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AREFS]

o REFIZHEEN LRBAXMEEEYN “HETME” KARL

o MATMERETTEN LILEMMHETHIIRER, RIUEIERH
KIPRZ ERNEES. BHESSIAMASRZERE PRI
RHITNEE

o AT HZMMEETRINEMMEMLE (KiK) HISHOFINEE, AAE
BT s (AR “HEn”, = “B”) MZEMEEKEMR, AT
RITHIE Z BN E 2R K R TERIR.

o FiE “RE" RIEMEZEHAT 1. BERILWHET “RHIL” F4-9
B, SSEERT ARREYIERE.
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o EZWRH: ALUESAEZEMN L ThEH) L
HEAE: BFORR. Bigs%s
BABEEAIE: HHRET. NBEE. DEEES

Deep Blue
Deep QA

Deep Learning
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RES S Ed-HE3HM [Le et al., 2012]

EARNMRZF, SHARL01LZY, BEEHEKX. ZAREMEEX
BIRILEEMAN T M 1000 A4 YouTube MRS EENAIE 5. BT 1.6 A4 CPU
(FREENIELE) HAPAMETE, £ 1 ARESSHE T .

RIS 2
PR
FRUSHE AN

Lo
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AEF SR

o BWIE %, FNIIIZ

o FEOMALEE: BIFARBEMMIEEERMME, FIEK
o TESHLEXE

o SRR LI AN

o IHHZFEEKX
° WIRES
o BRI BIUTEIIR
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o

HRAA

Y

K

Q “EmA
o HEFEMM
o HEEFIfENT

o RLHIES
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5

il

MRS, ¥R (Scalar) B—SE3, MER (Vector) 25 n st
BUERNBFEHE, MRAnEERE. MBEREEIRE, —MnEEE—K
FrAlEE, BIRK/IAN x 1 8956,

ai

ao

an

EEFS—HRAERKNEFTa b c, WNEFEFE o, B, 7vFRET.
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BRI

lall = \[ > )

ALEMREBT, B (horm) B—IMERT “KE” SIRNEY, AEET
EINMARER FEFNEREI AN, TP nfEEEX, HER
HISEHA

[a] £ IR FASE
[ a B4 ||a]| A

Ll 5E§&:
Xl: =D Ixil. (3)
=1
L2 :}'Eﬁ

Ixll2 = | D_x? = VxTx. (4)
i=1
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B EE

21 EBIEREENLINEE. Bl, &7, nkrESH4ER.
1o =[1,-- 1]k, BRKHHE1EE.
one-hot AIRFTR— M nifmE, HPRE—HAH1, HExz#A0. &

?&%EEE%EP one-hot E_f‘ppﬁlu\éﬁﬁgh *E’XTJ-EE QAEE’J’{kIL’\, ’Iklu.\'ﬁ'ﬁ
R REIMURL, BHKUEHO.
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N L iil =t
*E %

—ADNRNAmx nBIERE (Matrix) 2—1EH m 1T n FI T EZHFI R AR BE
5, EMEEMTEATUREFE. Fed#EFER. X8, BEERINT—KRIA
e FIEE,

— A BB 1 x 1 HOAENE.
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FEFERNEREHE

MR AFIBE A m x nBYFERE, W AR B BN A
(A+ B); = A; + B;,
(A—B); =A;—Bj.
AFIBHISERAG B R™" R
(AG B); = A;B;.

—MMrE c 5 AR A
(CA),'J' = CA,'J'.

BARmMX pFEMEFI B2 p x nZBfE, MIZEF AB Z—1 m x nB9ZEfE

p
(AB); = Z Ak By
k=1
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HEENEARER

m x nJB6pE ARUEER (Transposition) =—n x m HIZEFE, iIE R AT, AT
BIITE NN EZREREREAFITEIFINTE,

(AT)y = A (10)

R AR RISERERTIA—NIIEE. XE, vecREELETF. |
A= [a,j]mx”; )I-IJJ

vec(A) =[a11, a1, -, am1, @12, @2, ", @m2, """, @1n, A2p, " ,5)mn]T
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= WRVFEPE

NIREEEEEESTECHER, BEEA=AT.

*FFERE (Diagonal Matrix) @—MNEXNALIMITRE R 0 MERE. X
BEEMTRAUA O EME. — N n x n IR AIEEIER ARE:

Aj=0ifi#j Vije{l,---, n} (11)
T F%ERE A AT A diag(a), a h— P ndEE, HiHE
A= a;. (12)
n x nHIXT FARERERERE A = diag(a) F n EEE b RIS A—N ntE@=E
Ab = diag(a)b =a ® b, (13)

;E\:EP O] ﬁﬂ__\'}f—:—'\;ﬁ, EI] (a © b), = a,-b,-o
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BFER

= WHIRERE

B FERE B — SRRV AR JERE, HEMALTREANL, HRTEHO.
nMBAFERE 1, B—Nnx nMATIERE. ATRUEA 1, = diag(L, 1, ..., 1),

— MBI BAEENFRRSETHEERS.

Al=1A=A (14)
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~F

X E XA IR L BBAIRB y = F(x);. B F(x) TER x BIENEB
W Ax A, RR

f(xo+ Ax) — f(x0)
1 _
f (XO) A|>I<—>0 Ax

T, MIREBy = F()ER 0 LTF, HFFHA (%)

HRY () ARHEXNBEESNRXEAT—M BT, BAtbr LR
) ERXNMXEAR S X8, HATTUEX R (x) RERE F(x) 89
SEY, BELRATH.

B £ (x) BT () BRBAE V. F(x), 205 2f(x).

(15)
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s
BESH

HF—phFEx e R?, By =f(x)= (.. x) €R, My%Fx
SR

af(x)
Ox1
af(x) . p
o= 1 | eR (16)
af (x)
Oxp

MF—AphEExc R, ERy="1(x)=1(q -, x)€eR), MyXFx
HSH A

of(x) .. Ofg(®)
Axy Ox1
af (x)
= : : : RP*9, 1
ox : : : € (17)
ohx) .. o)
Oxp Oxp
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SHCEN

moCaD SEN
y=f(x),z=gx)M

oytz) oy oz
ox - dx  Ox
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SHCEN

e AN
(1) FExeRP, y=f(x)€R?, z=g(x) e R, N

doy'z oy oz

(2) BExeRr, y=f(x) €R®, z=g(x) €R?, Ac R FxTX, M

oy'Az oy oz

(3) BExERP, y=Ff(x) €ER, z=g(x) € R?, NI

0yz 0z Oy ¢
ox Y ox + ox” (21)
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SHEN

RN
(1) BExeRr, y=g(x)eR®, z="f(y) e R, N

0z 0Oy Oz

ox  Ox Oy

(2) BEX cRP*IHEERE, Y =g(X) e R, z=f(Y)€R,
0z < T 8Y>
X, 12 0X;

(3) BEX e RP*I[FEME, y=9g(X)€eR®, z=1(y)eR, W

0z (82 T+ Oy
X 0y’ 0X;
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FEHEHNRESH

(e
“*zr*

/

5 R
$ERER(x = ¢) 5

7

1 if X =,
I(x=1c)== 25
( ) { 0 else 0. (25)

\

BREB I (x = ) BRTHE c 5, EFEAO.

S AT
Rf(x)=x", Bfr2EEIY, PLSH
ox’ r=1
= . 26
o = (26)
g r=08, BFREHNSHZO0.
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FEHRELESH

N7
Va

FEERE exp(x) = €

dexp(x)
“ax exp(x). (27)
T E R log(x) o
dlog(x) 1
“ox T x (28)
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Lot

BRI (BEA)

ox

ox
OAX .
ox
x'A
ox

(HEMESREES])
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(29)

(30)

(31)
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BFER
RAUTERNREERHELESH

BIEX x=[x, -+, xk]"y z= [z, . z¢]",

z = f(x), (32)

Her, f(x) ZIREEER, BI(F(x)), = f(x).

