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—ANAETRER ZFAT, @ —FHaey s X, fattr AT
— ARy B, ke R AL KR A, o TR ARE X 2 9] 2P| B A 7 &

ANIERFHEM, ARAFT AR AT E AR e ed,
— Alan Turing [1950], {#L3% #2475 ?7)

IEHLE R B R ARG SR I H A5, @%3‘%?%’?@%9‘]%)‘(&+%%‘2*@1 Alan Tur-
ing £ 1950 SE4 7 A MBI R M« — D AEALAIS T REIL T, 8 — Rk i
i, M TR AT — R AN . ANRAEAR I TR Py, At TS 2R K 2 1) K B X

e NIEFE TSN, AR AT AR AN TSN B RER 7

EEi‘

BB LR R, RN IR SRR S o, i, HEEL YUk
HHE ). XMW IR Z AFE B R, AL EE GHEVI . BB 0D,
> RGN HLgs2a 3] BEaE2E D), 1812 (RIRERR). IR GIRERI. FdEizd) &
P IX e o) 37 2R T DUE e N L& 8E (Artificial Intelligence, AI) FIRFFER;E, Hj
H1, Hl88%¥ 3 (Machine Learning, ML) P AER 22 450380 1) H €0 R BB A AT 58
BLas 7 I B T2 H B2 — e 80K, ikt RN 3RS — Le S R 2
NI T LS B AT e — ek AT 5%, B MmAEE . X T N L AR UL, MLEs% I A—JF
Gt — NEBERF AT M, FE R TERR. Gt &Eie. i THEE A
WEZ 128

NI H#HEZEMZ (Artificial Neural Network, ANN), tHEjFRHEZMLE, S a2 P25
S BE A FOA T A o 22 I 28 R VR R B AR A o N T 22 o) 286 o ABE UL A P 42 I 2%
CRIGD B MTIRe, HREMT A (EURR “Mgss”, B “Bon”) M A R
G, T DA SR R 2 18] R 5 A 00 R AT A

[1958] Bﬁﬂ&sﬂjT U@%U}\*Eﬁ%ﬂ 73 E’Jiﬂl%’l‘%i aﬁ/\zjjfiﬁn% (Per-

Rosenblatt
H

on 4 >




gL TR, ARefR O R R (XOR) SRR PEA ] 2 ) 8, JE R 1 N T & 403k
% B K AT R . BB 1980 FELAJE, Geoffrey Hinton. Yann LeCun 25 A ¥ & 1%
#EE L (Backpropagation, BP) 5| AF| £ 2B H12% [Williams and Hinton, 1986], A T4
22 A SCRET SR AR R, FEIF IR OB B A i {H2, 2000 4E LS, BN
TSR TSR RE S AN DLSCHF ISR R R pP e X 2%, I HLBEAE SCHF IR &AL (Support
Vector Machines, SVM) ZFJ77EMIMHD, N THHE M2 X — IR PN -

#2006 4F, Hinton and Salakhutdinov [2006] & i % J2 i 15 #1289 26 1 DL S il i i
JETRINZ, P S e A R SRk AT RS R 1R 7 AT R =) o JF HaE skt LS g
JIER S CRIBIHTIHE, GPU), 1HENCE R LGN TH& % . &
TREEI N T2 I 24 75 15 5 1) [Hinton et al., 2012] FEE 532K [Krizhevsky et al., 2012]
SRS BIECR T, BRGER 2 1) AN TFA6 S X — A “Hol” et WEY ). H
B, IREES I BRI AR T T SIS 1T 2 ), JRE#2 3 1 e EmA .

REZF 3] (Deep Learning, DL) & ML > A1 N A2 0 25 I 2 H >R R8T Ak
HHARTIE B “UREE” BRI — BRI A 4% . (HREE RS S s R R, e s
TSR Z JZ A, RN ) Ve, S ETEAE N TR R 7 A PR K R

AP FEN PN THE % GER 7 SRR AR . FEER CEIRM A 2%, i35
AL UKL ENALGE . B RE 5 A H 55 U R .

1.1 REEFRNIRIE

Ay B4 RN AR RIS RIREE 2 ST RN, iSRS Ak

1. Tan Goodfellow, Aaron Courville, and Yoshua Bengio. Deep learning. Book in
preparation for MIT Press, 2015. URL http://goodfeli.github.io/dlbook/

2. Yoshua Bengio. Learning deep architectures for Al. Foundations and trends®) i
Machine Learning, 2(1):1-127, 2009

Fhh, Wk gy BRI #RE,  Elihttp: / /deeplearning.net /%
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FTE HWEHEM

2.1 M@=

FELMEAET, RE (Scalar) 22— S, MEE (Vector) 248 n MSLBALKM
AFE, B i, WRBEARUN], — D ndiE—BERoRsAE, ANy
n x 1 HIFERE,

an
Hr, o, A Ea i Mg, 584

NEHCHEE . T EHEARGE L, A2 LUn FEEERS THTRE (KN xn %R
FE) RoRnFlRE .

a=lay,as, - ,an]T (2.2)

RS — R RS FhEa, b, e, BUNSAHE TR o, 8,y EREIR.

2.1.1 [EIEMR
it a (6 a] Jo

lall = [ a?. (23)

2.1.2 MEEHTEH

f%ﬁﬁﬁ¢,ﬂﬁ<mmw *AﬁT“ﬁﬁ”ﬁAMUﬁ ﬁﬁ 28] A BT




Ly J%: }
X[y = |l (2.4)
i=1
Ly 5%
Ix[l2 = | > 22 = VxTx. (2.5)
i=1
2.2 %BM%

—/NKAIN M x n FERE (Matrix) & —ANH m 47 n Fc =K A A RS HERE
BT E A LR e uideea. XE, HRERAT— BB BT .

—ANFERE A ML E BRI i ATE 5 5 ERICERRCRNE 0, T, B ICA A, BUA;

— iR ET LEIER n x 1 1I5EFE.

2.3 IEMFEMNEAREE
WHR AR BE A M x n B, WA+ BRA - BWHEm x n R, HE45C0
o A KN B AR 6 2 A B A o
(A+ B)ij = Aij + Byj, (2.6)
(A < B)” = Aij — B” (27)
— M b SHRE A RFBUN AR TR E AR GRS ¢ (3R

(CA)Z']’ = CAij. (28)

— MR D SR ARBUN AR TR A AR TCER S ¢ 3R

(CA)ij = CAij. (29)

AN 0 B R TR AN 24 55 — AN RERE A BB B0RN 53 — /N E S B AT SO 5 i A fg s
W Asem x pFEFER B A& p x n55FE, MR AB & —/>m x n FHERE

p
AB”_Zsz (2.10)
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2.3 HFEMEAGHE 5

o 4ihH: (AB)C = A(BC),
SECHE: (A+ B)C = AC+ BC, C(A+B)=CA+CB.

m x n M AWEEE (Transposition) &— " n x m B, 1N AT, AT i8]
BRI AR A ITEi5IRICR,

(AT);; = Aji. (2.11)

2.3.1 ERHIZER

STFREERE SR L EAE T B CRAERE, B2 A = AT,

X F*ERE (Diagonal Matrix) & EXMLZIMITTER E Y 0 AERE. X2k b
FITCER AT AN 0 BRHARE . — 0 x n B AR FERE RS A T2 -

Ay =0ifi#j  Vije{l,---,n} (2.12)
XF AR A AT LI N diag(a), a A—n4EAE, L
A = a;. (2.13)
n x n BRI FERRE A = diag(a) fln e & b FISRFUN—A n i &
Ab = diag(a)b =a ® b, (2.14)

;H\:EF! @ﬁﬂ——\‘){—:—'\%y Ell (a O] b)z = a;b;o

B LRE R — PRR IR B0 RS, KX AR AL, HRITTERN0. nbrihs
L, 22— n x n TR, ATEAEN 1, = diag(1, 1, ...,1).

—ANERERT AR AR A T AL

AI=TA=A (2.15)

2.3.2 FEFMERITEH
HEERVEECHEIR Z ML, X BEATE L H p-Tufh

i, = (ii ). (2.16)

T 1
=1L J—1
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6 FE ARk
2.4 B
XNTF—MphimEx e R, iy = f(x)= f(z1, - ,2p) €R, Wy XTxHIFEN
0f(x)
Oz
Vofx)=| : |ere (2.17)
of(x)
0z
XNT—ApdimEx e R, Ry = f(x) = f(z1,-,2p) € RY, My KT x )T
N
9f1(x) 0fq(x)
oz oz
Vi f(x) = : : € RP*1, (2.18)
0 fq(x) 9 fq(x)
oz, oy
2.4.1 BIHEESH
0Ax ¢
- = AT, (2.19)
OxT A
=4 (2.20)
2.4.2 SHEN
SHGH R AR EN
o i (O HEN: y = f(x),2 = g(x) N
Oy+z) Oy 0z
ox =% x (2.21)
o JRIEN: y = f(x),2z = g(x) M
oyT 0 0
gxz - %z a—zy (2.22)
o FEFIEN: z= f(y),y = g(x)
0z Oy 0z
x = ox By (2.23)
MEz=f(y)y=g(X), X NEFE, NI
0 0 0
;)yz,, =tr ((ﬂ‘z,)Tm\Z) (2.24)
Cxx7y Ty g/



http://nlp.fudan.edu.cn/dl-book/

2.5 R 7
2.5 EHERH

336 LA LA o B
BB f (o) R SERR R 0 T4 K bRy, o, BRATAT B
f(x) BRI B —H K AFFR 2y, 2500

Zk = f(:l?k),Vk = 1, s ,K (225)

N EHEER R, FTATE L x = (21, 2k]Ty 2= |21, , 2x] ">
z = f(x), (2.26)

f(x) ZIRAEHEP, B (f(x): = f(z:). » Bl

I £(2) IS HGEN f(2) 25 MRS K AR x = 21, ox] T BT, 38
AR A

fl(xz) 0
x T 0 "(zq 0
0 0 f/(l'[()
= diag(f'(x)). (2.28)

2.5.1 logistic BR#

logistic BRIELZE 55 F KoK — > SEECE ) g e i 21 (0, 1) XA, ik N o(2)

o(x) = 1 +1€_w. (2.29)
o'(2) = o(2)(1 - o(x)) (2.30)
(2.31)

2.5.2 softmax eR#

softmax PREUE G 2 AN br & B A — DM HEZR A A .
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8 WoE HUsal
XK M a2k, softmax BREUE N
2 = softmax(xy) = f?(pi(xk), (2.32)
Eizl exp(z;)
XA, AT K AR vy, o BN DI 20, 2k, TR
K
2 €[0,1,Vk, Yz =1 (2.33)
i=1
2 softmax BRI NN K 47 & x I,
z = softmax(x) (2.34)
exp(xy)
_ 1
S exp(a)
exp(X k)
_ exp(x)
ZkK=1 exp(wy)
exp(x)
G 2.35
T explx) (239
Ho, 1 =11, ,1kx1 & K441 .
o —expx)
Jsoftmax(x) 1 exp(x)
ox N ox
1 Bexp( ) 8<1T 1p( ))
- exp(x T
- i ) R (exp(x)
1T
dllag exp(x < ) (1x ;XP(X)) (exp ()"
g exp exp X
dlag exp(x T
vl ( 1Kexp 5 ) ding (cxp(x) L expx)
dlag exp(x T
s ol e ) exp(x) (exp(x))
_ diag < exp(x exp(x (exp(x))"
1KeXp X) 1Kexp 1Kexp( )
= diag (softmax(x)) — softmax( )softmax(x)T (2.36)
Hr1, diag(exp(x)) 1, = exp(x).



http://nlp.fudan.edu.cn/dl-book/

2.6

SLEE RN ] 32

2.6 SLEEFURNIE

FEA A PR 550 2 % https: / /en.wikipedia.org /wiki/Matrix__calculus.
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St

F=F WSFEF

éﬂ

1

I

L 3] R REE 2 0 A B At 69T FAUE R 69 AT .
— Mitchell [1997]

FENPN T 2T, FAVER 7 FHLE 2T MEAM S, REHENH TR
] PP R 45 RS

WU o 2] T2 B S an el s v SAL A28 52 it b o ST e, BOMCULIN A (REA
S, JERI A I BRI BB X AR AN TE M f B AT Bl . B,
TLAIHLES 2 S FFR A T Gk 5%, MG LER o) .

