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IDERT7 N/ v

T4 EmM x 1A Eubl &1 x nfIT ARy, WERIMRT U He @ v&r, HMEK
ARG R m x nfRERE . HBOEMMIE N 4, Wun] PIRE T

HBUENEDN 3, MvIREEAT L v = [vi V2 v3], Mu @ viligiRInTF:

Uy iUy VU V3l
DUy VU V3l
R[V1 v2 vi]=

ViUy VolUy V3lUy

u@uv =

U,
Uz

Uy

2.1.4 MEXRASRZAME

ARGLARAANE, A4 JE OB R I R 52 77 AT o RSLEPIAS RIS, PRI]
DI it ZEREAT HBUE LU B WA AR SZ I AN B, A2 AN N T e e di sy, Rk
N0, REMEN 1 AL, AW RESEEMR, BIRA 180°, NIRGLEN-1, HEa
DI RARBIINE 2-1 Fron. B, RZMBPERIE T s KSR HWA R EETS
IR BT, R bAoA RSO RGZE, R RS2 E RS 22 57 AR

a
/ b
2-1 EAERNERTE
AL A2 528 /NI AT 23K H AN ) R 2 IA) O AR ABLRE , Xt A a2 AR AL PE SV RE g HE 474
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ARETH SRS A B, AR SZABLE 3 W T SR A IR LA

HHEIAERa (x, y,) MAEED (xy, y,) WIRZE, " REAMTAR:
axb _ (21, y1)x(x2,¥2)
[lal[x[1bl]  /xZ+ yZx\/xZ + y2

EIR A SR YRR AT, RSP TR, RATRERZ n dErEATHE, TR A
THIR:

COS(9) =

axb _ Yiea(xixy;)
llal|x|Ibl]  EE, ()2 x{ T, (7))

2.1.5 sl BFOERAIIXAEUES

e e S A1 AT DA B AT 5% R PR ARABL, i T T DA e A AR AR X — 2 70 [ R . R
RGEAVMERAT AL o, WTBAS R 2-1 NS, IR SZARINE T 5 3CA Z 8] (AR A
PR

COS(0) =

*2-1 FIRKZAMMERAFRENME

aFHS aFAE
w7 A PRI LI R FVR I 11
678 RZE T2 — R ik

HI T SCA AR AEAE T SCA ] i 2 18] AR B RIS RT LUK A T £ SCA R B AR R 4]
A R SR BUA -

(1) Zridhbd, xHa)§ A fA)F B BT, A7 A DiafE4 RN “IRIE #hEm
G —FOIRE IR AT B prialfadi RN “Mamss & —F #0557, 1ESERR
TAEF, wLLFIFH TF-IDF Hikeis TextRank SyASE R MOCHER, AARE IS, MAMY
PRI 4 R 45

(2) FBrEE. Wi LRWAA PR R, BT RERT A IR, A FE R EE Y
Wk, FSRAGREE “IRE MEMS £ —M IRE EITE,

(3) THEIAS. XA A FAT B BRI AL EE “HEMEE— R E”. Xf
FF A FIE)F B IFEIAS, AAAENNCSIAA, AFEENNE N 0. B TA)+ A ] v S
CORPERJAN A M L2 [1]—Fh[L1]2: S k1] A1 B RlpHRAN o 4 [1]2&[1]—
FR[L1% 23 517

(4) TR A . ARSERFACEE TSRS B, R ir U O R A B, RFAE 1 B DUy
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TEGE LA, 1RO RIEE S UG IAUE, e A)F ARHIE &= “2 111 17, A)F
B IRHiEMER “011117
(5) MIBUET5H. PAECLREREAE{2, 1, 1, 1, 13/1{0, 1, 1, 1, 1}, HikRE
LAV R e Ay, MRAERSZIA A, THEE AR LR FR:
2x0 + 1x1 + 1x1 + 1x1 + 1x1
V22 + 12+ 12+ 124+ 12x/02 + 12+ 12 + 12 + 12
W PRI, REOHERRZEN 0.7, Fik, WLLAKRAIT “UREEPHE L R — PR
[EE T3 5 MR ML R —Fh S I 7 BISCARARBE N 0.7,

2.2 FEME

COS(0) =

TR A B P H  R, RN AR R I gs v o b AR

2.2.1 FERESEE
S SRS T A TR AR A 3 TR DMEREL 2| ot S R T

_[1x3  2x37] _
3X[3 4]"[3x3 4x3]"[9 12]
LR S IRIE S S St ek, RS SHEARTR, Dinsepe[) 2] tseel O]
Tl 125 R

s alls o=l 17

B A BRSO3, SR ERIERE AT IR LABRIERE I 51, 0 F BT :

Tl +2 5='I1

B3 3B
23 17
MIZAS 2 AT LA A 2, PoRas RV mAT SEn sl T R A5 T2 — MEFER S
mAT e LA —AMHEFE m A1 (K o 3R SRR A .

FELNERBh, SR RE T IR R Z RIS R, Bl A

{x+2y=3
5 +3y=8
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A LUF A RO A T
s 2l<b1=[)

Uk, AER R LA T AR AEFE RN -

2.2.2 mEFARH

AW TLRFR R I MERIERE Z RIS, I 5 @R, MEHEME A v p*q 11—

g, B OMERGERE, WIHEFE A FFEEE B 502 WSS AR I R 81 A s :

allB A aqu
AQB= :
apeB

aplB ..

Wit ASERE[D 3] BAEREA[) D). RIS MR R R
1x0 1x1 3x0 3x1
1x2 1x2 3x2 3x2

0]
0 3
1 3]@9[0 1 _ 6 6
2 0 2 2 2x0 2x1 0x0 Ox1 0 0
2x2  2x2 0x2 0x2 0 0
BAERE, A a0 A

0 1
2 2
0 2
4 4
S N e R S EERE S S RARL, Bl AL By C H=AME
(1DAQB+C)=AQB+AQ®C

(2) (A+B)Q®C=AQC+BQC

(3) (kA)@B=AQ (kB) =k(A® B)

(4) (AQB)R®C=A4AQ (BQ® C)

{2 e 2 W s BUANT R A Rk e i, fE—REL FAQ® B #B ® A

Brubz Ak, 7B N EREE RS, BlwsERE Ay By C. D, HAERERN

AC 1 BD ¥J777E, (A ® B)(C ® D) = AC Q BD.

MNTHREEH TN L, AX8: AQB) =4"Q@B".
FERPES 2, W R ROAERETH S, i, EERmam s BERRMAREZER, A

BEAA M AEIERE, 30 ROB R A SR a5 . M) Bt 53 Fi 20 A (132 S R AL SR IR
TS S 40— 07 3
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2.3 BH
2.3.1 R

FPHCERAR D PRI WS, A REER M E N SRR TR B E T
AL, B b I I AR R AR O B G AT R B I 2 VR . G () R f () )
FHG fOOTEDX TR Y IR EESEE 2 PR BT S L ZER A . SRR T .

(1) GRS R B S HAE A BUE X TR N ME KT 0, 0 Bk 507 24 i X A) Jeg T R i 1
I, QRN 0, WU BR S5CFE 2 i DX 1) T B R ko

(2) WARRBAELATEEE NIEOY 0, LIXIAE RiENS, A XA R, 2]
PR BT R B A [FIEE, 35 e IXTR R B R i, A DX TB)2 s b, 0= i o i) >4
RIEA R ME R

SHUR TS T ORI LA AT L, — 8 L BR B R 2-2 P

F2-2 —EELRHENSH
PR f(X) SHf(X)
WHc 0
sin(x) cos(x)
cos(x) sin(x)
X" nx"t
a axlIna(a>0)
e e
loga 1 (a0, Haf%F D
xlna
1
Inx =
X
2.3.2 —fREEiE

SR — RO FE R .

(1) PIABREU AN B 1) P B 35 T A R8BSR 3 2 e A e, AR
[fO) £ 9] = f'(x) £ g'(x)

(2) BARBIRAGH, 2T f B SR, g LS g KB SHERUL f Rz M,
AR
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[FexgCo)" = £/(0)xg () + 9/ ()
(3) FAMEFEMSH, ST WA TR g BEORE g HENSHRUL T HE2 %,
WIETIDL g BT (g BECRET 00, ARMT:
,_f100xg(0) = g'(xf ()
[Fe/9() = T

2.3.3 Ik EEN
F -G RMRECR S, AT PR EEGEN R LN, #2050 (Chain Rule) &3KRE
ERBFHA—MNEN. BHFS5gRAEERE( o g)(O)MFE, N o ¢)'()iIHEARN:
(fed)(x)=f'(g(x)g'(x)

i 4, Ekﬁﬁ@ﬁf(x) = (xz + 6)3[34]@@, i&g(x) =x2+6, h(x) = g(x)3, Eﬂf(x) —
h(g(x)). WIFHSEF GO SRR LT

f'® = h'(g(x))g' () = 3(g(x))*x2x = 3(x? + 6)*x2x = 6x(x? +6)*
2.4 HEItE

241 IRE

TEA B R R SRl AR h 20 R s R S B A 2 5, XRh 2 R ZE R
Fon, H HARYE R ZABA R Z0E 2 S 2, BN bR 2 B R AR oA L 11 SR Hh 45
SRR 45 R R ZE R TR/

(1) 777 (Mean Squared Error, MSE). 375 R4l # a8 WHRETE T, v
RZENPE ISR, P IRZE ) — RO R ERI %, 0] LA RPN s A .

(2) tpifEiRZ (Standard Error), tHARITHRIEZ (Root Mean Squared Error), s&ffifaff
A EE, RFEAMES BABENESR . ST RIEREARRK Z R EE, IR
KANEIHETE], AR RIRE B 28 — N AME, I LI {F 0 b o 22 T B FRAE bR vt 1R 22

FRiEIRZERE /N, FEA AR AR I E AT, R bR 225 5 B T T A 4L
WA BB TE, bR dE R ZE NG, REASSE AR Z BN, M= TR
I, FEARZE N TR R S SRS L.

PR ZERA XN ARG U RN S, NI MERGIBIIREE, MR MRS
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SRR AT B HORE P DL A B MR AR SR TR IR ZE RN

(3) #rifiZ (Standard Deviation) W2 Fliid FEA SR AT B BIORE AL o Aot 22 (R EDEROR U B B
B A, RPRERE, WEMARMENRE; Kk, FHirdEZrE—N, MEERA
SR ITN

242 IEE

BUEEE B TSR LEs 2 D) Sk o dr 65 SR AR W S E M S b, 2 SRR 45 R .
TENLAR 22 ) BE N AR, W A — S BB v 5, SR S R E R . — T
RPRETEE A HRMER . B FMER SN I B RO O EE, RRIEE
S5 FEA RS E AR . F WBE B BRI S SIRES. SRS, Vs
FEES . MR, BE,

(1 BXJLEAEE (Euclidean Metric, RIS ). RRECHE 252 — A% H IR = € X,
FRTE m SR A S R B SEFE R, B MR EAKE (RZ SR E S e ). £
YEFN =gz (A, RRPRE B0 A2 P 2 TR PR S B B

B, ST 48P BRI RS a (e, y1) 5D (g, vo) Z T FRIBR B R 2 A 20K

d= \/(xl —x2)% + (1 — ¥2)?
[FHE, SFF =487l L sa(xy, yi, 21) 5b(xy, v, z) B IRR FEE 2 A 30K

d= \/(x1 —x2)%2+ (1 — ¥2)2 + (21 — 22)?

MR ECEE By 2 FE S Rk P i FIRO 20, B s TS TR KSR 40 3 s Al T DLE B PGB 2 47
TE,

BARRK RHE S L A, HAAB S WL E, O R EHE R AT ST B, Ho2E
AR, XS EER PN @@ B IR S . flan, modEE, %
B NRIHEAG AT 08T, (R AR MRS TR MERANFRF, 15 ARHAMEREEFERK
IR F, KA BT 1A B A RK IR B 1T 5

(2) GIKFEE (Mahalanobis Distance). I [ B A2 B B BE Geih 22 K S e hr i B g Hi 1)
—FhRRNBUE T T E MR MR . X 7 Z 0 BRI R SRR AR A R . SRR B
AFERE, CEREISMEFEZ BNER, FHERNELRE, A TFNENE. SKER
AT F IR A R ARG RS TIFRLEE 74T

(3) 2MHEEE (Manhattan Distance). 2 FA10ER 25 & BT /L LRI R E « AT i3k
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PR —ANAE, R — M AR U EE R R LT 22 i, DR B A s AE AR AL AR &
L R SRR R R B, MRskhs B A SEHIL B RRIEE, #
IR X, AR 2 I RIS T sl B2k i)y sRBA H (o, JRPIBAR TR, AT S
ST, TR EIE R

X YT mla (e, y2) 5 b (X, yo) [V 2 S U B «

d =[x, — x3| + |y; — yal

(4) PItLE KREEE (Chebyshev Distance). VIS KFE B & mm =S a R —Fh &, B
R R E 8 5 XON L AR BB ZE (I KB o Bh(xcq, y2) Tl (g, vo) P AR, DT R BE
B oAmax(x, — x50, |vs — v2D). VILLTE REEESZ BES BRI SE K. S TFRAngERAR
(X, Xy, X3 o, X)) GZED(YV1, V2 V3 oonr Vo) VI EL S REE R U1 R -

n
d = lim (Z i = yd")
i=1

(5) XEKIEE (Minkowski Distance). [x]FGEEE Y HUAE I AT REFEFE S . 6T ndER
AR a(xy, Xy, Xz o, Xn) GLED (Y1, Yo, V3 oo Yo ) ZTE AT F I3 BE 25 1 52 an R s, Hodp

IEé—/l\étE%%:

1/k

B ER AKX Fp = 1, SKFURRE SEWETE; Zp = 2, R R A g — R,
WA RR B B A —FhHES ™, BRIREE B W RIS BE & hp 25 T 2 (9 — ARG 0L 1024
pRaI T IE 55 KIS, AT AR DI L S R

(6) #HPEE (Hamming Distance). fE{F e, WS TRFH 2 (R i B BE B 2
AN TR S DAL B AR R R AN BAE UL, BN AN TR R AR R A A — AN R
T 7% BB e I A AN

VB B AR AR T R B I R AT R I IR R, AR, e R ER
TEERMIAN S X R A R, i 1 AN, ATBL 11101 R RHE S 4. i,
“1011111”7 5 “1011001” Z[a) g AR B 2 2; “2243896” 5 “2533796” [ f g A B 25 2
3; “bejing” 5 “peking” 2 [u] (¥R EE 55 2 2,

X E K, R R K E AT RN LR, RER e IR,



26 | HENESREFINAL

Lo Frtt, I H AT DR 5 sl id 58 4 I ANVEIE ) e 2 = A AR WA FRFa5b A1)
IR AT LR R € i85 a — bR &

2.4.3 #HER—K

JH9—4t (Normalization) [ H )& kB — N6 RAEAS [F] 4328 _E FAUE XT3 2 X [E] [0, 1]8K
[-1, 1]. HA—fb2—FEUETACEE ik, w40 T EAN B i A ds 2 ad i e R AL FE s, PRI
X ETE—EE 2N, XS N T fE s B 78, 2N T SRIEREFIE 4T H N
PRUSEL . — M WA —4k 7340 R B

(1) 10 AJEAIXIERRE . X ERR B AN (x) = 1g(x) -

(2) min-max JH3—4t. min-max H—4b 75 0 R B e v o2y, 15 45 R b 7E
[0, 1], min FREHEE B H/ME, max RoaFdEE R MR RE. S HEE—1x, BMEH—
AU

X — min

f) =

(3) z-score JH—4k. z-score H—ALII7VAEAER) 1 8 46 R P E AbRAE ZZ 3E AT H 5, Ab
B2 JEMBIRER & IS AR S, YWENO, HEZEN 1. N TEERx, EMH—fLAX
W, HA R AEARSME, oA bR %

x—u
o

fO)=——
B LR R A TR Ah, HAl A — TR IR B £ (x) = atan(x)x2/PI.

(x+1)/(max(x)+1)
10 Fo

max — min

log
2.5 XD

S W SEAE AT L, W LB A0 77 NEdE AT (Binomial Distribution) .
JUAR[ 3 45 (Hypergeometric Distribution) . ¥ #a 4> #i  (Poisson Distribution) DA J& 1E Z 73 ffi
(Normal Distribution)

251 ZIn9t

I A R R AN ST ) 5 AR PRI I B O R AT DL, IR T
R AR PAR S M RS B, CRIEA L™ R 30y 90%, I EE A il U™ i 2%
R s SRR IR ARG, T R b U 2 (0 45 4% 7 A o (¥ 20 A1 R 3509341
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ERULHIR, Mn = NI EZF 5 i .

— B, IEREENIAE B A S En Ap ) 350045, Wk 36 W45 2 ke R B
Mt o B pR R T

fk,n,p) = (Z) pc@-pn

filtn, EATHAE T SEEG, O IE A R AR 0.5, B 10 ¥k, TTREZ
A 0 WIETH 2IE 2 10 KL, WG HFA N IR T 570 A B 7n B i B 2-2 Brs o

0.25 .

0.20 1 P

0.05 I I
0.00 —2 S
0 2 4 6 8 10

E2-2 #EmIEEE ER RS ARG

2.5.2 #IUUSH

LA R GE T — M B A, A I AR AL, AR ST REAR R . 4
n=1 I, ST AR BUONESS A A T n FECE AT AR B0 IT T 55, 8 LA 245 R
NI A U AR A IREEA TP TG . flan, EARA 100 4 THH, Hrp 30
Ptk 70 A Bk, BIREEAMR 10 4 RIS 22 3], ok 2ok TREIT A A% x 2 —1MbE
BLAZ R, 1 x (50 A BRIl LA 23 A o

2.5.3 ARSM

TERR J3 A1 e 4t 38 A AL IS T P BT R A BB R 2 0 A o ol 48 3R 5 AR B
() P9 RO T SRCHR . DRI 8] P K Gl ikl NS o YEAR 20T 5 I A — R BRI E, 30053
AT AL TR 20 A 78 25 2 I 18] L A0S 2o VARA 70 AT MRS BT s B, Herh S 80 s
I ) A R AL S AR 28 R A R

e~k
k!

p(k,A) =
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B, SEIEARLERRARTFERAEZRA 3 K, WA PALH A RER 0 3] 10 K
MER, Wl 2-3 Fiiaw

0.15 »

0.10 4

0.05 1

0.00 4 T t =« o
0 2 3 6 8 10
B 2-3 AREFEFRREHERDHRE)

2.5.4 E¥HSH

TRRI A — PSR A, FEE AT DU 0 A L B REATLERF  2E P I TR 8] B
B, — R N K IR T BT B ST R R AR (] TRD B, 8555 & SR 70 A A AR — 5 SR,
HIAERE R —FEENLE R, TR AR, 58 N REENLEAE S5 N+1 BENLSF f i ]
AR AT G IR B AT . — MRE AT R R BN T, KA > 02— 1S4,
WRARAERZH, AT ARG DB H A I 18] P e A A2 T ) KL

(e x>0
[ B _{ 0,x <0

—AA1 =05, xBUE (0, 200 HIFBE A RKBINE 2-4 iR

0.5 1 |I

\

04 \

0.3

0.2 4

01

0.0 4

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

E2-4 {EHSHEIRA
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255 IE&HDH

LA AT WA R A, AR AR BRG] S A B D Dy A MR
FEAR 2 B R BENLR ZR AGFEM,  SRTITRE— AP ZON 25 3 AL R AR RN, B faAn
AT AR IE S 7341 o T2 73 i i = 2 2 ok onf BE AL AT B EAT J0 A, AR 2 S ATt
T IR AT 5

BRI AE N —FES I R B A, NIRRTz, HaitE AT, Hdph¥F1E,
0'7"3*5‘?&%:
1 _@—@2
p(x,u,0) = Tt 20

Blan, —ANEERRIEAS A SUR I 2-5 Fis.
0.40 4 I/\

0.35 4 II \
0.30 4 / |
0.25

A
.

0.15 1 |

[
- )\

-10.0 =75 =50 =25 0.0 2.5 5.0 7.5 10.0

E2-5 — A MERMESSHRE

2.6 SEU&T

2.6.1 M=

BRI HARE AFEBRFIEPEEY LR JCHAAMRACI ST, WHE L
W SRUEBER. SEIRMER. IR AR, s T.
1. SR

MG B L T BRI 0 A DL, XEPNBENLASE X A1 Y, HIRE A 2 RN T X
MY KR £~ RIIMFIEEAES, R A HES B HMARE, 5 A BAMRE
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5 B FMIREAERM KGR, WRAKRTRAEND B FMREMEILT, ASRFTRERSE
=, HIRIEN PAB), Ronft B HAFAEMAIIE T, KA A FIFFIMER, ANt
(1) B SHAFAOE M ARAE A HAFH R SRR

2. STl

SR NI DGR, £ RIS LD, R A S0 5 B FHHA KL,
U PCA) BRI AR A HAFIRISEIBEAR, Jela M — FARX AT REAR, A SR e da =R U
AT B FHIFHIRAE.

3. BXxEH=

ELRTPI MR ROBELA X A Y, BEHUAEL Y 74 XX} T %% P 25 A1 A 24 B
X IR x M, Y HIBESIM A I 2 B AR T D A, 76—
ROVBR g, R A SR B AR, W POAB)R AL B B/ R 5

2.6.2 MMHHM&ETT

TEFIH AN DU (Naive Beyesian) ik in] /2 |, /o752 1 f# DIt g 2 (Bayes'
Theorem), KA 28 D1 3742 2T DU B0y B Al AR MR 6 7 AR 20 . DL} M g L2 AR 6 148 o
P— e, B SRR RAENR DD SR A K. fER TR IR, N
I E B AR S 1 A FRA T A0 TR BRI S A BIE . XA ARRCRE TS T« DUt

B, FAEFEM B ORAD KM TSR, 554 B fEFMF A &M Tl
A—FEM; AR, XPIE A ERE IR R, DB B R N X R R IR R I A
JEAESAE B HILHIRTIR TS, FH4F A HILRERSE T34 A BRI T34 B KA MR
Fe LA ] A LI REZE FERR LA [R) B HRILAME S . I BX R FHAE A 534 B, iTEA A
PEP=AE S — AR, BOAZE SR R, Rk DU 28 =0 R B«

P(B|A)xP(A)

P(A|B) = P(B)

FERRfEE L3R UL e B SR A L, AT DUBCAF S BRI T AR DL A 0 R . 5 R
FRAF BAL L e R A R, B BUE BT K, B s TRAEA R, BRI ATEL
W FTAFRE N — N EREW = (Wy, wa, ws, ., wy), Hw BIRRI PSR, {5 B
Gy BT LML — A ZBIFRIL RS C = (€1, €5, €3 onrs C) o TEBATRHE: 21 20T, FH1EW; 5
RIRC IR AN RHEE, FILHERATHREPCIW), Bt AR iw, BT,
fEEE T 28510 C LR, MR A ARAE DUH- it 5, AT
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P(W|C)xP(C)
P(W)

PRI T AANAS 270 2 1) RE B DU S A 5, BISRORON: FERFAEw, tH BLA S 0L T 2 15 2 e
MERI ¢ IR TAERFAE 73 PR 10 ¢ 15 L TR Ew, I ILHORERS, DA S w 72 T A R v L LA
PW) ) AE T ARIX M AEAE T A 15 B B, B2 AR Ew, 25 405 2 15 )8 T 0 Fhrilc;
ML, A B R,

2.6.3 EAMLPAMELT

BASRME T (Maximum Likelihood Estimate, MLE) &4t FI MR HH8 T A,
BRI B IOXEE— AN 25— HREAR R DL — AN A, (HR A (1 S 0% AR AT,
T I X e R NSRBI ALE CARE A R E RO, BRI E FEIEMSHUE LT 2
PRI R A2 K

RIS, el MR TR O T SRER SR MER AR 1 IRA RIS O T R R
Bl R BLR G THRATE S R AR SR A ATREM AR . Biln, CRpLIz i EE & S BO
FUBERE TR, X BN RS R R, SIS R NS R . SElR R A 2N
BEHEOHBLT, SSBCEMYBEROBER; JERBER TR RN Q2R EER, AT
BEJR THLZ TSR IREAR s SRR T RIEHIFE QA BB R, WTHS K AT e 20T
PEIEAR AR R, PO AT REIEA H AR, KL 255 S5 A

XFFERORURAE T, AU —AMI AR TR B, RS RER &b, Bl
AREMA G ERRR, BRSO ERIRELEIRE, @ ARG T hEl —4
P ReEk, JFCsHEGIE, R REREREETF, BE ERERE, fefdils e Rakgit
I LU T T P R e ek S B G S BB LU . H A8 3 TR SRR AR BB S
6, HRAEZSHEENEILT, FEARRENBFRERK.

G - MBERDAD, BUEE MR R MR R RO, Ui B3
6, AR MIXA 7 A SHEHn N EA X, x5, 0, 20 ARJEIEILf, THECR A AOREAR

P(CIW) =

P(X1, Xz oo, Xn) = fp (X1, X2, o0, X |6)
AP R S 5 B A X PR R SR A, TR 3 o B R OB T (R R B B A e TR AN 0
{6, ATRUES I AT AR OME . B KRl T Tl 50 e nT BEAIAEL, A A B
HONFAERS, SR RAFEAY, xp, oo, 2 IR B

N AN BL T R R KRG AR RO A ORI, ST, B, A
=AMAEWNET AL By C, B AE TROERRMAGERER, /A B, C a1
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BEALEL A8 0 5= BRI ME 240 & 2/3, 3/5, 2/7. B#EAE AL B. C =& THEENE T —4
BT, B G TS BRI S, ARG R &, — 3T T 100 YRER
BRISEES, Ho 40 MR, 60 KEAfEER, WXANMETRTEEET AL B. C
HA R — A 2
2 2\%°
P = "< (1-3)
3 60

60

P(©) = Cyox(1-3)

Wi FA AT PC) IR R, BIMEENLI & TiRTRER &1 Co s KU
JPHEI R B AR R, AR S SCPR TAR P 2, (E MRS B, AT R S B0
ZERANRZERCN . Fln, ENETHEEREREE T, R AT T 10 KSE8, B ATHR S,
RAIRTTRE 5 CBr W22 . BN BRAG TR EA R B

(1) BEERARIRBTR, CHRSES 2 R, FIONSTRREARE, M.
(2) FEREELAEI, SHUCR AR FA i

2.6.4 EXRERAT

ENH g id, mAERAL T (Maximum A Posterior, MAP) 2 il it 22 56 K4 of #fi: DL 4y
BT s AT AT, B S BKBSRMG T A — @ R, (R B KRS T #ifhit 2
et v, AIXAS A EE T DK K5 30 A5 TR B KBSt TH IE AL . B AR B K 38 A
TR T AR EAR, EREARE bR R i, ke AR T s
XA R 9 B R 30 A TR B B At vt T DL A ok T2 A8 Bl A A s AT S5 e A, D
Wl oF B ) T S B Ak T I E B R A, BT AT X R, AN TR A

T HRAESR AT, AT COEN UL Rl T T BRiE LA ST, BRI e
ftdm, BEmA 5 MK, A 1TK, FEHEEWE 2-3 in.

%*2-3 EFFAEEMLENHE=E

BETHS 5 fmEmEE 1 TEMHE
1 100 # 0 #
2 75 # 25 M
3 50 M 50 #
4 25 ¥ 75 M
5 0} 100
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BT E 2-3, WRELN—AETERHK L oiEm, REETRNETRS. XA
KA B A SR BNER, BENETPREES 1 o— KM IEJvp, MFE
IS PRI R 2. L, 23 5HpN: 0%, 25%. 50%. 75%. 100%; MEMAIHESR &
p2, WKt p2H: 0%. 6.25%. 25%. 56.25%. 100%, FULIEFTRESR M 5 a7 hELH
o

Ei s, ST RER MR RN, HUE B RS A b, BTy R %
fr: REMERIG T 1. 2. 3. 4. SHBRAMSE, HENE THREINMRNE 2-4 Prrs.

*2-4 ETHBENGEESH

EFHS EEIE (g0
1 0.1
2 0.2
3 0.4
4 0.2
5 0.1

FEMAFAET, BN DETHERIH 1 T M, KA RN T MRS AR
RACKER A 1 P i) U 0 g i K I B B 1) e, AR d K5 B 3 2 3K

MAP = p?xg

MmEKply: 0%. 25%. 50%. 75%. 100%, gZr#l’y 0.1. 0.2, 0.4. 0.2, 0.1, KK#IT
HER TS HISR B2 4 M & T MR RO,

2.7 (B35
2.7.1 iEN3

R (Linear Regression) JE 4t 2% iy # T MAE AR ) B A& & 5 RAS & 2 (A 2k
KARM—FhEEER, FIRBERG T, e A0S 2 A8 & 2 (BRI 2 B R R
—F Gt o34 .

FELAE R AR, Bdia R I 2k o A 1 5 ACEAT B A, o AR rh g R SR 2 MR
AT hTh e XA B AR RIBR A] DLRoR v A

Y =Bo+ B1Xis + foXip+ -+ BpXip &5 i=12,..,n

Hey 2 x MZMERE, g2 RET. Y FFRMFHEASLHBERLNEMN . AL R
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BRRIFA—ERLNERT, H S B e ] DU 2 R B BOR . o T — M ] B 2
PERH, AR Y-
Yi = a+ Bx;
FRAAR R AN IR VA H TS 2 B AR R, L mlUH 2 30 R s
Y=a+fx+e¢
AN NR A2 8] U5 23 B v s R e )2 RS, R 25 SR TN DA K% R B % 3 b N O A
/N T ARE R AR A ) — R R T, WA RN T /S T ARE AR T S
RAINE I ELZ N 1Z e & i B L HIBE B MUR AT e/, RSP I AR /e RS R, Al
MR ERZ PR LRSI, FOVErTHSER e, 22— M A5 Fridkem
BB AETE a0 -

LY. FC0) = Y On = F)?
i=1
AR, y— FEORRIIE, LY, FOO)RR IR TR, ST R M5k,
SRR RN B T

—kZ L IRINELIIRE, E YRR R Zon O R B, AR 4R RRTR, ARE
LW E AR, B — SR B, X O R B LR R Rl o X AR
AN R P EL R BB RO, M AP HAR y fiii s e, Hzashizy irirdks5E
LA R RBE B IR, IR 2-6 P BOXUA] Hi ko

Y? ©)

> x
El2-6 msh_SEPREELAEE

B/ T IRTR I AZ O AR S T B ME R ZE P A, R B B AT RE R RO R . i,
TE Y AAFR AT AEAE LN BUE A (10,200 (11,23). (12,25). (13,27). (14,26), FHELH—
BRI SRS R E L, R e — iy = ax + b, BIEA S HARNZ o R
55,
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20=10a + b
23=11a+b
25=12a+b
27 =13a+b
26 =14a+b

I /D R R AT RS 55 5 PIA I T ZE E R/

S(a,b) =[20 — (10a + b)]* +[23 — (11a + b)]? + [25 — (12a + b)]?> + [27 — (13a + D)]? +
[26 — (14a + b)]?

PRl SR /M B AT I X S(a,b) K A S HGRTS,  FHAEAS —Br S EIE N 0:

as
3a 1460a + 120b — 2936

95 12a+ 10— 242
b ¢

RIS 2 TR A IR a, b 1 0K T2
{ 1460a + 120b = 2936
12a + 10b = 242
W IR o O RIS 3a=0.0243, h=24.1708. [, 7E iR HA A, @i
BN IRER B HL T y =24.1708 4 0.0243x, T MBI H M E RN B4

/D CREBRARE LR AN EATTRER A, HAESEERN A M ARE T, BB R
77 RE AT DAY — AN R BB, % R BSOS T DASE 5 S ) AR RARCR B lan, oAb
TARAE MRS TR, HR T E LR RAER L — R R AN A S 5m, Bl
R DO I R AR AR R S O N PR SR AEAE, IFPR GBS e A bR, I R Rk,
LRSI R R IA R, AT 24 53 A — S B bl i BRI, AT DUARE
TG IR RERE R 1S T RE A R o

bR I R e e ) R SRR T ABEAT IR B, (HRTE 2 I, 7 AR R A ) R
R ANERNE R, 8RR 2 WG BT ST A B, (HR SR EAR T A — 2. BAR
RANTIES T EB, AT I, BRI EE M IEOL, SRR A
Wrign)s, HERESREMN, ERECERmMN T EENEOVE R N T RREL G, BT
NTIERTA N TR RN TR IR 3R DU i ) T RIS .

Brim/h —aRIESN, BAEE T R R LNE B R TR — o ZRPEIRIA H AT 24 MIE
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THEPBIAOUR, BRI ZINEIE SR 2P 2 S A SUR BN ], —REBUESTH 3 Hr B T

>No

2.7.2 24503

WHRHIH (Logistics Regression) & —M/r2R777%, AR RIA 5>y —juig 4 9 M £ 5
BRI T e R RS E AN, Fath True B False SRifi e € /2 18 T340,
HEHETIXANEAME . BEREIAGE S m, NIRRT 2, EoREEh GEER &
B HAL . 0T ZonB AR ENE, —MRT DA B AR SR LL R ) R

(1) UM 2 75 M) SRR A 7 it o

(2) £ mEgA, #E T RITER .

(3) FH /2 15 e A%

(4) AW PER IR T IR I P I 2 i PFie

& ARIVE S e it paY 1 A

WA, oAy, A - NME AR, wDIERZH, AT Bk
t=wx+b

h(t)JE TR AR KT 05 Wik Ny=1, — M KA Sigmoid R EUME N FE 5 bk L,
Sigmoid B EL 1) 22 R B s

h(®) = 1+et

Sigmoid f B8 F il 28t B 2-7 FiTa, Sigmoid BRI BRI EE X (A1 7E (0,1).

1.0

0.8

0.6 q

0.4 1

0.2 1

0.0

T T T T T T T T T
-8 -6 -4 -2 0 2 4 6 8

2-7 Sigmoid L

WA I A, AT LCKE Sigmoid BRI A AL T VAR AR A, 7F:
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1
14+ e Wwx

TR BT IS Kb, ATCAEEAE bR —METY 1 Hwo, PIEAT LR AL 1 x ) 2 Kow
Hr.

BHEHEMEMBZEAE - ERRR. XN T D4R AELR, Hx=
{1, X2, %3, %5}, MEAE TR BB HIATIZ T, BR AN ZGSHw th 55 AR 4E L — 2, RD
w = {wy, wp, wa, w,}, AR [ENRT LAAT ] 2-8 Ko

O
@\W \
e
W /
@/ 3 / z
o
2-8 ZBEEANERAERT

MR DU AERF AL RN (R e 10 S R R 2 Hw R N 1) 0 AL
BV N AR [ A BN EFE L AU

B 55 i N R AE [0 1) A AR 45 SR U 2 Sigmoid B B AAN R I0T, - Sigmoid 11 F A4 22 X 2%
0TS B BURALL, - Sigmoid % tH TN —Fh 5 S04 .

EAREZ B K ] TR, SERR BT CLR 2 AN IZ AR B A AR D 53— AN R [ 7y 2K
SN, IFHALZ R PR 5 888 5T ) AR5 103 . 1B 2-9 SRATINIZ AR m1 ) 732K 2%
(ki AE D 5 — N IE R R KA A -

%)

— < [ Siomoid
O ——
%)

E2-9 BAEBEEEEEEASI I BIEER5 2R

h(x) =
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G Sigmoid 1738 55 0] )7 4 2 28 F1H7 45 Sigmoid 2 (3% 55 0] )7 4 288 K f 4 ) 2 ay Mlay
[F] 5 ay Mla, 72 Sigmoid 332 45 [B] Y5 73 &R AN o S 2B 1)t o — 76 0 FAE 55 Hh KO0 ) )5
Ui e S8

B A FRZERABHTH S, AT RARLNERI > 18 a0, 3T XA 7 K5,
R S B REARM A o B REAHEAT R 20, fT SR BN AR M U9 70 2 8 HRERI 0 &l 2-10 o

\
\e 0o
®4 oo,
° \oo o
®e 05 %0
o Oo

2-10 BNEERNSENS TR

M E 2-9 i =ANEHEIHHA S, Har A Sigmoid 11#732 55 (B3 7] Gt 47 ki1 2 a1
2-11 iR

B 2-11 &% Sigmoid 1 FNBELEFHS ==
XA Sigmoid 2 FYiZ % Bl H AT REHEAT IR 2 a1 2-12 FTw o

B 2-12 %8 Sigmoid 2 fSZ5EEITK SRR
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I R i A7 Sigmoid 1H(32 48 [a] 58] 73 R 75 47 Sigmoid 2 Z 4R B ) 7 #EAT 45, T AT Ag
SRAFHIRN > ] 2-13 o, A ROt 1 ARZ M K

2-13 AHBEMTZELRYSHNREERTE
JEA LML IZ R B 7> s, A AR RO — NI 6%, X R 2%
iR LR 14 ) AL
IR BT B B A AR TR AR A 7 SUA LAt 0, 2R ] )T ] DAARBR 5 SRR Al AL, A —
NSRRI 7 2K4E%, B R — LR KA RFAE I N, AT LA 5675 re HTZ AR m] H R A ok

2.8 FlEin)R

2.8.1 P [a)g&

P (Polynomial, 2 iix{) il AR —Ff BAT 22 B S0k i) e 1 e A, 3R mT BAAE 22 10
e ) PR A R ) T AT R SR T LR o P S M P A R SR B — S SR BIRAE n (%
TR B, ST DATE 22 XU 8] pAY 22 kPR 5 P8 P A T P I TR BRI 5, Dyt e
(Fr—Asefil, AT BLAE 2 T2 TR P9 SR E B B2 BT

Z iU 1R] (Polynomial Time) J& + 15 & FEEE F AU H WS, R — D RIER) T
BRI ) () AN KT 1) AR/ n i) 22 A 4

PRI REELELELL,  BATTH SRR 1 UK 2 K2 P pal, BBl . S B AR aE
2.8.2 NP o)

NP (Non-Deterministic Polynomial, ETfiE 2 Bzl [al @IE 48 AT LAFE 22 T 8] P 4% i v
ARG EER . 0T NP R, ATREEAE — AN QRN g g il 8, E AT DU i i
2 SR SR I 1) 7 2NTE 22 0N (R 9453 B ) A, XA A FERE, P2 NP il i)
— AT [FIIT, NP ] @A — 5 A2 ME AR 11 ] i
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2.8.3 NP-Complete |a]g&

PAECEN P i) R AT DAAE 22 502 ) A A e 9 I R, NP ) R W DA 22 T 2 [ P 62 00
— AN, i NP-Complete (Non-Deterministic Polynomial Complete, NPC) i @2 7E NP
] 8 ) it 2. ORISR 9, NPC il f 2 NP 3452 1) i () — P4

NPC G| T LIS (Reducibility), FLZRT AR SLERMF Ay, — A B AT DL ok
FHAh— AR, B T R SR A T DA 3 53 A — AN R R A . BT, 2 — oo O R R B
Rff 7 I, W —Je— kT TR SR AR 7 st Nz B A B AT L T RS, — AN A
LN F A B, M B KN A A EAMET I A RIS, Wit & B
AT & S AE e SRAR— T0 IR T R ME BE LU SR — o0 — ROTRE M MEFE v, DRI Pl A SR i —
TR RER T SRR — e — kT R Ak, EAFERMR, ML B A Eib k.

T 2 AR PIANRFAE 4 1) B0 J& T NPC ] 8

(1) ZEE T NP A&

(2) —/NTHI NPC ] A8 2 F)1% 0] 8o

P ) NP il RS RERLZ) ] NPC [/, RBEAET > NPC [ AE 75 4. 2A A A 2 Tl
SRR, ZRERLF-FrA H NP A RENS i BiZ AR, W SRIZAE A dmd sear, I NP il
PR T P, HSEPR B, NPC Al H BTEBCE A R 2 TGS, FA A geisid £ 4
P M e g i A R AR AT IR

2.8.4 NP-Hard [a)&
BUSRAFAE SR — N L, (AT 69 NP 1 BT LAMLZ) BB L, U ) B A NP-

Hard [A] i .

HRETEAR ST P8R ST NP o A AELE G, X Fh 4 1507 B 11 o5 A A SR AR 1] A At
4D S AR 6 I — A8 A2 75 976 A2 12% I fL ) ¥ 55 75 A I+ o

7 P IAEISET NP )@, U P /. NP ["#. NP-Complete i, NP-Hard i & [ 2% £
K 2-14 Fix.
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NP-Hard

P=NP=
NP-Complete

2-14 P=NPERTHUEXR

35 P BT NP R 8, JU) P )@, NP )@, NP-Complete [4] . NP-Hard j] & ff) 5%
AW 2-15 iR

\ NP—Comprete/.

NP."_

2-15 PI=NP ERTHEXER

BETIS, ALY P B NP BT, (BRI,
==
2.9 AXREING

AEMNEE R S MRS MBISEATE ZREE, B NP RN, B
TS RAIRFE S ) o R BN BCE IR . BUE TR —UINLER 5 I I al, ik RiRZE T HIL 2
FREGTHED, M5 40 A0 v] D& AT A Bh B o0, DUk s e ARt L SRR 3R Ak
W= %A0E, SmEH TARNG S BRSNS — e s2bm @8, Ef10R2
AR 2 28 — B AL Z AL s 05E im) @ i PRI, NP jH) @, NP-Complete [ #. NP-
Hard [ &8 0] 7] A% Bk i REUSEAT AR J53 40 A, 58T 34 I R 1 77 725



£3
NesFIWE

i

BLES 5 S A A 2 TRl At 2 b, KSR b 230 H R A R e 7R, R I ) PR A e
R AR FEAE AT 0 BB I 5% MRS THEFP SR BERENESE, BT R 2 O
TR G AR R AR BRILZAh, BLERSE ) B 2 (R R A Sl i s s 22 33k 4T
B R, LIPS 2 S A AR R . ML . AhE UL, SRR RENLAE,
WL 27 ST S n] DL R g fe ) — sem] Db THENLEEAT B30k “ %307 BEI SRR,

3.1 R EIRIRE

3.1.1 BEE=z3

A I IORARE O BN GRERAR BRI AR (o, i), SIS v A A 2 51 e PR A
SH, W SRS R B BRI I REARBEAT 732K B e/ BRI R,
I R AT R SR OR BAT SRR R 0 AR, 5 Jm g 70 SR T Ff 70 228 9 S IR
BRI 2K

A B 70 2677 AT DA A S B it , o Je I B b AT R, (B B S t LL AT
WZREHE R~ N O, BA—E RN, I H RS e — 2 KA. 535t
7RI RN R W AR ZREEE (50 28R, A e,

HHEA WA s 2R, T2y N (Regression) A1432% (Classification) Wi,

(D [EI R iR A TR, S Ay —ANESRE,  FLf (o) B4 H o2 JE SR
YO S A AT LA 2y D [ e R, AR THSL Oy, LA 2 R [l A AR (] 5 4

(2) sp2RiE, iRy BRI AR L B B, AT DAL 7 2K e, DL 5N
E, WL RAE R AN DU SCRF RN

XA BRG], SENGREAR (x,y), HPikT 1 HATRADAEE, %
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NERIASEL y AR R NS, PSS CRIEIIGREAR (x,y), IERG AT
— AR RS (x), A5 A AR R B () E R TT R A H AR BN By f Qo) MU RS T
X Sy MINAERR, —ARRRA B R 5NE 3-1 fis.

