."n’-*N

e —THPER, BRI MR ERSEHRE p HERURITRET. BIRET N W
A -BHTE p B—THE, T UK Chemoff % (Devroye, 1991) T p W4T py . BRI
Pllpy-pl>e) <2exp{-2N) = 8
T e=0.01, 6=0.01(B0LA 99% FHERGEUANT p MG EFLHERNEZE )N Chemoff H
B3 ¥==26 500, B, FATHRE—A V=32 000 FIRE, #4-2 WES — 9L H -

R IFH LB ROET, B SRR P SR .

R 4-2 PN A T EEEZ N 2SN 0B L ST T Bayes tH8E
P, =81.51% . fEiXFpHat b, FRATTTLAGES B33 T 1 B i ok 8 28 40 24 1) 58 {5 P 9 1 Bt
HETRGEN. MTHREAXDEL, 115 4-3 DB T FEET 24 70 0 8Um 52 s il £
B, MERG—HBHNERSAT., BRAERII P T 4P REWSITH HiREE
4-270%f 2 THRETTRNE/N, (ERIFSETF R RAUWE; EL 1, FERREET -4,
T EMARR T RSB EE S, BRENEBREN 2,

%43 EAODTRERELHEEBRNBNELLR"

T HigE¥H o] 5% H HHEE s p
| 00 ) 320 0.2199 —' 80.80% i
2 2000 80 0.2168 80.81%
3 8000 20 0.2142 80.19%

s R =0.1 FiHE 0 =0,
BREIHNGBEY N TEIRSH RSEER KENE, BITTUFEHTEH=
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N L FHAE ] —~

1. SR o M o« B2 B8 MZISFIREME L RRNIFER S ER/D.

2. AL 0§ o P 1 E R B EA M AR BIRaFiREME e RRMRERSHE
7 AR

3. BEH o o SEH ERLED W E A B UEIG M A BT TR A S R B B iz A
PEARE) R 2 A E -
X B AE AR B YA R R R R A - BB 3T . o X3 bR B R AR
15 SRR A A E D TEMG I g BB g i M 8 % 2R i mgEN, MAE
QORI AT, E—PSE BN T EH A TR EEFIZRES . WIS
B, EX2HEL ) EHAEL, HWITE Tuo(1991)sgh tH X T4 3 & o 69 51333 1 (8 B0 7245
R, 2 E o NEAEENEE R 2R RS G2 )RR = B R A B E R
A AR EE D RET R fHE, RRRENR ML MR ER . R EE EE
FAE L1, WEFERSRENARRET f o HBRESE, FHIFiX B R E
B, AEMEX ERITANEEE X 1 HE LT &,

fifl F— 1 25 2 AR EES AT D R 206, X2 B2 € 10.01,0.1,0.5,0.9] High &
FH o€ 10.0,0.1,0.5,0.9} BIE G AT R LU IR TATE MBS LR . 81418 M
) BT SR BEA LU SR AR [ Y 500 PR RIISE, LIBERERTUHEELE ., 318
HESEHAT 700 Bl TEEHR; XM INGKES TRAGBER K REA N EARE M E B
KRB RHER/AME, DHTERRE - FEEIMERME 4-15a-4-15d Firm, XEEREL 4
R HIATHEN

X B BRI S S Mgk AT Ak .

o EHYE—NDREARSE 5 R BERIREET, BRI RS B E

BRI R RE/MAE(TEREME ) . XPMEREEWRERSAWER, B —ANE
N ERE T E/MIMEERESHERY  EN TEEE ZHRZEMT,
o B0, 1 ElEEENE. B—FE, Y18, XER 0 RRIE

FHBBENE.
.4 ¢ .
(.38 ——— a=00 J
-~ a=01
.36 —— - a=05 11
0.34 c—e— =09 1
0.32 kL
gl

me 03}

0,28 [
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o HWH 1=10.5,0.9H a=0.9 B9ff H SBAE A SR P 7 28RS AR TEREET ™
ATy 22108, WX P E R &2 B R

R 4-161p, RAER"BAE"RF I, XeFIMZEMNE 4-16 P HAT T Pk
FRIDRM, LIERE— T8 BV EREETIME, SRR SEEMTEIFRNE 1 BEX
ErREXH, E4-16 BRBRFETEEE q  KAR0. 1, MEREDEFH . KEH 0.5, B
t, # 4-4 BT HATRPEHAMNESHERN. B4 16 P EFHRNBHNREY itz
FE 0 H o 0 H FAEH AP X R, MaZMER - RARE (B Y EH ) iR
L.

0.4 1 - . ' 1 '
0.38 FHESH .y HEAEH. o |
o0t 0.9
L . 0.1 0.5 1
I em 05 0.1 }
(1.34 1: c—e— 1.9 0.0
0.32 h i
#E ol
wE T |p
028 Iy i

0.26 +4 '
024 F Y

Al .
- . a - - - - -
- - - - a1 - F
T
.22 g

e T T~ T T EEEEe— - - -, - _amERE— - - - —

0.2

B 4-16 HE 4-15 (9 4 BR5r P A i B i 2 3 il %
Fi44 BApEERA[/GE

s @ hin & [z

T ¥ 5t H o s 2 )
FARSH Thops 0.1
HREER g 0.5

RIAPFIGHHEN HEN RIDLEBHNBEAETNE 44 BENSE, RO TR
AT B - PR T iR DL BUOF B A R R A B R R B0 fE . RGBT, BE
BICSEH#E PG R AT R RO, N st e &R 7 20 Ml v il 45
e FRLEEYLY, B4R E 1000 MHEARMTR, X 1000 PEEAEMNE, RQ, KA
FLAHF BRI i, FHLUBEPUIF RS R, FLIAT—RE, Plghies 700 T E4,
T AEB SRR R SR VR E , Aol S i AR i 32 000 B FHoii S B .

Bl 4-17a BRTEEEN 20 19 3 DRSS H 3 MRERBEH R, B 4-17b BnfERER S&
PIA 3 AR 3 P RERKRHE R, B (E) M Bayes (R E LR A SEFRIE P LUES S,
MIX BRI ATTINEE 2t i R B L M M B RN TR 7266, s, p X i & 2 Y
B, XEJETEREG, 86, i KBRS MR x N3¢, 36, KpKHE,
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B 4-17

a3 AR BT R R 80.39% , 80.40% fl 80.43%
b3 PArKRSERE RN RE: 77.24% , 73.01% T 71.59%

Wy AE A S B R R R B R . PR RER U RRA S TP T
2% 4-5 1, FEAE Bayes R RM EFH LM ERY 81.51% .
45 VERER A BRI (RS = 20)

e E 14 i _ AR A=
E#5 K H 79.70% 0.44%
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4.9 $5{EH

XM EFREEEINZERASNEE T, BEfETA4ETEERWEA, XEH
HEEME L MESFLEANSKNAC, BEEIENRT, R TA s 23" &t
WIS BRRIRTEATIE . B BT LAX SR AT — P AR 2R B 4 oy A B3R B 50 30— Fh B
Z TR R B A R i 0], RS R RHE S R X B AREEAR P E A, #i
WIEM I A S T B R MBI BE LR P S A =0 S0 B, 4.5 7T
e H) XOR [A]BIfR & A BR T X — 5,

A U E PR FEINE T o, B - EZ2RAHNE —-TME& m MEEML T
BHERIEE, PR—1EE m =M M HEMNEICNEHER. Hill 2R Rgauma oz
PLERBENILE N FREMLE UG B RRESHETTHER . SRB it G iy, #
ROEs 0% B Brtal 5 Eri 2 By iR ik sl Ml X B Bk EEEm N, Sk
Wi AR R T R m, AR, AX AR VMR AT A L, A
G {n) NBEREMAT | FRAEL » TRALRM S, TR AR NEBMAZITH signoid 3475
BREL ()N FRSEARMRR(mE) F— 1R E .

BB ZEx F SR

il E=1,2,,M
yeln) = J_Z:}nw;ﬁ.z;(n), L2 N

B w AW HTHET kiR E . ERMER RN By

€, = 5 3 D (diln) = 5(n)) (4.70)

TR HUB R B R AR T, FIFEER (4. 60) RI(4.70), 255U Hh ke, L e A B
L

(4.69)

_ L1 p 7 || 2
<£El'll' - ZN ||I)I - wz || (4-?1)

XE W EMEH S EMBAEN M x m, FEE., FE Z 2RSS ITH Ol L T EM8E
FIEDH m, x NEE, EHEINATREEGAER N 8 AL, BEl

7 = Hz(n) —pzj);_,f = 1,2, ,m:n = 1,2, ,N;
XH pﬂ%zj(n)ﬂ‘{ﬂzi@fﬁn THR M, FEFF D R8P R sk 2 B trtE = O S8 R ) 1

M x NRORE, HLBp
D = 1{d,(n) _f—ld});k =1,2, Min =1,2,- N}

X gy K d, (n)BYISTE . ARFTHI K (4.70) 38 LB, IR/ MER — T 2RI/ D T7 1)
A, FLE

W - DZ' (4,72)
i, XBZEZEEMEERE, € B/MIITF(LIE4.7);
€ = LulDBD’ - DEIZT) + ZDT) (4,73)

wouin =
X ul - JRAGEE T, FABER D R0 B EE, RIBELERMES 5 mEx
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F /MU RECE, F I T B AL B R E (Webb and Lowe, 1990)
I = tr[ C,C; ] (4.74)
XEIFREC, M C, EXLUT -
 mxm BEC RREN ARG INEENS T B AR T E8R
C, =22 (4.75)
HEEC R C RREER,
s m,xm BEC FXH
C, - ZD'DZ’ (4.76)
HR A (4.74) 8 XA P AR 2 H 2 E2RASMBEMETHRE, FEREEKFE
SHERNEEENEHHR R, EPEEtTRaRiERyEEe. tRERSE X
FIRNERRBAE T, W Z 2Rt SEREWETTE 02 m f o isEtg,
RATIERE C, MR, ZHE—1 M % 1 one-from-M) 4 FS#8 L B 5F 5 %6 # ( Webb and
Lowe,1990 ), BCEUL, FHFFHEGEZE TIEDH, N8 BHRECGHEBA RN 1,

BRR 0, &R

-0
0
d(n) = | 1 [« 5k 1TLE, d{n) €%,
0

L g

B, R MAKS,, k=1, 2, -, M, Hp N PER LS, PHEH
SIN, = N

AT AT LAXS X 5 PR i IR C, BRI AT A

M
Co = 2 aMi{pes - ) (e — )7 (4.77)

BE L BRI p, , BB M 2 TEM th3E T2, o N, MERA BT, T,
BB AT T N MRS RO RTHE, BEL .77, RATATLE C, #58Y

o e = i ) B IASL S (] B O 22 R R

Hit, XF—i Mi%E t 5B TR, EREASEAL—THANEE, ZHRRECH
ST IR By 22 RE A S A B T 22 SE R R DA X PR MERF R B . X RERHE, X
R B —h RS 2 2 R BN 852 TR G 881238 TP SRR A o B4 S el

iﬁﬂ
F Fisher £k ¥ BIzCHIX 7

A (4.70)EX BRI RN FLERAS R HEME—8, E5 Fishe WEAER IR
EHARRL, Fisher MZR 1R BB — i £ R B) — B G R A, BRIRTE v 0
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— PE AR x BT HEHEESTA, RN v E X A x TSR w(EBE--TMRE N
HE—CB)NEBRAE, T,

¥ = w X
& x BAKE, e, SEPH--MHEBEHER, K6, MEe, PEEB T ENMREE R
=, A, AEWDCR L KB D EE Fisher JERE L 4TF
wC,w
w Cw

J{w) =

XE C, 2RAMAERE, ©XA
C, = (up - )y, — )7
mC, EENEANBFELRE, X8

Co= D i(x, —p)lx, —p) + D (x, —p)(x, - )"
R i nféqéz

EA N EER C SUIGENREAS T 2B R LT, &R HRumEERE, Tilge
REREE R RIET R, KA N EEFE C, WENHMEREN, HERETRER.
—THRAEBREREERERB Cw SEHEREE n, -, W, XMEEC, X
HEEN,
HANVHEE X J(w)MRESEFRNT X Rayleigh 8. B J(w) BB w4 E
Fi(1 2 g
C,w = AC,w (4.78)
(4. 78) B— 1" FFEE R, ARBIERMIMNBRPEER C,w BREAEE p, -,
W im], FITRBA(4.78)8F A
w=C'(p - w) (4.79)
PR Fisher FIER #EH) B2, (Duda and Hart, 1973).
[ B FFAE A TR, (142004, 74 ) 4 ) 1] o e oo =X 200 36 30 I 4% B ot 2 25 a1 g 2 ]
E A ZE R B AR 2 PR K. MBI RBORE 5 Fisher B B MBI, X8
WA 2 KB VT LIS B i B TR R 2 4 A0 A e L

410 RiEfFEMRS

R 6] (248 2 FH T 1 20 501 T R 48 1A
B EIP L BUBREE b R — R AR BR B L
HEX D EREHOTHE— T E
Flw, )W, MTHEEmALExTH
AR F(w, x) B P25 A8 48 0T I B4
{Erm & wa AR L, X —mRET
R E BT ERE S .

5, BE—1EREEMBR—1
m, W RBBMAZ, BTREE, DX

AR F—REE S_RER Wi 2
AR 2T, A 4-18 B, E4-18 BT REEN—8L BN ERmes
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AN E w BT EREBERZR AT - RBEFG) R EREBZNNMHE R RENE
LR AR, S wl BB BIELI=0, 1, 2, - PEMHET j BIEMY
B, ¥FI=1, MuTE-TEEZ, B Er—THRGITMAER IHET; T i=
3, XPEFE 48 fERE, RIA j=1. AT -THEMEALR x= 2,0, %5, ",
RIMMEBHERE Flw, x)0 M w WA TENSRE, EENT =20 1B
Z), RE Fiwx) BREELUTAG.e9HHMIE. TS FNENE wiF hmE Fpiae
B, WRMERIRER L,

5] 4- 18 I Z Z RN QL (TR — TSR M—TBEm & w(hFEKcRA
R)B¥A. 44 ZRMRMAR(I=0FE 1=1, 2, 3ANTE j TR,
A, RITATUER

F{w,x) = ¢(d7) (4.80)
XY o RS HEE, AT, & B ANE— I EHAET 2R, Hl, B
(4.1). (4.2), Q.14 23)FEZEXHER TR, #ITEFNTER,

a "
A = g (4 st ) (4.81)
| &
FF{W, X} ., 20 ssaq@ )y (3
ayj(:} =(P ('ﬂl )(F (-Sﬂ-k )fp(&di )w”r (4.82)
i
3}‘1(“’,1) Sﬂtﬂ ’ ‘ﬂ{lﬁ [ (3. 5!1(2) (2}
3,0 = ¢ (A, g, )x, Zk:wlkcp( Y Wy (4.83)
n

RH ¢ RERN o XTHBEANRIY, ~ BERAEE xKN% i TMNE. ABEUNFER
TR E— RO EA ESHRIRBEMERHE L HEZ WL TR RS FL.

(4.8 E 4 8 THEMBERERE Flw,x) LTIEME w LR TR R EFERE
THBE. % o RABHMAE wiITE, Flw,x)XT o WASEE LN

dFF
Jdww’

BT T REERNMEE 4-7 T &5 S R AN BT o # R0 AER",
Jacobi 55 BE

T WRA—TERBEANRE BB RMERRE) (88, SEERERUEMN R/
wHIZTAHF. © N RZaATIIGMENEE B8 X THSGEPRGERES x(n), FH
B (B RATRT A B LI oA % Fow, x(n) [XAER B w LENM IR T o=1,
2, -, NERLHRIHE, BEBA—17 Vx WHRSEER. XMNEEEKYEZERDH
MITE x(n )4k Jacobi FERE Jo Jacobi JEFERD| XY M T UISRE FRI— A,

LRI BT A M NI SRRBE ATERER", S Jacobi i J JLFEERAT
¢ (Saarinen et.al., 1991 ), %0REIHBE R R B 09 7 BGAT 02 TE R A 0 20 B PP RI— 1
BB TF min( N, W), FEATTUL Jacobi Fff J BT . 7E Jacobi HEPEMKBRT R T
BRI EFRRE R R R 7 BRI ER . M SN g EI K

4.11 Hessian 46
AT B ELE,, (w) Y Hessian SEFE I H £7n, EXRE _(w)NP{EE B w R 5%, 2

St = wE W



AN

3 E (w)
H="w
Hessian BiEFERFFE M2 M PRETERT; RIDEHELEESUTILES:

1. Hessian % R R4S AE(E R R M & 1&F A sh 1F8 R Is ) ;

2. Hessian 1% A% 9 A — 1~ 2 2 BRI E8 2 57 (BN ER ) F B B &9 58 i AL fE SR HE B0l
n 4.15 37

3. Hessian FIFEEE R R IrEmEal, I E40 7 8] 78 3 R 5% 2 31 59848,
4,18 T AFTIE.

FE 4.15 W — M H Hessian HREGHERETF, BERTPERITFEERES 1.

TE58 3 TR AT I Hessian 55 REMWAFIE 2580 4T LMS B R0 e A B K3, ©x
S EIEESE B, (ERENE 4., SRR EREERVIGNEZZERIBHREH
TH & Hessian FEREE QT BIFHEEZH A (TeCun, et al. ,1991; LeCun, 1993) :

« /NFEEFEERD;

o HER/NNIFHEEMNEERE .

« KYFEERBHRB LS.

EIX SN AR B HNT

« EFHENMAGSHREFHENMETHERBBES.

o WAGSmERITEZ RIFHCH: ML TESH NS 2 KA.

« RN BEHTREPHETEMNAEN M SEMERINA—ER T —Eitirib
ARBHZAIER., EREMET ZHEEHEEED, XERMEES —REZ
H#XTRE, BERE—ZEIER.

M 3 AT LLEMZAR IMS B A2 3 B EI T R A8 X A BB R B, SXEH AL

B Hessian 55 RE R R RYERAE(E, T A2 Hessian 6 R/ NTE 0 $FIEEH, LB ER B R M
EHEEEEEHRIANSEER, RNEEBEER IMSEBERN —MEN . XFESHHEKEA,
B A, LA BT W ER AR LS K. WAMNSEEK, HEALBR(LY
3.10), XPMAEMEEERETNNEEEEER L,

AT ERAME, ROBRGAAIEENEMNEA . BIE, BERMAT 1L E0H
HHE—RERMMETHEESNE x(WMATERAERMGESmE)NES, xMEATMEZ
AMAERHEEHENRE - TFHERRESHN., HEXREFESHNHEZETHREZMEHE
GO 2T B R LS m iR XA R R TR 4 o 8 AT M a0 R, BinEE =
PREAESFR A (AN logistic ALY, B PMMEATHE LR T0,1]KE, XAEKEFEGIRAT
FTRGETHE—REEZ SRR ICHER T — 1T RERER. I ZRX—MERNFEANH
— U YT R R S AR R B, W T e — R, &2 Taie s e LR X
[ -1, 1] aEREEMAE, EXHELT, EREETEEN 0. BITPEEEHEL,
FA R BRI eR Y B 170 % 82 >0 o] B bp— (1 B 0h FRE0E eR B AR LS A B SRk
H, XL RAUER (LeCun et al. ,1991 ), XN 4.6 TRRNIE & 3 BULSMIEKTE,

4.12 Z{k
RS T, M — DI TR, T ELE i 6] R 45 vhfe £ (4605 ) R ]

(4.84)
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BE 2 BN SR8 AR 8 BT L I ASIB B R B — 4 SRR SR A AL, A SRR T R 2
UL BT L AL GHET ) o X8 T MR FE AL R U 45 R 46 6 {58 P 3 B TR 38, B R4 1T B (O %
A - B A TR R B (REDE T 8 B, RITA MRS ERIFH,; RiE
U5 A7 I ML T2 o £ P B 3 ER (45 B A A T2 R I R AR B A (R O
B 44,

) R B 2 R 2% B 3
ST LB fER— B A
R . 2% 4 B 0T DL gk e 2L kb 3 R4tk e i
IR — IR A — i ok '
B, AT o VFRRATT R L
ZRB I ELBER T — M
AR TR AT B
LFHARR AR ENE T
(Wieland and Leighton, 1987 }, X = S
R R4 BB ST R TS RO (A 5 e N\
BEEREN AN SRS EEK T\
By S RIS S L SR IR \
R LY, A

K 4-19a FH—MBREHM
RRAMTHATE AL, B w%ME

A E ey O -
B 2 045 3 5T X ARVl /ﬁ
GRMCE” B T2 ) 4 3k y

HER ., M2 ARSI M srvnn
PR B A R O L/\b//
R, L/

— M ERGEITIHEER
HZ kRS, BPETERA SUIZ
PIL8 FUAE AT A IREME R T Zh—

HEE = 4 — I IE B SO 5 A/ BA

RS, X TE 0 B o B Y — )

¥, A, H— TR K i 4-19
SRR A S R . 2] O G SRR R TEL)  bERARREMEL)

e AT GEHB K., XMER ] S EMAERI— T EETIGEIEREN THE
MR EAE R RS, TS RRR . X FR RS RR R it AT e A T
47, RSO NNGRRHE, ERAE T IEARTE A DR T2 R EE S

B, HiXFHFEESERRIEERANSBERFREERFEEFEZNREEWEZTT
ERSHERMENEBNEREM TG ASH TR TRE S RWIEHEER, G, E£HE
4-19a MR B WERET, B 4-19b B F#HERE T 012 5 BOZ A2 0 I
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BT, AR LER—DEAR, XERE ARSI ERRAS DB EEGE
Hle IESNTE Poggio and Girosi{ 1990a) SCE Y15 H A9 ARAE, S0 A% HH LS A9 BT84 F0 40 Occam
#1711 (Occam’s razor) Z AR BLEFEFREE T MHC, TERAMHRRIAE MR T &R0
AR BREE R A TRINGG IS, BRERREIREAENRERE TR
E— 5 E TR PR ECP B R, Ry ok H SRR ERR, IKET
MRARMAREE, AEEETZHA FFRAR BN, ATATEERRAS T X%
SE— B IR IEM G R E TN, (15 P45 GE B R IE U SRR 200 3 E i A 2
{ Wieland and Leighton, 1987 ) .

AFVAZHEHFTIRINEER A

TFENZTERERRAMNZASE RN, ()G ERNAD, R EIA F RO g,
(2)MEMPRME R, C)SMMENYRE T, L, RMNTENGTEHFTER.
EASHENHEESD, BATAT LA B AR B 7 7 2427 AL 818 (Hush and Home, 1993)

« MIEMERSHEREN(THESEA NEMYRERE ), FEMIMNE

FETRAE — T A U B2 4 SR BN SR B 1) A/
o ISRERADREER, BIGRNE Lk C R NG R ESEBFEBAN TS
it .
EEN&EANTEEXFHRERES . YaiRMEFTHES WS,

BEFIGHEA NS AERENECSESE 2 EPifigd 7. W ZEPHEHE
AR, VCHRBOIVXANEENRTENEN Ry g TS, S5, ®’iNg
543 RRFEINVEE T ARG BB 2 BT R — N F 81 L ERE I e AR g0 /b
HWER 2,147V, AEAR, BIETE R IMELIREE SV MK/ 0 i e 2 X T
RS RB D ZEFEFE KNBEER . FEXITERBERA R L HBE R —4
FREE T R 3T SR |

HEEEP, BR—THHZHBEL ERITTEENSTEVIGEMNAD N K ELSE

) (4.85)
FEXE W EEMZES B SR (A REAAE R E ) M S8, « B rIEHEFRESREE
M (EMTERA LB ). 0C)ERTOSHENHE. fim, BF 10%R L0587
N GREARER Y ZERE S 5 S RPERM 10 15,

H(4.85) S AT IMS B ERY Widrow 507 B R —200, 5 & 15 M4 A 3% o7 A [A) 38 I
A28 o 38 i B TG ABA 58 T — /1~ B A il Sk JE AR 46 OB I 85 A2 9 LB LR W ( Widrow and
Stearns, 1985), IMS HHEPHRATHENAC S8 FHRE c FREHL. X T2
AN Bt — L BHEET — WP A,

4.13 HB¥IER

— P HREHGBE RGN A RRAE T UEEE T B RNER A
HERHAISCPR TR, Rk, & m REZRBAFNEA B TENKE, S M=m, #
P2 P EHETTRIEE . PR A/ R R E L — W m HERKLEL 785 A 25/

N:O(
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Al M EERR LB B S FIRS M, MBS R LR AL al R, X BT 2 R RR
BT GAY . TR B A/ RS S R TR 2 Z RIS RE AR Y, B T A
Ay 8
—~ A B EREBEA/ S BB T - A Sk T NE TR, CHRRE
P-¥ Qog RN QP
15 A 18 2T
XA AR T LA — N ARLR e A gt s R @ R Bk Bk Rk, REHEKR
il
(RN ERRE . AR LARGERER, &1, KT m BEER T F K
[0, 1170 1, LHARBEREA C(L, YT A, EXEFTIK S DC(L, Ye>0, BE
ﬂ#ﬁ"&%ﬁ iy ?fn?;'%ﬁﬂfg b; Jﬁjw,}a 'ﬁ'q? =1, Ty Ty, jzl, Ty Mg {iﬁ{nﬁ-
2
F(xl,“',-"ﬂmﬂ,) = Ea, Ewy:cj + bi] (4.86)
A (- ) RME — A B TR SRR,
‘ F(x]:"'r-'xmu) _f(xls'“;-'r'mﬂ}‘ < B
HHETHAZETARH 2, 2, -, x, HREL,
AR HEHTEERRR. RITHREEITE —IMERS ERBRIHEH M
22 UL R AR AR R PEFB AT Y logistic PREY 1/11 + exp( - v) JE—THIEIFEELHHN. R

RIEEN R AR EMERE oM EREMF, T—%, RITEBER(4.86)KZMT
B By % B B e R i

1. RBRE m, MHAYEMENE m, THETHBRWEREZ: AS x, -, X,
FoR.
2. BRE 2T iﬂ-ﬁ%ﬁﬂﬁ{ﬁw;i T Wy RE b, .

3. Mg r 2R E R U, THE L ERMAEN «, -, a, o

WAEIDERETFERER, CO5FERIrHER, MIERESZREEERMASTF LY
Hit . tEAEHEMAR, X (4.86) UIRHET 4R Fourier BFEE. FX L, X EHEIR
H, ¥TE2EBLB A -AdEAN 2, =, x, PRHELAFIE f(x, %, JRTHE
ENHFO—H e BERN, £MERERLZSO, R, TEHBRHFHRALTRERES
JRFE], LEAESERRE(RERHNZALEL EREMN,

BT R

{ER7E W 4515 FH sigmoid PRIEE IR B0 2 B 22 ou FZR 1k L M2 5T, Barron(1993) L T #
FERAIAS BB . MIgsiE (R DL ) Fe A& B B4R, 285 AR, TR
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H1, RSB VIGEEE S S BER RE £ TP AEER L, AT A B (4.86) € LA B IR R
Fo HRZEEZ LIRS A R PR BaE e g, M2 mE F 3L Y B i S 3 5T e sl i
Ha%; B, F=7£.

— A~ Hn PR EIR E BT Fourer(AF8) 2k 5k, Be5iHh, F Fourer &4 0
UG B985 o) B R P B R f G NE B, 4 flo) TRl f(x) 0 B4
Fourier Ha, XCRB™: mox t [ E o AMENE., B ()X T EH Fourer T H¥
Flo)MREBARELT

flx) = Jﬁmﬂf(m)e:;p(jmjﬂx) de (4.87)

ERHE j=v - 1. ¥ TFEERE (o), BT of(0)BATREK, HA)E LB F B Fousier IE
B —Breanf shganT

¢ = jﬁmﬂ | fla) Ix ol Pde (4.88)

KAl ol 8 o MIELEEEE, | f(0)1h f(o)WgRIE. —Hraxishe C iR, 1
TG 5 B P,

—HrEX SR C, AR (4.86) DI A/ L BN R Fix) HFETRNEEREER
OO FEANREVE B R FRAERE, FELRETUR S — 42 r >0 HERE B = |x:
Ix || <7 PERETTRRABINE o HEHT L FIRZERER , 703N ERE_E 4707 LA
Barron( 1993 )4 Hi F 1R 2 6 Bl 4 SRR 1 an F 4 3 .

SFRFITEAAR-Graxshg ¢ WwiESR A (x), UEE  m =1, FE—/IHZ
(4.86) 7 X W) sigmoid REHILR A G F(x), [#i5

| (0 - P utan < &

;ﬁ;t‘:l C,f= (2?‘(‘})20
SHEFRETIRIE B, HERRM A & x S S x|, EMEEEK f(O R, &8
WG R e le KU SR AL I T gy 55

R =L S - Fx)y < £ (4.89)

1

1E Barron(1992) 9, FHz(4.89) MR SRR RERAE m, MEAY AR m, P REMHE
R ERRASTFERINE R OFRIT .

CE
R < O(E:f) + 0( m}ml logh’] (4.90)

R R W5 8P SRA PRI B A /b B A e 9 sk 2 R R Tk

| BEEERRBEE. ATHEXNER, BREHEEEEREERNAAD m, LFE

WK
2. ERNSREISHERE, ATHENSE _IMER, RINSFAGH—/PRHE »,/

N. BTIGRHBEERPR N, BEENXN m MIZREFRD, XBE—ABREFE

H‘:‘]D
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K400 HERRE R WARBEFBIA—THFREITE. T, RITEIRG—HE
WHENR C RATRRAE, M FRASHER m, — N SO Y AR A S X F 8 B - A
HiF BSOSO E R ROAN . XS REEE ERASE A B EEhr Rt T
BEEDBEFERE,

ZBRSFBREEEZ AR UIEEES 2 BEPFRHEITIEZE. 4« XAt
RERMYI HE. REAEKL(4.90)F LR RPBEZWEFHE T gV, FATTA EUER H—1
HENZ R TRV GERD N KAR mym, /o0 X TERBAR AN (4.85) BFELHEE
B, T mom, STREFEHSE WAL, BaER, BIOFTUMASE HRATH
flEFEiz i, NGRS H VN RIZATREGF RS EHFMITIRES H{EHZ .

HHR
SR (4 . 90) PR TR B R P A — T HBHSTR, XN RERE R/ R E

v 1#2
m|26f(hjl_-]

FFRA (R ERR R AT N B/ME)RRHE, XBRE R B O0(C vm,(logNINY)FRE.
EMERM— T4 NESFH T EEBERE R —R170, DHITEEXRD N HEBEEN
WSRO (UNY? (RU—1PHEATF) . ER—HHE, MWEEREE RS (FimLmA
H=ARRIMNEARRNGTH., & s EACEEN—FHER, EXNRHAFTEEZREY
Wik, W4, WTFHEHELBRERBRINEAILRAE R R ERPHBSEFEH B H
(/N3 med | M SOH AT A 25 B 2 3Y e AU B R AR SR, 31X )™ 25 4 ] 293X 1 o)
WSEERN ., @ESERAMETREBREREMER TRSLERENILE; B,
X MEERRT—rstshiE C REFEFRAEL, XE—THBEAR.

Richard Bellman 7E/EXS H 5E 7 35 #1775 ( Bellman, 1961 ) (BRI A48 T HES K . 9 T ML
il FRBX S, S xEXR—T m EWAME, [(x.d)},i=1,2,, N ERIIEGHE
&, REFES N RIEH. $RE A(ORE-MTET m, R ASRS M, =il
ARk, dOY, . B, REER () EERERFACGIERR T RAEERAEN, R
EEFE R A () R BITRENYS ., AEMNE, FEFEZERE " PERERI,
R = T, SR, RN ERSREREERTCERK, A7k E T
— B BEML G S RS E R RIR L . @R WEASEE I T (Friedman, 1995) :

X AGHRENGRIRTRERILE L ERETH L BRI L/FE, SFHLXBH %
& R A F AL 58,

LIRS HCI AR M — AT I R RGBS & R TR T BN —He R, XEek
HIAE AR IE#E .