PS5 1 RG] I IEI3.1.

3.1 HlFF A

PeSGtah, WLEETREE —EINGFEAR (25,1:),1 <i < N (a2, vkt
i EPIA H AR, TR A TR NIRREE f () KRB 2 My Z AR AR

9= f(¢(x)79)7 (3-1)

S E——
WEHER (2, y) 4>

K 3.1: LB R p

FN o




3.1 HlEsE IR 11

K, g, 0 ONREREINSEL, (o) RFEAR o X HRFIER R . N 2 A
— A RBE AN, R EEE ¢(z) ¥ o FHHOEER RN BRI «
e DAL P bR BRI R, A IR BIEES N

§=f(z,0). (3.2)

BEAh,  BATE B 7 — LA R A B SR R B B3R . AEIR B LA I Sk, —
B e S MNMRKREE Ly, f(x,0)), RIGEITARIIZREEAR LRITAN DS R B S o

RO) = 5 > L. £, 0)) (33

X, KESEE R() —ECHPIGFAR (ZIREIR) EiH5EAARM, BILHFRZ
RIS IXRE . 2 BOR 256 ARG K20 47 38 10 F AR 1 307 28 IXURG: () B M, 32 FRAT T 6
2256 XS & /MERN (Empirical Risk Minimization). X, FATH BIr 22K T
Sp | i e A E 2L g NS 2N

0" = argmin R(0). (3.4)
9

BRI IR RE AR A3 A3 A B SO0 1) — MR /N 1) ER B A0 75 — 7 1R e 75 504
AN AR G Jsz ol 4 SR 1 B S A0 A o 256 RV e /MU IR AR 25 5 5 BB B AR I 2546
R RARME, (HRAERMEIE LAFRFRIR S . XH2mEHEtlE index A& . TE
I AT A A HR T I R /D e 7 A5 DR R s IR BIRRAE E SO 2R e — MR
Pl H, —MEELET H, WARAAEHARRE L JE T H LSRN L R iR T
h/N, ABLEEEAS S A b b B b B350, I8 i ui AR 15 b sk BEFE I 2R 200 [Mitchell,
1997].

F 300 A AT R ) — MR 222 B IR . AR E— M AR T
PLAR I 32 AL B R En B « 2 A AR — IR Iy — MR TR Y ZR AR AR 4 AR R 1)
ZEHR .

N T RN [, — MR 2R 50 RS S M I B S E0 IEN{E (Regular-
ization), WNYEEMIXEER/MEEN (Structure Risk Minimization).

0* = argmin R(6) + A||0|3 (3.5)
0
N
1 . ,
—argmin > Ly, f(27,0)) + A[o]]*. (3.6)
0 i=1

X, (|0)l2 & Lo VR ENLIR, AR ZH 0], R G . N RS IE
DAk, (5 S
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12 B NS IMA

AT AT A A e e B, L Ly Y. Ly Ve SI R S5 2 40H —
Mgk, BIAER 2 Sk MR F A . 7 Bayes (it B M BEORUE, IEMALRRE 7 S5
HISEB o A, AN 8 B ZR B -

3.1.1 KA
YA 5E AL (2, y), ELSTHARE y, HLELSE TR TN £ (2, 0). SRS 5

I Cf(x,0) #y)r FATFTEE LN ERREORE BT FERIREE . W LA K R
HAH T ILR:

0-13RL/E  0-1 HEAZEL (0-1 loss function) &

_ )1 ity = f(=,0)
L(y, f(x,0)) —{ 0 ify £ f(x.0) (3.7)
=1(y # f(,0)), (3.8)
X B T RIEREE
SEAREE PABREE (quadratic loss function) J&

X NIRRT R, BN E bRy B RS, B f (2, 0) MR
AR

Biky e {1,---C}, BTN I ADNEI KR Py = ilx) = fi(z,0), W f(z,0)
T e
fiz,0) €(0,1], Y fi(z,0) =1 (3.10)

fy(z,0) TAEAE B SLZK0 y ISR R . S 80nT DLUE 3 B o RALAR il T R A . 5
FE BT, FATG AL B M SO BRI AT BN IRIR R R % (Negative
Log Likelihood function).

Ly, f(x,0)) = —log f,(z,0) (3.11)
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3.1 HlEsE IR 13

WHRIATTH one-hot A &'y REFR BArEA e, HPHFy, =1, HRPAEITCEE
50,

O HALR B B mT LS R
C
Lly f(@,0)) = = 3 yilog filx, ). (3.12)

i=1

y; WARTT DUE i BLSE RN I 04, XA A 3 1246 5 2 58 X T 0. BRtl,  fhoxd
B IR F5 % bR B 5 1Y 45032 AR5 BR 31 (Cross Entropy Loss function) & 7 5%F £ULAR
BRI ) — Fh Stk

Hinge LR X T WK, By M f(z,0) FEUEA {1, +1}. Hinge KK
4 (Hinge Loss Function) HJ7E a0 F:
g0l (314)

3.1.2 WIEBFEIEZXRLR
RN SRR R FIME B LA R A IR, Plass: S Bk —Rmr Lo N LR L

K

BIEES (Supervised Learning) A W& %12 R H—4H 5%\ o fld it o 1%y
Pk 2z ST IS4, AR AR AR O A i H bR R L SE AR R T R — 3. AR
2 AR tH 2R A ] DAy N YR 43 2K

El)3 (Regression) R HIH ¢ Z&ESE SCHEOESLELD, f(x) B4 H B2
HESAE . XA B B A, X T A SRIECR A (2, ), fE15
[z, 0) Fly XA REH — 5. Fik REUEH SOV IRE.

L(y, f(2.0)) = |y — f(x,0)|?

5% (Classification) MIFHIH v & B EEIZMFRE (FF5), B Kn . 4
KEREEIRZ A 7R —FhE A7 0-1 Hk k2.

il

~

L(g,y) = I(f(z,0) # y),
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14 B Plas IR

XH f (2, 0) M M2 BHUE, 1() R4ERREL BRI, 1() =1; &
I() = 0. F3—EHRITRELL fi(z,0) ZATH4E o RT3 AN SR
FAFMER Py = ilx)o BURBREUE SO TN BUUR R £

FESF I, GBI SIS B R TR SRR f (x, 0) Y53 28R

TEE 2] (Unsupervised Learning) JoWiE 2= & A RF I EIRAE St H
B, WES SRR A B A MMERE R . — BRI B 5 o ) Uk 2
B2 (Clustering).

#5855 >) (Reinforcement Learning) Mom2% > YRk 22 5], 53R a0l 3+ A 5505
H—RIIMBME, DS R BRLS . BEH — D 3hE, A —E rzl45 3]
Ve, HY5RY I AA | 'kg > BN [RIAE T 1 5 2 =) AN 75 22 8 2t DA N /b HH 0T )
7 R HIIGFEAR, & —MELRS P

B B2 2 VAR BB IC XA bR, T B AR ) T R AN 2 AT
Mg SHERE. —BNS, MTMEFIRVNEEREMARCEIESE, MXSHiEsE
T EENTHRER. Fit, HEITRZHEEEIIMEEEBZSR AL, &8N
R ARPFCEIE R R ENELS, BESM SR RERER,

3.1.3 HEFFEIha—LHE2

IR TR TN Er, T S ANES, ein “HdET, CREAR”, “F:
fE”, “BPREE” . ATHE IR T X sl &.
B

FEVF AR, BERRIR A BETH R 7 A B RAEFK, AT DGR 55
MFF 55 AARRES S, RUEAAH, nEEK. B, 07, BREEESE.

FHIE

P& 3 TR 2 SR R A N RS S BT MAE L Settt b, IR H 18
J#T%‘Bu ifﬂ%gi%%ﬂ%gﬂ’]ﬂ/ﬁﬁfﬁﬁ ﬁzﬂl]ﬁ%ﬁﬁﬁhﬁhﬂxﬁ JﬂﬁTu%{E
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3.1 HlEsE IR 15

FHIEF S

Bl R I R ey . SRR AR MR A IR 2, (ESRIFAR FT A IR AL A2 A 1
1. JFH, IRZHRFALE R TURIFH 52N FATH ZEHIBCH R R g L. (480
FAAEPRIBORIE I AN T 30T, IXHREREMN LML SRR, BIEIXHE, A T4
FIRFIEEIR AL 5 B ANREW R T2 DL, 0 S 2% ST RO RHIE th A BL &35
AP A EER TN, WEREHEF S, BIRRE S LA PR, — R
FHERSE, ZAERDREETIEDT R T8 5 MORSHERER, ZWIE—HiRFE
], IR AR B AL 2 18]

EFN

AR 42— T Bl A R DA 0 e v B ) — P8 0 B, 2 S B LA 2 1 #
o FEAME T, TR A H AR A R 2 SRS DR A B8 A0 ()
o

YIZREFNIKE

—AEAR G RN BIRE. EIRZOUR, B E MW IONERE. v TRl
W E RN, BOR BRI s IIZRERATIAER . IR AR AT IR Y
721, RS AREEAT BRI E . i 2 2 Sk, FENIZREER B — MR, XM AT
SRR EAEAR o TN — A SAREE g IR EEA T, BRI IER

1 N
Acc = m Z |9 = wil, (3.15)
(zi,yi)ET

Sorb [T AIRAERT KN, BTH AN B M
EfIFSH)

XEF PRI IV, SR UFTN {+1,~1}, S BB IE SR, R, 3
FHIEBIAS IR 3 5 2R 8 TR AR
#I5) E

G RERERNIUR , — AT LT kA S — A A TR M
RIFF R AHEAT A B 2 T 4R P T RHE S MR 22y S TR LA T

H DI s
N
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16 B Plas IR

N T RE SCR SRR AT 25 8] 73 351 (81 T, 3t 7 22 51 N0 e B . RS
z € R™ JYRFAEAS ) PR s, XS T I e B A 36 A2 BB f (2) = O BRI L. XL f (2)
TR AFI R R -

AT HRREL SRR, R E — DREALERHE 8] P AL TR X3,
T 5 TR FEA IR 2031

FIN KB M 2R, 2B RE S AT, O E TR R O b iR R

3.1.4 BHFIHEX

FIBEAARAMAMNNGERFEA T, Az RER B SH. AR E
T2 XA T R SR R ORI 27 2] SRV 72 S . MR ) DR SRBR BORT LA AN 22 2 ik B
N PEIr RS, KM S FIEFT DGR AN 8%« SCIF AL AR T P de . i
— AR ENERHT A3 IS B R B RN R .