Input x ————=| Model Func: f(x) Output y

A

Build

Algorithm Training Data (x.y)

E3-1 — M ERNEEENREIRGERE

3.1.2 iﬂﬁ%ﬁ?ﬂ

To B 2 S AR B NEAT S I kiR EE 2], AR BEAT S80I 25, o2 A A 3
(IR A K B R AT O R R, SR T L A R X AN R S R (R B AT 7 0, M J 1
SR BAAENE.

o B 2 21 B 07 O T 4 SR A I R RO, TN AN JR) IR T2 i B TR 2 . i T
e B2, RN, a8 A — e, (Ha— RGeS M7 kA
WEECNE R, TERENITZE, AH R EUF TN GEE F . SR I M B o 2] 2 3R
7% (Clustering).

BRI B ST Ah, B B 24 3] (Semi-Supervised Learning), ‘B @I AE CUE ALK
il b, i SRR AR ORI RS B NI 5 S 7, GG TR B IR R
% B

BB ITEINGE, MNFEEERATLSSRE, FEEAINRBLETEA
i 2 N TARC IR AR, BRI BL 1 20T 59 B =2 S A B 2 ST AL, (EREATHR
A MBS PR B S 2T R I M 2 ) KRS (0 B A R R A A e, AT
R 2 ST B AR IC AR, XA T7 20AE 24 R LA 2 >0 o s A

3.1.3 ‘HZFEI

L2 5] SRR RIE T A AURSE T 0BT o], DMUAHRILAR, R — R
BB AT R BB ACR . BRI SIR T M S MM e T2 A S U —
SSREANR, TR S TR IS, MBS L T M L 31
i
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*3-1 AREFI. THEFI. BUFEI=FHE AL

BEF3 FEHEF BiF>
A EYNRIEE/ES Ry MR e P
S5 R TRt 2
Hiig& TP TR ] N AR LIRSS BEAT Tzt

BEE IR 2 SR RS, ARG NS 2 S0 0T O TT A BE A B 2 ST IR BE 4% . el
BRI IREIREM S . XERREGRIFRE R, AHREE] SNSRI AE
(752 BN, CRERPE A 2T A4 R B T2 B S R BERAR R (138 5 1R R e

3.2 MBZEIFERRIHEZ

3.2.1 FERE

BOm AR TR I 28 h AR R LN — 30, B0E RO I T b 2 I 45 X 2% AR R 2 1
KL, i AR 2 28 TR AEAE O PR, AR B IRIEH 207, BRI TR
MR REARR, i A AR AEZRTE DGR, MR LA A STt R & TR

(1) 2R % (Liner Function):

f(x)=a*xx+b
Hrb, afIb¥INHE .
(2) HE% (Threshold Function):

1, x=c
flo) = {0, x<c
Hrb, chEH.
(3) #lH K% (Ramp Function):
a, x>c
fx) =14 kx*x, [x|<c
—a, x < —c

Hrf, aflchH A

(4) STERA%L (Log-Sigmoid Function):

1
1+eox

f) =
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R4 AR, RGO IO, FHEN: f/() = S = af @)1 - fG]-

(5) XU iEY) S JE % (Tan-Sigmoid Function):

f&) = 1+e

B ERAR, THFQOFBX ALY, SEEN: /()= 22— i/

(1+e—axyz 2

MHIEY) S sy S B R EL:, RiFIEE AR A, ZRATREER, — (-
11), HH—A5E0,1). MW FHBGER S, FEFEM T BP MM, — B E, BP
LM IRRRZ R IR S REEG f 2R s R R R S Y
BRHC, A E AVE R P T S AL K. TRARMIAT S b Mot H S AT 5 BP AR 4 it
T HAREATR Z (5 -

(6) Xih IEV)ea 4L

e¥—e

e*+e*

-X

tanh(x) =

(7) Softplus p& %5
f(x) =log(1 +e")
Softplus &£ 3: %2 Logistic pR%L.
(8) Logistic F%L.
FIARRG SHEA SBmei 20(0,1), AT

f(x)=1+e‘x

(9) ReLU &%k,

ReLU (Rectified Linear Units) pREUHHEFRAEIZIELLMEFIT, & me L% b UL IR0 R
B, IBFREIEREL Wk 3-2 Ars.

f(x) = max (0,x)

3-2 RelU =#E
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[} ReLU ¥t /77 =Fh25 % . Noisy ReLU. Leaky ReLU. Parametric ReLU.
£ ReLU R £ (13t 2 _E BN e e 7 m LATG 21 Noisy ReLU, ASXUIT Frs:
F) = max(0,x + N(0, 5(x)))
XTI AL, mTEE A S IE R IT i b T — @ R IS S AR AN E
XTI ReLU AL (Leaky ReLU), fEfIAMIx < O, fRFF—MRNIEREL, X

FERT DAk 2 80— B A THEROEIRES . AW R
X, x>0
f@) = {Ax, x<0,1 € (0,1)
= max(0, x) + Amin(0, x)

Leaky ReLU FZLE AN#E “ReLU FET:” [, £ Lemf e HRIACR L As, (H2IH
AR E o AREUE— U2 TE 0~1 [A], 540 0.01.

ST S 2000 ReLU B8 (Parametric ReLU), AR Fis:
X, x>0
f@) = {aix, x<0
R A a T LN YN TFET 0 BRI, X Fa;, #Fa=0 WA LA A AR AE R
ReLU e8%l; Ma, —MNRUNAE BN, AT DAL 9T 1) ReLU B&%K.

TERINE A IES, 2R 5EAN ReLU A3 M MEA N BN, #id e
IR HL 2% 2 B 8, 113 ReLU BECH —Fliis S EUNB IELRME T .

B 7 LR Noisy ReLU F11 Leaky ReLU W§FhAS S:4h, B A7 7E HAh i — 2648 55, 4
PreLU. BENL ReLU %5, s ARESEH 7 —H SELU UG R%L tET ReLU REIA .
CATTEEAS [ (R B E B b £ P A Y (41| 2 5 e e Af R A ik, 76 LR N I, Al AR S SR s
BRI ) ReLU &% .

ReLU pREZE 2 25 I N 77 ok 1 AEH RIS Bl AR LUAE e is sR 25, 91 i 48 R 25
X ZE R 8 %S, ReLU BREUEA LR JLRIL .

(D) HHE/N. tanh ZLE0ERE, R EHREKR, EHTRAERERIRENER, KT
AR R b, R R WEER, (B2 ReLU ¥y, HFH AR pAm, s
PLR Kk, @ T feua s,

(2) BEHEGAMMM. EIREEIMSF, IRE S B I E NS, B, R
Sigmoid T R BT I B IR, SRR X, AR ARE N, AN SEGEIE T 0,
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HWHRMRA ZIE G B E K. T ReLU BREURA 7> B AR M FIRFIE, 25 H 5T 5 fL sk S48 2
I ERERVERY, X RALGEH Sigmoid 50 BR B BE MR R 1) 7L

(3) A m@. ReLU pRELS SR ICHIt N 0, (145 WX 2% 45 i AR 1545 57
b T SR EARAT R R, ] DA 0Dt 306 1 @ kA .

AR, TR B IR SRR ME, 4R A ReLU EREERT, 0 CLTE M LA RIRHE, WE
FIFER XN, WIHA AN ES .

X1 R ReLU 0GR, WAL, BT/ T 0 MESE®EN 0, KIbXFhoE
H O R AL PR 2 AR 1SR A RS BRI, RS SR v] BETCTE A SR

et R, BERE. IR R TEmmE, Ha N ELRMmE. S TFMEMgms,
REANP L TC BB bR B o] DAAN ], (2 rT DR A —HE 8, RZHEH T, #4e
K FH B2 A [R) PR s pR A
3.2.2 IRKERH

TEREARNGIRES, A —MINEE(,Y), HPoRFEREIERINERNE, yEFEAEE
XN FIIAEE N 25 . B HLER A 2 G, BRI TN f(x), AT B 12 R ] geffif
) =yo HFQOAET y, WF=4 7 MR, KT E—AS R EOR e R R 2%,
Rk . Bk RBUENIAS A Rt ST RUE R T .

(1) 0-1 F2kpi# (0-1 loss function).

R PR R R 0-1 IR ZE R, AR TFHR:

- {%) ZCC;OO

XF 0-1 IRZRENN . FEAMKE T B AR/, M A ERIES, K 0-
1RZERBAA X7 5 M7 /S, BRCWEE, H2EREERMBMAT, WAAER
LA

(2) Log #i KR4,

Log #KBREUE 0-1 WR 72 R B — FREE R B, AR o
y = log(1 + exp(—x))

FEIrRAFHH Logistic (A1), Log 15 5% b6 80 SR (1 M
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(3) 43t o R %0
L(y, f(x) = 1f(x) — y|
IR UM R R R R e R, HAMR S EIEFARRRE.  REIUR REEE . T Rk
MBS, MRREEB/DN, FBoitESE RS HELS BN, R E D T8
I o R PREE X 2 R0 i 5 NS BT I — IR TS 5, 6 24w T 25 SR 0 SR 1 — /T4
T XS BR BB 24 B A 22 T N R0 T 250 38 SO IR TRIE 25 R B 4 =g

SR RBARINE A REE R, REE BRI TE L, DR R HIREE(E .
REERBAEBNRGENENER. RKRENATFEBRMMELE, KREMREEIBD. R,
RGE e T 04, MARGIREEMN . fe5 R B e MEX BT RS R A E RE .

AR MR AGE R R SR EEI S H 4R bR, XA L LSRR

3.2.3 &

1% BB BE SR A LR R FR AR TR, T SR AL 2 B, LR BUS 2 T8
KRR BT DAAEVE 2 B A, e B Bl 7 AN PR B AR 2 PRI SRR OG &, W LA
RARRIR o A% PREIERE 1 MR 23 (RIS S v 2 (R (R 00 R, A5 AR AR 2 18] R VEAS FT 20 14
Bl Bk g0 2 )5, ATRAZRTERT 7. 5 WA R 2 h

(1) Z8MEAZ (Linear Kernel) pRA%L. MR EENH TR R5, E TR~
17 RNGSEUL, EAGEERR, XF oS R UR R, R F— M 28 1% 1) /R H
RV R L A G, HARI T

k(x,y) =xTy+¢

(2) ZIiZ % (Polynomial Kernel). 22 T A% R 00T DICKH AR 4 N\ 2 [B] I 5 381 vy
fE. MXT TV, 200 TGS 80 2 B4R Rm, SEIZ R BT EK,
WEERER R, HARWT:

k(x,y) = (axTy + ¢)4

(3) A% (Radial Basis Function). [FZ2 Wi mE—FE, & LR — A FEAC I
SR E e R, HERMX T2, S EED . 18 R A R B INREAS R KR A
HA B REAAREL, NIRRT 2, HARXWT:
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k(x,y) = exp(=y|lx = y|I*)

[] B 4% ) A% bR B FRVE s 7 4% (Gaussian Kernel) BRI, 7T DLV A e 30 A% ok 55 (4 R ik
KoL, miZ B T
_ 2
key) = ep(- 20

Btz 4h, FeBUZ L (Exponential Kernel) 2% F i msun s, EMERET
PEES IR .l B B R AT U D SOl v, (ER N AR SZBR, AKX

k(xy) = ex Gﬁ —ﬂl

)

TEAR IR SR R A B R 2 b, 3B P22 T el b S R i iR 2 (Laplacian Kernel). ANOVA
K rR% (ANOVA Kernel) A% pRESAY, BIATZ 7] (1) 22 S AE THE R 3 S A [ o

(4) Sigmoid #% (Sigmoid Kernel). Sigmoid #% ¥R H THZML%, HRTEMZL ML
MAAEH 2, WE WL ITCREE R, AR T

k(x,y) = tanh(axT + c)

B EIR A H R AL, B A F %L (Rational Quadratic Kernel). £ 7t k%
5% (Multiquadric Kernel). %2 5¢ R &% C(Inverse Multiquadric Kernel). =% ik %k
(Triangular KerneD) 55, ‘EAITKZ 2% WAZ RN R, DURFAERRBOE MR E 5t

3.3 R EIFHEESHY

3.3.1 EJER

FENLERE IR, HEDSEPFIEESE, BEHRAAY ING T BN ZHUE,
AR T HARSHORE LI E RN, —BOE, YLk SRR R th 23 RO 2 50t A7
AL, s AB - ARG SR, R A VEBEATRCR IR B — MBS R
2 HonT DA f] BB 0 Z AU S 4

WL S B T TR K E IR W%H%M%EI%FW&%E%\
PR 2R RS 2. K-Means ZERHIHUE K &5 BSHMMERRIEF Z2ANHKR, B
UL Z A AL LR 5 =T 1 B R ,H%%ﬁ&mﬂﬁﬁ%im%ﬂﬁoﬁﬁ%%%%,
HSHOE N 25 I R R e A, MM b U2 S TN SO I 2]
WA, BUERIMEA . M ZE. BRmh S oo, IS,
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F21#A (Learning Rate) fEfi ' WS HZ —, FI T2 AR BT IN 14 5 A ABUER
SAUEABIERIERE, —BHn&R. IR E S AR, MRS RS SR
AR BB SRR, W& PRSI

S OTE R B P AR R BB R E R AR, AR R {ELE 0.001 #] 0.1 Z[A].
BN BRI T IR [R], (E AT DAAS 3 SRS i 1) 5

3.3.2 EHERH

gl R B E A SRS T i R LR 5 A — AR . 7T BLIE R Bl RO AR
WIRIERE, (HZ AR B 2 PR R e 1 . SRR AE O A 1 Z A — MR i, e RIAERE
MEARAL AR B S B — R, BRI BUE BE I 18] A2 26

ZERHN TP ERGWESE R AR T mahERERA B TR s R IEOE L
AT, RS ERBERKE T RS SR RAMER R, XARSRRAGEEARE.
% 23h B R BN RE AT SEstbt fo R i B/ MEL, 3B AT REIRZR R G ZRE L -

FEWNZR AR T B BUE B — BRI, BIEBUE AT E s oL T, shE R ULORIEAUE )
AR RTT A%, BUESE 0~1 Z[A].

3.3.3 {mEIR

i B IGURT VAR B R KO AT B I 2 A A%, 25 b>0 I, eREA RS 2 b<O I, BREL
AR, Blin, TR 3-2, y=xn] O R S TR 1 70 E.

3-2 y = xAIEIE SRR
ER MR IE 3-3 i, Ny = x A E&RI5 8877,
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3-3  y = xFRENEUE TR 2 BT

BRI 7 2oty = x AR 34 B BT 2k o, DR B ITb BO1E 8, NN 2 5 15 2
y =x+b, BHTCMREF ALK RS R Bl s PEnaR, ik 3-4 Frs.

34y = x + DRBUESTUR T
3.4 HEiER

3.41 IHEUR

L4 (Over-Fitting) 24X IR, B BEER ARG O, BT IR > A
(AT AR, AR 5 B s ERBUAZE, IX MR IR P X B e 7 ol 24 1
MRS ARG 223 1, TS B RZ AL E 03255 o

LA B GAE TS B M OB R A B AT REPER i, B R 7 RS HEAT I ZR L R A
RA G WS UIGR, A R SRR g P06 i AR AR BB i T 3K, A B 2R — 2t
TR . — D ARZ MR o 10 A B RSN 18] 3-5 Fs
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E3-5 IFEMEEPEIISTSRS]
K 3-5 FERAARIF A w2 e M TIREMEMAT S, BT ERRHERILRE /) AL
5, DISLECBCA 2 P AR S RO A, AN KR RSO 2Rt 2 S BN ZR A .

3.42 XHEWKR

KAE (Under-Fitting) 7 B2 R AE I ZREE MDA E h R BUBCR A, ABUZ IR
BB IR D, AR B S B . RGN R R b WA, RAE HERS
T A R, IR GRS, sk

(1) HHMLEEIBR, AT RERE 3 55 T AL
(2) Bl (O FAMRFAE . BT R AL T AT DA R0k G AU A )

(3) PN SH IENAA B TR s U A e, (ER AR R B T RS
A DL R 92 I A 2 Bk G R AU T

K 3-6 7 — AR AR BRI & I GUR .

H3-6 IR RIATRR
3.4.3 RIS EBIYI—HRTTIE

SPEOS A R AR A SR R R AR L 2, PR A e 400 e i m DA AR LA T T sk
i85

(1 HUGETEE. BRI H R 8 A 20 S BUR R Il & i
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(2) WEEIZGERE. HINGEREL N, &5 B IRIEASE D X TREMHE
W2, — BT EENE IR A BESRAS A LU ACE AR I RR

(3) FRARFFALLESE . mT LA I TG B 25 51 O e R A B N T PRE 2R ALE

MM S, B2 i o 0 E 8 A 072, o DL AR A 1) 7 s0EL 46 TR AL
Dropout 5877, fESEbrigset AR 2.

Z BT DA EHE BT DLHEAT B SR AL A B, iR R R O R i N ARRAE o T B 24 (it 5 SR RS
SPE AR RS EFRCT 0, BRI R MRRIE AT DAFE B> i B I SRR 22, (HAE X T
PIREARBEAT IR, SMRCRALE, 50 T 0 FRE A S 245 R p T . Mg A AL iR 51 N AT A
Fo ok et 4 TV A B RIARAE,  BIRFAEXT BEFAUE S 0. He— A, Flan, HJ— MR
AR VZNGE

Y =X Wy + XW5 + -+ + X1000Wi000 + D

KA 1000 ZERIME R, (HEX TS RIIZ S H A2 1000 4k 8RB 2 ES
IIMTHI R i, A IRRETT A IR et ik 25 b BIERK R PR 3R AT RE R R AR Sl I L
AT FA R 5 RES £ B L0 B B BN FE VL H o

L AT A HEE, BA TR S T LB E L, B TE B a2 BB
IRHEE R Z0, ] DUR I IE AL ki A i R IR ALK 2 O/ B i A R RFAE AS
{EZ 2 D RHE A R R 2

T3 Bb— i il R X 4% 5 K AR e #1772 /2 Dropout. Dropout & 7E 18 3C ImageNet
Classification with Deep Convolutional 4221 /7%, ImageNet ZHE4E WordNet 2k 451420 21
I EREAE I, Horh 2R SR A ETAEIUGRS:, BT SCFSE S
T EKEE . fEASZT, ImageNet KB BRI TE, J& T iHEA S T 2e = .
FEIXLE PR TE T H I T 1R 2055 B8 SRR BRI 42 I £ 2548, 2017 4F22 ImageNet KHIAR A
BN BRERTE I 5 —

R GR RE A, RS EEGHUR TP BB IR AN 2 B W S5/ R I 25388, Dropout
I SE AR AR M 2% h B I RS BRI B AR 22T, XM R A — Ml R bR . R B
AL X 2 T LU 205 LS S e R R 2 R 2 (R SR R v, A7 AE P A )
R EANK, CRAESPALNE IS

I LA F R T AN B B S S LB A, S B )4 RPE R . Dropout 8 A 5 =
& 3-7 s
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& 3-7 Dropout B9 B34
Dropout P8 IS FE U o
© BEHLI AL B — 2L BARM 27T, S N4 H AR 2 TE AU AT AR 4L

O X BB JR L HEAT T A%, MR AT A PR A 45 T S bRt 2, FHEAT R 14
o WL RRE RO R AR SRR AR 2 5, AL BRSBTS R 2 i w A

© RPN BRI BRI, SN AR TTHETIE w AT b BT, K
el —HEA.

AWEE BB, BRI RS, Dropout Z ftAREAZEI bk 7 U vl 4 )
A, R RS T .

(1) %1 . Dropout HIIERESK B ARAEYF— M g AR, T I I 7 B A0 20 B
278, BT —ASETRIR g, AN E R R T DB AR O AN R e R 4 AN R R
— KIS, G—IZGEEE, ZdARKEMEE, NSPEIARRRKER, B A E LS
RUATEIMEMN, AR AT S SRR . X PR T AT LA R 1 1045 )
B R P 22 P % 4 7 2 2% B DG T, (EDR B 2R, 208 & B I 00 n g b 59
.

(2) Wb 7t mERIIEN SR . BT Dropout #ERthZ TS FERFENLAT, B
LR AL TE A — RE R 2 #E Dropout 2 J& (APZE 2% i MBI, IX RIS IRt A A A I i
B 7B MR ELORHE, BN IR B A A TN RCR 2 A ZRad e rh i 22 1 4%
S HEANE B RS, A RE RIS R v SR LSRR 2RI, B AR AR RE S EAT A R T
MLITTERKIIEN KR, SRR SRR, REEREDEHR.
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3.4.4 =xfl:. PIEESTT—IXBEKER

RZ T IRTTREMIANT- B R RAGE R AR S, W OB TR & IR, M
AREATYE R SE Al A, ERRREA Bt — NEA AR LR L o — O ? flings €
LINNIEER

5x +2y =10
{x+4y=11

RGO, BTN E I TREIRE S8 = 1. y = 025, WERE —KE
B I IRTTRE R R AR BRI, AR PO T R, (EDR R AR AN RIS, W T7 R kAT
EIFH T ERESIR, EESMRF I SR,

WU 2] A% O AR T80, TR &R e m ik ROREUE R A La 4 mE s, A
AR T PR SRAR I SR 4t B, AT 75 B8 B I SR U R B S 3 B e T — AN B A, i
REZ TG — IR RRE . W T HRRAMRME, TR L Ex My G A TR A P
PR — DR, LIERER T ARk, WA

5x +2y =10 [5,2,10]
{x+4y=11'*{uAJn

BRI TR AF 2 o0 — kT FE, LA AR R A5 i N 0] L xc (B RE RS 13 BAH By o R4k
wATH, SRR RANE NG, AR ELA R AR

0 SRR P RGN 8% R A R T R, DR 8 P 1 o R A A A5 0 L P woy b T FAE O B A%,
AN B BeAF B Ry, SEBRRTERw, IR . XS 2 70— RO FE R AERT, 0T DURE AR 1%L
x;, M RZBR AW, WZX—RTREACHw; My, RxidfE. Bk, ERGFREAHATIL %
wy =x\ wy =y, FERRGTEMIME, D58 %A AR M GRid 72, SR xRy B 72 00
PO N Zrwy Fllw, 845 77 R L, T 77 FE K 2R 24(5,2,10] 70 [1,4, 1 1] D 9 R 2 R Il 252

SR B8 RS MR 22 70— RO R ) R (A AR AR i Rt A T i M T 4%, B8 R A ML 382 )
BRI T DA an 7 RE AR, WIPT LIS I e/ ik, B — K EL, RuTgedls
HA R

3.5 XKW

3.5.1 HiEERIFRE
FERLA 2 ST R, O KRB =M I GRERE (Test Data). 5 i 5CHR
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(Validation Data). MIX%#E (Test Data). IIZREHE 3 B T A EBAY . IO UFKICHE £ 22 H T4
Ry g ik R e (R A A B A BB AR () A e, AT DU SR AR R AR SR R BRI, PR ik
APIE 2 AR WA D)2 R B S T B A I AR M, % o BE X B E AR A AR
T VPR S b i, HANRE AR A o s f o N 2R 5 MR SR A E A0 R
B, DU Ik 0L il R A IR K . B R Y M R A B 3-8 TR

Total Data Set

Training Val | Test

E 3-8 H=EFIRIEIEAEMIL

MNFER=%, —fBCeRM 61212 MBI EEE, INZRER AT SHONS, £
SR B RRAE R R, U, FENNAER BT IR T, MR ARE, RRRERR
A RNE . BAEBIRSEIF ARG R T2, JE T e SRR .

L R R 5T Rt b gy =8 Z (AR5 &, IRt P B 1 % Al s, i
KBS BEAT RSO T 25, 11 e 2% (R AR5 RIS I die ,  B5e 28 i R 1 B 5ot »
T 25 1 AT RE 2 AR B, BRSNS, B BB A2, IE AT BLgkS:
EHBIE, B BUR AT, (HR T FIZR 3] 5 R &R 5 R Ak .

—RHEOLR, HlasE IR o SR AR R o AL DI ZREE S A . I ERE
Pt AT ISR, AR s BEAT A R, R 245 BRI g It 45 2R

A R e ] B B R S B AR LI R, e U5, (RO iR B AR Ty
T A2 o

(1) BRERA TR R R4 T — R MIIZRENR A RS, 2R 4 51 M R R R 2 I 2k
PR, EAIZRE R E T RE S LUK, PRI I BE LI B2 .

(2) M#HAREONEGL, AR A REAR S GRS R

(3) B G ARMH T I GRAE AN 1A 1)) 23 77 72

(4) AR 2] T A BT AR N SR — il 5, BRI 280 ok, ARBLE
AL, X TR A YRGS AT — e R

PRI T AR FH A 96 0E 14 77 QR TR ik a5 SR A TR
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3.5.2 BH—xRNIGIE

B4 —2F Y BF (Leave-One-Out Cross-Validation, LOOCV) 1S AR filf 5 8 ANHUR
NN, MHRVGERE —ANBEEE MRS, HA N1 NIIZGRE, BOAEREESE N, #
UERE— N A E AU SRR EE, Wik 3-9 Fir.

Trainin

Step 1

Step 2

Step 3

Step n

E3-9 B—3RXRIIERIRHE

XTI GRS 2 A — DR, AT N ML B — OB RS 1 2R 8080 F
WA AFE) — R MSE. XFT N U, AT DR A R 7730, B E A 0T

n
1
CV(n) = EZ MSEi
i=1

B — A8 CRAIEARDR TR G 007 30, ASE SR SR R 7 (K5, ORAIE 16— e A g AR
WZREEANI S, T MR T — DR . ER AR A B EEBC R, 0 TR s
EIINZR, ERINZRTR ZEAR AT A .

3.5.3 KIFZXIGIE

K738 SCHAIE A& — Bl SRk BRI 45 FOR AT RE A IEIHT 7 %€, X LOOCV, BIANH
BMETFMRAREA TR A — 1 — N, MR —ANES, HAEIRRTKIE. fla, MK%T 5
I, Rk A BUE-F IR 5 0, RIRBOL R I — A E 9 IRAE, HR 4 E IR,
—iA 2 G857 —AMSE, ¥ 5 IRIMSERH T P15 2 A IMSE, AT

k
1
CV(k) = Ez MSEi
i=1

SEfr b, LOOCV J&KHT 28 XEGAE 1 — Pk AL, BIK=N, 5 LOOCV #itt, K#rzc X5
B — PP AT R T R . KR E T B2 TR w2 A1 7 23T 5 58 . W S B 2 () v Ty
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FEYRERN “HE” 5 “#h7, MMRZERRME “HE”, TTERRKZE “B7. “HE” BT g,
RIMHEBE S R RN, B FRB/NELE; “#” RINSEIEERE FRERIL, 2
AN G PR R SR B 2 M 22 5. —MRABOL T 20 i #HA TR, K&
B fH — ik £ 5 51 10,

3.6 ZHMAIDSAASD

FER ISRy i BAUBEAT SCAARRROC RN BUZ AT, 75 BORN TSR BN A L. 52
FrrAENEES M N 48 (N>L B8P I Hda 28, XS8R 25, sl 3-10
B

Ono
ooO
OOO mBO
Co0
O

3-10 “#=ERIEF IR EES 2

3-10 Frm NENEFRIIE] T, RARRIE T . —BFOLT, T Py Ao 1 2 2
A DA R 73 ST P HE TR JSE AT PP MR o 3 2 — 1 T e o S PR o 5 X i K TR R A, O
XA I A RR N B K R Bl 1T, BEI XA SR BB AR N B K IR 726 4%, Wl 3-11 Br
No

3-11 “#=ErIRXEREFERG
Mo SRRCER L, B 3-11 From B =AM 1 10 v 0 e TR A T ok 81 10 73 R ROR B
K 3-10 AIE 3-11 A EHAGRLNET] 23 HIB1 5o T LAFE — AP R0s HARRAE, AR T — A 265K
gk B ) U R AR AN AT (1, B 3-12 B
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3-12 SEBPBREETRT I RE
BRI, W R OE R B R AL W B w42 6], nl& 3-13 P

O
O
¢ U S 0.~
o ¢ OO
0°Ro

B 3-13 SERHIRE IS H=ERETFE RS

R e AEA T 73 I B WS B i 22 (R el ok — € (R e, P, THERE P A . I
Vet 7R R AR, R ECR R I MR R R B 2, (E2 B M SRR A, BIAER
BB BN 2 Y, (HiE G 1 e e L BT AR e A T 5

3.7 WMBEINFINFLE

BLAS S STRHURAA A BRIt 0 S O B R PR 9 B 5 A
o —MRERAFRAEA IR, SRR, B TR AT

(1) HEAERDRLE . RHERLER AR A BCR 0K M . B, 3 FR(R, B
(BF AN EHERE IR AR 5 0% IR SRR S R, AR AT
ST, A RSB A, MR AT R R, B0, 46 %ERe, FhfE
SR, TR 5 (RBUBEE A 5 FUA AR %57

(2) HEAERIZYR . RHE IR VU R BRI AEHL B 31 R AR TAS . 1A, 75 P
ORISR, R EHEARI P R OAIEL —, ARG A R
SRAVEER, SOOI BN R, APRHERE (PR Tes, PTRRER BUR A, R 2%
BRI, AT BUR FLRE ).

(3) FFAEMIFRTR o FEAE AR M2 X 27 ) BIRFE R T 3, MRER DU P mi 5 o 1,
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RIS AL — R TSR s e AR, RRALA RS AT RE A — I A5 . R R
7 AA] AT RO HEAT R SR TR AL AT i SRR A 25

WL A G LA 7 2] —FF, RARAERF LRI . 2 UCRIR R 5 s A AN, I3
FERS AL AR AN Z IR DT T, 2 PiAR GEpLER o 21 T AR . SR Z K

3.8 FrRtIER SHIBIT R

FeE AR (Generative Model) F) | B2 (Discrimitive Model) JENLERF S HiEHH
B 2 S R R & . T AR E) 3 AN X Y, 79 3 1 IX B 7= 2 U AL 2 il S Ry 1)
A AT P (x, y)» T AT B R R S5 R 3 AT P (y|) o 77 AR ZOBEARY W Dl i s 46
FRBH AR, A ) ) A A R 4 g A AR

X7 AR SRR R ) SRR ) OB R ) 134T B3R, i H AT R SR 73l 2 F A A
2L, TLCE AR EE X e Rl . LR A S R LU e AT B
A HVRE, R8I X SRR VU2 & T I RIS R L0H s 3 b — T iR A K W IR R £
A ElE, RAHETBENZmrZER, Wwmeie R sigite LreR, M ezRk
WO R B 208 . fE BRI iR R, AT B R T A R, e 2 R ) A
.,

R T, B E N SRR (x ) R SyMEMEE R, WT 2 8dE:
(b,a). (b,a)s (c,a)~ (c,b), Zrolidady™ A 2 A 5 ) ol A AR T oo (EL ATy AL (0 5% R AT 70 T

A A A Hop (x, v), Wp(b,a) = 1/2. p(b,b) = 0. p(c,a) = 1/4. p(c,b) = 1/4.
i AR Hp (v]x), Wp(alb) = 1. p(b]b) = 0. p(alc) = 1/2. p(b|c) = 1/2.

7 A AR AR 5 ) SRR A R 5 R 3-2 s

#*3-2 FAENRESHH SRR R
® A’ = ®OR

1. BAEE B ER, TR ‘
1 2y A e 2
R R R SR FRA X LR

7 A o bk R A B 2. £ EARA I 0 R b 2 5 7 AR
C - PNl AT

3. MASA] DU B B ST BT SRR

1. PFAFRRE, G T 235
I A 7E 1. ABERMEIZRREAA B BRFE
2. RSB BRI RN MR | 2. bR R A — T R
AL

H ) AR
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WL A A AR R DU, R S RBEREER . S AFRENLS . RG RS, W
S AR AR SR A AL R B, Mg BRI MR, ) A
R TSk REn AR T AR U A

3.9 HEZEIBRA—ARITHN ISR

— VA PO BORRUE, B IR) A% R A () 5 4 B SR S e T MR RE ORI bt s EL2
W T B LT RE AR AT VRS, BN vh 4 FE il &5 FOR A& WUl BB 2 TR %
TENL A 2 2 VR AU N T2 HON K AT BN I RN F8 b 2 IE#f 2 (Accuracy )« ¥ f R
(Precision) K AMEI% (Recall), J:T L2 K2 A0 4 0] 26 A48 8 T8 25 5) 43 XA 3 e A4z
%, WA S PATIIERfahr.

TRBEFAN A H s HAUCE WS, 4332164 (Positive) F14ifi (Negtive), I%HE
FEA AT GEAEAE TP (True Positives). FP (False Positives). FN (False Negatives). TN (True
Negatives) PUFIRZ . TP RoRB o FONIEGIIAE, BB /3 285 X170 IR HL A Bt E 4]
IAEG FP RN R N IEBI NS, BRI 20 588 %143 N IE BB SEBR b2 53] 1) N4
FN TR Bl 1R 0 R B A4, BRI 2 SR8 K150 S B S b2 IR A4 TN T
FORPIEFRI G A I H, BB 53 SR 3K 43 A HL SR b Jg T 879 A 2

WRAE EIRPUFp IR, A I IEGIRE AR P=TP+FN, SGIREA% N=FP+TN, FIL &P
PRI T s o

(1) IEWH . Accuracy=(TP+TN)/(P+N), R AE R 1R 5 9 1451 A0 4745 > Hi bL R R RE AR 3
H, LR IR B R A R ECRE S BB T

(2) F¥EHZ . Precision=TP/(TP+FP), Bl FTH 1A N IEFIF) N E0b B IEJE T IEB I EE L,
AT DUER A Ry R A9 R S IE R R

(3) HhlZE., HREFEENFERE RN ER, Recall=TP/(TP+FN), RIFTA IEGIFEAH,
B N IE B B

SOt R AR S, HRFRSEHFIFLCEERR, HRNLREIREME, JTHZE M
BE T, PIE AL, DorIRanll, 2 Ranay B X o 2 I sepint,
ZAREZ OB R MR, TSR B [FEE, A G se g, el
PR LGB SEBIRCHERRAE SN, MTTSEmA R H m1 3. H IS, R ABAR, MR,
R W [ A, P oS R I 3-14 i .
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1.0 A

Precision

0.0 >
0.0 Recall 1.0

3-14 Recall 5 Precision BIX &
RHAESEBR IV I RE Y, X BVERCR I B ATE T i R el s A R — R K. A
K E FMEASE A B EAL LA T RE, LR EAE 3 2 M FIR P AR, F HEE (F-
measure) J&f4 A FIRAREHRE G —F 7. FEERARWT:
1

F:

%$ @$
— RO T HA=0.5, DRI AT LK & i1 9 :
= KRB R <A 1R x2 /R HER + H (1] 5)

F ARG B R A B R AR AP BRI 5@ K LPFE . AR A
[, VAP E SR R BN R L, /N PR, R L S B AR R
AA BRSOy RGBT LRSI 3R 4 8] 340 LA

F ERTHE, T%E“%Kﬁ”@ﬁZ@ﬁﬁ*%?% FEFTAT LA o S S, MY
i B AR F AR, BRI E AN F AR, FE N AT IO RO {E
A ARFEEWH R

n

=2 F

i=1

IEF R — N EEE B ATE R bR, R IERIFA —ERBAER - NEIERIL S, T
FEARMER A Bildn, A — DI, IO XGRS AR, — M & & A R
BIEARE), P25 R R AR R A0 . 0 SR — AN TR0 SR A0 A R A L
TEAMEE R IR 73 Jg AR, TR AR B0 IE A 2 7] DAL 21 90% A B, HZ 24X AN X
IEARAE MO RO, XTI — RBCR MR, TEREB. R A AT,
—IRHBAE SR IR R U = RS A S B E .

NS FET, B ERIERIRAL, IEARRE . B, tPRE RSN TR,

SIP—‘
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(D BHRFE. FRES LR IETZRAY, #REE SRR,

(2) BFeth. SHVERHXERGE BT T, SR AR Bl i A R . — M
UL, B M v O 5 A 2% S B iE

(3) WHHEERE ., TR IR T BAR RSB T AR R85 . e oy, i T
BN GO R AR AR, DRI 2 TR AN 18] A A2 4% 58 )RR 2 AR BB — AT

(4) BRGSO . B, R RS K 70
R FGiEAE A .

ZITCA AT IR A 2 TR AR AL 2 S R AT VR, R LA S Bk 2 R R K T
Jr A AL 2, I FEAEA 5= TINEARMA, TERAAFRKEER, 519
SER RN R R . Blin, HRFEFIESRAR S RIE N & SRR, HRSERE
DU A — 5, 20— S8 mpk BEREAT A0 I (A R Dok, UGB SRR SR 2 ARAR, e KR
FERI AT (BRI AR B SR A2 IER %

FEXS I GARE A REAT IE R SR DI, A5 AT RE A it 7 #0620 (0 45 SRAR X e, P
CASELf (I A s AR RERBEAT GRS, RN ZR B 73 i oy, — i T IRl i 4%
o> LA SR I RUR DA

3.10 AENE

AT LA ) BB REAT TR, AR P 28 FIVR T 27 2 HR WL 2% > o () L AH B o
FEIRHL AR S RN A A B TR AN BRI M 25 SR 2] ARBXIHLAR - I 2R, # I
HIRR BN B Z I SHEAT T RIT A, A 1 X I A  RA G I — A o T i
PG AR 2 AR LA 27 S P AOARTR SE S, T AR AT A R e AR TR (10 R N\ 2 i
AR BLAh, HLESE ST RCR PPN A I L& 2% ST [BBEAS T (0 ). LA 27 ST T
o RIEEAE PRI, SRR, BRI
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fepLs g 25 A

JSAFE N IR AR LI — TAC G TT . A 2% (AR J5 35 Ak 22 S8 DL K 0T v 4 2
B FO A S5 RO R, R MEUEM AR . BRAp g dt, B A
FOEG RO S KB ANE . N TRk, Besk.

4.1 A

FRZE 25 7 20 A0 80 RN LA e I T IO AT Fe . MM 462 — A,
FENZ G, Bk iR EATEEHLE A dRiCe & R an 5 A\ KRR s e .
ENTRM KRR, BEERET, FradlscitfmdgE, LelEE. FE. SORiEZ
I 18] > B1) A AR 2

LR AL T] LA Rt SR A 2 SRR, A B TR s B i A\ 22 1] AR AR ALY X AR AR 12 ) et
BEAT 7. AP AR BUEE R 2R, AT CURIRZ R AR stz 3] . 2 2R el
VRS BRI &2 >0 N ) B LA

4.1.1 MREREIER

BEHEA, AR CRRD T &SRR MY, GIUnRnas . AT AL I 2%
GRMAMLE . JEIHE LS. LW AF o LA [F] A2 R 48 AR 1) 72 S 2 AR T4 T
ARSI L 22 0 2 Y 1) 4 B S 2 2] AR

(1) MRZTTHEEE RN 2 ERE Xl To RS N 250 2 (] A o6 2, B R R ARk B
e, AR R A
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(2) MM RN EERIRMAITT MR R, EEAFESR. &5
A CREREAR SR . EEPUESE, H AP BUE R4 R 2% T A S AR B K S 5.

(3) SR HE: W VN ZREE A Wl Z5oR B b 2 R 28 o (1R 25 24
AT WA I 2% SR B BRI E S . R B I 2 S5 4 R AZ I 5% 45 1

(1) RIBERILS . 28 AR o RS 22 ST ARFE S I 145 B 2 A AN )2 o IR A 22
e E R g, IR BT R . BAMSE A DIk, R
HMURTT G B, 22— A RTTHE . ATBNES RS, WA 5 T2 H KR
T 00 28 A0 35 A 12 1) AT IS 2R A 0 I 6 R AR 22 X 2%

(2) U2 . SRR AN [R] TR 2%, Az o AT Aok B B2 B 4=
T, WAL E QR BHE S, P SO SR AE A R I 20 8 T4 i AR RRES, A
A1z TEE

(3) CIZM% . AL A AE RIS 26 AT S A5 R 28 O At 2 B SIN T adizsoe, T R4
e IR T R RRES . AR T R4S, L1224 B SR AICAZ RE

BOARI4E . RS . S22 B G50 RBCn B 4-1 s .

B Bt F-

B 4-1 NEER, aiEME. RIEME. iSiZmMERNEamR)
4.1.2 ZHRIMEMKLEN
I Z RN THE SR E 4-2 B, €l =35 4k
(L #AZE (nput Layer).

(2) B&KJZ (Hidden Layer).

(3) Hit)Z (Output Layer).



BAANE REER
El4-2 AR

O
O

MR
REEHDLA R

HI T # 2 W 28 I A5 R RPN AE AT AR S, DRt B IR R 2H USSR IE T T IR 2 I 2%

4.1.3

B I LM 2538 HI K137 U1K 4-1 PR
" 41 BAGNZ M LIE F R R =)

—R\ S5 R PHE MEIE N

WiEE 25 501 W A & R
ERTTe
S i T AR VRIE ) I 5
TR AT R K Ra
A% 51 ey SR CTRERR e s
B2
AR ] 4 AL I E (= A%
\ - B B
1% Euginm | NA FBTEIE s
ik iﬁﬁi N/A PENTIEIE VR
e E T N/A B TR
B E . BAK
9 R N/A AT i 25 0 24 5 L
s
T T NIA B BT TE I
) 9 1 9 R 2 2
: e oI e ‘
A BRI {d] [n) & R A VR (5
. I - R
TR iR | FBTEIE o
- T L
AR A B
Sk AR L AL oo
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HiER NEZESH wmA T % R F R4 2 PO 4%
4 )9 7K A 28 ) 44

N ETRV T ElE R mEins
Ak i S bR | R T IE BRI (5 2 2%

4.1.4 HEMBRLRE

XA R HMAMEIER IR T . W T M R R I LR Z £,
LA BOE BRI NS R M2, BaRA S IR, R DR A e 1 L) 5 A
AR It (1 LBk B

—RUEOLN, BINNZRI R 2 M S R RS N AS, JF HARG RAFRIZALRE Sy, (EIXER R
TR AR RN 3 SRR . G R RAT Rl AN 5 B R BEA 2 X 28 R o

HHIE I 288 FRIR 3 AR AR LT IS T

(1) MEZHREE . T — Mg 5, R BRI U2 s, Fe bim
Ho R REITR EER, P22 2 RENE S G R RE T RoE , IR BE 05 A R BE 2 0 1) il L

(2) FAERANRIL o IRIEIRIIERFAL AL RE S P D 2 2% il FOL ) B Btk 2 —, MR R 2R I
A, R TR R BE AOPZ A0 BR SR FE RFAE, 7T DU RO R A Es I BAIX 7

RAEAS B T LA A — D R AR R S5 4, BRI RS AL LU S i T v J= KPR RS A
W RJZRF LA ST R EERF LA IR Sy i g ok i, WRBL “HE)” VA1 1
RRAIE, A “HEH” XANMRRAEI A i B2 1 R RN o RIS, e R IR iR 8 T iH B
MRS

4.2 BUWFIRFE

4.2.1 IREEBIEFS

IR AL IEE ST B Delta 2SI MU, 5208 E2 I M 5 WS R, AR5
Y AT EL A, 0 P P 2R SO o S5 P 7 v T L T i 5 e VA
WU, BT R P R BRI . RS Ay, ELITR I R S d,
EEMAE LN e=d—y.