MR F(x) NFBIZA F(x)o HXNRBBANA K fEEE
x =[x, ] B, ESHA—IxHEER.

fix) 0 - 0
of(x) _ 0f (x) 3 0 f'(x)
i L ax lkxk = : : . _ (33)
0 0 - f(xk)
= diag(f'(x)). (34)
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BFER

logistic BRI

logistic B B2 E ARG — DLW =B AV EBRG R (0, 1) XiE, 2R 0(x)

o(0) = 7o (35)
HSH %
o'(x) = o(x)(1 ~ 0(x)) (36)
(37)
SN K HEEx = [, x| BT, HSH
o'(x) = diag (0(0) © (1 — 0 (x))). (38)
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BRI

softmax ER 2

softmax R 24 Z MrERSF A—MEE ST
FF K ANRE X, -+, Xk, softmax BEEN S

exp(x,
7, = softmax(x,) = —¢ P(X)

Zi:l exp(X,-)'
XEE, BITAAEKANEE X, BFRA—NDH: 21, 2, BE

(39)

K
z, € [0,1], Vk, Y za=1 (40)
=1
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softmax {2

\

2 softmax R E BV A K 4[5 2 x BT,

2 = softmax(x) (41)

1
Y exp(x)

exp(x1)

exp(xic)
_exp(x)
- X exp(x)
exp(x)
- 1 exp(x)’
Hep, 1x =1, o R KENE L EE.
(HERESRESS) 201541282627 H, k3 30/ 143
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N L iil =t

softmax ER 2

9 softmax(x) _ 0 (1$Xepx(;()x))

ox ox

_ 1 0 exp(x) I (1 exp(x) )
1cexp(x) 9x

(exp(x))"

B di:i S;FEE:;)) - ((1; exlp(x))2> ’ (lKexp(X)) (exp(x))"
_diag (exp(x)) 1 ) .
T lcexp(x) ((1; exp(x))2> diag (exp(x)) 1k (exp(x))

_ diag (exp(x)) (
14 exp(x) (1) exp(x))?

)mmmmw

(43)
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softmax {2

e ep(x) \  exp(x)  (exp(x))”
‘d""g(lKexp(x>) 1 exp(x)) 1f exp(x)
= diag (softmax(x)) — softmax(x) softmax(x) ", (44)

Hep, diag (exp(x)) 1x = exp(x).
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0@ s,
*ﬂ.ﬁn:'?'

M

NBRF I ETZZMRMAETTBENNGENRIEFFIAE, BN
B (BAR) hIHAE, AFRAFEIBMAE GEED R ITERN
HEEREEITION. Bal, EROIIFIBERZETRITNGEZE, s
HLEEF .

HIN x My

WZHEAK (x, y)
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0@ s,
*ﬂ.ﬁn:'?'

M

B i, MEFIRB/E—LIGHER (x,y), 1<i<N (Hfx 2
A, vy REETNRBRR), ILHTENBIH— N RERE f () KB x
My zERXFR.

¥ =f(e(x),0), (45)

X8, pRREME, 6 WRERESH, o(x) RER x W RHHFIER
T AAxT—EM2HERNEAN, BEFRET o(x) B xERAKE
BN MRENBRE x SELVBEFNIRENEE, AN4HBAINE
ELS

y="1(x,0). (46)
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_ .
5155 BR 3

HADEE RN —LOENREERKREAIGTF IR, ERSVFZIEES,
—BREN—MREEE L(y, f(x.0)), RETERBHIINZGHER _ERIFMR
R R B B XU .
R(6) = % ST LY, F(x,9)). (47)
=1

X8, NEEH R RECHIINGHA (REHE) EiHESkN,
LRz RS R . xS Bk 218 XU skx nE i T8 A8 fO HA 22 XU B 89
R/ME, MERNBFBRNZEREER/MEFEY (Empirical Risk

Minimization). X#, FKMHWBIRMELEK THKEI—MEH o FHEIEX

Bz & /)N o

0" = argmin R(6). (48)
o
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EARRINGHHEAEERESHEN—IMRINFESEBR S —ENE
BHE, TRREFMKREIBEENESSSH.

KUNEH/IMLRVRE 5 SFBIRRANZE LERERRE, BERERM
iR LERERS. XRBFMBNENE. SRIEEREERATIISH
REOMEEFREERR.

S ENEH— MR R LER.
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£E XURG AR /M SR U

ATERIHEES, —RRELIXES R NMCAEN _E EmSHAERL
(Regularization), tBAZEf#IREE/NMELEREM (Structure Risk Minimization).

6* = argmin R(0) + \||6]]3 (49)
0

N
_ argmin % S LYW, F(x, 6)) + A6 (50)
6 i=1
XE, (10,2 L EHRNEMEI, BEELCsHzE, Bedilad. [
SRATHI ENLRY5RE .
EMARE TSR EES, WL, B2, L BHN3INBELEES
BAE—EERYE, REERZEEHHEEFER. £ BayesHitHIBE R
W, ENHEEETEENELE S, T REIIZGEE.
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_ .
5155 BR 3

B/E—NEB (x,y), ELBRRy, MRFIRBPTNAf(x,0). R
FUMEEIRET (F(x,0) #y), BNFEEX—IMEERBREEMITEER
HIEE . BHUMMERBBAWNTILE:

0-1 35 iR % 0-1 Fask i (0-1 loss function) &

Ly, F(x.8)) = { . :i ) ;gz; (51)
— Iy # f(x.6)) (52)

XEB | ZIEREH.
SRRk R FEHIRLEB (quadratic loss function) =

L(y.7) = (v — (x,0)) (53)

ERSHE (EBEXF) (HEMESREES]) 20154 12 B 26-27 H, {tR 38 / 143



_ .
5155 BR 3

SR RS T HRENE, TNETy AEREKE), BRI
F(x,0) FENKBE LR,

By e {1, C}, ERTUEE I NRELHEE P(y = i1x) = £(x,0),
M £(x, 0) 2

C
filx,0)€[0,1], D filx.0)=1 (54)

f,(x,0) ATLBIEESL A y BIUAR R . SHATLUIEZARKAMKITER
fitk. EBEEFEOR, RNELBEFERARNMLAITEIAR, L2zt
AR R B (Negative Log Likelihood function)o

L(y,f(x,8)) = —logf,(x,8). (55)
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p=if

N7
)

WMRFENH one-hot ME y KRFRRBRERH ¢, HPREFy. =1, HEEKMME
EXEH A0
FASTEN R R Bt AT L B Jg
C
L(y.f(x,0)) == yilog fi(x,0). (56)

i=1

y, Bt A UERE2EL LS, XHEARSEIFRTXIEHRER .
e, PaxTELSRTR oK i Bt I AL SRS R B (Cross Entropy Loss

function)
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JLEST

i

Hinge 28 R % 3T RSB/, iy M f(x,0) WEVER {-1, +1},
Hinge 4L eK%1 (Hinge Loss Function) BYEXINT:

L{y,f(x,0)) = max (0,1 — yf(x,6)) (57)
= 1= yf(x,0)l. (58)
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JLEST
W THAAE: HNESES

AREFIZFR—EES I x L y MEEERFE JRBNSY, &
SRR A B AR E AR R TR —Bl. AIREFSIRIEN LR
BN A A R EEFI5 A

[Bl)3 (Regression) WNRiLE y BIEL(E (LHEESEHD, (x)BHH
tWEREEE. XML EImmEE e, S FEREEH
AR (x,y), 1S F(x,0) Ny RATgEMb—E. KR BB
BEXAFHRE.

52 (Classification) R y REEHBIERRE (FFS), BEH LN
. IR AE—MA 0-1 KRB T AR iR 3 .
EoRioEs, BidZIBRRRKER f(x, 0) hiY5HKE.
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MNEFIEN
MBYIEANXR: TRESS

THEE 3] (Unsupervised Learning) FTMEBZFIRARFINHELS
emE R, FEFIEEEDFEIHN—LEENENER.
— MBI TS E S S o) 28I (Clustering),

18555 5] (Reinforcement Learning) 1&5&Z SJtAR{LFES], SEiFAM
ETHEME—RTaME, UBSRAUHNRIKE. &
W —aE, HA—EALZFEE. EEFIMEEE
FINARETIERF IACFEE LU /38975
WHNGHER, B—MELIFEINH.