XERNNE—FE NS FEE: BETEE (Gradient Descent Method) .

T B R B2t U 38 R %3 (Steepest Descend Method ). 45—~ S24H B £(x)
7E rla Ab AT BA E S0 B4 B f (x) 76 a KU BREEAR ST 10 =V f (a) TR £
T BRIE 2 R SRR TC LI RAR A AR AR ) R, o 55T P AR A T

a1 — ag — )\Vf(at), (316)

Ho A > 0285 B R D K.

XN R—MEPNEUARS, T4 flagt) < flar). Bk, FATATEAN—AHIE6E xo
TTa, JFE AN B x0, %1, X0, - - - X s I

f(x0) = f(x1) 2 f(x2) 2 -+ = f(xn),

2% x, WS BT B (A A

HWZOD K PELAEIE, WA KA YIS, W R NSO R . — A%
AT DL 2 A R AR E

FENLES S T T, BATRG EE ) RIS 500, 45 XU o8 Hme /M -

0" —argmmR( :) (3.17)

N
—argml Z y D fa® ,0)). (3.18)
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U R IR N BT S 5 2

OR(0
a1 = A — A 80( ) (319)
t
N . .
OR(0y; 2D, y(D)
=a; — )\Z %7 (3.20)
i=1

NENLER S ) U /EZE 3] #E (Learning Rate).

KL, BBRE R B RAG I FEAS LIRS e Bt M, B T RER. HhE
AANENARK, SN x BYERABIRORI , AR AHEE AL N Bkt IO ACUE A B T B
A BCERSBAR. Nt ARG R T AR B B TR

BEMLERFE R F%i% (Stochastic Gradient Descent, SGD) tHNIYIGE4EE TR, FAH
ASHRHEAT S

IR (032, y®)

S 7 (3.21)

i1 = A —

2Oy R 5 ¢ IR I REA

PR P B A SE AL B ek 10 £ DX £ TR IR AR RS 06 BT AT L
PRSI A2 AN FEAS K R BEATLRGEE T B ROy s BL g 5, WSO BE AR R B, DRIt A
AEH Tz

A — R 772 mini-batch BEHUBRE T, SFJGERI, RRA—/MB
MIVIZRREAS, HBTT HEEHEEE T FEATREALEGEE T B

Early-Stop

TERRRE FREIIZRR B, BT A MR, ENGREA LISk Z4, IEA—E
EMAAR B, DRt, RAVEH —PIIESE (Validation Dataset) (HIF&E (De-
velopment Dataset)) SRl & —KIER NS EAERUEE P B it. WRARIEEE Ei
HHRZEATNRE, s EIEAR. XFP SN Barly-Stop. WHREH LS, 7T LAEYIZEE
kAT 3 I .

FIARGE
FERRRE T B, 2 S R BUEARR OG8E, WnRad KA I8, g/ uiesiod

K. —BOP KT BLI R M R AR E . ENLAS 220, 2] B N R
EAOWIRIA
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shEiE EVE (Momentum Method) [Rumelhart et al., 1988] % 24 HT1E AR 5 = n
A E—UGERBIEHr. WAL VO, = 0, — 0,10 FEZE ¢ LA,

9,5 = et_l + (pV@t - /\gt)7 (322)

o, p NEHER T, EHEBON0.9. X, EIACHIH, T — IR EEREAT . £E
AR WICSEL IR, B S BT 5 A AR B, SRR E Tk -

AdaGrad AdaGrad (Adaptive Gradient) 5% [Duchi et al., 2011] 21 % L2 1E ML

AR FEZE ¢ 1R,
Oy = 0,1 — —f‘gt» (3'23)
Z‘r:l g72'
Horh, p RWIAMIZER, g, € RIS 7 YOEARK FIBHE

B IEARRERI G I, Bf B 4 /N o

AdaDelta AdaDelta 5% [Zeiler, 2012) F 8 #0192~ 355K S A7 52 16 B2 A5 2.
55t POERIIBREEIIAE E(g°): A:

E(g%)e = pE(9%)i-1 + (1 = p)g;, (3.24)
S, p R AL
AUEAR S N
E(V0%),_; +e

Vo, = — e " (3.25)
b, E(VO?), AT — AR VO 1IR3 F), e N EL.
S HA NI VO? 1R 5T 1
E(V0*); = pE(V6*);_1 + (1 — p) V2. (3.26)
o EH 24
0, =01+ V0,. (3.27)

3.2 ZktE[EY3

IR x IR, HbRy RSl (SCEEGESEED, TR L f(x) it
SR LEAE . IX LA A ] ] U [ A ]
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URBATE L f (x) LN R EL
f(x) =wrx +b, (3.28)

X AR MEFH T (Linear Regression ).
T TR, BATR A 3.28 8

f(x)=w"x%, (3.29)

Horh W % 73 ROV IR E R E G HFHEEE .

1 1

x1
x=1oxs2| | = , (3.30)

X
- :I:k

a .
A w1

. W
. wk

X o R AR RHE.

FEJa H IR, AT BER AR R R s, B w i x RSB [
AR AL

SR EINRNNEENESE (LM SR S E AP N /&
L(y, f(z,w)) = ly — f(z,w)]*. (3.32)

e NAFEAR (20, yD), 1 <i < N, BAEHER KGN

N

R(Y, f(X,w)) = Z LyD, f(xD, w)) (3.33)
1,;1

= wx® — 2 (3.34)
=1

|XTw — %, (3.35)
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Ho, yR—EFE y @, y™) F R, X R FTA LA R -

1 1 1
(1) (2) (N)
x=|"1 7 (3.36)
x;ﬂl) I;(f) I;(CN)

Ei/MER(Y, (X, w))), BATETE R(Y, f(X,w))) X w 1541

OR(Y, f(X,w)) 9| XTw —y]|?

ow B ow (3:37)
=X(X"w—y) (3.38)
(3.39)
il QRCLIGW) — o, ump LA A5 5
= (XX1) Xy (3.40)
= (3 xO )T TS x @y @), (3.41)
i=1 i=1

RELEOR XX TR RRA, AEAEIEHERE, it 2R x I aE— 4 2 (AR R AH R o
RIS HOR TV R g /N ZFSE M T .

BN, s EARRE N RRERRME. W1 we =0, ERAA:
IR(Y, f(X,w))

Wir1 = Wy + A ow s (342)
Hrp 2R
3.3 ZMoL
LM RN T ) s W BN iz ) —Fh e s
3.3.1 MEHZA
B TSNS, RSy € {0,1}, &tEar2RmEeh
{ if wix >0 (3.43)
L 0 ifwrfx <0
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B 3.2: P LR ) 0 e K

= I(w x> 0), (3.44)

b, 1() AR

AN3.60E LT — Aﬂﬁ%ﬁxllﬂ@ﬁ’]@%ﬁﬂﬁﬂui& T 4R H RS AL A3 8] o Fﬁﬁ%&
f(z) = O H R 4L — AT I, XA IPRERF AR A3 18— 0 =, Rl R A X 31X
PR DX 373 3 e 2 S 2531

P32 2 7 — A PR AR 0 7] B B DA SRS L) ST AR g A, gy
oA —NEL. £ E T, 7RG — . fEmdEaEh, 225 A — N
S TR R HOR U, B A AR A R B SRS

Logistic [8]Y3

LM RRBN S H w HIRZ M2 7750, s D S rp A 28 B 2% . 1X BLAEH
A—ME S 5% Logistic EY3.

HAVESCHBFA y = 1 KRR

1

Ply=1[x) = U(WTX) = m,

(3.45)

b, o(-) Alogistic AL, x Ml w NI I ) E AR E [ & .
y=0MJEIRMENP(y=0x)=1—- Py =1|x).

E N 25K

~—
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W R B0
N
J(w) =— Z (y(i) log (a(wa(i))) + (1 —yD)log (1 - U(WTX(i)))) (3.46)
i=1
al 1 1
- _ (2) _ o™ _
- ; (y log (1 " exp(—wam)) + (1 —y")log (1 o exp(—wam)))
(3.47)
N T (3)
__ () 1og [ XPW X)) _ 0 1)>
(3.48)
N
=— Z (WTx(i)y(i) — log (1 + exp(wa(i)))) (3.49)
i=1
(3.50)
KEEFRRE T RRE, T (w) KT w B
oJ(w) X i), (i i i 1
3 1
= _ (1) ,(8) _ 5 (i)
; (x y X T exp(—WTx(i))> (3.52)
N
-3 (Xm . (ya) _ U(WTXm))) (3.53)
i=1
N
=3 (x0 - (o(wTx D) — 4O (3.54)
5 (e )
AT LAWIIRI wo = 0, S8R5 FIBRBE N Bk b T S0
Wit = Wy + Aag‘(Nw), (3.55)
H A 25 )&
3.3.2 HRZMTAE
X2 H0RKmE (REEMNECH C(C > 2), HIRZ PRI AN RE I k. iR
AT 2 30 I U oy I3y R I, RS RIM R R R G, B/ EEE
-y B Sk N iy o o 22 SKREE T S I {n .
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1. B2 2K 2K n @y C AR R, W CA—X 2R BNMES
5 I R & O — AN H AR — AN T 0
2. LR RKN I C(C — 1)/2 MWEFEAB, WEC(C —1)/2 5K
o PR R AR A C Kb SR — N 7 I
IR MEARBEAT 28I, ESRH 2PN R AT 2R, RRATREE, I —
NS R 2R o
{E b T P A 3 VR AP A — AN BB 2 R AR AR A — R X 3, X X3k A A5
FARAREX A 1) e BUNWUERFH 2 AP 73 R AR X AT 40 28, ARG i AT #5
I, 2RI PRI ECE 2 AR08 70 2 —FE .
N T G BIREREG, BT DA AN SRR SR, BB ST 2 R 4 R A
By ={1,---,CYILCAFEA, BEIE L CAHH R
felx)=wlx, c¢=1,---,C, (3.56)

35 5L w9 ¢ HBLER i
SCRE, HEF AR —A A x, WEAPTERT o0 W HIE ALK c(wTx # ) %
WL (x) > £(x), W2 x B THH o HIRLIIS KB HT AR A

9= arg?nax wix (3.57)
c=1

g = argmax fy(x)
ye{ovl}

= I(fi(x) = fo(x) > 0)

= I(wix—wyx>0)

= I((w; —wo)Tx>0) (3.58)

X, T() AR X HA3.60 IR AR EL WTAKIL w = wi — wo

SoftMax [3])3

SoftMax 7] 72 Logistic Al 7 #2254

ZREM KRB SH w HE IR 2R T e RREBANNMHA—MEHNYE
i%: SoftMax B3, 7£ SoftMax [Fl V=, HLE 2 ST TN B A5 A8 — N80 1 )5 S
R X T H # softmax A,
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HIH softmax %L, HATESCHIRSI y = ¢ BESKMHEN:

T
W, X

P(y = ¢|x) = softmax(w,x) = —— <~
exp(X, wlx)

(3.59)
KFREAR (x,y), Fi Hiry = {1,---,C}, FATH C £ one-hot [ & y KR/~ H
Hbro X130,
y=[I(1=¢),I2=c¢c),---,1(C=0¢)]", (3.60)
X H, 1) 2FERERE.