REBIEY TR RN ZIE AN B/ MUIZIRZE S5 . RIREB IS I N RiifT
57 S R R A AR L
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M TCITER R TRAREX = (0, X2, X3, ., X)) P ANy . N T HAHEICH
AT AU, WG . IIGREAR — R P ORI x MpEEsE, HrhpRos Hubi L
Bt o T DA QR 2 ORI S B HE y AN PP I it 2 R R R 22 «

E—1 $)?2
—Z(y )

KH RN TR E, W@ SCNE = |y — PIMEA . 2 )Y 2RIl R j b 4
WE, HEBBIET 0 Affl. MAITTHERELEMRAERRME, & IORYE 45015 T —
RABIE, Bk BN AR, X 5 MM A T0IBH A K SIS — @ AL . BRI T A
X R ENX R B MEAIRRRI R B flan, 3R — DA FRARIER A B, R E )
THOTEET, BRI R N R, ARG W R AR ET L
A, WARE B AE— RIS/ L2 TR O IE B T AR R . X TR TT, RER
ML IR R H A B B — N R

4.2.2 FpFEIMN

i1 (Hebbian Theory) j&—FthZERl2EH i, $EH 77022 ) R Aot KB #4270 i&E
REPE AR, Rk 1 Ik wT RV B ACHIL, e e SR T 25 19 0 AR T S ik i 4 i B A2 AN
SRl R . FEYNAE « 45 (Donald Hebb) 7E 1949 4 H{ARIN (AT AMILLLL) (The
Organization of Behavior) #5| X\ 7iXx—# i,

AT 5 SR B T B AR A T ST I . N R JO IR 22 WX 25 1 A PSR
AT 57 =) R0 P Do B R DA R Dy — it o ] e R AR Y i 22 T TR RUEL IR 7% o an SR A
22 T [FIN B 0 , X PR AN T 2 (R AU e 2 3G s i SR e AT 40 e s, e AT 12 TR) )
BUA 2B 00 T R A IEECA 7T s B A BRI IEAUE, T A0 R AR ey f B
BRI BUE, XS KRR A AR, A S SRR — R Al s, o
2],

— MR RIRRAT A wyy = xgxg, Hehw RORMA T BIM A T EERUE, xR
IRFRZ TN . U, —RINE, H[i5E T N, w BMETEDY 0. M T35 Aw,;,
WAAW;; = wi;(n + 1) —w;(n) = nyx;, wy(n + DEREEHE TN + 1O BEBUEZ J5 AT A
JEIT R RERAUE, nR STHA, xR A IR E T RN,y T AR
XFF Hebb 2% 28U, #hge o rdi HE T LA fun(WTX)RoR, FIAW = nfun(WTX)X, filln,
U] 4-3 B i 6] B R pR 220 X 45
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b O\W
x5 Qwﬁo—. y

W3

x3O

E 4-3 EERI=THEAEEAERE MR

*E%EE 4-3 ﬁﬁﬂ——\" iﬁ)\lﬁ“%y‘j){: [xl,xz,x3]T’ ﬁﬁrﬂ—l%W= [Wl,Wz,Wg]T’ &%%ﬂﬁé*ﬂ
EHHENE AW, =[1,05-1]7, IZEHHE =AM A EX, = [1,051]T. X, =[-2,1,2]T.
X, =[-3,0,—05]T, XRHEHY =[1,0,—-1]T, #@Enh 1, R EOE R EL E N R R %
sgn. MCHIW, = Wy + AW, FIFEEELIEHAW, T2 83 15 — A =X, :

AW, = nfun(WTX)X = 1xsgn(W(X,)X,

I E RS D AT A B — YN RN X OO R RUE R R, BREW, 5, kst

AR N T B X o I X 5 VAU R

4.2.3 sNIFRN

B/NSTTEIN (Least Mean Square, LMS) Hgk#R1E Widrow-Hoff 2% >JH00, J& 1962 4F
{1 Bernard Widrow 15 Marcian Hoff J i (1% 5T SL0 . 364 5 88 2 6 — 410 drn A 0 K16
{21, X2, X3, oo, X VI ANAE N — D EAEA S IIBRA, 315 B R A SS Ry 5 B8 i d #E4T EE
B, MR ZE e, JERIERZEE RN AUE AT R

n, BEEXFnAHIATCIR {2y, 22, X3, e, X JEA RASXE BAUE A1 Wy, wo, W, oo wy}s T
IR ANy TT LA R A 55

n
Y = xX1W1 + XoWy + X3W3 ..+ XW, = Z X;w;

=0
R LA ST L RN y = WX,
bRttt y 5SS THEdR ZE Ne, AW
e=d-W'X
DRT AL [r) P 1 4 1) (i W] DA R 4D R A K H B
AW = n(d — WTX)X

HF AR W, WHEARR: dw; = n(d - WX)x;.
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B/ N T RO S — b A BT B 2 2 ST, B A2 31 05 N S A A T R e BB A AT
k&R, WATHENEREBOR T, AMEESTERE R, T HA —E it R, BUERIY)
SR LEB I H s /N5 5 ST SR U A AR ZE A8 12 ST (1 —AleRe ), 3 FH - b A g B O Y
WGk, B/ N7 R 27 3] T3 W e P ] U 1 A ) SR A o

4.2.4 FTFFIMN

SEAFE RPN % T IR S ST AP, S TE g ST 2% R RN R Rl
PEo SEGrA MM B IR, A2 I 268 ) it A e o AR L TR) = AR S8 4 DAY B &, 45 RAEDE
— I 2N A — i AR ORI B R TR S S R RO e 22T, HRIR
SR, Feth RGP 2 eI R 2 ] o

IR, — S XAT A2 TO AN S0 A B e T R ph e A AR AR, S 2
Mo IS5, AT REARAE 2 AN AT, AH— N 9 B A e ) FR A 22 4 0 R DY A 7
FERARAI A 2 A0 A/ P AR iR, FLE RS A [ e e T AR B A A AR PRk 55, T %
AR LB R A 2 U A A X e v e, T AR AR 2R e R . S S ) P A1 P il 2 —
SE B BRI AR B8, T S R O U ) AR 5, P A ) o £ FH AR

IR N I, EE R AL,

@ ARk BTARRBERZ 0 AR —EME, KT 5, 20
B EXHEAT G — 7 MR N AR, (A [ H % B o TR L 7 RG22 I 25 v ) i
AR i) B XN 8 4 2 vh A 22 00 L R AR w4 A EAT VA — A AL PR, AR BE A 30T
X — Xq Xn )

I \/Z?:lxiz’m,\/z?:lxiz

© FERPMEHMLTT, I E RN NN R, LE S5 R BT R
TUXT R PR A T B AR [ B XA AT AR ALAE LA, R 5 XA AR DL A R ) ) Dy 5 4
RMERZTC, HBUA RIS Awy, AR R TS AT DR T BR RRE 2 R 527255

© BUEEE. “WHENTE” KIESIERAE, FIEOMETRE N 1, KRMETRE A
0. HAHRMETTA A EH BB AT, RSN ARIT, Hhw,, RomEgEmAT
FJARRZ TTk B RAABUE, nFoR 7SI A, AWk A B 248 13 M 25 sl

0, MEITkTESRIK

BRUbZAb, SEgrE NI =R R

X =

Aij =
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(1) BR—LeBHLAMG RIS, — U002 TCHBRAR IR, TR E i — L AL
It 7 g

(2) XA T BE N R 1 .

(3) FoVFMIZETETE 4 BT SR M B 45 58 N TR LA, AR R A — Mt o
(BN — AT B

PRIk, 3L Ter 2 TR AR, IF FOIXFEUSON A RSR[5
BEH) “RFEAS IS

SEA 2R A S NS B B D B AR T — I SRR AT R T AR TR, XA
Yoot 2 4t P AL BRI BB 2y IR 2 BRI, R RSB R I R, O X
TAZERE P AN R ZUHBAE, PRI T A SRR B A\ T B8

4.2.5 Hftt=3JMN

B LR 2 AR A 22 ST AL, IS BIEBUR L2 2 ST AR S A

(1) BURKZ TN o BIR 252 5 STIUNGHE S — R T BN 2 S Bk geit
B AR . JE T PRS2 2 ST A 28 0 48 S AR E BOR 26 B 0L BURZE B AL 2 T 5 Hopt
ML AR TCAT € 2250, B Bad BRI PERES, B 1 80, RS RZIE KR
ER DU —MVIXIHERANEFE R R . RIS S HOE TN, S0 32 A T X AUELAT (i L 51 )
RKF. BT VA H REERS T EAKE, AFEES A SR REEAT U, B SEbRiT
HidREH, FWHEAED Gibbs KA, MB/REEZHAIILHE Hinton £ AR 1 IR
MR E IR S

(2) HREZESIHN . FEARZR N2 ] DR S s R 7 T ke — KA AR 9 A 2T R
PR R BRFIE A SR R OR B DU T\ T R INEUE 5, WA SR E SRR AL KR
BUE [ AT AR N BB . 55— KT DRI D AME T Rl SEN R, SR R%r
I 2 A DY T )\ T7 A R IS s B A5 5 BRI, X S AR ASUAEL ) ] AR A A 2
BRI ARSI RN e T M E 21073, BRSO — MR s Py, Hesz >
WA AR A RKAW; = n(d — W)L, & SO EAES o0 B 10 A0 2 AL 1 5 A T 22 f) it d 5
.

TR KR — A2 ST, A O E R — B, AR S, S S e sk
Bfi RS AT BEAR 2L
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4.3 % BETE

431 HhA

DAL A P2 30 3 AN Iy S A 7R v (1 S B A B TR PO 40 K doe /N B E A B B v AR
Pz, IR S ER RN MSH, BEUE (W) FHE (B). BAKN ST
A RO SRR A R 45 R 07 IR AR EE IR . L RS ZE B A DA S R ARk
SR SE T AN T SRR A AR ) R RIS A 1 1) R 26 S BRI L B B LB . W RIS 2
P

(L —kritfes.

GRS R R MU R . S A — B A SRR R B T . PR AR L
ﬂ&%@%ﬁ%%%%%ﬁﬁﬁﬁﬁ%ﬁ,%?%%ﬁmﬂ%%%ﬁ%%$oﬁﬁ%7ﬁﬁ§
AR TEL IR AL IR ORI SRR . B SR M £ X T
PBREUIBE T A R

(2) IS,

ZI A A B S8 (AR Hessian 5% SRE/MESJAE, BL Newton VEAF

Quasi-Newton 79 AR 11— AL A H T s KGR AELE T TSR0, IR T B 3500
TR RAE R, R EARS R Z N .

4.3.2 BETREZE

BRI T F#i% (Gradient Descent) sEALas s >) e FROARAC T4, 8 TR H Ax esi 4L
MIRRAE. BEEER — A, R A Z s AL 7 17 2 BB 207 S R (E, B eR e 1%
RABI 2T AR R AR K, AT A RO BEBE R T 1], AR AL AR R B IR
BT o — M T AW 7%, B — DA AR H b e B R L [ &, A2 T Ar
BSOS EE DT TR A R T 1], ITOANBEA . 2 BT DR FIAE 24 i 7 BB R I 7
7T AT ) LB HARBRECT FedetR, T ARKEI R B i /IMEs [RBE, SR U6 B E (¥ 155 )
YRR R, WIS = oK AE -

R, X THIN oy, x2) 70 F R NS R E, L f (oeq, xp) i EE PO i R BAS fhi PR )
ZiR BUAE —HEI (oo, x) B A, L UIZRAER f (oo, o) 0 TN B ELAR BE W 1 5 2L I i
s A . S R EOT LR A A R A 5K

f(x) = 01x; + 0%, + 63



B4E MEMEEM | 73

IR FR I 23R B R0 £ ORREL (EA IR AR 2 f O RAmiE 5 R . KT
PLRE MR ZE BB T s, 3R 22 B ACRIA R T E S BB ZE IR P 5 R — 2

1
Loss(6) = EZ[f(xi) — v
Hofoe 5 | MARER, R IGREA IR, f (o) R SEPRIIZRES R
TR RGOS, RN YIRS (R A RIS, DR T B i A e
HXfLoss(O)RIRHME CBUMERHEZEEAN, B2z, WA, 6, O AT, B4 A
GiR E e/ NI T B R A Loss(O) IUBEFE, RIKIKATO,+ 05+ 03T ROmFHL, W RS

a a1
a_e,.Loss(e) = a_eji(f(x) —y)?

1 a
=2x5(f(0) —y)xa—ej(f(x) -y)

a n
= (F0) - y)xﬁc 0 y)
T \i=o

= (f(x) —y)x;
TERB M FE JG, 0 F5 2 AHTEE AL B R O7 %, AxRur:
0 =6 — ><6Loss
A AT

Hrn@ s dE R, @ Z ORI SRR ILN6,+ 6,. 05, RIEXESHZ T, f(x)
WZRIIREA AR ZEE HD

WHEE FREEOE=MAREKER, 25 &HERE % (Batch Gradient
Descent). [ MLESEE R 475 (Stochastic Gradient Descent) Fil/Nk& 6 TR (Mini-batch
Gradient Descent) .

(1) fLERE FRE. MEE FRER R RSB ZEMEAR PR S, B
AN RERT S TS X H AR R ECRIS R A R R AR, TR AR e EOT DURIE — A
JRER IR 12 d T HEE B T BRI R A 2 S e I 2R, BRI R R LE e
JEHAE VN ZREE BRI

(2) BEHLERRE FREE. BENLEERE T FRER R RN ZREE P RENLIE S — DREARET ],
IR LR, RRUCGEARITH R AR, ER I ZRE AR A — S L, JFH
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RATHNERIA R RRIUME, BNERENSLIAN BRI, SRREBHAN L .
[, BEATURE LN BRI A REALIE AT LA — 5 T ekl 5 B i i, o mT R S Bl S = 244k,
HMfEIgrCaik ®) 1 iRfl, wadtirid i,

(3) MLEFLEE T L. NUCEBSE TRRALGE T HCEAE T RERBENUE T BRI,
FERCE A INZRE T BEHLESE m (m<n) DREABEAT 23], WSO R i 5

HAT, BB N BRI IR 2 O H IS, (S FIB6RE T ik Je AR Pt e —
B R, B U R TR I 2 ST TR A AR RO A . /N 5 31 T R 2 3 B0 £ I S R
KKIEE SRR A SRR T — DARE R, SRR RENE. A, A
M2 RGP SRR, X TRARAL, AP0 5 R AT M )l 2k

4.3.3 BHETRERINMLE

—REOLN, AR/ ERBLEE T AN 2K I8 n NMLESE (batch), fE—Mit
BEAE m MEARRE, BRRES AN ERBEAT ISR, SRR ARYE AT R 2R 45 R 24
/L\\ﬁ'f’tﬁﬂi\‘y‘jwt.{.l = w¢ + Awg, ﬁzﬁAWt = NG /ﬁ\:an?'\jﬁjlﬁz’;, gﬁ%ﬂ?Wﬁ:tWZU E‘]ﬁg}go

KHA/NEESRRE FRERE, T DA INGRA T &, AR RO Ta] s B8l (H2 X
77 RAEE WA T AT ERE A, 2 REE AL —ENAREN. PTLCRA N XLy
TR IE T B GRAT AL

(1 #hE (Momentum) V. BEVESIL I AIE iR R sk, £S5 5 iR
W, T I (R PR R SR A U7 ) s, B IR B 2 R 2 R U2 Dl S8
AT E R, HANXERAAW, = pw,_y —ng,, HHullhshEZH. WA EE, %
SR, REET — B M, A STl R R HOX R TR R i s i — e B wlE
KN, RORIEZ KIEE FRFFIEAWSHE R )7 m, —MREUEQ0,1), BRN—#&kixl 0.9, Hmf
DAAEAR T BINZRAR S B w B KN B, fEIIZRPIREI B, B6 R AR AR K, wfl
A DO FOE /N, A, BN, ] DL AR .

FEFNEVENIEEA . b, EATAER T Nesterov B &%,

(2) AdaGrad J5i%. (ERZELT, XS E00 S A HGE R AR R e %, =
R AOFAEE. i, HESHREEEEHEEEE R, A LS HH ZMIA.
Adagrad J7iEEUE X B EGE AR ST, BB N SEOER T AR SER, AT
Z

n

0t
V21 T €

AWt=_
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Horp g, KON AT ZIBE L, n2 A2 S0ER, e NIERFE, Bl Bk A XA
BN FE—NS5, FEETHE S MPREIN, a3 R Wk ), XWAFE eIk
FIwi, RSB EZER, MAERMINGHELY, HESEE A HEE D,

7f AdaGrad #at> b, A74H T AdaDelta 5. 3R kAR AdaGrad 542,
an, HFFIER R BRI, RGP G S SRR N,

(3) >KH RMSProp J77%. RMSProp J5i:/F AdaGrad J77%f1 AdaDelta 75k (8], @it
T 0 T ek AR Ok FE ) FME B AT sem, AT 8 e AdaGrad 7 vk g S T 1 )
8, AT IR

Aw, = —Lxr]
VEIge?| + €

Hrr, g, RRYaIeN ZIMEEE, n A= R, e NI ERFEEL W ZIMIHEE| g2

AET ¢ — 1IN ZIMIHEEE | g 2| FUS BT R B IBCRAIMS 2, BARTHE AR
E|9t2| = .uXE|gt—12| +(1- y)xgtz

Hruhy 0 3 1 2 8] #) s .

(4) RH Adam J5i%. Adam J5yEF B B — B s A TR B AR AL T N S AN SECE A
[ 21, AW FiR:

o~

mg
Jate
Hr, mRNHIEE g MM, AR RHIEE|g 2L, g, 87 Aurehs Z 1
BEEE, n2BRlmF o dR, eNIERFEE . mMa aliEid i s A5

Aw, = —

. m
mt_l—ut
. ne
g

J:itqjmt\ ntﬁj\%[]?'ﬂgtE‘]*m%ﬁﬁﬁ‘ﬁ:m%ﬁﬁﬁ‘, ‘uﬂlvi’/‘J?ﬂ 0 ?IJ 1 Z[‘Eﬂm;ﬁo mtﬂ]
n, AL IEE W A RS
my = pxme_q + (1 — p)xg,
ne = vxn,_y + (1 — v)xg,2

Adam 77 VRIERERR R ARG TS AR T S TR, R R A S R BR AR B AR 0 L
{FESHN LB R4 . Adam J5iE454 T AdaGrad 773241 RMSProp J5 kM4 s, &M T
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BBBEE, CLRAR TR HARKI 5.

EIRER R B SRR A DY T A ROt A AT ISR AR SR, RA] Adam J7ikfR
B RRA LT HAl 7%, 5 HA EE N2 S AL, Adam D7 iRIRSCE TR, A
ARCREAR, WA IEHABAE AR PR, Fanss > FH R WSIoR 845 ).

4.3.4 MEHXEME

FEEEVH R0 /8 (Gradient Vanishing Problem) 7E#4: M 4% AN B Z I il R i3], H
BEE M2 0 2 2R AN TG N, R AR ORESRER A . X TRR RV AR, v DL ] 4-4 kAT

LR

4-4  ZIEREERMREMEETE

WnfEl 4-4 s, SR IRV KRR M2, —BUE LT HEn A2 FIBUE L T LA
IEFEHT, ERARTER LR 2 RIRGEUE, TR LR MBUE 8T L AR, BRI
SRMIBUEAR Z RN, TSI N R AR A T BB RETH R Il il JCHAEn BRI, R AR BE T SR IR
R, BRI 1R 2 R RRPCATE T AR, IR AR R IRE R A E -

b P2V 2R ) SR ERIE T80 BR 05 J 2 IR R R %, IRBAFAE N IET 4-5 P i) B — 4 ) 2%
ik, BREHRA AT,
w. w w. w,
O—y—( ==t 5
E4-5 B—A9EMEEIERE]

B 4-5 FoRMIPHEMIZE I E LNy, = sigmod(z;), Hz; = wyx; + by, WA DAHE AL B2
fRIE A

db, dy, 0z,0x,02z30x50z,0x, 02z, 0b,
doutput | . . . . . . .
= 3 sigmoid’ (z,)w,sigmoid’ (z3)w;sigmoid’(z,)w,sigmoid’(z;)
4

1M ¥ 7% bR 24 sigmoid (x) = ﬁ , R S B0 2 sigmoid’ (x) 1 B8 50K sigmoid’ (x) =

—-X
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x(1—x), RIEsigmoid’ (x)IFRIE, AT LLAIEsigmoid’ (z))H KIE N 0.25, w4 & HIELE
(0,1)2 1], Jktaogzmﬂ‘ﬂﬁﬁiﬁﬁ?ﬁiéﬁm%%?ﬁ”\B‘J?JD%T%, fEBR SRR /N B T 2R, DRI R AR o BV

KEIBLR .

TS, BT R AR AR, S AR R T e, R — R
B, HIERMBFAREANT 1, FIX TE BB, & S EREEH k

MR EEH R F LT 5, 7T CAUE B JF AN I 28 25 R BTG IR R B, (H R B 4%
ZERA IR IR, FRIKRE S AN GLRE Sl , DR TGS 36 5 2R B, 75 2 M IR BR B DA B
P& JZ IR R Bt E3E T vk, B Unise s o] LA RE ] ReLU B A Sigmoid bR 4L

50 B2 Y % 1) RBURE S 1) U2 B FE A X (Exploding Gradient), WHRTE /& A& 3k Hik I fE v,
ER B AR ERINT 1, NIRRT T 066 BRI 1P AU A A o B B IR IE 1]
FOURES 725 Dy g o, AT DI o g Pt 2 L R DM 3E S s P AR A

4.3.5 . FIRBETFREEKEHRE

HFBREE T BEERy = x? (R B, R RN 0.4, xIOTHEGRR AR E -3 THA,
HireR B2y = x%, W URBIHFEONS (x) = 2x, B NREREEABERIE 4-2 Fs.

F4-2 BETREMERBRRG
ERORE x FTERLE BEE 5 E HE x BB
1 -3 F(-3)x0.4 -3+(-F(-3)x0.4)=-6.00000000e-01
-6.00000000e-01+(-F'(-6.00000000¢-

2 -6.00000000e-01 -f'(-6.00000000e-01)x0.4
01)x0.4)=-1.20000000e-01
-1.20000000e-01+(-f'(-1.20000000¢-
3 -1.20000000e-01 -f'(-1.20000000e-01)x0.4
01)x0.4)=-2.40000000e-02
-2.40000000e-02+(-f'(-2.40000000¢-
4 -2.40000000e-02 -f'(-2.40000000e-02)x0.4

02)x0.4)=--4.80000000e-03

AEIEAGERE T, ABELE T f O MRERTELE 0, M AKIAL, Wiz )m, FEH
JS2 (i, RPRISR A f () (IR AEL

M ERIRBIH, AR HAERREE T Rt fe b, kR e BiE B FMER AL, 2
AR, R 1IZ D S .

AR S EFCRA 0.1, 0.2, 0.4, 0.8, #H1Ty = axxHIARAERARE, SEAURIEHIH 10,
EARWECRN 5, HHEIRSUE RN 4-6 AR .
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- leaming rate = 0.1 | | - - learning rate = U.2| | - - learning rate = 0.4 | | - - learning rate = 0.8 |

| ,
1 ’
r
1 ’
1 ’ )
\ :
\ \ I. 1 . /
20 20 20 \./ 20 Y
0 0 0 0
5 0 5 0 5 10 15 215 10 5 0 5 10 15 45 10 5 0 5 10 15 45 10 5 0 &

E4-6 FEZFIEXRTRIEAMEE RG]

0 15

I 4-6 ATLUAEL, Sl EAR BN, ARERIEHCSERI M AL B 2 SRR
RIS, TASREAR G ol S B AR A B, BB A 30

4.4 FERAEHEREEIEE

4.41 BUIRBIMREMES

H i A 2 4% (Feedforward Neural Network) & A T8 ReAlids rh,  f5 3 AN i a7 B f i
LB 2RRY, F KRR B A G AR 2% . BP fZ M 2% A1 RBF M4 . HRIERE
WA SZBR M AR ERIE B T 5 R KCF

AT M 2% R, BT A T A RRZ RGN, (HR R R TT AT L%
W b— R iimii S, IR T RE el E S . RN, SEMEmA
JEIZL R, I BARIRIL AR 2 AR IR A o L AR A 2R A 8 R A SRR 8 PR 5
SIFERRA 4 (BP R4 ) RAR A 2 bR HU e R 4% (RBF A2 M12% )

(1) BAEEMLE . AN EPRRAERIINL, et PRI AT B /2%, R R
Ir98,  HRT DAFAE 27 2342 i A TR SR 2 B Tl o IR I 2 7T BL 23 Dy B J2 TR 85 A
L2 JR RGP 45

(2) IAfEREM ML . BP tha Mg A 7 AUE IS ALk A ks, SRS A K
K&, BP MIZITCIME AL R KL T Sigmoid BRE, i DU R F{EYE 2 [0,1], W ASEELAER A
B AR AR

(3) ARk R Frh 22 4% . RBF PIZE REIE IR R A AR LRV E R 2, 7T LKL BE Xk DAAE AT i R
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YL, BA R HZARE A DOEICSIOREE, Dt N T ARV ORI NPT
R, BRI BT, KGR, RGER. RIS W 5T .

4.4.2 RIRBIHREZMLS

SR 2 4% (Feedback Neural Network) f&—f s isizh 1154 240, WALFRVERIAM L,
TER B A W ZE B, I8 NG 5 OE T B R R R VIR, L 8 2xidid
— RN HPIRFS e 4Z HIA B A R SO ERRAS X PP EERIRES BRI A SIS Y o 22 I 265 (1 T B
i, SPERIRAS 2 SRR MR B . 76 B R I 5 B, FE M AR B I EAE
FI B LA S8 S R 22 W 2% - A0 35 Hopfield #HZ2 M %% . Elman #1424, LU #Z
RRZE . LA B AT it 2% PR 28 25

(1) Hopfield #£2#%% . Hopfield 128 /2% & T 1982 4 M4 % 5% J.Hopfield 2542t
{1 J AR [ S PR AR X 2%, A Hopfield 128 X 48 B Ih bR 1 AT 7 il AR SR A g 7.
2 S AL b NS R B AT S stz . Hopfield 122 2% 73 4 B G Hopfield #2825 FTiZE 45
Hopfield 12 /2% .

(2) Elman #1£/%% . Elman fH£ /2% ET 1990 4 J. L. Elman & 5642 H et TiE 3
bR [ R PR 22 R AR R, B — AP B B SR SR 4% . Elman #1425 AT DU RO — N R
B JRERICIZ BT AR R BUE B R B Z L, BREGRANE . BRIREREHEA, B
T MR IR G — R

PP, RIS 1 o 03885 W 2 2 RV b 280 26 O T S R B 22 2.
4.4.3 BHEARTFHEHZMWE

T 2R A 28 R 2 A0 I U Y o 22 D 2 S AR 2 — b I B PR I 4 528, B A5 4 2 b
MR T ER B E MR, —REHE=2, 2HRHNZ. wf 2L EmEE. “M
BRE, WFNE” S H R TE G R 4 N 2% i 2 0 IO Sl i 1) R AR, SRR
FHEE TG IR RS IR, T se 5+ R M & TR FEA R . ARG H H a4 R 4 N
AT H AUt (Self-Organizing Maps) M 4%, Hi&E M iIEHR# & (Adaptive Resonance
Theory) %%, XHEif&4% (Counter Propagation) %45,

(1) LRI IR E o [ L 2SR I 28 2 — o ML 20 (1) 5 S R PP R I 2%, 5 2 FH T 5 1) 1)
HARIZIRAT S, ISR EPIZ L% . 1981 - H 25 2= Helsink K22/ T « Kohonen ZiZ 4,
DRk L 2 X 4% 0 5 PR A Kohonen 4% . [ 2 2 Bl S IR 288 S 3t 1 — ol s 4 5l 78
R4 (AR IR I T7 25
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(2) HIEROEIRIEIBM L. BN RIS H3EE Boston K221 S « Grossberg
A -+ Carpenet T~ 1976 42 H BRI LAY . @ M IEIRIEIS 2452 I B I I . &M
RIS A TAR IR, XIS B Do B AR WX P2 A, W DB 2 I 48 7
BT AL B .

(3) XL REIN 2 o KHE AL X 45 /2 35 [E] 35 44 %3 Robert Hecht-Nielsen T~ 1987 442 7.
o A8 9 D) 24 A 280k A7 fis — 33 1) BSOSO S T, mT AR T B A DA R 7 RS 55

4.5 FREFIPENRIMEZEE

451 ERWMZRMLE

BRI E ML JE T R BRI AR 2 2% 2 —, Bt T B B R AL FEAG B R ) R5R,
ELER F &/ DAFEEIREMMAL R . BRI N & Bl J LAE AN R R IR B 2 S 4%, 3T
PR BEMAE N PN, ARSI E M EAEE LeNet-5. VGG, AlexNet 25,

F AT P 2% £ 2N ] TSR h AR 00) . WURELE, Btz oh, BRIRHA R
LRSI T AARTE S AP SEERAER, BARMZ 2T DA RO T B R TE S A P
Mo BT, pREE. RN, SRR IR N TR AR SR, R 2016 4 3
J1 AlphaGo &=t E R BIBLLL SR b, FoR 1 A5 AR 20 19 2% X IR P 2 5] A B L AN ) 3
KGR o

452 EHRBEKLE

AFEFERME ML, EA M2 A TXHE S ORI, ORI P ab B, HF
HEF LIRS L RSO R . (R PRI 1 A2 4R, NI R IR /R SR 5
DRI G AE SCAR AL BT THIE PR e e PR 28 TR — 5. I ER B SR BUIAE e — = 4R i,
FERE 5 SCBTT A AN R . FEAE 1997 4 LSTM I TTRITIN, Mk 1 1 k) 24100 e
S R, A AR X 2% £ T 37 N P PR v

H RTGIA AP 22 P 25 1) E BV U7 st AE ML I . ST 5 NLP 45 el il J LAE g
PRI M S RaPlas N, TR T A — R . BRI AL, RIS R
WA LLSEELE SRR B SR, BE B 5.

4.5.3 FREEZME

REEAS &M% 2 T 2006 4EH Geoffreg Hinton #2 Hi I ML 454, B — R b AR A,
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M2 IRBUR G2V, RANZRE T AT ISR, Ham] LUEL gy th 2 )2 fa] oy S) 4
R G R AR . IRPEAR 2% A2 — AT DO IR B R ASEAT IR JR R IE ) BT AR

TR IEAR 2 28 T LA FAM PR EEAP 22 I 28 I TN 2R 0, 6 BLHOR AP 22 I 28 O BLE AT 46
WA ARFTRERL, AEERIBUEYIIE T o R R A PR RE, TR AXTIZR 075 20AT
PR e SE AR AT AR AR, IR IR 30T DU R THAR Y [ 1k e A S 2

RS S EIE T LLATA N A SRR R 2 2%, B GRIR G &M 2% . BIRIREE S
W28 H RTUR L2 I OB K R R 7332, R4 K E R BRI M sy, Eilgk L A%
TRIEAR & P B TR 2R 34

4.5.4 ERITIRMEE

A RO T R 4R BT AR SIANHLAS 5 ST, XS BRI AR R AN A A . o,
RIS IR SR AR X 7 SR AN A il T A R R 97 51 A AT SR R A
FRBT i o 38 I A TR A A A TR RS R 2 R 2 IR R, A O B 2% BE A A Rkt A A
BB B o A BB RO -

PE RO LI 266 2 B TR K AR A (KA, A RS VIR AR 7] 20 A BR300 »
fln, BB, EE. CFSE. BET, GAN FENHTERIEG SR SR, DK ERES A
B, i, SRTHEB O HER . R AR R ST SO IR A RS . A O
W28 BIAE T B 2 SR SR A 1 OB R SR SE, RN 2 T 2 i B A T T B A ST R

455 FEEWKES

IREESRAG 7 2] S il JUARIR BE 2 ) h AR H B S R s, 5 HARNLER # I ZERAET, &'
J5E B A A ) B R R T A I O T R 5 B 19478 . Google T 2015 4F 2 A 7E Nature 7 &
R T “Human-level control through deep reinforcement learning”, VEZH R T @i IR & 5mAk,
SO HEAATLE 50 (Atari 2600) HLFIERR -

WREESRAL S SRS AT AL DA SEA AR P8, AFL, afE. bt JERDUF IR
A SR TR 25 T (K AL BCE G ST ORI, BT B AT B E, ]
RERE AT, AITTIE BIABELS T K BRIME R, 3B TR o SR 2 S EAT

B SIAE H A AR SC B 2 BRI, (ER X T A B — S 3 DL 27 3] AN 5 R
A MBS S F A BERUR B IIRCR . RIS 2] S & G A B 22 51 07 s R, EAREH]
FOARC B E IR . R s S R AR LR, IR RANBE SR Z R R,
FARE T 1
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4.6 HfttaZMESREF

4.6.1 HEHRR0E

BENL#HZ X 4% (Stochastic Neural Networks) & 135 [E k% HLik K2 ##% Erol Gelenbe T
1989 AEHE H 1) —Fh L BRI I 28 S50, B AR S 5] N T BENLAR A, 7EREHLA P 2%
HILZ AT, REMEML)E T MY, RIEZEIANAZITERE, SMAEr, 45
WARME R . LWL BN LS R E A N2 PP 2 i as 3=, AMn
I, BEALME P O] DS AR AERE T B R R R SR AR R AT B, P N g SRk 5

BEALAH 2 R 26 [ BRI TR B2 LR, SRR )2 PO R AR U A i
FEAERENLYE R o RO PE A28 0 25 B SR S AH R (RIS, R X 2% PR 2 AR AL, Xk
AL AR I BEALYE .

BEMLRh e R 26 P REALPE BB T T . — 7 IR 2 e 2 (AR I BE AL R A i R B, o —
T2 A TCREAUBUE . BB A% 2 bR R ST A BE LA 22 X 2% 5 PR R 25 2 AL
4.6.2 SFHEMLEE

BT amMa it 1 20 thad 90 SFAUEM, OIS 7 ARSI R AR BIRE, B
LIt T8 7 M2 NATT AN R 7 3T TR, Seth 72 R Rb R, ekl 7 &
TR BRI TT . FERT T AR A JLAN T T

(1) BTz LA pp 2 P2 B IER B AR T ' UL, B e AL T &
TS

(2) FTAL MR 13T R iR ECR T8 F e g, JE A A e BIF
TR SR R s, AT AR A 22 R 2% (R S5 F AP E

(3) ETHAMBE GG REAIR S B RS, i 5N E 7 Bk oot g
Mg AR, Ol E T BRI SATE, EAL T TR, SR T ARG M 2%
o as R AL BE -

(4) FF MRt S IANRRHE IR T

46.3 IBFI
TEREBIRIE S UL, AR BARHEAT IS, RSTHUR, Bk B B 5 46
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et s ARRAEA 2 SRR S 18R B SRR AR R ZE i, B R RI7E
Tis NTARCEIVNZRREAR . AR AR AT BRI, TR 3EE I IR R . IR B AR (1
AR5 5 SRBL 55 N BARREA K 0 A — 2, BEA I AR AL, AT e SR Sk Btk 55
DL, HEHTIC SR K I FRT A R

IEFE 2] (Transfer Learning) Y& T X £ds i,  HA @ i DAAG 2% > B0 KR 8 H T i#
PRILA BRI &R R ITRE % ) R RBON I TR Z —, 1T M H 24
PR AU > B AR S B B bR b 2, USSR B AR SUSAEAE — 8 I FEVERT 22 e, TR
M, B TRNRBMAERER, TRAFIN AT, R R .

BEFPE - MEME “¥ 21887, Matidl, R AR TRZR, A
B AE 2 ST RE T T RS B AR e T e IR ST AR R B I seh . — RIS, %2
—NHHIRFRIRES 50, (HEE RS 52 2T e ) 2 HoAh 3 5 bR AR XS R HE R

TR 5 I T AR RN 2 21 07 AR KR, AU S ST % S AR, 164
WOEHNLASF I Fm A . B, S REEAEFSIITE T, TFEERE AR, (HE KR
P RIHLAREIR ZE AT ZE AL, T s i) R AR IR ZE AT A AL B, 1T ST R K
Bl S B IR0, N T AR B 2 B st .

4.7 REFIESZEMEMERIXR

FE] Xk, IRBEEE MBS T2 — D 2R MEML . R L LR Z R ms H
BNZ BREE. Wz REZEPRESHR T RE, BE AN, ARk
R 2D R R GEN .

RIS, T8 TSRS B2 R AL, 52 R MM i) L,
TEm THIER, BlinsRsha Mz, EERANLZEME MM B, ST R S8
DT EREAAE .. ZEMAENEIFAER TIAS, A=A EERRE:

(L MR KESE, & ZF BRGSO A RN . RIS ARG AR, A
IR A S 2, PR BRI M LLIE AR

(2) A E T AER L IE T R AR e B, U Da 0TS IR 12 KL, X2 S OB B B i)
.

(3) ToiRALEI (A Fr o Eid CAnE D, PN Z R M A5 o 24,
BEE N TR BEMCN F S ABE 2, £ 2908 FlanEGIRR . PUEAE . 15 SR
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PRAE, ARG RN W 2 LLIA B R ACBOR o« TR BE e 8 W 5 B R AE DL = AT T —
%, IR AR BRI R GRCR

(1) PRPEA S IR AT UL A Sk $f SRR B iR 1E . AR BIAB], R GRS E R MR A
FRLERPLM T, MK R RS EEMEE S, flnfrE. W%, MR
o M R LLRA GRS, MO RECERIIARSAL, FEE 2RI, BRI =5
RAEEZHIBAE S Fr Shatdl B R B E M & h Rk, AN B, HEE
i, BEHE LR BB AN BTN GE, AR 2 il G R ALK 5 R AR R — 2, Haid
[P NIOE It

(2) W= SINGFIER St . —RhNER BRI M I H R R . B, EREEH
MR 28 T AR SE AR A M 2%, INGREE DRI T S AR 3R B L IO SEAC SR B . 55— Fh
JrigR e R INGHE, LA R IR RE, s i/ A (RLS) &%

(3) RIGHIMPZMZR LS Biln, {8 HIEA RSN 8] S8 A e 20 j4 25 SR AL BRI [R] Fr
FUAHIR RO . FEREAN R S L, IR ARZ P2 W] DAFEIN RV B2 b J BRIR FE AR 2 P 25, 7T LAY
RACPF RS (FIHnTEF RSB B RE S B

FiAh, WIRE RGBT ZRLEI R L 2 ST R RCR AR K, A& G 22 M 2% R AT ) A 4%
Tiid, TA R AR R IZE, T LABENLB BTG, 2R 5 AR A 22 Ao 22 k0 2% 1 S
it AT B i TR 2 R B S TR S 8, LR CREMGZRBRIE T F&120)

SRR L7 2 R — AN Z N ZRIHLI, W R AL A S A FR L, X IR E A g, Bk
REERIINTR, AL IR SRR RN, GRS # TSRS L. Ji4h, B R
e G ENUT AR IR B 22 ST (B R S 5, T DAE L 2% ST 3R A5 (0 o A\ K 1) 45 K (8 A e (B il
SR RUE, B MBI, AT DS R A 25 R

4.8 ESI5

RIS IR A S EFEISEL SETAT T B PR I S L S A B I SR &
HBERER, T —SSHRT A, DA LUEEIZE.

(1) o). TR SR SR, 5T # R BIMME— OB E, filtn 0.9. %
SIHER BB AR, I B2 Tl 0 1 B & I R 3 2 T AR, 22 R Eom
W05, (HR—MRIEIL T, WLCKRH FIERBLEEVE, 5101 Adam. AdaDelta. RMSprop %5.

(2) WZEJZIRGERIRIBETE . HBTR T W48 2 UG R o SR ORI 22 705 i B0 52 51
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FRASHEWT, (HREVNRETFET, 2L 0 S5 IS 16, 32, 64, 128 IXFERY
AT IREL, — BT, EEME T SR EA SR K. B, FEMZL T S EGE
1000 )L F&F -

(3) NZRRIHLAL TR AN o AR /NI G R rh AN v [l g (B, it Ae PR B K,
BIRT DS s R R I o, (H R AR iR 2 R R FANRERR B ORES ;. MR, A HEAC B R B E
N, B RA A RIEHA S KK, HESSEHAMKESUEE K. —RELT, ATEL
BEEALALFE AN 64 B 128,

(4) BEEZHEBTBIME . BhEER BT RATIR BN 2% (BN eh 22 2% ) rhBis 1EAR B2 IR
ARITE, ASHRER L2 R0 — R B AT SO E R AT A fe, XA
R R AELAE AR XS BB R TR P =0 < BB/ B JEE L2 i

(5) IEGUREACREEL . IEGUREAS B EA]— O LU R 53 ALY, R0 i, ARG I
TIEFEARRIEEGIOY 1 H 1, (HSEER b, IZREEIF AR B AL IR, 2R IR SRR AR A
EEAY 1 EE 1, BB 7 245 RACAR KR FE b AT g 2o fm) TN ZREE b o5 BUBORHIREAS, AT
SN IR 73 R o T LUK o BN IRE AR I CRFEEL B, Bildn, b /N Hedl 3t AT R il L
Sl AU T REMAEA T IXRE, X TR ZR b — DR AN 2] BE ik IR ke
REE—F G, XTHAEERN A 64 (0 RNGREE, WAL B A IR R A S
%y 32, LRTT A AMGEN T =0 KM, X T2 70 BHK AR E ] .

Ei AR RS R A E E S HAT TR, AESKBR TR, S ARAEASF R Hdha R
AR SEE, SRR AMEZ. 20 B 25577 O BT I 25

4.9 EREING

AW T M EFER, MRS ITENT, el 18 W ST,
R ZEB IS 3] BRAT A ST S/ NS RN DA B 240 2 ST RN o R B 4R T BB T
PATTE, FEXRTBEEE T AL TT I B A BT T Ao BB X LR 22 X 25 267, 4y
TP B ML . BRI N, BENME L E3EAT 7 Al R, BT
DREESE ST WML KA, QiR s | S IT PR N 2% . JEIAANEE I 28 630 4T T MEZEA
o AREIERJE ARSI B Wgmi it PR B shgiiy . FERR 5 shem it i AR A4









B5E

AUTEREL L ) 4%

RIS R A 2 00 2% S N TR R A i 7 5 I AGE P FY f S 22 P 26 7, it RIS )™
2 RIBBOVREME M2 —, NATEHREMSHRAE Y], ST, H AR
NS N R ST 2 1 e K-

5.1 Hhk

IS e I 28 A F O — Ry B 2 M 28 30, S e ieiR R ka2 4181, )25
JRZ B T EIES:, BT — ERE oo T —EManiAN, SRR ZEBH R
B, RN ZRNME B ETER, s Rz, Ba—E2mbE, iR
MR BFRAERSRRZ -« B IPLE ILR LRI TE S5t W] A — M ek BT 2R . ERBUFA
RERRE ML P RIS B RE AE R, TR FE A28 I 48 A PR TS5 ) L ANAEAE PR B B3 (vl
4

5.2 HEWEH

DAL PRI U5 R Ao 20 X 2% 0475 B T2 ) A0 2R e 4 R 48 5 K A S 22 T2 A A R e 4 R 4 6 4
AL PRI IS A e PR 28 PR A B SR R 2, 28 V2 IR I B e 2 PR A AR A 22 S I R i

(1) HJZIRENR LM B RRMBE M E 5-1 Fs, e HBANZEME 248, A

B REZ .

=
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B
a1
ot
W

EnJ)\F'

............

