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o AUERHSINIFEMERZIR, WEELMIFZERS, KERBFAT—EN
1WA Y= WL SEE - C (I S v

AT

T

Logistic BRZL  f(x) =

Tanh pR%Y

ReLU pR%%

Flx) = SP-ep()

1
1+exp(—x)

f(x) = max(0, x)

exp(x)+exp(—x)

f1(x) = f)(1 - f(x))
f(x) =1- f(x)?
F'(x) =I(x > 0)
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Bl i B ]

o Logistic(Sigmoid) & TanhFHEIRI SEHEEHEB/NTFHEFT 1.

(a) Logistic PRI FEL (b) Tanh P S

o RENBMEEREEREN, £ —EEHEFRLUZENEEREISEL.

o X, REZIB—ERBIHBEIHRM. SNBEHERRET, BERSAER
W, EEEK, EEEBITNBEM)IZ, BIEEEEXAE(Vanishing Gradient
Problem)

o —MUREIEEIHKRBIRIT ZME(E R SEIRAKRIEIEREL, IReLUREL.
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e ReLUEAZY RelLU
B o max(0, )
> EBRBEIEXEIR = %

>ITRIREERR, REZFIMWMAZEE AT Leaky ReLU o
> W SR E iR F SigmoidfITanh max(0.1z, )
r—

e Dead RelLU Problem: X F RelLU {FARUERMIBLITEIIGINLRES "EL" .

>R, MRSHE—RAFMEINEFE, REEFTHNENHLTTEBRNIZREE
FEABHENE, IFAXTHELTEESSHNBEXKTEISE 0, EUAERIIIZIEF
HIKIZTABEH BIE .

e NT R FIREM, BJLF ReLU BUEZF (WLeaky ReLUZE) & Z{FEH.
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o SLIGNILL: PAFSEIRENG

Hib=20HHRE, 2 3l{EASigmoid,. Tanh, ReLU{EABUERREL, XTEE
#iEF | Sigmoid | Tanh | ReLU
iRl E 41 39 45
YRR 95.67% 95.88% 95.24%

SCIGHER A

> XAER R TanhBIRRRIT, (Bt QAR IAE M AR EANSHIR E R Tant

RYSURBEN R, Age—H#imie;
>HATHEHKAR, BRNEREEERSIgmoidflTanhiRZ];

> HREIReLURERIFEABENRAME, LiaF—ikILAINReLURZLH

ECHRIES

ReLURZISBIRMHRIFER, B HMBIEREL,
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18 ik (U e IE

o JEAIFALIFEIE (Universal approximation theorem): IR — NN EGZ&MEE HE
2V —EEEUREE, RELETFTNEBEBHNEN®E T, FUULMURESEEREIR
FE— BNERDELANELEEREL.

e George Cybenkoft 1989 FHEERHIX—EE, FIEBERERE Sigmoid REAIIER
TRYERME. X—EEHEIER Sigmoid REFTEBSHRMER.

Cybenko G. Approximation by superpositions of a sigmoidal function[J]. Mathematics of control,
signals and systems, 1989, 2(4): 303-314.

o Kurt Hornik EIR MR F A, ERBEAESX—FIERNRAREFIE Sigmoid EKEL,
EZERIRMENMEEA.

Hornik K, Stinchcombe M, White H. Multilayer feedforward networks are universal
approximators[J]. Neural networks, 1989, 2(5): 359-366.
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K& (BR. #) &6 LR ESLRHE T LIRS ERREEIR,
LA-3BI3 2 [BRIESZK AN, ERLAB=1RERIE I —— N 2R R EF— 1 2 2R EL

< L8 &
@ sin(x)

“( E,] -1{-3<x<-05}

2
& 'zl" ._(~- %_}-)9-1 {05<x<3}
&

y=x{-05<x<0.5}

https://medium.com/analytics-vidhya/you-dont-understand-neural-networks-until-you-understand-the-universal-approximation-theorem-85b3e7677126



1 A \] =iy

1E iR (U E IR
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o MLFEIPESE . WA\ BEHRENHEIN. REENESIANLERRERHZITRIT R

o —ixKiR, MAENHZTHESTRHLELZIETERARENNE, HHENH
ZTTHHES TSE M RAREKIE HAVEHE.

e At Z A ETHESENREENEHLURRIEEMZTHINE,

o —RIBERT, BEREENEMWAILUIRNESZRNS R, BRBINEEZENELME
BEMET M HEArA—ELBEBIREENERBEMERLXLE

https://zhuanlan.zhihu.com/p/100419971
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o [SiERHEZITANE: 1. 2, 3. 4 (NEER)

d) &y O
ole)
OO‘j ®)

OUTPUT OUTPUT OUTPUT OUTPUT

Test loss 0.377 Test loss 0.166 Test loss 0.050 Test loss 0.021
Training loss 0.374 Training loss 0.169 Training loss 0.037 Training loss 0.010
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o SLIGXILL: LAFEHIREAHI