I, AT AX3P9EHE L —F, Bkt k4Em &,

y = softmax (W 'x)
exp(WTx)
1T exp (WTx))

__exp(z)
~ 1Texp(z)’
Hor, W= [wy,- -, wel s C AN A [m) B H R HERE .y BRS¢ 4ERIME 2 58 ¢ 31
TN EIeMER ., Hd, 2= WTx, ANsoftmax REHIHIA R E .
i N SRR (), y ), 1 < < N, BAHERIAE UK T, BRAE I R

(3.61)

N
=— Z(y(i))T log (softmax(WTx(i))> . (3.62)

KAERRRE T IE, BATEHE (W) % T W IBEEE. B, BT ZEH B2
1. softmax B FH N
oy _ 0 softmax(x)

Ix X (3.63)
= diag (softmax(x)) — softmax(x) softmax(x)* (3.64)
= diag (y) — yy" (3.65)
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2.z = WTXy I)_[\”
0z
e o) (3.66)
M (x,c) RHE cHIAx, HRNORIHERE.

xT diag(x) ! = 1%
1ty=1
KEEBEE R BV, JW) KT we BIBEEEN:

0T (W) _ N ((y™)T log (softmax(y(®)))

ow, pt ow,

o Z oz Bsoftmax(z(z ) 0log g™ ()
ow, 7(%) oy (@

— Z x@ (yu) 2 y(z‘))c (3.67)

WARKMy € {1,--- , CYRPEI, BEEAXBATLIE N:

ow,.

0T (W 1 . , ,
T - -~ ;x@ (16 = &} =p(y® = elxV:w)) (368)

s AN3.3.2, HATA LIEF]
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AT UMIIEAL W = 0, SRJ5 FIB6E N Bt AT S0

N
Wipr = Wi+ A= x@ (y© - y@'))T : (3.70)

i=1

3.4 N FE

N TGRSR, A IR, P15 2R 4
FEACHEAT 4226, JFRAA 2S48 VPSP A B 3 ROV R EEWISE Yk, TR
A {125

EMRET = (21,01), -, (n,yn), WTIEK g € {1, ,we}e BEDHL
HENY =41,y

M IERAZFE (Accuracy, Correct Rate) A:

P L — (3.71)

Hor, | TR R EREL
FIERfRZEAE N B B2 $8IR % (Error Rate)s
N
> lvi # il
Erp="0 ¥ (3.72)
A 3235 [ AR M R
ERZAEOLT, FRAVTEZX A AT M Re Al F, X0 75 250 v e [l 2
B B2 2 HTE BRGS0 RO WA 2, VLSS B
Mg REH .

HEFHZE (Precision, P), AR, Mo, & ila] H B MR s Bob EafiR
RSB L] . 3T T35 e Skt

M=
s
Il
peytd

I
e

Po=2"__ (3.73)

|i=
\ —

Y=
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BEZE (Recall, R), WA, RIS A R AN S E 0T ER R AR
A N
; lyi = il
R.=“———— (3.74)
1

i™=

Yi

F1AERARIE LR A R 3 B — A a P iass,  BAAE Canr:

_ PexRcx2

e (3.75)

NT W ES REEAEBAN R R F AR BRIEMEFLE, 2% AHNM
Y7, RN EFE (macro average) FIffFES (micro average).

TV B — AN R RESR AR O AT 2 MH

C
Rimaero = Y Re/C, (3.76)
=1
C
Pmacro - PC/C7 (377)
=1
macro macro * 2
Floaero * e (3.78)

( macro + R’H’L(LCT‘())

T B — MEARRIVEREFEAR AR T 1 X T ANREART S, & AER R A
AR (EAHIE 1, FAHERRZ 0 FLAER A A B R A Rer SR R R, R
EFLAEAN, xR MR R R A RRNFL RO E AR E .

3.5 REEFIRNIRIE

A E A FL A A TR S S AR RN, BN AR N A e P 4l B —
AR o SRR EARE AT 1 ARALES 2 S OB A R & T U 3 (Pattern Classification)
[Duda et al., 2001] 1 {Pattern Recognition and Machine Learning) [Bishop, 2006], i
— IR T AT LA ( The Elements of Statistical Learning) [Hastie et al., 2001] P&
(Learning in Graphical Models) [Jordan, 1998].
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i

/rl\' ry — - o
= /Y SIES

FEN BN TP Z AT, AR 2T Sl AP 24 JkKas .

RRFARR , I A Ml R PR 2 X 2% (R — 2D o SR 1 36 FE THSEN LR 27 2K Roseblatt]
T 1957 IR I BN AR TE R R RN T ML, A —MAIc. B thn]
LR R A R 1 — a2 S Bk

SRR A5 A2 0 A A e 2 240 P ] R 5 0L . R IR U AR TT (neuron),  S544K]
BOAT 7 AR AR AR I R -

o YAREIR (Soma) HH AP AL AT %M S2 AR T I83E, MBI 324K AT 5 A0 R
WP LB R4S &, SIS B Tl I e A A Ay 22 R AR 3, P AR AR L A AR
HEB: %A o

o ZH 52 A B AARSE A H R AR ER 23, SUnT 7 A A 2%

— B (Dendrite) R LAESZRIPI R A RN AT AT — B
LAWK

— B3R (Axons) AT LA M RAAALIE 2 55— Mo s 4], Rz og
R R

P LE T 2 (8] A 42 70 5 RN R A 2 [R5 S A% 5 52 3Rl (Synapse) 58 2l
e N2 T R B ) 53— ARG T A% B 55— 4 AR IR A AR L B R 45 4 o

SRR ZE 0 T AL — B AT P ROR S OB & —— X A . F 2 40 1R
T WS E A 2 g B B NS S, KRR (s . S5 58
AL I ERMER, difAR Rt Xas, AR KR KR A i O R kA i
FHEMLIC,

AR AP L TCAT NG, A5 DR TR B, AL (R
fild. RE (R SEs s (AR, fitiovosil.

TR R SR AR A2 S B




4.1 PGS

29
LY
B 4.1 A AR
4.1 PEERRENES
5. 145 1 TR A AR R f £ 4
HE— MBI X = (21,22, ,Tp)>
s T
NS Hwlix+b>0 , 1)
-1 Hwlx+b<0

Ho, winEMBGENSE, bRmE. wilb @R, 758G T RIIZREEEE 5
EESEE

AR e, A A AR E [ &, 23417 BLRT S O

1 Hwlx >0
. {+ Hwlx (4.2)

] -1 HwTx<o0

PR ORIATE TSRS AT 2 2T H

4.1.1 RHESRFIEZE
2B N ANEEARRINGRE: (xi,v:),i=1,--- ,No BANFEEIBNSE wx, 15

w*Tx; >0 My >0, (4.3)
W*TX; 0 My <0 .
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/L\\:—Eﬁ43%ﬁ]\:}: W*T(ini) > 0o

Rosenblatt [1958] H R H 1 IEENE 1057 2 k. R FIE R B R IRE EL 2 2 5
e SEHIIEH— D IE B w CGEEZREFME), RIGRRE— MR, HHEA
FEASK BEHTALEE . BRI S R an Sk 1 R

Bk 4.1 BN L
BN G (x,y).i=1,---, N, BRXE: T

Wit w
1 WG wo =0 ;
2 k=0;
g fort=1---T do
4 fori=1---N do
5 R AEAR (x4, 95), if wT(y;x;) <0 then
6 Whtl = Wi + ¥iXir
7 k=k+1,
8 end
9 end
10 end

11 return wy ;

4.1.2  YTSMEIERA

Novikoff [1963] iEBH XS T P2 ir) i, a0 SN ZREE AR IETT 731, T4 B N4 B2 mT LA
FEA RUGERIGIE. AT, W RVIGREA RN BRI, B4 X A FE A R R 2
1§/ @8

~PRRMA S : N TNEED = {(vi,y) |y € {-1,1}}_,, W
RN ERHE B A (y > 0) FREREw*, JEH ||w| =1, WA i 4
W (W) T (yix;) >y (x; € R™ NFEAR z; BB AR D, IBAIZRE
D RT3,

FERHR AR IR T 73 BSR4 T, SRATAT LAIE B 0 R 52 2L
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4.1 WA 31
- BB TR IGED = (s v) Y,
% R 2 FTA FEAS N o) B RS 1 B KL
R = max ||z
IAFEBIN A ) Fk4 0, BTN IR K < Iji
UERRAN TS :
ENAER= G EE NS WAR
Wi = Wi—1 + YrXk, (44)
XE, xp, yp N kAR DRI
RUNWIGE R E [ & 0, RITE S KO UCE BT,
K
WK = Zykxk~ (4-5)
k=1
W2,
(D |Jw||? 15N
K
Wil =1 ywxll?
k=1
K
< Z lyex |
k=1
K K
< ];rggf x|
< K-R? (4.6)
(2) FRATHRE T |wi|> B FH.
B, BEAWAN & N AR O7 — /DT 5 T IX A ) B AR ) e A .
W wicl> < w13 - [[wi|® = |[wkll*. (4.7)
[wr =1
[R] i,
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Wil > [w " wi|?
K

= W (wexe) |12

k=1
K
= 1> w (yxa) |
k=1

> K242 4——4‘ w* T (yix;) > v, Vi ‘ (4.8)

HAR4.6514.8, 155

K?y* < ||lwk|]? < K x R? (4.9)

WU AR A PRI, #—2188], K242 < K- R?. RIEWINER K, &AM

R2
< —.

K_'y2

(4.10)

Blk, FEMERFRI%M T, k41 1E %; AW WEIRINGREEA s 2 2R 7y
1), HtKIEA 2L [Freund and Schapire, 1999].