EIS 1 PR ERAREEE A

(2) ZIZBANEEN .. 22BN ENE RIS -, 20885 — R,
& 5-2 s

........................

...........

H5-2 MENEEREER
5.3 BERH=:

53.1 [RIE

A (Perceptron) JER}22 5K Frank Rosenblatt T 20 40 60 SEACKR I, B A ML
GG 5 25 Ty BN SR A AR, 92 o TR B PR AT A R AR R X 28, (] N — P — n etk 43 2K
BRY, FRA TR BONERE N TR RIS — IR P LU BORAT, R U A T,
figp-phe 1 AR 22 IS T S B 4 ) AL

TN NP2 A 2 X 2 ol R B SRR . ZE W) b B R T LA AR
FRf ARNAR KNI, ORh T AN R 2 0 2 20 T AR O R PR AR S — MR BOE A,
AR . SRTAPLE M 2% RGEPIRS IR T ARS8 A L K5 BB LR A 255 5 S
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BN BB, 2R AL THaE A&, R AR ZE o™ A skt 7 A= 10 PR b 8 od Al SRR 5%
fl A% 3 B oAb O ph 22 onaR . BN S BB A 2 2 IR, R R RUE, BRIE
M K 20 AU D s R

JRENES S e — P T R A TR A AR 2 4 . SRR AR 4%, R BRE AR HE SR 2k T
IrE, MR 2 JGEAR, BN AR R — E kB, FEE 2RI IR, REFEARL
PEANRI 200, BRI 85 FR I A B D, — U A S E 8 — MR SIAAE B
S AP UVAER

5.3.2 MZELE
JRENZR I X 5 S5 B 5-3 BT

(%1
({zf’L“Wz R

(e —

Wy
(Xt /
fa—

(b}

R

5-3 EERARRAIZR ARSI

Bl 5-3 LR — i NI ZRANDS, x ~x, BRI N, wy~wy b R —A
FEBUE, bARE, — DR AR A RN E, fun()RRBIEREL i E AT
BRI HE BR B AL 5, ey i An k1 B G T A5 R .

P I

y = f(Z wex; + b) = Fow)

KB o8 A D s bR U R R 25440 0y «

:{+L WTX+b>0
YT, WTX +b<0

5.3.3 =fl—: BEFRERMSR 5" 58

— /N WL Tt 2 R B S 3 T 51858, MANUERIR AN R x fx,, HT5EH
H45 B ang 5-1 Fias .
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#5-1 BIMSHNSEERG

X1 X2 Yy
1 0 0
0 0 0
1 1 1
0 1 0

B ARXy=rWTX), WIREZETHE: y=F(exwy +xxw, +b), HH 4%
w; =05, w, =0.5. b=-06, BiGRERAINFAR:

1, x>0
S0 = {0, x<0
M5 28— Ax = {1,0}: vy = f(x;xw; + x,xw, + b) = f(1x0.5 + 0x0.5 — 0.6) =
f(=0.1) = 0.
FEE, X3 =dHEAx = {1,1}: y = f(x,xwy + x,xw, + b) = f(1x0.5 + 1x0.5 — 0.6) =
£(0.4) =1.

PRk, AR — AN EE S TR F AR, FEE, AT DR R s AT Bs . H
TR M AR S 34T Sia Hk R Bs 5, AR AT E B — AN A x5 B wy IR AT
PAERRE AN, EDN 1 B Riw, BRI, AT o Sw, 0 1IN b EEBOCRER R) i, 7
LA B RSN AR N GR B AT AR ST B

5.3.4 =fI”. FIARM=FIESTHEEER

ERET) H, F—HEBHFEEBEKIEE, EEAMIKEETEM4M=ARER: K. %,
e FESBHE IR 5-2 FioR.

*5-2 FHHEARRIETRS)

K (B EX B (B EX) = (B [EX) 2EE61%
2 2 1 G
1 2 1 TEH#
1 2 2 Gk
1 1 2 TEH

Bom R HCR T A5
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1, x>0
0, x<0

flx) = {
AT EIRE R G AN 0. 18, AKAEN L, AEHBLEN0. Bilw A
1. 3R 0.1, FHET 2B F S — s R .

© i EE—TRIEBOA M w, TS R E E Nz, RSy = f(2), N
Bom g, ik 5-3 P,

#*5-3 z{EHERG

ey 1= zETEAR
1 Z1=2xW1+2xWo+1xW3+h=2x1+2x1+1x1+1+1 =6
2 Zy=1xW14+2xWo+1xW3+h=1x1+2x1+1x1 +1=5
3 Z3=1xWy +2x W +2xW3+h=1x1+2x1+1x1+1 = 5
4 Z=1xWy +1xWo+2xW3+p=1x1+1x1+2x1+1 = 5

© 5 B AR e SR ARG A SRR S (2) I, IR 5-4 B
*5-4 HIEESEFMEZERIZEETRA

RS t y=f(2) ty
1 1 1 0
2 0 1 -1
3 1 1 0
4 0 1 -1

O HEARARERAW . RIEARAW, = n(t — ) X x;, SSFIETIARE S AR, If
AR, G55 RE T s :

Aw, = 0.1x(0)x2+0.1x(-1)x1+0.1x(0)x1+0.1x(-1)x1=-0.2
Aw,= 0.1x(0)x2+0.1x(-1)x2+0.1x(0)x2+0.1x(-1)x1=-0.3
Aws,= 0.1x(0)x1+0.1x(-1)x1+0.1x(0)x2+0.1x(-1)x2 =-0.3
O HEARIERITH Wl w2, w3:
w,=w; +Aw,; =1+(-0.2)=0.8
Wy=w,+Aw,=1+(-0.3)=0.7
Ws=ws+Aw;=1+(-0.3)=0.7
B R T SRR R, SRR Mw DR, RN R AT,
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LB B B RIEAR B B 1R 22 /N TR 22 IR B I B AT 42 kAR 3 B AR5 22 S 468 T A R i
it — y 2 A, RUWERAE 5 RSB R 2 BN B — 2 R, Ay ik 3R 72 R fE .

5.4 BP #HZME

54.1 #ha&

LR Z M 2% (Back Propagation Neural Network) iR N % 2%, 2 H AT H
BRI ZIMEm g2 —,

Z SR IEFNAR NS T 52 R 3 P 8N 1 REORUZ BB BOR R B H A A A B i
SCHF. AEZRIEHIAR T, BE RN RN R SR, FROEUR T R AR AN E R,
R 19 R AR R e 22 P 2 B PR BE AT SO, 26 3T DA 72 Rl 2 5 s B, T

h=vm¥n+a
HR R AR, m A S nRR AL a2 1~10 MEEZ
IR F 4
ST T B 2 1 20 RS B SR X B0 — MR T T R T A K ks TR T2
R RIS, B I K A — AT Y X B P T (K T 2 Bt 2 (e 8, L
eI LA AT, % 1 DA B TR R 40«

542 RMOEEHEE

AR TR A 22 X 245 (K1 25 3 50 R S T8 8 I 445 P BB AT s B 28 250, RIS 2 X 4% 11
IR RE — SR I S AR R Bk, I Il 3k S AT LA D I TR AR R S ) S B A 8 20 o I 7] £
o SOZ R AR SR AR R, A AU R AR A A B )2 R T B R R B AW . T
— AN UNIE 5-4 Fros 2 SR RIS, ST DR S AR AR R AT A R I 2R

% o O
O O

B 5-4 [ERpBERINEERM
/E\:E'jx1$ux2y‘jiﬁ)\)§$$ééﬁ: f(Zl)\ f(Zz)\ f(Zg)\ f(Z4)?\]K%5ﬁ}§%$ééﬁ, f(Z5)?'\j$ﬁth

O
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JEMZTC. z WAt BRI, & XLy, = f(z), Formhaoehtig.
1. IEME&H

FENZRM L 2R/, T EREILFIAALBUE AN B, FIIa A BUE S BENLA [-1,1] X 18] e, 4
gaAL i BN REALIO[O, 1] X () SE 8, SR JE THAR TR AT . 15 [ A% 2 N JZoe Ml IR 22 7T
AN R SRR I R

T £ (2) ORI Ze T, FE AR R A L L 7T LA 0
y1=f(20) = fWearxs + Wiey)1xx2)

W(xl)li%{—\‘xliuyl E"]*X{E_’ W(xz)l%ﬂf\‘xziuyl E‘]*X{EJ ﬁulg 5-5 ﬁﬁi—\‘o
* O O
O O

E 5-5 ZERBAZFIIESERE

O

FEE, B LATHE
Y2 = f(22) = FWixy)2X%X1 + Wiay)2XX3)
¥z = f(23) = fWep1xy1 + Wiyy)1xY2)
Ya = f(24) = f(Wiyp)2x¥1 + Wiy,)2XY2)
¥s = [(25) = f(W(y)1X¥3 + W(y,)1%Va)
B E R LR, AT — AN T U E, B Ly s B 24 1T AE [ £
TR S Rt o
2. RERiR

S AN M 2 i R I RTHES R BBV R . £ IRt e, B2
ARG S B tar By s ABUE IR B 130T 8 5 H (B a0 SI B R A 499 52 A o {22 1)
FAEIRZES, JE X8 = t—ys, WZEE XHIT7 Ar] LIRS SR O o RE B — Mg s 47
FERZE, HE X MRLITCHIRZE NS, Fliy, ML TTHIRZE NG, . £ EFE PR E
BHIMES R TH AR Z AR BAUE, X TRZERRR, WA 5-6 Frn.



E5E BREMEENSE | 95

& o O
o O

B 5-6 #EMEHINRERTRA

6 I A6 S e b 6,0, BT P TE B R L, KT 126, = w8, I3
64 = W(y4)6o ﬁﬁxﬂ'ﬂ:é‘l*ﬂé‘z B(Jifl_ﬁjjﬁﬁu_l:t

O

81 = W(y)103 + W(y)204
02 = W(y,)103 + Wyy)204
ERHE, BIRERIS, 8y O3 SuMIMH. RIFERRAI IR H BIE R TSP o2 18]
MIBUEAR L, RZERTTEAE AR EESH, X TRV AR T BUE SON:
df (z)

l le l

Aw; = n6;

Forfm N ST, R Fwee, BRI, TTLLZHE TR A S

df (z1)
Wit = Wt T 16 P
1

ﬁ@’ Xﬂ‘ﬂ:W(xzn*X{EE/‘]iﬁ%j‘j

df (z1)
Wixr)1 = Wiyt T 161 P
1

—BUEAZ IR EIR A, VAT SE O BUEL ISR, M n 2 M MBUE SR ez JE, W
ﬁﬁ%%ﬁ& HAe SRR A RS2 SE AR R 2, AWt 55 1 %4
AR ARG, RZE SR, BUER SBORBREE, BRI HER R th 2ok .

IR BN I A BN ROR Z RO T EABUE R T ik . AT DL T R — A
R, B R EE M E T S HAEN T — Ewﬁmm%ﬁ,l%w%EMﬁﬁmﬁ
R NG E AR TEARL, SR Ja R AN BEUR A2 T R 2, ELREE — N REZ
SRR SRS Ryt

BEE R 2% (1 R R, SORTBUE IR 7 2 48 LA T B ity R M SR mef A SR PR RIS
R, BREZRITTIEREE TR Y ORI ), DRI AE SR B I 75 0 LS, AT el D AUl
BUWRZE . ESKPR TRER I b, ASUEL A S 5 2t 2 MR AR S B 175 100 1 AL 57 SRS

fis s — DNAPLE 28 A AN FAER, g (0 2 24 T DA R Bl i s 28 A, g,



96 | HMEMESREFINFAL

XTI AR, T UAE A — MR RO R, G R R AR 2 T AR AR ER T Y
{6, WA Bz R TR IO, AR TZI00 . RIAERFEA AT L T
AR 2R X 2%, ST LA oA e 2 R 25 1R 11 25

3. BIEFRMH

M IE AR R A S5, B TER TN A R RE, AR5 AW 2R 58 3
EINGRMEREARTRIER, TR AEIEEER. BAramaMRRrE RS © "HERK
IEARUE, R B ARIEAR 100 URFIE; @ THEUIZREENS A BNRSE, 7RIl ZRis
B BEEE3F L.

SRR AR B A N ZRIN E ETT 1%, — BCRE R AR A A SR R AT VISR 0 2 2 O 2%
PRAE “BP fHZ 2% 7, Rl BP L2282 —Fdt T I A AL R 55 2 R A M 2%

5.4.3 REkEEAYAER

P R BOE BRI PR R B, S R ER R Asgn, BRI ARSI 2 x>0 B, &
Reh Rt 1, R WEE 0, WEMBEMTHN-15. -05. -0.5, HZICHMZAICZ R
fEUNE 5-7 fiw.

Xy

PR XS BN oy Rl B IO, ey = 1, x, = 10, -
£, = sgn(;x1 + x,x1 + by)
= sgn(1x1 + 1x1 — 1.5)
= sgn(0.5)

=1
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fo = sgn(x;x1 + x,x1 + by)
= sgn(1x1 + 1x1 —0.5)
= sgn(1.5)
=1
f =sgn(fix — 2+ fox1+ b3)
=sgn(1x — 2 + 1x1 —0.5)
= sgn(—1.5)
=0
FH#, Mx, =1, x, = 0H, f:
f1 = sgn(x;x1 + x,x1 + by)
= sgn(1x1 + 0x1 — 1.5)
= sgn(—0.5)
=0
fo = sgn(x;x1 + x,x1 + by)
= sgn(1x1 + 0x1 —0.5)
= sgn(0.5)
=1
f =sgn(fix — 2+ fox1+ bg)
=sgn(0x — 2 + 1x1 —0.5)
= sgn(0.5)
=1

[FIFR,  ofacq Moy O FLAIG 0 4% 8 3R 07 sCREAT THAR, PRI, A5 3R sli{E ik 5-5
B o
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#*55 MIMTENFREWNNE

A, A x, FULER
1 0 1
1 1 0
0 0 0
0 1 1

R R EGE AT, BN: 090=0. 0®1=1. 1®0=1. 1®1=0, XFLMHFEIEH t Al L3
i S E i R 4y 2, el 5-8 TR .

X3

E5-8 SN
544 BBEHRSER

—RABILR, AN X 28 B St MO R AR, A S PR A7 400 U2 i 22 DX 28 I 2t )|
SRR, X0 & AP N A 8 CGll-conditioning) FEUM . 722 E B AIZE I
SRR, PPN R A 0] R S I SRR AEE . P X 2% 5 A8 D KA 22 I 285 (R ) SR BUAE
B—ERR. W NAEFRFNNGFEAZ T K P2 2GRN —. WIRBUE IR E
AEE GERekd N,

T A Rt SR A AR A 4 SR PP B AR AN 58, IR 5 IS U AR S 3 A R AR
KA

LR S TT RN, 9507 REAL A 4 A AR AR 532 40 3 BUR SO AROK I T RE 4L, FRAH
JS2FA) R BORE B i AR o R T ARG Sk ) A A ST K 77 R 4 ) R R R e S m B T R A
B RFAE—EHNREE, TR EEWIEEE iR 2R T RO R ol 2 A A&, AT 2 mi 7 FE 2 Y
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fift e ST IEAIMEAT SRR P EBEATEME . ARSI RRAT LR : " S AR
B TRUARER K7 UL BRSSP R A R 285 I

il et - 40 R Y2 T R
x+y=2 x+y=2
{x +1.001y =2 {x + 1.001y = 2.001
MR EE, WHITTRARE AT BAEE, AR S A TR ALE, 70
9 2 A 2.001. PILHTTREA S AE R AL E IR ORI S E), (E2 v, e Oy R A
Hx=2. y=0, MAAWHERx=1. y=1. WHATERGFNREMRNEN, FET#E
B e AN E BAHZR K
XT R =T FEA
x+y=2 x+y=2 x+y=2
{1.001x +y=1 {0.99931 = 0.998 { y = 1.00
Xf B =R A AT R, AT DU =07 R B v ) = 10L Ry = 1IAR, T
BHAEE BN ER, REMMERZRRBDN, PR TR RGN TR E .

IR AR A e RES 2 SRR G, AR AR PRI R R, IEARIIZRII O %2
BRI, HEERMTINEET RS SBURKRZESR, — /TSR FIFI 2 M 25 A
TRDACS AR E 2 pAh, A A AT DUE P05 ol T Bk S 7 AT AL g vk o

5.4.5 fl. EFZERMBIOFEHRHFIRE]

e T B AW — ik FEHFEE LT, RbREREGENZ ZEEES AN ]
DU AR R IR BB A N 2 2 BN s . LR SRIZ4E MNIST A, K152 28x28
MK BEEME, DRI TR 2 784 AN ASIEE TG, TR MPZTCE Y 0 3 1 A EHE KB . Hirth
EEE 10 METT, BAME TG B ERRN T S EEON T o N R A,
10 ML TR 2 N 1, PSR K 5-9 Fis.
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X2

B 5-9 ETZERINBFEHIRGIMEEDRE

FEQIE 5-9 PRI M5, W8 LRI IEEG n'RRBUZ M2 T
B, o(OFRTFBUEMZTIOBIEERE: W e RY U FRH1 — V2S5 U2 T I BUE R
bl € RUFREUEMATHIMEBR: 2\ € RY ZRFUZMATHRN: o € RY ZRFUZME
TLH AR .

Z 2B AR N 2% AN JZ A Z 2, TRIEL = 2,
(1) #NE: B 784 ML TR, n! = 784. ¥4 28x28 [T Bk BG4 E R T H—4E

img,
izt = ¢ ], BRERFENSINEZMENRNE.
imgyg,
(2) FF, fWdZE: B 10 MEdm, n? =10, BANEMEH Z 2 R H 2%,
MIw N2 iAo B th 2 58 M AT RIBUE, b7 2o th 258 M 28 e i i

wil W(2>,1o
B, B2 =W at + b2 = W22t + b2, W= A
2 2
W7sa1 = Wrsa 1o
b
b2 =1 : ]. %2 RH softmax 1F NEGEEEL Hitka? = 0,(2%) = softmax(z?).
by

SE AR BRSO TR S A AN T S ) 2 8] fR 28 SO, AR, Herby B
loss = — Z[y -log(al)]
DL 50 MEAN—HBA TN, FLEAIZE 1000 X, Sz A& RE DAL R g FH BT B,

O A E N 0.01. RJa, HIRELHERIE I ZRar FRE 8, SecaRy], JET 22 A
T 5 BT > R UER R L0 91%.
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5.5 RZREREHZMLE

5.5.1 [RENEE

Z K%L (Radical Basis Function, RBF) 125 W 4 i —fb LUAZ ] 32 bR B0 B80S B8 201
ML, B B EAELAE JI5R . > 2ERE ST nE AN A o) T AR AE AR #1985 4F, Powell i
T2 EARE AR AR BT E. 1988 45, Moody Al Darken $EH! T — Rk £ L8 44, BI4%
SR B 25, B RES DT RS BT RS R, FrlE A il o 3 2 )

A8 170 B R B SRR VR AR DN RR AR B R A, — R L 8 SO A 3 R B e e 2 1]
FRORR BB 8 i B R A, AT A ER((|x — cl) - B AR MR R EUE Sz 5, JH T4
T PEANFE AR xRl A2 1] 25k bR BORT AT LSRR R SEAN N 2 R R AE &, w] BhoE SO R A 5K

[lx —x'||?
202 )
Hrf)|x — x| |27 AR N ANRRE 2 2 (B P 7 B LR RS, o2 — MNEBESE, ]
PLRIN N R 58 FE S5, ] sk B0 42 A FVE %%Xy=—$, ) _E 3R 23 =0T BT 4L
R AR

k(lx = x"[]) = exp(—

k(llx = x'|) = exp(y|lx — x'[|*)

MR FIR A, AT RUE H i o H0 B Bl 5 55 25 B3 s, 9 T(0,2) X JH], BRItk my L
PRAF AR B BB — AR MR BE B R R U7 ILAR ) 8 R A0 45 = T R 2 (Gaussian
Function). £ 7KK % (Multiquadratic Function) F1i¥ — k%%t (Reciprocal Multiquadratic
Function).

(L mHrsR AW

||x—Ci||2)
202

@i(x) = exp(—
(2) £ WEM AT
() = (Ilx = ¢|> + 072
(3) Wk AT
i) = |Ix = | Plog(I1x — c;|1)
A R K 2 4 2 R 5-10 TG
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E 5-10 —MERAREEREHEMEENE

TR P 22 PR B 2 P A8 O 258, 5 B B RERLZ IR R R S M I E R ORZE St o A 1) ik o B
LM% — A BA BAEIZ N =BT m P4 . 5B — B R iE S ET AR E. R
FEFRZ ,  BEelZ 1 R R HCR T TR 1) U R 2 RGER AP T IR B RO A bR
o BARIEDFRPEAT RO R A AR D 2P e B, 2 ) P IS R KA, R SR PSS BRAE W]
W 1 Bz, AR T HAR R 44 o LR ROl 1] 9 28 224 D RE 2 42 R WA B RO DR . 26 == 2t
JZ, R R XS MEBGEAT R, SRR AL RS, A S EL R, ORI R Z R B
BRAU S HCR IR AR AL NS, T 28, IF e S Biatb s — 15k,
MASEREALHIALL o

fEE] 5-10 H, HINJERIXOInZER R, BRGBEAImYERI R, o RoREEUR AN R
TR xFOREBIANTT SR RS R B R R, Ha R B THRAZ . HREGEZ IE AT
CAEEE N R R I, Zm > nitf, RN = RGO Wy B g (a), IR
AR ALE T, EARYEE R AT R fORE, A2 e s 2 (8] AT RE VT ASEILRI 70, X RAR
TFa) 5 R 50 228 ) 2% ) A B A

W 5-10 BLRATE SUR T L UL, R SO M4 22 ST, B =
EESHAIING, A AR IR 51 5 Mo RIRZ R 2 AL
5.5.2 HUNEETSIE

A48 ) 22 R B3R 20 R 45 1) 2 2 SRV TR SR ) L el 2 A 22 e A AU S B E - Y
JTi R NG SE T SRFEA SR i B O 280 (BREAHIR (D, BUE I RETE AT B #,
— B BUT JURN 5 R4 B AT Ok

(LD BRGHEITR. FEYLEFAR AR B, R AR PR B B = M 22 o
Oy BEP L. — EAOBEE, FERUZ PR R TR, IF HIXRE AR M 2%
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T RSB T DA I SR AP 28 17 RE R 5

(2) BRI AE Ol BHRRE . fi = 2 EAUE B 2 S e
A7 P4 SR EORT 0 BT, G SR ST, RS 1] ik o A £ X 2% e 2 A 2 T )
OFER A A B AR . 1277 N ER A K BE R TTER AR I F R B 2 P 4 o,
J& T M W 2 T ik

(3) A7 B o S VI R AR Bk BAR ) 2 bR 00, DASRAS I A B BRI R 2% r Lo AT
HABES L, F T2 T B

AN, ERS /N 3L (Orthogoal Least Square) ] LLA T 0. EAAUIRE,
TESEBRN I FE A, A2 ) A 25 X 2% B 2 A 22 T D AR D A — s R R P U RE AR S O 3R
Frpuly, M TN R G, IXFER 0T B T 58 e et I R A SR ) A5 R
TEAME

5.5.3 illgxidiz

o T 43 [ FE A 48 I 25 B I S F2 0] = B4 AR AN R 4, 58— 2B i e BRURUZ AR 4 e 3R
Wi R L S 5 B R T RS ZE A0 S E M4 T 2 B I BUE .

BRI RBH A NG T RE M2 RE, 0] DUl T B 1 5 A5 B A4
TEHEAL AL FESE AT DB A B S R S RS . %R T R
SRR B2 SR E A, GRS .

O WM NAEX =[x, .., x,]T, HPnFoRENE R TR, B E T 1
0 = [0,0,,...,0,]", HrhpForhmitt EHE .

© 7EHN )X RIYIZRE A T BEHLE BRR A REAR 2y BIE RN R R B R b O, @R
FREYE, Hlanimit K-Means 8¢ DBSCAN 255K AR BN RO, HXERRFLY
YEAZ 1A R B R A RO

O HEEESH, SESHER TS, WEe BN R T, B
bR A 5 R 4% 1 3 bR BRI A s ek B, 0 ZE B A 0i=cmﬁ(i€[1,h])o Hr
Crnax 2N N R rht 2 18] () e KPR .

O rei)E S H 2 T2 B AU, AT DR /N T R 2 AR

IR R SR B W B S RN AR W B S SR A R T 2, AT DR P 4 W 2 ST i T okt e
Z BTN, NAESBRREIE=ZE BRI T 0. FESH (52 LUK
EMAIt 5 EMAITZ BBUE . RAEE AR A, EERAN KBTS E R
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B, A2 RESHE, IGEBRRSWT.
O 5 b For R —FE, BT R R X =[xy, ., BRI

0 =[0,0...,0,]":

© BEHURFE A RO TP L 5% DL BARUR SR 2 I OBUE . T 3
Frg oLt T BASR PR b7 2 T T o AT 50 4 2 UL 9 6 5 T SR o s
Ty e

© LB B 7 SRR 4 o ) = B MO AL, 1R B8 HOR PR B 2%
HIESR, B0 R I 4 0 SEBRA 5 W 7 5%, A ate, = YO0y ey
FRRINL (S BRARL HE, 0 A b2 02 I T H

© iHEBAIE IR R OT RS RE IR = K28, BB A RS B

de w
Ay = —Ua = TIU—’;: f:l e ([|x; — il D(x; — ci)
de w
Bo = =15 =S e (lx = el x - 2
_ de _ p
Awy = —n 7 =1L eip(lxi — cell)

ER AR QR TFILEY, LR PR R S, SRR, it kit R
B AR BT P T 5 A B O 28 P26 1) = K B G 2

5.5.4 RMOERIHZEMEZS BP HEZMBRIER

FEMZ M 2% Th S HOR B, AL 4 R IE I AR SE I P A 77 3. 42 R iE i 3R 75 20 Y 4%
WP A S BT IE,  SERRJR AR W4 i — el 2l i 2400 Hotin A7 e 2, T4
— AU B S B AL S, R R8I A I SRk LA R . 1 R AR A G 2
X R ESHEATIEIE,  INZRg FEA B . A% 1 5 pR B 22 0 2% J T J= B, i BP e o
280 & T IR AL R A2 R

BP £ [ 2% (R FEERZ 59 R FH N e B ATVBUAR 17 & () N AR DR s R B IS A &, 3
IR JBCRF Sigmoid BRE,  TTTREIEZ T RO BP % [ U SCRARED, BTLL BP MR 4%
FEARLR MR (42 SRR AT . A% 170 25 R AP 2 I 0% (R R 71 LA T A N T B R o ] 2 T
{1 2 B A D R A AT AR e, Il P AR 170 22 R BV D bR B, T DA 7 2 R A 22 ) %
J& TSR ER AL .

TSk R A 2T BP M R BN AR 2 R AT B 4%, AR T — i s oL
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a5e M TALMT BP MM, A —MEFZERBIHEME T UBENE, kIR HEM
NIIEAE R LR L IIZREE . W28 BEEOR T A RE S5 7 A AE — € 22 5+

(1) MR : Ho, BP MBI 55— FRHUZ Z 82 5 T BUE AER;
T A% 1] ke bR Ao 28 X 2% SR T 00 U A N 2 5 el 2 ) EL R 4 77 3, )2 21t 2 A4 S i
THRAGHERE . HRK, BP MR 2% (K 28 i s B — R A ARk R K, T4 17 22 o Ao
LML M2 TS R BRI R R R . )5, BP MAMZ—fe — =Rl =2t
ERIRTE AR 4%, H BP AR LS ) BGER SR BN BB s e e ORI AN E . A
e RN T AT 3, e T RsE Z R o iR S, NG AR T A B 1
A ) ik B BR8P 25 S B 8 ) = R BT e 2 X 2%, AUAFAE — R RE Bz M 2 o s
SRR SR IE SLHEAT I

(2) WERSFIETTTH: BP #hZ R 4R A I A AR 3k A R AT U 2%, (B R IR Al 3 Rk
FAE—SEARE, B, BN RMEME. % R SOE 18 B2 A EUZ A 22 T i)
B LA E S . BP MR 28 R U SRR T I 2% G A AR URK, T4 1 22 o B 22 A
2% ] LAB A SE X G, SCRFEZRMTES ZR N R T 3, IR e iR, INZRiEpe BL T BP
FRZE A 25 o

(3) MIZRBRIRTTIN : AR A FE BR B 22 P 28 1) SRR . 25 DL RO R B0 mT AR, LR
R e R B REA R . FEARSRRI UL R A DL E . Blan, R Bl SRR A
TR RN ZR AL, 90 2% r B2 1 22 T8 ) 20 BC AN A5 I ZRRE AR 1) 231 DL FEUZ A 22 7T
9 REA %, A BARSATAE 55 B .

JERTTS A3 P 5% o B 20 4 46 T DIAR Bl FL AR 1P AU e AR B 25 4 4, R B %3], B
P BIENAES . EX AR S R BORAT — B Lk, AR, W] LT 2
Hlmmn e, T CAEE M A BRSO . A2 1) 2 R R 22 X 2 EORF R AL RAT B BP MR R 2% TSR )
e BT, fRrsk R EoR 2 M 2% O BRI B T ARk R B0 IR 5100y s 22K
BRI A, XA AR AT A 4%, B RiEia b 2R s R, Ry R
HOEAN G EAAFAE SR e YL i B, XA A5 A8 1) 22k R R £ W 48 8 AR L P I 18] e 51 F 00 o 45
B 7T

5.6 AENEF

AR K AR BN T, BB T WA R M 2% 5K, IR
T BJRBANGR I LE . BP A 2% DL K AR 7] JE BR B 2R IR 4% o P SRR 4% I 4 2 A I3
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TR 22 W 255 v B R JE B ) I 2 50, R BR AR IS 2 A R R BP R I 2% 2 B o R LI 5%
RGP R 2%, WHRRIEZ R ENES, ESEBRLSShNTZ, o e S 22 2% 5 R AR (1
BEhik, IHRNNE T BP ARZ ML i ) S AR R B . AR A Ak pR RO e R 48 5 ) — R R
RIRT SRR P 2%, ELES R IR IEAE T A UAA — R RGERJZ, R 17 2 B R B FERUZ
I HLBEGHZ 2050 2 2 BRI Ap

RIS AR A2 X 2% A N TR e AU d5 A ] B O A2 I 28 D8 TR, S A 2 X 24 1) B B0



B 6E

S IR B REE M 2%

b -

PRI 2% (Feedback Neural Network) tH#FRAE HICARICAZ LS, B LS, &—
FRRIRBN 15 R G0, XML T, AP IuEE A 5 1% HE S EARAE 5 b H
PP, I HiE I TAE— B a7 RGuE AR E IR .

6.1 &

6.1.1 EXR[RIE

G RARLZE 0 2% 2 — Tt K 1 BN R SOBOE R AR 22 N 2%, LG5 LT IR A 2
P& B IR %%

R B 22 X 20 FLAT BE5 K) 2 ST E 77, SR 5 T SEBL,  (HA AT A AP 22 M 25 R =
S5t RAERS PR 2R N 25 I B BRI, T BRI AR WU RE D ANBAEICAZRE T, AT
W2 A SRR R BRAE RS E 0, (H RSk Z IRAECIZRE 7y, TR 05 iw%ﬂéﬁ%ﬁﬁﬂmﬁ%
GATCAL VAR

FER AL, ARG 515 B RE T BN R ARG YIRS, fham s 2508
N RIS I )G, BENER|— A PERRES, XA TEPIRAS B i b 2% o 550 i )
ZER . IRES IR RE VAL S I R A 222 X 2% v o B ) L —

— MR SRR A R 2 A 6-1 FTs, T S 2 PR AR e 2 X AR S A L AN ]
RAET e — RS — JRAFAE B, SR R Bt AR 5 1R R AR A AT DI, U S s R 22
B — TR BRI AP 22 X 28 4544
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6-1 TEPRAYRIRBSHREMLE

HI B TR A 222 10X 2% RIS A5 TR 22 O 2% 250 SR 5 PR ) I 26 5y, SRR S PR BIL T 24 i e SN
JRIHAN G TR e S R E TR

R 28 BT DU TE M Bk R IR . RGBT &, B 4 X 28 2 —Fh [ 15t
NNIFRG, CHAWEIRN) IR fER U AR b, B0 A2 v 22 I 25 T AR
CAZBE I ME R ORI AT BRI AR S, RSB 2 X 2 A 70 LA L AT 2R o 28 Do 24 452 23
SRATHELRE A7, TR S R AR X 4% AL HE Hopfield FHZR 2% . A RN 2% . 36 I 22 N 2%
M AR A5 %% . Elman #HZE R4

6.1.2 SEIREMENENER
SR 4 R ) T A B 2502

TG, ERIANAZRTT, B MSCR S AR R, — BB R S
FEI (8] L FR R 2082, Rk S BT & SRR A e R 2 AN 0T DU S B0 2ot
AR, W] DU ESIUE, R S AR R L ROREIR, R B AT R R A
GURR, B MRS I E R S

Hk, A 2INTT T, AT 44 11 2 3] B ECRHNR E B IRk 1 T SNtAT R S, 1
an, R AR IR NS, THEIAAUR IR RS, SRS L B LR T S AR A 4R X 4%
FEERIBIATZ TN, — R AL, TR A SIOR B FL R bR

BRJE, FEVNGRE ARSI, BTSRRI 2 i i i 3] — 5 R AR B I ZRUS SO 17 4
YNGR R T TR A e p 2, U2 i A i B AR HE AL i TR e IR .

ST 22 2% 5 BT AR 22 28 AE T B — s AR, (BRI ARC A2 AL AL Ty
T, JRBPP L 02 B BN . BT 22 I 45 T B AR R R 23288, T e s Y 2 oA 4%
TIERABICAZANZY AL ] R A o
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6.2 Hopfield #£2MI%E

Hopfield £ M4/ 1982 4L « B SE/REEHE H I — i 2 10 [ 15 Y ph 28 X 4 55 2
Iy B EE RS Hopfield #1122 /4% (Discrete Hopfield Neural Network, DHNN) Fli%E#:%Y Hopfield
FHZ2 M 4% (Continuous Hopfield Neural Network, CHNN). & 3E/R % 5457 H ) Hopfiled 4
LML T AEME MGG, L ICRHE HE L 51, 2 BRI T S B H PR S .

BB Hopfiled #4445 1) & — N aE A G AN LR E, £2—MEeZE.
HA B AP 2 . X RR L2 N 4 in AN n LR, IF B — A& o2 N
B, Mo EIT.

—AMa] B B U Hopfield 128 k48 4 6-2 Fis o

@ V1
®
®

B 6-2 ERAIEEE Hopfield #HEMLE
B R Hopfiled #1128 I 4 AN AEIE L2 = MM & u IR S50, BP0, @, OFRRIF
EE‘]%EF%EJTD, X1~ X~ x37\%§ﬁ)\§£&’ Vi~ Yoo y3i%§ﬁt}j%%ﬁ’ &ﬁtﬂ%ﬁéi&ﬁf&?ﬁiﬁ%’ VXL
@, @, @M MBMALEL B AW Wi wis G55 Rwy, HorhiiH 5T,
NME LT . RIS THE, eEmitEAR W R

uj = Z Wiyi X
7

FRERIMZ TR S Py & T ERR, Btk nr Dodak BE 7 X T R R, v DUE U
EHERES, Brhaoiimt AN TRIEeR, Wil 1. BMEcrfmt T BREeN, Ny
—1. BUE R T LE SORITT

{ yi=Lu;>6
yi=-Lu; <0

BB ML R, FMEuiAMFEIIEE, HamAOIRES . — MR B o
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Hopfiled #28 p 4R B4 M2 TC B BIEE S, RN ZIRPIRES N — e 5] &

(OEIVAGEAGEAGEINAGIH

W Tz TR AT UE 1 B-1, BRI T e 20 A e B Y () WA AE 2R AR S R . )
Ty ()R ANAELIS ZI5 ki HPIRAS, WIAEE 4+ T 20075 557 BRPIRZAS AT Bhad s o R 28 SUHEAT SR A«

yit+1) = f(u;(®)

1O = Y wyy© +x,- 6
i=0
ERARFRANREES, 0HREFIRE, 6= [6,,6,,0,..,0,]7. Hik 13k gt
P e 31 AT L HE, BSHCE Hopfiled 2214 Al — E iCAZIhAE, SAIMGATIEG, &
R Hopfiled 42824 YR A5 450 AL ) RECRLEB R0 77 M A, i T PG 6
18 RGBS BF I . WURAC > 0, 4% Me = OFF A HIHRAY (0), LA IR A
I, TR V(4 AR = V(). TURRIS RE R,

FERTT RN A, MERERE I EE R E. —J7 R oM B S AFEHE,
Wwy B850, Ui A B HLTY Hopfiled #1445 T8 B IR B 2%, MO B RABIRIZS; 53 —TJ7
HEBAUEARRFRI, Rlwy; = wyo BUELRIFRZ B Hopfiled #4128 04 24 1) B ZRFAE 2 —,
BUELXFRORIIE T RE B 75 R AE A 28 TC B I BE 5 0 1R ko

U Hopfiled #2e MZ& A E RS BIEP A 780 5610, —TliE T A RBMLs;
J7 AU & — X FRFERE, BTG B R BHAUE X FR Hopfiled #1445 2 A g (N 2% . A3 e R3S
A —EEME: WS 7. Wl TRIEHR MR E N HPIRASY

B Hopfiled 28 (2% 1 ARy s Jy 84T ARy sANI AT AR i 84T TRy
ABPARAEF D TAETT 30, R R 2 T3 — ML o RIS R B s, HiAtrh oo
FPRESTRFFAZL; IAT TAETT R ARAE R T, BRI — I Ze A M2 e PR SR
T A,

MBI RGN MERE, RSGH TR ERETT LB N RS R & R EUE KRG A lia
R, REREABIRD, HHREE T B ME. A8 R R EO 2 I 28 1 S 10K R O
TR 2 R SO, DR B ME N B bx . BEXF B Hopfiled #RZE 28 51N 1 2

Wi IR # (Lyapunov Function) 1E NG IIRER AL, Lyapunov & BU7E R s PERR IS Ko 47 i) 3
WA R L, B HRUEEN ) R G E VAT TR RS e M R R R AL, DR B L
%4 Hopfiled #1258 /2% (1 RE J1 R ELA R -
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1
i j

J
Hr, wyRosth @i MM E u MBUE, yRontiaoniit, xRt g sh i
N O NMZTCBRME . X ER A XA, B

n 1 n
0 (S A I P
j=1 i=1 i j=1

]:1 =

SRJE PR AILT,

n 1 n
E= {[(— E) Z Wij)’i)’jl - Xy + 9]'}’1'}
=

i=1

ERAXPMERS RGBARNGER, RIEAXATEUE W, 3T A0 (1 AE & e Ho]
LN, RGBEARREE NS I ETiEE A,

n
1
Ej = (— g) Z wijYi¥j — % + 0;y;
i=1

X — ML TTHIREE AR AE; AT LIX E; SR T, FIRBE R RO A7 2O AT TH 58, IR 4%
REETEI T I BEAT Y, AR RGE I ERPRE . A RMIRE, BHEY Hopfiled #
L4 — R LT SR B AR AT 2 ST, CANFEM 2 thn MR Jo M B, BN RE T
WOFIRES N 1, MHPRES A-1. (5 IR dhw RN, B AT B4 o) [F e b T
BOfRES, Wel T rERE R 2N, w1 LLE 8-

Aw;; = nxx; (n>0)

27 Hopfiled #2244 75 W 2% 58 b5 B ALY Hopfiled #iZe £ IR, (HAE AR AR,
P A2 T B I (Rl e AT AT SR, IR AR A I (Al 2k i 22 .

TE ESCA 4, Hopfield #4222 ot 2-1 M 1, Wrfbl2 1 800, A RLRHE R
S BLIEAT e . Hopfield #2810 4 SCIAHXNT LR R HE, R ) s AR, (HE 2 ) ) 4
H R AL RG], Hopfield W46 2 #2028 g e g 58 b i — AN S p) LR A, a2 20
4D 80 FEARHI A M A TR BB JF K 2 —,  FEXS S5 B2 I 2% () R FE 7 2B 1 AR IR 52
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6.3 Elman #&2M%E

6.3.1 Z5f9ZERK

Elman #2: M4& 2t Jeffrey L. Elman T 1990 £EH H A S i R AR 22 j 2%, M 4] o2 =
SEEM B AL TR R, B A R AR Bl I 4% (Global Feed Forward Local Recurrent) .
Elman M4 1] A A A /& B SR S A7 it s PR oA R 3 I o R i 4 P 25

Elman #2025 1) 3= ZLAE R AN AT AL 28 50, 48 THINZ . BBl AR 2,
ANF) RAE T AR G RGRZ R A, B T MR REEUZ R ARR R BRI R
AR 2 M ETEE TP RO 5 5, AN BRBUR B TT R B — N AR R A T . R
TR 2 PO 1 P 3 e TR AR 2K b — e 220 B 2 R LB =24 i g 22 P o 2 A A\ — 21 D 224 AT B
SRR, REATRE R BAINLE . % T Elman #HEMETIE, FBUZ 4% R H— ok
Lerkp g, BN Sigmoid PREL; AKERZE AN E VLR £ Elman #REE ZGIEE 2 — AN
JRIM L S5, HLERGE)R P28 e S i R L TR — S B BRI AR R R

—/MAT LK) Elman #2245 (R S5 K R E R 6-3 s, Elman 4122 25 ) i 2 FEeUZ /Y
Bt SRR R A O 1 B ORHR B FRORUR BN, XN RTT U AR B X g SR K
I FUICURR, T A S AR S RTINS 0 T Elman #2245 R Sh s A B g

AIER

B 6-3 fEEEAY Elman #E2mLE
6.3.2 ZEIJH;

Elman #H£8 / 45 (Il ZRid A5 55 1 it AL eh 28 IR 25 1) 2 S AR SRAL, 1 SR IR Ak 5 IR 45 J2 AL
{8, RJERFEAE NG Z IS 2, PR R 0 a0 LR R SR (0 AR AN U=
IS FERUR RO, R BEGRLZ 1A S R A S B R NURER R o AR B R W SRR 22
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SRV SR AR R B BUEL s A% 33 B AR SR AR DR — IR B BZ IR o

W Elman #1248 1IN Z R B ENX, BIX = [xq, x5, X3, -, %] 75 HHZ FIEAM
4eY, BIY = [y, ¥2, V3 0 Yl Ts FEEZ M5 H R ENKERIU, BIU = [ug, up, us, .., ug]Ts 7K
BRI B RN, U, = [Ue, U Uezs oo U] T BT E S H 2 BB 9w, ,
N2 BRI Z BB Iw?, 722 BIRGEUZ FIAUE IwS ;. RN 2 S R 5, — RN
Sigmoid AL, WAL EETRREL, ARYE AT REOE I,  BE AT DL PR S AL 1 SR AL A
A LLA RBF MR INGAUE, gRnit 24 eisis R, hRnBRlZ 02 o s
B RN ME MG FTERAFRRZ]; OutputRnE—Z M, HaRrMANZ, HAbER
EEE .