FEXBR R, BABEAEXEN T URSFEERESRFHEAE MG, BEEBAL
BRI ERAT) 0 20 5 I A K 1) R B0 OB BE (Niyogi and Girosi, 1996) o XTI AU TESS 5
EPRRER AL
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HITHEE R

MIBERERE, AHEZEHEEEN, HAVENEAE R RBRZNEIGMEERN
— R IBILSS A FTREPER L T &S LI, MREHIXE -, RITITEEFH IR
IREEHF A TN TR R, X THIRIFARMREYER, ek RaE R AL e i
B BB I R E — N 2R 2,

i PR T e PR IR AR LR 4 S R B 5 R W3 FUBIE AT F-— o8 B KRR 8BS
BZE. XRMBRIETESZRN SRS K SRR AP SRS H R,

o AR A PR 2 ) 28 2 R 2R 1) (B S B E B M 2 TR T2 Rt R AR A, R B 2%
WL T XA U E S - SR B EREERMN EER BT RIS B, B—
AE, EREEMNPTERZFFEN TEL(HAUS ISR TREAS R, Bk, AT
AT Zb ¥ ( Funahashi, 1989; Chester, 1990) ;

L. WE—TEREE TR SR . 55, FAEF -1 REZ Dy —sse 0%
A R DX, X2 h A AN R 4RO A ) FRAE S X B A o5 0 R SR AT

2. NS T EREE h IR e R R, $ERM, EE _RER D - TTH S e
AZ [T E KBS N EREN S LT, NS ERRM 2R rHEE
ROk TRy S

XA B B R B R 3L B SIS B RS MR R AR, MR E R
MEILRIERIRCR £ 0 BN B A a0 b X B 4T a7 LS s s, — Mgt g—4
srEZMAE LR T

Sontag(1992) HTEDRIF B B Z A0 AR ML -2 Bl . EARHD, 5B TR Al .

BE—THEZMAREHARE L B">RY, M EFECCRY U&7 MR (BHER) >

P, HHe>0, FE—TMRBEAK ¢: BRY—B", FHEHEETERES.
| @(f(m)) —ull <e ¥ uc €
XA E N ARz g (B )W, W — R FERRERE x(n) B HBIEIE u(n)HE
Far—RE x(n - BB, FRN
x(n) = f{x(n - 1},u(r))

i £eT, fEEN T x(a - DIRIITLE uln) 4F x(n) B REER B, BB IR
Bikzahy, Emei o RiEiEsie. BEEREGFF, BITHEWEIER I TLLHER S
BRI T BB oo MWBRUE, TELERE o W TRANEFFRERLFRN. G
() & BN I A SR R 2 oA, —MEEEH ST RIEFFA X
Sipgipgdk, BEREAEARITBRENZEBEMEX TE TN, €8« 2R H
(Santag, 1992) ,

4.14 3T X FIA

I G122 > A B A0 A U (AR E B — 4T ER R R R B A — T2 2
BAENRBAERRE. 2SR ISER TN R R T ITREE R %
BTz WX TUERE, ZIUBEREN X MRS S B MESEIL A - EE,
Bk, RATTLIHER GG S REE ERE —AREERNEH (S H)E P BRES S EM 5
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HER B R — 1

{ERF BT, GHFP—18& 02 LA R L B — R s) R4 5 E "
(Stone,1974,1978 ), S4B AR £ B BBl B 8 — TG EM - RHLE . XD
G — A A AR TS

« TR, HAREEE,

¢ BHATR, RKEABESAEL.

XENHYUER—T 52806 T ERRE A RS EESR AR, X AERITT LA
UNRRERAN T AR R AR B B, HEMDAR BT "R —1. BT, BT aeH
B REN RN EA R RASHENER TS FEMBIAFENT RS, N THHLEX
el RERERT L, 1E THA B A RIRI AR W B AR R T AL R e

HRMTARA LI - HA B2 AR RER K B M2 T 28 4 A AR B, A2 UHIA
W A RFE ARG AR, B, ROTTLAFERZ R GiAdE LA RERENZURANEZ
ALY, PIRERFEME TR, EWNTEFEBE/NT PRI,

HRIERE

MR AR AR, B —W58 2 RS AR S/ NMuEN W ER, B

TE R P FoR A IR PRBCE A i AZEH -
F cF ¥,
F,o= IR = IFx,whiweW,l, Ek=12,...,n (4.91)
EHERY, B TRETF, A - RAAHLIERELWNERRAES, HIUERE wA—
TEYEAEZRW, fhit. PIREEEBRIE b = F(x,w), wEW, IR E — R A
WA E xS #1011}, XE x BUERDMEE P M AZ X DB RE ., EREE
W2 RERNSHEER R MEEFERIIEN, ZEEARLERNBSHNING, SR
EFFEEFRARFEAERFNARSE(EIRMANEMRE KE W HANEERNS, ¥
W, XA EE x BBV EREE d= 10,1, BINEXZHHIZENT .
e, (F) = P(F(x) % d) MTFxe®
&R R SRR
J = i(xl,dl)fil

I BFRERFFENER Fix,w), MR ETSER AN ER/NMEAFTEZ LIRS
e, (F)o

FE#EN)BREAR(AIDFREINEHRAFXENER, BX TEERDE N RATE A
URBA-TRAHELEEEZH EHSENE W, (V)W EZRBME, F8ISEREETHR
gEERMG. RRATER 4.3 THEHEREH, RITHE w o (VRIS
W (NYAEXIET, — P SHAEMRERFNZEE—MHE We W, (MBRE Fix,
w); BRI S 2 BRS1E,

L— 0T 081 FEEZ B RSR - BUE i FEAHIAFE 2 B Y G REE BT R
e T N ITEHEER, (1-r)N THEEFRAEMWITFE, #TH N MEEGRLBHIAT
B, G FERY #xR, EHTIEGESRERARN T RERT, SELEHSBERE SN

214



215

152 F4F

W RF, , F,, -, F,. BTFTHG- )N MEARLR, RATAS WHEMTFRAEFTH
ﬁfﬁ@ﬂ%ﬁ Wm((]. -~ r;lhl"),:,

XA B S B0ETE
F_ = k_llfn;n le” (F 3 (4.92)
Hh o ST W, s W ((1= 2INY, o (FORAER N ARG ENHATFET LHRE S
RiEF, ERRiEE.

SN BRI RS R B - RE NSRRI FmihTF8I Ml FET 7 ZiE Kk
5% o TE Keamns(1996) R FIBFITH, FUH VO SR8t 108 B AT 43 8 ik 22 A1 LR B3 B B0
HYF, BETRRE r LS.
« MEXBARE x GIRERN 4§ ERAEEE A FRRX /DA N BRI
IR, X MARTEREXT r WA A R L.
« FEE BARREGEYN THAION N TEYE MR, B r BEEATE A ERE
FEFEEEARZWR, HH r B IRERD.
o B — [ BIEE AR e R A ) — A 2 O TE B N AR R T TR
HRFE Keams(1996) M EHER, r ET 02— TEEHAERE—ISHNER, XE®RE
YNERET M 80% B2 Mihit T8, ®TH 20% #ifs & Al 758,
BHEMBERITRFEREBKHNEERDSN B AR, M TIERNS A M LE ¥k
%, XEAFRAEMEYEXN, M, FTHEGr=p+q¢ MTESEENSEZRAEN
nep. -
« p NRERBMETTEBRN, < b, << b, WINH RN REZENE BN,
« ¢ TRAVTREEREZERDSG; F—1TREREMETH DA K, BIEE
BMEITHBE L <W, < <l BE,
URNTA— P ZREANRDN B - EEBRAB[OHE, SHSEE W EHMEKE M, H&
P AR B R A R R TR A — e £ R RS P R 2 BB % B
Hh, REZIEH _HETieR, B2 S0y AR LR RN Y.

W&k ny PR IETT &

HH, AR EEELVIGRZ RRBM RN E e #1T#, FEISEREHET M
8] SR T B S) RR L BE 2 B8 B ZR T BR A BRA SE B X E— T HRABTE T VSTl TiRE
FEAE I m-a g inmel 2> B3 FRIEH . BriREMAN—TIRAET, RS8R
AN, BJSHEE MG TR 2 E L RER/MAK R EES RN . BT LR MEEN
Bir, WRRTIHESEDNETE 8 FVNGHEHIFE T M RME A e Hilgg sy, X
RIEFH HMER . Yo, Big4. 2 PRTZAAER, WRNGHEFIFAES ISHE EF
T, MEEHEEE S VISERERATRER,

FATAI OB A XH AR PRSI S A0 84, R SR ¥ 5 A T F BRI BT
8, HERNMEIT FRUGEES ENEGEMS, BRSNS Nt e Tt
(RME—1RRBHFITFENEGES), FHEBMIGREPZEHREFATEILME. Rk
Hi, FEAYESE TR BEER LA (estimation-followed-by-validation) BT B U T #H474) :
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—_——

o s —AMETOIE) AR, SEBMENSMENRESE2AE, MER
ETHRTE AR FIEA. MTTHRIAT &0 EE AT HIA R,
o UBAMBEHRAORE, EHI%)EHHGEE R, M TREEL.
XA BRI kw0

B 4-20 B 7R F R o gl 2R pu i 5 1,

— BT TFE FNERE, B BT
Bl TR, E%, BETERIATE FHOELE
FREAMETFE FRENI2 LG, TR mr
HEETMEIFFEM, Sitedmanr—nyg BE
W BEI 4 E &% B ST A N, 5
AR, WA T 1 oA TR B — A
IME, BRECT BRI G a4ksmmig, MR
TR RERA T2 3 f 2R ot , 7R AR BT
SERIASE S MR F AR/ SR THT LIRS Y 0 I

TN, RTITESCRR b, RSB MG 2 _ » _

JE B A N GRE b R, oy L B IR
BB BB ERIAZ T S F BN ST T g R e S TR

US| R R T 7 2 A S AT FRATT AT S — T R £ 195 150 4 6 A L B 1
RAEREHAERERE, WRETATIAREREETERMBETE, OGRS MR
HEY RBEEHERMEE . XS T RITTEBEMIN BT ESENRE/MUREE,
BIES T IRE, TR SN TR/ MLESHAT ISR ABENSRK T iRE .

7E Amari et al. (1996)3% 1 92 3014 BIGR MO SE H22 B0 S0 I S L 04 |- R (R4 T

. XMERRETEFRNEIN, FHBRE— RN S ERmM4%EN Bkt
BHTEM I, FRIT RS R TG AN .

—RhRAEFEAER, XXM V< W, Kb N BNGEAAN, WRRETEHRS
B, o TR AT A U, YIGRAY B 0k e T TR U 6 D SR A A
BTG UG B R () W SR B AR S AP B, X ZS R Y N <30W
BT IE W RES KA, 75038 NHAME IS 5 1052 FLEA SRR S tegfgit
FEFTHIATFEZ A ZGBAR R 4RI B - i R N

)
® T 0T AW 1)

ik

RS WA

WMFRE W, X AAFGEMN

oy~ 1 - WRK (4.93)

2w
Blgn, XFF W=100, r, =0.07, XEHREUGEAER 93% ARG F4&£, TR TH
7% W BIFIA TR,
H—FESMEEKX, BWHEXE N>30W, TR EANRG, Bk
VISR RS L T = A T2 A RE R IR R RARADAY . BEDi& i, RIS AR a9 X MERT K
TRFZSBNEE Pet R, THRFEIRS AR,

216
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—_— —_—

TXRIANER

LV IRZE SLETA N T 3 RR N " 45 2] & 5 i% (hold out method) . TELfr il g B ob—tLgE
A B L B RIS LA IR, Fel AR e A B Z BOBHE . AXRENE N IR
LIETTE N MR HES BN K N FERGHSEZIHIATY:, K>1; XBEER
N K 2SR, XMERESRT -7 FEZ AN HEH A et | *
T8 1 %, BIAREENE T F4 ARk
8, XPUEAEES K KRR, SREA—AFE  swo ]
PSRRI, WP 4-21 iR K =4 MR, &84
RERGPEAL 2 18 b oK SR B0 P AT 3 B S S R U iR 2 TR 3
IR ITR, BE L XBIATFE — T84, By
BMAmNG KR, ETTEFE—-ITUEHiTEE, XH _
1< K= Ns M 4-20 ELHIAN RIS

YA EREARNEE N B EE e E, & s EE, W HENTR, 4
frimy LME AR 8 - RIS B A0 LR TA AR R TR PHRE BY SR SR AR AR, T
R TR ETR, N | A IRIIGRE, 3 B AT RIS AR B
PEAGE TR T - ERM AR, X TERAEGEE VR, EREB—ARF
PR AR #ITHIA . RIGIBTHIARTFTIRETE N KL% FR T,

4.15 PRIEIETHEAR

FIT 2 PR R DL LA i P i TRT AR 22 o SR A A — RS P R 07 BE AL I 4% . 78
BEH RCT B BN — T SE PR R 7E (R R o AE Y T I 28 R BIAS i /Mb . HAT B/ VLA
A 2 W 422 S WSRO RO AR IE B E W T REVE 82/, X AERSREXT BB G 41 10
24k A IAT AR E B & A RS — R AT T H R
+ RBER, ERXFHTHEPRIIU /N BREBIBIFE, DSIEEE B Y R{E 5 B
A, R NIFHAXTZREMSE FER AR BARIRITER AT EE N —5 1
R M ETTEE BB

© RBEY, AXFFTERINTU—MMERR IS RS5O AN E B R
i, RIS R RN P BT ) 55 8 2 T B R A 52 ST B R 15 B 2B IR i 5%

AFTPERITETINEMR B Ak, filih, RITMRFEREL, —fETEN
WL, F—FET AR R L E R RE A

B34 - TEE

K AT AR — B RRNE, Eh ERI AR 4 B T M5B 4 A%
HRMPIEBE SR — T EREEA, RREMEITTSERR ERESH N, RITFEL
IFGREX 18 () o] T2 MR R TY 3@ N BE 2 (6] T 4R — M08 R T b (s i B 2 BB 8)
FERINEREFARERT, REETRAEMEESE SRS, ROWTEETRMEER
T R BB DL AT

R(w) = € (W) + A€, (w) (4.94)
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E—IE, (w)RIPHER R B 3, B[ROl T R £ (BLED) i A BE . TER 1532
T, EHARN Y O SE, KRENITET BIAINGHEEHLT, FEEEE—-HS
HOFLRH [ X Fr YIRS OE R, SF00E (w) B2 A MWED, BRMEH T RS EEA),
EAMEERAENHRNTATREEA BOCT A2 BB AR AN, B L, K(4.9)5F
T RS K ETE A2 Tikhonov 1AL IR FFTBABGR : XA FEGAS S FiF40R. 3
FHMWEWE, EARHEENESEEEY ¢, ERRERT BTN TCTHEEE WA
BB B A AFRIEE, FE R R R AR, MEEINGER S WE, TF
H—UTE, ZABTRGS AN, XEWE B E RIS ANAE B SR 1 Bk
RS, AR ERENFEARTTHRY. EREFRSRHLENET, FUlis
BOA PR P R 2 M5 A BT 30 BTV B 8 PR A 2k IF 4 32 5 1A N
TR R T2 FER 2 SRR B S5 M RS /N R AR A
HE—REE T, EREENTE (w)H— MBS L iR as

lﬁ'k z
€ (w, k) = ;ka(x,w)! () dx (4.95)

"
2]
BT 6 (W) SRR IEA A BN, p(x) TR IR, Tosis e A S
TR F W) R R R 5 B R S F (o, w) AR AT B x 55 & W B4R 86/
S kK, SR F(x, w)BUE AR T (BTG A B0 5 A ).

A [ 2 A 0 B SR 5] A1 ) 5 e 2

IUEREE, AR TR (Hinton, 1989 ) 7, 47 28 A8 008K 52 S P04 10 L 1
WA ® B BB 50 (TR, ARY

E(w) = [lwl?= > « (4.96)
11

HHREC 8PS AT A R ABUE . 33X 18 A58 3 5 30 9 4% Ay — 0 2% U (B BT
PIFFHERATH, WANRESAERFEITAN RO, L, RERRERES
PR AR [ 25 (R B ) HLA5 AR A 52 W B AL £ R0 00 4 R O 4% 1 /0 s 8 4 = B 47 B2 0 A9 Y
{H. fEE—RKPRBIERN $ & RMA, ERHTERMEENERELT, XA E ST
RATRERGC 2L ERIRI, BV THEBVIEEREE Lo Rm 10 8 6 1 45 51 B 05 U8
. M- EAR 2 RIHE) P AE (Hush and Home, 1993 ), & Zt TE WAL 8048 M3 R 2 R AL R
RELCTEFHEE, HMEEZLES.

FEREERLES, BEBRMSBHIANTEREFSm . XHE, fESEDR
SRR I B R PR L . AR, U SRR B R R Y ' JetE 1 LAY IE
MILA, HRAEHAFER(4.95)MBERFH. AT, ©EBH RNHFEE—LNEPER
K TAEARIREF,

HERR AXBAERAENR RS, B IRV E 3L A (Weigend e al. 1991 )

Ciw) = > - (w0 fwo) (4.97)

= 1+ (w,!wg)2
HP w, BISEEHSE, w SEMNEFE R HHE. £4C  REREPRER
Rk, BMBETIT LIS FRE S ABE w./w, 24k, WE- 287 REIBEE, X w1 <,
HIBFR, X ERE RSN (M) BT TE . S0 06& R SE 1 B MR AR G

219
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EAMES | THERBE
ST 56 1 M 1T A Y o
Zo k. M5 -- 4, 1+ (wfwg )2
il | 2w, B, BEAREK
HREES LA BT & 1.0
KE 1, XEREF v, R
¥ 2R EEEN, 08
XHBRINHE DR (4.97)
Fy 4 1 IO P8 4 3% B B A 06
2% B TH B R e 5 A
EXMYPBEE . FE
AN BB o R S A
g3, RO -t (o I8 =27 S L
ﬁﬂ“ﬂﬂg EE!‘:]:jCH{] e %‘ | l i | | I | ! I L W,
THERFHR G R 0 40 30 =20 -0 010 20 30 40 50
HE(4.96)IRTER . P22 ABERESIT oo Y IT1 % Gty 3 12 F sy B

FER% M i, AR BB
WRAMFRSZRMSEMMEEN LM EREL, HYEHERTER(1.95) i iR,
BRI, ZEWEE LGNS w, WIERT, iM% s — i S B8 1S LR FIAR (A 3
S H 15 BME B K (Hush, 1997 ).,

iR E2E  7F Moody and Rogavaldsson(1997) 11, X FEE £ REEAEH R L&
ZICHEZERAZE, BNURANTEXNEZEEDI,

€.(w) = >l w7 (4.98)

HH o, RS HEAUE, w, RIABUEE | MRS TAOREN R B p F N
B {Zk -1 TRt EE
P21 2 N+ R RIS

0.4

(2

(4.99)

Hrh } B Fix,w) x B85 8mE,
P — ZRRAG R E N, B R 885 ok tB Y s W FIAUE B % O A
B, SRR BRI, ARSI T WA T,
1. BEX5rEaEE R 2 R R A
2. B EHREESZE TR,
R, EHREEMEREMERNREESERNER, FLETEE 4y + 5 EERER,

ZT Hessian 55 R o 45 1% 8Y

X A MR E B T TR R AR SEAR R AR 2 B I 0 Ik B S B BRI B 2 B AV 2
RAMREZ R T R B, MRS i — R, AT H TR S A A A0
BT AR, MR — MR R 5 R AEIB AT ARG Taylor SR04 TR
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¥é, pylriidisr, fEaRaT
B, (w+ Aw) = € (w) + g’ (WAWw + —éAw‘HAw L o() Awll®) (4.100)

Ho Aw Z1a1 75 witiiish, glw) B7E wibByB/8 0 B, Hessian 38 RHETE w S 3718,
AW, ATIEWEKTTE Hw)RERT. 7E44. 1000 A X ABUCER A& 1iC S .

BRI ~HASBEEEM SR RAR MR T R e, MR KRN, ITH
B Mg X 8, FRA#HAT0 T E

1. a3 . Bfl M RESENAEN GBS BIMEgER2NEG) Z A HMARE S
k. XTERROTERESEHOBUEREHE - MRHEIHEELBEE/N. TEXH—
FEM T, BBE R g v LU AFHEM AT L2 (4. 10005 g"Aw TR, FH) B S # 5
CRF T 158 SOW 3 Y BT IR TRL .

2. ks, BIBERSB&E/PEE2RHE/PHBERREMBEFEM KK, B
) AEWT L) 22 w8 2 =8 (4. 100) J A4 T B 1T,

X MR T, Az0(4.100) 3 8 BIE 04

A%, = 8(w+ Aw) - 6(w) ~ 5 Aw HAw (4.101)

F AL BE 345 (Optimal Brain Damage , OBD )it #2 (LeCun et al. , 1990b )il i1 & Hf— 25 A0 12 16
X iR R IE Hessian 0 H 2 — XA M. R, Tt & 4K B3 sk #+ (Optimal Brain
Surgeon , OBS )it #2 (Hassibi et al. , 1992 ) PH-EH FHATXAENMEIL; Hik, &4 OBD 3#4E
NER—TFE. MXEFiE, RITHEE OBS Kk,

OBS i) HFR 2 B — 1 HAURE A EMHHER(4.100) b4 e MR R/ M, 4 w,
(n) ZARXTFRBIR R AUE . XTEUEK MR S0 T &4

Aw +w =0
14 17AW+ w0, =0 (4.102)
WAz, Het ZEBRTH MTESTHRMN | ZAAEMFA SERATNRAGEER, BRINRE
AT LE B OBS 1) BRI T (Hassibi et al. , 1992) ;

STEAEE F K LI Aw g‘uxﬁb;:}:ﬁ%m’"ﬂm, BEHRAHRERF1LTAWTw, AE,
WEXTFT4H K& b,
XBHTHTRRENE M. —TB/MEE2MSE | MEN BB TSR E A28 At

BAHIS B AT 8 R/ MU e HUE 5T 6 15 B HEAT Y .
N TIRRZ T AIREMAER, FANTETHE— Lagrange BT

_ %z&wTHAw — 217 Aw + ) (4.103)

Her A B Lagrange T . #RJ5K Lagrange ¥ S X Aw B3 %, ML G.102) AR K4,
H B AERERD, BITRAMEDE w PHBRETLE

- ﬁH‘llx (4.104)

Lagrange 5T S XILE w, B ELERE

Aw =

5]
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2
1
§ - - 4.105
J THIT. ( )

HeA H ' Hessian 5 H @1, (H' ][, B MEEEENSEG, OMTE. BES  MER
B w, BEMER, X Aw ST EAL T B BB Lagrange B F S, 5 w, B9 5M (saliency), FE
b, BEHE S REET v WRBRNREMH FRECHBIRE) BB, SEBEK S,
5w BIFHEY. XE/NEENFRE FAA/MMER, Rid, AR (4. 105518
B EYE S, MRS Hessian BT A CERE LA, XBOR(R'] £2/0hH, A4
K /RS GL 0] B0 h iR EF L5

1E OBS i B rF, 0N T & /NP IE (A BB {E 8 v A MBI ALE, shit, R RBUEM R/
B4R (4.104) 5, XA AT ol UG8 Hessian $EFF IS | 5 H WS IE,

Hassibi S5 ATEME TR0 IR 7 — 2 B fE 091 B8 OBS i 2 He B Al i 48 B AU 3
AL B A BN EE, [FER RS OBS 3R T &R R ZE 18 000 ME K B
[ZRAHIAR NETalk SR, MABBIEMA 1 560 MUE, XIEME KA/ E A REMNER
WP, JHBE T Sejnowski and Rosenberg( 1987) i) NETtalk 35 7E 55 13 Ediffik,

ITH Hessian SFEFEERE  Hessian HA03E H 'R OBS F A A AL, YMETAHmS
W W RS HRKWINEE, 158 B 6RIETREEME LA, R 2R sE 45
REME b RE RN, T EBR{1ER TS B A0 4553 #2 (Hassibi et al.,1992),

ATHELERE, BREZEBRASELA L NMIEHZT, RS — 18 E N gER{ 0T
LIFE ¢ R s K

€.(w) = 37 23 (d(n) = o))

Ht o(n) BE n A A ST MRS Mﬁtﬁ , d{n)RAHR ER B, N RIS AR
AHIRR ., JH o(n)EERILIR RN

o{n) = F(w,x)
He F RERBMSFELIMMASE LS B, x EHAE, wB2NEHEMNIERE.
EHIEE 3w —i S50y

€
38‘;'.' _ NEBF(W x( ))(d(n)_o(n)) (41%)
E 0 w B S Bl Hessian % [ R
‘8

_;J i{(aF(T}ﬁ(n)))(aF(xg,:(n)))T _ azF(;r‘;;:(n))(dm) ~ D(R}}}

(4.107)
FEIX ISR T Hessian FEREMYIGREE R KN N HIRBIHE
ER T2 I GRHBRT, A EHE, SR 2R 2 M im e — 1 R R/AE,
ho(n)MIBT d(n) BREEBHN, ERXTHRATRITTLAZES =T, IBAR(4.107) K8
iy
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H(N) = 4 S {2Fxln))) (I (wx(n))) " (4.108)
MRS, EX Wx] g
1 dF(w,x(n))
E_.(ﬂ) = \/ﬁ_ Iw (4.1{:}9)

ETLAER 4,10 WERR M EERITE,, Ko AT LLAE B NE S 403 (4.108)
T

H{n) = E&(k)gf(k) =H(n-1)+ &) (n), n =12, N (4110

:zﬂﬁﬂrtﬁ‘:ﬁﬁﬁmzlﬁ@%iﬁ_ﬂéuFﬁﬂﬁﬂfﬁﬂ?ﬂc B A Woodbury F 2.
2 AN B ERERR
A=B'4+CDC

SEXHIEESERE, Hh CRDEASNFE RN, REREYTI, EF A H¥E L

A" = B-BC(D+ C'BC)'C'B
FX (4, 110) T gy RERATA

A=Hn),B' =H(n-1),C=Er),D=1

(R0 1 PR R 5 5 | 345 23 T Hessian S5 R 350008 18450,

o . '(n-—l)(n) (n)H ' (n - 1)

H'(r)=H (n-1) - é(iH%ﬁ—Uan) (4.111}
EﬁﬁMMﬂ*mﬁ%E—¢ﬁ%;H%Eﬁ#ﬁu%ﬁﬁ IXAEE, A7 Hessian FFIFEM
FEMEH (-1, ITBEALIHE v EHARE E(n)ETRNE o THEAERSHEFHE
H'(n), XMRTHEGHEER N MERNENMESEITE L, N IOBEX I EER
MR EFEH ' (ORK, EABRELG U ERFEME LK, S TBERTLLES T %
R

H'(0) = 871 (4.112)
HAp s Z2—P/DANER, T ERHANER. XMGREHESFIER () BB FEN., sHE
e T 2 A O A 2 (MO K BB R o i AR R D
72 4-6 MM FE 589 —4~ /N85 (Hassibi and Stork, 1992),

a6 BUKMNIMENG

LSS T ERRMEER N HIRE.
2. FH 410 PR AR HE N’

E(n) 1 3F(w,x(n))
SN aw
Hi Flwx(o))IRERALSTENENE w L 2EMBRTHAB AW LS, (o) BMARE,
3. AR IHA X111 B Heseinn A HT .
4. FEHM FEANBEIN ;.

I'l‘.

5 =

2[H ' '
HP(H '], . EH 'WHG, O, MREREES JEIJN'J‘J“—‘EIJET%’“. ARARMBEMAE v, HEHRTHE4H,
T, FEFHsE.
5. 3B RIRICE R EE R TF PR o B G S A
Aw = — ﬁH_ll;
2,

6. AFATIHE W LK YRS P Jrif e B B R A 88 . (IS EREOS E BRI )

2]
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E—1

4.16 EEIEBEFIIHNESFMFE

RAGHRBEE VIR ZEEMMNENERTHFETRIA, BELE, BB THE
(FEORBARM A R— T REATIAR, KEEER AR HEAER .

- REITRE .

© ESCEBUEZ N ATRRALEEE T B G TR AU E E TR — R —MERI T R,

FEBAMBEE R T MBS TR P B IS MRS R

HE AL

BB B L RAK S R EH B R & B 2 [ 48 {5 B b S BB 7 9 — 12k 4250 & 7641 B ]
To HEHRRXMER AR R, BERBW MM UM AR 2T STEY
HIEMAHEITHEN, EATHEME&RTTREFARTHEE=1FTENTSE.

1. LRI FE A T LR E LR 2 Mg .

2. BERTENER AR RS B TSRS TRE, EHib s Mg
TR AR,

3. BRI E AR A LHLR S TN AR T BN HITERER.

EMREANFFRITIEIX =K, BB eSS PEESBIE, 15, K55
BECEMTEMFEEETHEY LRI T, FHC LT 5 FHF ol £ 2 80mas
#9 VLSI & & 554 ( Hammerstrom, 19922, 1992b) . TE 8R4 Kerlirzin and Vallet{ 1993 FI5F5T &0 B 1R
AREE, B SRR IR R I B R I R R M T 8 5. YT —
MR AERE S I MY ER X, RT0T A TS 5™ F i 7R 5 (Shepherd, 1990b; Crick,
1989; Stark , 1989) ;

1, fE— P Z R RIS M 4 or 2 (7] A% B 1) 268 e 3 07 DU AR R AT R & R 69 .
B, FHEINMERE RSP, BB LT EIN--PRED 1. XFEAE 2R E
AN A RLNBE P R™EN—1,

2. E—THERBANY, ZRT/RFAMEMENN2REFENER, EL M
SRS, xweREES THWEG . EEMEINREREDEREXEMN,

3. ERMERFET P, — - MAE 8 o — BT 2 5 iE SR — S b7 F IS R E B
HIRZE (CEMESRBENAT . WA Air BRI E S — g,

4. N EEWERNAERS, R EEBEIWLHRERERILEMERER R MEE,
P 2L PR A 2 X R R R R R SR A B R A TTBERY .

5. RINERZIBRE T "EF"WEE, TEMTHBRITEE—TEBEBEERD
HETTES . IHRMZSITTRTEETEE Y R LIE G,

SR, XEMEEYFE L OEIEHEAER LR AR IR ER AN~ 1T AET
B EREEN, SGESTEAETRKAHRA SIS PR RO N SR TIER ., HKhafEias
P BERITEAERN(HI, W Robinson{1992) ),

FF At
B30 4.9 PR AEREE, B R A R S R U 2R A0 2 B R A 3R 04 B M 43 T A S bR AE
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BHSHREEENARL, MAZEBRISAHXINEEERN—HIREERNEFEAE R
B2 E% £ 18 % B 51 ( Rumelhart et al. , 1986b; Cottrel et al. , 1987 ). & 4-23 FHIX F i HEABIE
JZHI & RRUNRHE N T X R AR, FERTEREN T %R, EME 4-23a R
AR EE -

« BWAREHENZORBERFHERB AN m.,

o BEERMZITTTE M AT m.

« FEERTEEEREN.

