E%3 (Deep Learning)

=
R =) — B aN T = 3 — 1= s N
AL |2 # T8 |3 - 13 3&: - g% |13 dense dense)
re -

384 384 256 1000

55

256 Max‘ 4096 4096
Max Max pooling
- Stride\| 4 pooling pooling

of 4

SB05H FEHZEMLE

BX # F

/2/> Z3] e puthon = Jupyter
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SCHFEEZ2S] (Deep Learnina)

BIRHARE HZ ML AlexNet

Max Max
Stride\| o5 | Po0ling pooling
of 4

ARk
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SERIRESS (Deep Learning)

AlexNetflllmageNetig4\
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SEHFESS (Deep

Learning)

ImageNetE{RE

29 {ImageNet: A Large-Sca

BJImageNetE 250,000+ AR BUE

BO0OODOOOOOO0O00ODOLDOOO N

/ i A V1 INT Y EALNLLEF TR ) =

222.22222282223222382 SRS

A3I33IBRIBISEIZIILISLED 3 2 I\

L A4 4UY GG IS €d 4G 49 IR

R TS SSeS NS E

© e e bbbt bE be bk :

7 72297 E2117F 1T train

PC 885 CBREZFSTPLELBO T4

test
total
SBIEL

~2009¢

<HIZ

<, 1%

MNIST

28x28
60,000
10,000
70,000
MNIST

E, SE ¥ BIRFECVPR2009 L AR T —
e Hierarchical Image Database) Ui, TEhHR
=80 51400H5B%, 437922000

ImageNet (ILSVRC)
/5x56 ~ 4288%2848 (469x387)

1,281,167 (20125F)
50,000
150,000
1,481,167
1,000

BX#FTE | ouxinyu@alumni.hust.edu.cn
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SLARESS (Deep Learning)

AlexNetfllimageNetF7t
ImageNet X#RMAEIRABIHEEEZ(ILSVRC) E&E

HFCNNEBIRYSE—

\ I~ =
'AEE 152 layers| [152 layers| |152 layers

30 282

19 layers| |22 layers|

2010 2011 2012 2013 2014 2014 2015 2016 2017 Human
Lin et al Sanchez & | Krizhevsky etal  Zeiler & Simonyan & Szegedy et al He et al Shao et al Hu et al Russakovsky et al
Perronnin (AlexNet) Fergus Zisserman (VGG) (GoogleNet) (ResNet) (SENet)
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SCHRESS (Deep Learning

20124, Alex Krizhevsky. llya SutskeverfxZ{Z AXFGeoff HintonfYLIE=igitH 7
— NRENSBRRERNZAlexNet, ZE 720128 ImageNet LSVRCHIBE, BEHRRITHBEE
T2 (top5tEiRZFEN15.3%, £TH/926.2%) , SliE T HIEBRIRR.
AlexNet2EBHEBXHN—1MNREL, FELtCr], MEMNKZERNE 7EKNE, 8
20125F AlexNetitE 25, ImageNetIEEEHEIRMEMEE (CNN) &07, FEHERXW
SR, EBCNNZER A iZOEAEE, R T7TREZINKER.
AlexNetl5REE2RIE:
v B TIEEMEREERE: RelUs
v BalE 3SR E: Dropout, #H@EES (Data augmentation)
v  Hfth: ESB. ZGPUSEIE. LRNIF—LERNER

http://DeepLearning.ouxinyu.cn rEHEMLEAlexNet BX#FTE | ouxinyu@alumni.hust.edu.cn 6/48



SEHFEESS (Deep Learning

ILSVRCHEELZE(2010-2017) %470 7 8fE, 201745, ImageNetfIKaggledkseutin, EGoH %
(Classification) f0B#n&M (Detection) RizxmaZ=NFEES, EEHIEIN T ERAVIDEIESERINR
BR8N, SEEMIT Places2EUERERIZE52E (Scene Classification) F{ERMIT ADE20KEUEERZ