ERSHE (EBEXF) (HEMESREES]) 20154 12 B 26-27 H, {tR 43 / 143



SH AT
ENRZIE-ES, BNFEFIEEH0, EEXNERBHE/L.
6" = argmin R(6;)
0
1 L . .
= argemin N ;E(y(’), f(x1,9)).
NRAMETREEHRITESHFES,

OR(8)
aet

5 0 0
)\Z 729tx Y )

BESKNENFIZIRBIUEFEIFE (Learning Rate).

a i =a;r— A
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(59)

(60)

(61)

(62)
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B T REE

BWETERRGABER NGRS SVE, MEMREETHEE. &
AN NRK, WA xHEHBRAE, BAMERETHEESREAR
ENEMANER, MESRIR. Ak, F—Meu#n 5 EEREHNBET
M’%O

FEHL#EE TBEE (Stochastic Gradient Descent, SGD) bR+ TP,
BRI TERR

AR (6 ;X(t)’y(t)
at+1:at_>\ ( tae )1 (63)

x0, () ZE t RIERIEEAIHER
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JLEST
Early-Stop

EHE TGP ES, BTIUENER, TIGER WSS,
HA—EEMRNE LK. FEit, FIVUER—NIEIES (Validation
Dataset) (BAUFF&EE (Development Dataset)) MK B—iERISH
EIEE ERE M. MREWIESE FAERETH T, mMiELEERK.
XFHIREEA Early-Stop. SNSRIEAWIES, AILATEVIZE E#ITIEEIE.
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ZhEix (Momentum Method) [Rumelhart et al., 1988] % gliE X I E
RN E—E KB EHT. FHATE VO, =0, — 0,_1. TESE tIEKAT,

91_» = 91»71 + (pVQt - Agt)x (64)

Hreh, p AThERF, BERA0.9. XH, EEAKVIE, ERHAT—XEIH
BE#ITIER. EIEKENESIEMIE, EARXEMAFRERER, 18
mERE M.

ERSHE (EBEXF) (HEMESREES]) 20154 12 B 26-27 H, 4t
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T EGE: AdaGrad

AdaGrad (Adaptive Gradient) &% [Duchi et al., 2011] 2f&% L2 IEM{LAY
B8, EF iEKAT,

91_» == 9,5_1 - # (65)

" Gt,
\/ 27:1 972'

Hep, p ZAEAESE, g, ¢ RVES 1 RIERIHIBE.
BEEERORBAIEN, SRR ).
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IR E: AdaDelta

AdaDelta % [Zeiler, 2012] BRI =R FZ N FIRRRAEHHERER
B RIERBBEEREAE E(9%): B

E(9%): = pE(9")e—1 + (1 — p)gs, (66)
Hrh, o REREH.
KREKRHEFHA

_ \/ E(V02)t71 +e€

Hrph, E(V6?), ART—RIERE V2 BTN, c AEH.
2 EFARIENR VO BT FL

E(V6®): = pE(VE)i1 + (1 — p)VE;. (68)
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FIZRIGE: AdaDelta

Qt = 01»_1 + V@f (69)
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HaE A
S kdCIVE

MRMAxZIEE, Biry BESE (CHSESEHD, FUNERE F(x)
Rt RESE. XMHEFIEEmE IEUEIIDT')

WMRFEAEN F(x) BEMEH,
f(x) =w'x+ b, (70)

XM EYIEE (Linear Regression) o
TEBEREL, BIMELX705R

f(x) = w'%, (71)

Hepw Fx SRR A ERR A FHEER.
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JLEST
TR IR R

21 EYARIBR R BB E E X AT IRE R
Ly, f(x,w)) = lly — f(x, w)]1*. (72)

B/ENGHEHA (D, y0), 1 < <N, EBEWEZIRXE A

ROY, F(X,w)) =D L(yD, f(x w)) (73)
=Y w0 — O (74)
= [|IX w -yl (75)
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& K73
FHMREH

Hep, y2—E4E y", -y WFIEE, X ZETERNERAIFER:

1 1 1
(1) 2 (N)
X X o u . X
x=\" 7 7 (76)
X x@ XV
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HEEIwN
e

ERMER(Y, (X, w))), BINEHER(Y, f(X,w))) X wHSH
OR(Y, f(X, w)) _ AlXTw —y|?

S o (77)
= X(XTw —y). (78)

Lp QROVIO) _ o QAT IS
w = (XXT)Ixy (79)
Zx(’)(x(’))T me y0). (80)

XEBEKR XXT ZHHKE, FEEER, SREERxNE—4HE2IFE
MK . XENSECKER AR RN LM
(HEFESRESE ) 20154128 26-27 H, £} 54/ 143



EMNE Y

MBERBE TREERKE. Fiatkw, =0, ERAXA:

GR(Y, f(X,W))
ow '

Wi = Wy +>\
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M
A
S ARHBE ST h BRI AR AR ZN—FHRE.
BN FREESKIAE, BREBy € {01}, HMIRTHN

N 1 ifw™™x >0
y:

0 ifwlx<0 I(w"x > 0), (82)
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I
Logistic [B])3

ZMSXRYSHwERSWHEISR, tLankmE. XEERZ—M
EHAMESEL: Logistic B3,

BINEXB#RER y = 1 HEHEHTERA:
1
1+ exp(—wTx)’
He, o(-) Alogistic B, xFw HE FMAEEMNEEE.
y =0BIREEMEAP(y =0x) =1 - P(y = 1|x).

Py = 1lx) = o(w'x) = (83)
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NEEIBA
Logistic [B])3

BE NGB (X0, y0), 1 <7 <N, BAVNERRZIEME RS, REE
ZREHI R R B -

N

Tw) =— Z (¥?10g (o(w"x?)) +(1 = y")log (1 — o (w™x))) (84)

(“” o8 () 070 (1 Tty ) €9

S (e (i) 0w (i) 0

72 whxDy® —jog 1+exp(w x(’)))) (87)
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HEFIEN
BhE T PEE

oT(w) _ ((i) () _ o) T (1) 1
w ; xy xV - exp(wx'") 1+ exp(wix) (88)

|
plqz

L . 1
)y, () _ (), _ 89
- (X Y Ty exp(—wa(’))> (89)

|
M z

(x() (y(i) — O'(WTX(i)))> (90)

(Xm . (U(WTX(I')) _ y(o)) (91)

BATATLAIE I wo = 0, RIEMEEE TEEHITER

B OR(w)
W;:r1p = W; + A ow y (92)
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I |
=




EE AT

MTHESEEH (BRREANEBA C(C > 2), —REMMSAEERERN

iR

Q BHANSKPEIIMEHRA CIMRED KB, Wi CP— a7
. BIAEDLEBEBRILR—LME LA —NMEFED T

Q BHAHARMELIRA C(C - 1)/2 MRED KRR, 1

C(C-1)2AEBH KB, SIFELILABHRIE C Kb FAHAA
— A BEEHF.

BRpE: TEBHFE—LXE, XEXEHLBEINRTERSHERN.
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MEEI
EE AT

ATESR LRERME, ATUERA—NEMEMANRRAN, EEET I L
MaEF. Ry ={1,--- CHE CAMHEH, BREX CMFIHERE:

f.(x) =w’x, c=1---,C, (93)

XEBEw. A CHNE@E.

X#, MF=EPH—NEx, MREFELH ¢, N THRENEMAR
Cwlx # c) BHREF(x) > fz(x), BAxBT AR c. HER7TAREATLL
RINA:

= arg?nachTx (94)
c=1
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n#EIWA
SoftMax [8]Y3

SoftMax BIJ3Z Logistic BT % 24,

7£ SoftMax [Bl)Ad, HleFZF JEE TN B AT — 1 LR EEHEE.
FIF softmax tR#, FHNENXBRERy = cHFEBEA:

wlx

eXp(Ziczl W/Tx) .