5 \\‘?z@ 5
ﬁ)\:ﬁ %J £ ‘:ﬁ%&:’z ; r AT B R

LSRR 3
L/ )%"l*",““ |
, ‘% i’ \

>R ES

b) ¢)

A 4-23
A BEA—TREENEASDENER A NS (ETEE b EHRMNY
ERIGMTER o MHF ARG E ARSI

— M E R x RIAHE A R FORIBCR A 22 TR RN . S 2 s brop L & 2
TTHRRME x {8617, @ ¥ AN T ESEAREEHEEENGME, MiHRERE (x-)E
AREESLIE, N 4-23b iR, XMIGEETWEHEY PR (BIATERIE . &
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B BB E A BT ET & MF RN A, E R EUE AR N 4% LASC B0 T . B
ARKR- WA, H s B, TRERSZMBEETES, WA 4-23a B, #HK

-, RGNS EBRMRAYE "HESRAG. N7 EMPIHRHE AEDR x 89T (1
LHER), RS ESHATERSMEREZ, ME 4-23c Ffim, $3 0, FEY
ROEEE AR BRI A B, INFRRNTEREBRZR RN M SHA 4T E XD m ML,
B4 4-23a ISTHITE - - BAE B4 R 4 A9E R AR A

R RE IR
ML BREENGHN ZERDE G G RBRE - MRE sigmoid B, £ DHEH I
B THEREAETHN
F(x,w) = cp[ ank(p( Zu,,,.q: - Eﬂmx 1)) {4.113)

E$ﬁ)i“mmmmﬁﬁ@ﬁ,m%&ﬁFﬂﬂﬁﬁF%ﬁ%mkﬂiﬁHMﬁ
kaﬂﬁ,mﬁ%ﬁﬁﬂﬁ@%mmﬁ,mﬁﬁAﬁmx%%a¢m§nﬂﬁﬁﬁwﬁ
ARPIENTRES, HEFIRIFE Ai%2, RokEEhRa T, BISHEE2THN
e 2 (403 ik AR R H AL MGE IR IR BAE WA, 1000 4.13 FiFiERY
TR EAETE, ‘

HEEFR T, FHRMWGHBETRES - AR, ERMaieras sk
i BR B 2 2 R AR B S L pA B0 S 5 R AR IR R A - R B 4 S8, 7F Homik
et al. (1990) FANA VX TEHRMIEHA, Lhb, IEHEEROSEEIREGEE LT A At
R, EAGRESBRTHEREE TR XM RS, Homk B AR S8BT RE
T UARGH R 2 R 85R0T — 1 eR BUF ' Ry S8 g /0 S T R

R E

FRf B A AW R .. MEMRBON S KL ST R R E ey,
FLENTHERAE. — M EIREN- - RERBI T —RER, HETEERETHNTIE
BBRHWHEHRZIARN, BRIOMEXTEEETEARY. B0 b, CRillEe
R ERERRETEARM. i, EHRATETOSSBNEmBE waERE) 8
FRRBAGKIGES, ERITEERER W PRAMEN, RS EE X - EE A F
LUE R0 4.5 TRTE H9 52 AT IS AR B BT R B M AR A EEW . a1
ERLF, R R MER L RS AR E TSR RREA R X BRI
AT (4.44) B B ETTE M P4 R MAER LM . R mEE, ¥ REMENE
RITHR R AR FI i 2 (4.46) F1(4.47) BT BB T (D EBMH B TR TREE, F(2) RpL
HE S EF . EXERANTFRATLE R385 9 4 i s A R ity Hikig
WERE, RAREERETE SR W RERHK, HER o(w),

R E

AGE AT R e i 7 27 PR B A — T B F IR R ERE-- MR TE, #deR
fITRT LT B 138 35 SE TR A (1 PR AT B R S04 o 3 A0t BB R F % F—
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SEMREE, VoFm, EXNH

o _ AFIF
Su = Fo0 (4.114)

IRIG B — Mt A R S 2 Z M RR . S mRB F (w) D7 R4S S5 31 0 31 A Bt B
515 wERMB PSR RMIAERHRE)EE. £ 4.10 TPRITEY T RE F(w)
MERE R w A BTA TR FEET LT ERGTEN. Bibi, K#0(4.81), (4.83)
L(4.114), FATHLEZ LA FEC AT LAE 2t MBS RENER W REHEN.
XFLRNME KT e A R AN A TR P & R E T,

it

58 3P RIBE, IMS BPReg/ it RS RE, MM AE%
BERGERN., NREEONEERNZLEN, IMSERRE -1 H® SRS (Hassibi et
al.,1993,1996) . XEWRE LMS BB/ MEAHIHRE Vs iR E I,

MrR—FERE, WREH AR RELRER, Hassibi Al Kailath(1995)iEW] 5 a1%
BREERTE H” BRI . X B A R AE R B )% #8540 £ ) B
VIGEFE RN R BRI w DR ZEERBA— TR, Bl
MR, BE LMS MRS EAEE FR—ERK B~ SR ESES AHEN,

T

B I W B R AU 2 (8] o0 % T iR 22 6 1 _C A B R 0 i BRRAGEE7. BRH B A A
LRV R, ETEREME L AFESEEE I NEETEBRE TE/N A
gl . HAL, RiafE#2E 5 254 B Robbins 1 Monro{ 195148 ) 89 AT B #1387 S i 115
AR~ HE, JiL, EME TREBWRS. ROTLIREX RN EERFHE
(Jacobs, 1988) ;

1 REMEHTE —MUES ) 2 Y FHY, SERFREHETXMEAOSRE
B ERAR/N, TEXAENTEA T, MA TR MMUERAEER/NE, BRILTERMEIRENRE
EEFERNEEAREERRITE R EREN., 5 —hm, RERESEE—TEEN
REELHEN, EXHEE T REGEZREN PHRERE L RIBAM., EXHE _FEN
T, MHATEREPDAEAERRRY, XTELSHZEERETIREMERNE /DA

2. SR A ) B 9 5 ey (BT 2R B0 B 1 B 19 00 S 80 T BB 4 1 R R s o T 4 R
6. R FFRIER RS SR E AR T mAT.

Wi, F {8 T S B A0 28008, X T REME M Rk % HxE, BT
Sasrinen et al. (1992) BISERBTF, K IFER LN EHISGEFREMERN, X857 Jacobi
1 Hessian R /L B85 BN HEE20UEHT . 300 #0212 R 25 11 45 5] 851 B A w54
iR . Saarinen F A FIPIR T 62— 8B R 535 3 0 RSk SR R

s RN TEEREZNITERRVENBER, EXTEXERAFEBET

[ ) R Y S B 5
o KBRS MG RIEB LA W K B EM U E FREEM LB
REEROIITH, WifE RGBS BT RELEN,
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164 Eqa4F

fE 417 RN TR AR SR, T HAASE BRI AR AL R,
BiENE

R R IR R AR R A iR E R E S — TR ER T 2R/ DEZIM TR E
ANECEF MR I, R TFREEREIEER FE—PMEILEAR, HKEEEBARS
B/MERYERS, AR ATHER S RN SRS A BRI L B RUE 25 N 3 6
EPMFTEE RSN EMENES, S BN E EMNE L8R3 E /N ME
o, REIBAFBEFEIHBRIARBE/MMELEL, BHENEECELTEARB/NMIR
priof A r

Iz [a] {585 =] i R F0 2/ ME F {5l BT Minsky and Papert{ 1988) 22 U2 /F (08 36 5 2 A 5
EHRR TR, BIEMERBSEE HHESTIES R FME Rumelhart F McClelland
(1986)&VE: { Parallel Distributed Processing). TEXABAIE 8 EHFHRN FRIMIEBEI¥
U, BA—RBR/MEE—NEERAE R 2E R, Minsky F Papert 38 1735 =010 B8
TP BRI EBH TR . Gon il Tesi(1992) # R — M BAHF 7., e H—4
FRUMTIESRBETEFELS B MREZNMETTEY, HER LB SEET]
REFE— A~ R R /B AR S 1

L]

FEDR b, B B S ) R T B 2R 00 B R R 2R 2 2B B #2284 L5E P T L 48 /)
BIERTRE. R0, ZIES LBXFRIERE, |ATL 5 IRAEE (scaling) J0)BE, & R ITEOT
F RN 20 L P 48 2 B A04845 (S0 v i 45 A S8 i (] A0 BT 15 B A B AR 1S AL M e 3k
WEFE, EERTEEFINEXERNSESTREN LD, H Minsky 7 Papen
(1969, 1988) % L AYVIB IR (predicate order) 2 {it T B H MR BE M4,

R THEBE—THEERETA, & Y X)ER—THEERIMREN SRS, BERTIR
V(X YHPNER O 1, HEFRENR(FALSE)RE(TRUE), ATLLIIA N T(X) B — Mg
W, El—wlAEfgBRid, HEMEMAES TS X 89:%8%E. Mo, RITTUSH

1 =8 x B—4 R

Your() < {0 Y e 4. 113)
{FFA IR A B4R, Tesauro and Janssens(1988) 3 T — i B it i th IR 1 E R BN ny £ 2
BASkE I HEFRBEALRIR. FREEEE X F HfRigH.

1 X RER
WP;.RIH(X) = {0 ﬁmﬂ

TR REFTHAR T, Tesauro and Janssens BEATHIX T LB B R, FE¥ I HEHBE
¥Rt H S A BT A ER B 21 R, FHERAROEGIEREESEITE
B R0 R BRI AT e =T 2 Ay

—ROAN N~ ZERBAGH T EERR IR, Ht, BT RT, RITTLEHR
WFRIME: {E— PR EERNE BRI, MENSRERIS IR 26 X ANEE
TE/NABT NI IR A EFER RN, B e F R R e 2 ok B SE i R A 3
ERREN RN AREREEN,

(4.116)
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0B B AL AR B — 1 S B B A S = T 1R AR AR (P BB Rl i e AR 1 9 S EE)
HAR e ML ZERRER SRR IGE. Feulkh, R28AFR SN T R 42 = il
{8 FRZIR B R R OC F R AR MRS HRIRMEMER b &, R REE
4.19 WHFERTAEFR RS HIH RS .

4.17 & Of5#E%E 1A 0 g 8

FRRI— W RS T R m R EA R AGERTRESEBN T ERA, APRITiTiE 35
UG E, SN B Q] i 27 5 3R VR 8 LA Jn v e i) (3% 2 ) i iR g s 74, B
KBS BT (Jacobs, 1988) .

B&1 RUrsR¥esE— T ERNESEE AL O CHYIEEH,

FE 1% B BAT TR B o] (5 AR S ok T BB R 18 I SR I R R B E 2 S R BRI BE & F
R M EE— A, BnER, N RMARE R AE T I RSB ETOE TR
PHRMEMAERE TR, BE AR R E TR AUE (SR8 SRRy
BB AEE,

BE2 G- 1"FIEL58ENZHRFESREATRARRE.

MERTREZENAFERE, REMEEEERROIT Y. P TENIHEL, B2
MAEFZASREFRENFAR, EENE, XTRAELBATHEE S Rmma-r
( Luo, 1991 ),

B&E3 SAHE80— RN ENSREEREE P IR ESZ SR EHHRINAKZEE
R, X TRERRAUE R S S B g g,

FEAUEZ AR MATEfT S AT AR £ I — M R S R AE A T e B S P H A H S . X
A7 LS B R BOC T AU A 5 8 (B  2 Bl Wo O 0 B ) 76 R B J LR B e AR R Er AR R AL By
45, NILIERAERIM A . BX 3 HEESRERETE T 0T DAE 5HE M58 004 5 %5 808 R
38 b iR 2= i T Y TR B R R T B

B4 S EEOT PR EN SEMART S TRk Ess s
HIBHE, RAUE R D B SR ZR .

AL AE 75 1) 2 2 T2 AT 8 AT T 25 i G AR 2 WS PR e i AU 28 2 IS AR 2
(RRgh AR S d) Bt %, R ROz EN SR e XS B F IR ER N T T EE
RIEERY. BT BHIEAUEAT B3R, B 4 E 2 BRARUE RS T R R30S LM,

HEREEWE, RIEXEEENGNRBARESFAREFBER ALK E S 8%,
AEE FRETREGHERES, i, BEGHEERFEETRETRIAMNEERE, B
YEFRHRYE, N TRAEMNEREZT(OREMESREN RS, Q) EMRES Y
HIi2 17 m b irE e A RAE SR 25,

AL, BiR 4B ERMBELETAE, XRRNEFELIMEETRHE. FENLE, MR
BRASR B R AFIR ] Tk g B4R, WA ETIIARETIERIREME, AT, REXLE
BEMN R R E R s A Tl ™

4.18 (FARMUEGIARGHNELRESFS
EATHA-HSEELNV DS ARA RN TE REX I ORA. $I, RIS



235

166 Fax

FERASHENHEEE T RER LA X NER TR ok d M Ba REF
1) 25 B R a5 B TR 2 P R R R AR 1) 1 w YR B R AR R . 2%, (w) RATEISREEAR
LS R . (8 Taylor R DR 22 M D SIS wn) BRHERATAT AR IS, (w), B

i, . 100 iR e, XEESAMEET - 6B
€. (wln) + Aw(n)) = € _(w(n)) + g (n)Aw(n) + %ﬁwr(n)H(n)ﬁw(n)
+ (IR S IR IM) (4.117)

Herg(n)BRBBEEWME, &XH
gln) =
H{n) B3 Hessian 50 F, TN H

dE,_{w)
oW

(4.118)

(4.119)
wowlnl

i F AT U0 i3, (R M R RS

USSR AL AR RET A MR, BB TRMIE RS win) ES 5
Aw(n )E XN

Aw(n) = - ng(n) (4.120)
HP n RFEIREH. FLE, BETEF AN EREBSTE win) R ERA8E s~ 4 mEmes
PEEITER T EAN, EXHEAEESD, EREEENE g(oEhEFiRENERHE
BHE—RE, XTREEE MR CHNREas, A:Z0E, BRBEEF -1
METER . SUBRIREGETY, #EHIRAEMEREMAHE T XES M, fEEEmgs
AT EESHRIEFHRENE M {ERNAIRZAR, XRAESFTNFRIN, R, HFES
AHRITE R RSESIRPEM—T, A6 SIS R SR ERNE,

AT EZRBAIFRRANEREE B ENRE (SR mEEF I, A RIS
HIRBHE S o FRATRT LAE it P PR 2 B 76 4808 wln) FIBES CEE R L, REMAR
(4. 117) T LA Z BN T RAAERM & wia ) HiES R REME Aw(n) B TXHH .

Aw' {n} = H_'(n}g(n) (4.121)
HP H ' (n)# Hessian B H(n) R, BIBEEHFAEM. K (4.121) 5 Newton FEHE L,
RAY BE, (W) R RS (BIR 4. 1T PR SR EERBTUAE), IB4 Newton Fik—
WIERER AN RMMBENE . AT, Newton 7 EEX £ 2R 2898 B 4he 32 i HZ 3]
T B AR

o ERKIHE Heseian HFER H ' (n), XA[REETTHE RS HTY.

« ATHH ()BT HHER, H )OS EEFRE., EH ) REERNTEFERT, X4
A wln) RIBIRIREM I o) IR A N8R, REME, HFAREIEZERN
#5122 6] K] Hessian SERF BB & X R, B, %8 Hessian ST
WIERE(BFARRRN HAFEBERMELX), XBRHTMEII%NE P EE R
PR BT LB ( Saarinen et al. ,1992 ); X H &5 HT 5 EmEHE,

« HICU A%, (w) RIEZIREIBTE, Newton 7 EEAIUE R HEB A BRIE, XFEHER
BTl ERAR.
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KT R R M, AT LB Newion F#E, NN ERBE N E ¢ W— M hif
{H. B Newton LAV IE A ST B A M0 EESRMER H ' {RFFIEE KL,
A 1 X AE A 1, $ Newton i {RIETE LA M @ C & TR, A, RITMKRE 1
O(W)HBITEEZM, Kb wENEEE w KD, NI Newton FETETTE L RAYIEL
PrEy, BRIEXf—PHE R /N A R AT IR, T Newton KT AR TS
[ g e

BB R BRI, YEA R -0 TR E B
Newton 5 B [l 3 7 % {8 FIL G048 BF 77 35 OBt B 0 S I s e B SE 0 FE I ik P 2 I 04 9
EBRMWAERE, [FBERTE Newton Tk PER Y Hessian EEEAE ., TEfEMRY, A=
WERAALTET, T RN RIS E F TR T AR S — ik, K
Mgt R B A LB ML T AT B2 400 15 8 ( Fletcher, 1987 ), AW BB EE TS E
ERG4E, RGN FHEREREUHIT .. #H et BER a8 (KT E 3247 .

HiEGER &

AP TER T AR AP mor i R B T A — 2. RITEdEE
N

Fx) = x"Ax - b'x 4+ o (4.122)

HIsAMER TR ST ivhe, HP x B— Wx 1 SHmE, AR Wx W R EEE
B, b & Wxl &, c@ir8E, KR Ax)NER/IMERENRT x i FE—EE.
x" =A'b (4.123)
X A)RNB/MUERER R Ax” =b AR ZL AR FNEE.
HEER A, WRTARFHFHRE, RITFEFE s(0), s(1), -, s(W-1D)KESE
A-HELIEA(BEERE A PEAT I
s'{n)As(j) =0  Bifin = (4.124)
WAR A FTRVER, KSR TEEWESES,
Fid4.1 N TWMBEA-XHnE, 2EE -2 FiIRBT HREAFE. BFBsi
Bl E X0y T R (4. 122)7F X, v,
X = [xu}xl]r
MR f(x)RERTHEIE
BVEIE, B 4-24a tHRFE--XF KT
HEE A TR nE, BER /
17308 3 2 4

v = A”zx < (1 / Xo ] Uy
EX TS x WX S$m ——

Bv, HF AR ANFHFHR. X
R 4-24a R B R B BE AL N 2) b)

® 4-24b A 7~ B9 B Sk, B 4- 424 A- SN BRE

2a ™ A - SLHEET T ) ) & X a) THIESHEMHEYGE bR YU B B U A
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oA 9 El4-24b HRY-— X IE AR ] )4, |
AT A-HREEN—PTHEGEECINRAE LA, 0T LA R UERIR B X %
Bl SRMEBNRPZ—, [LAMs0), XK W-1 PMMEMNZEASRRUT .

s(0) = Xas(j)
Pifzge L A FF1 s(0)Y A As(OVENFI15Z

F-1

s"(0)As(0) = Easr(ums(;) =0

gRm, ARARAME KA " (UJAs(U)TuIﬁEfﬂJE i A ZBBIZANEEN, mEs(0)
EXCHIER ., HknT DG H A - 8w & s(0), s(1), -, s(W- 1) REEREYEM X/
iR, TR AT Y.

T4 E—T A - LBR IR s(0), s(1), -, s{W-DKNES, BHHSKIRERY
F x)ﬁﬁi%ﬁ?ﬁm#ﬁf 1 7 % 5E X7 (Tuenberger, 1973 ; Flelcher, 1987 ; Berisekas , 1995)

x(n+1) = x(n} + n(n)s(n), n=01,"W-1 {(4.125)
Hokt () BB TFH T, 1)
Ax(n) + q(n)s(n)) = mjnf(x(n) + ﬂs(n}) (4.126)

EXHIRER, B o WENEEN o FEERB S (x(n) + vs(n) ) B/MEBI R FEHR b 48
R, XER—HER/NMLIE,

BEL(4.124), (4.125)f1(4.126), HATEM T Ul R,

1. HF A-HIFIE s(0), s(1), -, s(W-1EMTE, EIHEE w B E2E
_‘?ﬁgh}

2. B (4.125) 1R, (4. 126) Wk T/ ME R R D B BRI A, B

:rgz;izg;’:; no= 0,1, W1 (4.127)

Hn) = -

Hetreln)BiREdF, EXH
gln) = x(n) - x" (4,128)
3MEE TR x(0O) R, HEFEFEREEERESEA W KPR - REH(x)
R R X~ .
FH A7 10 B B A 9 (Luenberger, 1984 ; Fletcher, 1987 ; Bertsekas, 1995) .
AHEEHHERT, KT AT HEEZHT RAZ LG T TN LRI AR K F(x),
RS (B aemhi i

FHi, FFFXREN 7, BRER x(n + DIEFEEEMEEA x(0)H Aih A - 40 H &
s(0), s(1), -, s(o)¥ RAKLENEE e, HFERB(B/PME, HFN

x(n +1) = arg I;l;}nf(x) (4.129)
Hz=He, B XK
@ = Ix(n) 1 x(n) = x(0) + Eq(;)s(;)} (4.130)

AT B EEH, ﬁfﬂ%:ﬁﬁ-%—“I A-KEREEs0), s(1),
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s(W - 1DMBEEA . TEXFTERN—MRE L EAAEF & WIFRES, BEX ik
EA AT TR B FOO)FHARRRE BT B I A - B A Mk E &, Rk bl sk
AR E. XRE, BRT n=024b, FRiEMESIs(n) I FARBIAREN, HRE
AL AT AR TR R L IR R TR E G

I E R BET R
rin) = b— Ax(n) (4.131)
#MGELL r(n)F0 s(n ~ DRISHHS, ERN
s(n) =r{n)+B(nis{n -1}, n=1"512--.F-1 (4.132)

H pl) BEBEHREH—PHLHFET, P 0E A - PR, FRNOMHRY A,
HHERREER s(n - IFENH, RERE (BB REER, RIBH

__§(n - 1)Ar(a)
Bln) = - s (n~1As{n - 1)

WEA(4.132)F01(4.133), RITEFXEETNRmE s(0), s(1), -, s(W-1HTEA- It
iR,

MBI ARG 102) P HFMHEEBETERR(n). BT R BEIMETEL, %
Bla) B HEAR (4133 ERER A MR, HFIMELHER, FEARHE A B RER
BITEIC T B n ) AT IT B, REEATIT B W LA i 78 A 6] 8 20 2 b 39 — 18 Bl { Fletcher,
1987 ).

1.Polak-Ribiére 2438, HA B(n)E XL N

_r'{n)r(n) ~r(n - 1))
Bln) = r'{n-1r(n ~1) (4.134)

2. Fletcher-Reeves 255%,, XA B(n)E X K

r'(n)r(n)
Bn) = o - D D) (4.135)

T R T A FLE T2 B RS ML S a0 R e (w) U T2 R B AL AL
(R, T T o 0 -
¢ AT RFOBE N e e, (w) . HEERIR, R U F A S w2
By, XERERIEERBIRZME EH— TR RME, EXNEME, g
(4. 1NTFK(4.122), RIJATLABAER 4-7 BARKER,
o BAARFELESEILEDRE ()M o) WiTE, FR{UEREERFES.,
JEH— RAZ BB ESR . HNE B0 E F Hessian 5654 H( n), 28 MG ERL
THE LA EEEFRE

(4.133)

®4-7 fx)ME_{w)ZHMFTR

CWRER Ax) RO BEHE_(w)
HHR x(n) T EMEMENE win)
BEE 1 2 x) /9% BEmE g=7E jow
B A Heswan 5 H

B8 Hessian 52FF H( ) BB B AHREY, ATHEBREEEFH s(n) BB 8(n), BT
W LIH A (4. 134) 1) Polak — Ribisre 20 7080 % 7 (4. 135) 71 i Fletcher — Reeves 22 & . X B4

9]
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AXEMUEERERNE R, BE—T2TWEE, e E T i& P, Polak - Ribisre
e FUH Fletcher — Reeves A2, B S M B . TS5 — A HE, EE " RAAMBERAEET, E11A
WM&

ST TR AL LA 8, AR B P Polak-Ribiere 72 2545 55 T i3 85 B9 Fletcher-
Reeves 20, $#3F3X N[ BEFATTE W $2 42 55 & M A0 A% 78 ( Bertsekas, 1995 ), B T{UM A=
€, (WP =B SESBIETEMES RPN A, g s8R A m ay L pE i
R XEEHT AT HEE s(r) BLTERTFTIRE r(n) B 812 &0l fE2 A 1
E”, GEXMBERUAMEE, RINTA r(a)=r(a-1), EXHERTHRE 3 DEETE,
MR, FFREE s(n) it FHRE r(n), MMITTHEEE, SHMHRNE, M4 Fetcher-
Reeves 2y xUHYAR, HEEE B B TEAI IS4 T SRRAEEE S,

PR, TERDEANER T, Polak-Ribicre Jr 8T LA TG T L Rk d, [HBIKEK
&, Polak-Ribiére J7 ¥ BIN 0] LIS 3% &

B = max! By, 01 (4.136)
B2IR U ( Shewchuk, 1994 ), H A B B d1 3 (4.134) B Polak-Ribisre 452t % Y {4, & &
B <O M AZN(4. BOPEXW RMES TR FALEERY:, BFHHESELS TR
e BB F T W) I H R BE T #7718 b 35 T 45 ( Shewchuk , 1994 ),

SR~ THESH () WFE, CRELEBTEERYE IR, FE 30—
B, HE q(n) BE I8 B Hessian 565 H(n) . BATEMZA T (4. 126 12
B/METHE) q(n) AR F B H AR (4. 125)BAB o ) HEARXWHF. FALRIS
BE—DARRE, R H RS 7 B/ MERHE, (wens). HEEEHE, BEME wil s
MEEE, WEMEEESE §E@5REENML, BEE BEL, AT wrps b wl W
AMEERPES —FEHSE, R EAEE". A48 & L2 afenti, 2uit
B EEEMEBIERTE— MM in(n) . SRS ARENR, Smdgie
ke BEEERLFEG BRI H LT,

EXEPRY T M ELREBE Y, FERE - PMIREELEESW , WY Tl
AL SL YRR B B RE H A K m M B, E ] B R 18 B A B9 B (Fletcher,
1987) ;

» AAERE, RREERE-BXE, S —R/MEMIEE LK E;

o REME, TEXADBEBP, XBIWERE (BB E), BN g — ok

NR-FIXE]
WAERNMBUE— BT F BB H 40 & 3178

S (N BEREEZRMBHUAMNER, xR n . RIZE, (n) B AEBIER
(unimodal ) ( BVETE 808 wln) HHE RAE B — BB /ME) I E B IRESETEA, RITGHE
LB ETRE, HIRHWHE &G

€, () = €,(0) =%, () MT 0 < < (4.137)
M= . n 95, MEASFOR. HTFE, ()R MESERE, R4 137) RS
PRAEX B (7, s V& RBE,, (B — T B/ME, BHLEERE, ()R, BATATLIA AR
TRBIEBRBB/MAK KB ZMPRIE R, Bk, AT LUE FRE 945585 (Ginverse
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parabolic interpolation) #4743 (Press et al., 1988 ), S {KH, XMYILE oG H07T LAE T = 1)
Wi . mes nftlG, WE 4-26 FiR, BEIHSCERTN TE, (), BRERBRLEBHE K
B S BEABEE 8 g . KPR AR/MES. £/ 4-20 FOREHF9, AT
FE,(n) <E,,(n,), €, (q) <€ () Bl U8, HAFRXEy,, 0. EIHE
—FBR S . W RPREEX TR, SRAEFERAEEAENLEEESK, BT

LB — P EBEIEE, () NE/IMER S, A EREREL.
Eauln)
At Eav{'rl‘} i)
Py B
!

52 |
cE:w{"rlll I %ﬁv(ﬂ)
‘Ew{nﬂ |r
€ (M) : :

j e }
{ i [ [
I | { !
! t 1 :
M Tz 3 mn ™ Ttz Ty i m
F4-25 HREWESTH A 4-26  ER¥LIE{E

Brent 197 BB 37 B 7 BT R 40 = 0 ol 28300 A 3t AR A — A 8 B 5 BT 8 (Press et al.,
1988 ) FEH HEUIEATIBRINEL, Brent HILIRHHE, () MBS S O0HGE, B & 0 SR
ERERE. METHE, MOREEREEDS AT TA, BT AR EES R TS
oy, BT O=SUA R, RAERE I ERARERAE,

TR R EE A NG

BERNMNG R RATZ BB E B Sa0msER AR 2 iOER
MITERENEE. £4-8HHIEBE BN,

L Newton H 3%
B H LR Newton ik, BITAIIXERA + BBEE i, AEHAL
win +1) = w(n) +n(njs(n) (4.138)
=, Hbhmplg s(n)HEE R g(n)E XN
s(n) =-8(nig(n) (4.139)

HEES(n) REBVGERTRBENESEN ., XIEHENTHERSFmMEE s(n) B4 WA
i, Ep

— ("€, /9w ) (2€ 1ow)
#L Newton JriE M BFHRZE i @A 7 (B3R ) EE, LR EAER Hessian 5 H WHIIH, X\
HERARKELEER wia), wh+ 1) 5BERR g(n). gln+ 1D)FITH, 4
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F48 HATEZEEBARFEEINSNFERELRERNENS

7 4 10

BRAEEH ) B w B i i o] IR, SUIER S E R &AL PR EE w(0)

X

SR w0}, REEFEEAIIESE & g(0).

. s(0) =r{0) = -g(0).

CERNE 2, R ERERIVRA R MEE, (B p(a), MTRZR w s, RUERE Fmdh g HRE,
CHHEERGE e n) ECTL R EREET PR T RERNEZT, BAPHEAE | c0) | BT E—8 4.

L EE A

Lh Lk | %

win +1) = win) + qinls{a)
T wa+1), ARFAEEETEEINBEERE aln+ 1),
7.RBr{a+l)= —plas+ 1),
8. H Polak-Ribiére AE3TH 3(n + 1)

L]

r'in+1¥rin+1) - I'{n,]l],ﬂ}

r'{nle{n)

Bl + 1) = mﬂx{
. EHH IR
sin+l)=rlnsel)+fna+ 1)sin)
0. BB n=n+1, WE3IHE,
Wb n BT RFAHHERERE L,
r{n)ll e {0
K ¢ B—A-f8E M

g{n) = gln +1) - g(n) (4.140)
Fi Awln)=win+1)-—win) {4,141
XEENTLLESBiE A

g{n) = [Hig(n}]&w(n} (4.142)

I RGE . FFalH, SE WS HREEA Aw(0), Aw(l), -, Aw(W - 1)
ZEBWBERE q(0), q(1), -, q(W-1), FTHITLEY Hessian 5% H 1T .

H = [q(0),q(1),,q(W — 1) ][AwW(0) ,Aw(1),-- , Aw(W — 1)]"’ (4.143)
FANTH T PUE I Hessian 2R 40T .

H' ~ [Aw(0),Aw(1), -, Aw( W - 1)][q(0),q(1),,q( W - 1)]"  {4.144)
ST R ECE,, (W) AR R BT, H(4.143)Fi(4. 144) BREHBY

T e B B — 2530 Newton iR, % S(n + DAR'ERATHE S(n), WE Aw(n)f0

q( ) = 3048 138 H B 215 3] ( Fletcher, 1987 ; Bertsekas, 1995 ) :
Aw( AW (a)  S(r)q(a)q (n)S(n)

S(ﬂ + ]) = S(n)+

q’ (r)q(n) ¢ (2)8(n)q(n) (4.145)
+ E(n)q (n)S(n)q{n)]iv(n)v {n)]
___Aw(ay  S(niq(n)
ﬁq] V(”‘)_ﬁwr(n)ﬁw{n} qr(n)S(n)q(n) (4.146)
HH O<f{n)=<l MTFA n (4.147)

FRERLERE LA B ER S(OY#ITRItR Tk, # Newton 77 B S BRIE RS BAL Bt
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X nln), #FBR (Fletcher, 1987 )
o XTFEFE o R E(n) =0, F{T1535 Davidon-Fletcher-Powell( DFP) B &, EEFHE L
BRA ] Newton 77HE: -
* TR o E(n) =1, EAN9EF] Broyden-Fletcher-Goldfarh-Shanno .3, &7 HRT
B R Newton HHMBRIFIER . |

#l Newton 77 i 0 3L 4845 8 SR RO LE B2

RATBI TR KB NAL I BT 3 Newton JF RS I0BR B 3200 L%, R
Newton 571250 B Z 116 ( Bertsekas, 1995 ) ;

* 1B Newton Jy ik NI4T HE B 3 A0 BE 42 {8 ) Hessian JE/E. SR, #51 Newton PiRe  BUR
WL Hessian FEFFRGHAT F—H418., B, YHSKEEENHRNF AT EE—
HA 1EF Hessian FEFEHY FEE 8 /MERT, 3 Newton 77 ¥ Fi8 i Newion 73, H
A5 2 RO SCE B LA HE s vl BE R BG4

* 8 Newton 7 B XT7E SR (AL B B 28 R BORS I o9 S M A Q2L e d e

© BRTUZrAIAE SCn)THEMIRAERERN B Z 50, 1 Newton 73538 B3R A6 fif 4 o
S(n). BfE4 REN Newton SEMITEERER 0(W), Mk, T8 EEMNT
RERER O(W), Xk, M45 wEMAERE w BB KT, LIS
#L Newton JTEE7E T 8. BAT E KA,

B AR X — s, 35Bs 3 Newton J7 PR /N KIAS 36 45 W 4% B

4.19 HHME

EIHRIN A, RIMAEERZEZBRAMBE R HARXNEIEE, AYRITERESER
R B FRGWA R, Frpl, 81— LXEENEFR AR R LN L ERE5S,
XER RS AHE AT 1 FHEAH.

— BRI T BRI RER IR T — D B RS, X IR R,
HOBIFRE . PRt E AR RN R B B EAR T, XARE BT 528 in T % E 3
B T¥E0, MBRKERAEBITIERMNLZAHE (LeCun snd Bengio, 1995) :

1 R, B—-PHETA L—-RHENEZEEEMa A, HAfadciEnE
EARIE . —E — MRS, RE S FRAARES ERENMAB TR, =8
BHMNEREREEIRAEET.

2. FAEm . RBKE—MTREREM 2 M EESE R, 8 M EE
EE R, FE PR AME o R AR A A EE . X R LR B R

S EA I F R 230
o FBFRLE, RIBEHERS ARG ERE MR B, YR sgmoid
(BFIE) B

© BEAMKEFNSRS, BAUEHELH.