4.2 ZERHZS

JEAA AN A A 2 0B 1, A RESRAEMEZR T U, DRkt e Ak 2 9 245 v
DN T AR N AR RE AL 22 1) B DL R BE T AR SR AG SIAT S, FRATT 51 N —NFAE B 3L
() B N\ B e B 31— ] & 23 6] R [Collins, 2002]. XFE, BATTA LIS 2] —AN )
N AX B B

§ = argmax w’ ¢(z, y), (4.11)
yEGen(x)

5 1L Gen(x) FRHI A « A (0%t I BREE A& . AL BE O 249 KW FEI , Gen(x) = {1, ,C

PEETLA Y, 502K BB ZER N o BRI 1) b S5t 31 A E B8 () o R
1SR EL T DU T 2 30 U, T LA TS M ST MR, L Bt e 9 sk 3
AL TR
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My NBEHUEERN (ye {1,---,C}), R AT AR A m &

WAREMEARTTE Z NI, 0Ky = {c, k} I, FAAT AR NI &

0

/]\
#
o
ar

¢(y = {C, k}) =

T

H
™
é(\

0

G(x,y) ATLAE A () M p(y)" HISRBUSEIRFE K 17 B AL

d(a,y = c) = vec(p(2)p(y)"), (4.12)
X, vec RHENEF. &A= [aij]mxn, W
VeC(A) = [a117 @21, ,Am1,A12, 422, ** , Am?2, Cd0t87 A1n, A2n,y 7am’n]T'

(4.13)
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Z RS E RN AR I SR 2P
Bk 4.2: ZRBINBEIL
WA W (v, y),i=1,--- N, BRERKE: T
Wit wy
wo=0;
2 k=0;
fort=1---T do
fori=1---N do
B —MFER (@4, v5);
FI A XA 1T SN 9,
if ¢; #y; then
Wil = Wi + ((zi,yi) — @24, 9:));
k=k+1;

10 end

[y

w

'y

© ® B (=] o

11 end

12 end

13 return wy, ;

4.2.1 SRS

2RIy, BN ISLE L. Collins [2002] 45 H T 22 JR MBS AE 2 LR MEAT 3
PSS PETE R, AR O R AR 8 00 58 LU 2 Bl

~BRBMAS: W TUNGED = {(vs,vi) iy WRFLE—ANIER)
WH (v > 0) FIBLE M & w*, - H [|[w*|| = 15T « #i 2 (w*, (2, v:)) —
(W, (i, y)) > 7,y #yi (P(xs,ys) € R™ NRER 2y, y; KIRFAEF D, R
LNGEED SR 7311

~ SRR Xt TAEATLR M T I D = {(2,5:) ),
{BE 8t R AL HTH REA SR A B A B SR SRR R E 217 (2, y) S U BEL S -

R= max max (s, y:) — P4, 2)]|.
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IR AAE 2 FER N a2 S H B B R B K < f—j :

4.3 HEREMIF

MGE 420 A, W IZRE O 2 Ze e nT 21, T84 BN 5 nT AR 31— AN 4050 Ry
Bk BIAF R . JF HanRiabren Bk, Wesiobkii . (B2, BENEIEA R fRETR
S R B A (HLanzALRE DD, XA RE S B E .

WEAN, MRS S AEARSRE AT LUE e AERARIT B AR S TR 1R s, EGTI T PR
i T B B [ R SE K. LR 1, 000 MINERFEAS, TEIEAR 100 MEAS S, 180
ar O ) B — MR B ) B . ERE TR 899 MREA BTN IER, %A HFL
). HRERSE 5 1, 000 MEA; TSR, JF S8 A . XS E T BE S M A
FCH [ BARFE [ o

N T XAEL, ATRMER “ZHCFYT BN RS E R AN AR B0 SRR, IR RN
2% (Voted Perceptron) [Freund and Schapire, 1999].

PR A ZE TR b B G153 B AL E wy, 75 H 5 75 25 IR 7 R AR IR B e,
R A KA E Ry (BREm A 0 8(1):

K

9= sign(z c sign(wiz)). (4.14)
k=1

SRR AR BRI = TR AR S, (R T LA K M A R ESCPR
BAEh 2 REIMN T . Bk, AN&EE SR AN EARIRA, g Rmas
(Averaged Perceptron) [Collins, 2002].

K
§ = sign()_ cx(wiz))
k=1

K
= sign(z cewy) T x)
k=1
= sign(w’ ), (4.15)
Hor, w R CE )
v wht SR AE SR ¢ 50 TR S5 ¢« MEAINACE [ 8 A0, ~FRARARE R E w BT S

T .
Doim1 Z?:l wh!

W:

(4.16)

T
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RATFARE E R, N HEESEA 2P — N w, I HAEREE MRS, #
i
w=w+wh (4.17)

XEEERE, Wil RN R, JF Hw R wh R A
Mg, K, XAMRIELLERN . 8 TR EIEAGHEE, ARZ STk, EXAEH A
T LR R TN A A I 4 AT B

FRA3 T — A Uk P 2 BN 23 B B I 2R 2 [Daumé T1T] .

BE 4.3 PRGNS E
WA NG (2,y:),i=1,--- N, BKIERXE: T
ﬁﬁﬂj: W

1 w=0;

2u=0;
3¢c=0;
4 fort=1---T do

5 fori=1---N do

6 L —MFER (24, vi);

7 FI2 A 1SS gy

8 if 9 # y; then

9 w =W+ (T, yt) — (T4, Gt));
10 u=u+c (e, y) = (T4, 9));
11 end

12 c=c+1;

13 end

14 end

15 v‘v:wT—%u;

16 return w ;

4.4 REFRNIRIE

Rosenblatt [1958] fz F4& H T RIR A EE, IS T RANISoE . A2
TR PR A B IO DA R 2 ) R LU T B, SRR R A AN W] A3 IR R, PR T IR
HI3 . Minsky and Seymour [1969] 347 B AEIHLI S PR, F BLUBAINLAN GEfR HJE 5
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fE e (XOR) ). BRI AN 2 R IR 48 AT DL TR AR ), {H 2 38 Bk )
&, TE XA A EGE AT . H319804E LG, Geoffrey Hinton. Yann LeCun %5 A H
g R BRI, P REEEEE (Backpropagation, BP) [Werbos, 1974]
5] N3 2 J2 A0 2% [Williams and Hinton, 1986], A T2 /2% 4 S E #7512 AT
Minsky and Papert [1987] tH4Z 1E 2 i B -

FHM T, NATRHER AN SR A S R AE AT R € . Freund and Schapire [1999]
SR A AL T ek RN g o I B, IR RIS A R IR Mz AR ) . Collins [2002]
WA R FR Y R BN o), s TR WSRO HAR H — M BN RO
HH S ECF 51051 . [McDonald et al., 2010] B3 & 7 FRIRISSHE, M550
i A AEE 7 A o AT A AT V5, IR IR AN 5 1] DL E R 227 o1 )
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FHhE ALHEMLE

N LHZM2% 1943 4E, O FE 5K W.S. McCulloch A% 5 5 5 W . Pitts #3717 #f
e W2 FIBCEARAL, BN MP AR, ATl MP AR T 2 0 i Xtk e ik fn
W28 25107715, UEBH T BN PRE CRe AT I AR DRe, AT G 1 N A 22 ) 45 1t 5 Fg Bk
fRo 19494, CHIZFEEH T RMELRBET R, 605, NTLHEMKGE T
B0 R, TSR AP N A BB B N TR N 48 N T AR 4, b 48 i
B 3E N LR T

AR M B L H RN % BRNEE (Multilayer Perceptron, MLP). {HZ 2 A
AR IEIEA R R AR, BONFT B £ M 2% H 502 2 )2 1 logistic [ HARARY GEZHE
RMERED Bk, MAREZ B ORNESHELMERED 4k Bishop, 2006].

ANTHZE %% (Artificial Neural Network, B ANN ), J& 20142 80 FEALLISR AT
B RE AT T AT B N A IR A X NI £ e 28 AT R, ST M ]
AT, AR IR 7 SR AN [ N 4% . 7E TR 5 2 R F i B R FR #4845
BRI L% . PR W 22— s HE AL, RS A (BURE ) Z (R AH B
P RGBT AR —FioRe € 4 BRSO TR R 2R (activation function). &EPIAN
T ] R AR AR — 0 TR R S IAUE, FRAME, XA T AN L
ZE 2% HACAZ o 265 (R0 ) DU 9 2% FA) s 7 =X, ASCERLABL RIS BRI AN R T AN 5] . T
IR 28 [ B 38 55 AT R T H AR SRR B R A IE T, ] BB X — MR A SR I R IA
IT T 2R, N TSN T/EABEN, CEBG TR R, HAAERKR
Al BREHLEEA . BhEH IS B R TS SUSC R g T2 I
AT EHUME LU S ) 52 bRI R, R T R R B

N AR P 285 R = B2 PR P 28 (R PR AN S5 1 . MRS JERIRIE . =1 N%E . H
HI, TR 40 P s iiny, g e, BAdE. HAZT . Hopfield M 4%
WHZENL EROEIRIR S, IRIEEEIIR NG, SRR LN, (1]

HI 171 X 2%




5.1 fH&IT 39

NA TJCH B B 7 o IR I 2% SEBILAE 5 AN 2 )10t s T A2 4, e 045 R A 2
Re /R A T RIRIER MR Z IR E A . WA, 5T, RIEMLEZ—Mi
RIR AT ) PN 25 (2] Ik 45

W 2% A2 TT IR B, T DL — DN TE R 58 4 IR TR o XA 22 I 25 1) (5 )2 AL 2R
SRS AR, AL % RAFEIGAE ., REMEENE SBEICIZDIRA B VIR R
Hopfield M5 B H- 2% 2L 8 TR

5.1 fLZT

ANILHZEIC (Neuron) AN AP RIS IEAR B IG, N T o REan 25 e 5
KL, R ED S TR, 2 —HMAE SRR .. AYma s — 1l
B, A& TTHTIRF IG5 AR BRI RAER, B T2 RE: B, Biix
b T HIHPRAS o

NTLARZ T — AN AR BOE R A, it — NS . R EF AR TT % n M
Ax = (21,22, ,xn), FRE 2 RR—DME T PAF NG 5 2 FIINECRT, Hit o
AL TR e AR E TR

z=wlx+b (5.1)
a=f(z) (5.2)

b, wo n ZERBLE [, bR E . SRR AL f A sigmoid B R H . ARZ MR}

N LA TCH RN R IR FATR GG R E f V0B 1 R ER R, N A
2 TCHR AR 2% o

5.1.1 HIERE

N TSR 2g A RE ), AR I NIELL AR BUR R % (Activation Func-
tion). KL ARLAMEWEOE BT AR K, Bt LT DU BRI I T VR R SR . A% G
22 2% v B FH 0TS R K00 70 02 sigmoid BYER#. sigmoid B BB R — 38 S Y i ik
A, I sigmoid AR A logistic %L o (z) Al tanh BREL.
1
T l4ew
ot _ oo

o(x)

tanh(x) =
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B 5.1 AN AR

tanh BECA] LR AER UK IF PRI logistic EL: tanh(z) = 20(2x) — 1.
sigmoid B p& Fouf H 18] XS S A 2, 0T PN DX RS S A 4 o SRR R ALt AN
AEPIZ TTRL, B N AR, N (P A HEIER . FUSEnES
IR BRI BR % (—1/1,0/1) AHLL, sigmoid B ek 5 A4 G AE VI PH 2 o B RR I, [R5
U HIEC AV BUAREF -
bR 1 sigmoid B pR L, (ERRZ LS ik —Le B AR AR RO B 2
— 2 rectifier %L [Glorot et al., 2011], & XH
rectifier(x) = max(0, z) (5.5)
rectifier BREBE VA LW ERIARRENE . MR SR B 70 B AT B . 8 A il
R TR SR R R EXTW AR Rk € TP EREprites LU INAIPN R ERER & DN
1o BUNBENWIEEAL R ER ], sigmoid 28 BR B A NI T-A 50% HIRHZ e, ARG
AR ARIRETT, T H 28R B R I g R BRI . 1 rectifier bR HUEDE AR 4T 1 i
ifE, I HAEANMG AR . e lE, R EmE IR A rectifier bR EIIA
JEEA 22 0 245 T LA 75 S B ) PRI 2Rt A
K H rectifier BRI I EIEIELE M B IT (rectified linear unit, ReLU) [Nain
and Hinton, 2010].
F1— M2 softplus B %L [Dugas et al., 2001], &~
softplus(z) = log(1 + %) (5.6)

softplus B EL AT LLE 1 J2 rectifier BRI FIFICA, H S EW 442 logistic BIEL . softplus B
SRAAG BT PR TE A AL . VR A R O
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(a) logistic B%X (b) tanh BF%L