Erxta )2, WAFEy(t + 1) = g(Output,, (t + 1)), TMiXtTFOutput,, (t + 1), W AR
R

Output,,(t + 1) = Z wi(t + Dug(t+1)

EFxf B E , WAFEu, (t + 1) = f(Output,(t + 1)), 1Output,(t + 1) = ¥ wi(t)v;(t),

. wiinRiea _ x,(t), WMH i €a
L t = , [F]E i = o
i) {w3,ﬁD%i €b FIEEvi(6) {ucn(t), mE ieb

BEXIREZ)Z, Output, () = Ticaup w'(t — Dvi(t — 1), TMuc(t) = h(Output,(t)), %M 1
R FEISAHEEL I AT . AU, S U AR T BRI R A

T
E= z(J’k - Vi)®
=1

S,y fE Elman MM ISR, Y Ar B O
6.4 EBIIHEZMLS

8 T A 28 RN 26 2 Tt S U 28 D 48 (1) S BR s — b INF [RD 88 A P42 X 4% - (Recurrent Neural
Network, RNN), % —FfE skt 424 (Recursive Neural Network, RNN). 1E 75310
(RO, 0 A () 328 U A 20 DX 8 Bl R AE G A A 0 X 45, T 42 ) 3 U 9 420 TN 8% gl Al T R Dl VA o 2
K2 o

R YAPPE IR 2 0] DAL BRAR KA N, B ()38 VA P 28 X 25 T DAAR BB K 7 B4 JEL, 450 3t U o
LML AT DUACHRAR K254 GEHRMTE) (58 . 45 K35 V0 4 X 45 1T LA 1E S B 8] 328 ) 4 22 A
2% IS [) 320 25 [B] (2 Ak o DB EE X 48 CL 8 R ST LR, AT F T e E SOAR AR R i S ]
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SEA, AR O B TR AN . G5 IT e I 4 H RTIETE R I, B TR
RS TR AL W 28 B, 5 5 S5 (0 P9 250K B 3 U 28 PR A8 SRR S S5 A 33 R A 22 X 2%

36 TR X 28 FLE 20 T4 90 AR FR HY, I 52K Richard Socher 45 A\ -3 T4 25 [ 2%
1E HARE S M PRI RN I, 2 HARE S A FE T 55 B =k k. i )3 3 i
FVES T 1B HTEE .

BRI LR RIE, A2 NM, TR AT S R R H IS T 3R
6.41 FtisE

TG M M JE BN BUR BE ), ARMEALBRARC RSN, 75 LA T & A AL PR
BIPRA AR KX TS, 1 HEABEMA LK KRR, ZRTHIRIERTT, NTERX
SR L, EAIE R R

PRI PRLE X 28 REAL BEAR KPP 540, AENS T S8 RO 454, 4 B SR E 35 Ab B b (3
MGG, AR B AL . KR, AE B IRE S A B R B ARE S R L, A%
GL IR E AT P AN A2 -

(1) BRI, e IR TSR, e SO S e it BN 1 R, 753
G, 80D F12E. X EE 2 T 38 A7 RIS A5 M, SRR LA T, &%
SO A 1 . B0 PR AR TR (S B MR, RIS R A R R S, R bRiC N IE
MBI, 8 T ECRVE A A7) 1 BBV H I B2 IR T2 i . BFX R T A0 7

“ERERL”

R, RERRL

ERA) T RERAR AT T IA, PR T R —RER, I AP AN A TR T 45 R
W, POt BRI, AT IR, 34— LA N-Gram A,
AR B2 N S HTI A B PR N ARG, XA N A S B RR, RN
BRI, —Mn<2, XHERRIERE @t A R,

(2) FPIERoRNAE. —BEOL T, B RTE SRR Bk P RCR AR R T8 5 IRHIE R R
Jrae B, SR REFOE T BEH S 2 FRAEA el BB AERR L TR PEARIE L i 44 SHAK
] (A 2% % (41 WordNet) . T IX LEHRFE 77 EAE AR L I (B, HARXERS A AR (975 5
PR AN TR (K 55 U R OR o 7 T SR B T A

I YRR P AT AR O T IR R, — T T i U e 2 D 2 R R T S5 R LR T SR
17 b 4aiE F I R 7 RIARE ), ST e I LR AL 1RHIE ISR, D TR AR,
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HA TSR . G RH 2 I 28 70 AR BB I PP S I 25 5 AR RR B 2, T TG He A
BRI . I VA N 2 i) AR — e R A R, RO TR AT, TR RE
MO () KM L A 20 (log ) -

FUEBIAM A M4 A R IRIARE /1, (BAE H Tk Tz B N B, 22 R TR 2
TRAehRIE KB IR T 25, T ELIEAS 2 BTG U B R AR T 254015 3L, ARG S
B 70T LA ShARERTEZ R, BT UL E AT 32 B TE 3 ARE S AL ER USRI 1) 2 N

6.4.2 BARZEN
T A N 2% ) SR ZE R ] 6-4 BT, ARSI E S, TG FIC NN, s
C, € R, ¥Cy\ CoEEp2ddEma, N s Py, ie i N A THH
P, , = tanh(WX[Cy; C,] + b)
W e R¥24p € R, P, € RS T ECMCILEEMF . tanhZBLE K%, WHIbIEH
BRI,
O00OQO ra

a O000 O0O0Q0 a
B 6-4 EIIEMLEAIERILEN

EE, THAMNMOTCURT 2 4, g7 SN Cym, B 795 ST AN 2,
MFEA G 2xn — 171N A

XFh ML g ] A T g S R, Wi i R AN R R 2 R R, JE
FONESTRTEA R EE R R E SRR, R, WARRT AR TR E SRR R

EREEPES Y, AW AEESnER R ESHE N HirEE, W 6-5 Frw
ANWEREERY, 5 ETH T R 2 A I R X R T4 2, THEAS Py, 4k SRE N 5l
BRI — PR .
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C

S
SOFTMAX

IU Twmbez

0000 P O00OQ A

a Q000 0000 a a Q00O O000 «
6-5 FRIBRERIAYEIFBEMEL

6-5 /B IR T AREMNTAEST, Mt 71 A & O RE B A B M
S, WHAXN:

S=UT*P1‘2+bS
Hrhu e RY, bs € RL,

[ 6-5 5 MR T R T4 5485, £ softmax J2, it 521 A 6
B¥EC, AN

C = softmax (W'l «xp ;)

6.4.3 mIETEIE

S0 VEL o 222 ) 2% £ T 1 0 A 2 M R T b VA R A S T 5, AN S
PR B AL AN, AT A, B AR AR . R X A, T
BN R AT LA -

© T A, R AL SRR

© AT AR, WSRO A, AR

© A A

LA 6-6 PR KIS KA, A 2 I 2 0 46 (R AN BT T it 1, AN T
A 1 B2 () R BRI, I 5 % I 4% 5 I R 8 A 25 B Nodel (3%
Node2 (JLIRZ1]) MRERAIFR ML E50ES1. S2. FF Nodel. Node2 {FANFF 8,
T Node3 (FRFZALFIR LT 11 E 4 0 s ML & 4ES3.
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6-6 BIFREMBEAIRI@ITE

6.4.4 RREEE: BPTS &

16 U AP 22 N 2% 1) e [ AE 3% Sk (Back Propagation Through Structure, BPTS) S1EIf L
W28 1) S ) A FE 590 BPTT 0L, (B340 WX 2% 55 0K % 25 M4 1T I % e A% 33 BRI AR I %t
Tob U Ao 2 D 245 T TG B 2 AR Y 250 I ) A% 47 BI04 A 71 ms o

FE SR ZE TSP A iR 2 PR BUE M T 70 Sp Pina i N {31 %, Bi:
K
P~ onet,

5. = (W'6,)  f'(net,)

$eihs, = [§51]. met, = W [C2] 4 be BRSSPI SRS, VRRE O 1 447
TR RIS AR b
O0E

T
awao ~ 8, (a®)

O]
E¢wh{2],am“ﬁ”%amm£m FAATARZETUN T FOL R, IR L ST
1R IBRIE, JFIL B T SR HL
ST 20 9 26 )[R I B ST AT =AM AL

(1 BTBUEFEREW R ZICSN, R s AR 22 R 26 1R 222 Fr A R 11 RO iR 22
Z o

(2) fERTFHHEERES, € GHEZJEHREAC M, LU & R 8 1% 7
Al

6p—>C1C2 = [6p—>C1 6p—>C2]
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(3) WA WRIRERBE THWED, — 8RR m R LSRR E; B0~ H
PR R B R 22

6.4.5 MNAH=

H AT i TR 2 P2 AE E ARG S AR BRI, RO EARE 5 AR H R AR B &8 Sk
FIR TS5,  H RIS I 2% B 72 N X —AUR I 2 MESS 32 ZE AT 55 A5 B 19
EERI IR 6-1 FT7R

*6-1 BRIESNIRES5IBTHEMEN MR

T % (DSt
GIS AR IB IR LE (Standard RNNs)
KERIP K R RE— A B AR 2 M 4% (Matrix-Vector RNNs)
1H AT A2 TR P4 (Recursive Neural Tensor Networks)
FLE AR WK RHEIZ M4 (Tree LSTMs)

BB LA AR F0E VAR 2 P22 AN SR A A AR, LSEER 6-1 Hh BT 2 A Y
#AT DA R IS5, (HRX T4 IS, MR 8 RIS 4. DL RAREL
RAFUFIRCR, BERHTIAESS . T LIS 8 2B AT 10 1 K 5t

6.4.6 EJFHZMBAIEIIH

ZeRTSCRIN A, AN IR IR L N 2K AEAE P T TR . — 5 TR R MW 2 22 R L
R RBMKRIERE AL 51— J7 AUEFEFEW R LI AE RN ERE R PHE, T RC . G,
HEMEBARERR.

B HF A 2 3 R 2 ) 4% ) 99 75 T T 00 3 VA e 2 R 28 AT 4 ) PR et 3 A 18 SUAR %
AL R LS RERE— [ RS AP I 4% . BB TR R I 4

1. BN RGPS tHEEPES

B BIF7 A A R —/MBUE R REW, B BT RE s A (R I, (R R AT A (1
T REIFIAUER WA, WA B SRR R . W] LB PRI IR S A SRS =
BUEFEREW, —J5 58 1 RIK6E 77, 55— S 1 25 S MR R R .

PATE [ 8 28 [ AR A | RoRA) TS SOX — 155 A, 25 FEARTE 7777 55 il A) vk 2R R R 4y 20t
FERUESEREW, AERMRERIAMEA S, BN G RE s . ol DUE R BN e ik
(Probabilistic Context Free Grammar, PCFG) ff g fFAN T i fr A2k A,

— AN R A SRR IS AR X 2 S5 R AN & 6-7 Piros, RN Rl GRIVEADRE R D ZH AR
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BEASALT A LR R W (LefoRighD) by 7 i () 3R A SR L

(1 a
(P[Z)JP(Z) =00)= f(W(‘“’ g (p(”)))

p(l) p(l) =00 = f W(B C) )

N

(4, a= (00)) (B, b= (00) (C,c= (©0)
E6-7 (EMRENBITHERE

AT 55— A S RO BUEFE WA A O SRR F T ARRENLE . 2Rz 0], W
SRS [ AT PE TR, (HE i — B TN ZR)a 2 00, A7 2 1 3 1 3] [ Soxt
TR THEENE, A7 h EEERETE S Rk, B, TR E i —44 i i —44 1]
REEARERA, A BUE S YR T RRE R A . X155 WRPARAE “Pekin” (Soft
Head Word), 15 5 2% % SB[ (0 7oA R B — M, BRI AT DUB R I ZRar 2] 2%y
fiE.

SRR AR 2 P L A T AN B AR R 2%, R T il BB AR W 5 4 Ry 36 2 ) 1)
A RAT IR R T R Z A AR AR R R, HRIERE I Cafi et

2. FEPE—mEiE I ML

Hi I/ ?EEI’J Xﬁf{:ﬁfﬁﬁJﬂ#ﬁ%rJ%&ﬁﬁiﬁ%?*ﬁ MR BATR AR AR R L. 14,
CIPSRCINEF ARMEE ", Hop AR ONENE, “WET ONRAE, R TR AR
“H T a7, ZHUJIQBE‘Jﬁﬁﬁ@%i%‘KT EREX AR R B “UFE 7, TR EEEA K
A INEALAT — ] m) & AT LRI 53— N e i, BIX 53— AN e A “4Em0 RO it
IN— M RFERE LS 1719 R [AESLIX R “HiTi” R FR . FERE— R e g 45 nlsl 6-8
B
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Q0

f(Ba,Ab)= (22 O “Matrix

Ba= (- Ab= (00D
(e Q0
T o T o]0)

00 2 .
i HEf) L
(a , A) (b , B) (c , O
00 (OO TN My SN S
(alg}

E 6-8 iEiE—MmEiEIEmEERE

BRI A A ] ] ) AR AR PR AL AR, TR BV € RE, R4 EM € R&Y, K13 S A
H T A AR R R LS T SR AR, AT AN N A T AR RE R AR DA A TS A )
FAARGEX AN EA RN A g, HEARN:

V,=WxM,.*«V;M, *V,)+b

AR IR AR AT DA BT AR PR IR LUK T 1 B Bk, DRI RS DL AR A AR 3 ) T
Kk, XFRMER T 75 5 2 0% A KA R RS, B rI S m@ L THERR. B
SRIGIN T AR PR SRR T A S SN £, (HR IX R R R IR RE T .

3. BJAHE RS MLE

FERE— A2 Mg BA KBNS, 1 HSEEEMFEICEMEKEEK. &
REHERN R EA —NEESHEE TR A — & R B R B & RIRER Rk A 7. M5k
B4 (Recursive Neural Tensor Network, RNTN) 2%t —N B4 5 2 A R E 1) N 4%
RNTN 7EfRRABUEW 2R L E S EERIAGE AL DL T %A P M e RN R, [
KT BRI .

Wk 6-9 Fior, NHE—HIKEZ.

G Res3 @)
. 000! [Cf:
i CO00 8: 5
: i o
p — f FIIIIIIIIIIZIIIooooITs + O
@550 Besdl o) 8
! 3333| [o|
i O
T ] c,
— [1:d)
p=r( []el] o+ wl])

6-9 BIFREEIKEMBIIREE
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BATE g sk Ehit A R XON:
n=[a] v [o]ine= 0] v [2)
Hrph e R, pitdl g R2ax2axd b (40 & R BN
p=r(n+wll])

3 P R SR P 4 T DU G st R ) R TE 5 TR B T SE T R, T A 4 R 4 A R I
MRS TR BRI R 2% S5 4

6.4.7 RAASEHI

AT UM RIS 5 A E A AR AT T U E Yn A DA B A N RN T AR
VA2 X 2%

1. AL

FARE S A] LB AR SR R SIS B, DRI RT DARE A7 B A0 vE M 1 FE AR N
FIEARNT, FIEMRNT A HARE S B AT 55 2 —, W DA B R A 45, BRI T3
(Sentence Classification). #lL2$#11% (Machine Translation). i& X ffi fakry¥ (Semantic Role

Labeling) & . ®VEMENTAEIR ZMIT, o AR MAFE A% #T (Dependency Parsing) Al
FETRAE M A)VEMRT (Constituency Parsing) .

e 3 3 L 2 ) 25 A R A AT (0 2 AR AE T AN PSR BUR SRR AN TR 8 RN o R4 S50
K 6-5 F AR Firs, UINGRERARESTF AR 1 BLEOR R AVERY, 2Rl fEhiEid 2 ok
RETET TS RIAERE, SREBUERERE . e Calglr g e Mg ms8, 1%
JEANARI K3 )1 AR EDVE AR AT AR o SRATT AT RRX — VR R MG AT, BN R mT LA
NUR: BRI T R, AR S PT EA EMEs R IR S E T s
FIRHAE T RS AT s AWTER LR, EERRT .

)7 “REACHRZT” A, itELRmME 6-10 Frax. EAPMITES & HE,
7, 'Y MEEE M ER G, BENAEGMR “EE” WA, JHirE CE-ET AR “R
21 WG E, CAER07, CRZNTD) MG, HellIdam bRz,
BUE AR AT AT, HEEARIFHERT A ER R, MR T RERR.



122 | #WEMBESREF S ML

a1 L]
bt
2s 3]
fRNNT
ﬁ?@///:j@ S o)
#;J - R
lgl/ \[5]/ \ITI/ \[8]

6-10 #HERGEBRITIR

2. TwEiEPABRG

e Y 20 26 1 98 25 AL ROERRORE I o BB 60 T 01
X JREEMIIES R RAEBCANERY EHEATH), X — (RSB E . R AR
P A RO Ml AL TR HOE ] ) 2 RO R 2 2 o
EMFREUAL, 32 7 L G L ROR IR — M) F B, P TR R ) T
2R BETS. (LRI 7

HEAHER
Kb A

PN T RIK T SO A AR S ATIAE [ 22 ) o ) i th R AR Y, 7T LI
HEMFEHRIFEATIRE: —MREARIE N E SOE HH S H R 1R AL BLEs &
TR GE 1] — AT 138 SOR B T B (K38 LU/ 45 6 A 1 IR,
BT 3R BT SORRL T, A TR 25 45 0 1 BRI DA B A AT AR

TR AAE HARE 5 PP E S M 5 RIEZE I H AR SRR, AR R, #& L
ME, ERBit— RN A 1 R 1 g 2 T N B — N R A 2 10 22 ) = 2 (e
BEAS U] BT ZH A S O SRR B . B AT DA AR AR — S R R RN T, il
Word2Vec.

N TR TR, ATROEE ARG . AR MRENEmE, 2l
Hinton %5 AfE 1989 4F2H I — MRS, W AEEA— AN R Rt X RIS M AN I RS . J5h
N gAY R E A SR, F AR RN S TR SRR A ISR AR AL R
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B, [HAG—ZNPUE, BB LR — R R @E a2 S e
Ebd NED, X Rt BEAR 82> 0 (Principal Component Analysis, PCA) —kE4RELH 35
FRIE. BEgmigas 2 0B, nr DM H B gmpgas kit B a7 imERoR.

AP IR R RN IX L5 1 H g gs a5 i 6-11 HsRZRAEN 0 s, SANER 2
AT, RFEERA LA A, AL TR EREES S ENRR, S EIN 2 A,
i - A [F] o

X Y1

0000 2 = f(W[X;3y,] + b)

Xz X3

OO0 y: = FWIX,: X3l +b)

Q00O | [OO0O OOOO

Xy X2 X3
6-11 BIIERIBMBELEE

I U B it 5 ) B e 28 1 DONAE T AR ZE R, @ I B S A 3 10 550 1 22 R 4y
SN R R ZE, 60 E 90 hS 75 228 RIS AR E . Rk — )T
(%1, Xz, e X)) REIR, A TR M, HkMNAAx . HAG)RRE)TxBA v BT 44
G, ATO)RRA) T EANWIE Ry h A e 795 S, B4 BArEMRZERECN:

RAE4(x) = arg min 2 Erec([c1; c2]s)
YEA(X) SeT(y)

T AWHEAR, M3 HTE AT IRAE (x) Z F/NFFEA BB S 14X, X FAa)Fax, i
FRAQO) AR ZE I NI T G iy, y AR s B A A) T R R R R .

3. Bk E

T K2 BRTE S B B — M WA S . TC B B gt s, ey
BB FFRVENE B, B2 AT DA BB 5 B B o AF 23X P 500 BV R 3 ) A
WEERMEERE, FHERERET WD RAE 28 T a1 TEA & 8 75T R 5
4b, Socher 55 NI RAE FEIG B/ AT task o125 i B A 1R 72 5 SUARRRAINR, Al A3 7 —#
FT TreeBank i )HMHZ K EM4% . TreeBank &M HHARE K FARVE R — ME R HHERME, %
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AT

(1(2 Today )(((2 is)(1 not ))((2 2)(3 good)(2 day)))(2 .))
PR SRS VAR, DURAVERAREAN T R AR I TS BRI S 28, 0 o
SRELARE, 1 FROR G, 2 FoRhar, 3 FRORIEM, 4 FRIRAAIE.

HAREEH RNTN, HirsRBUER A 6-5 414 1) Softmax, £4id RNTN HIil4hG,
A AT A) T I, IR AE TreeBank 1EREME b, 4t 4 A HERE R ATiAF] 87.6%,
GEHR T A UHER R 1A F) 85.4%.

6.5 ANENEF

7

RE NG VEGNE T RPN, B —Fp N 25 B R ER &
Mg g, HAEMLRTIAIM AN T . REENHE T LA PR 1) S 40 B 28 ) 265
Hopfiled #i£ /2%, Elman #Ze 2%, DLAE A RHER /2%

Hopfiled #h£2 2% 373 N BS U Hopfiled #1458 1 2% R4 Y Hopfiled #HZ2 %%, F X 5|
FET P8 I N o2 BB BOE 88, Hopfiled S 42 H Y Hopfiled #1428 W 2% J& T~ 25§,
FE RO KRR KT B 134 Hopfiled #HZEH 4% . Elman #2244 52 P 2 I A AR 4R 01 45,
KIS0 22 A T FERUZ AN 2 ZBE B8 T /KRR, 7RI R AR A — R L], B
SO Elman 22 4 RN FRARFAE o 3 AR X 2% F] DLAR BRAR KB N, LRI T L F) st P
Fr o A 18] BRI S5H, o — Rl BB 2R I S A R e 22 X 2%, {EL th BRI AR 22 S G L T2
TR

K% Hopfiled #i£e k%% Elman FHZER4% . B IHRPZE 2% AL, S it LA £ 0 2% 0 B 47 g O e
LM AR AR AT il A P 45 55



BTE

= PSR SRS 2SR

AR L, W EHHRATE SRR L%, e i T s a0 AN R ) e ) 7L
WX S8 T AT U A2 2R, SR B 2 S Bk . L AR (KB A B AR AL S8 4 %) T 1A o
ool e S A A AL RS . o R — e o BOV BRI %, SRR 2 T i R
EAL 2K

7.1 R

—BAEAL GRS ST b A OC U A, RESUE TR e B
(7530, “RIME” PR T RS T BUE C B N AE R RIEAT REWEE . iy BB, K
DR T A FE R, I B 2 A FRHE A s IE R RS, DUABITC I B H . 7Eph
Zepzrh,  HASTES R L R 2%t R L R DU (Y P E R AN R A, A R B
I 35 A ) 2% 2 RN 25 8

W ) B AL 2R S 4 B 2 I 2 F 45 1 0 S SRR BRI I 48 (ART). H A ZURFIERLT (SOMD
W2% . L4 (CP) W4 A1 A #f Z& /4% (SNN)D 25, BT )8 T 70 W B a2 > k2%
(Unsupervised Learning Network), F& =32 26 [R5 AT Bt 38, DME - Hr Bdis 2 [R111)
FRIE. ANRF M B a0 ST 4, T B X 2] I 4 78 2 ST I AN i Fo o RS LR B B/, A
FEAEN CARC AR i € R IE S5 . AR SURAUS IE R 28 - (5 6, e 2 B 3h
MIX B ] o AR RN . 245 ST Se MR R M S , AT DK S B8 1 2 9] I

711 —ReMEBIEE

— S, BHL ST LEER E B NMANE . w4 2. Wit E, Kess
M 7-1 Fis .
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RER

BANE

T

E7-1 BAARSEMEME—RIEEIRG

BANREATHESON A BIRE R, PR AR SE g 2%, & THIER “WEE” M,
SEH R MHL IR SE SN BT BUE, R DU TR SE P 3R AP 2 e iUE . P RS MAR)E
TAEERNKR, HHIEF R NETTZ AAFAEARMIES, SE5 2 MO RN Z AN
BEAT /3T LU, SR B 2 T A, DR IR 2K et R e U e 2 R B R
IR IR R S

7.1.2 TIERIE

EARFRME NI T T CANH TN, o405 TN B AR ST
IR 2 PR Al o SR FH 5 4 2 T N RT DR R B 187 B 1) A R e A U X 2 o 72 58 4 2 ST L)
Fefith b, IOAT AR AR S SR B ZTE S AR X 4 o FH T I 28 v A HS PR 22 T TRV AH L
e DUHEETE 2 P s, (HIR RS e — N ZI0UE — AN AP e s, DRI FE i
T S AR FRAE “Winner Take All”,

“WEENE, WERE” & HHLTE ST L 0 R RS IRESRIR M4 TR
L 58 4 17 AR At A2 T, T AEBUE TR B HE IS g — D na,  misa g 2RI
A TOIRS MIRFF AR . H AT S R 2 I 458D X R 5 2 ST RN, BRAT VN4 Y
DAL, AR IGEARRAAAE — N TR A2 T, T4 7T SR B — A
FEAION,  HAE IREAE o A, AT AR A 22 0 3 RS B RS AT A 2000 2K

ERAH TR T, SEGEHIHEMEE —MaARKZER, . Ba7E iz
(185 SO AR A7 AE T I TR A2 8] r] DAGOWL SR (A, G R DX 00 PN W42 75 AR TR AR 81, U
DR AR BAFEAR S A L, R SR N S FRIE R, a2 s 1
SR AR S BEATFAE B AR TE S R 2 (RS, a0 Aoy
WAE,

H L5 G R e 0 R 2 1) — I AR IRE () 56 4 ST RN (R iR AR — 2, D

@ rEH—1k.
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H
\,
ot

O FHRIMEIIZ L.
O Ui,
7.1.3 =, BRESEEIMNHTIENS
B — e A A RRECR I T T, T LIRS 35 42 5 007 VKRt 20 A2 51
x; = (0.87,0.50)
x, = (0.40,0.92)
x3 = (0.20,—0.98)
x4 = (0.1,1.0)
x5 = (0.3,—0.96)

Al Z4EAARR R, WRARAR R AFAE N br i 50, roRPARabbr, 2 S5 Z IR
PR 0FTRMMAANR, FORTRIIIN BT R S (00 BYER) AL, MR EL A AL bR R
xRS Lo LA AR AR AR AR AR (R 0 A Al T

tanf = >

B, BRAAR L 9 B A AR A 5K
X = rcos6

y = rsinf

AR bR () ST LA (r, ) 7, Biltn (2,45°) FoRrPEEM S 2 DMK, bk sk
ff1H45°,

BEXF R R, AT DL A O AR TE 2, e S AR AR AR I T
x; = (1.0,29.89%)

x; = (1.0,66.50")

x; = (1.0,—78.47")

x, = (1.0,84.29")

xs = (1.0,-72.65")
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MR _EIR R A bR, ATUA B R, W 7-2 Bs.

0
'

bt X LWy

7-2 RRAEEE

Wi Wi, WL SE S EAAER A E o0, BB AU Bw, Flw,, )G
AL H Fw, (0) = (1.0,07)+ w,(0) = (1.0,—1807), wy (i) T A1 i UOEACH AL B AE,
) Ew, Mw, KA BWE 7-2 Fron, WEnRn T lE, BRI 08. ik, RHZES~ 0%
B AR R T .

© e E TN, 20, 5wy (0) wo(0)HISEES.
dyyw, = |1%1 — w1 (0)]| = 29.89°
Ay, = |21 —w,(0)]| = 209.89°
BAR, deyw, < dygw,, WAIZTT 1 SRAGNER], DRILH S w, MAUEBET R, AT
w; (1) = w;(0) + n(x; — wy(0)) = (1.0,23.912")
MARETE 2 J& T34 R, Fikw, (1) = w,(0) = (1.0,—180°).

O HIE BT, RO R, x5y X xsTEARIN, RWTEFIRIE R TT,
I VAR AR ML 22 T A BUE -

O LUAWERERSBZIE, w, Mw, MEBNSREiETRE, w EGLET
(1.0,607), w,[FMEHEIT T (1.0,=757), x1+ X« x BT FE—FHR, TMxg. xg BT FH .

ARV, 2R R — B EL Ww, Fw, {E 2 — BT A X B AW 5 50
PIRLE, N T fRRIZRX AR A8, — R AnfE B E R, FEREE SR RE3E I,
NHIMELEHAR /N, A AR R AT GRS B B A &



H R TE R R R 2 1 T B 1) B NRE, W LSRRI A S R G R R
BT RN FREEL . T8 I IR ENE AL T /2 RN SRR SS

7.21 BREREE

RGF Y% (Systematic Luster Method) M HEARIEZIRES, RARFERIEE I EKEE
BRI IR R —, BEEBEMIREARE R, @AW ER AR B, &%
H—MEAA KBS E M RE.

MERME T b, nTRUK SRR A R G R IE. BPRIE. AR ERIE, K

WIRIGE L Ky B RS
(D RGRIE. EEM T/ NIRE A F R LT RR R

(2) BHRIE. B RIGEMEIRAE IR, FE T KRB A B R,
O SEE T AR 0 s, XA O s BE AT DU BRI AR, AT DL i — e
TP o SR AR HABRE A B 5T R O AT FRES V5, BEASHE B O OB, T
REA B R Tz bC T FE RO SR A%, SR A e SRR P P B T B ST 2 R AR A 0 R
AW RS R E BB AR O A .

(3) HFPFEMERISE. HTXAFBERFEARET RIS, BHERF SR IIREA R — 3K
Jii%
(4) BMIRIGE. RTHMECA RISk, EEEN T/MNIRFEA.

B RIT RARE NP FEFERZ LA, HTIEEREXA—M, TURFRKE
XL E A Z M. fEREF, FENESETIEEHE: REEE% (Single Linkage
Method). #x K FEB{% (Complete Linkage Method). Hi/a]j#H 257 (Median Method). H.(»
(Centroid Hierarchical Method). B2 F /7 filiZ (Ward Method) UL ZE-FIYFEETL (Average
Linkage Method), iX&ER B[ L7046 1 AT 40 O BRIREE B . B IRBE RS . RIZAHE
S, NARYEN A AR, B E IR TR T

(1) AT MEAWDNERDHN AL B, TIPS TEIE BB B 7T LLE
Dag=min(dij), i i€A, jEB, HitHIFRMBE )G, K EREANETEIF, A
WA IE T REFI SRS . R PN SR A T R 8 R SO IS SRR AR A BE B K /ML, XTIk
ANBRAZRFRIIICAR, X268 50 A 1) BoH JRER AR B
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(2) JKBEE . KPS R 2 TR R B8 5 SN/ S A I 8 1 e KA o

(3) HlajfE B k. P TEFE I8 B BE 2 8 SO RIEFEARRE B R [aE, X RiEZ
[AIMEEE A KBRS . SRR . AR R B BRI .

(4) FEOE. WGP REZ RIIEE B 8 SN SRR A IR B 1 /N RO &, ]
DL - Arb T — 1 S i

(5) VPR BE . KA R IE IR RE 8558 UMW REAE AR SRR fE B, &
FARBONE, eM I A 3T BRI R

(6) BEZEF AL, CMERSRT, KEIFERE R T Z R/ NERRES I, i
TR BT I AN TR, X R RO U
7.2.2 BEFRIoHRES;

R BRE RS K-Means, K-Medoids LA BEAITIIAS R,

KPR EEE (K-Means) & —F LB ML= I8, 5 K-a482 [ (KNND %
FAR . K-Means FIRZ0 B ALK, PILIEE > 1 KNN B0 B DBUR
MZHL

K-Means £ AR LR HEMFE, WRERAZLBBEZIRAE, & —fETH
SRR . HEAM SR FRPE N AL WIRIER K AN, ok

B, B N NSNS K A STFEES, &S CBEMENE RO, ARk
DR S . K-Means f#d 1 i) @ an &l 7-3 Fros.

o
oo o
o ooo !
©0°00 0/ 5 g
5] o oO
.. o © o7 [a]
o ! oo
o 9 ; og .o
PO PN ~..._ . 0O o
090000 Op0O
¢ o0 o
0000000
oo Qo

7-3 K-Means RIE2 R4

K-Means HEREWE XTI 7-3 R BOEE AT HEATRI 70, FFD) AR LRSS, TR
ORI 7-3 o, DLEE] “PIBISEER, ANLUEED” MIRCR. K-Means ] K KR REHAMAL,
FE— TR — AR E .

K-Means $£2 0 — & HARARER 0, Zails EM B0EFE R HARKFEREN .
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O NHE AT, BEER K NS, EARBINERET . B—Ahos, REES
— A EREH O E.

O XHAMEAE S, RTHWTEE K AdO SRR, BRI, IR YT R T I
© FHEBIHH I RBEES KPR RO S BB ARE R, EEIARI L
BEE FPE AU O A I EE I -

BNEE: TEREEWNMK, B85 N MRS RNES G.
A S N AR R K DN RRES

ST NSRS G PIEFERR K MR NRIG I ERE LA IR
Hrh 5L SRR, SRR A, ENE SRR, TBECHIRRES A, HitE
K AR T EE, SEh R E . REARNAC R, BEERIHBUER
ISR R DA AL

7.2.3 BETEERRZESH

BT 3 B (755 HAL T R ) — MRAR X A2 EARIE T SRS PRI RS, THRHET
WL, XAEHURE IR TR B I BE R B R I BRI B . XANTIERR S B, R
B ) R RS A EE, B 5 AR R . R
DBSCAN ik, OPITICS 5% .

DBSCAN (Density-Based Spatial Clustering of Applications with Noise) 5% @&k T %
JERIBRREE. /£ DBSCAN Sk, WiJeE XM EE: — M2 eps FonPiaiull, 5H—1
5 MinPts &R NHRE IR IECRE, IO ERE I, BEIL, BEHE=AMS,
AT -

(1) EEEEAER. MTHEARES N, SGEEARM g W q %0 p FRETEEN,
MFAEEE S q 5120 8 p HEEE A,

(2) HPEWIE. HErEAES N Pt %4 PL, P2, P3--Pn, W1 P1l=q, Pn=p, H Pi+l
FERZ O L PRIEARIEE, W p 55 g B REATIA

(3) HEEAHE. BHREET, WS A SHAREEE A P S S Q #UR %X,
WA P AT Q #EEARIE .

DBSCAN 532 i) JEAE ] BT 35 WU A LIS ONAZ O mUHI SR b, 25 7R 48 2 P AR VI [ P 91
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AR iR )RR, W — /MR %K. DBSCAN 1 miB 70 Ak O sy 05 R RIS R

(1) 0. TEZ Mt E A (eps) WA MR THE (MinPts) 15, BT
JEERR 5 XA B Ao

(2) L5 rie EfRE T E N HIHEEE DT MinPts, (H2 HVELE R L m (805N ,
J& T AR XA % L

(3) MR o AERL FISUEN, HAER EFARVEE N AR S] MinPts 2R
B O s AL S R AP R

DBSCAN SRt iRE: 1 Jef Ty & EERE B AR L R Al R BRI FF
— NIRRT R p, K p ARIE NI, W p BEARVEREZ AAEAE MinPts XS, AN p
AL, HIN I AN REE C, i p I C; SRR p FARTERIN I T A X R IE Y N,
X e R R AT I T o AR R UT 1) A 5, R IZ U bR ie N e VT R
P ARV WA AE B X BT MinPts Ay, Bz sOC AN R TR 3R K 1%,
WU TR L A L p D RUEIERIEEE C MBI . AR, BB S FT A B s
PR EVi . VTR, AR p AN AR B N EEN BADT MinPts A, A
N op AMER R TS, REAWEARMA R OO R, RO R E SUET A B
PRE A, BE R RRE R PTA RN S E

K-Means il DBSCAN #fi/&# WL R AKH L, ZHMIXHITET DBSCAN A7 LA Fi fif i 1%
KK, 1 H DBSCAN FJLUKBUERIARKIZEIE . B2 DBSCAN WAFFEAE, B ARGREH
FEEREP T : — 7 RN T = 4e8dE, ARG S, 55— J7 TR e R AR
IR, ASBRAR I Hh s R A SR A

N T fiEe DBSCAN B3 14 Jm % FE 2 3UAN e Z) ) FL N FE 25 63X AN 1) #, $2 4 7 OPTICS
(Ordering Points to Identify the Clustering Structure) RS0 ik, & H %A B aUh= 4 — 15
WEANE, N I BRI AR . XN RFAREE T8 2 T 5
RREW . BEREMER, RTINS E0% E G AR 0 T2 R

7.24 BETFEXNREEFZE

BT ERMERELEESEN T, FERETIED A IR S 8%, Wmnde
Bl 3 R — R 1 5 SR AR TR 2

T E R IR L BARTT DLy S (agglomerative) A2 (divisive) WFIEIR, T
—FoEE TR, JE RS E TR RO, RIS TR S A S S A s R R A
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fill B BT BN EE SR VE— AN RS, SR I AR ) SR SRl G b R AR R 2R
e, EEXANEREESIRARAE—ME A BRI R M2 g R 1 7k
AR, A N—A T SR AR R 2T s, RGN RERES R, EERX NI,
BRI AL (TR — B RB| =N RE ARG MR . R TR AE WP EE,
BN #7324 (Monothetic) A1 5r%4 (Polythetic). #7r %2 T8RO EUHR 1 — AN B MRk 0 2T
25, 1M 2 R TR X AR JE M AT 45 o B R A R

— NG E R TR BT L, (HEEA LA )

(1) HHRBE S EARERE T 08, — B — G800 2T, BiARREIE.

(2) NEA R Y, FEIEein 2 nk e # B K& 1 3E st T H 5

BT R IR RS RRIE T 5 b T 52 R R AN E e A TV I B e b AR 1 2
BIRCH %% CURE 5%, BIRCH S8 S5 I S5k i GOt AT IR kil 3, AR5 R A HA Y
RBFEX TR LE AT KK . CRUE FLiER A B E £ H AR GORE R, AR5 KYE
—ANE S AU A TR O B A TREA T U A

BIRCH (Balanced Lterative Reducing and Clustering using Hierarchies) %% /& —f R HZ%,
BRI LA A E N AT FI84T, FERH BB M RREE. CRt—NETHEERZR
RE, GE&TEREBERMAERWE SO, EhRAAaNN EREREE, REHERMNEZ
(% 'S ot S RGP oy e R A7 TE L E= Ry o/ S SIS S E AR (- P L e i D W
B B RS B, S — N WIARAEICT AT R B SRR, AR5 ) SRR
BT s CASR SR . BRI O SR 2RHFAE (Clustering Feature, fEFR CF) R ZHFEH
(Clustering Feature Tree, f&i#% CFT).

BIRCH HiEBA W~ LA

(1) BIRCH iR A BR A B ROk AL B AP I 2R B, AR E I NAF A RIS LT,
B fe/ME 110 BT E y— N E B R R

(2) BIRCH HERFMEARZE—FZM BRI E: RE A —a e —
ANFEAR )RR RO BB, AN T LU B s RS R R .

(3) BIRCH M —Mil B BRI, Bt — R S BRI EARET AR
HIEE S, TR T AR B (R 508

(4) BIRCH HiEWEGERIREME, WRBEARIREN, MRERREZE]—E 5
i
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YR ZHORREF B L FE KA B ERTE RAR LN SRS, BEATEAFAEANT AT AR 15 L A e
9. 1M CURE (Clustering Using REpresentatives) %M fi# vk 1 fi b BRI AR ALK /N F i) Rt
FE AL RIS A A0 S I fEeLE

7.3 BEHRMETRLE

7.3.1 #ha

HH AT 4 (Self-Organizing Maps, SOM) #& Kohonen T 1981 447 H (3R I B 2
A7, BRG] AR oS BB, AT B S IR, BN AR kAT
RF, AHLSMFMEEHE, RMANSMEHE (WRRIEESE). f N Z M 2 i
EmEERE. AN —BOE4EmE, 2R E s BCE AR MR, )z
AR Mo tuE i BUEERE, WK 7-4 Fis.

BALE (RER)

BMANE
E7-4 ERBEKMEMERG

SOM & 2 TR RT3, B RS54 BAT I ML
(1) Mg EZE T A (B m), RS 1T mE R
(2) RN FEAN n DR, WA R 0 D .
(3) Hr 9 s BB A FN T A R, A T R B0 4T T R R R AR
(4) BHLW M2 hRE 2 B HHT%,  HORREREAS I ZRAE R B X 2% B
fS15 B3 2% I 4 i L BEAS S AR AR R £ 0 A o
7.3.2 IEE;

B ZH SIS 10 2% SR 0 2 5 42 DR 7 AR AR BEAT I 25, AT BL B s A B A\ a2 A1)
AR EE, BN DTRIT .
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@ VIR . BEHLG SRR 4R 2 A R 4 T ) A 1 .
O R AR. BAEx = (o, Xy, -, 1) TTENTINE I .

© HEESEORUE R SRR RS, E58 R, TG ITTRUE R R
N TRV R R B Bl Hefh i . erh, SE RIS M T SR R (8] N .

(X — Wij)2
ERAKA, wy; KRN Z PG TORISE S 2 1A 22 70 2 B I ARUE .

© PRI BN B R TT . PR I B 5 AR ) B ) S5 /N R S 2 T
AL TCM IR SRR TC, oo™, IFa MM TS .

O R, AT FIEAWETE, SNBSS FAR, G, )%
TARRER R, 1B R 2025 3] R

Awg; =nh(f, ) (x; — wyj)
O FWHER ERIERE, B BRSO IA B Rk AR S
7.3.3 sCB). FIFEBEHLEAMETMER DI THhEE

BUE BRKE 7 AR B B, JFAE R, Wk 7-1 for, A A A2 R 2%
R 7-1 F i 7 AN R e = AN R

x7-1 T MEHHNEFEMERY

WHRE 7% E g B
¢ E116°28 N39°54/
c E117°11 N39°09’
1 E115°28 N38°52
Ca E121°29 N31°14'
cs E120°37 N31°18'
Co E106°32 N29°32'
¢ E104°05 N30°39'

TN BT A5 BRI e B AL B, T M PR o B S 28 AN P AR B AT R
SRR TTN 7, ARSI, HERE0N 2, FHIERTR (X, y), xRREE, yRIRG
FEo MITRER 7 DRATRIS =R, B SE R ol oy 3, RRLYERE DY 2,
K e )R, HRE AT, Wk 7-5 Frs.
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O O

ONOHONONONONO
51
B 7-5 7 MRS A=A HERRG

FET K 7-5, PR T E S 2 T R R .

@ BEHLAIAR AL =D Y a1, y1) s a2(X2,Y2)~ a3 (X3,Y3)o

O MITic, T, 2 B0 = A BENULYIA R S May s ap agBEATEEBSHEE, BT
FWERT DUR 2L T2 4 FE A BREE B 058, o mT DLUR A 187 5 I K PR BE 25 1 5. i TH R BB
Wl e BE R i M ay, 1ENTEFRERIRT i, FEREAHRAUE . X B IAUE 2 T8 ap 1 (e, i)
HME, HERE e, FIEMERESEIE, inaw = (Gg — x),101 — yi)-

O FH, KRICHHMINT v 3 can s Con RMIEHE MR, FHRIEHA A
R, FFAERUE, HBEBIATRE.

B R E BRE RIS, 5% I B WA KRR, —BAEWT, BEEEARREWEN, #
SUEFRMEZH N . B, PIgME 0.8, FRIGEAILL R %L 0.95 5. HIRTEM N EHIFIZ T
e, WHARTRIB A2 N 1 OT3, BRI R E R R 77 N — 4, (H2
BRI HBAE N — DT, TR T 0 R4z B At A e 22 b 2% 1) g 73, IR 22250
REAIRTTROIRTIRE, WIARRL 1 2R, TR SR K ]

ﬁﬁiﬁﬁ%ﬂ%ﬁ/ﬂ%'fﬁ‘ﬁ‘ﬁi %égﬁﬁfclx Co~ ngﬂg/l\j?ﬁﬁiﬁ; C3~ q?i]*/l\iﬁfﬁﬁ; Ce~
N N T HASME MRS, AR EL TERNERAR, XML
B )i H & N 7 FERAS T I R A

7.3.4 MEHBHH

B AR [ 28 A AT LAEAT A 20K B G R 02K, BT, A AL R 27 A il 45 2R
EH A LB L BN DELEIFARS, 5T SLHL (HEVRAEAE LT JLI7 A .