3. T#H., FTERZERE—TLARWTHRMTMENIER, b Es a5
PRI, XFRIE R (O RHEBR ST 0] T 25 R R ATE X 3000 B SUR B IR B PE A

EWFrE, EERMBHERROWELEYEEEN, XTEWT Hubel 71 Wiesel (1962,
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1977) 3= TR B AR i 2 R A SO fr e £ 4 2 R TR M _LAE .
245 BOTRE T - NERNEINE R TR RE KR RES gkESTR, HHh, ME
B s SR BT B S eFRE .
& 4-27 #2080 h— N AR R 5 Mt E A AT R R S SR
KA RA R TSR RS (HIIFES AR . BA R B 28 x 28 AT 2 AL,
WD UL T oo B 7E b F sk R E T ANEG . RE, ITREREEERN
FRBEZ RS, W0 FATH:

o g PR, TOH AT RS Y, B FIERRET 24 x 24 2 OUE
. BPMMETiEE—1 5 x5 REZH;

o R B THEAUS Y. TR NS EMR S A R, HHE TR
B 12x 12 MMETER. SMMECEE ~T2x2 NEZE, — TR,
AT YR B - sigmoid BIE R ¥, BT UIEE R ECAMR BEHFHETHIRE A
s, R AR, BEHEGRgR T HEE

. WS TRER, T 12 MRS HR. ENREBRE S 8 x 8-
BILHRR, B R b A AT RE B A M b — A BREBUZ L R B A A
sefbiti:, B, CUSE—TEFUZAMS T8N

s BUABREERTE R FHREMRETEYTE. Tl 2 MEERNAR, HET
BRIEBRGT iy 4 x4 DR TTE R, M E SRR e Bk,

. BIBEELHERRNBEEHE. ©H 26 TS8R, BhWaTREN 26 1T
BERRE— . IRETE R, BTMEILHE T 4 x4 B

A E R S AR R 8, RITEA— M KRB RH R, WHERE

BA-REREE, WESEAPETE, SHMAR—ZMISERFHEERm, 53
> 1= AT R AL BB A 5 B Hubel AT Wiesel ( 1962) 8 55 A i TR 8L FQ ™ 40 B 187 BR O B 3%

My B BRI S R TR
A FHAE B SH fpiEsest  WRERRAT R i

28 X 28 d@24 X 24 4@12 x 12 12@8 X 8 12@4 X 4 26@] % 1

£H TR & # TR+ #
] 4-27 B PR FE 0 E S (A5 Y A PR A% C MITT ) AR SRR R

7 4.27 R Y & R ATAE A A A 100 000 Ak HE, {HAKEY 2600 1 HH &4
ShSNENRE L EERECEE S RELERTFN. 2 ST HLEE S e (WL Ve ERTE L
EHETM T, X XEEERIZHAES (LeCun, 1989 ), HEFEEBEZHES HHSHEHE

3% i 1 42 S B (B AT EDTE AT
BB AR R A R AT R A LS TN E EE M. XEERN

It A A B R BN B A — MR

— T ——
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AE 4-27 BIBERMFEREINERAR N AE. B, @356 SatF it
ARKWIT, — BRI SEEESEEES T ERN, REROMIFEE IR .
Ok, B A {8 P B K T BT LA R T B GG BT B o VAR A 8T BB R R A SR R TR Y o

4.20 MgEFiTtit

R {52 0 LB BRSNS AR R L, EBEHENAMT I RENE
HE. R FHERNLEFERTRIE —MHE, MAERIUrRSCERER)N A m BB (XE
AL E R B ) R 5 SR BN Mg — E—E R ERRER S (M MM E iR ) Frik
ER . EXFEREHEEF, VLIRS R J7 28 R 5 12 {E ( credit-assignment ) i [7) 31,
ZRERTTRENETERNND ERFEHE.

o BERBAGEBMAEIRE AR E.

» FEAAHR BT X L H i SRR RS BRSO

MTHEBIRE— M E RS, REEREEVXHEREAN AP —RE: BTN
AEAERFTAMNT . EBITAATMNBHAAENELHRMEUEREE T EAEE T
RN R, FEL, TR S R A0 52 22 i i i T 1) BB R (B A B _E R BELEY
(HEER), B YR R 2R R HRE R EHEINBRTh. ©h—7
o, EEFATAN, WAERMSUET W E R EE— T ESE— 1 Eg R R E#T
B, XEETE AR EERERAGTT. DI TSR, RMERFINBT
(FEVLEAEM ARG RITHFHEAMEESH, FHEARMMNE E, HTHIETFHS
R, WEMOHMFBRERE.

TE & /2 BURIZR T R B R s 8077 () RE B SRR T A S BARRINI A, SR, FATTHT LI
PP B -

1. AR U A 8T, MR e ui 2R R, XT3
2 AR E ] sigmoid eRBORIRIGRT, X eRIRYPIFPIE R () IEXTFR logistic BAEX,
(b) A PRI IE VI R %, BT ML iR R =4 E 8 2 Wi @il — T
BRFES IR, WP dIra e OB 8T Era SR AR, E2a8kEARE
KILABT AR & Wt nR A R BB E R a KikE . WTEA TR, BILRREERE %
RERN Gl A ANFE, FAREARFE L (FE T /R

2. EAERMERIAY, ZRBRMFE HEEMZATI AL M a T ER; WRXME
BAREER, RagmmbsethEARRATR MRS, NEIRE, RIEEDTHR
mHL,

o R EEE I HRITREN) T A BT TR S

o RIEFHFIEPHFAAIEETIES, B, EBE—MTEREEETTA

P

BATUA—E X FHAER BHBETHEEROX —The . 2FETREOR FREEZRE
TLISCREARR T i MEAC R ECE,, , T eREE, B SOV IREF T MR ISR LT
B, EMHENN—MEEALREEEENEE L ELEME, /W, KEPBRRITE
WL, B/MERH BB, MY TFUAHAARALEZRLXHrHEE, FEHATEAERH—
MRIERTERE. #lin, ERATHZBRET, —MEREIRSENEEL BRI R/
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LB 7578 B X 5 A 1l 4 ( Choey and Weigend, 1996; Moody and Wu, 1996 ), 14 XU B % % [ £
HERETEMN BRI B £ & (Sharpe ratio) g8, B4R & % & (reward-to-volatility ratio) MER FEE &
AR,

R SE SO

(1] sigmoid REHXFEMRZEE HENHEIEZ"s"TEH) . Menon et al. (1996) X P2 sigmoid

PREGHIAT T HRABTISE ‘
o A B sigmoid, JE X A¥IHEA F RN SRR R AT R,
o XUHY sigmoid, {CFRMIHL sigmoid A — P ELFE ML IE W R B SR HET .

[2] XF IMSEEMNEFHREE, SHUENFERERH cBRRFI RS B ERE,
FHMR  RETE AL, XHESTRARE. W, ERRERENEE o 59598 mm
£ EiRANIERFER Roy and Shynk(1990) .,

[3] XFME-FENGFHAEHEEBR MEEHER D, B Hagiwara(1992),

[4] WXME w AHRETENSFAEHEZNE, R w RS AREER F—N =
HEME: R, WRFFTE—T ¢ 0T (Bertsekas, 1995 ):

F(w") g F(w) M EHE fw-w || <clw
MR w AHEEAERMEZE, WRTNER F W—2RR/ME; BRE,
Flw" ) < F(w) MNAHE we R
H n B w4Eg,

(5] XA SR bR bl {848 B B IR SCHk I B A HTh T Werbos(1974) . 7E 4,10 Tith 4
H A PRAK IR Saarinen et al. (1992) 25 W FOAL L s Werbos(1990) XHZ 8 H &5t 8 — 2
BiTiE

(6] FIERITITH3E T Hessian 5 PRI A F fib ) 1 .55 ( Bishop, 1995) :

(DTENGEAR P TR/ NTLG, Hessian B H R L BRI R ER
(Z}E Bﬂ}'ﬁﬁ %H H’g%ﬁ‘—’: :

* Hessian H M 000 7] | T 0|45 SR /E 4 Qe TN IR{R 24, A
* Hessian Fi PR FFIEETT A T TE N (b S8 S 1E.

[7] Buntine # Weigend (1994 ) [ BR 31 B Hessian GBI WA S FAE LB, FEFINE X
MR CER; HLA] 27 Baniti( 1992) B 3L,

(8] HFHEEEFA]LIEER Weierstrass T FE( Weierstrass, 1885) M BT B, X HEW
AT = AN AE 55 4 PR I ) b 6 o 4 % SRR T L R T TR (X JA) b 4 k- S Sied % SR
K AR,

PDERBRAESENTIRHFGN I EZERBRAWWRTEAELE T L H
HechtNielsen{ 1987 )& 31, 5| T HI7 T Sprecher( 1965} #Y Kolomogorov BiINEHEN
MR E . RIS Gallant F1 White(1988)1EMH, 7ZEREERAB LW "R " HFENAMEB X
FERREREZERANIE R E N Fourier K" HIERELHEAN, EHMHEE
HERER Fourier REGET . R, EESEWEZZERHABFTRT, Cybenko FH—IK™
HUE | — R 2% — BRI R R P8 FER R 0T
fEfE 1988 RFI BT KEMBERRE R E, —EZGME HIEX R FE (Cybenko, 1988,
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1989}, T£ 1989, A/NIRE X TEEZRMABEHEREAMIE XM AET, —RH
Funahashi 524, B#h—ES i Horik, Stinchcombe FI White 5888, X5 3 & T-K 7 [0 80
FHR, I8 O Light(1992b)

A X IAB R ST B 7E Stone(1974)HF 1040 . 3T XMIABIAR 2 /0 7E 20 fiE40 30 1%
BB 25, BiEMEARNHERE 20 HE 60 £ 70 FUEMA . BEEBAH
A ETIE TR Stone(1974) I Geisser(1975), B {7770 7 3t 3 H L [FI B 42 H X HIH A .
XM AR Stone Fi7 44 3L MIATEE”, T Geisser MR AT AT BHE,

L10] & T IR AR AL 75 5 1) B30 2 % SCHR A 45 Morgan and Bourlard { 1990) F1 Weigend et al.

(1990}, WIFZZRABINGRBE U FEBRERMUAITEITRD Amar et al
(19962) 8 ([ Y. XTHFEDESF 108 ~r W S8 m— M E# B K5 550 000
NEEAORY 8 - 8 -4 A REFAHT BN AW L+,

(11} SR ARA 5 T 4k & 45 #) (Fahlman and Lebiere, 1990) 2R84 K F B — 10T, Bial#

A—T BB, XA /RG340 A A 5 1T 48 i — Sk i AR —
REFELZHRELY S, BREERA WA B0, IMS BETURR GRS, B
BanE T ETHEMEME S, B8 228, SMFNHL TG
THATREZ I RUER, HEASNMENAENBRBERSTREEZEE, Y
W— T H R IR, B AT AN MEMEETES; RaEgig
RIS AR SRR R AN S, XN 5 A BRI 22 0 R G R 45 R K A KRR AE A
o BSANBT AR 2T B i FRTE T RS IS AR B MEE Y ik,
FRMAE Lee et al. (1990) FriC i M 48 A sk ek, 7ERT 38 (R BB ) A
RIGEE (SHEHEN) B THRAISHEAEANBE=RITE. EB=51HE+,
I ETTE R BUE 2T M BB MM 4 PR Bu 2 B X AT AT A%, X8
el R HE T 2 it iR 2 Ol 2 F5 ) e BB (B R, W #E R0 48 o B B 6 o 16 i
— I, FHMETH R BB T B MENE I . 1§00, mEAE—
MRONSHEFEE NS ZE, EMETHANTEEEERN & E S B E MBS,
AFLEBTIEBODIEM R E EF N REAIET I ERRNTS . HWRHEN
FItFEEEMAT TN AL, — T HETHETERNBHETERE T
RIS T ERITEFITE, BHRE, XRHREEKNREERREITEREEN,

[ 12] Hechi-Nielsen(1995)fif—Fh H WS LM%, “RAF=Z1MREE—TRHUHENS

ERAISTER
» FEFFBME(EE)EPEEIE RHOE D M E Y RECE X
(P(E}(i.') = {4}(1?) = tanh{»)
He v BAREET—MHZ TSGR REIE
¢ EFERE)ENES MM TS RS

; i ! Not i
(P{ "(v) = 5+ Z(—N—;—l‘j J;Z:;t.fmh(4:.1(%' - :{7))
B, B o B—TERSH,  EEBRYHETHNESRBE. &3 o (v)iiid—

THBRHEEA N RHBHEUE R, BmA R SRS mERAER K=
N G, HH n BopE R M S T8 H
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C BRI, TR EE X
(P(s}(v) —

ET XL MIEREEF, Hecht-Nielsen #4 T- -1, (EBIX HHLA A FHE R & Y&

FERGIE IR R vl LIS BIHY,

[13] RINBELNFTEE MR FERE /DR EEEE S W ER, XE—IfL
FTARIMES. A, EXEMPECHERTX RN —# R &, Baldi f1 Homik
(1989) % J& T BB LS B¥ M 2 A # 2 M 45 R S5 4 X FReZ S .,
e sCr M EBEE IR E Mg R A H—B/NME, S TINGER W =ErE
B EFEFBY ROFER LM ZHE,; R BT A= M 555 R
Ro Gori Ml Tesi(1992) F[& T R MG HE —MAETE, Wit HIEREMEL 0, B
AW ERLC R TS 288, o] DUES @ R ERE Y OEPLET K
BARERAT T B (URELEE/NME), HEREWHELSNZILEI-ST
Rosenblait 18

[14) BTIBE 1 BlI5 & 4 Xt 510 5 855 0015 BB FR 4 delta-bar-delia %5 >J 1 1] ( Jacobs,
1988), EXETSE 43 W R R MEBHEENERIE MUK TR, delta-bar-delta
- MU iy S5 B AT LA ot 2R P S5 86 B 52 A /7 5 (Hush and Sales, 1988; Haykin and Deng,
1991) I BB SR HEAT 1T 4K o

Salomon I Van Hemmen(1996 )38 i — M3 S [ 531522 Y SRS H B M A #,
VHRA R AN E S R, BHI Ao e, MRS X
A RV RBOME, RS B R BEUE D — 1

[15) ILEEEh IS 7 iRl LS 0B 2 Hestenes and Stiefel (1952 ) FAE ., A TIH TR ik
FThHTIE, | Iuenberger(1934) and Bertsekas(1995), T ILGisH WL AHFE N iE
HITE AL 3, DL Shewchuk (1994), X THEMBREMB P ZE WS iR TEt L
Johanssyn et al, ( 1990)

[16] HEREFRNEGERNERERERE R, TUERYE 02 R ML
TIAEF2BTIA) . Maller{ 1993) iR AL3EMS R W — MBS ARAS, BV LI SLam e ot |
EBREHELAER WEREXE, SRWRUE R0 —L5A M Levenberg-
Marquardt FEFUIC R, SAX R IR UL 2B IF B 3E E & Hessian 55 B 7K (9 B 4
( Fleicher, 1987) .

117 ] Hubel F1 Wiesel 5¢F“181 82" F1“ 5 Je 7 40 i fr) #8820 7 10 25 0 4% SCAR AP 45 — KB Fukushima
(1980, 1995)FE W — PR M S AT E T VLN BT R, 81, XA
U H AR BB, mE 4-27 ?ﬁﬁﬂ@ﬁﬁﬁiﬁfJﬂﬁﬁﬂ‘j#?ﬁuﬁ%ﬁﬁﬁfzﬁi’ﬁg

=) w
XOR o)

4.1 AT #k XOR [0)38, & 4-28 5 8
fER MR M2 T AR 4, izf*!ﬁaﬁﬁuﬁft

B 4.5 TR EABMAEA, EaHEGEE .o
XA (o) WZMEMEE, EHAE 428 FRHEFE A 4-28
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—_ —_— e — —— . —— —

fEIRT XOR AR,

4.2 AFHR GRS B 4-8 BT B 2 WG 15— 61 93 Rl 47 (8 A0 iR B B0 0 A A ok
XOR (8, BIRIELMAEREH— 1 logistic REL.

5 i 3)

4.3 ANEFFHPERENFIETALAGEMERB LK 3T 4 WILH, 40 0 & A
BB ERWEIRES, XE4.17 WPET T e, WX ERRE ERME,

4.4 FNEBEW o BHETEIEENA Oga< i BEIRIEME. TF « EETE -1 <as0 ZHEK
— A, AREXENFETHEES (4.4 ATHM  WITHER,

4.5 FHEAFBANBLAIMS AR LN T, ©RAH R

Ew) = ky{w - wo) + ks
HF wo kb k&, ER. ARASBIIHREEREER/ME(w),

FROSHWHBTEY o EHEWESTE, BB o WBETE R,

4.6 TE4.7 WPRMIGH T EZZ R 28 (ELR MR AT logistic FR%Y) 180 89 C b
o, ERRDRAERSAMANMGT, X R BSSERBA, FHRXUSGM%
WA REEASAE—NRRE/D L WHE. A A E RS

4.7 MA(4.70) 5 E LU BB, #F3RG@.2)MR/MLERRG. 7)) T e
R BRI R /ME

4.8 A(4.81)8)(4.83)F XE 4- 18 M ZRABLINEITRE Fw, x) IR,
IR T BRI HE RN

(a) U R

%(n) = 20d - F(w,x) ]

(b)#ZI0 j Bk
¥p = ?(EE“%YJ
Hb w, BRMHEIC BIMEE G MRBAARUE, v, RS T 8L,

(o) Ittt

1
1 + exp{— o)

o{s) =

3 XA

4.9 {55 2 BRI MM AE S/ MEREF R, Wi e R H b a—fi
. #k— AR LA S REART, TREXMRE,

4.10 TELHALXWINPHEE N BFEBE b P AR BdE Rt (B OBEZ
HEHHRNX 5, BHEEZ LA R EEREH S IERRRESR,
b0 % 1 MY B R

4.11 BEDEFRGETH2AHEN , 30 Rissanen /MR 13 (MDL) ) A Akaike 595 B8
IR CAIC), H-FH—1%ARARTE R

(ERIE RN = CHUMR R D) + (BIRE R EET)
YR T PR3 BT A UE T i RIAL (B I B 5 B B ST & AT R
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180 b

4.12 (EFH(4.105)HILH BEFE S, B2,
(b)BRIE L BRI RN B S {EM Hessian 85 [ A] LG A &
H = diagl by, hns s hoy )
Wi, Hp wRFSBEF . REMBTRIE « HEEES,.
K2 [6) fE HB 2 =1 fy m s e

4.13  delta-bar-delta 77 > XL (Jacobs, 1988 (L H S EWHEMN — B RIER, EET
4,17 THETARRE 2, FXMEUG, MEPHEG MmN EHEETE T8N YIES
3. R RE E(Cr) BEI LR B AR P E BT, B iSii, RE F(a)TERE FREUT
A (4.2 REE ()M, BEFHNAMES E(n)NEESROEARRY S %,

() FIMFBIE (n)fdn, () RFR, HA 0, (n) RERL T AU w, (n)BY2EST R
24
(b)HIE, HAET(NERNFEIRZSHRREZETE4 1T THREEIME X 4
o
—BR R FE

4.14 £ (4.39) Brik FAE S o 3 220 1 F AT LA A b B L8 8 i sk U
(Battiti, 1992) . S5 FIC#PE .

4.15 PAR(4.133)%F ()M A HiR, S Hesteness-Stiefel A%,

_'(a)(r(n) —r(n - 1))
pln) = s (n—-1rl{n-1)

Ho s(n) BB EME, r(n)REEHETEPRAT. FHX MR, SR04 134)H5
Polak-Ribiére 2030 Fi2{4.135) P BY Fletcher-Reeves 727,

TR
4.16 BIFRER sigmoid IELRTE B0 R W 15 3% 2 > AR — X — U, T .
hﬂx)=%y ] x < 100
2.f(x) =loggx, 1< x<10
3.f(x) =expl —x), l=sx=<10
4, f(x) =sinx, GEIE%

Fop BB, SERLANTE TAE:

(B MHEE, —MAHTRENS%, 5—HTHE.

(b)YEE A EABGEZ, AR SEEE T B PR K 22 fE,

()88 2o {5 0 3k 0 oK P 4% 1 RS R RO

FHEA M REZ, HRBEMETHE T, T RETERER I ZRER /N
B

4.17 F4-9 NEHER A BRIAEERERSRENERE AFBRM RS, BA BN
Pref g ] LIS S iGEX So BicdlE, A1 — MR ERE . MK, A R38N
XM EBEEN TR/ FE R, Trb

y = 233.846(1 — exp( - 0.006042x})} + ¢



PR F i81

EEP 3 %ﬁﬁmn
FMHRAFERRE, it — 1288, TR MR Rat— et/ E
¥, SANRAE/NE RS R,

F49 BAATESFREMBAEER

F i oy i oY E& S i = o =&

(K] {mg} (R { mg) { A} { mg) {F} (mg)
5 21.66 75 94.6 218 174.18 33 205.23
5 22,75 82 92.5 218 173.03 347 188.38
s 2.3 85 105 219 17354 354 189.7
18 31.25 91 101.7 224 178.86 357 195.31
28 44.79 91 102.9 225 177.68 375 20763
29 4p.55 97 10 227 173.73 304 224,82
37 50.25 98 164.3 232 159.98 513 203.3
37 46.88 125 134.9 232 161.29 535 8.7
4 52.03 142 130. 68 237 187.07 554 233.9
50 63.47 142 140,58 246 176.13 591 234.7
50 61.13 147 155.3 258 183.4 648 244.3
60 81 147 152.2 276 186.26 660 231
61 73.00 150 144.5 285 189.66 705 242 .4
64 79.09 159 142.15 300 196.00 723 230,77
65 79.5] 165 139.81 301 186.7 756 242,57
65 65.31 183 153.22 305 186.8 768 7212
7 71.9 192 145.72 312 195. 1 860 246.7

73 86.1 195 161.1 317 216.41







EH5E LZOEREING

5.1 R

Wi — B ARNMETT A B iTEH—ER RN R G IRE R LIBER
BIOE RGN, XPERESTFEFERAENEE, EAFPRITEHERENRITE
YER— MR gk & e (@) 9, M RAZeRRFEETRIT. KR
WA, FIEHTESHT AP IR —TEERENSINEFEOERE, XEMNBEPF”
HEM B AEMSHE X EMRMERS . Filk, Z40540 TR XA 2 4 il il S8 g3+
Hifi, EARMSEREHEEREFEAH LN, BHEEEBETEFRMERE LM T 24t50
S R IR E RO RR ., EWERENTRT, BEETREE " EEE, ZS
BEABAERN(ME) T BRZERBESA A EEE r—THEENE"; X REE iR
MR atI", Z2HERBY CRELSTRBHERSMBRFI AN, X7 &K
B TAEAE Powell(1985) P42, TOEHFH 80 TAENMZE Light(1992b)P&id. B REE Bare
TR P —1 FE TR,

BEAREANZOARB(RBF) A MHEREREZZ, HihE8—-EfaER AR ENIE
H., MiABH—SES (BRAETTHK, BEiIRMNESHRIEESREX., F_EEM#%HP
REV—TRE, COEARMNEASRBIREE M ZR#HTIEEE T, EREHHFRT
BB NARBNER. HEERANRN., EAMFATEARMEEEA(BS)R4m A,
ETFIRLe Ar e 2 J5 FRFELR 4 A8 2 40 3 10 F Al LB AR I8 AT LGB 18 21 Cover(1965) 11— R B
Rt ., RIEEE rds, — AR RS B — A F 4 ES [A1 2 b S B — G
23 1A) BE A BB LR T Al 4 Y, IR 2 A% [ ik o B0 ) 288 &) B R 3 (8] ) MB350 S P = IR . 1B
FERh—PEENREE, RERESROER ST BT SR mA - 5 iHeaA
B BB Z (Mhaskar, 1996; Nivogi and Girosi, 1996) ; FRk =S a4 B0 E, (BT BB .

FERAR

AT EFERSHLMT . RANFH XAE RBF MEHEMBIES.2 TAS4H . 2
MBS MBI — S, B, HR Cover BT 4rpUEH,; HF B XOR [n] B ) B
FEEN . 75 5.3 Wl GRS L HAS RBF MEEHIER,

T3 3 RBF MM TAERN—T8®Z)E, RITHHEARERSE a0, X
5.4 ES9W. E54TPiTieUEEIREMAEENBHEERRZHWS., TES5.5
A E AL A Tikhonov B TE WI4L T8 R HE RBF Mg B89 . XAEISHE AR S HTE
5.6 T EMEMERN AR, X3 RBF MEHITERNERBE. FTHDHTEERE, &
5.7 W RHE—MEERR AT X RBY FIEZ RO IERIAL M2, 4 5.8 IR EHi716 XOR (]
B, 3+ H Bz RBF B4R # g XA~ mifRY . 7E 5.9 TR —ff T & 1E Wik 2 8013
WA LA HRIA T B, AMSE B E N kB BB 5 .
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e o — L —

5.10 %7:HE RBF RE{RIEIEPER . 5.11 958 RBF M% 5 £ E B S BME &L, XH
Fi R 24 FR - E R (57 100 45 ply B L] 1

76 5.2 ¥ HEH BAMTT, BEXET RBF RS- ~FollSs0En, RITEXEHH
B AL T R (o] 05 FE BT BT SRR RBE AR B R R R .

SA3THI 5. 14 VWRATHES -H4r. 10513 RN RBF M2 R E 2 5
. 70 5. 14 WA — 3 RBF MR TR 268 P,

TE 5. 15 W RAIRAL G T RBF WA N B EE A AR E NS R,

5.2 WA 4R Cover FIE

2R P E PR 2 R R R — P E AR B &, )88 f A 7 g AT LR o
AR YE 7 2O AR B — S5 EANEES M G M6 Cover T, &
ET AT RLUE IR AN T (Cover, 1965) :

WAL G R RERRA I B AT A R S BR800 F T2 BT 4
ﬁﬁﬂ

ME 3 EXf R BHNHAEPIE, — BB RGEME O, QIR 52 58 X T
HRMEEHF, Hib, RITEASFFTEARATER LBEA 1 F RBF M E AR08
AR THER,

HFIE—WEm, B E R ASE AR R, BYtE VA
A(HEIX, X, -, xy RES, EPE—THABE TR ML, 1%, Pe—2%&, WmE
123X — % Bh T P 7 — 1 ol AE 54540 BB T, FI%, BUSX s A 34y, TR T80 s X Lk
A= (TR R TREHTET 96, X FE M xe®, EX— 1 H—H5EME
PR e, (X)i=1t, 2, -, miARHNRE, FRUOT.

¢(x) = [p(x), (), 10, ()] (5.1)

B x B m, B ASRIB— PR, NEE o(x)F my 28 AZS 1S BRE 2B ~,
BERAMAMMS L. IR . (IR ESH, ANESHBAHSENER BN TR
HFFEAFER. LR, HEEREES o OGO AR RBEAR R s &4
oI
RIOF—TXTEN -2 1Z,,%, R eI 78, WMREE—T m HHHHEH wHE
( Cover, 1965 )
wig(x) > 0, x € %,

wolx) <0, x € %, (5.2)
7
wolx) =0
2 L HEF IR o SR RRE S ED R NS B E. X MEEmeRE, 8
x:w @(x) = 0 (5.3)
SE SR A S B P BE R mE.

FIE— TR r KEX R B AARRBAIL A S TN — B RS, SR



ok W R 785

XSO B IR RR D - B AR, — T my HESHI - YA MR ik HEA R E x 9
R — r WFFIR S, R A
E T 0 (5-4)

Ui m s =y

Ho v, BHARME xS i MR NITHEFREXRLEFE, B, HEBFBME 1, [28
x I x, B r BraeREE 2, % 0w, BRRARMAL. X TF—T my BRI ATSEAEN(S.4)

g
(mu - r;"
HI-u.!.'"!

PRI, R (5. OERE XN G FEETE(—RAERE) . —kMmHn
A7 B ) AR R G A2 R G A 500 ki e ) 55, DB T A e WA 5-1, #E
M e A 7S R ) LR AT . BRI SLT, R A AR R B BRI A, TRk
ot RS /RE ] A AW R Z AR — RS

a) b) c}

Hs5-1 HPEEMS AN ARESE o- W28 a8 34 HT .
QRPEN I T4 BB A o) TIESR LA
T EELEY, —MERES M I — MR T IR 4L By AZs (a) s
BEAH A RELS . BRI x,, X, ) Xy SRR A S ] PSR T
VIERA . FHAEHRIEAANLETE = ix, 1L MR ESFTEH. 2 PN, m)FERE
PLIREXH Zor i o Bl RO, REWETN - EMENREE m A HE, B Cover
(1965), RATTLVE P(N, m ) FRN

(8- l} (5.5)

povm) = (3] X
XE, G N- 1M m @I RZEE LT,

(fn]z x(s_l)--ﬁ-mu)

R(5.5) LB Cover MM Y EH M TREVBE R > AOAR R, CHM BT MBS F, A2
TN - 1RBEHE (m, - DREELTCEE R L H#E,

REEAG. )P RRAREATTHERE - MEHMER, MiS&iTEEE
ZEERBEMEHRAAME AR, EEZXNELOAZHEFSENERNE. $5H, &
R AR m, AR, WIHE P(N, m ) RBBHT 1. 82, 2ATHEXTHMER Cover
ERTEQETEHENEFTED:

1. i (x)E IR AR IR, XE x BiARE, Hi=1, 2, -, m.

2. BERMEREER, XEMNSHMNEHMMTHASZEAS M. B HRE m, 0E

m
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(BB ST 4E) B,

WRTETER, WMEE—H 208 4 2 R AR LR 1 R 4 ) o B =5 (e & EU IR S 24
HERr SR E A EE Rkt nT Y, (HRFAUEWEKE, AR ERIRE s (A5 1 883 )82
W FBEANETT 4, ME AT RRER LE M 4ESR, T 8 FHridiE 684,

Fl5.1 XOR[EIE HTHBAEXY o EEMMEN, ZFE—HRHXITLEE
7 XOR /o], 7& XOR W&+ W _4mA =R RS ). (1,1, (0,1), (0,00
(1,0), N8 5-2a. BERE T — PR SEIG & _EBmwmar, Hds (1, 1) 80,0) % 5
T 0, S(L,0)F0, DX T4t 1. Kb AL 4K Hamming B B &R 89 5 Bk &
B i s (8] B A4 B B DX b

E X —%f Gauss BB AE A0 T .

@(x) = e ¥, g = [11]°

%(I) — E—I:-t2|I2, t, = ED,U]T
XFERRATT LIS S| LL_E DO B M A BT REE R, 3k 5-1 Y. W 5-2b, 6 ARk
58 @ - ¢, Fmm . XERITTUEFEIH A0 D, (LOSETHEENMHAQD, (0,005
ZHETT A, RIS, BRITE o () ¢ ()TER— R M4 Fe s B B 80 % A, 1)

XOR [MBIREAI TITORR 1, |
10F (1,1
08F ..
e U0 NS L)
0.4 - S
[ ] ™
- (l]', 1) '\.\k
0.2 (L, O L
(0, 1) {1, 1) o e (0,0
[ ] & B \\\\‘
(0, 0) (1, 0} H 0.2 0.4 0.6 (.8 1.0 1.2
d * #1
a) b
& 5.2

alXOR [MEaY 4P b)IEH
F£51 ATH S 18 XORpEMYEEENCHE

AR x B— B R ¢ (x) B REEA o (x)
(1,1 T 0.1353
(0.1} 0.3678 0.3678
(0,0) 0.1353 1

{1,0) 0,3678 0.3678
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FEIX T B P B s ) R RN T A B SRS 8N, gl ul, DL Gauss B
AR R R R, & LI XOR FEH A — MR 2 HE,

B BT ) 43 B BE )

LGS FEERTRAFENIECRAELIALET NN ERE COEBEEEEL. X
UEFEXAE, Witk x,, x,, -, x¢ AT RENEXHRYFEH .. & N h—4
BRI R, SEX NIEKFINN o AT N WEREH, XE e HE m MEME., TEHR
(5.5)RMNT LR Y N = n BHEREEE

1

Prob(N = ) = P{a,m) - Plon+1,m} = (E)H(Ntl -1

HTHBERER, RIIEE-THRIAMKE L. ZAHHAEFE—HELZN
Bernoulli S5 4 r IRALTN . & REMEBS —RKEBIMR, GEXHEELRT, §—
RERAEHMER, PRBITHERW, HHBIIOK YN ERERA LR T LA
Ho % p {URBIIEER, o ARKBPIBE, p+g=1, A TIGAE X (Feller, 1968 ) N
LE

n—1

)?ﬂ = 051121”' (5-6)

flkir,p) = p,qk{r+ ::: _ 1)

T p=q = 12(FIRIFKMEAHFBRE)E b+ r= o WIFHEBRLT, LRBHA T

HEH
)‘(k;n — k,%) = (%)n(n; l],n =0,1,2,-

B FRE X, RIAMETUEHERNG.O)MERRNWERERA IS4G, RASEHERT
m TRUHBEESZE m, 172, X, VHEYTFE-4HETHIBRFLEAE -, RAK
B “FREaiE7, MEYLER N BB IR R R
E[N] = 2m, (5.7)
il Median[ N] =2m, (5.8)
i, AT LA R Cover E I — W, AFANBHIERMWIERARBUT

—HMANEENRAR (RN ESE m BERAFTEETS, SHARAHKBHRK
Hﬂ%.}: 2"1]:-

ZEREY, 2m, BN—KEE m, B HHERRRH A IREAHRE L, £~
EERE L, —THEMNTEESSE 2 ZNEn VO RN SR ERENERR.