(c) rectifier BR%L (d) softplus &%

5.2: FIH R

Kl5.245 H T o (z) A1 tanh PR R EL I TEAR o

5.2 HITRMAZ ML

45 7E — PTG, FRATRT LALURRZE T8 9757 s R — N I 2% o AS[R] A 28 I 2 A R0 A
o AN 7 X 28 T (R B P 28 o — P LU B IR P A 45 0 2 T 5 P 2% o BTSRAREZ N4 (Feed-
forward Neural Network) &5 & B (1) 18 5 N T HHEE 2%
BT NBTARNZ. S—ERman] D —ZMaxiEs, 35~
AETRHEIT . F-EMURANGR, BE - ZUMEE, HEPEZEUGEERE. #
A IE RS, A5 T WA R R LR, nTH M e R R .

K5.3%5 th 1 AT 22 I 2% 7= B o

5.2.1 HEIIRTE

AT R, BATTH R T C 5 R IR IR R 2%

o L: FTIRPNZ WL I EHL
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AN Bz FRE iz

Ty —»

To —»
>y

T3 —»

A M S\ Mg
vy

T4 —»

75 va S \A4 417 ‘«

5.3: Z JZHE N 4%

nt: TR LA TCMANEL

fi()): FORUZME TS R 2L

o WO e R '™ FIR L — 12 BIE 12 MBS ;
e bW e R™: FRl—1EFIH IENIME;

o 20 e R . IR | ZWZTTHIRA

o al) e R": FIRIEMZ TINEE.

R W 2 JE L T i A UHEAT 5 B AR %

zO — . q(=D 4 p® (5.7)
a®) = fi(zV) (5.8)

NI 7RIS 8T LLE IS A

2 = w200y + bl (5.9)

RRE, AL g T LUE LB R 115 B A%, RIS RS al.

x=a® 5z 5 al) 523 0 L almh g0 4B =y (5.10)

5.3 REEEEE

TE T fR AR N2 I 2 b 2 Je s FRATT T DICKE R o 286 7 FH T ML 28 2 21
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G —HMA (xD, 9D, 1 <i <N, HATRME MR TN f(x|w,b), HIREE

N A , 1
JW.b) = L™, f(xV|W.b)) + S AW |5, (5.11)
=1
N
= JW,b;x® ¢y 4 )\|\W||F, (5.12)
i=1

XE, WHbAE TSRO EEERE RS, (W2 = 12] ) z]_ wil.
TAI BEAR B /AME T(W, by x, y)o WIHESR AR T 773, FRATAT LAR a0 775

9J(W,b)

O — i _ 2L b)
W =w D (5.13)
N . .
dJ(W,b;x() y®)
l s My )
—wo _ a;( TR0 ) — AW, (5.14)
J (W, b; x(9) 4()
) — p® _ D X7,
b® =b® —q N0 7 (5.15)
N . \
J (W, b; x() 4(D)
_ l s My )
—p® _ QZ;( o , (5.16)
(5.17)
RS EH .
RATESeRAE T 2L0nbeen) B aitsr,
A EER I, 2ZOVboxs) [y
. : T 5z
(G ] 519
%7 ij

KT LR, BATE L —MRER OO = W) ¢ ge Sy F kR 30 T4 1R 0
1128 70 2 [ S, SRFIR S LRI Z TER AR FE R . 0 L W T B i
K55 12 (K 20 700 B 2598 2 PR BURR R

AR 1R — TR ] LLEHE 60, R4S Fisr M. oA14E KB T 2z = wO.
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al=1 1+ b, Frel
o
9z 8(W(l) cal=1 4 b(l)) [/: 1) Ao s g
Ok 0 = | a; < AT (5.19)
ow ! ow ! :
- 0 -
At
0J(W.bix,y) NONCSY (5.20)
owh v '
ij
(5.21)
AR5.180 LS N
AI(W,bix,y) <y, (1—1\T
[FHE 15,
OJ(W.bix,y)
W _— 5 . (5.23)
BAERNERE NHUZMRED OO EAHH.
oJ (W, b; x,y)
(l) Ny y Iy &y
o) & 2 PR (5.24)
9a®) 9zt 9J(W,b;x,y)
~ 220 a® oa@D (5:25)
= diag(f/(z®)) . (wFNHT . 50+D (5.26)
= fi(z") o (WD), (5.27)
o2 MENSFRIEER, RN ITEME.
LiAHES S, REERARXS.25F AR5 260HES . A5.250F =0, B =TRIEE
ng(; (I4+1) .
oA AN 2D = WD a0 L b0, FrLL
9z(+D)
_ i DNT
O (W ). (5.28)
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—WiFE N a®) = fi(z"), T fi() AL R . Hi

da® 0
a’;‘(l) — J;lifl ) (5.29)
= diag(f/(z")). (5.30)

MAKE 2T LLE H, 1R RZED LUEE S |+ 1 ERREDUHEA R X2
%% KR [E115 1% (Backpropagation, BP). XIAMEREEERIE U2 BIERN—MHET
FIRZED (BEURTE) RITE S TABERZE | + 1= 4 7 1) 7R 22 T AL F A §
NG, FEFR _AZ M & Tu s sR ARG B

T E R RMREDZ G, RO SR ES . KL, A
MG RIS RE 0] DL N BL R =20 (D St J&a— 2R RES B E, HIlH
G2 (2) RIEFRITEE—ENRE; Q) HHE—ESENRSE, HEHSH
BRI 2R FR N A A B R, Y R e E A

BL 5.1 RIAMERE R
N NG (xOD y@D)i=1,--- N, BRKIERKE: T

W Wb
1 WGt Wb
2 fort=1---T do
3 fori=1---N do
4 (1) B — E RS MEOEE, BHRERE—E;
5 (2) AR5 27 IR — 2 60,
6 (3) H7A35.22015.234 — E S 3N 4
7 %ﬁ))m — 5 (al-D)T,
s 3J(W15£T;;),y('i)) =50,
9 (4) EHZSH;
10 wo =w® _ azf\’l(%’i’;)“))) AW
11 b® =b® — a2V (%}W)
12 end
13 end

5.4 #BEHKO

FERRLZE N 268 v R 22 IR AR AR KA A 30
60 = f1(zW) o (W EHINT 5D (5.31)
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0.25 1

0.2 0.8

0.15 0.6

—4 -2 0 2 1 6 —4 -2 0 2 4 6

(a) logistic B KCH S5 (b) tanh B F40

5.4: PIE BRI T AL

HL i P B0 R R fy B S
R ZE N 2 S AR R I, AR — R AR LA 2 VO BR ) S
M IATEH sigmoid BLpREL: logistic BI%L o (z) B tanh BRELH, HFECH
o' (z) =o(x)(1—-0o(z)) €0,0.25] (5.32)
=1

tanh’(z) — (tanh(z))? € [0,1]. (5.33)

FATT LA R, sigmoid ZY A SEEEN T 1. IR EL TS — Z1EIBHE
AW . AR EHIRIRE, RS MER =R, HEWER, HEEAMEIRME
o XutEFTIE KB EKBIR (Vanishing Gradient Problem), N4 REREL.

TR AR FEE T 2R 1 R — A T3 322 (o P 2 Pk 05 R 48 (B A rectifier B A BT AUIZE 1
PRAL (Ll softplus PRA0D . XFE, WUHREIN FHON 1, R DURGEF L%, IIZREE
GEINEPNE/IR

5.5 W&FE

#E
BEALESSE T B

minibatch

5.6 ZRI§
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SLEE RN ] 32

47

il

5.7

Anderson and Rosenfeld [2000]

DEEFRN 51
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ERE EHMEME

EFHEZMLE (Convolutional Neural Networks, CNN) 2 —FEiimLmeg ., &
PN W 285 2 2 W) R B (Receptive Field) AIHLHIMIHEH . B2 8 3= E 248 0T
ARG ARG RGN R G T E U — R . B ifEM A Rat, — N
P22 TG R B S2 B R AR A I R DX, A IS DX P R R 8 TS i M 42 g
[Hubel and Wiesel, 1968].

LA E =N e LR R s, BCE = DL 2 (A B ) B K
FE o IXECHRF AR B AR L M 2 B — e R T PR | 4isORnH i A28 [LeCun et al.,
1998].

6.1 HIR

ER, WFER, Eodrfesh M EZNEE . AR R R BT IRIE L

6.1.1 —4#iF4
—fEBRAE ARG SAET, AE - DMRNESTFz, t =1, ,n, FJERKLS
foot=1,---,m, BT IR AR E m /N5 5 F 0K n.
e OE TSR
Yyt = Z fe - Tr—k41. (6.1)
k=1

BPEPAS fr = 1/n i, BRMETESPIINBT

BRI MR EAF T L A —RERER, Ml KEn+m -1, X T
NTE (1, n] JEH Z A 2 FHEANST (zero-padding). —HRFEEHT, MHKEn —m+ 1,
AR
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FEIX B ER TR, BT B BBV R SR

6.1.2 HW#IFE

—YEEIRA T IR . 4558 — AN 2y, 1 <i < M, 1< j <N, TR
& fi,1<i<m,1<j<n, —fm<<Mn<<N.
BRI
Yij = Z Z Juv " Timut1,j—vt1- (6.2)

u=1v=1
ERGALEE R, H I EIME RN (mean filter) #f A& 24 BT B 1R A0 BN IED 28 &
R FT A G R PAME, MR fu, = 2

mn

6.2 EHRE: AERRREEEE

(b) BRI
K 6.1 EERRAMERZ
FEAERRI ARG M S, RSB ZE 0! ME T, 81— 12anl-Y Mg,

LA ) x DA, W RAERFEG 0 x nl=1 NSH G m o #EKE, K
RN SEARR 2, IIERRCR 2 AR

W RHBRRAG 2%, FIENE—AME i AL - 1 2= RBE
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NP TOARIE, M — N R EE R L . 58 1258 i MR TR E SO

o) = FO-wl ol + b0, (6.3)
j=1
-1
= f(w(l) . aéi+77371):i + bi), (6.4)
Horft, wl) € Ry m AU all,, s =lal s al)]Te K, a® B

M 1ITER, AT BRI A XRRIG H) A X a f R ARA BT AN E .
EiR AKX E LS -

a®) = f(wh @al=D 4+ ), (6.5)

@ RRBRIEH

MAR6.50 LA, wO XFFra B & oiB R A R . X 2 82 1 54—
Frik R UERZ. X8, EERZE, BINATEm + 14038, 14, Hi+ 1R
2N BARAERIESER, TRBHE ) =nl) —m 4+ 1,

FHE-AERERZ, THERRANRE 4RSI ERELEET, KGR 4
FERERE A B S22 b, BRI R ZE 458 Rk a® e R flg(-D ¢
R(wi—1xhi=1) SRR LR L — 1R EeErE. XO M8 eRN:

l o l —
X‘g,g = f Z Z Wi(,j) ’ Xé*ii)u,tfjﬁkv + b(l) ’ (66)

i=1 j=1
Horf, WORWV FYERIER 38, B NWEREM. F1— 1 ZRHEITMNCH (w x hy),
HHw=w_1—u+1, hhy=h_1—v+1.