TR (x,y), WHBRRy ={1,---, C}, FNIB CHBone-hot ARy
kAL BIR. XT3l c,

P(y = c|x) = softmax(w>x) = (95)

y=[(1=¢),lI(2=c¢c), -, I(C=0)]", (96)
X8, /() BIEREE.
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n#EIWA
SoftMax [8]Y3

B ARBEMEN—T, B c EE@E.

¥ = softmax(W"x)
_exp(WTx)
~ 1Texp (WTx))

_exp(z)
- 1Texp(2)’ (o7)

Hep, W=lwp, - wc]Z CMEMENEEMELEMRAIFENE. yHISE 4
MERSE c EXMTUNFEHE. Hb, 2= WTx, A softmax BEHIMA

&,
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n#EIWA
SoftMax [8]Y3

W NEREAR (x,y0), 1< i < N, BAMERARZISIRET S, ERE
SRR R -
N C ) .
TJW) == ">y logyg?

=1 c=1

N . .
== (¥ logg”

i=1

N
= — Z(y(i))T log (softmax(z(/)))

i=1

=— Z(y("))T log (softmax( WTx(i))) . (98)

=1
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B TR

REBETEE, BRNEAEI(W)XTWHBE. &%, RINIITER

E][: SN o

(1) softmax EREIHISH A
Oy _ 9softmax(x)
ox ox

= diag (softmax(x)) — softmax(x) softmax(x)"

=diag (y) —yy'.

) z=WTx, M
0z
ow,

M(x, c) A% cHlAx, BHRAOHIFERR.,

(3) x"diag(x)"! =1}
SRBHS (HEA) (RERAERESS)

= M(x, ¢),

20154 12 B 26-27 H, 4t
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(100)
(101)

(102)
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MBI
BB TP
KA THOE, T(W) %T w. MBS

8T (W) _ Z ((y(’))T log (softmax(y(’))))

Owe Ow,

i=1

N
_ § : 82 @softmax(z?) dlog§*
T Ow, 740) a9 Y

i=1

N

== D MO0, ) (ding (5) ~506)7) (eiag(5)) "y
l;l

= Z MO, ) (1 391F ) y©
i=1

=— Z M, ¢) ((y(‘)) _ V(')lly(‘))

- _ E M(x(’), ) (y(l) _ y(l))
ERSHE (EBEXF) (HEMESREES]) 20154 12 B 26-27 H, 4t 66 / 143



EMNE Y

WRRAy e {1,---, C}HBHRRER, BEARXEAUEA:

8T (W) _

ow,

c
1 . , , .
N E x¥ (/(y(’) =c)—p(y" = c[x¥; W)) (104)
i=1

Hep, 1() AIEREH.
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Aty 11/\ - 2£
WA

ATEE—NPREEFR, FEELRE—MNRE, AoLSEMiiES
NE—MHERHITHE, HIREILERTEIENSE. BTN IRE
BIEMmE, EHRE. BEXRMF EF.

BEMRET = (x1.0). -, (xvoyw), SIFRBM Y, € {wi, - wet &
WAELERAY =91, Yno

M IEfAZE (Accuracy, Correct Rate) A:

M=

lyi = Vil

_i=1
Acc = N (105)

He, | | AfEREH
FMIEFRFEBX N EE=E (Error Rate).

N
> lyi # 7l
—_ i—1 PEUEN
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R E

ERZERAT, RIMNFENSNLBHTHERMEI, IRFEHTEERE
MBEE, EMEMBEERZ ZATEERRENSGITZES X THHNAE N
EEE, ANSFEIMFNFHLEREFER.

EWE (Precision, P), HIEER, BHRESIHEE, 2IRAEHMER
B EFFHRABMEREAIEL B, 3T c kiR,

(107)

BEFE (Recall, R), tiELZR, BMAEPEENMESHHIERR
B S BRI EE B

N
> lvi =3l
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= o
P

2

AENBATHEMKZLZH, RNERNBTHERNHZMLE: RAZR

BAss, tEREHANHENE (RE—F). RNBEHEETENRNE
ZX Roseblatt F 1957 12 H Y.

RABANER R E RN THENLE, RE—HETT.
RABEITUF LR LMD LFN—NERRFIFX.
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o

SRANA R

i
Y

cxyLEES )

REXFI#HEE TTHVES
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./大脑和神经元的结构.mp4

A YR 2R B

RLANEE BT E YIA dHAR AY ] B AR . MR AR th I $REE T
(neuron), ZEFIKEA] 5 ALABEIRFIZABEZRIEE

o Hffk (Soma) FHMAMMIE EFHESMZHRMBFRE, MENT
FHSHEEANCFYMRMEERES, SIEBFBEMRIRAINEM
ERENE, FEHEMNERER: MEsdiEl.

o YMAMSSHE 2 A MR IE(R L SREVARICERSY, N AT 57 AR FNGHE

o B’ (Dendrite) AJLUERZRIHFENETENBERE. BMHETATUE—
HE MR,

o HHZE (Axons) ATLUEM T MRAER B F— ME T HAEN. BIMME
TRBE- MR,
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cxyLEES )

ANMRE T Z B T SR AR AR EE S B REIRM (Synapse) 5T
BR. REMZ—THETHAER S —MAZ TSR R S —ERENEE
FERRAY S

BT A — M RABERMRTSHIEE—4ETMIH]. 2
FERPRSEUR T NE ERNHZMNEIRBNGESE, RRMAGEE (I
I miE) . HESESMEBITRNEER, @EERSE, FEEK
Mo BROP R BT RMEBEI R EMWET.
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Bz i=a

RAZBRRRBEMHATIT RN, B5EYHLTEN RS, o
WE (). RE (RE) REERE (LK), ¥itRosk 1.

A

ERSHE (EBEXF) (HEMESREES]) 20154 12 B 26-27 H, {tR 74 / 143



—= o
N2

WBE— nBERIAX = (0, %, X)),

. +1 Hwix+b>0
(113)

y= ,
-1 Hw'x+b<0

Heh, w2 n#WNE@E, b 2KE. wilb 2R, FEENBEN
ZBIEEPFSFE.

NE—RRME, FRAVERE BMAFNERE, 2N113AUEER:

R {—i—l Hwx >0

- , 114
Y -1 Hw'x<o0 (114)
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R RN EE B 0L Rosenblatt [1958]

HMIN NZEE: (x.v).i=1--- N, ERxE: T
Mt w
B : wy =0
k=0;
fort=1---T7 do
fori=1---Ndo
B —MER (x,, yi), if w’(yx;) <O then
Wip1 = Wi + YiXj, |

k=k+1;
end

end

end

return wy ;
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e

Novikoff [1963] MERRXY F A2 o)dl, RINGERLMERT 7, AR
BEEAUERRERBWE. AT, MRIIEETREMESRHN, B

ARNEENTRERR WS
REFIRR U S

ST EMZEERTTRNEED = {(x. )}, BRIXRZAEFERPHAG

BRI XE.