Hits#HEE, ETRBEEMELITINE910, 50, 100, 200, 2000 [EEE
ZERIIN, XJEESLIRR A

ZyTAM8 | 10 [ 50 | 100 | 200 | 2000
44 41 40 45

RN 181
TR 80.87% 95.35% 95.67% 95.77% 95.24%

>—RG, BEERBEMHEITTEAYEIN, MLPRIEMRERER®RS

> REERLITNEENE—ENER, IGEERBXEXNERRRTFTRERN,
ERITERBSERIEFATSFHNNR,

PUIREBREMRZITNHISZ, dUEINE, kRM=ENNEERERTEE,;
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[T EFRRAE AT RRERNAFEERNENE, 8 M8t cea T 1T NE,
MENMUEER B2 MBI EE DRI — 1S,
o EfRBETERAKRKIHIMETTT, MENERFRENIEEEORE, FELUHR
MERIIZREFRFEARE, SERYSE (underfitting) .
o FFIT ZMNHETHFEEM:
>B5%, BREEFRMZITEZ, JRFEFAFIFNEENRE (MRS
F) , SEEMS (overfitting), FEZ{CHE
> 75, REERFEZHNELITTEEINIZEE, BXITRE&RE,
o FiLA, EE— 1 EENREBMERZLTHEREXREEAY,
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o [SiXEEN: 1. 2, 3, 4 (NEERA)

OUTPUT OUTPUT OUTPUT OUTPUT

Test loss 0.459 Test loss 0.340 Test loss 0.052 Test loss 0.031
Training loss 0.454 Training loss 0.345 Training loss 0.008 Training loss 0.000
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o SLIANILL: LAFEHIREEAGI
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HETES ----
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A = |
o MN{AliR BRI EMLITHNNENERANAM, HEnkB™RHEIgES.
5 S I AR i B

SRR A TR SRR

o SLFRM AT,
Bl “ibf8iE" (trial-by-error)
SPURXIE, FISERINEZ/,

>URIING, HUEERNE A0 LT 14

SR TTIEL;
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e scikit-learn

> from sklearn.neural network import MLPClassifier # 933

class sklearn.neural_network. MLPClassifier(hidden_layer_sizes=100, activation="relu’, *, solver='adam’, alpha=0.0001,
batch_size='auto', learning_rate="'constant’, learning_rate_init=0.001, power_t=0.5, max_iter=200, shuffle=True,
random_state=None, tol=0.0001, verbose=False, warm_start=False, momentum=0.9, nesterovs_momentum=True,
early_stopping=False, validation_fraction=0.1, beta_1=0.9, beta_2=0.999, epsilon=1e-08, n_iter_no_change=10,
max_fun=15000) [source]

> from sklearn.neural _network import MLPRegressor # [@]l3

S 5 MLPClassifierz&qLl
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OuUTPUT

Training loss 0.002

BR—AEA BN-BREE-BE 02 EREINETH K, Testioss 0002 L

HpmiiEEam M HET, BERERE—ERERE5N
TEHEZTT, MHEE—1TMET. MRRBERYIGTIRE,
AUm R EERReLU,

ZERNAEFRR. ATLIEER, llZxlossFIillossHD
IRE TRIERYIKE, RIZHEMNEEEETREFAYDE
B, T Z ERMBERBERAIIFZEMIERREET].,

i
Pl

oL

I RLOERF T HEEYZEFESTFE
https://playground.tensorflow.orq/
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o :fil: Fashion-MNISTEIEE S
o HIEENA:

Fashion-MNISTHEEEI101 KRS B It-shirt (TIM) . trouser (#EF) .
pullover (%) . dress (L_?KT‘E) coat (YPE) . sandal (Jm=EE) . shirt

"
i

(%) . sneaker (I=z&)%E) . bag (8) #lankle boot (FZ&f)
pullover ankle boot shirt t-shirt dress coat coat sandal coat
t-shirt bag ankte boot t-shirt pullover pullover ankle boot dress

M
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FATTLABESRAPI (MXNet, PyTorch, Tensorflow) i&ESHESCINZS ERREIL.

o XERE—NEERERENS ERANIITSE:
>»HINZEFashion-MNISTEIEEFH 28x28=784 MKERFEEHKIIE®
rE—ERREE, 82 256 1MREEEIT, FERT RelU BUEERE
>E_EERHE, BEG&DH 10 15

# MXNet

from mxnet.gluon import nn

net = nn.Sequential()

net.add(nn.Dense(256, activation='relu'),
nn.Dense(10))
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# PyTorch

from torch import nn

net = nn.Sequential(nn.Flatten(),
nn.Linear(784, 256),
nn.ReLU(),
nn.Linear (256, 10))

# Tensorflow

import tensorflow as tf

net = tf.keras.models.Sequential( [
tf.keras.layers.Flatten(),
tf.keras.layers.Dense(256, activation='relu'),
tf.keras.layers.Dense(10)])
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L cEE Sigmoid BUERREL
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Hep x RN, ¥ ,73Am I REHEETHRE, 1 , o3I ABRARFENE
BHLITHINE, MYTHHEZET, FJxRE, M  DARNRERSHEITTE
H 18 22 TR R AIIE.

ZEBEMER—HT 7 NRIVE, JTHEMEE) G 23X RNV EFTEE,
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TE I XY ) 45

HTER, ML

o EHWIIRTNE. IZEZEFRIFX P EREFIIGTRENREZNE, XIUHWN
BREMZRFI7R:
b1 b, w1 W b3 w3 Wy
0 0.0 0.0 1.188 -1.295 | 0.002 | -0.013 | 0.483
1| 6.093 | 3.058 | -9.292 | -8.985 | -0.114 | 1.131 | -1.128
2| 11.14 | 8594 | -18.834 | -21.314 | -0.025 | 1.122 | -1.135
3 | 28.258 | 20.088 | —48.348 | —48.338 | 0.008 | 0.986 | —-0.995
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o HIEIAYASFE: = sin( 1) —cos( 2), 1[5 5]
o HHEI U EFfr7~:
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Questions and Answers