(1) 27 ST R (P e A A 00 AR AT TR )1 2 ) k52 AR 7 P ) 34116 e

(2) M2 TCHIYIAEBUA A& A RS LR A R BUB AR Z2 KK, W E AR MEAE 55 4 Hh 3Rk
PHLEAR AT RE N T 22 T
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(3) TR R, AR R 877 AR UR . X R Te B 2 B, BAR TG
DUNZREE, (ERERERINE SRR ZAT TR SA A, IF HAKGE & Bl SR B R

AR, B 45 M %A LR Te s AR B, B4, 18 E SRS SAREE . SORY K,
SR EEE. EEAEL SR, B . R b R AR A,
PENL 2 T LA FE FBE S8 W . MO RS, VRS BS . SREIHISE,

7.4 EHitBRAATHEIMEZ LS

7.4.1 BENEHREIS

1976 4£, SEENMKH2#E G.ACarpenter $2H 7 HiE MRS (Adaptive Res-onance
Theory, ART), i E7E NSO EZEFNANE B A @ — MR — =R, T ART 22X —
PG HIZOES . S5k G.A.Carpenter £1 S.Grossberg $2H! T ART M%% ., 25 LA FTAIAR
Wit &, ART WA =FE.

(1) ART I RUAEFR XU B — RS S .
(2) ARTII 2 ART [ P RN, HTABEZELEAES.

(3) ART MIARDFAERER, ST EKIZIEEHRE, IR MEMEMEY REIME
BEEMEM%. BT ART HIRAEMZ TR RN T AV 2T AL L], B
HABGREIDhREMEA AT R

ART 524 15105 3 K O A S AT K A, R G T LT A U 0 2
fho ART %0 00 T 2540 B S5 2 BRI A SRR 2 I DL RERRRE DA
T R  FE TR U F IR . X T LR R I T AT B, %
BRRARIAR (R, FFIRAE S SRR, LMERE B2 5 00 A 3 X DR o]
LIGABUE . A SARAE R I, IR IR OB, IOl SIS e
AL, LAZEATE (B S0\ KO BER BT AR

ART 1 REHRIDIE ML I F% T BT L —. WA mER, WHR. R
LRI Z (BB ALR . ART [ SRR TR 7T ) TR b ™ 10— R0 BT iy
Ao AU AR 4 SEIHT AR RE T3, s DR 2 U4 15 5 S 017
RIFAIAMI . A6 ART % RATJRH TR s o7 DU R ST e 42 3.

X ART | U4, FEARPMLE RG MK 7-6 Fiw.
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Ge R
G1 C g}
Reset |
BAX

7-6  ART | BIREERIE AL

I 7-6 . C FORHEUR, R FoRBIE, =FEHlES: R AEMGES. GNGHRR
AR HIE S .

7.4.2 FHEEEMEMLE

1987 4F, [H % BA%r « Hi/KHFFJE/K (Robert Hecht-nielson) 2t 1% AL #2212
(Counter Propagation Network, CPN), X% 54 2 i 45 e % A7 filk — i3 ] B0 B UM (A kT
RFER PR T LU TR Giit b, Bl IS4 . ST MR, TR
FERESSIS B RE AR 22 0 255 I 5 S SOV SR, (L X i e B e 42 DX % 1) 2 PR T L A 2 e 22
RE

XA R 2 PR 28 R S AR S50 5 L 4% = SR S B RGN 25 AT L6 AR AL, W] 7-7 B

B 7-7 IHBEEREMEREAEERE

52 Z BB, BRI A BRI T4 2, i EN R
Grossberg J2, 737K H o B 2% 21 5 P s 4 2% ST DL 2 W B0 2 21 75 X Widrow-Hoff #t
5% Grossberg KR .



7.5 AENE

H R TE R A A W 22 B T S0 40 27 ST R ) 2 2T P AR, AR 5 AN AL RS 40 TR A 2 A
2B A BRI TAR RN T, N AASE S UMM MR R, BHHAT M
W2 A Ry — T s Y3 TR R I 2 A ST, AN B TR 41 T AL 2% > b o DL AR T L 58
K7, B RGREE TR RRERE T B TR RE RS R R R R

BeAh, ARTEANA T BHNAT SRR WK K I ARER — B N, 4555
AT ARG B . B B AL ZE AL, E &R RE I LR A% H b 2 1) 2%
A B R TE S R 22 ) 2% T BRI R PR I 2 SR 2 —









E8E

SRR 4%

BRIP4 (Convolutional Neural Network, CNN) Z—Fhaii A s 2%, HAE KR
EMGACE T TH A H ORI, HrSeg VR H B UG 2. @SR . A b T oA
LM LEEER], BRGNS T E WS EHXSED, L% M.

8.1 Hh&

8.1.1 REE=

BRI LS H RTIREE 2 ST BORGUh ARH A RIE M Mk 2 —, RGO Hr
AL PRI IAS T AR B AR AR TV AR HE BB AR SE ImageNet -, T
MM TIRZ Mst, BAEERBRIHERIUN L. FRiRR%E. SRMEMSHE T L5
PR AL B SRR ml 2 —FE Tl 1 X R R A AT B B 2, JEHE A T2 5 KGR
B, BRG] D EEMA RS EERET R THE, 2508 ZNHTHRER
FHRAI NI A o

MG 2 2% (St B H TR Z R, KRB D) 7B 2R B, SEIR R FEb BLLL
KA R RN BT B -

(1) HFLHAZER BL. 1962 4E Hubel LAz Wiesel 3BL AW 7R B, WAL A% 33 31k
v v AL A BB £ BRI (Receptive Field) Bk 58I, el T2
PIME& . 1980 4 H A% # Fukushima 765 T B2 M a2 B, 20 7T Mkl
(Neocognitron). fHZNFINLZE — AN BHLARNZ ZHEMEBA, G 2K SR H E—ER
RS B OR A E], TR IR ZALE . BNERA LR RN . A
FIPLAT AR A B R E A I EE — R, O SR I RGRAL,  IF BASZ AL Ak
SOL AR NN S AT
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(2) EIKREM B, 1998 it HAHLREIAS Yann LeCun Z542 HifY) LeNet-5 SR 73T B6 R
() I 16 4% 4% BT X 48 HEAT AT B4, Yann LeCun 7ENLEE2:>]. NI S8 745
TR, WENBRMLEML 2 L. LeNet-5 MLIEIT S HERIEFEM T REE, BIEGR
BIBREE N — RYINFHE R, IF B IX SRR E AL B 25 S B 2 N 2%, AR IR UK T RFAE
X EGAT 0 3. I BT R BN L (A% 0, 25 B8 X 25 1) A5 A% DU J 52 S MR 2 11 485
R FARFN T BRI AEM LR FE, HIERIFHET LeNet-5 MRS, FFMahn T
FEHRRH . FR, SRMEMNEEE S IRA . AR NG R 5025 S AT (10 B 72 .32
TRk

(3) KRB AR T B . 7E LeNet-5 M52 J5, HBRME ML — B TS50 K R
BrBL, HE| 2012 4 AlexNet WZ&HIHR I A4 BEE T A UM 20 I 2% R TR B 2% 1 I v R A
Krizhevsky 2542 BRI pHZE 2% AlexNet 7E ImageNet 1JiIlZR&E EEUR T UG 70 K E %,
A6 B A I 28 B TSN E A B RO TS B, IR HANWHAR N . £ AlexNet ZJ&, AN
ARG ER T, SR E RN VGG ML . MUK ResNet P24, 233
GoogLeNet [M2%5%, IXEEMIZE IR T LG MK IZ DI E RN AT, LR 2R
FERGRTT, A ERMEMNK NS,

MHATR R REHT S, BRI EMERIR SRR, IF B e e SRR 5
FIG R RS, Fan, TR AR 3D GRIhE M. BRI, BIE R L%
AR T B BSR4, e RiE S EGARUIKI ML, i, fERB T e .

8.1.2 EAXMHE

HGRME MG A =N EAMME: KMEZE (Local Receptive Fields). 3:ZAUE
(Shared Weights). th{t. (Pooling).

(D) R 5T —MBEREMENL, FESEEGRS— MR R S EER e
EHRE AN Ieh, AR 25 ) S 30 A — AN R s R B B B AN SR SR X I,
TR D S BON g . B, —ik 1024x720 (1S, 18 9x9 HUESZHEF, | H E 81 A4
PUEZH TRt 2k, 2MWE—KEUER, 2 FRHEIE & R

(2) HERE. EEFMENEHKEIRZER, P o NRBUE Z2MFE K, BTAUEHFE,
R ] Lo D IR 8. L HOAUE R B AR VR B R A% Bl 35 o

(3) #tb. HFRAAHEE RGO, MESEhrd e A, BA B E T 8T,
RE A RO FUG R IE A e i 2, R AT DR 2R T G R 4 rt B AR, o U AT 46
M2 )5, @ —NF SR, SRIFBEERG RN
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8.1.3 EAMBLEH
R AR S 2 4 B P -1 TR

........

=

BIRE
E8-1 — N ERAEIIREMEERE

HTHE 81, —BHERMEMEUFEENZE. TRERUAEERR, KB ERZEMT
KIEREAT DA EZ R, I HEREM T RAER AL X 1R R, TUESNERZET
T, EE-ANTREZ, BN DNSREMLZEEM ReEsn P IRER B2 E
i EST ARV RV

M EREHIRE, SEGNEEEMPEMSALLL, SRMEMBERMAZ. BRE. TX
FRRMEH LA 2 . BR b, BRI M4 B 3 5 RIERIERE ST, (e
A DRG] T B B & o b, (B SRl P I R A2 AR L5 T ) R

(L AMELUERN BB RN T EE&mE, a8 oA IRt g, B
TEWEATE, WZETFEHIERETIMESAE, EEEOR Fi/h . BEFEARARLZRE AL
RS EAT R TR T AR AT AR R, AR SR IR IXSRAFE, JF B A
MABRSBRZBIMERR, X2 FBORBFRANT PR 5 ZRTH AR, R ZR T
HfiE

(2) WHERNE R AP, BB BGERSAURN, mEE kA 3 MEthiEE,
fisg 2% F— A 512x512 [IEIER A 4B M AT B A AR M 2% HEAT 204, WA JZ 7 22 786432
(512x512x3) MaAR$IT, MAEEZN AN MSR SR 2K, H5ERTE—
SEMMEEIREL, RN TR T HER AR K. R, Sz 2% BRI IR
RIEAE b, (2 B TR 7 s GRS e 2 M 2R k. & — MRER 2
FEm2%, Mo FEEANEIERMA M RN ZRBCR IR, LA .

BRI LE RIS BUEEE . RS TS UA RO ok T B R A . SR
ERARE DA TN E— R AT, RIS B> Tlgkid R
HISEE . BUEIE AT DS A S BUE, i 735, Itk TR . PR
AL FMBAC I 7T 50, b — AR RSO, JF BT TR B . 0 T RHR AR BEAR G
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MRS S, GRE MBS RS, DD A BENSE, 31T TR, JF
TRALE T AL FRACR

8.2 HH

8.2.1 ERAMIEEN

EZ R, B S8, B0, Rl A R A g A2 s = AN R ) —F
BFHE T, RALRES 5 20 B A 7% 1 g 10 3R A7 bR 5 LR I i B (T AR, A A3k
.

| roge-ndr

BRI SAE T — D REHE S S — B LB E I, ARG TR #E. Kk
FeS5, M AR, ERERMEM S RO,

8.2.2 HTRVIEME
PLBSELAE 5o, .
x[0] = ay, x[1] = by, x[2] = ¢,

y[0] = ay, y[1] = by, y[2] = ¢,
PRI ) B AN ] 8-2 T .

ay Cy ay by
{ bx ( ‘ { ]
0 1 2 n 0 1 2 n
x[n] y[n]

E8-2 mEESHEEE
AT LA x [n]xy [n] 3 AF BRI L, X Fx[n] Ay [n] ol LA R0 T B3R5
© #skx(n]xy[0], 4RI 8-3 i,



by x ay,
dy X a}, Cyp % ay
0 I 2 3 4 n
x[n]x y[0]

E 8-3 BHUSSHIx[n] x y[0]ERTHI

© Hikxlnlxy[1], FHFALRSN 1A, 4 RWE 8-4 fix.

ayxby, byxb, Cx x by,

0 1 2 -3 4 n
x[n]xy[1]
E8-4 EHUSSHxn)xy[11ERTH

O RiE¥xnlxy[2], FEFARBWA, L5 K 8-5 iR,

ayxcy byXcy Cxxcy

0 1 2 3 1 n

x[n] x y[2]
El 8-5 EEUSSHIx[n]xy[2)5RT5I

ek = AR 2] 1 x[n]xy[n] SR, WE 8-6 FR.



E8E EHRMW
Cexay + by xby +a,xc,
o]

byxay +a,xby,| Cyxby+byxcy,
a,xa
J(X y CXXC}-’

0 1 2 3 1 n

x[n] x y[n]

E8-6 BHUSSHIx[n]xyn]&ER=H

IR B R A N .

8.2.3 EAIHI

e ARSI = IEAE RS IR A HE, O A R R ETEE N 1%, RRYHTH 1 7
ANARHFEA, 58 RBHE 100 A, 2 RO AN B AT DATHSCRE RN AR 2 B3k 8-1 s

*8-1 BRAAENARDERM

T F—XMEH | FIRREHLK | E=XRBEHE | FOXPEELR | ERXAEER
+10000 10000 10000 10000 10000 10000
x(1+0.01)* x(1+0.01)2 x(1+0.01)3 x(1+0.01)* x(1+0.01)°

B THERR, SKEERA AMERANECN1000x(1 + 0.01)°,

[FIR, RO FREE SRS SRR AR A IZ A M) L6 %6k 10000 > A 4T, MNZAEY) SR =45
RN IR EAACTE DL IR 8-2 Fr.

*8-2 HEMEZIE, BXRARENDHRG

o T— F—RAEHE | FEZREEH | E=ZREEH | EUXREEH | FEXRBEH
10000 10000 10000 10000 10000

+10000 «(1+0.01)* x(1+0.01)? «(1+0.01)3 x(1+0.01)* «<(1+0.01)°
+10000 10000 10000 10000 10000

x(1+0.01)1 x(1+0.01)2 x(140.01)3 x(1+0.01)*
+10000 10000 10000 10000

«(1+0.01)* x(1+0.01)? «(1+0.01)3
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BT B—RPEH | EZRAEH | E=EXFEHE | EOXAEH | FLXEEH
A AH A AH A
10000 10000
+10000 «<(1+0.01)? «(1+ 0.01)2
10000
+10000 (1 + 001!
+10000

RFEREE ORI, 2V SR EMA I A RS EC:

SUM = 10000x(1 + 0.01)5 + 10000x(1 + 0.01)* + 10000x(1 + 0.01)% + 10000x(1 + 0.01)?
+10000x(1 + 0.01)* 4+ 10000x(1 + 0.01)°

FH AT R4 R :
5
SUM = Zf(i)xg(S — D)
i=0

Hodr, )R DABE R A R AR SO0 = A R B, O E 10000, g(5—i) = (14 0.01)57¢
KON P ETE R A, R, VS = &2 A N e BP9 1% e 405 41 o B0 R
BRI

bR REE R RARES RGN, (£ RidER L b, R A&

(1) 7E O~tHIX BB N, AP A ZBR R A, 12&n B ZIZI#7E 25, A8 —200%5H
AL 1%, NZEHEERE gt —1) = (1 +0.01)7,

(2) FREESREG S WA BB RARIAZEY LI FIXHMN A M, TR ZIZI#EE, N
WEIL KBNS (1) -

UL AEC ZI0, WS EIAN A WESEA: [ f(Dg(t—1dr = [, f(Dx(1+
0.01)t7 dr.

8.3 B

8.3.1 EHEIRZAIEN
(RSB RAL TS, AR R T AR, T EERAOMEE RV — U A A



BUGHEAT BRUERAE, DRSS R BRI .

0
1
1
BB R TR
(1) X B TCATAT S () R«
0
0
0
(2) xEGHAT L R DED: 28«
-1
-1
-1
(3) VFHENEH A5
-1
-1
0
(4) HJ(EBRIER: 8%
0
0.2
0
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TEBAR AR Bl AU MERR SR
10

11
0 1

(=N ]
S O O

-1 -1
9 -1
-1

_ o
_ o

02 0
02 0.2
02 0

PR ASOR R 15 3R oa ] BB R R SR AR AT (A AR B, K B e AT R R o 5 4
R BEAT TS, R 0.2, RG24 AR & i A BBl AT S (AL AL PE

(5) T TR nE S A -

PR ASOR A — b ] S RO AL BT 3, (B 2 B RO AN ST, T e SRR T AR i 3t
AEER, PRl O 2w T RMR R B A B b, SRR G 2 A, AT e RO, W]
LARZ BRAHATHE R MU0 . A5 UL A FUG AL BB R 2 RERE WL 21, B0 Photoshop. Paint.NET 2%,

(6) —4EwiieR 4L

(1) Y=k 3
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8.3.2 EHERIRE

JEBA R BB AP EEAT A, TR, BRI, 3T 2D BN
2D BRI X BB 18— MEER AL R E R AR R AR AE B 5 D8 I R R R R X B e 3R

HHTe, SRR S A RIATAR N, SENZE RN RAE, WK 8-7 N,
o l1]o
1111

101 0“1 0 oxt | 130 | 0307 T

AR 1 1 ’}0 1 x1 [ 1x0 [ 1x1 I'\

‘\\1 o 1171011 o | oxt | 1x1 0 ‘*1 o|1|0
\(;;1 1 0|1 o Tpeltyel’
1 0|1 1 0 : L ! ° ! 0!

opT! of1|1]|0]1
BRZ
1 0|1 1 0

8-7 BIRURIERITHI

MHER TR MER R LR AT BRI, WS ROos BRI AL, EIE F ]
BTSSR B AL AR RN, AT CAS IR0 Ty kAT A 2

(L BmiagB e HAGBREEAMASIGRIERIES

(2) HFRGEER . MIAGHITY R, IFRESRBIERB O S RILEGER, ¥ RNLEG
BREFUIHTEN 0, BATBERAF O B EEAE H e G RE, 268 A0 s BT
WG .

8.3.3 HIMZAYHFHIE
VB R ] LRI

(1) PERAFAEFE T FEARIN Y O HET NI, Pk aeAb B2 )5 i UG AR X 2 LE IR 46 14
BRI, RN .

(2) HPEPEHFEFE P RMEATIN Y 1, BB Ss A 2 5 i R 5 IR n R i s FEAR LE L
P

(3) HPEPAFELE P AVEAIRT 1, BB SR AL 2 5 i) BB AR R 2 b IR 4R B R K 58
JEHE ST



8.4 HREHZEMBHRZET(FIRIE

8.4.1 BHE

ERERERMEME AR T HARP LM K K 2 b, BREARONHEE T EE N2
B0, GIEREFRS. BOR. 4/, Tekess, el 8-8 Fis.

Ef&tHR EigTx %
SIS

E8-8 EHRMFH. G/ Herepl
BREANFRA AEZ N T3 TOERA R ES, WK 8-9 fis.

N
*

~
~
JELRS =

E 8-9 BRI EERHA

K 8-9 R ERM A i AR ML RS A TTE, TR SRR
B, Bribz b, B 8-9 R R A AR B BUE 2 A F ), XA AR I — MR BUE

=,

8.4.2 TXREE

ERREE AR ISR R 7 R D> T e IER:, I TR, ERMEITH
BEIFBARZF WD, W Tasih SRR LR s, IF B 5 MBS 1. ufi kit
W, EHERAEMEERZEZ G, 28— Mz (Pooling), Tl bERlE, WAHRAE
TRFEZ (Subsampling), T RFEJZ AT LK FRARKFAE RO LESE , I/ 1S58, RN T DA St
WA E. TRFER R E R a0 & 8-10 From
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_________________ Max(1,2,2,3) = 3
11 2\1 5
\ ] filter: 2x2
\\2 3 4 3 stride: 2 3 5
25| 3] 1 6|3
31621 2x2

4x4 (Rectified Feature Map)
E 8-10 TREFAVURIEIRERA

LAET 8-10 M, T —A> 1024x1024 FIRHIEEIEAT 2x2 Htifbatt, R4 4 AcR P
R —ATeRAE N, RABRIN R 512x5612 MRHER], MR T IS —.

8.4.3 Softmax E

Softmax bR HEMERE P WA — LR EL B REVE KK YR R ) WU 21 55 4 — S K 4 1)
Ep), KR RS D TR PEAO) XA, HrFKgEREZMN 1. &
T s

eXi
p(x) =g fori=12,..K
j=0¢"/

Blhn, N\ =4 m 5 [5.0,2.0,3.0], J#id Softmax %13 F ) = 4 7 5 ~[0.844, 0.042,
0.114]. HE LR 8-11 Fiow.

Z}(:Dexj
1 \E%) N/
o
0
[T¢]
)
[¥2]
X330 2\ 20.09 v m
\&") N/

B 8-11 Softmax HRERIITERS
TEN—FF—Ab i %, S5HAMRIA—4L 775 LE, Softmax pRECE & LMASHIMER, TR

FELZop 2RI, AT Z R, Blin, AR U7 s UM g . BRI R, fE
xR H A B R, AT BOE BRI IME IR, D AR 7 SN



o LS A 5 SR B2
8.5 HBRMEMBANE@IIIE

—RAFOL T, B A L R, (H F AR LLESA T TR U, B,
K& B3 Rh 2 MR R i, Horh R EASE ERERE . REGEE AN BRI R

(1) FRFESRE. b FEA S AT, BRI St A R A2 AN BE 05 10 IR BB A B Y 2%
1, AHZ R LR AL FE R, ek AL E . i, RA Max Pooling B, #]LLids% Max
Pooling HMESRIEA &, fERIBMAEREREAH, izt ErEEN, KRMMEE N 0 BIv],
& 8-12 fim .

[Value=7, Index=(0,1)] [Value=7]
0 |

Max Pooling Unpooling
| v

1 716 0 710

Index=(0,1)
312 |4 —_— o(o0]| o0
2 51|38 o(o0]| o0

E8-12 Ritibidizrpl

8-12 H I 2 MR 43 /& Max Pooling i #, #{I#8 4>/ Unpooling i$72, Hbfkid FE ik
N 3x3, I RN REZ 5, RIS ERKEN 7, e s HRIIMIENO,L), BRI
WK —> 3x3 FIHAE 9 T —A 1x1 (3, HIRPMER 7, RIETHEGEHRPO)ME. Ritbhfhid
FEWGUFM R, B —A IxL A —A 3x3 1, b I 75 A8 B 7E v Ak e i ol S 1 R 4
R E, B Ix1 AR ERRRG R E, HRaefEN 0, W 8-13 fiw, HIfE
2| 8-12 AR 4>

a3 3x3

1(7]6 1x1 1x1 0|7 (o
> 53 0o|j0]|oO

Max Pooling | | Unpooling |
I — I 1

8-13 ittt RS L RA

() JREUEISE . EBE LR TR 2 ReLU sRECHATA R, X T SO i 72 4
e EOREPTA EAOVIESG I SOs R AR T LR A ReLU BREUS HATAE BRI 2
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(3) REMRERE. RERFFHILETIL, REREERN TR DN AT RER
PR, XA KA ISR RGBTSR SERLREIREL, R R 1
B A PR, X EAR R e A BT 1 H E

8.6 ENBIHEZMBZEN

8.6.1 LeNet-5

LeNet-5 /& — MR BRI N4, &R EHTF5FFEB %], &l Yann LeCun
5 \AE 1998 4F K F£ i Gradient-Based Learning Applied to Document Recognition ' 5,
Has ik 8-14 .

cfm 16@10x1
T C1: feature maps e D‘s&;f,m
INPU 6@26%26

3zx32

52: 1. maps
6@14x1

|
| Fullcnmleamn | Gaussian connections
Convolutions ling C lutions  Subsampling Full connection

8-14 LeNet-5 94549 (£E Yann LeCun HFE18X Gradient-Based Learning Applied to Document
Recognition)
fEE 8-14 1, INPUT Hx—MNE, & LI NEB RN A 32x32, BRI KN KA
5x5, HHUZIMFENECN 6 4, Cl KRGt BREAEZ 5 HIRMER, BF % H RHIE BN
28x28, HHITAN28=32-5+1.

7F LeNet-5 F15E LT 6 MAFIGAAZFIZE, RIS uEE N28x28x6, X TH&—4
LRGN S B NG5 +1) (Hd 1 AmETD, Wik—ILa il sHh
(5x5 + 1)x6, ML FIEZEECN(5XS5 + 1)x6x (28x28)

S2 EATRAEZE, N 28x28 [MHFE, REEHIXIK/ANAG 2x2, KRR Y
AN, RJERL—ADATIIGM S5, B b mE D, @i Sigmoid REGHATIIE. M
TIRTE 28x28 HIHEFE, HEATIX I 2x2 (SRAE,  BRIA H BORRIE IR/ 14x140 SRFE R
KEEN 6 A, MM THIEEN 14x14x6, FTLAIZGRISECN 2x6, B R ESEECN
(2x2+1)x6x14x14, JEILF CL EMILLE AT A, S2 E M4 HAHEE KN K/NRF CL 2R 14,

C3 R TEMIZ, WA S2 ZH K 6 a2 MHEENA S, BRI ANN 55, &
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FUZI R R E T 16, S A IIRHERI/NA 10x10. C3 2 A MRHIE IS S2 E i 6 4
R MHEE AL S, RRARERRHE R L — R R AR R AR A S .

ZRT7 AT LR C3 (AT 6 AMRFIERIAN S2 21 3 MHABHIRHE R TRIE MmN 25 6
MRFEEER A S2 JZ1 4 DMHATHIRF LB A 5N, RT3 USRI AR AR (9 DY AR AL ]
TR, Ha—PNNRA S2 RN FTARHEEE AR, B EOIZRi S 8tc N

6x(3x25 + 1) + 6x(4x25 + 1) + 3x(4x25 + 1) + 1x(6 * 25 + 1) = 1516
Rk, EREE A 1516x(10x10)=151600.

S4 A FRHEE, HIAE 10510 HOSERE, RAEIRELN 232, FbEH R S2 J2—HERDY
A, SRR —ATTLLIIRIZSE, FE0 LR, %R SOR A Sigmoid B4

FR A3 N R/ INFI SR FE DX 8, AT Jndan HH O REAE B /N A Bx5, SREEFSRIIEE 13E N 16,
Rl 22 e BB N 5x5x16=400, 7] LLIZRINSECN 32 (2x16), M AEREECHN 2000 (16x
(2x2+1) x5x5). MIXNEFEF A LIE L, S4 E%H RN E C3 Ef R Aar B /N
1/4.,

C5 i Ja— N EM)Z, C5JZHHANZE S4 ERim iR, J+H S S4 EREEHERR,
A2 S2 25 C3 EMAARFR. & CEBIZIKIK/INA 5x5, BRUZKIMIEEERN 120, HiH
FIRFEE /N 1X1 (5-5+1), [HIEATPLIZR S8 48120 ((16X (5X5+1) x120)).

F6 ZNEERE, A 84 NHJT, AR C5 EMHN 120 4, 57052 d
ZMLEARE, KA R SAUE R SR RS A, BN EmE, TS5y 84x
(120+1) =10164, HZHIEMRECK A Sigmoid BK%L.

RIS REM T AR N2 R LetNet-5 BRI 4%, T8I R A AR I,
LetNet-5 71 5 215 EHE 5 T KA Z HIBERZ AN,

8.6.2 AlexNet

AlexNet T~ 2012 4F H BL7E ImageNet B /2L 38, JREUE T 2012 SEI R, MILEE
LR 22 X 28 TF UG 52 B AT SR 6yE . AlexNet 217 15 45 A1 10 25 X 28 11 95 0 [ P o, 2
TR MAL AN DL 775 31 3 A 28 R 245 (1) A 7 M P 4% 45 44

AlexNet #AI—ILG )\ 2, O HANEREMN=12EEE, N TE - 1MERZE, Jad
T ReLU 3% R BOF R 3B B 5 — AR B, $E53HAT T oRFEERAE . AlexNet PSR 2544
8-15 i/ o
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- 138 soag \dense
\ 13
" 13 dense dense|
1000
128 Max

Max 128 Max pooling
pooling pooling

] &

=1
&)
@
o
&
@

B 8-15 AlexNet Ht&ERIEEH (3B Alex Krizhevsky SZ18X /mageNet Classification with Deep
Convolutional Neural Networks)

(1) M 8-15 Frf LUK I, M ARIEE KN 224x224, (H2% S FIEG 2 H RGB 4
(1 =3miE, PN BRI 224x224x3. (FE AlexNet HER) 1) Sz b F3i 7 v 23 i il
Wb, BRI AR 227%227x3)

(2) 1F AlexNet A, —3t4 96 4~ 11x11 (B FUZATREIREL, #EFIE G N RGB
BIg, MIAFAE =AM, FX 96 ANiEik a8 sebafi 2 bt 11x11x3, RPJsiREG &%
Mg, AT RHE 2 BARORR T FREEONTHE T R I~ A3

g < (R — BBUEL)
stride

+1

Hstride®an K, hE T HEFZESI AN B — EEHEA R4S E KN R
(227-11)/4+1=55, KL —ZEHEZ/ B MRFIER —ILZ 96 1, F—NRHEE M K/ 2
55x55, Hi RGB =jfiHE.

(3) AlexNet B RelLU pRE/FEOBIRE R &L, AEAFHRSAE B PR A (EL DU i Bl AE 5 R Vi

(4) AlexNet A2 1 RS IX Ik 0 — AL FR ) 5 20 ERInNAZ 2 3x3 IFERE, %
AR 3x3 X H s 347 b £, G I R R A AL B AT DL 31 (55-3)/2+1=27, 37| 96 A
27x27 HIFRFHEE, 31X 96 MFHIE ¥ = 1E N IR EREBE TN .

B EERENMANRE — ZERERT 96x27x27 MHHERE, KA 256 4> 5x5 K
INFERZ, RSB N RIE T b3, b3 07 N5 58— 2 B2 (1 b 2 5 (s A
ANl I PEARERT 96 AMFFAE B H 0 TUANRRAIE B A R B2 D X dekafe LAAH S AR, R 5 - A
B2 AR X IT BR, BoEEREITE TR G, BRI 256 1~ 13x13 ((27-
3)/2+1=13) HI4FHER.

JRBERIERAE RN, B8 =R BRUR A R T R, 53152 384 4> 13x13 HFTHFAL
SV RMAREAT BEAT T RFEHRAE, BRI RIIIKIRZ 384 4> 13x13 IURFEA, S TRMB RN &
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256 /™ 6x6 HIHFAEE .

SNTENERSEEE, [ 4096 MHEIC, 6 HZEHHE R 256 4~ 6x6 AIRHE Bt
TaER;, BLENESERZES L—ZEERZE0; FINESERZEXMHPZ 1000 Mg
JG, XTEE-LIE R 4096 ML AT AiERE, ARGl m R A, 19 B S IR AT B .

FENGRRERE RE 2l e E S IR E AT R T 5, SRR, Il AR %
W, R TR SR T BB [ AR, AP AR 1SR AR B BUE A W B, AT
FRRR 22 ) 2% R AR AL

ARV, JRERm SAE A —1k (Local Response Normalization, LRN) Zf&Rh#h4 A4
YzE e A AR, RPN SO BRI, FHIARAR R A e SRR A A — 1k
() B B SEILR B4, ReLU 2 —Fh “MHm)” J5ik. KPR R AL TA F T3 s
TRZA0RE 7). LRN S #0284 2 b A o EAR, X R A R 22 G SR B T S LA
545w )87 LUK ARG B8 T K.

8.7 MNAB=SHRTM

8.7.1 #;m=1. BEgHE

1. Elgos s

% 73 AR A R S I3 B B S AN R AE AN [R] 2801 1) B X 23T SR 7
%o BRI A AR 22 X 26 0T BB AT 2 DURF AL 70 #r I H 550 L B R o e MB oT BR X 3
TRMIHIRIMER, B E BRI 028 RG22 2% 9 SE 4R B 1 BR » Kafok 15
GFEORECR, XML SE AR TH AL B OB AR, i, R T ERIBSREM K. RERT
BARIPLE 2% (0 SEAE R Y BT I 28 G A, et T IRIR 0 SR U R R 4 Je

EEG 2R, A L) VGG16 B i, VGG A A2 &
Simonyan F1 Zisserman 7£ 2014 £ & & 1118 3 Very Deep Convolutional Networks for Large Scale
ImageRecognition F4EH ). VGG16 AL Wi, H 13 MERZEM 3 NaiEkEd
B, A3k 16 ERIMLs SR, FRdnt Softmax HEAT BSR4, VGG16 BIA e e DU S I G
FEHERR BE R H AR RS R 1000 FloAS [F) R 2R B4

BT BN I 28 1) B o R 1y 7 UG AR BRI RS Y, AU VGG16 B, bty
#& VGG19. ResNet50. InceptionV3. Xception %525 i {1 £8 #6701 pl Ay B A 2R 1 T30 1T 25
EIUR
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2. BgSERAIBERTFEA

FEEG I, & B BRI G R ATV, S FRERITEREE & (8 1] 2 IO IRE
B R FORAEGE T RVPAY . ERAHRIEFERE G, T DAPPAL 70 RES A B AR REA A 7> AR IO VEBE
BAAs T Al 73 AR (R g o

XF 2 70 R RR B R I, I8 T B AR 7 SHE FEHEAT VP4l . A R LA 18
XS TR IR RS S (K15 R 10 Kappa 28 200125 FE 2068 s 2k BLAN I 2 Rttt AN iR 70 RAB A
Kappa FEATH T VP0G 20 AR 1 B AR UERf . 24 Kappa REUIECR T 0.80 B, FRonsrK4k
FE A H I ) — Bk R, B S R

B S EIVEA A BE e A R — 0 R AR P BE . — Bk, AT LURIEIRE R 75
FIGARB R B R LB ERE, 224 ROC BHZE A PR L, DLIRAS R0 2K B8 A eI .

TR (AP) I TAFE B0 IR, HPHEONARA RRKIESHR. B L, AP
7& PRI X, SFEERE RV EME. PR FIERRE A R (AR
PANNREAEST) . BUE BB IR SIS E A BL mAP JubriE.

X ORB SR, Bl ImageNet 2L 1000 /7oK Eg, REFEARIIFREEIERE K. %
FI ARG VRS AT SRR IR E, R REN BMMEN 1. et B A 8. Al
1 AMEERATET 5 MR TIPS AR B R A R . BJa, A top-5 BRI MBI 2K
HIPPAL TR AR o

8.7.2 ip=2: BirEN

1. BiRaiNsEs)

FRRREII LS T B ARAO ST R ST MO (R DO, o 56 R ERABI F A, SLUOE R
BIEARAEIGRORCT, BRI DDA, 00, YRS, EARRINM AR P 8-16 .

8-16 XIEHRPAIAMETHENAITG]



F8E HHEWE | 159

HARfr B S A s AR A L, i, ARSIl DU T e SO R A i s e, AR
WO BARBEAT THEG DA IS mT CLREAT B RERBY, B AKX HAREEAT32HG, DML 5344t
BARRG AT A . ARSI S BB 2RAH,  H ARSI A O] DO R & R AT 202K,
] VAENL F AR

2. BtENRIK R

B, AT LB S BRI AER . R BIRORSEE L B DL R > B R AR
xR B2 R AT VR . PG E S & Ground Truth 1%, Ground Truth E{RmT LA
B IR 7 BN R ER . 2 FURSE 32 EARILAE BR 2 B 0 SE X A7 5 Ground Truth
A S T AR 70 b o 12 BIZRRIRAE Ground Truth BE PR X2 AME 7 BRI R
AR A E . R FIZE R IRAE Ground Truth B H I ARE BT EE XA R AL S EE

15 F 9 UG o B PEAL R 0] LR AL D 20 RSB K PF A, ISPR Clinternational Society for
Photogrammetry and Remote Sensing) #2H | —FhJk T SARIRIE HE MR 2 L0 FORE FE VAL i,
e amim i v S IR FE BRE BE,  DAVPAS 3 RE 4 . 42/ VOC2007 (PASCAL Visual Object
Classes Challenge 2007) #u#fi£E i 8 F (VR FE b2 P30 0 ERE BE, ROV SR A 200 1K 7 Bk
FEREARFIME.

XF R HESE ImageNet, THEREANIEA IR LE R IHERF R (RecalD). &N HrIE5
P AT Fabr 2 PR B (AP), B PR HIZRIIANAME. — HARRAGI AP HemfiEH,
R H ARG B = B RN, DABRAS H AR Bk -

8.7.3 7= 3: EHlHE

1. EFIE

F 2012 4F Alex Krizhevsky. Geoff Hinton A1 llya Sutskever Fifs J ImageNet )% 2
Ja, GRMEMZE SN T R EGRIRIRE . E, GRS W @it AW se s f oo, /e
L F i B ARy P U N

LG FARE RS R B R A ITE A E] R E R NMERR D RIS RS, 5
BURERB I, MSLBl 7 FRAEE LIRS -, AMUBEEBRRF LT K, EFEAE
FARRZ X5 A F sl lan, B 8-17 iR R IiE o], WA 7E JE B g
Ee
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segmentation

»

400 600 800 0 200 400 600 800
8-17 HEHGFEIDHITEEI S BIAIRA

H B4 K 22 B S22 E FE F- B A 4 4 19, #1180 R-CNN. Mask R-CNN. Fast R-
CNN. Faster R-CNN 4%,

2. RIS EIRIBER TS

BRI B FIRI AL B AT DA N 0 R A V(s o ISPR & T —Fldt T R2AREHE
MR 22 B SRS VP T ik, B, KRG SN IR T (TOP) #ehk, SRJExTEehs
BAMEEROREAT IR, WERTRERIRBIEEN . &5, A FRER Y RS R
FAREIERE . — B 7 RBUREERE, wiaT DOTH SRR L . A el FL o 8sE, DAY
i EITERE -

PASCAL Visual Object Classes Challenge 2007 (VOC2007) ¥i#i 8 s FH (I3 E Al R bR 2P
P ERSRE, BIRTE 280 0 BURE FE AR T IME . A 2800 73 BIRS BE A FE RS 2 IE A Bk LA Hb T
SHMR R CRBRRE RS R HL.

8.8 MAXOUT NETWORKS

TER LB A M2, AR AR = Fhis WL I 28 258284k, 73 il 22 . Maxout Networks
Network In Network. Global Average Pooling, .71, Maxout Networks f2& iidt A bb 4 di {25
.

Maxout RJ DARE g8 B2 i 22 9 2% (K05 BR EUZ , — AR AT (B Ak i A b, BROmTy A
AW : hi(x) = sigmoid(x™W; + b;) o

R 2R X 2% A i i FE A B 8-18 T



X3

Q—'J’l
Xz

O—>3’2
X3 |

R

El 8-18 —MRAVEZMFZERTIE
BIEAPNRN, TH+ 1=, WA
Z = X XWy + XpXwy, + b

y=f@

Forb fOROE R TR T80 Maxout J25 2 J BTS2 300 A«

W) =

/E\:EF'ZU?‘U:

Zij = XTI/VL']' + bU (W € Rdxmxk)

Wi — =R, dRORN R RIECE, mABORERRR T R R, kRIS AR R
J2Z G HH AT R Maxout M AERAN 1wk, e Ri—ME ot .

[FFE, 7E 8-18 v Maxout 22 5, iEwk =5, &R WA 8-19 fis.

8-19 &N Maxout BN R RS

B TAERGR SRS+ VR Z S 78— 2, %+ Maxout %t 22 200 -

Zy = Wixx + by

Zy = WrXX + bz
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Z3 = W3xx + bs
Z4 = WyXX + by
Zg = WgxX + bg
out = max(zy, Zy, Z3, Z4, Zs)
Maxout 7] EABE A — N Gs R 108 XA A T SR 30T s . Maxout 30 bR U AN
AN KR RR A, ANFF Sigmoid. ReLU. Tanh S5ME sk, B2 — ANl (¥ 6 4
Jite. Maxout HEGRIARES, E— B, AR R R BT DL i 2 Bk

PERRBEAT IS, BRI E LT AT D AR R R ek A AE AT R e i 2% i, Maxout i H X
RKME. EERMEmMZT, Maxout Rk K AT LLE R 2 ML B RS oA 4 E FRFHIE -

8.9 ARE/ING

AEHIRNGHA A T RN . R T B NE IR R R, BRHAM
KRN T =AEER B, BT IR TR 2 A ARA B B BB T B
KM P R EEMS G BPRE, MU TG M T R R R IREE ), ERE .
FRFEZ . Softmax Jz, MBS T AR R 2% BT A A .

AEHEIL A G LRGN 2%, A5 30 RENS B AR ML IO B AR I 2%, I L N
SEHINA TGS HARI UL BB E], B A RN RS B 2 R 2% (0 T A B2
A E -



BIE

EIMERLE P25

B AT P e PR R AE IS A1, AR 9 G SETIAT N Bt A% 30 10 4 22 I 248 A1 X (2
K, R REG I AIEER BR. Ban, T 5 A A R AN B AU AR R B AT 2,
A8 235 1) P01 228 DX 28 AR M SRR IX SIS A5 B[R] 7 0 e . B FR P2 2% (Recurrent Neural Networks,
RNND J&— AN RIE IR S5 N4, B R Vs B EE A, RNN AR _E & — ANk 45 14
I ML, IERFET IR AR, A 13w ] DAL B A5 B P A OG5 B RE

9.1 A

G 22 25 RENS ST AR R 7 JEANBRIE, A BRA 5 AU E B A T i) AU, ol 2
BAAN o %[0 TR A i 5 R AR e e R 2 A 5 R DR GE 1), DR L 22 Ak P AR TN £ ) e
LR LRI P28 G A R SE B XA 0 226 (1 HE AN DU AT AN, IR 7R B A A AT — I %1
BUE N ZIFAENSH, LRSS T SRR W25 88 . R R 452 S A5 R A
25 W 2% P AR FR N A DG S B S RARER, AR 4 H RITAE R P ARER TR Z R B 4
[TE

TEIR RN L P ) 5, A& GL ORI 2 M 2% £ Jordan T 1986 4E4EH, 1990 4
Elman £FX01E & 84 1 74— P A AR R BB s 2 2%, 5]\ BRiEZ & 1845 2
Ml R, RUEAG RECAZ 5 oA R il s i B (I 2%, R AT SO Elman 4.
IGINRIREH SR T RKIARB A, BNt 2 Z IR NS RE 2 G, HIIIURA B R B0k 5 1%
YEIR R, ELF) 1997 4 Hochreiter £1 Schmidhuber S| A#FR N LSTM HIMZ t2 5, WA 15
DA o a4 T B TIR PR W2 IR RE A, RS2 56 T IXFE (1 28 T B A8 b 2H i) Y 265
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9.2 —RRIBIAHZEMES

9.2.1 #Hh&
% TAEG A IS, FALIE I o-1 .