R = max||x]|
1

MLTERMBFFEIEED, BHANTUUHRRABK < Lo

ERSHHE (EEXZF)

(HREMESREES])

20154 12 B 26-27 H, 4t&®
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ATHERESRES )

K

O \IwEMES5REFES
o BIIRMMEZ ML
o BRME ML
o TR ML
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ATHERSESREZE )

ATLHZE 2%

AT HEMEER T EE MG EIRIRINGI . METRUFIE. ZIM
N, B, BHIL40 MHEMERE,
o ATRMEAMLE: WEEMRANZERBHAEE (Multilayer Perceptron,
MLP),
o RIRMEZMLE: MEAWEZTEBRIR, ATUARA—IMEREMNTEER
o XFREZMERE DNIBRREHTR, AR NZERSER
%EEO
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ATHERSESREZE )

fEZTT

ATHETEA—MIEEMNEEERY, ME—1EEE. RERETE
ZaMEAX = (X1, %, -, X)), ARE zRE—DHETHRBHBNE
S x KA, M AZHETHEEE . BEETUHT:
z=w'x+b (115)
a="f(z) (116)

Hep, w2 n#BWNE@E, b2RE. BEWHIERE 1 B sigmoid UK
#. EEMPEREF.
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ATHERESRES )

HH22 TR

BN

El: ATHE TSR
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ATHERSESREZE )

BOEEH

R HE M i E A RBUE R 85 7 2 sigmoid BYERH. sigmoid B iR 3
Bie—R SRR, EAM sigmoid LR EA logistic K% o(x) # tanh

1
= 117
o) = 1 (117)
eX — =X
tanh = — 118
anh(x) = S (118)

tanh R AT AR IERAFH F#728Y logistic EREL: tanh(x) = 20(2x) — 1.
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ATHERSESREZE )

B T
rectifier ER#] [Glorot et al., 2011], ENX K

rectifier(x) = max(0, x) (119)
rectifier RBHIANABTE LRERY. HARFERLIMMETEG RN
Fl FEHELR . BRBUEMEFRRE
S rectifier REIAY B TTH/EIEIELMEBTT (rectified linear unit, RelLU)
[Nair and Hinton, 2010],
softplus B8 %] [Dugas et al., 2001], EX A

softplus(x) = log(1 + €*) (120)

softplus ERE AT LB IER rectifier RBAIEBMA, HESHNILFE logistic &R
. softplus BIALBEBRMING], FEHEFmLFRAEFNE, ASERREE

o
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ATHEMESREES]

1 b 1 b
0.8 |- A
0.5 B
0.6 |- A
ol il
0.4 - A
os|- il
0.2 A
‘ ‘ ‘ ‘ Ll ‘ ‘ ‘
[ R 0 2 4 6 R 0 2 4 6
(a) logistic E# (b) tanh %
50 1 st 1
4t 4 ar ,
3l A N
2| 1 o2f N
s A N
ol ‘ ‘ ‘ ‘ ‘ ‘ ‘
) —2 0 2 4 6 ) —2 0 2 1 6

rectifier R (d) softplus E#
ERSHE (EBEXF) (HEMESREES]) 20154 12 B 26-27 H, 4t 84 / 143



ATHERESRES )

o
5

AITRAME M 4%

R (5 H 22 P 4%

ERIRHENZET, FHETHIAIBTIRNE. BIMNEFLRE, &
SNEAREMEEREGE, TR NERLFERT.

HMNE (S REE WMEE
X > / \
Xo —p»
— -y
X3 —»
X4 —» \ /
bmasree gy
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ATHEMESRESS EEEIEEITES

BITRITE

[E—NENRMEMLE, ROVH TEIC S RIER XML

L: RIREMEHEE;

n': TIRE | BHEA TN
f(-): T/ BHETTRIBIERE;
WO e R Rkl — 1 BEIE | BRI ELSER;
b) e R": RRI - 1EBHE I BHRE;
20 e R": KRR | BHEZTHIRE;

NeR”: FRIBHAETHEMIE.

RIS M4 EE T EARNRITESEE.
z0 = w0 . qu=1 L p
a) = £,(z")
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ATHEMESRESS EEEIEEITES

BITRITE

ARI121F1I22W A UAEHE A :

Z0 — . fl(z(/—l)) + b (123)

, BIRMZMETT ST EENESEE, SRINERENAL at.

x=a® 5 z® 5l 5 2@ . 5D 70 4l =y (124)
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ATHERESRES )

FERTIRM S N A THLEEE S

g
T

T IRALE R4

BE—EMFEAR (xD, yD), 1 <i < N, FBRIREEREHINLE A 1 (x/w, b),
Bk E

N
i i 1
JW.b) = DL F( W, b)) + AW, (125)
i=1
N N
= > W bix,y ) £ SXWE, (126)
i=1

XE, WHbBETE—EBINREEMRERDE,

L n nl /
W[z =Y S, S wl.
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ATHEMESRESS EEEIEEITES

ST

BRI BIRES/IMLJ(W, b x,y). RRBBETESZE, HRINTLUA

WMTAEEHREH:

WO — o _ 3é(WW 7'/)") (127)

Z(GJ(W;\’/V’((,) Iy w, (128)

b0 — p _ o2V b X(i)'y(i)) (129)
b0

b Z I, bb(>l<)(’) Yy (130)

(131)

=Py
XEBagSs ﬁmﬁﬁﬁ
(HERESRESS) 201541282627 H, k3 89/ 143



ATHEMESRESS EEEIEEITES

REEBEE

RATERRET LUt EAHE,
RIBARAE LR, LU0 TS

(132)

8J(W.b;x,y) _ (0J(W,b;x,y)\' 08z
awl 8z aw’
if Y

SHFEIR, BRINEX—MRER SV = 2WLxD c R [HBEFRH AT
FIBHNMET ) MRS, RERFE I ENHETRRIZENZM.
Ut R T BRI XT SR | BRUMA T R IRENBURIERE
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ATHEMESRESS EEEIEEITES

REEBEE

B 20 = WO - al-b 4 b0, FFIL

0
aavz\;;) _awo : av(\'/—(: +b?) _ aj./:—n — Bi17(133)
L 0 .
i,
8J(\2/Wb/)xy) — 5040V (134)
(135)

ERSHE (EBEXF) (HEMESREES]) 20154 12 B 26-27 H, 4t 91 /143



ATHEMESRESS EEEIEEITES

REEBEE

ARX1R2ALIE R
dJ(W,b;x,y) _
W = 5(’)(a(' 1))T. (136)
[EIFEA] 15,
J(W,b;x,y) )
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ATHERSESREZE )

IRZE L

MERNBRETE I BEHRET V) BEATH.

J(W . b;x,y)
(n a GAW.DB.XY)
s 0z (138)
8a" 8zt BJ(W, b;x, y)
~09z0  @al) 5z0+1) (139)
= diag(f/(z")) - (WIHD)T - 50+ (140)
= f,’(z(’)) ® ((W(/+1))T5(/+1))’ (141)
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ATHEMESRESS EEEIEEITES

R EfE %

MNaK141ATLER, £/ EMRERTLIETSE / + 1 BRRETTER

B, XMBIRENREER (Backpropagation, BP). REIEHBELNS
MZE: BIBHN—TMHETHIREDR (SBURM) BRAESZHETHEEN
B+ 1 ENMETIRETMEM. AE, ERIDIZETHEESR BN
BhEL

AHBELE—EMRENZE, RNRAUSEE—ESHIHE. Rit,
BIRAZMERIIGZZIRAUSAAT=ZS: (1) Rt ES—EK
SMHEE, BEE&E—R; () REEETES-EHIRE; Q) HE
B-ESENRSY, HEHSE. BEMINGSIRENEEIR, Bk
EEREEE.
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ATHEMESRESS EEEIEEITES

REEBEE

MN EE: xO,y0),i=1,--- N, RRERXE: T
HH: Wb

s Wb ;
fort=1---T do
fori:1~-~Nd0
(1) AR ES—ERESMEEE, BEsE—E;
(2) Hi/\itlzll)ir'ﬂﬁ?%vl'”ﬁﬂ—ﬁéﬂ’\ﬁ%% 50,
(3) BAR136M1378— B2 RN SH;
(W bx®, y0)y = §((al-1)T:

awd
(W bixD y()y =6,

8b()
(4) BELH

x(D ()
WO = WO — a3 () — AW
RORYO]
b() = b — a o, (HER)),
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ATHEMESRESS EEEIEEITES

#h R IH K B)

EHEMEPIRER EEBOER AR A
6 = £/(z") © (WD) Tl (142)

HOFEMABHBRY { OIE. REMNALEREEEN, £25—EH
ERNZERNHERBHSH.