=42l (Scene Parsing) ,

fF t=8!/PMAR (more) Test top-5 (%) &t
2012 AlexNet 15.32 7CNNs
2013 ZFNet, Overfeat, Clarifai 13.51, 14.18, 11.20 Overfeat (7 fast models)
2014 VGG, GoogleNet 7.32, 6.67 /nets (dense eval, 144crop)
2015 ResNet 3.57 6 models, EXiERABNREEE
2016  Trimps-Soushen, ResNeXt 2.99, 3.03 WL =P MK ZZA S 1R
2017 SENet 2.25 Momenta 542 XF

http://DeepLearning.ouxinyu.cn
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SERIRESS (Deep Learning)
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SERIRESS (Deep Learning)

AlexNetBIPBH =5
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SLARESS (Deep Learning)

AlexNetfIMLEZ B RES

Image Maps
Input

Convolutions

Subsampling

K el

\

MLeNet-5ZlJAlexNet

Fully Connected

13 13

55
27
\ 13
I~

T3

e
|
l,

u

+

|

|
w

/
\|",
\‘!

| M
A -]

384

> o 5
13 Q:—-;-* 13
N

384 256

LeNet-5 [LeCun et.al, 1998]

|

dense

Max Max
Stridel\| o¢ | PoOling pooling

Max
pooling

dense

1000

4096 4096

AlexNet [Alex Krizhevsky et.al, 2012]

® %18 72012ImageNet=ZHEE
® AlexNet2&FER. FEAHJLeNet
o TENH:
® XEFFZEDropout
® RelU
® MaxPooling
o HuEE
o I HENMIHGIECH
® K -> FTHHE -> SVM
® A -> CNNYFIE -> Softmax(a]|3

http://DeepLearning.ouxinyu.cn

FEHEMEZAlexNet
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SLARESS (Deep Learning)

AlexNetfIRLEP RS
MLeNet-5Z|AlexNet

‘. 4ty & J Architecture:
LeNet AlexNet . RHStEEEO FCS

t t

x FC7

' : ERAYEED.
2x2 AvgPool, stride 2 /J A FC6
TR Max POOL3
\ CONV5
? . | ERER CONV4
f S CONV3
Image (1x32x32) Image (3x227x227) NORM?2
MAX POOL2
\ N _ \ . - CONV2
Ql: F—PESHENHERITEED? Q3: F—MBHENBBRIT2ED? NORM1
A1: (227-11)/4+1=55 => EHIHR~: A3: (55-3)/2+1=27 => BHiHR MAX POOL1
[96x55x55] [96%x27x27] CONV1
Q2: HF—MNERENSHRITEEL? Q4: F—NEENSHRITESL? Input

httr.://Deept.eariing.ouxinyuv.cn RE W ZMy4iAlexNet : ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

AlexNetfIRLEP RS
MLeNet-5Z|AlexNet

Architecture:

Le‘lFﬂ Ale)}Net -
~ FC7

2x2 AvgPool, stride 2 3x3 MaxPool, stride 2 (E%ﬁ@’:]égutlj J FC6
Max POOL3

1~ T2 CONV4
= CONV3

NORM2

{) . MAX POOL2

3x3 MaxPool, stride 2 J Egigijéﬁuﬂ CONV2

T NORM1

MAX POOLA1

CONVA1

Input

http://DeepLearning.ouxinyu.cn rEHEMLEAlexNet BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

AlexNetfIRLEP RS
MLeNet-5Z|AlexNet

Architecture:

LeNet AlexNet
A 4 100042808 | -
! s tH L7 4
FullyConnected (10) FullyConnected(1000) | ’ FC6
1\ 1~ Max POOL3
FullyConnected(84) FullyConnected(4096) y SRl
- M120/84%| CONV4
T T . 4096191 J CONV3
FullyConnected(120) FullyConnected(4096) NORM?2
4 0\ MAX POOL2
CONV2
NORM1
MAX POOL1
CONVA1
Input

http://DeepLearning.ouxinyu.cn rEHEMLEAlexNet BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

AlexNetf PRI R4

iITEESE
Architecture:

i RITRIREIFLOP FC8
LeNet ~  AlexNet FC7
| FC6

Max POOL3
CONV5
CONV4
CONV3
NORM2
MAX POOL2
CONV2
NORM!1
MAX POOL1
CONV1

Input

http://DeepLearning.ouxinyu.cn rEHEMLEAlexNet BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