(@)

O
v
S
U

X

E9-1 ZEEMEEEERG)
BAGHW A= AR BEZE. fWitzE. Hbh, xRNz, Z2—RIRE, W
A BT o OBV I i, SRR, REUZ T 2 M, e
TCIIN BRI IYERE ;s oo N Z AR, RERRAT R AL, BAKTT LU 73 248
— T RN B Lo AERE . U A NaRpAIE 55 FRRLZ 1o 42 70 A R BUB AR RS s VI 2 el
254 R AR OBUERERE . sif ) HBUEAEFEU AR S AR RE ol i R BUEFEFEY
AN BSR4 s e -

TEFR 22 W 24 S5 T 8] 9-2 BT

u

X
E 9-2 {EIMEEMELEID
AL 9-1 51 9-2 WLUAIL, MHAERAR EARRAEL, #OE AR Bz 4
R G BRI DO S AE TR M RE 2 7 — A 583 SRR, HsiE
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AR 2, BT FOBUERE W Bl b — kst . o, WERIR B —IREa)Z 1
o B — R BEEUZ A BUE R . B TRGRZE 2 T — B H 28 FHEARA, FItiZ=
WRRAEAEIAZ o ZM RS H R e p 2%, ] 9-2 th i fie fif B 1 Se S R A 22 M 2% 1 3. A
M2 A 2R, FLIRGEIAIITT 17 7398, AT LAG» D B R R Aol 220 X 2% AN X [ 408 A 4o £ ) 2%
PR KRAEAEIA IR 739, WAL BLIR AR 22 X 2% AR BEAR M Ao 22 I 2% PR A

9.2.2 HM{EAEREMEE

B 9-2 RoRHIIEIM AL 2% 5 4 B D B P AR A 22 X 2%, B LT 2 i R el 9-3
Fs o

o Or-1 Ot Ot+1
I‘i O O i
v W V "4 74
S —
IV -+ S W lse W lsew
SO s S
x_/
u u u u
X X1 Xt X1

9-3 HRERHEMEEERERM

MRAEE 9-3 P, wT LAFRAA g 100 2% A NG I () 34T 1 J A% o 2 i 82 1D i e
SR T BURT B BT R M R X, Sh, 3052 21— I 2 BRGS0 e s, IS, B
Uk, 2RI 2 BEOEUR B4 AR B S T AT 2R S, R Z A BACZmRE s, AT
SR 23 2O B PR PR A2 90 2% BEAT R -

0, =9gWVs,)
s = f(Uxy + Ws;_q)

Hrbo omh 2 HTHE AN, il 2 5 ROEZ i AT, g vl Z s L,
Vo EIBUEIERE . s, RoRBOEUZE TR A, ERIPSRAA, B AT 20K =
Ax S B ZI M BSRR M s,y U R BIRSGRUR BIBUEAERE, W E— R 218 ME s,
BE NI — AN BIBAERE R, fOOREGRUZ AR B A ERUIIRRE, UL V. WHUERERE K
(HEFRAEA R — 07, PHULIEIA P P2 BRI SRR, XS HRRIL ), R
HIEM R EERPRAL L — o KRGS LRI TR 3L, IR 2 s AT T

o = gWsy) = Vf(Ux, + Ws,_y) =Vf(Ux; + Wf(Ux,_y + Ws,_;))
=Vf(Ux; + Wf(Ux;_1 + Wf(Uxi_, +-+))) = ..
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MERAXF TR M, 0, 9%+ Xpoqv Xppn .. HIRREG RIS AT 20 )% 23 2 3
VIES I PNINES= -2 TP

9.2.3 XNE{EIF MR

72 HR 5 B, i B AR BB AT RN, A TTRES KBS SE N A .t
AT XS FAR I TR A, N T AFEIAE (R, AR TR BRI S AL B AR S Y R,
gt — PR PR HEWT N AZ IS I B oSSR 4 5 U S R A A R UL M il R, %2 1)
FRAR BT PRI N 2% BERG AL TR . B ) i 3 o 22 I 25 AN A RE 06 A R N A5 R B AT HE T,
ARG IG SIS BMANS T, [ 2 50 i 24 S5 R A HERA

Bt e IS, SRR LM 2% (Bi-directional Recurrent Neural Network, BRNN) 4%
AT G SCHE B AT ICAZHE T, 45 IR IS A XA fEFR M4 N 45 a2 B Schuster 1
Paliwal T 1997 44 H 1, 3= BEARR UIZR—AN 20 Sl 1) RN 1) J5 (R NI AP 2 I 4%, RoR
SERI BN SUE R, MBI A2 I 25 FS 0T B[R] — AN, BRI RT DT SRR A A AR ER
FHLE L8 BTN, B H 25 SRS 35 10 B A 42 IO 448 1) P 2 P i RS T SRS o B XL 6
IRRPEE X 2 42 BRI [F) 7 10 AT 450 R T, il 9-4 Foi.

Ot-1 [o]3 Ot+1
?‘ O @)
v*/ % V’/ % v/ v
W! S ’;7/]'_1\ W’ S’:/_‘\ W! S ’f+1f/_[| W’
1 Tl 1
w \ 1st1 W w St1 W
i
U’ /U Uiy v’ /U
Xt-1 Xt X+t

9-4 WEEAPEMEEERETREE

ME 9-4 WLAE 1, MIZIIBRGEZ ZLR B PIIR ME 2. — B D AT 2 5 1 IE (A0 15 B A% 3
S, 3 HB MG BRI A (E SIS, AR oWZRG TG R . LR IEIA
MR HESL T 30, ASHERS Y XL A A e R 26 1) Bk — SR T 3

o, =g(Vs, +V'sy)

s¢ = f(Wsi_y +Uxy)
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st =f(W'si_1 + U'xy)

Mo, = g(Vs, + V's)TTLLEH, HE—B ZI 40 o, 2 Fls, MM, Ms, = f(Ws,_, +
Ux,) s; = f(W's;_y + U'x )REIEE SCRE, 7 alE & 1 IEm AR F 2 1E . ES0
B, M ER=ANAXKRE, ERHEAR AT ERALZRER, WHEi, MANEXT
Rl 2 MBUEAERRU . U, BRGEZEXT T4 2 MAUEFEFEV . v/, BRgE XS T Bl 2 A 3 i X
FIBUEAEREW . W', 3X 6 ANMURF BB 7RSS — I 20880 SR, 1T I S 1 19 19 2 [ (O AR AN A
. [, M 9-4 Hrtbal LLE R, [l gl A 5 M BREE 2 [B& A 8, X EITE
SEARIE 1

9.2.4 REBHRMEMLS

R A 4 R B 1 BA A 5 [RR) £ TR ) ) TR A 2 ) AN A A — N e 2, T AR SEBR F
NTWINRIERE S, AN AN EEE, BRI N . — AN B 2 E TR 4 ()
LR EERI I 9-5 Fiiaw

Or-1 Ot Ots1
Q Q ®
[ f [
. ."|l i I:: III;!
=R —O) QO
: T,I s i | &
"% % s
\/
\ l'l H_\"i
__________ 'nﬁ‘i
i i i
T ] | T
S () by | .’L>
TS & rS
\i | \
X1 Xt Xis1

El9-5 ZEENHEMEEMEAREE
[FJAE T AAS BIGR LGP A 22 0 25 (1 T H SR A 2
0, = gWOsP 4 5Oy
sgi) =fWWs,_, + U(i)sgi_l))

s = Fw s, + UOs )
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1
sE )= FWWDs,_, + UDx,)
(1 7] 1
s\ = FW'Dspy, + U'Dxy)

/N VSN o 7 s N D G B U R D Nl o /A W D = s 42 Sk T R T VAR a3
JERIHEL, BEn B AERTEE SRS, BV AR, Shm BRI 2N B AE
BJRZ B s, BI4Z I 2 (A S5 44 T 5

9.3 IlZ&Eix: BPTT &%

TEAGI AL WX 28 1) S A 4% B9k g FR 2 BPTT (Back Propagation Through Time), 3
BEFXEAZ NGk, TR EEEE T A, B ETN 20 b — I 2053 2 1
fr, IEIR R E W IR EEM LB M A N4 i 5L 2 T — D pnit S g,
ERHAEARFEHEE BP Bk —8, Bk LAEUT =P

O i1 SRR T I AR
O RS ML TR T
O I EAEARUE B
JHeSREFBA BE T e 000 B B AR
9.3.1 mIEtE&E
X5 TR s MO, LB R A ST
st =f(Ws,_; + Uxy)

Hrbsew xev s AR ZIAE, TARERE-NZt, W, USHER, fRREE R
Ko BB A EmAER), SRS andE, MUREEE R RN Inxm, WHERERIR/D Aanxn, 5

ECEI T

[Sf] Wip Wiz .. Wip][si " [x{-l
[5.5‘=f R H
. lsﬁ"lj X;tn

wy; Rt — 1IN ZIFE0E M 2 o S i 20 270 IEERUE, wRon E—ZMasti5 T
— R RRTC I HRUA -

Ugr U2 o Uim
u21 u22 e u2m

st Wpi Wpa e Wpy Upp Upz o Upy
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9.3.2 IXEmItE

THEEIR P P — I 20 rgiR 22, W DU IR PIANJT BT AR 3 — %R 4 (] 454
i) E—JR, X0 RE T EZBBUER FFURE W 53— ML R 5 [ AR 3] b —
AR, X ER o AR 22 B BIBME AW, THE A KBS H T

t—-1

5T = 87 1_[ W - diag[f’ (net))]
i=k

R AR B IRIE TR 1] LRI 7, S 9 FERM 2R ET, net, i
P ZTER AN, JRFFFRA: Wsy + Uxie LR, 362U E T B2
JF I 20 7 (8 DL SRR M, A0 T 52 2 O 61 o A A

57T, AR BRI R A L2, 52 M B A 0 A e 2 R
febise s —5. it AR T,

(84T = (SHTU - diaglf"~" (net} )]

87 TRl — 1Bt ZRZE, net{ " RoRl — 1ZFHETIMBGRN, AHTERREZ T
JETH — SR SEITRZE UMM, KRBT VR 2 F M 45 H e 1 A% 1 1) S AR

9.3.3 WEHEITE

Z AR BT FTHEANR TS, 4T DABRER B I 21 (1 B2 R 2% s S AT I %1
IR ZETS, ST, TTE I (B AR AR AR 22, 5 & N E R IR IR 22 . K3 Lk 45 2R
A DA G 23 A5 HESUELRE W AE LI 21 (1B«

Stst=l §sttl . gtstol

t-t—1 t.t—1 tot—1
Vw,E = 6381 6555 v O3Sp

lstsi—1 stst-t .. st

SEFRIREN IR Z WA B S, sf T RORE — 1N ZIEI 2 SR M2 o RS S
P S] LL s~ AT LATHSEAT BN ZIWIIRRRE e 28 B0 D 2%/ 21 (KA B2 2 A

t
VWE = Z Vw;E
i=1

RETMT A LUEIEW = W — nVwE BEAT I 8] S e (RO BE SBT3 SARUEFEREWIHERAL, A
HEFS tHBUEAE FEU T 55 7
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t.t t.t t,t
61x1  O1x5 .. Oixp
t.t t.t t,t
Vu,E = 63x1  O3x5 .. O3xp,
t,t t,t t,t
OpX{ OpXx3; .. OpXm

FIEE, f 2B FE R &N 2B EE 2 . VuE = Yi_, VwE, FHEEU = U — nVuE 3T
G b R OB P ST A

9.3.4 BEBRESHHEHEXEE

RIS AR T DAL I SR T S8, (RGN Z8 7E SRR A, 5 A 9 2%
—Ff, BB FRE CBE R i), RIUBEFE VS SRR SR AE 0 R, AT S BUNIZRT R B P A e
K FAH R AT X, WM B E KR KERMZm. ®E AR
8T = 8T 1Lk W - diag[f' (nety)] T LATS 3]

t-1

ISTI<IFI] [I1w1]- ldiaglF (et 1I1<I16F 1188,
i=k

ERAKA, BRONFERN LI, BN DNIREREL, ¢ — ks el 21 2 ki %1 )
B, RAMRZEMOR, RZETRMERISIEEOR, I — PR SRR A SRR, A KiEELsh
BB JCRRT,  BNRBLABE R R B B R R XUk TRIIME R KT 1 8T Lo

X B BE ARG [ R S 5 2 gt e, — JISG L B AR PO I T AR R & Wi 8102681 NaN
iz, IR DL E —DMBEREBE, 20 B2 e S A R ) I ik B BRI AT o 6 i K 7]
FEAHXT AN Dy Ak, 24 2R LAR =5 2 HRe s P T 2% 1) At

(D XBUERERF i B A& BTG E, RER R oA BRI BCE R/ME, B
SRIBERE B2 R A X 35

(2) fEHIAE G AR R R HE BREG ] ReLU R 0 E Sigmoid 1R 1 Tanh B& 1.

(3) B R EE K IR N 2%, KA IHCAZ M4 (LSTM) Bk Gated Recurrent Unit
(GRU),

9.4 KIGHJICIZMEE

941 B=

KAEIHEZ /2% (Long Short Term Memory Network, LSTM) & — ik 45 ¥ I PE 3R F 22
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Rz, TTELE SRR S, DR TR SRR M 2% (BRI, IR0 24 N EEBORAT
BRI L 454, EEE PN BERER . B RE S A BSR4 b Rl B I R R

FE G IR 2% )N T B P OB, P DA E BRI . (H2 BPTT BiE5I K
IR BERRIERIBE BEVH 2R, 1S NS B E N T ARG, RIS NRIZL, FEOLEY .
N T RV RS, Hochreater A1 Schmidhuber T 1997 4E$2 1 1 KAGRCIZM 4%, BIK AR id12
WL LR, BINTEE IR ELIET S CEC BLIGHEYE BPTT BB IERIBEEH R M. &
Alex Graves {1t R AME, FEMRULIR 2 SERR i FEUAS T ERRRTE, FHARE]T 3 9 12 R
A

9.4.2 &=ULER
£ 9.3.4 Firp gl id 2 30 th P ARG BE IR A S A RE W R I SR IRl o b P AR M BN 78 5
ARBE, BEXIBOEEH R, KA ACAZ M K% L BARLE T ARGIEA R M R R R

H—AREs, EAHE RN AR BUR, XA AR RE T A I —ASIRS SRS IZ K
SR AR 8, 7R e 9-6 Fis.

E 9-6 £28 RNN 5 LSTM BUdLLE
1EE] 9-6 H, o B GEIR A N KA TeEE M, A BN KR IS AZ I 2 P2 To 45
1, BN cHARZ B ITeIRAS (Cell State), H 3 ZIRTTAHUR MK IIE Bicic 2 M. BLE A
9-6 P YA EFZ IR (] T, 13 210K 9-7 P &R

s ™ " N
Ct-2 —Ct-1 —Ct t+1
- h— A 'd
St-2 N\St-1 — St St+1
Y/ A O
. - - J
Xt-1 Xt Xt+1

E9-7 KIEMiCIZMEERTE
M 9-7 WTLLE W, FERE—mZlt, KAENICIZ M K2 TN h = 4 20 M
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BN X s LI ZI s, DL B2 IR ey, I TTIIH B D8 2 TN 201
s, BTN ZIEHICIRE e, chx. s—FF, #HZRE. AE 9-7 Fa LU B AR
TZWAE5 R 70 N B s (R AN AL B 77 ST B SR SRR 2 M 25 T — 3. 2 ORI H#
TR T WHERIs AR R, IR EUAN, RIRREA VRS LS8 T — M4,

KA ICAZ P28 A0 R 3 T B e RS e AT I3 . %0 BB RIS N =NMEHITF R 56
IR TR B RSRFF RPN e, £ 9-7 BRI N Bl 77 B AIFKR
BB T AT I NS B B K PR S erh, BIsB e B B8 = AT R A THER R f
ARTHPRES BT e, RlcBlsiid . =M RrRE B 9-8 fs.

(/_
Ct-1— o —, Qr—o/l-r St

1

C't

. J
E 9-8 KEMNCIZMBARAXTEE

EE 9-8 1, ¢y Ko E I ZIRKIPRGS, ¢ Rom Hal i ZI RIS, o Rom i
ZIKIRDIPRAS s s, 09 24 AT 20 0% -

9.4.3 TFHLEN
AL SRR 2024 45 T LA TP 9-9 .

{St—? St ISl‘+1r

S W
| |

Xt-1 Xt Xt+1
9-9 RABIHHEMEEITE
ME 9-9 FRTPLEH, HAEMAEFE TR, FMETN TG — M E—tanhZ. KH
HF T2 X 285 0 22 70 P 3 1 TR 4 5 4 B T ] 9-10 Bl o




St
t
| ™
Ct-1 S {"\ Ct
A /
é (Ta]m
—l >
[ 4
A i
a a tanh ( ;U ) /
J s
.St _@\__/ t .
7 ,;

Xt
9-10 {KIEANICIZMBHETHENFMEITE

e 9-10 i, “©” FoRMRHEITRERNT . “©O7 FRMITRERER, <O FR
HILRIBINEAE . “C=o 7, “Ca” RIRFHEM AR .

XL, TP BN CIZ M S Te AN R R A N tanh )2, TSI
TN EAE-I)Z, B="0. —Mtanh. ZHlERARWR RPN, N Fe Fle
IRV 2 ZACTF RIS — 2 BRI, AR NI B B> Bt lE, 4kt
I T— =, IRESHMTER TE BT fEeid, #Emseil 7T RS2 R E Thee.

UARAUAREE1Z /KT L To ik LA e s AR R, IR Z SN —F{E ] (Gate)
SRR LB AR TS AT I DE

KAERHCIZ N4 R 5N T =R I T MR R F s filE B, 2 508: BT (Forget Gate
Layer). #Al] CInput Gate Layer) FfgiHi[] (Output Gate Layer), X =Fh[THI45# £ El it
— A sigmoid R4S 2 Al — /N UHH SR IR R 578 o

1. &I

B SEAHE I 1T P28 AR DR A DR E LIRS A S 4R Bl I X AL T, XA ThRESE F RV i
BT BEEIE LN ZHs_ See RS LG RE B AT 2 e, B . B —4
Sigmoid MZEJE A — N Hee, ., IIZ FARS TR SCILNT, W0 9-11 P
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?
Wi
St @\._.-/

T"\J
[

Xt
E 9-11 KIERHCIZMEBETI IEHEE

ERBEAN L2t s, 5 40T 200 A x,, 253 Sigmoid bR #3815 2 N EB
GHTI 25 f o FARAFA T
fi= O'(Wf[st—l’xt] + by)
FRARS, W ORI, [s,_, x ) FR R ERARE, b
i L0

2. B

ANTIUGE T AT 214 A x,, A 2 /0@ ZORA7 B A BT ek e o BLER I DHRE K LI H
PR — A sigmoid 2K o E MR AR B, —tanh/Z4E B — A AR A 4 3E B
B IXR N AT AR, AT B TR & e AT BB, WAl 9-12 B

'd ™\

. St-1

Xt
9-12 KIGRHCIZMBRMAIIEHE (a)

KPR 9-12, ANKERT HyFar ] A TS 4 4 5K

ip =oc(Ws;_, x|+ b))
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€; = tanh(W_[s,_1, x;] + b.)
A LAE HAETE ST AN G N, 8 P O SOAE R R R s B 0T AN R ), TR AE I 20 P e A v 5 2
B,
A7 EEPIA IS, WAL TR e, AT BT HRAE, dnEl 9-13 P

Ct

_Ct1 e
> &

& 9-13 KIERTICIZMLERNIIEEE (b)
HET AT A ek S e T A
ct=froCi+ P0G
AT FERIN, F75 “o” RonimREHbH . AR, e, B 1. froc_q
R ORI, AR S BT S HEAE. i, o &t 2K 4 HT s BE LA
FIYETERICIRES . A il o AR 3 S BT 2 N, .
3. i

SERUE B RBEFMACIZ S WG, BT ORT 25 A s 2 il (045 BT fa . B0 5] Hida
HITHBEE, %R EORIE R TR o 1 2 /0] Dl K I 02 90 2% (1 25 A B s

W 9-14 Fix.

E 9-14 {<FERHCIZMEEH I IEEE
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WRIEE 9-14 WILAFE i, % oo Hh 32 2R 24 B AP 22 TR e, AR AR
TR, EFHEAT —IRME R I E, B 51N 1sigmoid 2R 5E M. X — B4 ITIRS
Zeidtanh /2 4B 5 O ECR AT TCRAMRIRAE, 515 2K s A7 £ Mt 20— I 20RO S
R AR T

0, =o(W,[s,_1,x] + b,)

St = Ot o tanh(Ct)

9.4.4 illZ

HISCSE BT T KHEIHCIZ S PSS, A B MR . KA IZ M 25 1)1 25
WA BRI, KRIENCIZ MBI e i 4, NSRRI I [ A 4 5%
giaKERCIZ S, IR E 2 =Pk,

@ I T IR AR A A M 2 X K R R4 ok B, B
For i Cov 0pr STV,

© i R E A AA TR ETUE, SESEHFMAENE R, RETTE
WRPIATTIA: — A AL M 8] P 9 S ALk, RIS AT Z0 e g THSAT— I 2t — 1iR%E
WM 3 — DRGSR S 1 S A%, BIWKRTZIR B2 — TSR ZE T E .

© 1P RZETUE FER E, EARNSUE AR OB, AT TR

TERARG T2 1, AT 7 ARG T &SR A RIS L B e A kAT ar B e X,
BARIT .

1. BIERERSEHEN

WY SR Y ER TS

1
o(2) =y = 1+e?
a'(z)=y(1-y)
6 HH T oA i tanh S S HGE S
eZ — 7%
tanh(z) =y = o7

tanh'(z) = 1 — y?
BHIC AT L, 0 R B S 2] DO R ek B A T s, X R R S B R R e, ]



FoE BHEEKNE | 177

DNER: 37 o M SN 1] S 7 65 8
2. KIEICIZMBFEISEORA.
KRS IS A2 2% 22 S SHER IR 9-1 PR
F9-1 KEAHDIZMEFE I SHR

FI5H BRAERERE REI
BRI Wy by
A w; b;
it w, b,

LIRS \\'A b,

H BB R R 9 8 0 A2 S I A R P A T AN RIS A 2, ok L _E DU BUE AR B 3 S0l AT
P, R EERAT:

W= [Wps Wl
W;=[Wi Wy]
W, =Wy Woy]
W.=[W; W]
[ TH VY B B WA JE SO T A
3. BLERFMAS: o
R T e BB A P A ) B4 0f A B ) Jo AR, 4EFERFFAAR .

I B 55 B T 2R AR SR D 81 [ B P KRR AN TE AR SIS LR R ot N A 1 e 3, IFAE T
TR A5, i ) B A 4R S M AT BOM R SRAL I EE ROV RS, BRAERE RO Z4E T S AR 2
HI AR R A T — 30

PR B 328 TG 2 AE ST N D PR AN FE FE T AL B I e SR AH T, BRI PR ANEREAERE AR . F5 24 A
H7e, EIuRAHATHEA IR AT LA AR R R ST BN, o M AR R e —ANMERESE T
EH I AN 7 B oG 7 2 B IR AN T 3 LR ) BB T R AR LB RE, KR~ diag[a]X =
aoXo —/MT AR A I xF A R REAE T X AN ) 5% T 3R SIS AE R R A 4 o0 R A ) 1)
FIRN: a-diag[b] =aob.

PN R AR DRI VEA T AL BT AR .
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1. BIETEEE

B ) v SR d AT AR B, DRI R A IR .
BEIET R fo=o(Wils—1, ]+ by)

BN HE TR i = o(Wilsi_y, x] + b))~ € = tanh(W_[s,_,,x.] + b,)
BFICREEH U ET L co=froc+ 006

IIHE TR o, = o(W,[s,_1, %] + by)~ s, = 0, o tanh(c,)

x. fu iv ¢. o b sHARMBERIR, WHBUEMER. APAFEERE: §6%, Wy W,
W Wb BB ST TR TTBUBRERE, be biSbe~ bo 73 I ERS — [ B
UG, FEREZIE) fEZ RSN R, BT RAREERRE, U ERmARESh
)R R R A AR, BAR BT R .

S SCYRTRINZ IR N, SRR R I Rd,, BamE & 4R Ad,, @
Wd AT dg, KN IRBI T AR R

S
fi Wii o Wiy Wigs+1) - Wi(ds+dx) : bg 1y
ﬁzl = o W?1 . WZ:(ds) WZ(L:is+1) Wz(d:s+dx) 215 + bf.(z) )
: 1 H
dec Waeyr - Weds) Wodsty) - Waodstaoll bt acy
X dx

bR e £, 2R A TE K O Sigmoid BR KU W R AT DU 1R 2 A A R T
I 5 o S04 160 s, AT S BB R W R 5 54 BTN i, 3 708 50 LA
Wy AREARW,BILERE A, X (d + dy) e BRI SR U0 4 7T L R G 77 sk AT 1k
IWBHJJ+M=HWSW%”ﬁﬂ+m=u%&4+Wﬁn+moﬁm&ﬁ%ﬁ%ﬁﬁﬁ
Bt 2R DA A R T

FARDL b SUUR, BUATSEARA T R R H R, AR BT A
B b o 220 AT B TCR AR AT T, 57 A — AR A e P 24 o 28 7 0 1 A
T ZIRA I, AR T A GEAE R #0415 2 T L T P

2. REWITE

FEVHSARZEIZ AT, 58 LAKFE RS IZ 8 LI ZI RO s, 6 LA IR Z2 TS -
def aE
t= 35,
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T DR 24 IS 20 PR R 2 T 4 R B O e B B, TR T A T 12 9 25 DY A A
BN, BINF e s Cn 0 RIMBURARIE CANF -

netf’t = Wf[st_l, xt] + bf) = Wfsst_l + foxt + bf
net;, = Wils,_, x] + b)) = Wigs,_1 + Wix, + b;
nete, = Welse_1,x.] + bs) = Wesse—q + Weex, + b

net,; = W, [St—1: xt] + bo) =WysSt—1 + Worx: + bo

HETT AT O B R 5% 22 5E X

5w OF
TE = Onety,
5w OF
"7 Onet;,

5w OF
“t ™ Onetg,

5w OF
ot~ Onet,,

T 72 TUA% BR8] 1) S 1A 3, B8t — 1R 2R B TS, o 8y HIRIEX NG, =
EF W + 6 Wis + 65 Wes + 80 Wos, IRIEST . 61+ 63,1 601158 LA

87 =6f 0o e (1—tanh(c)?ocqofpo(1—fp)
5;,Ft =6F 00,0 (1 —tanh(c)?) o Cioiyo(1—1ip)
5cT,t = 6F 00, o (1 —tanh(c,)?) o iy o (1 — &2)
6;)1:1; = 6;1‘ o tanh(ct) °© 04 © (1 — Ot)
DL bl A Ak 22 N BT 2204 1 2R — I 20 22 3o ST BAAS AT R 21k A 2 2
t-1
Oy = n(é?.iwfs + 6ijis + 5¢T,jWC~S + 5(3:]W05)
Jj=k
e i AR b, 7T DU 2 AT 20 (5% 22 000U [e) T 55 2 R S 20 % ZZ TR

WRETE B AR B 4B UL 2 E— 2 - 1S 5N, BER B — 12BN S
B, RRWE:
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o0E
St neti—1 = (6f'l:twfx + 6Etwix + (Sg:twc’x + 6§,twox) o f'(net{™")
t

PLESUZRREAL S E— R A, AT Dt A R AR E T

3. NEBERITESER

BUEBEEE T 507 SO K R O BUEAE PR 38 e AR NI ZIBR 2 AT, 7T
PIANT5 R AR ZE TR, AT BATH S 2 BB R R R L

© 5 AR IR 1) SV AERR FOBR R FEW . Wigs Wgn W ITEHT AR

oE O0E Onets, -

anS,t - anetft anst - f'tSt_l
0E OE Onet;; T
= 0i¢St—1
oW, anetlt oW, ’
0E OE Onetg, s T
awm dnets, aW,, o0

J0E 0E Onet,; -
Wy,  Omet,, dW,,, ottt

© o SRR BV T 75 L 452 R B 10 S 1 48 £ DU AR B PO 28 A 2K

awfs Z‘Sf} S

j=1

awls 26” Sj-1

awcs 26” Sj-1

oF .
Wy Z P01

© 171 AT LA B B I A0 AR

0E Z 5
EYS f.J
oby =
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OE _ Zt: 5
ob; La
Jj=1
t
0E 25
2 g
0b. &y

=),
0b, £y

O WBEiH AR R ERRE] E— BRI Wy Wips Won W FEHIAR:

5) O0E Onety, T
= = Sf,txt

anx 6netf’t Ofo
JF O0E Onet;, -
= =6, X¢

6Wix 6neti’t anx
J0E O0E Onet;, -
= = O¢ ¢ X¢

oW, Onets, W,
0E 0E Onet,, -
= O0o,tX¢t

oW,, onet,, OW,,

RS 2] 1PN T EABUE AR AT ST i, SRR SR DA B 2 SRR A BB R
AT S8 R 2R — R TE B R A

9.4.5 HEXZTMEN

Cho % \fF 2014 34 T Gated Recurrent Unit (GRU), GRU #2477 ELEIRAT 11— Fh
FERHCIZ M AR . GRU HIMME 2 HKG TIR S S BRBUIR ST & 98, RER Rk =
AMTEHONER] (Update Gate) FIHE ] (Reset Gate), FL4h# il 9-15 Fion.

St

B 9-15 GRU WELEIEE
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1L P 9-15 HHAF TS ANIRER R 2 3
re =W, [Si—1,x])
ze=0(W; - [se-1, %))
§; = tanh(W - [r; * 5,4, x;])
si=(1—2z,)*S;_1+2, %5,

i IR AX AT OIS, FE T (10 3 Z AR AL o B (0 B AS § h i % R
s PSR ECE . B 1 BROROIR A 57 o 3 B T A 10 b — I 20\ s o MY IR 20 B A\ x
i Tanh B0 R BCEEE MR IR/ 3] . TR ]2, 3 BEREM 2 1 BBUIR 2 s 263 1 B sUIR 25 87 v e
RO E . [FE AR T R s S RS,y P L . A EUAR G K AT I IS A2 N 4
GRU fE45#: LIRS 7. BRib2Ah, AR Z HADZRRIENA, GHRHEARTWT:

(1) L#HNTT (No Input Gate, NIG).

(2) Ti#&1] (No Forget Gate, NFG).

(3) FTHitii7 (No Output Gate, NOG).

(4) THINBUH K% (No Input Activation Function, NIAF), Bl %15 M Ktanh/Z .

=5}
(5) T K% (No Output Activation Function, NOAF), V&A%t I T% M [ tanh

(6) J& “peephole connection” (No Peepholes, NP).

(7)) @54t 1454 (Coupled Input and Forget Gate, CIFG).
9.5 ENBEMHEMEEN

9.5.1 NLEbL V551

N Eb N S5HFRTRIEI AP 2% N ZERAA LS N RS, XRS5 AR SRR 22 9 2%
JFAATAETIR, RENAE AR E5, KB IIE 9-16 Fix.
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01 0z O3

I
So s -G@l— Ss |
LN / A vy _

Xi Xz Xa
E9-16 Nt NEFEEMEEIREE

H 5 PR Al 250 A\ A L PO 28 P A R B — B, DRI L 8 P T AR B DUR [

(1) MUERE P SRR — AR, S AN 5 R, Tl ey, SR —
WIIAREAE S o XA S — B AR AT, XA P A B ), e 8T PR TiX
SERREAE D HATIE UM, M ONR RN F R 5.

(2) AT 3T P SR SR BN, BT — I s AR RS 345
9.5.2 NLEb14#4

N Lb 1 SRR IR A2 2% N SRR LU 1 4R o AT I 75 200 2 Ah 5 B2t 17 9
I, R R TR B AR A, RE AT B RS R T AR, IR AE R EE R,
XIS 82 ) W PR AR 22 X 2% 10 N L 1 454, REES e an B 9-17 Fis.

(0]

X1 X2 X3
E9-17 Nt 1 EABERNEEETEE

N EE 1 SR FE AP Z2 I 2% o] LA T e o il o
(1) AUAERfE h IR EE N MR R, B SRBUBEAN A I 245 2
(2) AN IR, BIRIE - (0 —AIEIPee, RAI - S 4 S B E R .

9.5.3 1Ltb N&E#

1EE N S5 FIRIEIA M2 2% 1 4EROH N LS N 2RI o % A\ B e R T HE A5 22
ZUERLIS, W UAE RS R I AT RS, R RSOSSN BN, TR AE
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W ERFEEUR < (B HEAT 5 B A 38, e R B e R i, KRB M N 9-18 o

01 0z O3

e%@-@é

E9-18 1Lt NEFEZEMEEITREE (a)

BranlE 9-18 Fronsl, A —Fh@fs A —15 BANF I 25 N SE G A 2 N 4%, AT Ab H 4
H, &l 9-19 AR

01 0z (o]

@%i@%)

I/

E9-19 1tk NEFHEMELEMTEE (b)
XA L EE N fgit, T RLARERAN R A
(LD BREME: WA —KE R, RO Xk E R i E S .
(2) EEhEM: IR AR K.

9.5.4 NLbE M%5H3

N bt M Z5R R R 2% N 4RI LUR M ZER S o XRS5 R SUEFRAE Encoder-
Decoder #7, A LIFRZ Y Seq2Seq #fd, IXAFMREAY [ A\ Sk th il LA S o 45 M iy
PR UL: GRS ER o SRS ARGy, BEARE AN B 9-20 B

O1 0z

- - Y L rI\
So S - szl al c = 5" "5’2'
S kS . M

9-20 Nt MBEFEEREEDREE (a)



$9E EHHEMLE | 185

CHIRT B IR & W 45 R tiil 73, #2224 Endcoder, ¢l LS, B HHH, 50
2 X o A — e AR e, AT DA SRfid il o A 1S, Son SaHEAT ARG 2], XF it
TR R 2o 2RSS E . cHIJE M TR L I 28 N ARG 5>, FR2 N Decoder. cff
NZ PR GRS, VENWIMEME, %AF] Decoder 24 . Decoder Zid AL, HZFHER
ftsfr . A 9-20 W7, HrH AT RIS A —3, X ARS8 L R
SR SRR . B TR B RS AR AN, IR I 9-21 BT I4E R

01 0z
@%é!%@
L

S} -o) (o) o)

|

X1 X2 X3
9-21 Nt MBRHENBEREE (b)

N LE M RRPA LR X 28 G5 A0 38 PP Bk, DR MBS AT AR 22 2 T IR AR S5 A 1) 7 b 7
S, AT ARSI ) ) R

(D PLgsEiF: BARESEN RN, fiH AR ES KA MIES, X2 Encoder-
Decoder &1 28 diL 8 375

(2) SCRTEE: N —JROCE, IR SR REEAE S

(3) HEWRN: MA—BOEEELE, MlXBOEEE R,

9.6 SBEARESWIEES

H ARG B B B0 FARE B AR B R P O F RS, TR T fE G A
VEARIE . AR T, B RGAE. RS AR SR T LUN L T B AR 5 b3
G, DIBERME L (CNN) FIfEFRshZ2 R 2% (RNND VEJuxfbl, 36T 2 480 B i 78
ALBR R R A 2 b, SRINRCRELF, T TSR 45 K 10 5 2 S AR A I e 12 T e Xt
FIRBI AR . SRR 2% SRR 22 R 5 # AT AN FAE B SR TE 5 A B b . ARIE SEPR IR ST
P Z B AE—E I EAMILSS, W13k 9-2 .



186 | HWEMBEREZF SN

*9-2 LRMEMNZSEAMENEAEBRES LIBARDAIXEER

HBIRHEMLE (CNN) BRI MEMLE (RNN)
T I HT - -
B X N
GIRR W5 N X
iy 4 SR X N
EFXE X N

B Bk B S0 A, ARG R R AL b, R RO S S BRI )T BEAR OGP
Ko FEREANZET, HTERMGEMERERIIRE, XTI ERE 18R . (AR
KA, SRR LA E L NE S, MSE E R ARMEDE —RERRTE B
o BB EXERE O RN GE D KR FES AR REROR, IR S s oy
AR E R TAE . MEA LS R, BRI REE, (HRIEIMZ R 2 I 25
PERER T BRI 4g, [R5 22 5 I 5E 2 R (R )11 25

9.7 s£fl. XAEEIER

AECLTENA THEAMEMENE RN A 7R E, AWRMNEd
TensorFlow #5 & —MEF L AR L], HERRFSH . AL 3 Z LR A s
FIFEAT BECAR LRI ThRE . IZRERE IR (N TR BN RS ) Bk B A%
TEREEAEIRES, 3% 12 WMD), YGRS+ AR KB N Frs

1. ZEZRBREATLH Al RGRIEEEEN

[ % ] 845 1BV, #K. B, T 23, FBAERERKELNEEBRA~VIEES, KA TNA
Al REFTA IS F IR IEE RN

https: //www._axios.com/tech-companies-pledge-to-use-artificial-intelligence-
responsibly-2500397351.html?utm_source=sidebar

2. MREIE: XEATERELRABEIK

[RZE] ZEER, XEENRALISHEARAELENEE, XENATIEEASIEHREN1.82F, A
HR Al 2B EE, EXEGHE 42%, MRENEEZ, & 23%, MEFIK TEE. BAFT. B
A, BRI FINFEELIAER,

http: //technode.com/2017/10/22/china-vs-us-ai/

3. EASEREST AL AS

[ #Z ] Al HRASFRRNRALS, hEHANBIEES, Al BERIRES FHACHERITEN
REZHER, XMENETRBEEANRD, BTREASIRMUENFENRM, ZARNEREELE
R, EFBEAF, EAR 4NEZNAI MRARESE/LFEER, FERTAFH Al T,
IZERIH 20 M FE 6 AEERERHE AR,

http: //tech.qq.-com/a/20171025/026179.htm
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LR ETNGNBELIN 9 T . RM=EKERCIZM4ER), #H 11000 REARSE 4
FIREAY, HEATREL N AR R, R A AR I o TN B BEAH o Y 1 A o
1. AELHELFTR VR LE
[ = ]| ML AR B H, 128 A

https: //www.technonet.com/store/2017/07/28/ipss-thinas-ai-and-interline-
deter-ifans-are-arsint-sons-stact/

2. PEBBHAATISEFRE

[HZ ] RN ATREERTBZERSK X ERREREMHNATEELREEM KR, ERER

v ATEEMRER, 35 AR Al A, ERS%, ALEREIENEATENZEENERS,

http: //www.sohu.com/a/190301311_ 663005?1oc=4&tag_i1d=48044?hear=i1d=50

3. BEMESIEFIHHRTAZIAE

[BZ ] ERRELBBLTAERAFEENBRAEREAR, IMEABRAFNALE] ESHNE

BWARAFNEHE, HBREALZEEANMN A, ZASREHMATHEFALT —NEA "Yrapil

Lidior Satlare Colle Motel Insirets {5 51EL M K,

http: //finance.sina.com.cn/it/2017-07-14/doc-ifymfgmg8015421.shtml
MRS N AR, KAERHOAZ M B A En] DL ) B SO ) SR,

BUEGRIN) “ArBi+ R E+URL” #5520, 45Hl2&XT URL BIsUH5 ) AR 1. X 30AER

2 S HE ARV DRI A F SV T, “ B B S J Ui S e NS SRR X

AR IE N T 1) o

RN IEAIRZ W, 0 LR SCRREA S . WRZIBIJFEERE R R T8 B IE A .
BRI HGNGIEARIREE —E R HR, MEITEZ RIS, USRI ELF AR .

9.8 ARE/ING

A TE WAL G PP 25 S IE PP X 28 A0 B 1) B AN I SN T, 9NN T IR I 25 1)
M. B AR LA BIEIR N 2 1) 53 28 SRS FITERS, ARG 40 X P 4 16 2R 2 0 4% (1) 1l
HINZRT7iE BPTT. @R AR, 5 H 1B R NEFIRE L JC nl . Ay 1 skt il
KRELM T UETT S LB IEIR N 45 458 . KEERHCAZ M, FHERH AT e 12 M 25 45
TIRNTEI 8T, HFF s IRt S 2%, T — DR

AFAETERL 1 BV B SEER N AR S5 o BT Ja s SCam 1 A I E A  22 I 4 1) 5 PR Y
HEE K T 2%



BI0E

7§RJ 1I:I ! LJ\ Q

RIEEEM 4 (Deep Belief Network, DBN) J&H Geoffrey Hinton 7 2006 442 Hi [ —F
AR, BN E T M BIBUE, AT DALEBEAS fh 28 0 2 AR 4 A KM 28 A | 2 9 o
AT LA R IR BEAS S I 28 AT RRAE R A . B0 73 28 DL RO Bl AT et i, RAEHI 3l Gy
TES ST A

10.1 12

10.1.1 B=

WILHI AT B M 2% — IR IER AR . BRGBE A Z . WEIB AL, o BRER
RIEREIR, WARR LA 2% (R RE /TR, (HARESCPR AR, JUIL A S BE0HUR 1R
FEBETHERI , SRAIBEALE T KOOBUE AT A6, (8 AR T B0 7 CEAT S 8 I 2 i
i 2 e filtn, BUERIATAE A R, AR ISRt R AUE 2 PN R R i /ME, TiAS
MR & Rif/ME; AR, WERBUERIATAG LI /N, WS 66 H S LR AT S HOR B, B
FEAEI AR, TSR ) BB AR AN, fe AT RE 2 T EUBUE TR A i ALAE

FURIORA R BRI LI R, L2 LORRBEE RO, 28R PR BB RE TR T L
8 LRIFIOBNEG R, R OURIT, T FLIRGUEEER. Geoffrey Hinton SF7E 2006 4F
Bt T I T 2 LR AR AR IO LG 77

PREE AU BT LT A PR R LA T AR 75 AT LA T B RO AR
FAREI T MBI

10.1.2 BEARLE

RPEAE S MR I A5 K2 B2 B 2 A2 IR BUR 28 AU B — R AR OB, (8 FIRRE
N BRI S [ A ik R B R AT R . (A7 SRR EEAS & P SR P as A i 10-1 o, T
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T L DESE S e e e
(OCOTC OO h

| e

PN
B 10-1 ERFREESMEEERE

10-1 I RARTTE, by hyy haRoRFEEUZ . WERSMGETHRZMHETT, Hii
HEEZE WP N RIEMZ T (Bn) MEMEMEIT (o). SH TERZmA, mEcH
THRIURHE . Bk, Baoc R/ R e A I 28 B DD RE PRI A5 TR FEE A5 I 488 [ 11 1 s o ) e
RAT I, RIPARICIZ. FEEEE LM I, KEREREIRE, §ME 0t
FHAR AN — AN,

TR PEEAS A X 245 04 TG I B VR BE AR A 4 R0 B IR BE S A I R, B 10-1 ORI
ST BRSO TR BEAS & M 2% P 10-2 B

(OO OO0 O) R
l RBM

o000 it

(sIsisiexeInI}’

10-2 BURERREESMEERE

TR AR x4 R AT W = o (007 SO ARARC B AT IS, ] BAFE 2 R BUR 2%
SHUZMIHES MBS N E—> Softmax JZ KA R 588, BN r AL,
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10.2 ZREIRZES

10.2.1 #EA

Wi /R2% 2L (Boltzmann Machine, BM) #& Geoff Hinton £l Sejnowski T 1986 4T 4;it
TP M AN, BIRZESHLH A TG RBENME TG, A arf i REMEPIRES
FSEARAS R, — M i) 0 Al 1 2ok, HgiMtnE 10-3 Fiar.