LWIAVER sigmoid BUFRHEL: logistic R o(x) 2 tanh EREIET, HEHA

o'(x) =o(x)(1 —o(x)) €[0,0.25] (143)
tanh’(x) = 1 — (tanh(x))? € [0, 1]. (144)
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0.25 - 1 1 ’
ool 1 osf 1
015 1 06 ’
o1l 1 oaf 1
5.1072 102 )
7 2 0 2 4 6 R 6

(a) logistic R #AI S (b) tanh EBHASHK

& BURR B FH
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ATHEMESRESS REpREEITES

E R LR X 2%

ERMEZMLE (Convolutional Neural Networks, CNN) Z—FETiRHZE M
%, BRMEMERZEYNF LBEFE (Receptive Field) BIHLEITIZEAY.
REFFTEZBNRRG, AMRARRGNMERETHETH—LMR.
ELInEMBEHAERGF, —MHRZTHRT I 2IEUME LA E X,
REXAN XA AR A G BIEIZ M2 TT [Hubel and Wiesel, 1968].

ERHMEMEB = EH LY. BEEE, WEXZURTEHAIE
EHURRME . FEFHESERMENERE—ERE LTS, 5MH
AT [LeCun et al., 1998].
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ATHEMESRESS REpREEITES

EH

HR, LUER, EOWEFT—MEENZE. RNXEAZESHF
FIER. —SEREEREESAEF. BE—NMANESFI X,

t=1,--,n, FMEKF A t=1- m —MRERTEREBROKE miT/)
TESFIIKE n.
ERAMmL A )

Y = Z Tk Xe—kt1- (145)

HIRERR £ = 1/mBY, ERESTESFINBHTE.

ERNEREREHKERRTUS AL —LERER, BHKE
n+m-—1, JFARE[L n]SEEZIMY x, BEHFT (zero-padding) . —H 2
BER, MEKE—m+1, FHE,

ARXERTHANER, RN—RIREEERHAABER.
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ATHEMESRESS REpREEITES

PYE ST

REERLERERGOEY. BE—MEGx, L<i <M, 1<j<N,
FUEHMRE £, 1<i<m 1<j<n, —f&m<<M n<< N

BRI R .
= Z Z fuv * Xi—u41j—v+1- (146)

u=1v=1
EEGAIES, ERAMEERE (mean filter) MERHAENGRERA
RFREOFRAEENTNE, U2, = .

mn
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ATHERESREYS WEEETrr
=HE: BERRREEER

ELEERIRMEMED, MRE/IEH I/ MHET, E/I-1BAY
MREZTT, EEAE D x nD A, W ENEIERESR 0O x n7Y A5
. HmFoBRAE, WERENSHIEES, NEHUERZIERER.
WRRAENRABLER, BIENE—ITHETHRRME - 1 EH—
NEBEORNMZTEE, WR—NEEZENE. B1RNE THE
TLHYINE X 7 :

a” =3 w4+ by, (147)
j=1
|—
= f(w-all ). +b), (148)

Hep, wl) e R™ A m$ERIEIHK R, aﬁflmfl);,- = [a((ll.zrmil), AT, X,
a) AR 1 FF 88, HMNXERHERAXFEBHAX P a I THREAT
A.

(HERESRESS) 2015412 82627 H, 43 101/ 143



ATHEMESRESS REpREEITES

R METRRELEE

ERARBAIUE 7
= f(w" @al™ 4 p0), (149)
@ RREREH.

MAK149FTAEH, w) W THANHEZTHEERMN. XEIEREMN
FI—MFERRERE. X%, EEREE, RNRAFEn+ 1184,
H, B+ 1 ENHETNMEIREREEN, MEHRE

nUt) = pl) —m+ 1,

ERSHE (EBEXF) (HEMESREES]) 20154 12 B 26-27 H, 4tR
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ERHE ML

Ny
Bl
e
ir
R
B
o
&
H
=

(a) 2EER

(b) HH2

EEEEMERE
GRS REE )
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ATHEMESRESS REpREEITES

—HEFNE

?’"E%&‘ﬂqﬂ E@R%l&(:@ﬁ%ﬁ[‘iﬁ'ﬂﬁé:’cﬁiﬁﬁ)\ilﬁﬁiéﬁWJéﬁEP, E it FAIFE
BEHEET. B XD e R FnxU-D e Rw-xh-) K3 2 | RFNE
/- 1J7='—:E’\]¥$éé7m§'lﬁo XOHWB—ITTEA:

(ZZ W XD, b<’>) (150)

=1 j=1

W/—\
-+

Her, WORY JHigERERES, BARERER. /- 1 EHNEETMN
j‘j(Wl X h/)! #E.W/: w_i—u+1, h=h_1—-v+1,

RIS

X0 = (W ex 4 p0), (151)
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ATHEMESRESS REpREEITES

FEHIERR ST

ATIERERENRTED, BMNTLUER K MRIRIERERSE KA
Wt. S—ENEBEZ—NEKE. MRFBAVLIRRB[BR—MFER
R, SB—ENEEHTUERERANEBGEE —MHEMIE SR RHFE.
FEitt, EERWEMLEhE—HHH BAE—HEHEBRS (Feature Map).
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ATHEMESRESS REpREEITES

FEHIERR ST

PAR—MME, FAMRIZE - | BRFHERRGTAE A -, BLEFFHERSTH
KibAM_ L =wi 1 x h_1o BI-1EMNBHETE: n_1xm_1. BIE
HOSFAERRETLE A ny o SRBRILEE | BRE—ESFERRES XU X BN A E
I — 1 BHIPT AR FHERST .

B 1R k AYFERRET X0 Jg:

XK = f (i (W(/,k,p) ® X(/—Lp)) n b(tk)) ’ (152)

p=1

Hep, WUkP) RIRE | — 1 B p AFHEEEEIE | BRIEE k HFERREH
PR HOIER 25 -
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ATHEMESRESS REpREEITES

M4 E TR RIBRET X &R

X (1) —>®—> RE

ﬁ | E
A s ": é G -
. 7);1‘,5\7& = .
SRS - & XU e

W(/,k,l) A

X 1)

bisPihr
Wl k.nia)
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ATHEMESRESS REpREEITES

EEFEAR

B ENE—ASIBSESES TS BENREFIERE, HYTARER
FHEMST Z B R & EEN AR, Lhrlk, XMHEEFRXRTIVLMM. &K
TIATLALSE | BB — R4 ERR ST 4RI T AT — B 80D B LB FHERR ST
X, BIEX—NEERT RKiGATE R NFHEMES 2 BREEXR.
WNREE | B k BFHERRSHK B TR — B AIEE p LAFERRES, W T, =1,
BN A0,

X0 = f ( > (W("k"’) ® X("p)) + b(”‘)) (153)
Tp.ka=1
XA, RUERR THEFMEOAK, SNERSRHNAN 0 x v, Batk

FEKx(uxv)+nsH¥.
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ATHEMESRESS REpREEITES

Ry A=l

ERENERRER— B EFHE, S8—NRKSEAST—MHE
HEEER

[
/

/
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ATHEMESRESS REpREEITES

TREE

ERERARATUEERLERENNY, EERE—MF RS HHE TN
HEBEERD. X, MREEE—IDESR, DLABWBMNERKRARR
=, RESGEMIUE. ATHRRX MO, AERHENE—RSES
HEZEBmME—NtE (Pooling) #1E, B2 FXEHE (Subsampling),
HWE— N FRER. FRERFTLURAKEREHERNSESR, BRIME.
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ATHEMESRESS REpREEITES

TREE

T ERESRE—MHERS XY, IATATLUE XD 53 AR S X
R k=1 K, REXFANES, HAUFEE. — PN FRERY
down(--- ) EXA:

XY = F(Z), (154)
= f (W<’+1> - down(Ry) + b<’+1>) , (155)

Her, wF1 b0+ SR RAINGHNEFRES K.
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ATHEMESRESS REpREEITES

TREE

XU+ = £(Z0FD)y, (156)
=f (W(l+1) ~down(X') + b(’+1)) , (157)
down(X') B8 FRIFHIFHERMST .

FRERE down(-) — R ZEXBARBHEZETHRKE (Maximum
Pooling) Z%F1J{E (Average Pooling).