AlexNetfIMLEZ B RES

N\
N T o - i R
\ SN el . N c Wl DR - _ o
IN [ X ~ T |13 _ 1L |3 3& — =% |13 dense | [dense
—~ 4

384 384 256 1000

55

256 M 4096 409
Max Max pooling 4096

Stride\| o¢ | PO°ling pooling
224\ || of 4

3

o {HEBLRE: 7T MEENERRE OMNERE, 21MNaEEER)

o 1FEFY: FrEfFEI\SHTEIRE AYIRE, AENEIERZIRE
o FIRAB: TN EFS

® HLZcH=#: ~6551, ~60MN
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SERIRESS (Deep Learning)
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SERIRESS (Deep Learning)

AlexNetfJiEAMHTH—
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SLHiFEES> (Deep Lea

AlexNetHﬁEz?RfEIw

358 5 g @ ——»@ #5472 5 b 728

/ \
EAvE (D) mimer
I
)5t 28 55
mEmmENE () é Rety

N
BESHW @ @

Dropout

http://DeepLearning.ouxinyu.cn iREHERILEAlexNet



SLARESS (Deep Learning)

SHETRALIE

SEFAL IR E R TR

V1. s (Oata Cleaning GERIA—1L tfEIs
%1 ® #iEIT (Data Annnotations) B &Z=EMI255,0]3— HEBROAER—L
i £21[0,1]
Y1 ©#4EEnL (Data Intergration)
GEMG BEN
fw'f'] ® HUEFIFRARL (List Generation) SR — SRS (S T am O T
fw‘f"] ® =32y (Data Reduction) G kg HUEERITS R
5 Ly | HWCRSHHCHW  32frFsveineiummss

¥y ©ZUEES (Data Augumentation)
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SLARESS (Deep Learning)

SHETRALIE

FTXIRGBIEE S AlHT RIIEIR(E

We did not pre-process the images in any other way, except for subtracting the mean activity over the

training set from each pixel. So we trained our network on the (centered) raw RGB values of the pixels.

RGB{EARUME: XIFEEIR, Nzl 'ji_J_u-fi’J{E/mB%o I9EMImagenetHIEERNIZE (1205
ElfR) KB 1ZHEA[104,117,123], ERFEHEAZHETBRD=RIER,

http://DeepLearning.ouxinyu.cn rEHEMLEAlexNet BX#h= | ouxinyu@alumni.hust.edu.cn



SLARESS (Deep Learning)

SHETRALIE

AT E 27—

® J3—{¥ (Normalization) :

EEMHIRRIEE, ST —WErRHEHE, JNZFHERF B ATPRRKA(E,
SNZFHHERTEFEATHRIME. Sd)3—Wia, AraRIRHEERSMERGTZI0, 11218, [3—rRILIEHR
1TERDTER, ERENNERION, EARGEESALHE,

WJ&D: —I:I/_LI_E_QH '?J-Er_ﬁu import numpy as np

_ [ . . ] np.set printoptions(precision=3, suppress=True)
I I o ’ X = np.array([e0.1, 2.3, -4.5, 4.2, -2.7, 6])

mu — 2 X_norm = (x-np.min(x))/(np.max(x)-np.min(x))

' print(x_norm)

Last executed at 2020-10-26 22:12:57 in 13ms

[0.438 ©.648 0. ©.829 90.171 1. ]
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SLARESS (Deep Learning)

SHETRALIE

AT IR Z R

o IrfEfk (Standardization) :

EEMHIIRIRE, ERUMVECEIIRHIHE, SZFHHEREEATRIYE, JIZ
FHHEFMEEATINEE. SfRER, FMEIERSREIENC, INEENTRIESS .