5.3 HEEA

MR TEA TS Cover FE IR B HYE I MR RTE M — B2 7T 4+ A K 2 26 1)
Bef, MR ASHBSE - ERESENZEE, BSTBTRERSR, B
KA — T IER AR E — R R AT M R BB T y — DRI IRE, mIREHE, R
{307 A IR S AR B — 1~ R 2% B0 3R 2R 1 D88 (0] BB 1k Dy — e 18 AR P AR Pk B 0 i A
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MAEZFE—THBAE . — P FEEFHE— %8R oni0im b 28 maAars M, 1R
NEERE - THE R CHESHENEMEERAN T RERE AL —8H, it
SLEAEA S M EIBR e =S (] — N ELe YRR ), B MBS 23 18] B4 4 = B SR 4 Mt
A omy I RIS, XHEMBEEFXPRERELY T —N m, BERATH T —4
with 2= BB, PTS M T IER .

5 (B —*@l (59)

WATPT LIS s A— TR & (BICC R, M S®AT0] LA — 1 & B hpt
5 s: 8=>R, Ko s(x)=4", WHhH R SHEPH—FMPE—F, BHETE D M58 AN M
RS BENE, ECHRERET, B CR2RON, H B INS5E b Of 54 4 %
7o 2RISR BL R AL b B T RGR I T

« g BB E @ AR sdBmREIEE, CREUSA -BHREEAGEER

B MRS BB AT .
o ZALBrECAMES R YR S Z M TGS, BIERE S T KBS E T
BT A B2 R T AT RY
XHEBAPE TR A G 18 4 55 (4] 2728 BHAE (U6 (Davis, 1963 ) M= & X b i,
{8 oI R Af VISR T

BRE-AECENAIMRAEGESIXER Y i=1,2, Nifodfed NALKes - K
idE®1i=1,2, NI, FE-ABEKF; BB #BL TFEIEMELH.
F{x,) = d,, i = 1,2, N (5.10}

T X BEEGAR R RER L, MM (B R F) U 0R A ISR
Z eI (RBE) FAR M E B FE— 1 B F B4 T 517 (Powell, 1988 ).

F(x) = ZWP( Ix-x ) (5.11)
Hoftlo(lx-x; [ Yii=1,2, NI ENMEBE(—BEEENE) REMNES, U2 aA R
2 |- || Rl EERNILEMEER., EMEExCR™, =1, 2, -, NERAE

BRI AL,
B0 PIBEREFRARGA R, RITITUEBE —H X FREERRE) WEF
Lw, | HVER T4 .

-(F'n 2T I (PIN-_wl—l [ d, ]
w d
':F:m "Pzz ﬂD::.N _1 _ 'z (5.12}
-y Pxe 7 Qawdlwyd Ldys
Hr e =0l llx-x, 1), (G, i)=1,2, -, N (5.13)
% d“-‘{d“ dz: e d.ﬂr:llrt W:[wla Wae "7,y wﬁ’]r

EXHH N x 18 48 warBlRa a8 mBREsEmeg, b v E2RIgRE
MRE. TORRTEN o N x N AER.
® =g, 1 (j.i) =1,2,,N]| (5.14)
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Tz aERE. TRXGA)TUERESEER

dw - x (5.15)
B © VEFRER, HRMERE O ' ZERNMETLUMAXG. 15)PRBRENR w, &
™A

w=0x (5.16)
B R CERE: RITEARKIEREES © REFRE? LA, T RE72m EREEK
FARTEFEMZMAT LR RBERE LT THNEEERE N,

Micchelli 7218

Micchelli(1986) IEBH TN T £ H .

wRIIL AR NAELRAHRGENES, W Nx VM E4ES OF i Mk
Ao =olllx—x [NRAEFF,

AR HE B B R . Micchelli EHE, AULHE T M — D 7EAR ) B B 48 4 S 1 9
.
1. g:{*ﬁ‘:(Mu]ticpmdﬁcs)@ﬁ:

o(r) = {r" + )" c>0,r€R (5.17)
2. i E W (Inverse multiquadrics ) pRI%Y :
fp(r)=ﬁ c>0,reR (5.18)
3.Gauss PR
2
olr) = exp(— ZLGE) g>0,reR (5.19)

& " IR BB £ TR R BRI (5 55 F Hardy(1971) .

RTHERGADEG. INHRHERRENEEET RN, LHAFEFEHHAL Ix Y K
AR, XM EHERTH ©ETRHETMER, SHRGHERANER VM ()x, g
om, LK,

(5. 18) ) 2 IR BB (5.19) B Gauss BBELEH A — LR F. S8R0
B RE, A r>of, o r)—=0. Y EERHABEE SRR BB AT AR R S ©
HREEEN. SHHK, MRARXGADFEXNE_RKBHEEEZHFHEEER, BANY roo
i, o()BRELFN; SEAEMNMMEEERE & F (N - DI RWEEE, 28— F ST
{85, BRI ARIEE R Micchelli 1986), {HESEZRRTE Hardy 192 KRB RS 2 7 i
HEER O HEIEFRY, HIES & RBF P& R A,

— T EIMESEENERMEZRIERERE RN, NS REK, SHAEEELFE
WHEERENREAEL, U EFERNEEEE T BE B A - e, Powell( 1988)iF
X ARTHE R,

5.4 FAREEBHENHEEZAENBEEEY
RS R TSR AR EMIZ PR, AR F LR PR A5 ok R %
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—~ RBF R H A B—Fhd. IRANNRENGHEAFHEREANBEZZ X TEE
WP RE RO i, T R ITTIR G142 M AR B B S BB S N U MR A, XEER R
MABER, BRMENEKHEEE AR P (idiesyncrasy ) 80 H B 7 T h #0521 —
TEIRAMIE, M IZ A0 BEREAR ( Broomhead and Lowe, 1988 )

R T 3 — 28 NIRRT L A (o) 48 4% FRAR B AN 4e] FEAR X >l 8, SR AT AT LA A [ 3 A 4
s Vigetge Mg H At il et ABGURBFEM A H B, ENRITHESTFI—-1T8
pi rEg ( B 24k ) L RE AR i A TR B o BRAUTEDE, F I TR AS T - THA
ARG HAR B B FANMA.

HidE Keller(1976 ) Kirsch(1996), WRA4MHXF A8, KRR PREE—HE
BRI A s -2 B A E L T 7 - AR, AR 4 3 AT SR X M- i) B L5
. EERNZHAP—NEE LS — T RE AR, FETEMRGEEY, Raixt
(] R 8 8 R A7 1E /o) &5 ( direct problem), T %3 — M [ 8 BE 4 FR 24 355 17) £ ( inverse problem) , SR
MEFAERG, EREMSREZ MAEFEESENE . 5508, riEREREEN
(well-posed )b JE A IE E K (ill-posed) . “IfE E "X AR EZE 20 4281 M Hadamard BUFB BT 351
MESTEN R ETER, P THEBEXMRE, BERMNEEBSHA - EXE X fl—
TMEERY, Bl — BB 2Ranpis fKEE. DR TE=MERAEHMENE, &
ﬁ]ﬁ%ﬂ%ﬁf FIE 2 A L iE & # ( Tikhonov and Arsenin, 1977 ; Morozov, 1993 ; Kirsch, 1996 )

1 A, ME—THARE xc®, BEE—THE y=fx), HF yc4,

2. b, IPEI XA E x, t€X, HHNH x=tH f(x)=f(t),

3. # 84, BURSEN, IX{EMe>0, BES=)HBY o, (x,t) <M, o, (f
(x), /() <e ir, Hpol-, ) RPN EEBERTBZFEPRES ., X—ENME 5-3
B, FESLYEE B Wk BR A A,

R R — IR AF AR, T2 B N RH

FELH, NBEE LK, —MRENRERNEE “

B, EBKEAEEREES B N E S ERS—H A

FHREER. i X ER Y
ERATEM S ET, 7574 V%80 ()

MEY. B, TREE. FNESHHENE 53 EXHXGA)RIEAS

) gy 20 90 5 5B R AE IR, SRT, MK B sla e

BHYEEAEY, BEEBHENERAE, EToENREEAE - REENERE, K
HINF: F—, FEEENTEARE, BANTE—MARR, HAREM L HFA—E
T, B, NGHEATURRETERERGA - GHRNNFREBER, EmE—taE
WRTREAE R . B=, BN PUIGEEATBRNBREL RAHERE, nTRA -
ST HER A REE, FEEM, ERA P ERIRE KRS, X TR X A
A X, PRSI A e 0 AR P AR T (O RIS, BE) TR UL, BN T RE AR
MR, MR REEARGESY, ARG A - B s S ) s K
BRELKFR . BREBCHE - XTEA -SRI FRRER, &R AT R
Bl ERXTHERT, #AI5IH Lanczos X FEAMM I B FHESHRRRNE LM “FERGZI
ARBREAE I BCE LTI KR 4h
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BT ET— Wb i E L ENAL T — M REEEE TR — & R Eh,
5.5 IEM4EiE

1963 4F- Tikhonov ¥t —FE T LUBRAE S ME" , EHFERE £ 47 5,
TEM AR RAEE S, (FEN AR AR ST S SF AR AHNAIE N NI K
FefEwaE . ARV —IERY R EITH A - 5 H e g e (N E 2B MR ) B
M, BERE AT AR E LA
F—, BOTRFRHTEI PR A - i 3R (HHIgaER ) ES5HR T .
WARES:x, €@, {=12,- N
Wi .4, € B, §=1,2,,N
TEX BEERw L2480, XAHBRTFASREXBAHESSIEML ISR —RIERH. A
FX)R©SELRE, ZEATHERSE, BIETRETER THARBHVENE w. M
HA i, Tikhonov B IE RYALBE i fa & W5 .
L AAERER, B, (F)fa, AUEEY FIIGEEER =1, 2, -, NS
(B¥p)imE d, MEFRILL y, ZEinERZE(IEE ). BERE Xl

,(F) =+ 2)(d - 5) = £ 310d - F(x) P (5.21)

Hep, BAVGARBIET 12 BAT SHiE LR,
2. BT, F2IAHE. (F)Fm, KEBTEERE FOx)M LR, REE XN

€.(F) = 5 | BF|? (5.22)

He, DEZHMAEF. XTHRSMA - BB FOYNEIR RO AREETES
TDF, XBAAMER DHEREHFEHRES X, BATEE D A EN T (sabilizer), B
HEMERMERBEMEE Y, FREEATEEESENER, HE, B EkEEg
P, MAHRKLNE,

FATAL B (5. 22) TR R 1B R R4 S R B T E RS RS B 2 F 9. BB
FRERERMBEEES , ARFHSETREEELREE)SH D, — N EEHHH—
THEERR. EXMILAESRE X L, RN UTERME RS T F0E R 2 5 8 520 )
B . BIULRTERYE RGE 0 T B oY LASE B AR ER M 0 2 B I T (Lanczos, 1964 ),

T, RE.2)PHRT | - | RAEXEDFOMBEH LMK, —BEXTXR
A RS MR EE T g SLEB f(x), x€ B/ L, 28, HP A 1* £
Lebesgue FIFAM . X E A f() R EHFRFE X MR T A E8A - BHEET (x,d )Y,
WYELE, E2HYSLER",

N {e e SR E/NMERI BN

1 N

8(F) = 8,(F) +2%,(F) = 5 >[d; - F(x) T + A DF ||’ (5.23)

Horp y B—AIER g, nifr mie A4 € F ) Tikhonov 3£ &, — 5 MBS BB (FE
NEREAE Y RECSR) P 2k, # Tikhonov 12 RE( F ) &/ % 0B 5 (HL 8% 2 1 WK ]
R )i H F(x),

(5.20)
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FEEME S L, BATTEUEENLSE A R A— R, Fﬁ%*ﬁﬁﬁﬁ%%%ﬁﬁ%f’ﬁﬁ
Wi F,(OBFFARIFTEaYE. BAERRELT, =5 a-0m, REZEEAZLH,
B F(ORBERETHORES. H—FH, Yrx—«if, RENHETF DE?EKE‘HEH@;'E
HRE BB F(x), XURFEHATELARERA —Mik, ELERYH
T ERESEO BETE BRI RREZE, EEEAYORERE S £ GOET
AR, CIER I8 (F)FR— R L Aokt - 00 g, HITBZUR MR R Bk FIE &
B A KA,

AP IEALE (RIS 2 SITR MRS - H 2B — o7, Bk, %IF
WEALZ 30 X ) B AR 2 BT rPodl ol B A4 2 6 e B B TR (S 48 2 = 1) BT Ao A B Y 1 B oS
M EZALAY — BN

Tikhonov iz 5 /Y Fréchet 4

iE QAL R B ] LIBGRINT

FA Tikhonov 2 FE( F) B ad S ¥ F{x), £+, Tikhonov ;£ & &
C(F) =¢€,(F)+ 1% _(F)
EX, RPE(F)RAFEARLER, C(FYAENRA, & 12 ENLAH,

NHATBRNMEARTEZEE(F), BIOTEAFBREG(F)MAAMMBI . 0T LI Frechet 1%
PRI E, EWERELS T, M ERSAHTLEEZASE MBS NBIEE
MHZ. A, —MNMZEE Fechet AT UREN— M BRERFEEER. XHZHEE
(F)HY Frechet # 73 A7 1E € A0 T ( Domy, 1975; Debnath and Mikusifiski, 1990; de Figueiredo
and Chen, 1993) .

dE(F,h) = [3‘%

EHXF AOR—MEENXTHE x MBEH, 7-4(5.24) 055 B ML, B85 F
(X) R REF) {— TR BERARY THREK hEX, ZHE(F)H Frachet 84 4
C(F,RE F(X)UY¥IHEF, BRHA
dE(F,h) = dE (F,h) +Ad € {(F,h) = 0 (5.25)
Hp dE€,(F,0)H d€ (F, )5 FIRIZRE, (FYFIE,_ ( F)K Fréchet 4y .
WEAG.2DRHEIRETE (F, h)F Frechet iﬂﬁ}ﬁnF:

d8 (F,h)= [%%,(F+Bh)] =[5 2 7. Z[di - F(x,) - Bh(x.) 7]

N

D0 - Fx) - B TRG) | == 330d, - Flx)Th(x,)

(5.26)
FEIHERX — & £, BRAITEHMI A Riesz £ 7 £ # 24 25 (9 ( Debnath and Mikusifski, 1990;
Kirsch, 1996 ), A FERINT .

4 f % Hilben ZR(F— I E&GRBTAS, AHFHEAF) LA FREHSE S,

B(F 4 Bh)]ﬂnu (5.24)

g=0
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BEAN ,ECH, RATHE hEHHRE
f= (hshﬂ)éﬂf
i1 fFll% = 1| &g || % 2 FH 2 Hilhent & i H eh 2H BT &K F R,

XETAEIRS (0, e BAaKSH ER DB FEEER), FHilk, B Riezs EREH,
AT LLE S X (5.26) /) Fréchet 14> 4 € (F,R)UIT

dé (F,k) =-(h,lzw(db+ﬁ')8,i)x (5.27)
AP & TR x, AP x # Dirac delta 234 ;MEH
Oy (x) = 8(x ~ x;) (5.28)
TEEA(S.22) BNERIALIRE, ( F) ) Frachet 14>, FI_E A RIRES 7 S5 R ATTHT 18 2
d€.(F.h)= {%‘@.;(FNM[H -1 L ﬂ{D[F+Bh])2d:¢jﬂ=ﬂ

, (5.29)
< | DLF+ 3hIDhdx| = | DFDhix = (Dh,DF)y

HA (DA, DF)y BEE D) DFx)BAB, BE DA DF(x)4EIRETMSE T

DAERTE A(x)H F(x) FHIEE,

Euler-Lagrange 7738

HE—THRERDETF D, RATTLME—FECHEEET D, F8ME—X B8
B ER SRR RE w(OF v()F

j[%mu(x)nm)dx - jﬁmu(x)ﬁu(x)dx (5.30)

F(5.30)UM Creen BHF A ; THEIHIUMAET DR EHAEME T D EE- P 2
Wi, ¥ DEE-ERE, WHAHE T D SERBMTF— S8R,
Eeaal (5. 30) By ZE s R (5. 29) 8 17, BAJITIER W TFIEZR .,
u(x) = DF(x),Dv(x) = Dh{x)
R4 Green HEX AN (5.29)EEHEMER

dE€ (F,h) = jm R(x)DDF(x)dx = (h,DDF)x (5.31)

HA DR DRFEMET,
X (5.2 (S 3NHABRIEFKAR(5.25)F, TTLAEFTFB] Fréchel 5 d €(F, L)UTF .
d€(F k) = (h,[ﬁDF-{Em_ F)aa-])w (5.32)

A ENALSE A GEFEBOT KA (0, o ) FAYFEAME, FTLRS B (Y FHl e Y g s sy
TWERT, M FHEZEPRYETH BE h(x), Fréchet i d E(F, A KE.

~ _‘|'_ .
DDF, - < ;‘(di ~ F)3, =0
sV B S,
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DDF,(x) = —;lk E[d - F{x)]a(x - x,) (5.33)

2(5.33) & Tikhonov iZ BBE( FIH Euler-Lagrange 7# #% ; B X Tikhonov {7 eRE( FYE F, (x)}4b
E AN E R (Debnath and Mikusinski, 1990 ).,

Green H ¥

A (5.33)FBIBIT R F MBS R, ZAEANREATEARINFSASBRE RN,

2 G, )FmmE x € — 1%, B BHMSHEE, HEfIMENAE. [
R xFAEH, MAEENANATE. FTHENEEMABETFL, BIIHNESEK 6(x,
E)i 8T %% ( Courant and Hilbert, 1970) :

1. TEENE C(x.8) 2 x Wi, AMENENIRELE,

2. RS x=85F, 6(x, )M T xR EREMN. SBEHRBHARE T LW
RIE

3.k GIx.O)ETE xBIeA%l, BRTES x=E TR, EHARMSHE

LG(x,E) = 0 (5.34)
WEIRE C(x,E)WE 2 (FET LRI E L)
LG(x,E) = 3(x-£) (5.35)

H, 8(x-E)MATE LENTFH x=E 1 Dirac delta ¥,

H it EiRERE G, &) ML EF LAY Green BB¥. Green R TS EFH
PE 20 T P B B 0 e o i R R BV E A .

L e(X)FAR—PTRT xER™ HESRE S BERMRL ., AR

F(x) = jﬁmﬂ G(x,E)p(E) dE (5.36)

MEM T
LF(x) = ¢{x) (5.37)
I8, HY G(x,RABHR T ET L 1Y Green B Courant and Hilbert.1970 ) .,
N U F(x)RGSIDNE, RITERIET LIERATRG.36)0WENR, g

LF(x) = L]  ¢(x.B)e(8)d(E) = [  L6(x,8)p(8) dd (5.38)

AR TFLELNMER, EERAT 6B {CEEBRY x MR, B (5.35){LAR
(5.38), &

LF(x) = | 8(x - D3 dg
wJ5 ., FIF Dirsc Delta BAEYRIELEPE T, 0]15
Jﬁ%qﬂﬁ)ﬁ(x-é)d(i) = p(x)
AERNIMAR TR (53D R LF(x) = ¢(x).
IE M) 4L o) =8 i
[EI B HETAEIE, T EERAIHME Fuler-Lagrange 85 AR, BI(5.33), £
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L = DD (5.39)
g #(8) = L 30, - F(x)1E - x,) (5.40
LA R(S.36), # a
F (x)= Lﬂu G(x,-’é){% é{dz- - F(x;}15(E - Xx)}dg

=-igy¢~4wmnhmaugw@~mmﬁ

EXBoir 22 T 5K FMKF . &5, FIH Dirac Delta sRE I, RATTLIE
#| Euler-Lagrange B 7 RE(5.33) BT

R =+ 204, - F(x)16(x,x,) (5.41)

A5 ADBEHIE AL @ a B /MU F (x) & N D Creen BRI HBN. x (CEY EBS
Ly, BUEL - F(x ) IMWAERBFREY., Bangik, FNAL )88 7 % 0 of 50 43 8) i) —
T NBgETFERL, Bx, i=1, 2, =, NAPOH—8E Green B¥ Gx,x,) | HR T #ET
%3 JA] B3k Poggio and Girosi, 1990a )}, FER(5.41), BHEHERAWTHE: (H)S5HE5EH
EIHRE(ENINGWT 4 FHNEAMESIRETEHHE £ (0OZE2) ) REHXEH: )5
WL 2% 2 B

BERARY
P HEERRREERORERGADPHEFARE., &
w;, = %[aﬂ - F(x,)},i = 1,2,~-,N (5.42)
W E W4 ] B A B /ML B (54D AT I E I T -
Fux) = 3 w6ix,s:) (5.43)
SRITER, j=1, 2, -, N EHER(.43) MM, 78
Fx) = 2 w6(x,x,),j = 1,2, N (5.44)
BEEMNSIAMTEX .
F, = [Fl(xl),F;.‘(xg),“-,Fi(KN)]T (5~45)
d="d,d, . dy])" (5.46)
] G{K]txl) G(xlvxz) 0(11 :xﬁ)1
G - G{xz-axl) G(xziaxz) G(KE'SKN) (5.47)
-G(Xmﬂh) G(xmxz) G(xh’!xh')‘
w = [wl,wz,'",wﬁ]r (5.48)

BIE(5.42) F1(5.44) 0] 43 5 B lREER
W = -i(d-F;) {5.49)

272
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(23] F, = Gw (5.50)

274

B EA(5.49F(5.50) R F,, EHFHBDIL|IE
(G+Aw=4d (5.51)
HEAPTE—1 ¥ x NSRS, B G T Gren HEE,
AGINMEXNEEMSBEF L RESEY, EREMEFSETFEAY. AN, 5HEH
FHY Green BB G(x,x, ) EFTFRERL, BIXTERBRY i, j #E
G(x,,x,) = G(x,.x;) {(5.52)
#0(5.52) 3% B Green ¥ C(x, )W A& x FI & BRI E Rl L B 809 T A 204 2 foAE
i, R (5.47) BT LB Green HilE G X EREERE, Bl
G =G (5.53)
RAaRYTEN— THEEHE, BEs.3 WA ABELRE © #7HR. RIS EEEa
Green F2 8 G 72 1E WL 336 o BT AR RO VE FH S HE{ESE RS @ 78 RBF #1836 o IR 69 /& B .
CHIARE N« N BRI SR, Hk, RITOTAR, ST Green B¥L, RBFFHULEKIE
MX, X, v, Xy e A AHRER, M Green HEMEFEH. #E Micchelli E B Green BF
BALEH L RN Causs B30, HEBREEZ KB, 35, RITARB \GELS
K, B8 G+ ALRIEREN, MITRANN, SRR SDFERNAE B AakE—®
( Poggio and Girosi, 1990a ) :
w=(G+aAD'd {5.54)
Bk, HEEE THOBEF D, WWHE T MK Creen 83 6(x,,%,), i=1, 2, -, N,
RATHT LUE AT E 20(5.54) B B 53— Bk ) 8 d BUR-S B I E LS50 \ 4
Xof i BT AAE 0] B w,,
B\, BATRT LA IE WAk Ry A A BT LA gy e R

Fo(x) = Ele(x,xa) (5.55)

S, B G(x,x )REHMABT L=DD ) Green B, w RAMEME wHS i MTE,
EE TR HBR(5.53) R (5.54) 8 X, BR(5.55) AT E1( Poggio and Girosi, 1990a ) ;

© IERMEF RN T Green SRS EBHIBTF, UITHME Rk E FHR

RIS E B D RIS i f 5,

* ERFFAFETRHBIN Green FRERE05 N Gradk 18 v B7 I AORE AR S8 SUA0 BT

(R BHERERR, R 55)FEHNENLREHERIZEN, BYERE—4%
MTET DMFEN LR g(x) K8 Poggio and Giresi, 1990a ). AT 4 i85 B % i f
i F D MF=E R FR(G.2)MEREZEE(F)FR I DF || 2 W#HE“Ra "5,
HATHTE D MBS ARENARE Dg ETERNRR ¢ (x)MEL . BT ) HBREES
MBI, HAERTERE T BN R EE TR R R s, i, YSEBEETFD
ﬁ@%w%ﬁ%cmm@ﬁ,mcmmﬁﬁﬁ%ﬁgim%ﬁ,%ﬁﬁﬁﬁﬁguhE#ﬁi
THRE, AHERECHASH B T EER™EEN, FUARITES S b 288 34 [UE,

MEFR—AFERN PO x,, Creen RN RECL F AR EET, WRNRRFLF
WA - WHBUEHERBER. MRRENEEEF D EEEBATM, W x K.0n
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Creen BR¥Y C(x, x )RR TATR x M x, Z2&; H
GClx,x) = G{x—x;) (5.56)
WREEET D Z2FBEAT MK AER, W Green R G(x,x ) RBEETHE x-x;, 1
Fuclid 8L, #RN
Clx,x,) = G{||lx~-x,|) (5.57)

LR T, Green BE—EBRMEERI, HHf, =(5.55) K 1E W4k ]8R §En] FoR N
W FFE A (Poggio and Girvsi, 1990a)

F(x)-*LwG(IIx—x 1) (5.58)

A (5.58) BT R IR A4 15 — ’?ﬁi?ﬁﬂiﬁiﬂ%ﬁﬁ%ﬁﬂﬂ Euclid B #S BB HOLR L o 32 M

H(5.58) B ik FUMR O RSB AEE, BOR AT N 42 AR BUE S B T
HRE F(x). AR, ERIEMNERG. ) SRGIANHRRNBERELM. K(5. 58)
FIRRE (5 SO M ILMIRE & w BE X AT IENE. 2B YRS LS i T,
AR B R

%t Gauss R

Green PREL G(x,x, ) N FVERIEM DB F D EFEATMESAER IS EHEK

(5.5 K%M, BLHT Green FREAA EREFTE L. X Green BEH— 8 FREIT Gauss
A&, LN

G(x,x,) = exp(-— ﬁ | x - x ||2) (5.59)

Hep x, ZRBRPL, e MBETENRE. 5K(5.59) /R Green B FHXT 78 B £
BEEF L =DD i F &4 (Poggio and Girosi, 1990a) :

L= 3 1) W (5.60)
G?n
H @ = o (5.61)
MV Em 3 ¥ EEEF
yo &, & il (5.62)

-2 . PRV
Ixi E?xi ax?,,u

P O0(5.60) F L MIMBOTIFRIES, LM EE L Ll L AARE— 1A B TF. Eilt,
RATHERG.0)FE LA R s E .
HFEX L=DD, RAG.ORIMTLIHESEET DD WF(ZRERE10]).

3 3 2 \" 20
D — }a( + + LR + ) - 1:’1 .
2‘1* 8,131 axl J:l.‘,mu a+b+“'+k.—.r:an axTax;"‘axjh (5 63)
aﬂl

~ d J J #
fﬂ D = E(—l)“u:l'ﬂz(ﬁg_l+ax2+ +axm ) = 2 ( ) 12
n 0

[
at+b++k=n % 3 3-'1-'2 3.5'5,,,'3

(5.64)
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05 I S AR AP AT AT R T RIEAI MR E R F, TR B (5.58) FE 20 A IE WA -
(5.9 25 60 VAKX (5.35) B4 &b x,, MIRNAE

2n
S0 2V exp| - gz X% ) = a(x - x,) (5.65)

AT (5.59) & L% Green BRERIFFIRIER, AT ATLUB A (5.55) R IE LB E R &0
Gauss AR ES BRI T .