T BAE

X0 =g (W(l) ® XD ¢ b(l)) , (6.7)

N T EERZ R IREE ST, AT LA K AR I8 28 R A3 3] K % .
— AL AN RS . W RIRATHEIE R R R MR SR IS, A AT
PLFE RN EUR &0t — NRE S 15 2 B RHIE . Rl 7RG AR 28 0 2 v & — 2H 4
AR Y A — ZHAFERRES (Feature Map ).

AR, AR | — 12 HR R B ny_y, BRALRRAE B RN A

mi_1 = wi—1 X hy_ye - VRMEMEITTE: ni_y x my_1. 5 1R RIRFIEBUE HECN
ny o WIS L2 I — AR X R) (R A\ CRER 1 — 1 )2 00 BT AL fE it
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6.2 HBHR: HBPORMAE ER ol

X0 —)—> W

ﬁ b

N : TEPE AR : X (1K) itk
ERNRES (k1) | BB
X(l7nl—1)
W(l,k,nl,l)

K 6.2: PIEBRUZ IS X &

5L ES kAR AELE X (4R .

ny—1
xR _ (Z (witkn g xt-10) +b(l’k)> , (6.8)

p=1
Hor, Whkp) RRE T — 1 ZHE p AURFIE ) B B05E L2058 k SURRAELST BT 75 (R 98 25
5 VR R — AR AE WU ARG 2 gy D IEBR LA — M B b AR BN IER AR K

IR x v, BAIETFEE R x nj_1 x (u x v) +ngo

XRE, BAVES 14+ 12 20 ng URFAERLSS , B —ZURHEW RN my = wi—y —
u+1x oy —v+ 1, BEHEILNE N n xomy. 6245 H T A 6. 8K P IALBUTR & o

EER AN6.8F, H— 1 EMFTERHEMS T 8 415 B — AN L2 I — 4LRFE
gt X GR)  takR B, 5 R IS — AR E U AT 5 LR BT AR, A
ANTF] 2 IR RAAE B 2 ()2 e i S0 R bR b, XMAER R RA R LA . FATTH]
PALEEE L2 IR — AR AE R SR A6 T 10— = (0 D B LR E R o X8, FATE L—A
EERERT KA IR AR 2 M RHE RO 2 B FEHOC R . WIREE LRI k AR MU g T
Al — 25 p AAFAERUE, W T, . =1, FWAO0.

Xt _ f( 3 (W(l”“’p)®X(l’p))+b(l”“)) (6.9)

p;
—1
Rt

P
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==
=
pest

—I\§
K 6.3: WYEERZE

R, BRUBERRT WARENEON K, BNEEA RN N x v, BATEK x
(u x v) + ny B

BRZ I ARSI R B IR RF AL, B — D UEBA AR 2 T — MR R HE
K6.3%5 T P 4EE R = .

6.3 TXEHE

BRUZR BORTT DU ZZ 8 E BRI A, (HAR R MR IE B IR 2 e N ORI &
EUD o XRE, RS AR, P RA AR R R, IRAE S LA
o N TR, FEERPEMSE — B EERE 5 fHN_E Mkl (Pooling
#1E, e T RAF (Subsampling), MIE— N7 REEZ . T RFER AT DR K FRARRHIE
ModEsy, it s .

Xt T B RUZF B — MEFEWE X O 3RATA7 oK X O R MR Z X Ry k=1, - --
XX IR AT L E S, WAaUAES, — N FRERE down(---) & U N:
X\ = pz{Y), (6.10)
_f (w(l+1) -down(Ry,) + b(l“)) : (6.11)
oA, U A1 UL 23 5 AT I 25 B R B S50
XD =z, (6.12)
=f (w(l'H) -down(X") + b(l‘H)) , (6.13)

down(X') 48T KA 5 RHEBUR .

TR down(-) — BRI BN I H2 IR (Maximum Pooling)
“F¥{E (Average Pooling).

POOlmaz(RE) = max a; (6.14)

TERE
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C3: f. maps 16@10x10

INPUT C1: feature maps S4: f. maps 16@5x5
6@28x28

32x32 S2: f. maps

6@14x14

Full connection Gaussian connections
Convolutions Subsampling Convolutions ~ Subsampling Full connection

6.4: LeNet-5 2545, KA KIE: [LeCun et al., 1998]

Ppoolayg(RE) = R Z a;. (6.15)
| | 1€ Ry

TRFERIE N IEAE T 7T LAEAS T — 2 M2 Toxt — 2/ NS R IR AR, I
A R

6.4 HIMWMEMLERH: LeNet-5

NHRATRE — DN EARFIRZ BRI LM LeNet-5[LeCun et al., 1998]. LeNet-5
EARAR N L B, (B R — AN AR BRI A 22 X 25 B8 . JE T LeNet-5 [T B3R
Al RGAE 90 FEAHS FAR Z AT AT, ORISR B F 5405 . LeNet-5 [ 4%
6. A7 o

AHANE, LeNet-5 XA 72, & RIEHN:

L HNE: BB RN N 32 x 32 = 1024,

2. C1J2: B—)Z2RERE. IEHEIRK/NES x5 =25, 7 6 MEEE. 364K
/N 28 x 28 = TSAMIFFAEMLSS . [Rltk, CLZMMEITTAENG6 x 784 = 4,704, 7]
WEHESHANER6 x 25 + 6 = 156. EHECN 156 x 784 = 122,304 (LW E1EN 4
TED.

3. S2)F: X—ZNTXRFZ. HCLZRFARFIEMR K 2 x 2 48R A UCREE N 1A 5
W2 4 N . X—ZHME TN 0N 14 x 14 = 196. AT IZSEAH0N
6 x (1+1)=12. HEEHNG6 x 196 x (4 + 1) = 122,304 CHLFEWE 1EE)

4. C3E: R—EREGHZE. BT S2 EAE ZHRHENST, FE-ERRRE XA
[ 2R WL 2 T AR OC R o LeNet-5 (AR W65/~ IXFE IR )
BRI C3 2 I IR 1) 6 MFAEBUHKI T S2 2 FIRHIE LS 55 3 AN IELE T
. %F%E’J 6/\%&@%%@2%? S2F'E’J¢%%{EH9%ETE’JA4/\ %4 %i% ﬁﬁ?ﬂéﬁ’]
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FoNE BRMEM%

CS4E: BERATREZ, B2 x 248 SUCRE N LA AL 5216445 x 5K

L ChE: RN ERZE, BE120H KN x 1 HRHERS . B NMRFIERLE 5 S4

. F6E: B—MREEE, A 84MMEIT, TGS AN N84 x (120+1) = 10,1644

CEE: W EH 10K S KB (Radial Basis Function, RBF) B4

(1156355 Bk T AR A TR R R B

0123 4 5 6 7 8 9 10111213 14 15
00X X X X X X X X X X
11X X X X X XX XX X
21X X X X X X X X X X
3 X X X X X X X X X X
4 X X X XX XX X X X
5 X X X X X X X X X X

Kl 6.5: LeNet-5 ' C3 ZMiEHEK . B KJE: [LeCun et al., 1998]

T S2 ZHIFTARHERL S . IXFEILA 60 MNEH AR, K/AMED x 5 =25, 5216 41K
/INR10 x 10 = 100 FIRHEBU . C3JZ A2 04408 16 x 100 = 1,600, A] IIZ52
BAFN (60 x 25 +16 = 1,516, EFEECN1, 516 x 100 = 151,600,

INIVRFTEML . FTUZR SN 0N 16 x 2 = 320 N 16 x (4 + 1) = 2000,

A R . 120 x 16 = 1,920 PR SE, K5 x5 = 25. Ch
JZEHIME TGN ECN 120, AIIZRSEN 0N 1,920 x 25 + 120 = 48,1200 EHECH
120 x (16 x 25 4+ 1) = 48,120

AN GSEA LA, 910,164,

XEARHER.

6.5 HHEITEHE

FERHEHAI B EM LS, FAFREORT 58 R M2 T 20 KB A

6(l) A 8J(Wa b7 X, y)
N 0z
= fi(z") o (W)Y (6.17)

(6.16)

FEERMPEME T, B PNERREEHEE D TREZR, REARER. RO
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6.5.1 EHEHHE

BAMEBRZ RN )Z, TREERNI+1E. BV TREERZ T REERME, [ +12
=AML TTHIRZET S W LT HBRE (E— ) FIAHRCRHE RS B — N X iR 1 Z 58
o ANFEAE WS R R B ASARE TOHA — 26 AR L + 1 E ISR &k ANFRIE B H K — A& 0 AR
B ARAEEEREN, 5 Z I AMFIERU R ZE T SR, R 1+ 12X R
SR ZZI 6 (LK) BEAT FRBEERAE (RUSE LE MR/ —FED, TR L 2R AE WIS 1 0 8
fii FHOZE TR AR, P LAE w(H LK), g B] T sk,

S ZIE ke NMFER R 22000 6 (0R) ) AR SRR R
LK) A 9J(W,b; X, y)

5 s (6.18)
L axXWR) gzHLR) 9 I(W,b; X, y) 6.19

B ACOREE) <O AGED) (6.19)

— Az e (up (w(l+1,k>5(z+1>)) (6.20)
w0 (£(20) © up(3+) ), (6.21)

Hid, up AL RAKE (Upsampling).