BIan, feER—EEHEFS!

import numpy as np
=y 5 = o0 a9 = oo U np.set printoptions(precision=3, suppress=True)
m =2 X = np.array([@.1, 2.3, -4.5, 4.2, -2.7, 6])
' x_std = (x-np.mean(x))/np.std(x, ddof=0)
print(x_norm)

Last executed at 2020-10-26 22:12:50 in 16ms
[9. ©.373 0.746 ©.695 ©.441 1. ]

http://DeepLearning.ouxinyu.cn rEHEMLEAlexNet BX#h= | ouxinyu@alumni.hust.edu.cn



SCHRESS (Deep Learning

IREFIE—CEREEIHIRENRITIRE, ERRADMEERKIFHDAZ ARG HEENE
RIS, S mFIPERIFEEIE. MRARERFEINTES, MBS EERESHEHEIEA, NiE
R, EREREBREIZIETIREERRRIRAYETNERR, WERR—K. LWt WEXEINES
BERSIRFIIASIED .

EETAYENREFZIF, HAT—REWMDAREENYE, —MEREEHITTIE. 5—
MEREERHITTIIE.

v BEEHITENE: NS NMEENEEERTENE, EFADHHERF200x200, NEEEE
40000 ™MIME, ZAATERNER, MEHTARSEAFHNREENS M, REEXKBIIES
SRR E—ERIRE.

v BBEHTERE: ERETEERITENE, ERAEE3I T HEEE, K263 1T1E. BX
FRHEABREERELSSTh, REFAERS, KEEHTEIEEREEBERERTIIER.
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SLARESS (Deep Learning)

SHETRALIE

SPIEEA

Bmes, SHEEMTER "2 FE" BER. BaFLE:
® REMHEMSITIRE,
® S EREIAR NN EEE R NSEUTIEEZERY T,

EEFENE, XEE—MRAEENTIERR.
frRIECZ ), BINFTERIETBABGEAESNITERENE, FiRREEHITIYE
[104, 117, 123]1F kR,
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SLARESS (Deep Learning)

#UEI%r- (Data Augmentation)
BT A EEREEIE

gl

BT 60METSE, } [ KEI6575 MRS }

reEga
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SLARESS (Deep Learning)

#UEI%r- (Data Augmentation)

How

to ...

—HILRIAD . HEEMEREIER TR, MREEINIGEE (EE2RRHEE
BRI IS HRRESFAERR, B, sTLAE—FEX, IEH

%’Qm) , Wgenz
,|:|, }Aﬁ'ﬁL

EUREIEI (DataAugmentation) BIIRH, #HIAARI)EGZUEEIRET,

AR —.

http://DeepLearning.ouxinyu.cn

— R N R EIRT

PN
— Bb

il
AN
I
<r
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SEEFREFS (Deep Learning)

& EEEF' (Data Augmentation)
1%&55* eI nI e ERIZE

I. i
- )
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SLARESS (Deep Learning)

#UEI%r- (Data Augmentation)

Alexnetiii 7{t4?

o dllﬁlﬁ‘ﬁz. HATIRRRRGES + 7KSHEREE © 33256 x 256HE Fit TR BI 224 x 224,
XTEAtJJJﬁL%B#MﬂK—’*”%O FURIEINE = (256 — 224)2 x 2 = 2048(3

j|||Jf'j}“_yr,‘§JzTa"ﬁ |7}(;gé>>$§> | > 2048/
Ty B

o MBER, FiT10EYJEITE256 % 2569FAF T/ L, & F, &L, &, FE>5
IRENED, FEXERBUE .:Jm-_ﬂk—%”%m j@ﬁ,lJElj“ XJ 10 MERRIFTITEER K M9(E,

10E
|

N
I<]

15
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SERIRESS (Deep Learning)
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SERIRESS (Deep Learning)

AlexNetlIiEAHT =
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SLARESS (Deep Learning)

PR# 2 1EE 7t RelLU

SigmoidiEFR

£ EHHE’J%EFQZWQEJ (FRARIMERELERRECESIgmoidREl, HNEIRIFHbEERE
TR ERA S SRR EN F]F%LEI’J%% (0: ZBHENE, 1: TE®WEGE) .
BE, AO/IFRREFINNAPRDIEIBHNSS. TBRERZE: 85~F%E1E
. SNHEIETIRZTtanhF1SigmoidRZIE B TEURYFIE.