F(x) = ﬁ)wiexp( sl x017) (5.66)

2
HAERPERE w, FHA(5.42)5E X,
E:X(5.66)F, & EIERE F(xX)BI#H Gauss R F ZEAFRR - NRCEW, EEIA
AE FOPMAH i 84 0. =0 o RERXFETH RBF MBEZB—CRHH—F, B
HABAN K A— 1B FB I 8% (Park and Sandberg, 1991)

5.6 IEMM{k )&

A (5.55) s HME R EIT R EL F, (x) X THLTE x, £ Green BE C(x,x YWBHFHT
HE 5-4 BB RS - LAY, XTHEMERER, XFMEeH:ery £
LK) 25 ( Poggio and Girosi, 1990a ). ¥ 5.1 TR R —H, ZWEEHE =R, F—FEH
BMATRARN, WATARASTHAME x WHEH m, (EEGM T TEE) ., B3
AR, EEMEE SERA Y AHENIERERTTHBR, — DR IO M —
fwAx, i=1, 2, -, N, BEP NERINEHEENKE, B8R THEGEER D Green
REENY. S i MR THBEBR G(x,x,). MEENEE—TRE8T, CS5FEA
ERIE ST . X HLATIE M SO 18 B 4% A% o B BT L R P ISR, B 2
RIRERERANNBEFAR, T (5.5 5%, B Green B 6(x,x, ) HIENLSH A
AE, & 5-4is— RN RESEHE. B8, RIS RET AoEEE
KAy B3 B A E LR 2,

= F{x}

AR N4 Green E¥ R 2 e
¥ 5-4 IEM4E R

B 5-4 BrR B IR AL ER R Creen BREL G (x,x, )X IRA A { #BEIEER. Bkl REH
WAL, BIAN, Green BREEAF(5.59) BT Gauss B, W 112 M4 i3 2 BURRTE IS bEE ( F) B/
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WHIENX PR E—1 "B E"RNEGH. mH, dEis8ienlie, NIRRT =18
ER 4P 37 ( Poggio and Girosi, 1990a )}

1. IER{E Mg B — 1@ Aiga s,
REAEBLZHRBEIT, ELIL
FEREHEEXTERMETEL
AT i SE SR

2. HTIEM 4SS & p B i
FHEIR BRI, X ZRMER
ARSI, SORBASSE— KA
BEHELRFEERT £, SB[ FF—2H Rl
T F RIESTL T RA HARaT e,

3. BIENI{E PR E B+
H. 1X B R b 1E 4k R 4% {0
BUIGHEEARZrNBSETBEREK B 5-5 #5el i
W22 5912 iR/ Mk,

5.7 JF X120 GE R

RHTHARNR x; 5 Green B¥ 6(x,x;), =1, 2, -, NZHI —XNELE, &
FHEWIR N AKT, SRENTERRABEA, BHREEITAERMBMSEAE(BR
(S.SS)HBIBHARBOR, BRITE— T Nx NFTEENY, BiHEEm Vot
(REIFR N, FHSMERREA, HEANTRERRE, —MEREM &5 E N KERY
BARILASER/NMAEBERMIE, 3T iRt 8 E R, FR0TEEE RS2 R E
WERE, ZER—IEDLERN L

R B A — AR R 2 (Rl R — oA, LAt RE kst (5.55) Br 4y i el
. X0 LUE 28 4 [} @ P B BR Galerkin Fr i OARHER R LI, WX EHAR, S
Fr(xOBE—1TREEEHTY B, RA N (Poggio and Girosi, 1990a)

F'(x) = Zw;cpl(x) (5.67)
Ko () 1i=1,2,~,m, | R—AHNERE, FE—RERITERTNENE. s
BT XA R BRI NN TRARE SRR m < N), HH w FR—AGHR

HES ., BIEER RS, R
e (x) = G(lx-t|), i =12, m, (5.68)

Hipbo®itli=1,2,,m 7€, BRBNXMFEEREE—6%E, F8EEFRIEY
m=N, Ht,=x,, i=1, 2, -, N, HESKX(.58)MERMA T, HHEELG.68)1%
AR (5.670%, BANTTUEHREN F*(x)H

F(x} = D w6G(x,t) = DrwC{llx-t]) (5.69)

B EREE F (O8(5.69) MBI, AT 8 o i (o B0 5 2 — 2 35 R
L= 1,2, ,m |, EERRGE RS F ) B/ML, FRAE Rl

RAR m AMEREE RIS WiE
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8(#°) = 2{d - Dw6llx -t 1)) +2IDF* I’ (5.70)

EX . R(5.70) G MR R UG KEBLBERE T Id-Gwl®, K
d=[d,d,,.dy]" (5.71)

(Gx.4)  Glx.t) o G(xLt, )]

Gx,.t)  Glx.h) = G(x,t, )

G = _ _ o (5.72)

_G(Iﬁ'h) G(xﬁrtz) G(K.ﬁi‘ytml }J
w=[w, w0, 1 (5.73)

BRI d SR — AR N M. B2, Green REAIERE G FME M E w BB
HAAFIHE; B GBER Nxm PR, FIURERNHRE, MinEwRm <18, @R
(5.6NRMFEER, LR F- BHEBERT D REMN Creen REMLHAES, Hik, B
HYAT LU 005 7T0) 57158 RS K

- -
IDF* 1= (DF" . DF" )% = [ 2 w,6(x,4,),DD Y w,6(x;t,)],,
i=1 F=]

. . - (5.74)
= [EI{JEG(E;‘;)!EW,SL]H = E EWJW*G(tj,ti) = WTGDW

i=1 =1 j=1 i=1

KPR ME=MHET S PR REEE 7o X MR (5.35). BEEG B—1 m xm,
BrRuxEREE, SN

i G(t!‘!tl) g(tutz) G(tlitml) j
G{t,t,) GClL, ) - G(h,t, )
G, = _ ] o (5.75)
L GGt 60 Gt ) - Gt ¢, )]
DIAUE I e w oy RR (5. 70)wi/ME, TTUBFILTER(BEIE5.5):
(GG + AGy), = G'd (5.76)

HIERESH A BT, AR wiEaT - EERNRMEFEE - HIERE(HEH N, < N)
B DR (e MERD#E, 3279 (Broomhead and Lowe, 1988 )
w=G"4d,x=0 (5.77)

Hh G EEEF G Wfhidr; Bp
G = {(G'G)'GT (5.78)

mEER

3(5.69) PHEECGA HIE B L E S, R, YEAME x KW BB T AR
B, BHA—RBA LR SE S, MREHENEFERAH
hxf % = (Cx)7{Cx) = x"CTCx (5.79)

& X (Poggio and Girosi, 1990a ), HAF CB—1 my x m, MBUEEE, m, 2% A ME x (45
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R RN R Y E 3, BATTAT LU (5. 69) FIE ML R R AR BLA 5 WL T 8 — AT
7. ( Lowe, 1989; Poggio and Girosi, 1990a) ;

Fi(x) = Dlwt(llx-t ) (5.80)

FIAMATERRT LAFARI R A . BTl LAY BROHs HOA O 3 R G A S5 [l — 15 4
o B EiXA s I A S REREREA MR NES R, B AR SEA IR AR bR xR T
— B EMIRER. 5—0@, MRV UEEEEAR(5.63)EXH m, 4
Laplace i ir BT D WDIFHRT; SRIE 5.6, FAABTEIRE ST Gauss BB EK
AR TAILER T, — AUt AP OCHEEEEMAER C I Gauss 27 2B
Gl x~t || )T ER

G x - L I - )= exp[- (x — t;)TCTC(K— t )]

= oxp - 5 (x— )75 (x - 1,)] (5.81)

Rl = g Uk %z:" _¢'C (5.82)

AGCSNFR—TEEHHEME t, B HZEME Z BT Gauss 44, TN, £
(5.59)HER A HHES

A (5.70) PR SRR I H A WA 5-5 508 ) LR 6 & R W S @10t T —HESR,
FEXMRES, BT G —MRE I TEIENER) . BEMPIX— 50T L ki
HEH—TRENEEAREE, FESZRERNMRZEMEERER I~ ET+1 K
Hi.

W& EE, B 5-5 BiRrr 3 RBF B4 S50 5-4 R 91 W4k RBF R HEM, BT
TTHEUL FRANEEN A EAR .

1. B 5-5 By X RBF W BREE R A EH m,, BYE m, BEDNTHT NS0
BB N F—TTE, B 5-4 BRAIERNAL RBF RS REA TS S N,

2. 7EF 5-5 BT RBF W, SHdZHENEENEDE, LR SREEHEEN
F 1oy 2 sR B PO TS RUINAUE RE, B MR AES R, TE 5-4 KEN{L RBF &
REZ KRB EC AN, EESC—HLINGRRER 5 R0 B Green BBEL: i BRI
B &2 MEE RIS,

B

IWHEEE EREX(SBDBEM Couss BEEBE 6 || x-t, | )HEZH, BF—
A, Gl x—t, || ) F4e8 38 X ek

¥ix) = G{llx-t [l.)-a (5.83)

MR, Ko B—TIEEE(Xa et 2l , 1994 ), BEIER, G| x-t, || [ )BIBZR B A

ME x KELEA—TREFE, XITTEPRE B8 o( || x-t, | HOBREATEE

ZKSF' Qo
RI\IBERERE CWAREXF A, BATTR S ZMERITSH F2EMH = R HEst
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B ITAR . /AT 1 BTS00

1.E=oL, Hit TRUGHF, & RAKTE. i, ¢ x-¢ [ HWEFHE L
Sy IR R o B KK

2. E=diag(e}, o}, >0 ), B RMAME x 0055 ) MARNMTE, j=1, 2, -,
myo TERHWH. G x-t || WBZHE EMBEIT, ©H9R T A i —2,
faE TR o RAE.

3R R, RE\EEX, TRE—TEERER. BTN LLAHE R B0 1Y
W AE R S 20T -

[282] L=Q'AQ (5.84)

HA AE—AX AR, T Q E—TFCBEs M. P A REZZHRETLARTKA,

i SR Q B e BT 1) o

5.8 XOR la)& (Bitit)

BEES 4 EPRIHAPREEE N LRGSR B XOR(FEE) [, XERN]
¥4 4 B RBF R45 R X 1~ 1ol BB A

WEFFE RO RBF P48 B — %) Gauss sRELAE AL, EIIEXINTF

Clllx-t ) =exp(- [x—t; 1%),i =1,2 (5.85)
ey Mg b
t =[1,1]",6, = [0,0]”

X O ST RRREE, R HEIN T B

1. AT HARXHRE, Wl R TR E RS, XEARMIER A MG —fE
X Hi, BARERREESRT, RITRFE MM w HFFHE.

2. HHENEE—-MRE (A TEEWER), R BKERRRIE XOR fiE
BIEFHHEME T E.

HI-F# it XOR o] fH ) RBF RS8R 4500 5-6 Brn . RSB A B S RE T E XL R

EEWA=+1
b (R

WATA Gauss B ¥ MW
M s5-6 K XOR [HEEM RBF R4

y(x) = EwG( Ix-t ) +b (5.86)

KT # 5.2 IR GEE, RITER
y{x,) = d;, j=1,2,3,4 (5.87)
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Hex EmAME, d 2S5 HMAMKMIERLM. &
g = CCllx, - 1), j=1,2.3,4;i=1,2 (5.88)
FIHFE5-2 MECAZ(S.88), BATATLUERIN T UERE SRR FRA,
Gw =4d (5.89)

F 52 XOR ElFEpHAN -HHERITR
BT S AR x MR 4
(1,1) o
{0,1) 1
(0,07 0
(1,0} 1

BoWoR =

© 0.1353 17
0.3678 0.3678 |
HA G = 0 1353 1 [ (5.90)
-0.3678  0.3678 |-
d=(0 1 0 1] (5.91)
w=|w w bl (5.92)
XEFEARRNEEE AL 4, XEREELN M aaSEENTENE TSN, XRER
EE G AT AARRETERRE, Fl, EF G RIEER 1, N rymEE AR, ki

AR (5. 78 M 0 B AR ILX M, A8
w=Gd={(G'G)'G'd (5.93)
EE G GRB—ITHEE, HNFA. B(5.90LAR(5.93), ®BIF
{ 1.8292 — 1.2509 0.5727_1.2509}

G =

0.6727 — 1.2509 1.8292 — 1.2509 (5.94)
~0.9202 1.4202 - 0.9202 1.4202
mf5, (501 i {(5.940) FEAK (5. 03, o8
- 2.5018
W = {— 2.5018]
+ 2.8404
XA, AT RBF M4BT RBE T XOR f4fE,

5.9 FEAMLSEAIT

ENAEZE NTES.5 WE 5.7 T AR ] 3 o B0 465 16 W 1 3R 48 TR AR 2 o O B94E A
K FEFAR XS, BITTE— MY A HRY TFREEENTE.
ATERFINNHER, LRI L0998, PHMERER, X 5% ;6
(] A s A G & x, FHATR B oI IR y, & XK
y, = f{x,) + ¢, i=1,2,,N (5.95)
BEAL f(x, )R—F“NEHE", ¢ B—THEAFHHEN & OB REE, Bl
EFle;2] =0 XA i (5.96)
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A E[E‘Ek]Z{; ;Ek:i {5.97)

PR ELF—HINEREA(x, y UL BREGT, EZEREBA R f(x,).
A& FAXYR (S TEDNEDASE 2 N igEiT. R F;(x)ﬁﬁﬁﬂ‘ﬂ?%ﬁilﬂlﬂ
[o] 4 3 TFikhonov 17 BR

6(F) = 3 2ln - FOOT + 5 I DF) | (5.98)

BE BN E/AMEREL, EFE-- T EER MEFAE T HEE, EFRE AT AR
TEOLZ B0 AT 48 -
« §IIDF(x) (| * TR B 2 iR

« E[;}’ - F(x) " REEPENLEE
%— ?Hﬁi&ﬁ%ﬁrﬁﬂuﬂﬁﬁﬁ?ﬂﬁﬁﬂlkﬁﬁl
BHRE
L ROBTREHMEIHRE F(x) MEREENESE N X —ETHRNELSE F,
(X)ZHfERTAERG FRHTTIRE, E|3
RV = & [f(x ) - Fi(x) ] (5.99)

Eﬁlﬁﬁ{% A RS R(O)BE/DE A fE
W Fx )RR REEN—HTNEHMLEEHE .

Fio(x,) = zaki(l)yi (5.100)

R BT EH R

F, = A(A)y (5.101)
ﬁc’: Fa_=[F:.,(x|)sF}.(xz)-.r'”:Fﬁ(xﬁr)]T

¥y=[yi,y oy ]’

[, a4y t agy ]
H A= W (5.102)

LGy Bap 77T Oy -

H Nx NEFEA QRN E-aiEm,
A EREVERSS, RITER(5.9)FHE K

RQ):%Hf-Eﬂ2=
b N1 B N

# hf-A(y|? (5.103)
f = [f(x). 7 (%), fxg) ]’

T LI — KR (5.9 E REMTE R
y=f+8 (5.104)
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.Hq:' E:[E‘,Hazﬁ*“,gﬁ]:r
At , #0104 AA G 103 HBIF, nfiE

R(A) = % (X — AR - Al )e |l ?

| (5.105)
= i% (T A2 - %ETA(A)(I — AT + m | A(A)e ]l ?
HAPp TR N> NRIRATERM. AR ROOMESHEE, T8 TRILA.
o NS0 EHE—IRL— DT, FANEATHPE e,
« HA(S.960)ATH, B _INHEEA LT,
o B || A(A)e||? BUHER N
ELiIAMWe|l "= ETe"ATOOA)ES (5. 106)

= i E["AT VA e}! = Bt e" ATODA)E]!
HpdAE e THRM B S THERGHNER, RG-SR THEEEMRBEEN
wIT.
T ORIRNTAI R R PR TR S RAEHSRE0ER B # C, BCH
BETF CBEIE. £ B=2", C=AT(D)AMWE, M (5.106) T UE KL ML

E_NAOEN?]) = E'ulAT(MAG "] = S ATOGOA) ] (5.107)
LAFRRG —THRIER(G.97)7TE. BITEES ATOOAQ) 1% F AS() 898, W
E[ FAGQOEN?] = S ue[AP (W) ] (5.108)
PiX I ek A, R(R)Eﬁé{a‘_fﬁmjij
E[R(A)] = ﬁ 11— AGOE? + f—,;,u[azm)] (5.109)

B, — T HEBIRENBFRE ROITEEHEHAGEA, N U (5.109) E T
BB F()MANR, ERESEZMA R RATZ AT E LAEH R(A) B 3 ( Craven and
Wahba, 1979} .

RO = L1 (E- AGD)Y Nnm(a)] _ %Ertr:(l A (5.110)
ERERR T, EHER S 805, 109) 5 SRR ) 34 17T i 5
E[RR)] = E[R(V)] (5.111)

FREL, 5T R GOB/ANE A BT LME LV IEIE S8 A B— T s,
I3 XA
FRMGTT ROVB - TR TR RMEME N T % &, ELFRERD, & 0% 2k

B o ﬁTﬂb@ﬂﬁ[ﬁ%, _Fﬁﬁ’[lj%ﬁfﬂrﬁﬁﬂ.%ﬂ, T EH M Craven and Wahba @

(1979)M& 1 1Y,
RATABHREE #Z LB BT R (RS 4 B3R F ik o B A E, Bk,
A FR () R T o

:
€(F) = o Em SRR N YNk (5.112)

"H-II
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B/ MEHIPREL, KPR 2T A8 758 & Wiy, - Fo(x) o @B X—T1, 3FHiH
A Fi* () BURBHE SR A 5, ROBESRETN 28 A B0TR. Wik, RAITLSIAEEESR

V,(A) = % E[Tk - AT (5.113)
Vo OORARB TR AT . 3 EE A B9-2 8 T L ATAE BB v, (A) B /MENY 86 %0 Wahba,

1990 ) .

Fif(x.) - ANYEERRASN F5 O ) RICEEIRS v, 8008, FRMHEA v,
Yoo " XYeoue ¥ey NYewertr s ¥ (5 98y IR #5 Tikhonov {2 PRE( F) /N, W) Fié(x, )82
PRI . X THEAUEN PR — T AR E x, (MR /AMERE F,(OKBEET ¥, ,
R4

Fi*(x) = F(x) + (FI9(x,) — », i%‘i—xk} (5.114)
RE(5.100) Ur5E LM mEM: AQOB R, RITBASEHL
‘?{;i:‘*) = (A (5.115)

Hep o, O REWERF AQOYBE ENSD L MLE, BRGIBRALS. 114) h Hm®
FIC(x IR, Wi
Fo(x, )} = ay(A)y Fix,) = ¥k

P (x) = =25 R PRV IREL (5.116)
B 6)LAR(S. 113) 9, HAITMATERE L V(0N
Vo(X) = % ;Hf - ;ﬁ;)] (5.117)

B, X TAREW E, a, (OAERASERN, XiEHARAEESE Vo) P EETRBE
H. ATHEERNELHIANIX —FHE, Craven and Wahba(1979) 8 5 R IREH B AT
J~ XK L HiA (generalized cross-validation, GCV ), fF8HE, (5. 117)888 V()T R

I < v - F(x) :
He, SEN o,
| ﬂﬂ(l) ~ :
oy = l:%tr[I_A(l)]} (5.]19)

- (5.120)

Bia, BRGI0M0RAR(5.120), AE
1
N

[Lufr- ac1]

(- Ay [12
(5.121)

V(A) =
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EATEHR L OURHE T REEERE XM,
IFEZIBARE vIA) sl

AT AL XA RS VORI ERIE/MEREL, T LA BAR R £ BT E Xk
_E[R(M)]

"= minE] R(A)] (5.12)
He RO)EBHN(5.99) 8 XHBMBERS FiRes, AR, I RUHEHNE &4
limf{" =1 {5.123)

‘e, XF—MMERE N, # vOOR/DE A, RISt RGOEE B/ TTRE(, B4l
% VIR —TRTFeME A 1L B,

RN

— R RIS RN EERE AT L ROOB/MER A (H, HE x—may:
AREERLEL, HRN ROOPEEE RO MTEE F(x). HIY, S PERIIRES FR
A]HEPE A AL HE .

« WRBRENE S OH, BIEREHERG 00T ROVE/IMESY A AN B iR,
X BATENRERE UM ROOE/ME,

o MR & KB, WATATEAERHERG. 2008) XX HARE VOO B/ME8 A 4E
HEFRIEEE, X N—ooif, X4 A AT DA SIS iR 2 E R /N EE(E .
BRFERRE, A OCEREIA T G A Bl B B WNER . A S s &

RAGEMEE S REHSENBE, XMFEA RS EERS EEngs,

FEEMEAT, AN ESTIEF R T ZMIE Canss BFEHFR, WL BRER
B (Wahba, 1990 ), (HENRRSSBESHHEN, SR FESEBRAF SHEN
S8 L Bk

o BRI RT A XA BB T — 45 2 I E {2 30 iR IR
N KRG 2D w[I- AQ) N B EHTE VOP HBER|RAKH4S. 7F Wahba et al,
(1995) Pk R FEVULE L " BT B THE ol A ]; S0k i T BB i o sy £ 5.

5.10 RBF MZERBILTE R

FAETST ZRBNSFELEE. SEERABEL, RaEaeEEkRKE
ULHFPE. RBF MIZHREWA, B AE—RE | —FCB T EEgERE"

i AiBiLEE
6 R RE—-MHMFREZAE, HEE
| 60ax 0
%9, #F— RBF M4, Tl F: B4R, L

!

F(x) = Z w;G[ X ; ti)

i=1
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P o>0, AW i=1, 2, ~, m A0 €RHE €R, X, BITEW A RBF
W& B A B U E PR AN T (Park and Samdberg, 1991 ) ;

sHEATHEN - Sy ek R4 f(x), AE—ARRF %, RPofEsbhiti™, 2L£TAY
6 >0, 53% RBF M LR st B8 F(x) & L (pC[1, = NELTHET Ax),

TEEMHBEERS, FAEREZ ¢: B~ LT EFGHRE:, FHhZEMET
RBF &5 a0 e BdE . B & AR E FEIE SCbr b R A R ) BRSO i e R SR iR T
e Bk

HEH R (Aitie)

BR I RBF RIZRA9E AT e R oh, BRATE 00 018 18 31X ol i 22 I 45 B 15 31 (G B i 4,
7R 4 ERITied, R{JHE—LETRBPRBAERES L m/s NIEEWEKLE, H
T om B AR AW ASEHAELD, s BEREERRUESNESTER B L PSR
PR EAARECE ). Bellman B 480 % BGSIRIRET, AERE B 2KBIESA, DR
il AR s EFER R, WABI AR E— TN TEN SRS AR
my BIBEUE R XF . BERILAE—-SHASE m, TXWHE, ATRLERT, B
IR OR RN s SIBIERENSEN BN K kA B RN, X — S
2 5-3ULHR, B B Girosi and Anzellotti(1992), 2 5-3 MBS M 7 T8 A B8 m, Bk
W, HEEBRAFEAHEAR RBF ME AR, HeG%as bR BEMAE, MR,
MF X B EEEANARESHE, XEB N AENERAARMRE. 7 RBF M
B, 45 R4 Sobolev BRI B, HPHERER 2m > m, OSSR ETHEK. B
Wi, EOREIL R SH AT HE N B E A LS m, BB, USRS m 1
Fo WIF 4 THRIMR, ERRMBEREHMUMNR, BLMHYBREN . AES-3 8
B EIEATBGRINT .

HESEHEB e RBF R PTENNBESRFTEP, MERNEHR m, 698, 587
& &9 R AN B e

B RIES RAE G A 22 A28 3k RBF M 4% i 1 22 25 5 R 78 B 6 P H i AL A 2l et
HIAEERYE R RERAS AT HEAT 4L 5K .

*53 AFEBNKEE O/ /m WEMBIEEANEHERN R E, Hd m, SRS XD

B M |1 SR fiohligi-# N
(a) B RRAIRR
| F o Hodr K e i
Jumy I8! F(9)ds < = Ak FONBREE FOOB FO0 = S agale o b
Fourier 5 & =1
FHP ol ) sigmoid BTG e %Y .
_ {LYRBF R
HA RN 2m > g Fro] 325 SO0 e 8 20 26 AV Soblev 35 O r
ol

5]

1 I 2
J‘{K} = Ea*ﬁx;’( _ __Ll‘z-d:, ” )
r=1
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HEAERE, THSRMERZHEAINXER

SERR ERTTE A NEEERARAMMA ELHELS; Bl PmRAFERAR -,
2% FBIEEEMITISRA TSR, R, RITHTES NS M it B E WA R
B9, WA R, Bril, @52 |EIHER, NFE—1B R0 MEREEE Ll ZmTE
AT A B 2B s EIE e Mg, HiZbiREEEMEG . —faiRhEER £, XR
FHLREAR— T HRRRNEE T RERE. B—RaRITRZ k&= £, EXETN
SHETPHUEWERRBENGEREEF RN XM, Niyogi and Girosi{1996) 77
£ R B E Kb B e K /N F i) Causs B RBF RIESEUIZILIREM R, THESMER
BT IR (5.95) B i B —Fh R A2 o — A Jg& T 31 Sobolev 22 [B1 Y 8IS IEEL UG % o

XA 2 2R A PACF 3 AR TE T BGA 40T (Niyogi and Girosi, 1996) ;

2 6 FRRE my THAE) PR m TREBEETLA—2E Gauss B RBF W45 . & fix)
RN IBFHA Sobolev FRIM S pREL. BN AT = |(x,, 4010, BET fAx) B HIHE
BN BEYL AR R B4, T E—BGBE € (0,1], HRETHMZAREN R
H

O(mi.)*" o( "0 gy N) %lmg(—é)m) (5.124)

MR T 1-3,
B (5. 124) A | LR HER
« HEYRBEATHM m BEOEF i ISGERN RN N O KEFEN, 2
LiREF B TE,
o XWFHERINEREFE NV, BREATKRERH », BEAWMTHER(ERIES.11)
m; o« N7 (5.125)

» RBF MBI BIMAUESE 0(1/m, ) 5 Barron(1993) M AL sigmoid BRBFE 2 T 5
B ZEZBRMBOWSE LRV 2F 4.12 WAHTE.

511 RBFRBSHSZERBAIB{AILE

) BeR B (RBF) M4% 5 £ 7 B A (MLP) B2 JE LA 2R AT H M & 0 F . EN14
EEEEER. T, E2AFENT—MEEN MLP 574 —1 RBF M4 B9 5 10 /45
T, RZIR. B, IRMHREEIL M EETEAGTESE N EZL,

1. —4~ RBF M4 (FF HEREMNEAT) ARG - T REZ . — MLP & LA —1
W EEZTREE.,

2, Rk, — P MIP A FEBREREEENITES S, HHETHEBEMARR. T
RBF M8 B2 it B Al 5 M5 & B WL B S A E BB WA A—#,

3.RBF MEMERGEZE RIEL W, MHEH2E&HEN, H2 MLP /E AR08, H
FRIEF B RIFANN . 3 MLP [T Rddeg it B M BR, &itad 28T 2Tm
BEHE,

4 RBF W@ —Baik B ouBiE REd A F EH EHTE R A M ERZ R TH .02 EH
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210 EFs5=x

Fuclid FEE(BEES) . [FIFF, MLP BREL AT B BOH BRECD R it B AR B 5 12 oo
FHAM B PR

5.MLP &7 - A - M2 EEBiE. B—HE, RBFRENRUBEEEENE
EBIEL (N Gauss BB%) K FAFBIE— T AELRPER A - Hi RG] .

R X B E YEIT— AR M RA - B asT i, EHRIANREERT, MIPHERNS
Bk RBF MEITEERNSEE D,

RBF 4% 4 tH S0 SOy 2R P4 1 1 B X B B 28 5 Rosenblatt A K R L FI S £ B
HESBMEKAEER. A, RBF MESRHALEAFRP, FEAEELBE A ESTEE
RIEZtE 8. X—m 4 XOR R FLE S HERER, H A XOR [0 A /6 F L) 2% i &
maFefy, {HiEd RBF WM,

5.12 #ZEREHES RBF KX E

HEI A% A RBF MZAMBEEHEECTEEAEE LN, EX—Fd, RITPKER
HFH—FW s, RFE RSB IHRS 2 A4 =8 (kemel regression ) By 55,

B, FRKF@A(S.95)WPIHER, AT HFERABHEEL A TE:

v, = f(x;) + ¢, i=1,2,,N
FATAT LABCEE— & x M A YL (8 (BPBE RS By BO(ED) RO ISEAE D0 50 T a3 F(x) &
Bihit, HE, ATHIX—Bir, REFFHLHREAE x B— 8/ A (B #52
B), RA—BELT, BxBnREReT ARIMMES, #—5, WE 2 ZL 1
WEMRD A)FTEE xFEFT v NEGHEBIE x by 850811), £15%
f(x) = E[y | x]

PHMBIAERABHBEAA, RITH

flx) = J: yfy (¥ 1 X)dy (5.126)

He Ay E Y ML x R S ) A5 1 4R R 5 T bR 3 probability density function, pdf ). H#{#
i, ®ITH

fK.f(X:T)
iy x) = NN (5.127)

X AR x B pdf, fr (0 y)E XM YRBES pdf. B, BXG.2DORAR
(5.126), B|AVBR|EHREH T IO

Ax) = = (5.128)

BAVEGEBH RS HERERE A for(x, v) REIWEN. RINFMKNAE INEER
i(xnj’s)}im jJT’Eﬁ—fx,r(X;J’)uﬁfx(X), ﬁJMEFﬁ—"E‘#F#ﬁﬁﬁ%ﬁ, i@ﬁ{j‘f Parzen-
Rosenblatt % /& 1% 31 & (Rosenblatt, 1956, 1970; Parzen, 1962 ), £ RiZ {230 B4, HS
S K(x)ER, ERFSHETEREHMHRMME.

s MEKX)A-DMETxHESERARGTER, ©ATREASH,, LERALBREE L

1A,
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« EHK(x)HEETHERRFT L BPAT P m G EGE A
f K(x)dx =} (5.129)
H

B x,. x;, 0, X, 2057 [R5 BORE LR &L, AT LATE 3 f (X)BY Parzen-Rosenblaty 35 &
Wiikh

2 1 & X - X, -
K = g DR5E) xew (5.130)

HAGGIRESHE b EER, A RmREHRAT; r BRHEZNRE. GRS ATE xR
¥ h 5 5.5 % H 5 X Frechet FHHT h FBIE I . ) Parzen-Rosenblatt 85 B4l 28 40- > 204 /&
Be R 80 (I RS, EWELRERE k= (V)R N R
liﬂh(ﬂf) = 0
K4 Iim B(fx(x)] = fx(x)
BT LR, x R Fy (x) D et &
A5 130) e Rl FE:, RAITA LS S 2K S B T ek B fiy (X, y) B Parzen-

Rosenblatt ¥ & f53TU01F .
I I X - i - ' m
For(%y) = o EK(K—FF)K(}' h-"’) xE R,y € R (5.131)

%t fxy(x, yMEET y BUY, HH'%EE(S 130)89 fe(x), ELRAFEZNM, WE

Jm Y (X, y)dy = th oS, ZK( hx)J:}'K(T . )dy
A EFEAEEREAW, &=y -y)/h, ﬁiﬁl%*ﬁ K yat#ppk a5

_J‘_“J’fx,r(x,,’}’)d = Nh% E}fK(K_K) (5.132)

Fue, (5. 132 HI(5. 130y FE A5, 128) i i F R B i, I EHRWEE, i)
AR R ()BT P T

N (X -x
E?’IK( h }
E K[ X-X )

RTEWRR, tﬁfﬁﬁﬂ’]ﬁlﬁ-%ﬁﬁ?ﬂﬁﬁ%ﬂ”fm Eé%ua e —MEY RBF W%, B
(5.133) € X By EEh 8% Fix) B— @B e:.

AT LA P AT 2R B m g Fix):
1. Nadaraya-Watson B 1344+ 8, T3 — il &

F(x) = f(x) = (5.133)

K X - X,
Wy (X)) = — ( kT ) i = 1,2, N (5.134)
EK(x—x)
Hrp EWN,(::) = LLYHr G x (5.135)

AT LS. 133)@?n~ﬁﬁﬁuuafm+f‘é?5ni



212 FT

Fix) = S W, (0, (5.136)

TR F(x) R SWEEE y WA E. LG BOHEMMREE v, (ELR Y
Nadaraya( 1964 ) Fi Wason(1964) 21 By, FrLA (5.136) Br/R 89 B IE M ECFR A Nadaraya-Watson
=7 2 444t 35 ( Nadaraya- Watson regression estimator, NWRE)!"-

2. B—Aee] RBY M2k . XTSRRI, WAOTEEY KRR, SAETRA A
EA7% (Krayzak et al. , 1996 )

K[?) - K( I x ‘h"f | ) XA i (5.137)

UL i Rl F R BUL SRR, MR E 2 — G L SR

K( Ix - x| )
To(x,x) = — h . i=1,2,-.N (5.138)
SRR
HA, A0 xH
E«m(x x,) = 1 (5.139)

Yy (x,x, JHE IR N R fEH JH*"T’C-(nunndllzatmn)
ST RETCHE M IDEIE, RATRILUE KA FREE . (x, x) 0 BENE w , TR
BHRAR X T x; WREH Yy, Hiks
y. = w,  i=1,2, N
AR AR HHF (5. 133) B 3 3B IE RS Il —RTE =

F(x) = qur,,,(x X, ) (5.140)

(5. [40) TR B R4~ 13 — 1L RBF @%Eﬁﬁ/\ %5 Hi LS (Moody and Darken, 1989 Xu et al.
1994), FE, XEHAHK x fx,
0« Fy(x,x, ) < | (5.141)
i, @y (x,x ) AT RUBEE AL x, HAGHHBARE x HRNE SR L,
(5. BRBIEF— L2 R BB W, (x,x, ) 5—BREERHKNOA R ZAET T, (x,x, )5 —

PEE — LB TR, 0N FREETHARE x (E A pdf. B, MEELN x2£E
PV (x,x)H NIZHET 1, BX(5.139), S5MHX], —8 RBF P45 H) B
(XS5 5HA—EWRX T HAM

ZEXTAG. 38)EAMBMA - ML F(x)MESHH TEEM TS, 58I
HHE @RS, FEATTR— M REENEE. BT EHEE, M\zﬁﬁﬁﬁﬁﬂ]@hﬁ@%ﬁ
o5 BRATAT RATE RN FEIE ( Vapnik, 1982 ) MMESE T f£ 5 Parzen-Rosenblatt % B {61188, M
MHESR Nadaraya-Watson [ [ 1 i+ 8%. 24 5%, FEEMT P RNMZEE SRR G 3B ERE
Tikhonov Z KA BT AE . BEMATF DR Z BB M S ROERSE bR
LTI — R T2 R B
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% T Gauss 4%

— RN DUR S PSRRI AR, (HE, BISHIIER A ERS rKIs®®F. 5
WA E—FE, I 2l HE 0 Gauss 2P F0VE N R B

, 1 | x}i° l
ﬁ(x) = (WEEXP(_ —‘2_} (5]42) E

A, my BEIAR xR REE, XG12)NRME K(x) BB R I, BLEEE
FHHEIRIRIE (T B s, c SXBEBER b SR —1 Gauss A BFE B AR, 0L x, TF A
B, FRATMI

E_—i _ 1 3 ( ”x_x.: ”2} . .
K( 5 )_ (o ) 2 EXP 27 1= 1,2, N (5.143)

[N, fERIA(5.143), Nadaraya-Watson BV 0] DA S B (Specht, 1991)

2:‘2 EXP( = 2 K_gﬁé‘i; 1: )
FX) = S e I
; E‘Xp( - 27 . )
KA 5 I FE /R Parzen-Rosenblatt AN TT8S, M N PUBES X, x, -, X FRLHE
TL Gauss 7348 Z FNHI K -
FERE A, FEN(5.143)CA(5.138) M(5.140), BT LB B —{k RBF M 9% A - Bl
BRSO TR

(5.144)

- I x —x; |2
> wexp| - o )
F(x) _ :'_—]I“lr

Sess{ - 1%, 1)

12 (5. 140 FL(5.145) P, H—fbidmEEEAOFL 58 ABIES 1%, 1%, —&, 5—
et AR, ml LA BN RO —{bZ BB, BN OEFE RSB
WIERME AT EHE, ol o7 DA S0 5 05 22 ( Poggie and Girosi, 1990a)

5.13 ZEI]RHE

MRBRAZELBICH R, SR EAE(RBE) M2 RIS X AT E T 40 6. 5 M
2 RO R AR S RE R T A S REGE L B — AR R R B
B, B, R E0E B RRIE A MR R M B R e T B R R BT R, fHE AR
HAE WL RN KM TRERNE. EEWE, 7£ RBF MY, FHANZEES AR
fEH . B, SFTRaEk A A2 R A F B SRR A M, Wi ] LAE A H e
REFLH (Lowe, 1991a) .,

RIER B P AR POMBE T A FE, R RBF ME FRAROEITEE, X
HEAHEA BT E, =R R Ry AR Fr, BE—isit#
RS2 4 L AL B FAZ [PLLM T B S R B B .