POOmax(Ry) = max a; (158)
pool.q(Ry) = Z a;. (159)
|R | I€ERy

FREMMEATET A LUERS T —BIHE T — L/ ISR ERFER

L, FHIREEANRZE.
(HERESRESS) 2015412 B 2627 A, Jt3x 112/ 143



ATHEMESRES>

ERHZMERG: LeNet-5

LeNet-5[LeCun et al., 1998]. LeNet-5 &ARLATEILLERE, BERE—ME
BERIAHEMEER . BT LeNet-5 MFBEHFINF RGE 00 FRWE
ERZRITER, ARKRAIZELANFERTF. LeNet-5 HIMLELEIIIN
El6F R

C3: f. maps 16@10x10
INPUT gW :ggatzuere maps S4:
32x32 @268 S2:f. maps

6@14x14

f. maps 16@5x5

Full connection Gaussian connections

C { St i Ci ] Full

[El: LeNet-5Mzk45H. EFXKIR: [LeCun et al., 1998]
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ATHEMESRESS REpREEITES

LeNet 751

THBANE, LeNet-5 B 7R, E—BHERA:

QO MNE: WMIANEBEBRKXNA32 x 32 = 1024,

Q CE: X—ERERE. EKSBHA/NES x5=25, £H6NEK
2%, 53 64HK/NH28 x 28 = 784 HI4FIEMRET. FEtk, C1 EHIMZT
DNA6 x 784 = 4,704, AIIGSEANE A6 x 25 + 6 = 156, FIE
MH156 x 784 = 122,304 (BIEREBEEAN, TRED.

Q@ S2F: X—BAFXEMHE. ACI EEASFEMESTRAY2 x 2 $R8 &%
EKER1IN S, ERE 4NN TEY). X—ERHETNEA
14 x 14 =196, AIJILGSEIMEA6 x (1 +1) = 12, EEHA
6 x 196 x (4 +1) = 122,304 (BIFREMNIER)
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ATHEMESRESS REpREEITES

LeNet 751
Q C3F: X—EREIRE. AT S BB DB IS, EE—NE

ERRE XA GBS Z B RRERE R . LeNet-5 BEERN
E7FR. XEFFEZNFINEARARER: CGERHRIHER 6 MFE
MEHRET S2 RS IERRGTHIE 3 MEL T 5. TR 6 MFER
SR T S2 BRFEMST S 4 MEETFE. BT R 3 MFHEM
FIRET S2 BHFIEM ST S 4 MMZFELEF&E. &E—MFHEMSK
BT S2 BEMER BYFERMRET. XAFHEF 60 NMEKEE, KIM2

5x 5 =25, 82|16 4HA/NA 10 x 10 = 100 AUSERRST. C32HI#
ZITNHN 16 x 100 = 1,600, AINGSHNEHH

(60 x 25416 = 1,516. HEHEE I 1,516 x 100 = 151, 600,

S4E: X—EBR—INTRIEE, B2 x 24 E xR ER 1 =, 52
16405 x 5 K/NEUSFIERRGT . AT SE N A 16 x 2 = 32, EEH

4916 x (4 +1) = 2000,
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ATHEMESRESS REpREEITES

LeNet 751

Q@ G5 F: B—1MEHE, BEI1204HK/NA 1 x 1 FFHEMST . 805
fERRETS S4 BRI ERYFAERRGTAEIE. B 120 x 16 = 1,920 MRS
KIPNZE5x5=25. C5EMBETNHN 120, AIIESE IR
1,920 x 25+ 120 = 48,120, FEHEA 120 x (16 x 25+ 1) = 48,120,

Q FOE: B—1&EEE, a4 MHEx, Mll&sH 8l
84 x (120 + 1) = 10, 164, EIZFHAMINESHANIEE, F10, 164,

Q WHE: WiHER 10K ZEEFKL (Radial Basis Function,
RBF) R#AMK. XERHFiIHEL
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ATHEMESRESS REpREEITES

01 2 3 4 5 6 7 8 9 10111213 1415
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 X X X X X X X
5 X X X XX XX X X X

[E: LeNet-5 F C3ERIEER. BR®KIE: [LeCun et al., 1998]
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ATHEMESRESS REpREEITES

ELEZRRBEME D, BRFREREXTE ENEIT ) HHER
0 A dJ(W . b;x,y)
- oz
= £1(20) & (WOD)Tg! (161)

é (160)

AERHENETD, B— M ERERPEE—NTRHEER, RETHEER.
ERZNFESHNRETEREMTFRERIEE.
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ATHEMESRESS REpREEITES

EIREREE

BIMBEERERIB, FREEBAI+18. BATFREBE T RIFRE,
[+ 1 BH— M HETHIREN NN TERE (E—R) BBNFHERS
H— X ERE « MFERF TR METHE—FaM/ + 1B
HISE k MHERRST PR —NMRZ TAEE. RIEEIUEN, B/ EH—MFE
BRETRIRET 6V, RFER/ + 1 B NFHERSTRNIREB 6010 #1T L
RIEFRIE (MEENXND—H), B/ EFERFINEEERSEET
FHAE, BRENE WD), FHBBET 60K,
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ATHEMESRESS REpREEITES

EIREREE

500 8 IW.biX.Y)

Z(k)
_aXUR 9ZURR g YW, b; X, y)
T az0K " axUk T pzU+Lk)

::ﬁ(zug<>(up<wu+Lm5u+n))

— p(HLK (f,’(Z(’)) o up(é(/+1))> 7

Hrh, up B ERAERH (Upsampling).
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ATHEMESRESS REpREEITES

EIREREE

ERRIE I BRE K MHERSTIIRET VY, BIRRBKXTE I RHE

AMSAERRET R E TE R 3 WP MR

) w h
R = (X L 60).,)

1.k,
aV\/I(J P s=1 t=1

wy /7/
_ (I-1.p)
=3 <X<u—/>—s,<v—1)—r '
1

s=1 t=

ERSHE (EBEXF) (HEMESREES])
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(rot180(5“kU>SI>. (167)

121 / 143



ATHEMESRESS REpREEITES

EIREREE

AR 167HRIFEERER, BELtBfREHXTE  BRE L NFAERRST 8
R ITEBEE WUkr) B ETRTILS A
OJ(W,b; X, y) _
oW U.kp)

BIRRBXTE I BRE K MHERSHRE b BB ET LS A

rot180 (X1 @ rot180(3"¥)) . (168)

8J(W,b; X, y) 2(5(/ 0), .

iR (169)
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ATHEMESRESS REpREEITES

TREEHEE

BIVMBEFRERAIR, |+ 1BEAERE. BATRERR TRIEHRE,
[+ 1 BHR— T HETRRER NN TERE (E—R) BN FHERS
B— X

Z(+1k) — Z (W(/+1,k,p) ® X(/,p)) 4 pUHLe) (170)
T,,i':l
B BRI k MFEERIRET U0 HEKES SN T:
A OJ(W,b; X, y)
1.k)
506 e T (171)
B axXUR  gzFLR (W, b; X, y)
T azUk T axUk T azU+1k) (172)

= f’ﬁzma o ( by (5<’+1"’>®rot180(W(’-kvp))ﬁ . (173)
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ATHEMESRESS REpREEITES

TREEHEE

AR167THRIFRERER, BERREXTE I BHE k MHERRS#H
IR W) BB RTINS 7

9J(W, b; X
—(aww 2 >~ (down(x (=) . 50:9) . (174)

I

BIRREXTE I EHE k MHERSHRE b BB ERIIAE R

OUW.biX.y) _ g0y,

s (175)
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ATHEMESRESS EEESEEITES

TEIR L2 X 25

= ok

AR MR RN T H A E R REER, TREEENE. HAEF
FIEHERS, BIRMEMERITENAT . BAFTIEERZEKH.
BEMHEMFEE RSB RIGHNHETT, EBLEEERENFT. @
MR MR LLRTIRAREZ L% B INTF & E YA Z MRV EEH . (BIFHRE L%
EEW ZNRAEETR, BEERUULKBRESERFES L.
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ATHEMESRES> TBIFFHZ M LE

TEIR L2 X 25

B/E—NMANFTIxE = (xO,x@ x® x("), {BIRMEMEEET
TEAREHHRIFLFEREE A EMEE

0 t=0
h, = (176)
f(h,_1,x;) otherwise
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ATHEMESRESS EEESEEITES

BRI 22 PR 2 7Y 7 131
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ATHEMESRESS EEESEEITES

18] SR 1A T 4%

BRiRETZI t B, WAAX:, BRERES REMEZTEN) Ah. h AXF
SHAETRIBMAEX, B E— P ERINREIRSHEX.