=

() RE
10-3 B/RZENBIZEETGI

PRAEMIBE R 22 2R — A e R R, BARORM TN E %6871, BEE M IIZEE
AR SRS HE 2 T AR, (E R IE R X R e R, SEOHEERERE, IZE K
HARMESRAFHE R A0 A1, ME AR SZR ) . Rk, ARAL IR 22 S AL 25 7 DASR PR 52 0]
EBRZ SN ER E51 T2 R3 /K224 (Restricted Boltzmann Machine, RBM). 3[R
PR %% 2 ML E A H Paul Smolensky T~ 1986 “E4&H, 2006 4 Hinton %5 A& BH 1 B 2% S Bk )5,
AR ZIRB R 2L S HUBHTT NNE, E & —FaT DU 3 NI 2R 50 SRR 0 A0 BT A %
ML, HaiuE 10-4 Frs.

KRR

ARE
10-4 SZRRI/REZSNAIETHA
SEMRBIR2ESHUELHY EREER T A — R M &R X2 ZIRBIRZE SN “ZR” 1)
B30, RAEAEM FAE R ZIRBURLE SR EIZ I M RRIR S & M2 K P
R ML, FESH LR RN LR, B R R -
ZRPURIEEN R MG TR 7236, BIHL PRSI, RRAEE 2] DUk R R
R, FLEEARGERIARXT T L, (L RAT IR SR A B A

BT LR 15 R I R B Bt £ B RE A SRR Z IR AR Bl dn, MR PE B R K 3
PR R AT HE T ORI R AN R IR MEEAE . L MNIST EG0861, MNIST K&
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KIE¥y 28, HULEESKEGHEA 784 43K, FrLlB eI WE EAA 784 4
BN R, PRIERE— MEER B — A IR M

XTHAMEEAE x, BEET WZFIBSGEUZ I Z 2% . FERSTBUZ BT AL, 4 x e LABUE I
0 B TS ) () 4 ARAE S R O BRI, VI R A S BOE L S S R .
AR
[SFEH=
. —Ow{O b 1 a

O

OO

OO
B 10-5 SRB/RZSVRIEEIERRE

£ 10-5 Aiaaiigitd, HAREKR RN Na = f(x *w + b). MAREEM BE, H5EH
FRETHT AR T L, HR N R R ST, RONEE B IR AR . SR8 R
) A T U SR R A A B e, T 32 PR B R 2% 2 WK F B 2 2 TR AR I A s i . BT T
AT L JZE T e N AR A 1 B BT A BRORUZ 097 A, B DART DUKE 32 BR 3 7R 28 2 ML E U FRIK
B WRREEERE AT WLE T S SN REUE T SE. o llEwETEAE 2
EOEA%ﬁE%wﬁ,ﬁ%iA%Mx%uEﬁ&%Wﬁw#Mtﬁﬁﬁo%%%%WWE
10-6 AT 7~

ARE REE

X—» f

th —
X2

p—
X3

f

+ b a;

Xg—

10-6 SZRRWIRZSHATE RIHERG

10-6 it fay « ap~ as AT AL, Wil 10-7 Fros.
ANE REE BRI

b———-al

b——-az

E 10-7 ZRERZSHAREERIEERA
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FEGE I 52 PR3 IR 25 SRR I T (B B BB R N 25, (ERAESEPR TR, EL212
HAR R, NULATAE N TS Z MR /K24 2 1 (Continuous Restricted Boltzmann Machine,
CRBM), ‘BRI /RSN —MIE R AR IES 2 BRBUIR 22 S U AT WL E R H s i
e, HAERRIRE RS EL M5 oe e . X T A HE — ik 40 1) 52 FRBOR 26 2 4L, 7T W2 A
B2 25 R F A e . v WS AE 52 IRBUR 22 SHLIIRGEUZ U AR B 22, BTl G
IEGAME BT RERE RN R LL b 2 W B 2 . BRELEZ IR PR ZE SIS, ZPRPIRZE S
WUE 5 HABGE S &, RIS, B, SHEMEENEBIZRBURE SN, ZRBIRE
2 HLSE R BUR 2% 2 MU E IR B RBE LI 1 — 84561

SEBRBIR %G LT RS BAR MR S5, I A M 10 2 >0 5 s Je i 1 2 5]
T ZIRPURELZHAEMPZ MDA EZFME . —J7 R Bl T gy, i al Lo
B OVRFE I R RS, B UnHs P 4R 1S 2 1 45 AL A M 102 S 5 i Bt AT 28 T —
7 THI D) i 3 1o 1 52 B 3 2R 25 2 LR AS A 22 X 28% (RO A A AP R I Rl B 0, SR 5 PR 22 T %
[

10.2.2 ZiEEH

2 SRR %5 2 AL B T S R AT NI, A AR OV TE A R B U N B
HFAE, R EEH I BE SE MBET JG 22 b . — LA & R AEAE RN A Th R . R AEAS ek
BEUATRM, ALK RSE = FHZ —. ZIRIEIRE SN FERIATRAER Y, X PR i
S XN S A R . 6 AN PURRIEX,  HEAT i ¥ 2 515 B S RN O RRAEY 32 PR BUR
25 2 MU B AT 55 R R BIRHIEX SHRFAEY (BRI SC &R, X PRI OC R RS MR 1P (X, Y)
For. MPRCEFIEPX, V)BT, AT USRI REBCR R A S8
ANFIEP (X, V) BT, MACE A &2 Ao &, WnT LTS Re Y (Energy Based
Model) #4 EEMEAE 5347 o

T NWRRBURIEZN, BUEONW WL e SR, WILR MM ATl v &R,
NFETRZ 2 T R, FERE IR TC H hy3Ros, WO« jROFERE, ol ILJZ 5 REek)= 44
LIuZ A IRUE, [RS8 XS T R B P TT v W E v a, X T R0EUZ & —
ZICh I E b, RIEAT BUER 0T A € R IRBOR2E S PR -

E(w,h) = =X;a;v; — Xjbjhj — ¥; ¥j ,,W;v;

XTI PR ZE SN, R R ECARREZ A W Z Z MRS MR AN EESH, &

P(v,h) = %e‘E(”'h)
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R AR, HAZ AT KB, R S AERTE W REREUE Fe FON{E 2 1, @
IRFRARRINMER AT AN 1 (VA — A0 5. FFE, W 02 BUE 38 200 A5 AT LUl i 5 fr ) ek
EhcERMER, A=

P(v) =~¥h—E(v, h)

SEBRBIR 2GS NN T BIRZE SN S AR ZAE T, FR 2R E I 80a 7 4%
&, DI, BRJZ Ao S IaE £ 40 E v WLZ T R E IS B0 R AR FH . B, Xt
Tl Z A EE T B RS AR 45 R BB E AT 00 T 2 R RO S Rk, S EEmA
A OLJZ A R DA B AN BRI R, IR v T RERUZ R SR R A O

P(v[h) = [1iZ, P(vi|h)
HA BBl R T ] IR v i) 26 AR 2 20N :

P(h|v) = [T}z, P(hi]v)
T T AN R R E R A sy, Hoho R 4 e 4L

P(v;=1lh) = o(a; + Z w;;hy)
=1

SRR 2L LS — A FOEUZ A ROt 22 S N BRI S5 2 )5, B R )R —
R R, AR — RRREER, b NGBS R A S — AT L E AR L. S
AN BT RO BR 8 LA D B AN R AN, [RIPR, B8 AR AT DA I R R
TREMIR A e A3 o Bl BRI A 5] (02 IR G5 A8 Z RN Wi 7 AN SE i R KRS, R ARy
H, R A JGRRAE AT 2020, BT AEHER R R 0T, X SRS B2 I 45 1) 4
AR — 8 AR AL

FERZIRBOR 2N Z R, RN — A EGE, HAUEA ST ISR, HE
JZERERS A RO AT — 2 AN o X2 — A B 032 R SR BUE R, R IE
AT B RIS . BURAERPARICIREOL T, I BUE 7 SR B IR, IR KL
Padl oy AN RIS, AT LAEAS 52 IR BR 22 S AL BIAT I B 7 ST VR AR & R 4 it AT B B 0 36
SRS

ZRPURZEENB ARz, Horh—AS B ) Th e A2 wT LA BB EAT & BRI 4040
e, BRONEIEBUE R T B RAE AT AT S5 B 22 I 2R R AT e TR 2 1 52 IR BBR
wENE M EESE.
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10.2.3 XEEDIRE]

ZIRBUIR 22 2NN B 12 A BB SERE W, & A A AU R MW, )75 L
EEXIE— ARV, RERRAMMERRMN . VER—AHRE, Hfvdvii—MragE, HA
ARKENAN:  argmaxy [Ter P(v)-

Z R BE R %% 2 ML 2R H VA Gibbs SR FE (Gibbs Sampling )« A8 43 i 8L 75 vk
(Variational Approach). X}Lt4ri: (Contrastive Divergence) LAKEUE K (Simulate Annealing)

"
&,

FEXT B BURE ML AT, — MR Gibbs RAE, HAR Gibbs SRAE AT LA Z0 KU UIR B £
KERASERE L AL, (HRRXFE 2SR BCR KR E, A & FEZIRBUR %
SN MR, JCHAE I ElE RS AR 4E FEAD B, Ak, Hinton $2 1 1 52 FR
BURZEGHL A I — AP 2 2 500, BB B, AR AR R38R A5 20 BTt

X HE 3 BB AE R B N BRI FE A Gibbs SRAE 58 ORI 48 AL R EE ST, S RTRA
LR A2 (1 S T A 3R S EAT BRI 19 2R A0k XT38 — MR A S XS E 2y BB RSN T .

O EUNGERATROE Ay, T RBUZ S SO, X R TR A
B2 19 RO T R AR A

© iR AV SRR VRT, IS RN E R

© MhIKEC—AN T LR 5 RS B A Y, Mo AR N R R A
iwEEh .

O i Ev SR R'T, IR,

© Vg s ST AR, TR RSB B I 2 (B I 4 A SR, U E W,
HARKZRNA: Aw;; = n(vh™ —v'R'T).

10.3 llZxdiz

10.3.1 I{ERE
FERBERS BN G ek, SRR TBER IR NERISSH, W 108 Fix.
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(COOOO0O0OI h (COCODOO) h

KBM
(OO0 O0 ) (OO0 (COOOO0) N
REM :
(CO0000): (CO000D) « (00000 »
A TN LN
ERlgEE () (2} (3

10-8 HREESMEZREIGRILIZRA

Il 10-8 s, 1 AN A EXNEE — N GBUZ hy E N IR BORZZ 2 0L, ISR RT3
IREESHPSH, O R EX S EEZE R ZRIIBUE, BURCSANT m ) B A . 43R5 41T
RZIRPRELNSE )G, SHABNRE; RIERE AT EEUZh A E AT IR, KRB0z o 1
DUHTIIZ IRBURZEZ N, INZRAATHZBRBORZE S, FFPESHG FEL, AT RRGEUZ h,
VENRT IR, R BGZ ha YRR 2 BRBUR 22 ML, FRRNZR, RIKIZBRUT . IR EEM
g, SZIRBURKEZ NN L B GR BEAT /2 YOI R AN 2 i o

RIFRHAT IR RE, IR LS SRR TN R R, TR P8 BB A I % ot L M
FINZatE— R R IRBURZE SN, LR SR IE AW, BRI [ S A [ AR AR 23 1A,
PAEAFRHIE R AT RE 2 (TR I

A B VR L AR 2 W 2 — B B T2 K 52 PR BUR 26 S UM — 2 A3 e (1 28 W 25 2 RS o
)i — R IRBIR 2 S AR 5 RN W ESE, Kiidn— /2 ZIRBUR2E 8 %0 i 4s
L EAF N EE RN A, R R M AT 723k, &R IRBUR 2 S L
T TR A TR 1 B B R 24 J2 vhox 2 2 RPAE ) B W B BRI, AR MNRERE S
P2 B RS IR IR BRI, i DA R A 3 SR 2o R R R 1015 2 ol i A% i — R I 32 BR PR 2%
ZHle BRI INZRE R BB, 25— BB TIZR. S RBIRZE AR ZR
AR AT CLE AR e 22 I 2% vh O S B IR 1, XA TN 2507 sUe iRk 7 i TRENLZ 4=
BN LA AR TR 3 N S #8 fm DC Y v L

10.3.2 RAKIIE

WAL FE (Fine-Tuning) & —F il ZkE LML #E, A2 i A — % K Contrastive
Wake-Sleep 5t AT L, KECAT LA A=A .

© BRI HZIRBR2EZHLI, FUAR R K52 IRBR 22 2 WL AR Bk 53 A1) _E R
18 AL [N f A AU
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© ki Wake BrBE. Wake M BUR St R, 38 i 40 ES A BcHs A 0 AN 1) D AR A
PR RN R RS, JEERERE T BT S UESUR R 2 IR AR RAUE, SRR R
AR HARIE — 2.

© R Sleep BB, Sleep MrBUR ARG AR, TR HOF R DA MAR RBUE, £ UK
JRIRES, JHEEUR SR ZEK A L ARAUE .

10.4 AENEG

TR PEAR R 28 A R (TR PR A A R ) L RARR, Bt 2 B Mo, BB
FHESE 2] BE I AR IR B ZRBE J) . AT RGN W T IRIEAS SR 7 8 SO AL 1,
HRANBER T ZRPRZZ SHU TR, WA T ZWBORLZHEIN Loy B . 2R
PR %G SNARR AR & R AL LA, T 5H B AT 250 2%

REEA G T IRFEAS & N B2 N ERES K A SR LI e, 3 3 TN SR M i il 45 A5 2R A
IR A R0 R B E R — N EON B RPIRS .
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=S AN ANTEL

FAE 19 iy, SEROAEAEY SIS IR “MITEREE. EE AL KIXHTHE.

NFHARKIALE S, RIS G0 SERY T L. S5 a IR T i
E. AIASRIUSIANLEE ST, Bt B AR BRI
1.1 #hR

AR ORI 2%, A S SR — B I X BT SRR T AR R 1 I £ 2 . AN [E) T
HINLAR 22 SRR, AR SO e X 26 15 ks P ) AR 5] AHLAR 2% ST 43k . Yann LeCun A Xt
Ikt Bl ) 1% . “ Adversarial training is the coolest thing since sliced bread”. HIEAT W, 4
FSCXT 7T ) 268 A — P 7030 K e T S (R VR B 2 ST X 45

11.1.1 B=HE

W AE A2 2T L7y AR R M <SRRG AR AR ok PR N AL 2 TS
SLANEROR AR, DB R AT 73S0 H . AR R U AL SRR A (R R A
TR A 85 VAR AS A [RTBE AR 20 A1 SO VR BT RE A o 25 O T - RS R 2
Thy B EGER G IR REASEE RS 5.

I JUAEIR FE 5 S A B U A g2 R 2 SRR e R B RY, AHLL R, AR s B 1)k Je
FBBIUAENT 08 o X FE BRI L G A AL, s R A, B ROR e AR A 4 T B
T SEREAR IR AT, @S SHI G SENEAR MR ARG, B BN LRRE, i
AR R REAS o 31X P R B RUZE T I il TE BUSEREAR S 0 . 5Tk, lan Goodfellow
LNT 2014 4 6 A4 TAEBXTHIMEZS (Generative Adversarial Network, GAND.

A RN LI 4 T BRI R T A AT S SRR AR AT HBTREA . 5
FEA BB, AR B TR 28 A Al 5 FCSEREAS AT AR AUBE SR 70 A B M5 S A FIREAR D SC



198 | HWEMBEREZF SN

A, A O B R 2% 2R S B R AR B H AR A B SO S A R A T
GAN A e 5 FCSRFEA BAT AR AU R A R 5

AT BRI, BERAT 1T R, B 2017 4E, FEAERY 3 SR, AT
W28 AR S IR TR SO R R 5, AN 3 0 ) SE AR Y

11-1 VAR TE AR A28 1 Uk B RTE AR SO 0 09 25 R SIS AR ER 0, Xk
SCIUTR20 1A BT 28 1 R R a3
2014.1, Conditional GAN 2017.01, Wasserstein GAN

| ¢ | ? o
7 | ] | g

2014.06, Generative Adversarial Nets 2016.01, Deep Convolutional GAN
B 11-1 &nmgrEREE

(1) 2014 4£ 6 F, lan Goodfellow K% T — %54 Generative Adversarial Nets [{i830, %
CEE S IR BREH FRRR T AR O BT

(2) 2014 4 11 H, Mehdi Mirza LR ZLGIN T EBS PN, KK T Conditional
Generaive Adversarial Nets, 1% 3CiHit 254 B P 40 B2 R A, {4342 BT E AR 75 &
T .

(3) 2016 ©£ 1 H, Facebook Al [#1B\ &% T Unsupervised Representation Learning with Deep
Convolutional Generative Adversarial Networks, % SCHiRE 5 A4 45 5] N AE T LRI,
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Wioo1 ° W1i00,6272

B, LR RN
G_a*> = G_o,(G_norm(G_z2)) = ReLU(D_norm(G_z%))
UEAR S BEUE I ReLU, G_a?M4EfE 2 [6272]. BE KD _a? MI4EE % N]7,7,128] .
=R, BEE, ARERE. BRZN:
G W3 = [5,5,64,128]

H B RBHZ I KN A 5x5, BRUZIRE AN 64, WIESE NN ZEN 0.02 FIESDAGIT
BEHLARE . WEEN:
b}
Gb*=[:]
bgs
B EMPILEE N 0.0, RERERFIANG 23 vl in A H &
G_z3 = G_deconv(G_a?, G_W3,G _strides) + G_b3
H G strides = [1,2,2,1], BIREFIEK N 2. i@t FRAE, b BHHE G
FEG IR N EUE R /INTT 2 £%, et UG R /NE N 14x14. T4 IE AL A0S
BRI A B AR 1 H
G_a® = G_o5(G_norm(G_z®)) = ReLU(G_norm(G_z®))
BEART R BOE T ReLU,  G_a®fI4ESE 2[14, 14, 64].
‘:’r

FWE, Bz NERR. SRN:
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G.W*=155,1,64]

HrpBRIIIR/ANN 5x5, BRILIREN 1, VHIRSHORIRATT 203 0.02 HIIEZS 70 A i BE
AR . W BN

G_b* = [b{]
B EMPILEIE N 0.0, RERERFIANG_z* vl an A&
G_z* = G_deconv(G_a3, G_W*, G _strides) + G_b*

HrpGstrides = [1,2,2,1], BIURBHEKIY 2. dhbild e, @i BRI R
BRI RN N BB/ 2 5, B i I BB/ Dy 28%28, BV ECSEREA I RN
PR I R B0 A SCERR A A -

G_a* = 6_0,(G_z®) = Tanh(G_z%)
AT R BOE L Tanh, G_a*fI4ENE [ 28,28,1], Hfmt RGHGRMEA-1 8] 1 Z A,
FeF BRI A SR RURT ) B AL, IRt B AT LR IR A R D IR AT

© SR, B R o Minist A2 FRIIIR SOEE, UL LU 2Rk
P SR EORE S N —, RN B SR A, 3L 70000 D EREA. HAbE
TR E SR A, T EEEG G EEEER-1 3 1 2. % i T4 B 2R
FH Tanh {5 J938GE BE0, BRI AR OB 72 2 1 A Rt A B 9 28 -1 5 1 2 4l

© VIZHHIER, DL 64 NHEE RN, K ESTREARI A BB AR A S R BRI, SRR
Adam AL 7 I ZR TR, Adam 77 5 B DA 2% =) % B 2 0.002,

© VIR, DL 64 AHER KN, KRR (—1,1) 3750 40 [ — S B LR e A R
I, EIREF] Adam HRAL T VEIZ R BRI, Adam F7 i BRI 2 =) [ RE U E 4 0.002.

O =Z2OOW, HA IR AL BT T4

11-8 P 2 EONPIARRENLAAE, A By BRI ZRad FEIEAR 25 S ISR .

D W~

-
48

JepnopPm

R RS0 P Neoy

OLC®—wQ®

b
|
2 {
' /
! 3
=] b

[ s

E 11-8 EFRESHRNRMEERNFERFRE
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MK 11-8 HHATELE Y, W EEAMERAERRXTHTN S, RS A B BT 2 2 T SR K&
JoR 1 2 R A A A v o ) AR

1.4  FEERMIITME

D3R A BN T X 5% H 1) A RSS2 e e il A8 B0 43 A R B AL AR S A BT AR AR, X R
W E AT UAE ORI SR AR — R —FE BT A . (2, ARITAA G A SR R P s gy X, A&
A O BT 28 A T RE A T ORI B, AT R B O FEAN K245 . N 1o B i) i,
Mehdu Mirza 252235 32 242 it M 4%  (Conditional Generative Adversarial Networks,
CGAN), BV id ek [Fl oy 45 A= B A% B AN ) A B B N2 o 2% A, k2B I RE AR R & T, 3t 1 5
A B AR R RE AR IR R o SR A A K B I 45 (1) — MR BATE T 1T LA 22 7 200 B 26 e
P R RAE

11.4.1 RIS
SRR R 4 1 3 A B 11-9 B %

=
O0O0O0O

O0O0O0O

E 11-9 FHERIHINEIEDRM)

W 11- ATLURR HE, 26 Ak IO S0 4D 35 2 PR IR 2 4 o 1 2% P 2 P
B2t BOME A (5 LRI S AT 02 B R SRR, T — i R 1
BEBALRER, ATARIREE, BRGS0, BANNESTURER N

WA RIS BEAS IO B T AN O B G, A HOXHI02 T LBE A
RIS R, TTOURECH S S S T

min max V(D, 6) = Eyp,., 108D (K9] + E,_p, - [log(1 = D(G (zly)))]

Hep, yUR & HE 2. B R, RAPADSEAL AM B, 2 B AR A
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KAERMBRRTHETHA A RAERBE, KSR A REEAC, Xttt F 0L
B 470 0 45 1) JE A

11.4.2 3£fl: CGAN 455 DCGAN EpkFERHF

WARA T B RIZEE MNIST A, 76 DCGAN frIJEht b3 EG AR 2 A5 B 2B
CGAN. FIRIBIAIFIE A DCGAN JEAKAL, ME—XETH AN CGAN %A =K.
BLSEREA, ELSCREARRIAREFIBENLAE B . CGAN 278 J) MR R R AE R R 1) |2 5 2 45 2 [A) 1%
INZVHRAE BB RUZE, 5 20 R S HTR FE A5 AR AR F 7T 10X 445 F ) 31 S 70 5t g AR A Rl A 78 &85 440 4y )
Wil 11-10 FIFE 11-11 Frow.

28x28 14x14
LN g ER4Es
HRIER
@ reshape
oy Aﬁ BRE L
fap ER4EE
ESESETSS

11-10  SURRHHORES TR AR R

14x14

=

(amsms =L
aRaa
xR FaE
wRiEe R
28x28 28x28
e
i FeRE

1M-11 BHURFARIRESRER SRR RSN
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A—mHEER, DERBRMANZ N0, 22 RIS A — 4R &, SR
s MAEALRE B RIFRE R S UL, BT SARE .y 1 i oI 848 8 AN BCRFIE IR R
A, it R B AT IR .

MG, RN AR AR NN RS BT R iD,  BASRES A HAST ) 2 478800,
I HAEF— I %04 BACH — A8 AE 8. Hf )RR mAgmisid i, UF5HEE .
BFS5HREGIPRESREREA, ZAFEIEH 10 Frrgeft: 0. 1. 2. 3. 4. 5. 6. 7. 8. 9.
St GRiL e, FRIEASAE K 10 A —JeHFE, 41 (1) = 01000000000, FHiX 10 4 —Jc4F
fEE 7, B —MNMETBEOSIRE . BEUHE AT IR ID 5, & —4E % FIRFIE AR o] DL A%
S HRHE . B BURE 2 MRS 5, SRR (R A BE RS T S NG 28] . I DARK I
25 B A AL BE TF S Sk U B, FH d (e, ) AR BB A5 TR) (AR BL R o 5 AN SR B FA i DU
d(0,5) =5. d(0,9) =9, Ui 0 F1 9 ZIAIMAHBIEART 0 A1 5 BAHMLRE, XBRRAGEN,
ABEAL 0. 5y 9 AR —FibsiE, BT A AIALEE N % — 5. R FH kg i

d(£(0), £(5)) = d(1000000000,0000100000) = V2
d(£(0), £(9)) = d(1000000000,0000000001) = V2
S MIGRID S, AFREREZ BRI EAE—8, EmE .,

BT 17 LY R S IR P B R A O B 2% A6 i) T S5 AR 7 G aniE 11-12 fios, Hod,
RN 1 G EAREEG, AE-N 25 EREAERNEG. WE 11-12 ffUUER], 44
CGAN ] DCGAN C.& Remg MR ¥E 2 (5 B AE AE T M . A% B T 5 B K.

43 OI123456787
X CL2B345E189
4 01234567649
¢ ¢ 01234567¢9
% g 0/23456%89
¢ D/)AZ456989
¢ 8 o1A3Ysbye g
Y5 O/ 345787
45 O0/R234856789
s O123456389

BT

11.5 EZHMBE T HMES

11.5.1 #ig
AR AR 2 Fl i, BRIGRIA A AR AR SRR . Bk B BOE R I
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Srilt A 1A U 5 2 AR . YR GAN AMYFH ZOR L BB IS, T HL 7R B )
AL AT RIS AU R, 7 L R AR 5o i - B0 A R A Tt — 2D 11 5

A2 ORI 28 B ATEAY, B B T DB A Ay 38 T 5 /0N A BSORE AR N B SR A 2 ] R 4 A 2
SRR T H BRSNS A (A3 . AR A IS o, 4 A s e, H A
R ¥ ming max, V(D, G) Wk i /IMEAE BFE A S L SERE AR MEZE 70 A 2 [0S BEEY, Ho
IS R B AE S —Fh F T B S o AT AR EE I FR bR . AR S AT IR RE A 2 ] )L
FAEZR, AR IS FHESBMONE &, M Rd RS NE, X &R
GAN FREWRIIIRE . N T s IR JLAN AT, Martin Arjovsky 5] N FLEE#iiH (Wasserstein)
PH B R B SRR 0 AT R A BE R, 4R H BL R BT I AR R B 4% (Wasserstein: GAN,
WGAN)., FLEHHHE S 5@ L.

(rt g) Y~ H(P P)E(xy)~y[”x vl

Horf, BRI MRS T %Timﬁxmmzﬁﬁ (B, B,) 1P, FIP, 41
2R T BB SRR A o X TG — N T RERUIBEA S iy, 7T DA SR 7 FU SR
Zmﬁi&ﬁﬁw;#ﬁﬁﬁ#iﬁ%%%%ﬂmmﬂm—ymoﬁﬁﬁ%ﬁﬁ%ﬁﬁﬁﬁﬁﬁ
4345 B B T S B A

ARECT 05 BEES, EDGEAMGRE AR BRI B A, LB AKIA A
WA A VS (0B 7, BRUCER 16 LT WA el i el B O
11.5.2 ERK

LA ST LA BSOS B0 I 246 18 4 ) A PR R 2 BSAERY FR  T 5 R 3R2E ORI 246 B3R P 5 AR A
XHURZ AL, 3 Z DO E T BU R YA 5T

(1) TR Ay 2 (080 B KT T

R ML A ROT 70  £8%f5 P TR S8R T IR Al A RORE A RN L SR AN R A 2 TR PR
Jﬂiiﬁutﬂ};%ﬁ% i Sigmoid i B AL

(2) BUREEOTTH .
LA 7 TEL A BSOS J70 00 226 e AR R PR 40 2 R B80E SO

N_fake N_real

L(l) Z L(l)
lossp = N f ke Z [D-a N real

LIRS0 HE A S L A 4% 2 RRASE TR F) 453 2 R B80E SO


https://arxiv.org/find/stat/1/au:+Arjovsky_M/0/1/0/all/0/1
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N_fake

1 )
loss; = — [D_a*®
G N_fake ;
Hrh, N_fakeZR R N FI AL ) A BOFEA BB, N_real 7B N\ H A5 AL ) T SERE AR 2L
&, N_fake = N_real.
(3) BHBE T BRI T T

FLAE 0 IH 2R Ot BT 45 b A AT RMSProp LA 503, T A8 A 3R 28 FOxT T 190 45 o 0 R
Adam fLALSE

(4) gLy im .

FEAS BB L T B SR R HI A A S, 7 S ) AR R S 5 4 0 A 3 —
AN € EGE LA, 4n[-0.01,100] .

B35 Y TEL A Rt B0 I 2% 1 kAT AT J L T

(1) MR T INZRRaE PR ] o JE 20017 ) i A AR R A ple i R PRI SRR L, Bt ) ) A 7
BB AL, AR

(2) FEARMAYA AT 35 ) R, RAE A AR T 2 R .

(3) GINFLBEHIE I B ke m 2Rk 8, FOBR e PE B /N U N R 5k 0, A2 BRI RE A
11.5.3 3£ WGAN & DCGAN £ FEMREEE

WGAN %54 DCGAN A F 5B 7 mAE R B AR s A w1 L Zrid FE AR
DCGAN AL, ME—XFIETIRBENE L. X TR CL M RIT WGAN 4525 %L,
AN IR

11-13 g F B0 325 B tH B 8 0 i A R A A L SRR A SR o A1 PR H DCGAN A= i)
S5 EE, B 25 ERE AR EG . xR 11-8 K 11-13 vl A1, {ERHZET I

BHHH B SR R BUE, ERH TS R G R REIE T R4 DCGAN. X —Jr i fAH 1
WGAN [t s, — 7 U8 7 DCGAN H & it B AT BT (111 2% 40 $h 45 )«
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(467
{4362
03839
AR/
117
fevydo
9165396
5713 (43
B 11-13 WGAN £#& DCGAN £RFSHMFEIRAIRE)

11.6  FERXITMEZAIIRE

11.6.1 MESEX

ANTEREMFEME L BV BL NS — R IENLER RN L B A, 04T
AL, RETAR R I, IO NLER B CE BB R b R R R BRI RE ST, TN
PRT N BRI 2 I AR R

FEAE BT S B T, BATWE A R R AT R o3 — 2R, BB &
FMRIB AR B SRR B R — 04, WIESHG: ARGl s, RS
B b A AR (i 2 R SO ER S B R I A, T BCBE I A A AR R B BT
B N L2

B2, XN T, ARMGBEEIBRZ . ARSI IR 128 =3, kP
B R . WA O . AR O IR SIS PU B, B A ke, A S
BRI AR RRACR, WA IEA. REBIEPAER, HA&IERIZNETAT, ERIHLEX HL
FEAS R BE A

A O R SRS UL G AR 22 ST 4008, AR R ) 7 Jl AT B 30, i 2B A 7
FIE RGBS o JE I R R AN A SRR PSR 2R R 2 X BTN 2, BERS A RO A AT
R SEFEAR AT HHEAS .l TR AR I A O PR R AT 2R sl R (A, DRl b 2 ot 37t
0 2% 3 FL 2 7 B e R R (R RE D

MR RE R, 2R O PURSE F AE FRIN GE R SH, ISR R B AN /R
FHRBE M SRR, AT IR . A sl 7R ik B AR 2R e [ A% 3 O 6 BE RNk 14K
A, AR B SR AR BT 2 HOR L. IR BRSSP /v 2, AR O T R 45 o 331
BRI DAN A A G EOR 2 TR 8, ] WL, A AT — A AT el R 2R R % T 28 O 70 A
2. DRIRZE ORI 2% AT DURN LAt peh e R 28 AR 25 5, AT 37 24 FExet 0 0 2% (4 22 P S
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11.6.2 El&RIEIRE

AR LI 44 5 RTIREE 5 31 vh R SR IO IR ) I 2% S 4, Sl AR T a4, th AR
AR ORI I (B RTAE RN T X 2% 34 T e 7 22 ) 7L

(1) TR ZE . AL BN T 46 o A SRR T A — A R BRSSO FENLAZ B,
HY BT & L SEREA AT BT RE A S, B0 T ok B AR MR A, TR e Ok i
0 28 Xk A AR AL B

(2) IGRHMERER o Az ORS00 25 ) ol L TR A0 A5 pRAS R A i, N i 2 rp 7 A B AL
AWM, lan Goodfellow 7£ 18 3C 2 2 F ZAMIMUM A kK, HE A P4 s 1
Ko REEFREN T AL R R — % B RAER R . 53— 7T, IR x5y, Ak
PRI (R0 BT SR ™ B . H AT L, 2 Bk DAL 2 RSOXHS7T R 4 v ) L At 2 B s B G
RE SR, BRI AR ot B I 28 1 5 EL B IR X

(3) YNGrAf LASEsit. (I pR A7 48 4 SR e AR, 17 A JBOt 7 19X 2% T R A AR TR R A
BTy mtege, ARSI E N . BT, Be R JovE A W s e s, 6T
BT YN A B BL I 265 LA 1) 4 Jo) e I s i R AT HH R T 4598

(4) RIS I . A= T BT X 28 AT AR A /N B K IR R, ) A R A RS AT 4% 1)
PR E, R RAE Y SR A rp o DL 24 BT R 48 A0 T AR AR A . 7 AR B R g it A2
Az AT T RE 2l B B A AL () B i ey, T DR L 2 A A R R O ) S A B (R
FEUERALE A, P AR BB 2 ) B RF A S TR R AR 1 LA LT, AR R R AR
TENBE R UTARRL, AT 223008 i Mk AR O Bt 4% (Minibatch GAND K i B 3 i 35
YN RR, /N A O BT N 200 BLSEROE 4 2 MR, R CRIERE A2 R AR 8 2 1

(5) GRADBEA PP BR AT B A O T2 O . DLAE O, AR RENS i ) 0
RESNIE, WL AR THIE. PRS2 RO SRR D, (ER NS A e E LA
PR BR R TE. R @R, Ah, RN ERGREREME, A REE bt Rk
AR A A BT BT 25

11.6.3 NFAH=HA

A RN LI 28 T T SCSERE AR MR A (AR, IR A A SCSEESCHE AR ] 93 8 i
A O 28 W] AR T MR SRR U, R T+ MG e 3B SRS B R . AR
BIAE, SE AT LA T B ARAE B AR BRI, A O R SO FE TSR AR BB S BRIE
AT IRE F BT SR WAURAL, Az SO R 4638 132 N T Heph s, 2 it
o PrsEps BB RSE . ARIED EG A RIETE . WG B E YR I A S 451 1 iR A
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JRATHT 2% (18 FH
1. BABEGS R

Twitter A FH A2 B PR 28 45— MR PR R S s B AT & AT I e R R . A
SR, R R SR R ZE R, AR SRR, o R B
HRIBAE VGG M4 (HZRHERS: VGG HIBAIR IR LB AR 2 4D, HAR & Fll%n
N P S v 70 R BB e 2 R R A v R R . B 10-14 DR T AR ARt
UL AT BB 7 R 52T o il o

ﬂ-ﬂ' Eﬂ&’

) EHAE ) SRGANZEE (c) RiaE
B 11-14 gTiﬁEiﬁnméﬁkﬂ@{%ﬁ%‘%ﬂﬁu

B 11-14 & (o) BONEG S PRREE, (2 Byt 5 IA EME 5 @ DU A5 AR AR B
DHRER, (b)) BRI X HTM 28 FR ) m o R R . WER AT LR 2, AR ot S
AT BAFEEA SRR ER, AR X o R B G AR G o R B R .
T TR, Twitter S5 RUA ) st T LUCKE w5 73 3 3R MU e IR 20 9 SR MUAIAE e o A i, AE T
S & 715 B TSR PR30 3o S AR AR 70 F R MU D v 7 R M. b, REMSAE AN B P
SRRIMIRTEE N, PR A .

2. MBZEEE

R N7 FH B s 20 TR AF B A O L 2%, SN B R BE LR A5 AN L SR 2% A e 20 TR S AR D
NYRRAGRCIE A, SR 2 BRI . i 11-15 R, ZRGE T T H TR
FeER, AR A O T A R SR TR R . EORTT DU T8 MU, angs 4238
EOE, BEShgERA.

11-156  EFERXIHRMEZNAEEDYATA
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11.6.4 FRFKERE

AR U 28 B0 AR R B AR R AL, S ST SUIEN TR IREE, B
W FE SRR 2] AU SRR A R o AR SO 7T I 2R A T RE 5 B A5l A H KA

(1 ML (Virtual Reality, VR). A SO HIMZ Sl VR 35 R SR 3D
FERE, MR ORILPT B 3D AR A . MERE KSR HERE

(2) TNERE. K B PUR L TN BB e B s B 7 51, AR AR R B
LS RSB R BN 2 M 2 RERE R 0L, BTN SRR R I R AL .

(3) BEZ4A. W ERXHUME, R HT: T ML SEIUE B INE I H ), R
U GRad R AW o & 5, BET AR B A A .

(4) WEFEA BIbRE. ARIER —TURER TR K LA, (ER R R A 2R AR R0 X
BRI SR8 R S T o O 1 R B e, ] DRI ZE BN RS, R AN AR I R
ARFARE I A 0 77 A Bl A AR OREA . ARG AR N, 24 75 B e R b /)
I, Aegifiiid: NLTEMAPELA, PRERNMaOERE R E. B yims, mr
UG — 5K BB G — 3K AN BB SN AR O U 2%, B A RO L 8 2 B IR IR R, A
26 BT A NIRRT AT & EARBLR I L SE B

A O R 4 O B TG I A SRR R BRI 1 AT A SEAE SR, RORAE BN U 28 4 2
N T I M S . SR, A SRR S BRIk I AL, R
REARRIIR S — o A SOSTIR L R R E AR ML SURABTTT, 1P T g
8, FoR TR,

1.7 BENG

RESNP T EBIT TN, AMUNE T ERSS PN T AR, BT E RN
&P ZRIAZ O AR, I VEARA 2 1 DURR AR RO PN Z8 S5 4, S 4 I 48 S B I A 2R
AL TN Z TR AR O L4 . 2R AR OB X 24 LR BB T HE AR o B 4 . LA
FEEEGARCNG], FIR T ANRE RIS PIGE . TR R A BT 25 R0 2% A 26 Xt 7 9 4%
st FE

A E AT T I B A T R 2% T I B R Bk, DA R AR TR R B N . B
KNGS T ORI 2% 0 L2 27 20 TR 3 S, TR IR 5K A Json 470 I 2% 18 2R R R FH T S AT T R R
LT3



BI2E

NERIFS

IR 53 VR — ELARAE T SHL U, B 2 B A0 2 TR R E T T
PSR, M BRI TR I A0 . I, VRIEBRILSE SN T AT R
AU VTS, SR IO P PEE 35l 5 S AR RE BT MERT, W31 T Ax 28
Gt (EAESEIONLERE SR, IR ALY, IR RIS N2 R
(EENPH TRV TIE SR

12.1  HhAR

RZ BRI AR ST U AL G 1) — DN RE AR [ 2 “ NS 22 ST e fie 7. WHIem)
R, A BENE AT BOMME T IX AN AL, — D5 T\ Sl e SR ARG () 7 2] U5k, DR I
[RISRAG IR AL A2 5128 o5 — T R ARYE AR I T7 i, (A HLES th RE AR I (22 2 T ik
AP R —HERIEEE I TEC G, WIrReE BIEM A TR, (H/2 HAT4a KH
o PR S ST HR LT NSRAT NN, AT RATB BL. 5l 33 M 5 B OG ) — 2
I3k

12.1.1 =&

sfk5 2] (Reinforcement learning, RL) HAEFRIER SRS, J& B O BL2E o 14T 32 B
WK TIPS B, SRR RE R, AWNE MRS AR, AT 3R 5 KR
FERITREAR &5, ) & A5 e 02 RS B ST T B . RS IR R R, ) EATRE Y]
BARPAT AT Ay, T 30 I e KR & A SR B A A 2R AT th BARAT 3

IREE R AL 22 SIHE I 25 8 TR BE 2 ST R R i — AN B 24, H =R TSN SR 1)
AR B Rk — N TR BER M . Google ) DeepMind BB\ £ £ K5 5 5k 2 S By
B, ek, ML NSRS, JEIUS T EERAL . 2016 45, HH DeepMind i Hi i) AlphaGo
THENLE B, SR RIS R RRE = M A7, #15 AlphaGo I HLKF £
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BRI TG E T K, SHESRES . IREERAY SI5VER AlphaGo %L EEZ —,
TSNS B R FRA T AR R . IR SR 22 5T S AT DU TR FE A 22 N 2% ST
JRFN B RS B 2 S, BAAER I N TS, R Rk i — D HEEh N TR R

SEAL S ST ER B, R AR, BB B, SEIR. Gl EAsE
FAEHRZERPR Y BAATUNE. B, EREFReMEsr e, B I T e A IR
PEEIZEAE T AR B B R L, AR HIRANIE B 2, sl SRS AR “IE il sh SR 7

FENLAR 22 2, PRSI A /R ] Rk id #2 (Markov Decision Process, MDP),
Fr AE X AR RIAEE T, AR 2 55 ) SFR R v] DR B A R AR 1) — 2807 A 15 . sifb s
ST SARAEIAE B S IR 2 e T, A AR NS5 B I G8dE, Ak
AR IBUE . 382 2] B TR, BRZ AR R A A R (R P4, R %
LA FREE AL LLIE N ER R AR s, FRIG IR R R R S B KAk, AR Ge A B ) 7 U
oA B A AR i KR P s 2 i N S H R RO R e AN, SRR S TR A P T
FRWFEER, BAHEENSEERS, RSWEMG, i k& 1S B R e 117 5K .

12.1.2 BFFE

SRS ST AR I B A 12-1 Fom, A0 B ARAE T W RARER I ZE A B EAT 9 SRS 72
WEEH T ARR AN, FERAA BRI RS, MBI AT R M =D ek, Sz
RIBLIRES, WILAWTIAT ARG, RGP 2T DR ARG B AL

— fE ————

D=

bt

et
A2
L
i3

i

E12-1 BUFINENSERE

ke 12-1 Frow, SRS S EEARE IS QR RS Sl 3. LB (Agent)
FoRMREBER R M RESFOR A PT A FBER IS, ATREZ — IR B & SRR
BAT Jy; TR M T RS RS 5 R A5HE B

SRS ST AR — AR IR e S i e, AR A —MT OB E IR T 4030 5, 3R 8R
B EIT e G, RS RAEZRA, FN™A—NEefEs R sggEs &) If
HRHARE, ACEMRIE AT L A5 5 B U5 5l # F — A, EF T ahfEr
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ARG fE S MR E—aifE, 5940055 WEes b —Aahfl. Ml S A AR
A, PRI ST AR A et

sAL S I ISR R R — R R 2, fEVIRIRES, REMSIMEREER, KHEH
HEMTEMET F, (ERAETAR 2K, WERFARE, R&KBHE, LU HE
M. BRAE SRR, BOAN TARCEdES S, WD T A TS 5E, xH2H
WE %2 RERRRZ —. s ) SESME B F I MBI B % IAK—F, i)
SN AR

REE SR AL 2 S BEB O R B AR “ K7, XA “Kiw” 2= ADEEWAEEL: 178
B PPN R . H AT AR EOR B B AR BTN, B BRI SMAIRES, AT A ahfE.
PN BT LA AT ARITAN 2, PP B S AR R VP A0 285 RN 85 S Atk AT H RO Y, ik
T 5 BEAMAT R . IR B BAT N — PP A N5 N8 B B AT AR AE — & AR BL T o
NBHAT AR IENEM AR BERI4E T R =221, 1 X S WA W 2= R D 28 56 1 AS W i
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