(5.145)

208
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1. BEALIEERElE O

B ] SR O R TR U SRR L RS BOE eR BUR B E AT M 2R . PO AEE ] LIRS
PLAST AR B B G B . ANRANNERBEERE VL ST R sy B A r A, R
W LABOA MR — 1 BHE "1 ik (Lowe, 1989 ) o Xt Hi2 o) Bl 8 A &, AT LI —4~% M)
[l Gauss BREL, ERIPRHEM 2 RMETC MBI METE . S, —MU ¢ APOr
(IE—1br iz 2R € Lo

G{llx~1t[?) :exp(_;’%‘lix—t, IIE), i= 1,2, ,m, (5.146)
Hobm BHPOHEE, doBFrET.OZBINEAEE. ATUEE, 4 Gauss 147 5w
PIPRHEIRE (B R YR AE R

& e
< 2m,
ESRIFR— R RIRAS KL, WARESKTE; XEMPHRERARNIZE LR, 1+
A5 1470 - - Fhak e, IRATH T LA S48 % B A0 A4 X3, B D BB 0 78 08 38k 1)
s, BRI SR e

X ED, B—FEF RS EES N B LR MAVE, R AUEr— 1

B 35 8K A2 R399 35 ( Broomhead and Lowe, 1988 )., 435 5148, BTG (BT BER(5.77) fik
(5.78))

{5.147)

g =

w — G+ d (5148)
HA d BYIGEA PRSI Em G R &, E G RAM G W, il G EX N
G=lg! (5.149)
JLAp
g = exp(— ? | x, -t IIE] Jo= 1,2, Nyi = 1,2, ,m, (5.150)

AP x, BUIGHELATE ;M A R,
SR RE R D B P A T RO R Bl 2 ¥ 5 9 B (SVD) (Golub and Van Loan, 1996) -

WRGAE-MNxMEHEEE, NFEELHE
U - |“| tuz,'”!u."u':E

o V=iv, v, vy
1% 1% UGV = diag(o, ,0,, ", 0, ), K = min( M, N) (5.151)
b ai=a=zoy >0

ﬁE{EFU H@?ﬂfﬂﬁﬁ»’%ﬂ} Eﬁ'%@i, EFEVH@?UW%%%J Gfgﬁ‘%@%o Ty +02 4, """ 1Ty ﬁﬁﬁ
A, BEFTRESHREM, EFEGCH Mx NANEX N

G = v U’ {5.152)
Hf " B—10 GRTREEEE N x N BER,
= _ dlﬂg(ﬂ_{’é ,...’ir_,osou,ﬂ} (5‘153J
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B RS D0 AR BE O B BLIETE Golub and Van Loan{ 1996) P4 4444 .

FBER, RN FAREVLEB PO R R, X R AR R X T MR
AREE; BEIWS 4, CEMAXFHFRETEN FEBEA0%, XFHEEERR, A
—EER/PMIKARNG RS REVLER 00 RBF R R FE, siHE 8BS BiF
A R OE B B i

2. R EHRAERE

WA TR BT E 08 AR RGN T RSB E K ESE - RNGE
o RBRX—REE— TR R R e S T id A2, BT R REE BBE(Moody
and Darken, 1989; Lippmann, 1989b; Chen et al. , 1992) .

* HALZFIHEK, ENENENREEENERENTOBHT MO EHME,

o HEFIMER, EEBS TR RSUE TR M R AR

BRI AR SR AT R R B T BB, HER AN GERO MR A,

MFEAHRFIAR, RITFE - BENE T4 BB E 3 4 R LA S R 3
g, B WRSARES S ERMMEKYER .. —FXENEE N k- ¥4% £ £ (Duda and
Hart, 1973), BHRAZF LR P.OMERASRE T EESESREMNRE L, 45 m, 25
EFEREEE; m ERERERIAEEAHESE. Yit, ()0, EREREARES
n WOEAE B PO, BBA, k- BM{EBEEEEHTIT .

1. wdedt, EERYUEERTO G OBRMGRE: B—REBRERE—1PORPET
Flo 0L B R R R A B/ NG{E T e 2 BB —

2. MBRAA, EMAZRITPUEMREHMIESEE x, EXHE » REARHE AR
&

3. MM, B k(X)) RRMARE x BB ELAE GEF RO TIRE. F ki
U 350K L B S8 5 /R 5 v T 2 & () B A

E(x) = argmkin | x(n} —t, ()| bk = 1,2, m, (5.154)

Ht, (n)#ERE k MEFEEHES » TP,
4, £# . BT RN REAR ) F RO
te(n) + qlx(n) - t,(n)], ko= k{x)

t(n), FAE R (5.155)

tk(ﬂ+].) Z{

HF g B3, Ho<y< 1,

S. 48 B EMN), MRS 2L, BHE ERUE, HAPFO (, HRTERR /Y
J158

IXEFRRRY & - BERLR BRI FRESF(HE )38 —M s oL, &
Froh B Rest, RIVEES 9 BhiFMmite. F—BEdlE TR HAMHET .

E-BABREERN—MRBETEABEAIKE TAEPLINENESREE. &
B, HBRERAEERSE, Hh- - BN AR R T8 AZS B PR /0 S0 S 0 X 388
R ENRATSBECIIMENRVE R, REANGERUTERESRADENAME, AT
SREGET k- EBRE LR, Chen(1995)RE THF—FpE 1 - WM B R Kk,
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ZR A ST Chinrunrueng and Séquin(1994), PV IEAZNMNEERN R LALLM L, RTLIE
HEWSCF- - T RESEREREFENUELEL R, MSPLONFBAETLX,
M k- BERERTERACETHERE XRE S —1 Gauss B2 E R0 HEHE
WG, B BaTmEE - - i ERRE, — T ERENS T AR A
1] B3 FNAFLIMENSF (M) EE. REE LTS NE HES R EHN LMS B A
mE. EE, WM TRERITH k- BEELEE AW T4 R0 h LMS B e T
A 7 BT & AR, Aot T R,

3. P HISEIRRE
A 3 AT D, ARE BRI PO R R NS A A BB ESan B
AR g R BiGIE, RBF MK RREE—BRTR, R ENEHREARREARESR
BT AR, SRRk el LR T (8 o R AR TR, B0 LMS Bh g — RS,
LR S R R — 2 B U e B AR i {E
€= 26 (5.156)
HP N RETHAIBVGRERHE, o HREGS, #XWTF:

e =d - F (%) =d - DwC(llx -t 1) (5.157)

HirERA{EER/ N HEZE w,, t 15 HEGEHEIEEMAER C, BX£). B/
RERFIT RS-, XEERMHEDFAHE 513 TERLIEEERE, £540FJL
BEBEE.
F* 54 ERUENAERNBIENANM RBF MK H OB iEGE "
1. Sl (MR

3E(n) ¥
‘]wl‘:::] = ;ej(uj(;f ” X - t¢{”) ” c})

d
WL{H + lll = u'll[n} —_ TJII ﬂ?%{%,ﬁ -_— 152!--.1”11
2. e e B IERE )

dE(n) 5 } B (e , | .- _l
'ﬁ:m = 2u(n ;-Z;EJ n}i{ X, -t n) ICJ Jlox, -t {nl]

tin+1) =t{n)-m L;—:g%g i = 1,2, ,m

1. P R(GER)
AE)
X (n) -7
Qﬁ{n} = [IJ, —IF(H}J[I}- — li(n}]T

3 E{n)
X n}

EI
(n} Dleln)C (. x - t,(n) I ¢ 1Q,(n)
i=1 )

E'(n+1) = EM(n) = n3

* e (a) 2 AT ER A 2 MAEEFEY . T ¢ C)E Gren B C(OXTEHEHTERN - FE.

o FUUMeRBCERS TRMAE w, KWEBMA, BEXNFoul ¢, FERE =7 kB EIED
W EM—FMFET, I WERETESBAS RS MM EN— RWE/ME
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it

« E¥w,, t ME MEHARXRFHESEN SAREE . 0.8 1570

o SEEEEBEARE, F5-4 56 RBY RS REEE T MR H IR =R 5%,

o BEREmEIE/ot, RMIBCORMBEMRIRL, BT £5 B Poggio and Giresi, 199%0a ).

TEHE T IREE RS, BEREEh SRR TSRS &, X
—FRFRFE RN SH TN K EERTFECMMAHRESEFEER, X7 OSSR R
FER LB (Towe, 1991a ). By FX— ek, WSEMLE S MIAEHT R RE8 B i ol GEME %
Bob . B, ETAF LI Gauss R, B REF—RFHE - MEAHERE
M Gauss 7+ PIHELEY ; BT Baves R S EAE X 4B RANXHEHE AL 3 FF
EEiEE I

AETHER XA BB N B A R B H 8 Ry 1 BCAS 1] 5 2 B0 vh oL B 4 B RE 1S B 1 A i
Ab7 XA RIERE R IPAMKE TSR . BRME, HiE—& LS NER, o
Bl s E1S B — sl bR i Ab. Lowe(1989)%F RBF FI45 1 H T BT IR TIEL R HH,
WRERBE/DHMEEENE, AEXESHRARTEREMNE, 8L, #E Lowe T 5,
F—AFE K AT RBF RIS LR B R AE AT (LR 3, XM ATIE s KM Mt R E S
A B 2 O AR O 2 Bk R L 2R M4,

Wettschereck 1 Dietterich( 1992 ) £ #2 13 17 A [ & A0 BY ( Gauss B Y44 i B pR B0 9 25 0 W
FIRHEORYS LR ERS M E N e ; R —RER O ERR SIS
M. VERELL 30 R XT NETwalk (X% # 11 %. B¥ 0 NETwlk X3 2 H Sejnowski I Rosenberg
(BTHE R ZZRAGHTH, VEIHRMEEREERMERREDL; XBESR BEPAE,
Weuschereck I Dietterich BHAT B 2N T T MR M8 B 08 G P et i Sk
. Wettschereck i Dietterich 7E NETwalk b Bi{EAHRBTFR AT LINEE R .

« RBF RIS (XH.OABRALUWESY, MHHRERERAMNETE RS AL ER

ARRELT R A R m R B #1847
« 73 RBF M4 (hv B S5IHAESRHVE YD MEZAEATUHBFTEE
IR AR R

4. IEM|4E A& I 18 7%

FEH S S HHEMMERSTE 5. 12 1M ENEE TR AR AR RBF M4 it
1. 2m KR ¢, B1E% (0] 6B 5 A 48 50 — B (B ) Nadaraya- Watson {71 )31 11
{ NWRE)BJ#% .
2. XA ATERONAUERE £, WEF
X = diag(h, by, By ) (5.158)

W ATAT RO F R, S by, hyy oo,k BEAEIBUE ) G - B NWRE 98 MER
W, WMEECEER--F, 0 m, REAZEMER FlI0, BATTLE b, = oo, i=1,
2, vy omo, A o BRE I MRAZRMEATE, TR HE IR A S R T
KB BRI AGEE Fa, 0,0, a, BT LUETTE 24 )38 L4 A (cross-validation , GV ) &

%)
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B, NfE 5.9 TERN—EE,

3. WAL, b RARE (5. 54) Vil ZRak 1 fR (A .

4. W E AR B, MR G U RBESE -kl F# (5121 Fra ) GOV
B, RSB MERRT o, o, o, a, o EFEHBEATRAMT

o R A, MRISENMEN THREEL,

o LR B PREUE — SR A R B (B Gauss B PREO BT, 15E o W{EBUD,

Ty A~ P28 i g LB R AR AL A S A HERRAILRL . R, FE o 8K, WM E5m Hh
Mg AR ROR A, HE, RATe[LGEE o« WEREFREE -1 ATE
MEERE, AMENEEMRER, TN T X BEERE AR 2,

ERERIT BRSPS Yee(1998) AR BITEEXFEITFEWE KA
DUEEGN T, T LIUEH NWRE S5 —Ms Bk 54 IE NI fk RBF W28 f%T AL, LR, T
£ BN NWRE, IR{TAEN LIS — @ YA E L RBF MG F3], HHFEMESEET) A,
FHE NONgGREARM A/ Em TS WU SRS G ER) Bm T 550, RBF M5
NWRE 26 938 Xtz L& m TF, XHEERN T L H#E R RBF M 4 3% & k{1
SR NWRE, fER—HH, 3 N—>ow, (EEMGFRZSETIBN(5.99) 0 LR AR
F(2mHyFiREE., WRRIMTAFLRASENTEREBIENLSEITF, 24, BTH
i, XFEEH R RBF MR —EBE (i) BAhN 720 RBF B4k, X B ERE/DREE
SFREARENEN S E R NEE, EPhaftS NWRE 0N AR EF. mRew
NWRE ¥ H iR A & Mo, WA R A2 B S HAY RBF M EM T EMHAE .
AR, AR 3B 4 RBF LR T NWRE MHESMH. X —458, RAIATTLLE
NWRE F4H &85 B0 A T et | F 30 R SR, £ —RMRd, MR
KR AF B, TR BA AL R 40 01 SRR R A nL A7 () — % () 48 22 P 45 ¥ 3 28 (1]
BRI . AEE, ST ASENAFERZEEIRM RIS HEARTE, R EMER
T R4 T R F1E Nk RBF 28110 A 69 SE B Al e A S0 HF .

5.14 HEHL L. B3k

FEX— 7, TR EA U SE50 % ) HA B T 058 A 7™ 4% 487 (6 1A 19 1R JUiME RBF R45 A9
wite XMTEAERE D TESEME, HPrEaR2N 526, 26, xR mA
HHR A XL T HE Gauss 2040 PRIEAY . X Gauss TR HTEHNE 5 4.8 W ETRI—FE,
e, pEEER0,0]7 , AL EN L K6 MmEMERN0,2]", ARXFTEN 4 &
— W HGR AL B VISER T LIS VB IE W4k RBF R4 F15E 4.8 1 18R 1n) {348 7 21 52 4 i % g 3
i g

A H A6, 706, HiEEN{ RBF RGEAF Mg 8oc, s 73—, [,
MR A L AR s i E, Ry

4 - {1 A p AT A,
0 AL
Hp k=1, 2,
FEHATE BT, WAL RAEE LR A PR E RN TE Yee(1998) Hil HH IE
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M4k RBF M &4 g fivim b iR — g BT, X TS IR R AR AR B
C{HERE AR A BRIV gh B g it A gar o FRATINAE R X (4.55) #F 290X 28 P 465 (9 2 Rk £X
Wy .

MM TRAK S EBHGE 355]

HLGEFEA) B EE A A FENE LS8 A WEE TR, F—MEEmW A, dh

(5.54) NI LI 1 RBF RJ&&46 2 AUE, TRk
w= (G +aAl'd

HH GR—1 Nx N BB Green 2P, BB ji TITEREMI A Green B G(x,.x,),
N REFEAAS /0N, d 2B R & .

M- ENSE A, SkE S0 NSRS, F—MEEE LE 1000 M
AR SF R HTIR.

#5585 A m =20 0BT 2R A BUK BE 1 (ensemble statistic) . B &
GBI A BRI, £5-6 FHMERT m, = 100 .04 RBF P45 094 57 25
e

R5-5 BEEPRLAN m =20, ERHENESEFANERS EIER

EMAk2%, A
SRS 0 0.1 1 10 100 1000
i T 5749 72.42 74.42 7.8 72.46  72.14
Pt A 7.47 4.11 3.51 4.17 4.98 5.00
B 44,20 61,60 65.80 63.10 60. o) &), 50
BX 72.70 78.30 78.90 79.20 79.40 79.40

56 BEPROKAm =100, FHERNLSEFRANERSLEEE

EN{bE%, A
Bissrit 0 0.1 1 10 100 1000
T A 50.58 7063 T2 77.87 76.47 7533
iR 4,70 1.45 0. 0.91 1.62 2.25
Bl 41 .00 70,60 75.10 75.10 72.10 70.10
o 61.30 70.20 79,80 79.40 78.70 78.20

Bl 5-7 B p9R M IE NS A = 10 Bl M58 B e R s R, il & RmItms
TR, B 5-7 BB BN T BAESP R LRI SF O RLER ML, B RPN
FIESE 100 oL o,

ELge#% 5-5 F 5-6 AT LA

L& m =207 my = 100, ZA=08F, MERERE IR ZE,

2. IENELT7 5 f1F 3T RBF B4R 10402588 1A EH WA & MR,

3. Y Az0.16F, MERTEEREEE A IEMEAT K, £F 0N 20 THBFRT, 4
A= RERERAEE: TRPLR 100 MHTER T, X a= 1008 R, 7]

4. HdLEE 20 B0 100 B, ISR S RPRRERE N T 24 4.5%
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i
T e W
PR R
Fav

@ 5-7 & FRAORSRE LN E W L RBF R EHE L o 0 il e 45 5
a B LBiEE
ek (o0 YB Rkt AR Bayes

5.15 INEMITL

RBF P4 ik 8 A m LAY, PR R BB Ju gy St oo E R se 2 AR
FAA MR ESORARA T MRS, BTLL RBF WML 52 m 2 M It A FETm
BEE, RS R E S A — BT FE(Singh, 1992) . 7 IMETR I ER
i Fifr il R ROEEAUE AT S8, 8 %2 v 035 1 i R 8R A0 GSCRRAG BN, FAT T L
HEIE LR

SRHE M EEERHZERASAE, RBF MR RAREANTE. FHES.S
A0 241 Tikhonov T WILTEE % RBF RISGAYTE MR B RO 2 B A . 70X IR Green
B C(x, E) BRI, e R I E B Green bR HFE 2R dy 1E W AL 2232 B P 5
B2 RFTREN ., B (5. 63FREEE T D FE LR Tt B30 Gauss MAX
£ Green ¥, B E Y DAE, HR Green REBEREAR, 0FE, HBREEKRER
BOL SR SUPE, BT SRR X E A — P ERE R XTI RRTE
IF WAL, RBF W45 5 | obeld P B A R B (I =0 88 51 BT Ry AR SR R O PR Bl B 1
B, Tt A ey Wi p AR R, N THEN (LI IR 5 2R AT RBF M4
prg i, ROBEE—FELK FERGTEMMESE A 5.9 TG L
WNERTRAEE, @) LR AN BRI LN, XEE R — T RERE I
4, FHEB BB L BHTHE,

5 — A RBF RI4& 60 B2 b i Bl o B SR S B, BITIEM BRI X
Fa T, RAEREZ MET 1, £70 Causs S REMHEE X —-FROERTE.

B, Gauss B RBF RIZEFT LI AUSHA — S ST SR & S R REHTLHMTMA - i

METRARL. B REDELEE T EPNA,
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TS E 3wk

[1]

[2]

[3]

[6]

17]

BB ELCEEELTEZTEEENMMN Y. X5 ENE S TIETE Powel
(1985) PHE R, HEREEEEBHFRBEIVHEFTHN—TERH M,
Broomhead and Lowe (1988 ) B 54 R I B e B I T M4 M 48 i1t . Poggio and Girosi
(1990a) 7E42 M Fe R B M 4G R PIE ST P RAER TEAREL. B —R B3R B £
eI N X s e e, IR SRR ELiE 1.
Cover & FEFYTERR BB N T % 18 (Cover, 1965) ;
« Schlafli & & R4 TR Bt m, FEJLHEHMESE Loy NV M F—RAUBRMEE
AT 0, ARFINFTREET M o AN R ET
C{(N,m,;}) =2 :E(Nn; l)
WRFG—TEFE m TBDTF my TRMEFEIEREHEMIA, B m, % Fudid =8
A EAYERE = Ix L T —RAE.
o ISR FARA RS, — MV RSB (EYMNSET)SETF
ER—THE_F (AN N THEHET—2) 0K 58E,

PRI FE BEH Camer on (1960) ., Joseph{ 1960) #1 Winder( 1961) I A R 897 23k 37 3EHH
HE B THE BRI BECE (BB EPIC) . 7E Cover(1968) x> HIA ¥ B F#
AT A SR SH R SRREEREESTT, EWTRE N1+l N), Hf N 2
WA R,
Jole AR AR — B BRI A9 55— b IE W £4 A 35 Rl i {d F Bayes SH{EBES; 1E4E
T X E RSS2 E U MacKay(1992a, b) F Neal(1995) .
E W4k B8 A9 0 52 EE IHTH F Tikhonov(1963) . Phillips{ 1962 )t 8 25 B 1R 55 #H {8 A9 8
o PIA B EANTHIRX —BIR 4 Tikhonov-Phillips £ R 4L,
FER RS SR A —Fh E U AR T 28 257 Whittaker(1923) ifiy 51, FEBR B & VL8
1L B BR O B ( graduation ) BL 2 98 £ adjustment ) ,
PLHaE e IE ML 3, a7 A& % Tikhonov and Amsenin (1977). Mozorov(1993) &
Kirch{1996} .
BRI B0ZS ) T BE & & Hilbert X — R TR BWREFRNERETELEN, 4
Fredholm FR7r ) BI%5 A Fredholm A B AL ERYIE & $2 I 1a)EET, Hilbert B iR B A
R 55 2 2 0L B A 2= [A)_E B — 0 i ET e R A LA BEE R B R B & (Lanczos, 1964)
BALRRE—MEX THRERE || x || (LM E=R, ZLEREHY xR &
¥llx|| BFwWFHER:

Ixl] >0(x<0),] 0ll =0

Haxl =lal - Ixl(a =% 2, x+yl < Izl + |yl

B x| HEXRME xHKE,
ik, RATERAFHEPIENEL /()BT EFA Dirac delta J” XRE 8 HEE
1289 B 4 4 Hilben % 3] ( reproducing kemel Hilbert space, RKHS) ( Tapia and Thompson,
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1978) . AR AT IZER Dirac delta I X BR¥k & ik nY . O ESE AT AU R 4L,
BN SR %Y Schwarz #iE A28 R B S RS LA AR D- BS0E, 5N

H = lfe¥; | DIl < oo
— IR, 24423 Hilbert ZZ A6, TN REH L, 25, ATRERA N L, ERS
{£45] Hilbert 25 [R][F#9. (HEEE A & Hilber S H R TFBERNHFE, AEENHR(EEE
ST R TE]F) 2R H 1R BR B ik B M B B2 45 42 (Kailath, 1974), RKHS B EHHER T L, %5
)4, BT EH AR (HER A A Hilbent 93518), 36F RKHS 035 S 4R, B85

Kailath(1971)
(8] ARZEE—PAEMETE, ZEFHEE oMy AR, VFRR, HENTHE
B :

(u,v) = {v,u},(au,v) = alu,v) ,(a = FE),

(u+v,w) = (u,w) + (v,w),(w,u) > 0{u = 0)
R HNEERHEF R —1 Canchy FFIEEHE WS FH P H— 0, SMUEH
B2 x40, HHERHEY Hibert Z50], MBFH]x, | 5 Canchy FFF 25 ME T
B >0, SHFAE—TEM, FHRNFHR(m.)>MEIx, -x, | <e.

[9] 7T Girosi et al. (1995)5, HHER| TR (5.5 AR Bk EEE ENLIRE,
(F)S#EILEE F(x) BB REX.
AEHAEFRRRGENEE., Fht, IREE-ERS5 5 —REHLERAR/NY
Wik tE, OB — G s —BEORN ., R, — P REREE, BERaN
B BN, FEEEENXNER, & Fis)H F(x)MEZ % Fourier T, s %
ANELTHRTE, 2 HEO)FRA—TERE, % sl BRTrsemxtaf#E@anTF,
Bl 1/H(s)ER—1BEEBER"MEH. R4, B Girosi et al. (1995), AT LA
— W P70 3K 3R B I AL 91
| F(s) 1’

€lF) = 3], Ty 4
HAt m, & x 048 1B Fourier BUS HE) Pamseval EH, X MZRAEBHEENSE VH
()W ThEBEM—FEF S, 0B, BIEN AR FEMSHE Founer 33 A A Fourier
T pPE R, RAZAT LIBRR(5.55) iR
[10] MRS EFHER—EHERA

aﬁ
D= P(xl‘!xz"'."xmu)

2253y
Hx, st A EER X IR, play, xp, 2, JEFDRTXE S EH R
BT D HIfERES F 25 ( Morse and Feshback , 1953 )

340 D={(-1)"
( ) ax‘faxg'"ax

a+b++k=mn

A :P{Tnxz;”',xmﬂ)],a + b+ k =n
!

(11] A THEFEZLHIAGET LA XHIA, BRI IBE Wahba(1990) B ) — 1=
J2 13} B (ridge regression problem)
¥ = Xt + & (1)
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112]

[13]

[14]

HPXRE— P AXNHHEALE, BEmME c AAFHE, BEHEWFEEEST
1. ¥ XiHTHFRESMREE

X = UDV’
P UMV ELECHES, DESTAMN. 5

y=U'y, $=Vea &=7Uls

RATTAR UM VAL (DS A

y=Dp+sg {2)
HEEFHERE D EAE SHMAE FIRE) LT RER B, ZERE — IR
FEW, fFWDW' BibikssmE, B

Qp @) 2y-1
Gy tky ay_o

T
A=WDW =1la,. ay, ** ay;
L 4, [ iy

ERMHETENER. &
z=Wy, v=WB &=Ws

M) FH| N

z=AY+E (3)
SHAERN D EAEM B KB (maximally uncoupled )41, Mi¥H#sE M A B4 5K
4" { maximally coupled)$7 .
R ERTEE, BAETLABRART 3038 H A S 4 T8 2 (1) By s g 8 [ U o] R A 46 2
ARG RKEKHESER, RS 2 BT — BT XERIA, BB N5 4R
Z 9 (Wahba, 1990 ).
T 1990 FR AL, 7F Powell( 1992) TTRRFR 7 AUBE F P, X} A.C.Brown BRI 45
RET T HEES. BT 1981 F£5 H X2 B iIE8H— 1 RBF R4 0T VL LT
B—/ R B B BT E 2 B fYmis .
Hartman et al. {1990) I3i¢ Gauss BRI MAOK R E TR FWBRIE, {EREIEHES
£ IR H 308 A BCH Gauss AR RBF MG E— BB . 2R, 4 RBF R4
(38 FH I8 UL PE R RO B ™ #4 A9 E B3 #F Pask and Sandberg (1991) 5 X J5 — 4> T &
Hartman et al. RiE XL ERUH LK T o
iEOX R EH—TEREE, HhANT, ZERFETREQ=0+T L AaHEHE
L HRBNE G, WRHEA

J (gradu :grade + uv)dx
n

—TFRFEH—1TAFH. X PMARTENEH T EH T ESERN Sobolev % 4]
(Debnath and Mikusifiski, 1990}, Sobolev %Al &R ¥ F EHie LA FEEMER, K
W2 Hilbert 75 8] (# -~ NEEMFF,

*F Parzen-Rosenblan fY 8 F Ak T2 B HE LR IERIUEH, 5 3F Pazen (1962) H
Cacoullos (1966),
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[15] Nadaraya-Watson RIS TTERTEL T ORF O B—N R ER., AEI BHEX
B, EBFZ RS TE P EE PO 2F Hidle(1990) 2 Roussas{1991)
HIiE 5.

=) &

FEE &R
5.1 — AR EE LIS R

e(r) = (ﬁ)zlng(%) HFE s> 0Rr € R

TEAH B] L R A A A 3 B AR Green R,

5.2 1E5.8 FP5HRTE 5-6 BT ) RBF MR AAUE M8 w AM{EE S, X XOR [l
R —HrTHERIRE . oK — A B RS A E M B w FE,

53 ES.STHHRMNGHETHEAWMNRERITH RBF MM XOR FIEAME, EiX
AT, BRMNFEAEMUERTURRRFEZAE, §ME2nERENSh.oa8— T WA
iR S, WAl REMNE AR 0,00, (0,1). (1,1)F1(1,0), EfiIERA—TEFER
FEHER A A

(a)3R iR RBF P AGEHEEN @ E LS @',

(b)IT B ZMS i B R HAUE,

5.4 Gauss BRECE{X AW HXSHWERZERE . FH Gauss BEH)IX M RIEHE
SR ZE T Gauss 43T Y Green PRIEA] -F8 Y,

G(x,t) = |] 6(x;,¢)

i=1

ﬁl:’:l I;ﬂh;%mxlﬁmﬁiﬁt%%i’i‘”ﬁ%o

IET 1k R &
5.5 ZERAMEZH

€(F) = 2 ld - D w6z -t D] +xliDF ||
(i E b Sl

Fr(x) = E{w:{?( hx-t )
FI R Frechet f%5r, TEAR
(G'G + \G,)w = G'd
B, ROZEE(F )R/, K Nxm, HEEFEG, moxm FEEG, mx1[EwLE
Nx1m&Ed, FHaRNG5.72). (5.75). (5.73)K(5.46)E X,
5.6 RiRHiIEX

_ . Y 2k
(DD)U = kz:;}(— I) mf

o SRS
voT 4 ==1uj dx;dx;
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mo X moy BUER UR—MUREZES, 8 i MHERwFr, AFEESERE U, WM
R PUE A R e a0 3 R A2 K

U! = VIgV = V' E*Z"Y = C'C
T VE—PIERERE, TEMMAERE, ZPEZHEFR, FECEX
C = =V

(] A 24T 5K Green eB%Y C{x, )R T FI KGR XREMENXTF ):
(DD, G{x,t) = 8(x - t)

FA 44 Fourier ZEBMBET G(x, DIIFE, TENTHMS
6(x,t) = exp( - 5 llx - t1l%)

Hy fx |7 =x"C"Cx
5.7 FE—FE LT RIEUA4LIR .

fﬂ IDF(x) || 2dx = Da,:jﬁmﬂ | D*F(x) || 2dx

;iq:' @y =ﬁ

KM E T D HBREE TV AN ERNEFV EXLHT .,
Dz:: — (vZ)I;

ﬂ D2k+l=v(v2)k

a:l DF(x) = E}ﬂﬁv g (x)

5.8 EESSTHH, MTHAG.S)MRATFH FRT F(x0BK(5.66), XA
FFAF BN BR(5.65) FFHFIFH L4 Fourier T F H7(5.66) . FIH Green BB C(x)H1E
#E Fourier FHEE X

G(s) = jﬁ% C(x)exp(— is'x)dx
TR, Hbi=v -1, s£ m, EHTHTE,
5.9 ZE5.95) MR EREIPRE, 4 o, BRBHE(G+ M) RSB & TITEK.
B4, mA(5.58) %, IEHERES A()RMEHTIAERS
f(x) = Dw(x,x,)
H y, BRI FHEREA x, F%EL, B

)
(x,x,) = EG( | x-x || Jay., EF=1,2,+,N 314
=1

EXH GCH -« || Y& Green B

5.10 H&SHELBEETAEL B F (Schumaker, 1981 ). HE& 7 B HE R EAE D
F: B—THELTREETRSAERN TR WATUREER, XHELFNELRNY
SRR WAL ERZER, SFHEIREERAESHAY,. EXHEMHEET, &8
— A EBEREPHFEE—TNMEREEN  HETR, BERETRPLHE n -1 IKETRK.
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ZWBAF R BRI B, FETTHEILTAE. BETR.
AEPERNFERLCT, AR ESHTEENARTZR., — T —2W AN
FREWNNZRE LT .