TERRFIS UZH & MEEBU AR 2T 0GR, EARREOE T LRI kR
S 2 T I B W)

W ZZ(XS e (80)) (6.22)
s=1t=1

w h
- Zl:z’: (X((i 11)17)5 oyt (rotlso((;(l,k))) )t) ) (6.23)

s=1t=1

A6 23RILT R ABUL R, Rt F RSS20 kMR 2 T
58 ) BBl AT LS

0J(W,b; X, y) _

S = TOt180 (X“—“’) ® r0t180(6(l’k))) . (6.24)

H AR RO T 58 12 A0 ke AN RRHERU ) I B 0O HBR I vl LA

% SO0, . (6.25)

v}
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6.5.2 TXREEHHE

PAMEE TREERNUZ, 1+ 1ENERZR. POV TREEER T REEME, [+1Z21
— MG TTINRZT S W T HEE (E—BD) AR BIARFAE B 3 — AN X 3

ZWMLZE:(WWM@®XWO+W““ (6.26)

p,
Tp =1

BRI ke ANMRAERU AR ZE 0600 () B S FR R
5(l,k) A aJ(Wa b; Xa y)

UL (6.27)
xR gzUHLR) (W, b; X, y) 6.28
T 970k T THxX @R T gZ(FLk) (625
=z e ( Z (5(”1”’)®r0t180(W(l’k’p)))) : (6.29)
p,
Tp =1

Hob, & NEBR.
A6 23 WAL RBFIER, TR H BT 55 LR R0 kMWL 2 7 ek

58 W 0kP) (B RETT DA A
%ﬂﬁEﬁﬁlzzxmmmxwwhwWﬂ . (6.30)

ALk v irj

H AR R EOS T 58 L2 BIEE b AR HE MO (0 2 o) RO 2 7T LLS A
Qﬂﬂﬂiﬁﬂ2:§:wwwm. (6.31)

Ob(L:k) —
0]

4s

s

6.6 SZEFLRNIR

~
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EBtE EUHEME

T 1 420 IO 8% ) i N D P 4 500 2 T 1Y), AN BRATR R o 2 A3 7 H KA 1
R I BTCRE IR T BRUORIF A EHRE R K . O 145 BT 22 I 28 e AL 3R AR
KHFHEHE, — R 2 E R 22 N 4% (Time-Delay Neural Networks, TDNN
[Waibel et al., 1989].

TEIRHEZEMLE (Recurrent Neural Network, RNN), HIYIBJFHEMLE . XENT
X 5] 5 57 Ah—Fhig I L 2% (Recursive Neural Network), FRATFRNTEIAHR NG, 1F
I MG, EBRAEESZE2 N, B2 SR TEER.

PRl 2 W 2 S LA Y B RO T, RES A BME R K EE IR A1 TR
25 LU TR 22 M 28 BEINAT & AR 22 I A8 R G5 40 o TEIAPRZE I 2% L8l 02 B A T8
WO 1 ST LL R B ARE AR RS L

g —MNMEaNFE xE) = (xW x@ L x® M), JERAE N EE R A
A T I R (B E h ()

{o t=0
h, = (7.1)

f(hi—1,%x¢) otherwise

M B, ARTIRUE R D EIE RS iSRG E RGPS IER—ER
HUEBER AL R G DI, 35 hD 7ER 250k EBFROTIRAS . (HIX B AR 2 4
RS, XN S BATE AT 2% b U T KPR o BEAR L ARPA A 22 2% 7] LA
IAMERIENZS RSt K714 TIRFARE M 25 1R 7= 151 o

PR R0 2% B 250 25T LU d BB (8] 1T R 1811838 (Backpropagation Through
Time, BPTT) 5k [Werbos, 1990]. {F{E 34122 o 26 i) — A I K L I 2RI 62 75 22
B85 I TR EAT S ) AE o 45 N7 1 LUK, S AR AE B0 B2 IR XE AT 2% 1] @ Bengio et al.
[1994], Hochreiter and Schmidhuber [1997], Hochreiter et al. [2001]. 48 I ie 174128 /X 2%

T B T 1 T T
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ke =

A

DN

7.1 PSP Z%

e i
T T ! T
L= | [ = | [ = | [ = | [ x|

7.2: ZI A ETT HIDR I 22 0 2%

(long short term memory neural network, LSTM) [Hochreiter and Schmidhuber, 1997]
SRR A — A R

7.1 EEREIANLE

PAVRTE — N EH W R A N 4, 1B EBRIEIRMLE (Simple Recurrent Net-
work, SRN) [Elman, 1990].

B ZI LI, AN %, BEIRES (BREMEITEE Ahe hy AN TR 21K
FAARDS, AT b — AN B2 AR A O

—IRERATAE A A R
ht = f(Uht—l + WXt + b)7 (72)

X, fRAFLMEREL, B N logistic BRELEL tanh BREL
B 7. 245 W T 215t (8] B T (AR IR 4 248 I 2%
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7.1.1 #HE
B 22 0 2% (1) 2 B 25T Lhod i BR8] i34 T /= (545 38 (Backpropagation Through
Time, BPTT) Hi% [Werbos, 1990]. F7.3%5 H T i 18] HEAT S M) A4 4% S 7 )

B VAR 4 22 I LR MM 200 ¢ 8 — I B B, B e MBS R B
JZ:E:iﬂch°

Wk JRT U KIBLEN:
0] < 8J,
LN (7.3)
oU ~ £~ 09U
T
oh, O.J,
=N TR 4
290 by’ (7.4)

Hr, by R T UMby BREG 1y SURKRT UM hy o BRREC M, BATTATEA
FH i 202 0 15 3

aJ 6hk 81’115 ayt 8Jt
o7 AT A A A 7.5
9 Z dU &hy, oh, dy,’ (7.5)
t=1 k=1
Hor,
aht ! 8hl
oh. 7.6
ahk: imkt1 ahi,1 ( )
t
= [I U™ diag[f'(hi-1))- (7.7)
1=k+1
(A,
07 _ v Ohy, ! T / Oy 0J;
7 a7 U di hi— . 7.8
6U t:1kgl aU (ig_l lag(f( 1)) 3ht ayt ( )

BAVE Ly = |UT diag(f(hi—1)) |l WAL LA hEFE 5 By A8 ity > 1,
Mt —k — coltf, 47K — oo, RIEMAGAIEE, WHUTHTIE B ERIER L, MR, W
Ry <1, Ht—k— coltf, yP=F — 0, 23 HIURIVRBE AT 20 ) 4 AL 0456 BE T 5 1) 7

FEVIGRIGI AL IR 25 I, S 28 AR BB PV SR e DR O RATT— Rt L
AR LA 0T 55 BUA logistic BAELEK tanh R %, L SEUEA/NT 1. MAEERE (U t
AEKK BATEXLNUT| <y <15 | diag[f/ (hi-1)]l| <vp <1, WH

Oh; .
Il < 1UT][]| diag[f' (hi-1)]| < vuvs < 1. (7.9)
o1, —71
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Jl J2 J;; J4 e JT
I l i I f
hy =, hy =5 hy =5 hy =o..- X7 hp

! ! ! ! !

T\ T\ T\ T\ |

Y Y Y Y Y
[a | [ = | [ = | [ = | - [ x|

B 7.3: 4% 8] R AP o 0 k) 45

alt — kARG,

oh

HaTIZH < (wye)h. (7.10)
QUSRI IR ¢ — k3K, (| 5P || 28T 0.

AT, B A 16 R A D0 286 AAEL TR B M DA 2 7 K B [ [ 8 (1) PR 75 22 ) PR A 9% 2R (Loomg
Term Dependencies), {HJ2& HH T 56 BEFESH k008, Shr b R e >0 2% 1A i 4k
KA X2 FTIE A EA R B io) .

7.1.2 MHHFZE

NT G B R E B R I, O RAET UT diag(f/(hi—1)) = 1. —Flor 2
EHEE I ZHL, RIS AR AT B s s g (HIXAE T AT ER Z N LA, A
PR AR T L

WA — M7 At R A, ik U =1, FERER f/(hi_y) = 1.

h; = hy_; + Wg(x,), (7.11)

W | XA U SEATIE A

HXFERER, FR T L0 A E ARSI R . Rk, — N inE
ST BN — DT IRES ¢ BT TRATERME R R BtA% 16, [FIR7E ¢, MME B AE& A%
iB25 hy

Ct =C¢_1 + VVg(Xt)7 (712)
h; = tanh(c;). (7.13)

(G, IXFKIRAFAE I A A ¢ Ml ey g RERIERR, RN AW 2 x, 1915

B 2l o BRI . N TR PIX AN A #, Hochreiter and Schmidhuber [1997] #
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H— N AEF IR %, W2 SIS (Gating Mechanism) K47 645 2 1) R R
JZ, JFRIDOE R E A R EE R . X N N KRR IR R .

7.2 KIEFNCIZHENL: LSTM

KEZRTITIZHE M4 (Long Short-Term Memory Neural Network, LSTM) [Hochre-
iter and Schmidhuber, 1997] RGN HHLE W25 1 —NARAR, 7] DU 2500 o1 fi SR B I P 42
IO 8% (ot 2 AR N B % T

LSTM A G2 5T T —Hid 12570 (Memory Units), FoVFMZ%A] DA% > fa] i
TS S, T G SR G, ERZ B, 2R TT ¢ it T B S T
NIERITE P EAE R, FF2 =AY “T17 8l AT, BUSTTE A H T o, =AY
G2 MELALE [0, 1] Z 1A,

FERTZI ¢ B LSTM (5387 77 0l

iy = o(Wixy + Uihy—1 + Vici—1), (7.14)
fi =o(Wyxy +Ushy_q1 + Vici_1), (7.15)
oy = o(Woxy + Ushy—1 + Vi), (7.16)
¢; = tanh(Wex; + Uchy_q), (7.17)
ci=f Oci_1+1ir ® ¢, (7.18)
h; = o; ® tanh(cy), (7.19)

XH, xRN ZIHIN, o &2 logistic BREL Vi, Vi, Vo 2XS fHERE . BT £ 2015
—ANASFRITHRER R 2 AME D, AT RS AR RITIIA 2 AET R B,
117 o I RE— A AAFH TR 2D .

BI7.445 T LSTM #EAY (1 11 5254
KB, LSTM AT LA > 2K JE B I 045 2
LSTM L& 4 b 2R 2 (AT 45, LLnpL2s B [Sutskever et al., 2014] 55,

7.3 [ R{EEIT: GRU

I TIRIEIA TG (Gated Recurrent Unit, GRU) [Cho et al., 2014, Chung et al., 2014]
JE— A b LSTM H AN faiAb AR AS o 7E TLOTM Ff, i A AT ESE 2 (] 2 B b &, Ry [i] B 1
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FLE AL

Ct—1 vl—> X > @ > Ct
4 S
h;_; \‘\ f; 1t Cy O¢ h;

Xt

7.4: LSTM 45447141

AT U4 . GRUBMATTSFIRS TSI — T EHIT (Update Gate), [A
1 B ek VAL RTob 1 G Z ST

GRU BRI AT B 1z MEE . W] 2z RS AT IR F E i s

2P RAE R Z A E R . EE T AR R RE A 2 5 B I A
BrhfgE],

GRU BERL ) 537 77 a0 F
ri = o(W,x; +U,hy 1) (7.20)
z; = 0(W.x; + U.hy_1) (7.21)
h; = tanh(W.x; + U(r; @ hy_1)), (7.22)
h; =2z 0h, 1+ (1 —2)0h,, (7.23)
(7.24)

X B HE tanh BREU 2 B H S HOH R IE .

7.4  BEEFIRNIRIE
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