—RFENER W T R

h = f(Uh,_, + Wx, +b), (177)
XEB, FR2IELMEY, BE N logistic B tanh B
ElstaH T &R B R FF RV IRt /L% .

» Y2 ¥3 Ya te yr

T T T T T

h1 . h2 — h3 — h4 [ — h-,—

T T T T
Lx [ | [ x | [ x| - [ x |
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B

ATHEMESRES>

B ML

BRI LR B S HONGR T LIRS BT IE) T R &3 (Backpropagation

Through Time, BPTT) &% [Werbos, 1990].

4’7...
—

) > J3 A
T T T T
l l I 2
h1 h2 :; h3 : h4
i L i i

| x x | L x | [ x |

ERSHE (EBEXF)

(HEMESREES])

. 42 BB R IT BB IR LE 2%

20154 12 A 26-27 H, 4t
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ATHEMESRESS EEESEEITES

B

BRI L A~ MEBEE, R%H S WEAME
FUBIR%EN J = T, o

Bk JRT URBE

o) <~ 0
U =~ 2~ 3u (178)
t=1
T
oh; 0J;
=y —— = 1
2~ 5U bh,’ (179)

/E\:EP’ hf %9‘53: U*uht_]_ EI‘JEI%SI; ﬁﬁht—l 2%*? U*D ht_2 EI‘JP—ng&o
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ATHEMESRES> TBIFFHZ M LE

B

R zUCENSE

8J <~ Ohy Bh, By, 8J,
50 =22 30 o o
t=1

Hr,

oh, ¢ Oh,

Ohy i=k+1 oh;_,

t

oU ohy oh; dy;’

— H U T diag[f'(hi_1)].

i—k+1

ERSHE (EBEXF) (HEMESREES])

20154 12 A 26-27 H,

dEx

(180)

(181)

(182)
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ATHEMESRESS EEESEEITES

i,

8J O (T T e Oy: 0J;
%_Z 8<H U" diag(f'(hi-1)) oh, 3y, (183)
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ATHEMESRESS EEESEEITES

CHA MR o)

BATEX v = | U diag(f'(hi—1))|l, MELBAARFRESE@mA X
MBy>1, Ht—k = oolt, y75 5 00, SERBREAIRE, UM
BRVBREIRIECIRR; R, Ry <1, Ht—k - coft, vy ¥ 50, £
BRAN 7R B A 5% 4R 42 I 4% 2 (A A0 BB BE S Ak o)

FEitk, S=FAE LB MBS E AT LUE S KB 8] B PR AR S 2 18] B9 k35
X% (Long-Term Dependencies), {1B2HT#6E @ EiEk@E, SEfRLE
REEZESI 2B AKX R. Xt 2B AR e .
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ATHEMESRESS EEESEEITES

BEsiFES

ATHERBEBRIFSOHARE, XBRES U7 diag(f'(h 1)) = 1. —M75
AMBENSENSY, EFEMAIFEMAMERE. EXHENAFREE
REANTRLE, RFRSETRENTZRA.

BE—MARNMRBEER, kit v =1, BEEER F(h-1) = 1.

h; =h, ; + Wg(x,), (184)
g BRI M BUE R .
BEXHIER, EXTHAETERRL ERIELMRIERNMER.
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ATHEMESRESS EEESEEITES

BEsiFES

— M EMBERBGE R SIA—TNHBVRTS ¢ FIREITER MM R IREE,
ERS7E ¢, B RIEEMEE S h,

c; = C; 1 + Wg(x;), (185)
h; = tanh(c;). (186)

BR, IRKRAFE—ENER. BHc Mc, , BEMXER, FRTEHR
*/D\ Xt EI‘J1_$_I%\’ %1%?7—5.’; ct g?\zafﬂ;ﬁi@ko
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ATHEMESRESS EEESEEITES

KEGRTICIZ ML : LSTM

KIERHEIZHEMLE (Long Short-Term Memory Neural Network, LSTM)
[Hochreiter and Schmidhuber, 1997] REIFHREMEI—PNTAE, ATLABF
HhARIR B BB AR IR EE N 4R O R B IR E S Sk [B1RE

LSTMIRBIR K BERZSIAN T —LHIZIZE T (Memory Units), FtIFMILEAT LA
FIMFESHEES, ANAHESEINCICET. ERNZ L, 212

Bitc, BRTHHENZALWABHEER, FZ=N “17 =26H: W
AN iy, B FsEi T o, =MNTHWTEWELE [0, 1] 218,
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ATHEMESRESS EEESEEITES

LSTM

ERZ B LSTMREF AR T :

i = o(Wix; + Uh;_1 + Vi, 1), (187)
f. = o(Wexy + Urhy_1 + Vrcs_ 1), (188)
0: = o(Wyx;: + Ushy_1 + V,cy), (189)
&; = tanh(Wex, + Uch;_y), (190)
C:=f, Oce i +ir O &, (191)
h; = 0; ® tanh(c;), (192)

XE, x 2ERELINEA, o Rlogistic BEL, Vi, Vi, V, RARIER.
BRI EHE— A NEATRERES OB, WA EHE—1 R
FETEMASDHES, Wikilo, BHE—IAFLTHESHES.
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ATHENESREES]

TRERAHZ R L%
LSTM 54 7= 41
Ci1 vl—> X :@ >
hy_; '.l f; iy C; 0; h,

Xt

BRI (BEA)

(HEMESREES])
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ATHEMESRESS EEESEEITES

I IFRTEIAEIT: GRU

IIBRTEEAE T (Gated Recurrent Unit, GRU) [Cho et al., 2014, Chung et al., 2014]
E—HMEtL LSTM EMEHAEA. Z£LSTM S, BN TMESII2E4 (R, EHAE
RN IR & . GRUBBMAITISMIBERIEHER—NT: EHT (Update
Gate), EIREAHF TIiCIZBTMMETTEN.

GRUEHREMNT: EHMI1zMNEETr. Bz ARSI NATRSEEESS
PREEEMEZSOHER. EE ] AREHRERSTESVEERNALER
F52,

GRUBEBIMEH AT

re = o(W,x: + U/h; 1) (193)
z; = o(Wzx: + Uzhe 1) (194)
h: = tanh(Wex: + U(r: © he1)), (195)
he =z ©hey 4+ (1 —z) ©h, (196)

(197)
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B AT R

o 1=l +HE +121Z
o TEGEIEMLE
o 1BIZ o =8 + 1T H
o LB RH Neural Turing Machines [Graves et al., 2014]
o BIZHEMLE Memory Network [Sukhbaatar et al., 2015]
o FNZSIBIZHZEMLE Dynamic Memory Network [Kumar et al., 2015]
0 iB1Z v 128l e I E
o HHZBEHLIAEIH Neural Random-Access Machines [Kurach et al., 2015]
o ZEM9idlZ (#%. BAFID

e Learning to Transduce with Unbounded Memory [Grefenstette et al., 2015]
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AATH

@ Torch 7 (Facebook)
@ Theano (Bengio)

@ Keras (Recommended, Based on Theano/TensorFlow)

ERSHE (EBEXF)
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20154 12 A 26-27 H, 4t

142 / 143



R
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(HEMKZSREFS) SHHX:
http://vdisk.weibo.com/s/A pmE4ilotGf/1450319894
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