2 = L Dl - faT 4 A [ELR] g,

Horp A fERE SR m¥Uh 2 eltE S,
(a) Bk X118 £ () B0 T PR
(DAL « WEEZE S (2)B— P =R ETL,
(DA (OB ATF SR EESEN, BREHSBEEDRINET,,
(b)BEANE(FHE—B/MA, Bridf{Tesmey
E(fy +ag) = 8(f)
H g B £{—EH TR HEE, « MEELHEER. XE®REC(S + )il o« 1Y
BRETE o« =0 /. B, JiEE

J‘:(rﬁigx})(dlj;x))dx = % Zi}[}f - filx ) ]g(x)

FREXTZIREELMEBER Euler-Lagrange F &,
HLiRE

5.11 X1 Guass & RBF W% 81 & T H— Sobolev 23[R ) — 1~ [l A G #emt, 3R(5.124)
EXZARENER, FIRAX DT EREEXG. 129WATE, BRERX BTN FH-—
e RPRTIGRER SR ER K I,
# kit

5.12 BRBEHFE—TTRF"HEES ()Y, BRiFiH—AWERLE, fEE 3
B TS T I A R TGRS KRR N ., 4 F(x)&nZEME IR E I
REL, BB RE

1 N

1) = 5 35 L) - PO B PAGE

AR, Hrp £ (8) AR B [ A— B 51 S8 R R, L8 M E/NE
77 [ EE R R ( Webb, 1994)

S (x) filx - x,)
F(x) = =

Zfa(x - X; )
HEE X M T Nadaraya-Watson [B]13 1471 8% .
SePRY: ol -g pvihe
5.13 ZEAMNZE
1 & 2
=135

f=1

™

EEF ¢ = dj— F*(x;-) = dj—Ew;G( || Kj-—t, H r_:l)
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AR A B SO w,, Green BREHIH0L ¢, IR EBERNE ' =C'C,, HP
C, REEUINSIERF . EREBFERMZEER/ AR S, #S T 7R

I
(a)——— EeG( Ix; -t 1ic)

(w?wzw Eemnx St OB (% - )

(C) 324 == W ; Ej'Gr( ” XJ - tg: || £ )Qﬂ

Hep ¢ ()2 CONHEAZENSE, H

Q. = (x —-t)x, -t)7
KT BN — 8K 2N, 258 3 2M0HFR2].
TTHENXE

5.14 TEARAH, RAPHSEE 5. B3Pt LR, ERIiHEN - EERSBEN
RBF PR e RENL B A0 9 0 . T3/ B2 A 1 HERR LUX #h = S0 I 4% 937 1k
HE 75 FH 2937,

GOTRY PSR A TR S. 3 T EERSRRE, ERBEMHEEN 08
- F RS ER 4 Gauss T FIEG ERP B, HH—4 Gauss 418 ) 2 {H )
225[0,0]7, AFFER1; B—1 Gauss M HEEM R H[0,2)7, NEFEH 4, B
RPN A B A AR EEE ",

()BEPLER my =200, ZEEMESE A 25X 0, 0.1, 1, 10, 100 F 1000 491F
T HESE., FEREURERSEEER P WE/NMEIMBEXE, B THE LK,
N 8 — > B A T 50 IS MR A BIER, SREEY — 1 EEAY RS 1000 MERX NS
EHESHTIIR,

(DOWEEOFTRRETTR N Y ENLSE 2 =1 NERELR.

(e} B0 m = 10 BHBEHLERFL), BEE(BITE,

(DRBER, THEHEEILERE S LIER RBF AR T ERILA, LR Y MR
AR I ML FEAE RE A R R PEH .

() FREERT 5. 13 Wb IR EZE TS0 ST edk, #90H, HEBnsE
AL BY T RS IE N B3O8 AR

5.15 WFaTRiid, 76 5.13 WA —3F Gauss Sr BT aE M)AV ®R S, BTFH
Gauss 12 1) 2 B KGE VT B4 HY Gauss 255147, BTLL RBF R4 E SFTERE. R PR
fI1# AT E LR S o T — ™ B 46{E Y Gauss & RBF M4%, Gavse 73775 N B B AELH
REMDM. 570, FRPNFETREMASG, F28C, B4 .

. U8, HG =0 B MR r22.34, difEx = [ —2.20]7
. UCE), Hie c BB ARLTEx . KN r = VIR IER K,
X UMBRR—TEQCR WSS 40H/., XESBRmEEke NEAERRYS

5.13 7T F Gauss AR DA BB o XA TR . WFST (6 BIIE WAL VE A — R FE B, R H™
F& i85 {E B0 Gauss &Y RBF P45 (K4 2R RE 317






FOE XNFMAEN

6.1 @I

FEF 4=, RINFAE THRAGEHERZEIGHNZZBAE. EFE5E, RKINFETH—
KRR P, Wiz Rl . XM EMNKKRETNECFRAEEREES.
EX— 5, ATE T ERD —MEANFHEMNEMER, FR5 L4 & F 1 (support vector
machine, SVM), i Vapnik & %532 1 ( Boser, Guyon, and Vapnik, 1992; Cortes and Vapnik, 1995;
Vapnik,1995,1998) . REZRANFRIBFIFEBERE, FLIFERIIER T8Ik
ZHERIA,

A8, XFMBVLE-FARnE, F-REFNSEE. A TERBREES T/F, MER
HRPHBRTHRANERAGTEERES N, EHERT, IFOEVINWEEEHE
B — TP EEATCRME, FREFAFMEAZ ARG ERAL, BERAES?2
EH e MBETFRITEIEEAFEAE 5, MBEE T XM EERSE, BN,
SCRFPTERALR 4 # B R e s B IR B XN R R B TR 0 385, 2 39158
I REE LN RER(MZHREF)IGEZR— MEH T vC 4 % ( Vapnik-
Chervonenkis dimension) I FIR A, ETBERXBHT, XMV Fai—Ba0HE N
F, FHES HE/ML, B, RECRHARSENAEAR, 0808 F i
BALGBRR M iR, XN EEE M EIFE X,

T SCRP R x, FUHAZ BB () & x 2 B0 NRBOX — & R M 3 S 3 i B L
PR, SR AR R AV R P B AN TEM R .. R8T AR
HIARIFEAETTR, ATRREY AFMEINEG, HE 8 AL EMEmETRIE, X
&, FLMERI SRR BRI E S N PR T i = Fh A

« EIA e

« 2 In) E oR AU 4

o FEEMES (R A EREER )

RS, T XEFTRME TR, FIASEmIIZGEIRERITYT A Y Emas
HBEERLBETLE, Bk EREHETHNEE . AR AR JTFREEE
BERENTAIGEERASR T, TUERNBEFIREE— TR NEs, Ehed
B Z2RIR A,

AERMAR

AEMEEHAZ =35 FEF—WP, ROTERZ M BNTEOELRE. 55
H, 6.2 TITIX TR E ML U TRIEEVFEMWE, BEE6.3 VEEE
B BIA A R R OL.

HRRXHE, R AEFHBE WMo TERE, XFS8 H3Rm 2P sk s =R

318
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230 Fo#

FHTEMTHE . XA TAEE 6.4 Wi, TESE 6.5 T AEI 2] XOR (A2, JBH R 2 4LrT 4
. TR 6.6 WHIKIRATES 4, 5 P otstid WEL R KTEILE, MR 25 W
B 5 B E NG 2R RS R BRIP4 2 [ g — T .
AEE)G — b MEE AR ER R, £ 6.7 TR Tk, EEFERFXT
FIEE . SRIEA5H 6.8 THHE A TR RNR B 3 H [ EVL RIS E .
5 6.9 Wil — LR ATHASHR AT,

6.2 ZUAMRANFRMLEE®E

HENGHEE(x,,d)1%,, Hox, BABNE i MIF, 4 BTN SEm L
(B . FHEBRIMIMEEHETE 4 = +1 AR R 4 = - 1 LRKOKKXE " Zeft
ALS3 187, P4 B T o o Ak B oth i 7 R

wx+bh=0 (6.1)
Hp x REAME, w2AIEKNERR, b BRE. ZERITTLUER
wix +b=0, WFd=+1  wx +b<0, *HHFd=-1 {6.2)

FXEETHERIAHTLUEES, UEEHAUYNEN TR EERE YR ENTFENEELE
M B 6.3 W EXMEE. ;

MF—AHERNNENE w HRE b,
A6, 1)E X R BELZ
ARSI &%, Aeokrn, X
ALY B AR 2R B — M ER A E,
FixTHFRENE o B K. EXTHMF
T, E MmN &KL F T (optimal
hyperplane) . B 6-1 & HATE 28 A = H A+
AR FE O i (R LT 254 .

Hw, # b, N-PFABE B A E A
BiUE, HMiH, EmASRER RS
P SRR B R I T

wx+b, =0 (6.3) 6.1 BHTHMERRRESTENIEFEE
EN, TRAFE6.DHEE, AR
g(x) = WDTI -+ ba (64)
i 0 x PR EHYIE & (0 —FAEUE & (Duda and Han, 1973) . B HX— RIEE R

HEFRR x R R

wﬂ

Hrp, x, 2 x ARNEFn EXFRKRR, r REEEA{CHEEE, R x ES0E FEFIE
W, r BEME; ARME xERESFENGE, r BRHFA. BRHELM 2(x,) =0, =4

fEH

gx) =wx+b, =rlwl

_— - -
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1% r= g(x)
I w, i
S, MWES(BEx=0)PIBLBEEAEED 6./ w, | £%E, R b, >0, FEeRELSE
VPHEMIFE; MBS, <O, A LARE; WES, =0, H A i H A XA B s R
LR R -2 F e e
AR NSRS THENEIET = 1(x..d,)1,
RERILBEFEKSE w, flb, . HEE6-2 LK

R, WIUBFHR—X(w,, b, ) —EHEFRME:

wx +b =1, T d =+1

w X +b -1, NFd =-1
HERWNRN(6.2) o, BPEARR TSN, &
VIS AR w, Al b, BRMEETRN (6.6) B DXFPE

FHRBIFEASAHER(6.3).

WER(6.6)8- -7l 7SS IHFRMEFHE
EBR(x, , dYIEREFAF, "TFHNEIBIREE.
B EXRFEINREITHIRESE ESEH. B
WRERARTE, TR R RRE RN EE 6 W PR

(6.5)

(6.6)

S, ERERIE SR EEA. EI, TR HREERRILATRE
WEMREVEEEME,
HE— N EREE T XOMBT 49 = 1. REREE, BRI
gx) = wx b, =31 MF LY =zx1 (6.7)

M6 5) MR & < BIRAB T mrAHESR

1 {1l
() 4 -+1
o g(x'") _ W, | (6.8)

HPmSEr x"ERAETEWER, MRS RR " ERNBEFRMNAE. it o R7E
FARZE R LB 2 R RAE, HPXEAEERINGHEST . BIEAA(6.8)RJE

p=2r= —H%ﬂﬂ- {6.9)

£(6.9BH, EXMFENRZEREAZEN TRMAUERN R wHIBULERE.
Bz, AR(6.3)EXMRLETEHRME—H, BWRERIAER & w, $2JUER B2 H
BRI KT BERI T . XD IR Rl S/ MEBUEF & w KIUL BRI,

ATFIREAETFE R LK

HATH I EER—TITHE LA E, Ed@ANSGHEERT = {(x,, 410 %3 R

B EH, FEMmEAEEMNT
(W +8) =1  MFi=12N (6.10)
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XARFFRL (6. OFTHEGE—E, Hadw, 8 wk{UE,
Ei A MEA: Y /87 S IE AL < va p W (3] ] S
BEMNEHR(x,d)),, HAREOFT wARE L HOEREREENHAELTEHSY
kA
d{wx, +5) =1 ¥i=1,2,,N
FF B A F w MR S

(I)(W) = %WTW

KEETWAHAF 12 BT ERFE, XL B R % & ¥ & (primal problem), ¢
« AR o(w R wigd sk,
o AHREMLT wREIEN,
M, FRAVAT LA Lagrange -1 4 i 58tk 2978 B {5 [ 8 ( Bensekas, 1995)
B, RATHE Lagrange F 8

J(wb::):—ww Eafd(wx+b)-1] (6.11)

HAAEIERER o, FE Lagrange £ 5, ﬁ?ﬂl%ﬁtﬂz@ﬁ@ﬁm Lagrange BBEX J(w, b, o) BI%E
RRE, MRERT wfl b MER/ME, X o BEBRKRE. J(w,b, o)X wil b RSP HBE
RETE, RNEATEED RAOEH.

3J(w,b,a)
7%{4:‘]- dw =0

&t 2, aJlw, b, o) 0

5y B RAL 1% 15;JJC(6+11)F14J Lagrange eR&(, BEN(EEFLHDZ )
W = Ead X, (6.12)
R f A& 2 326, 11) B Lagrange B3, ﬁﬂ
Zaidl =0 (6.13)

WRE w SO NIRRT, HREE, REHT Lagange BEMMEX MBS
HE—H, EHAREINY Lagrange B o, IRRIE—EY,

AXBFRFEEMRER, EEAME—1 Lagange BT o, RS CHMHAENR
BONE, RRHK

ald{wx +6)-11 =0 ¥ i=1,2,,N (6.14)

M, AAXERMBHMER (6 MR TAEBREERMBE, XMERENBELLRE Y
Kuhn-Tucker & # 1% {5 9 ( Fletcher, 1987 ; Bertsekas, 1995) .

MR P RREE, R BRGNS BRI, SR XE— R
BB, VIEEME Y — IR, FRO9 %19 (dual problem) XE_RES RS FENR
fL{E, {EH Lagrange e FRELEMM . $F00HL, TTLISSR 218 2 B U F (Bertsekas, 1995) ;
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() REFER B, WREREAREHE, HHEHEMOREEMERER,
(b)Y T w, ARG — MR o, o300 5] R 0 -~ e O 8 B 58 50 b 22 21

= w, MREEEERTH, FHE
d(w,) = J{w,.b,,a,) = minf(w,bman)

oA 150 B X U] R R AT T AT B Yy A4 %’Eﬂ]é?ﬁﬁmﬁ#ﬁ(ﬁ ll)ﬁﬂ
J(w, b, a)-—ww Z:adwx —bzud +2a (6.15)
A (6. 1) B FFMTEM, (s, 15)%%? TTAE, Tﬁﬂbkfc(ﬁ I)RATH

ww_zadwx Zzaaddxx
, BiReEEEEN J(w, b, a) Qla), —Ilr«ir.}it"‘?ﬂ(ﬁ 15) K4

N

0la) = Ea “% 0 ad.d, ¥ (6.16)

=1 r=1

H EI:[ a, }%_"E ﬁ-. n(J o
HEAE AT LA BRIR A5 o) FE

HEAHAAI(x,,d)LL, %ﬁﬁkﬁ%ﬂ A o 3

Qla) = Ea —zzzauddx,x
& Lagrange & F 1o, |Y,, HRAHEXEH

(1) Nad, =0

(De, 20 MTFi=1,2,,N

FE, W@ RREVIGBRERESH. mMH, BE 00 R FAALUEH T
ABXABEMES IX I 0.

RER o, , TR B Lagrange 75, ATIMAR (6. 12)HHBEERENERE w,, 5
&,

w, = Za d.x; (6.17)

ATIHHERGRE 6, TLI{EBEFEEN w,, #iﬂc MERMZFFRBFRAD(6.7), Xk
A
fo) WHF 49 =1 (6.18) [324]

b, = I —w'x

BB TFEASEITEHE

MR 2 By HMBETHE A B, B HLER ) VO HE D e 8T PR B B R B A5 Y B {3
RrFE. BNWABE m #ZEoEBFEHEN VCEAN m+ 1. RN, ATWRHF2E
Bkt R R RAME T, RITEEZE S VCHREREM BB TEE S, FRERX
B (BIIgRa 2iR2E) M VC AN R/ME, EXFHERILE, #dRNEGTRE w i
Euclid {EEO 0B EFEESWN— 151, T, RAITTLIEER T EH (Vapnik, 1995,
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234 Eeo #

—_— —— r——

1998) ;
D AT ERMANFEX %, ,xy WEPRMARE, G5

wW.X+0b =0
BEMERERFGLESLS, F-AVOREK LS ERA
|| D
o mm{ !-UPT.‘*MG}.F 1 {(6.19)
HPNAFS) - [EBRRATETHETHRENBNER, p RET 2 |w, | BOBEH%, m,
e A S B R 4R
X TEPRE IR, W ARl R Ve BB Aett), B e
% p, EEWMATHAEY n, £X.
TEEE, RITE @0 EE T ESHENRESHNT.
S, = iwx+b:|wl®<el, k=1,2,-- (6.20)
H VC4EE b TER (619 XM ER, £ 06.20) il A M B 45T LUE S48 h 8w E
HEFEMIER

- 21 2
S, = e + 1:p" = a f k=1,2,- (6.21)

KEP iy ﬁlﬁ ﬁ%ﬁ'ﬁo

AW 2 ERANTWAE, AT HBRIRFZILEE N IZER—MER S, RIBgEH X
fei /MU, EREER/N Ve #ERINIZIRZE, ML06.19)71(6.21) b {14 BB T
AERETEH(MHARERASE IR o I E V), XIPERTLDEHL, i,
BRIER (6.9 ZFARER/PEJLEEBHNERNENE w, . FIL, RIGEEEERS
PO MR AR, A ER EHET O S X iEmE NS RE S/ MEIE
H

6.3 AAGHEARRNLEFE

FEHENEITIER DL AR ES. EiX TR B E AT 8 A0S
. SGEXE—HNSEH, FTRBRY— AR ERRENSTBTE. BRI, ROF
HE A RGBT, EX8MIGES TN RIRENHEERKB /N,

TERZ A5 B G H AR 48, WREIES (x4 ) AR TERRAF(NR(6.10));

d{wx, +b)=+1, i =1,2,---,N

ZFERFF U T AR Z— B

o BEL(x,.d)ERSERXEEH, BELKETFERK—N, ME 6-3a Fin,

« B (x4 )EFERREAEN—0, WA 6-3b Bk,
FE, EWNAL 1 ROE ERKDE, BEHERL 2 5EBERH,

N T EVAT rEEES ERAEAM B, I A—aHMERis BRI 1Y, 345
BT # (R SRED BE Xk, RN
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B &
Bl A

i B e A—
B 5
] 6-3
¥R x, (BTG DB BN, HAo gk HmmF K —mM
b8 AT x (AT HE, ) e R AR A — (]
d{wx + b)) =1-§, i =1,2,.N (6.22)

XH & AT 2 (slack variable) ; T 1EE— MBI A A 53 B AR R4 RS &R
. WFogt <1, BEAHZEASPBXHEMNAST, BREEREMOEHR M, 0E 6-3a it
Ao WTFE>1, BESEIHEBLEME R, ol 6-3b AR, XHrmEREIR R
R (6. 22) MR BT, B E >0, FE, WR—1E > XA AP R F 458
b, RREMEMRE, Eit, TEERENE LRG0 /F KRR

BT EF RSB E S LENEE LWV HERMRRER N I THBAX
— i, A XAEAE w B/ DML E

¢@J=ZP@V4)

fiﬁ;ﬁﬂﬁ(ﬁ.ﬂ)ﬂ‘]%ﬁ%ﬁ:ﬁﬁ | wil® WP, R IeE—THEFE8, B
0 #FE<0
1(&) = {1 HE>0
EN . AEHE, OC)% wB/MEEENHBMELEE, ©& NP- %2,
AT BRI RBIEE B, RINBH

@(E) = ZN)E;
EREE OL). T, BaTERs BAHUER R w B AMLAR B LR, 5
O(w,£) = —;-w’"w L€ (6.23)

AT —£E . BUMER (6.23) 08 1 TU5 By MU BIAG VC RBE %, TP 2W S8,
R R f— E TR R (6.23) AR T 25 S S /MBI 52 2

™
Ho

W C BHIBNERMRART 8 SR Z RGPS XEERAUHEEERZ-T"E
ik sHeEx. 2% ¢ hEREER, XTHTRMHFTEZ —TER:

:

326



(327

236 F6 ¥

o BHRCHIEEUGE, MAPMES NG BAONIAE, ©EERFERNHEIEA.

o Emgdraee, A6 19T vC HERCFIE R vO SRS ERIZ (LR BERY & .

FKIEHEFEAL, Zeh O(w, O wlie 1L R, w26 2) AR A R
& 20. XM, wARCE T BIAE— DX T AR s S HBRS S - S BE o,
A B AR A7 3 F AT 40 S BUR 54 A /DL L — TR &

o W P B B S R R e AL I R, RS 2R oT iR =L R tAL Il ALY S i — R
FroRfE . HAkHL, ARK(6.22)MA(6.23) XA R i B & =0, BMAENIfLE AN
] ME I

FATIATITAS 0] 43 B3 B 20 09 SR8 ul DA TF 2 Hb BB IN T

BEYERRI(X, dL,, FEREGZT whEBE b O REE, s CNEis ks
ﬁ:.

d{w's, +5) = 1-¢ #FFi=1,2,-,N
& =0 BT E Y
FHEFREEE wienb LT §F £ X0 R

Blw,8) = 2ww+ € Dt
b=
EE, CREM ARG ESH.

{8 ] Lagrange e T893, Dl—FF 5 6.2 WRIMRBYARLL 520k Ab T8, 7ol LU BR AT 4>
BRI EAA R RO T (BETE6.3):

HBRANBEAA(x, O, FRERXLIFIH

A

NN
O(a} = Eﬂ'l — % Z; E“*ajdid_,-rf"_r

| F=1

4 Lagrange T ie |Y,, # 2%k &4

(l} Eﬂ‘dﬂ‘ = G,

0o C NFi=1,2,,N
X9, CREAFLTHERN

£, MR & MENH Lagange T # A I MIEXHMBEIME, BT —4pEREE

HIZE RSN, AT R Yot A 19 R 2 T 4 B TR AR, EFRER T, Bokik

KB B Qe RHMAK. FASEBESTIERENARETRALSE . =0 BEEk

AFRIFERM O o, € Co R MXAMES, T8 R B R R AR AL [ A AR 1 B w A

B o KBRS R A BRI — R, PEER AR MLATIE Y AHE .
WAEH B w BB {LEH

Ny
wﬂ = Ean.idixa (6—2‘4)

S, HA N, BRI RN, YO R R 9 St S B B 0 o
i, E{k#s, Kuhn-Tucker FAFHE XN
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e, d{w'x +b)-1+&] =0, i = 1,2, N (6.25)
gl € =0, i=1,2,, N (6.26)
N(6.25) (6 N4)MNT, 2001800 - MU, ETH(6.26), 1, & Tagrange £, T
AERNEREXIH RFRWTER e MIER. RS TRA L Lagrange 5 EXS FA TR
&/ E HNRENERT, TEXMEEE
a +p, = € (6.27)
Ba(6.20)f:(6.27), TflH
£ =0, WHE o <C (6.28)
TATTLRAE B ER 6, 0T, BVGEFHE 0<o,, <« CHEERES(x, . d). ik
§ =0, XN (E25)HM MBS R, MBEEBAEES, ERAANEREFFITX
BRI LB RIAY b, B I {E 47 ( Burges, 1998)

6.4 EfFEyATE RN Emn R

AT RTHANBEAXERRBFET ma08iR, RIMNAEEXMRET A THR
A - PRMEF KRR

HA L, XRHEEIS WERRIEFRNEEE L, BRI FHAEN 6-4 8.

AN €21 2 SRR NE 22 ol o a B o R U PR - NI ek 15 2 F . o

2. WiE— RS ERAT 2B AR 1 2P E A

B AR A i T TR,

B 6-4 M AZHZEFHEZ R OAFE RS o -)

B4R 1 RS 5 BRI AR THEA TR Cover BT, FRH I EHT o HA
R AZSIE], Cover FHEEEARN: WEMIMREHHL, oS HS MR —TF
BOERE S ], (SRS E AU S HHE AR oM, B, THRAFLEHE,
Hk, BESHEREREEN, XHMREERE 1 P&, 8, EE Cover EHE
BifiEABEE L ENERtE, REEHA—TRALEEFEM VC RECEB BN MRGEL
iz

HEEHIARES 2 MR, Bifah, 8B4 2 FIBHE LRI B I E
K, ERE 6.3 WHIANEL, BEA—MRAEMAR: BITE S B H g e X WRrik=

319
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)5 A g A B . MR MR R AN, HFEREMNR, X TR RpE 5 & v 4
VC #EEERE FMEs X R/ MEB R MR — 800, R MESREBRCRER XK.

R Z

& x oM AT FIB R ER, BEREH my. 219 (011 R WA Z R B Ik
S — PR ERES: m EFES AR MAER ;, BE ¢ (HRTELR
FUE XM TR RANEHE— T8RS, TMEUE X — P ASREmKE &

Eultp;{x) +b =0 (6.29)
SH 1 |7, B A T A e 2 LR B 0 . b . R T LA 0

Eujcpi(x) =0 (6.30)

HHEREXHR x, @(x)=1, Fllw, ERHE b, (630X T —PREm, Xk
R ETERE F AR B SR HATAEH B, BT 0], o () FRBASLE v, B
WA EX MR
o(x) = @(x), ¢ (x), g, (x)]7 (6.31)
HA, HEXEH
¢i{x) =1 SRR x (6.32)
Schr b, R @(x) FRM TRAME x B4FESTBSHE R, E 6-4 ffR. B4,
PR R A RENE R L.
w p(x) = (6.33)
RATER (6. 12)ECIAY RISIES [ HTEE, ?.'*EﬁﬁE S [A) P BLTE SRR KRN 4
L, ISR

W = Za*d,q}(xi) (6.34)

Hepayie@r & o(x,) 5EE i M7 REHARRK x, R, EEERL6.30)RAR6.33),
Al LARE SCAERFAE 2 B o) | B A s s 40 F -

Eadqﬂ‘(x) (x} =0 (6.35)

@' (x; yp(x) RARFAET iH]EFEE% TEIF B AR x, A AR R x BSR4 5 8& A
o RERATANLAZIA A4 (inner-product kemnel), M K(x,x,)ETHEE Y Y

K(x,x,) = " (x)g(x) = Z%r‘x)%(x) i=1,2,,N (6.36)
MK PE X, iﬁﬁﬁMWﬂﬁﬁﬁ:{ﬂ%#ﬁ%# e
K(x,x,) = K(x,,x) WA (6.37)

mERNE, RITTUERARE K(xx) ERESRAFR I BEATE, TEHRRNE
AEBIFEZ AR FA6.30)0RA6.35)FREF XL, Wi RIEBEEE Y Y
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N
>adK(x,x,) =0 (6.38)
1=1

Mercer ZEEE

£(6.36) % THEZ B K(x,x,) KB FFRAEE R Hr o i BB Mercer £ 52 By —F¥e3K
., XNEEALLIFAFERIT (Mercer, 1908 ; Courant and Hilbert, 1970) -

Kix,x fF7—AEgdstéidg, TFxEXAFARE agxsbh, X 268, B K(x,X)7
vA R IT A B

K(x,x) = Eafp ()¢, (¥) (6.39)

EbPrmhe B EmH, ﬁ?&ﬁﬁé%%iﬁﬁﬁ%%ﬂ%%ﬂ o e, REEH
AFH

J:j:K(x,x’)'lP(x)\F(x’)dxdx’ -0
ﬁ%ﬁ?ﬁé‘rﬁiﬂwx)d;ﬁ < o 8 W(-) KA,

RS o (X)FRAHBITRMIE SR, A, Bt AT MSEES A ER XM EEBERER
K{x,x )JREZH,

g Mercer FH, RIMABAWTHEIR:

o WT A2, MARE x EHRESETHESHNE MY Ao () BE—MEFRRSTE

PR¥ .

o WP b, PRSI 4R % (BPFFE (E /AT R E B ) AT LR TS5 A

Mercer ;£ BM{U &R BT — T BEREEREARE—TEENSRTHAEE, ANTATHT—
MR RN, HE, BHEERNTEMERT o (x); RITAEAECEM.

MELA(6.2)TLER, THEEVOS R4 ENEER. Fo, FRRE
Mercer BT LB K (x, X ) FUIRER F D 4T EM AL R, #8% R K(x,x )& DD
HoEAKE S, Hd D & D 91EREE F (Smola and Scholkopf, 1998), 1EWLH L TEEE 5 &= it
it
TRV REET

(6.36) FIREEZ K(x,x, )HRIAXAAGFRINEL I RERE, EBAZATERI L
PRy, BEERES A ERANRN. FTXMNEFR, RN FEAEIZARARA
LR R AR T

2 A (x,d) Y, %ﬁﬁk{bﬂﬁ'&ﬁ
Q(a) = 2“1 — E Eu {dedK(II,x) (6.40)
#) Lagrange #&-F o 1L, , rﬁi?‘]*%ﬁ‘
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240 F6F

B ——

N
(1) Dlad, =0
(D 0sa<C i=12.N
o, CAARMAFRENESH,

EE, W (1)H Lagrange BBE Qfaf 3 @ (x) = 1 S RIHE b = w, WREL=4, XHE
RETEREBSE 6.3 W HEEAT A FENE AR, BTHE X x R
K(x, ,x AB B, RATALE K(x,x ) BERE ¥V x N O FRERE K WS - TTE,
RRH

K = i K(x,,x,}{ 5o (6.41)
ERE T H o, , T Lagrange RTRIRMEZ 5, FATET LL#G 2 H 57 5028 AR f B35 1
Hw,, EHEHERETERERGI7)HAXNBERIBTSEBE B ZH. S50, R3S
elx ) A ABIIE R R w BrENER. BITTILEL w, X

W, = E a,, & p{x, ) (6.42)
Hp o(x, ) 2 x, EREFEEZHNR., EEw, HE-NTEBEFBRFERS, .
R EYLAR T

B K(x,x JHTBR BT E Mercer 3B, TXPTERZA, ENXBECEF T AHE
o %&6-1 NECRFM BN TR AWK TR ER. STRNLIIE, 20EHER
@, FREAR. TE/LASHEEEN.

61 RARBRAGE
SR EHLER HFRE Kix,x),i=1,2, N 12 T
FHALIN (xTx, + 1)* Yol p el T B A
I R expl -5z 5~ %11 7) I o BB, bR ST
1=t S anh(BxTx, + ) S — BRI oy, HHR Mercer 58

1. B A RALR 2 W= 8 o] B R B R A B B R Mercer 8, %, M
TEFOBRILWREBRNSFAR, HABEZIEARE, nEe-1 BE—THR. 5l
MEABIESSTM FREE. HE - EAENBEREHRS Mercer 5F B3 22 B —F IR R 15,
WHB 6.8,

2. WPrA =Myl ER, FMES FEEH AV SEEMBN T RaEH M T, X
SN G T T R 3 AR (R AL B B S8 A9,

3. XFABIRESREREHEXNTE, ENE R ER R BN
2 2R i I

* EREERPCEHNIREENT, EMERSENBEMEITN P05 Nh TEE

BRI R B 8 s g,
» EWRERAGSENRSRFE RIS, BEWSTH MRl E &4 h X
R BB R R RAE A ke,
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B 6-5 Brr— T3 R0 BEOLATIA REE W,

\ . =T
Yoo g \-1' "'},» . }

¢ — = -
_f;". _}i\ ( !‘1},}_ A

3 / ,
X [\ D /s
y . [ gEa

X
RS

Je'_f .. ."«.ﬂ BT
i o e 14
| opr '?E_ — K{'l! :m!} JJ:E: nj‘-«é- L

A2 e i 2 1)
i m, m, P

AEXFABIEERLIAN, BEF L EEAFTERAREITTZZEANBHTE, ©F
GRITER, EEE M RS (AR E )W B/ IR, B—Jrm, W
BENBRE-T%INBRITORBESTR, HERAFTEENERIMT THK, NEDT
( Vapnik, 1995, 1998) .

s BMARM, AEFEERE) SRR E X, B8] LI 55 B g P

A RREE, 5T — TR AE, BRI R 20 0 A 8 5 B 8 s
— U E AR AR RS, R FBONGEE DK — DB w4 |
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