////##— s N\ B ASIER/NGORT, FRRTTAORE

| | 0.5 | | EEERTF0, MmreEisE g,

J Eitk, SigmoidfiTanh X #FR A MEFNIEEM
BT,
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SLARESS (Deep Learning)

PR &l 26 £ 82 7t ReLU

ReLU (Rectified Linear Units) PR
HlZERT, EATNAF(X)=max(0,x), =
MNES <08, WMHEE0, ZmHES
>08Y, mHFTHA.

-

----------

F(x) = max(0, x)

http://DeepLearning.ouxinyu.cn

ReLURBYfLEAR

—— RelU
=== Tanh
o 051
b
g
o Y
2 -~ _
E - -
® 025 =~
[
0 T T T T T T T
0 5 10 15 20 25 30 35 40
Epochs

HFReLURL&MER, RILESEIAE
N, ERAEBENETEEAKRELD, W
SEELLSigmoidfiTanhikiE8%, EES
Imagenet/RXFCIFAREHESE ERYSCIET
T2, ReLU#HtETanhi6(3,
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SLARESS (Deep Learning)

Dropout

st : SFHNRELEEIIHALL

ge:
,E H .

prlbd e

DropoutfisiA

EHIIUEIEE S

1. WELEER, DropoutiBIT(ZC R MRS SEI R —E I

SAGEIZTTENO, AR SHIREEE, SET RN

bR, UERTMZRESFIAEE,

2. E F—IRIECR, FhlY—EmSoREFBETMIFR (B0) |

EEIIHER.

#Dropoutiil
LT

http://DeepLearning.ouxinyu.cn

}I

2 iEEE

N

FEHERLZAlexNet

Origin S51M:

=R, XFRFIRF
A—ESERNmEE, tban
LIR=EXTEE, Tk

X ERYFEEBELERY.

IE@%&%E’\JK%‘!
=y

BX#h= | ouxinyu@alumni.hust.edu.cn 33/48



SLARESS (Deep Learning)

Dropoutf & {4l

B Z ERAN & FDropout/s B 5 BRI

=o( 1 + 1)
"= dropout( )
= 2 *
= softmax( )

® Dropout2{FREEERE LRIENIN, EEETIEFFRRREERTISFERRIAK
i, MMFEEILE.

® Dropoutd] LA#EME—MEMNRSIRERYG A, BEIACSEINSREHT,

® DropoutfE/ g A4R, BRRFRIEE HAEEM,

® 7tAlexNetd, DropouttiN RS2 1M4096EIEIERE
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p Learning)

NEEE L EIRES

Pooling EiEidC ST SRR A HSCEI 7 B ERIHSR.
o gAY, pool size = stride, XFBUWFRATES BN, HIA08xSHMFIEE, ST A2,
A2 x 28Tt fE, 18EE94 <4,
® Zistride<pool_size, NFRABES BN, XFpGiEILAlexnetfElmagenet{EFFHIFEIRFTIEEX T

0.4% (top-1) #10.3% (top-5) . FERERZEESBHENNATZIUSRX) .
|

AlexNet
v’ Stride= 2

v pool size=3
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SLARESS (Deep Learning)

SE ]
Local Response Normalization(FEBIRRIERI{L)

[IEig k] SigmodfiTanhE—ERIIENNLIER, Bl 3—RI0,11/[-1,1]Z18l,
mReLUNEEFREIRE], ELWFEEXNEHITIEN., Alexneti2h 7 —FIENILEIE,
FRAIBERMRIIEN{ (Local Response Normalization, LRN), EAREEE@SLRN
B, NEIBEEThENEIERTFIE, FEEF MR AKRMEZTSHEIIEA, FHl
B EMth /= AR/ \aUfRES T, 1SR TYAYIZ (EE

min(N—1,i4n/2) o
1 i ;32
b:ﬂ:._y e H’:rkyff k+ a E (ﬂ::ir,y}

j=max(0,i—n/2)

ZTTEEIM T1.4%, 1.2%HITop 1 1Top5iRTt. (BIRERIRS TR LRNZER
HAZRBE.
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SERIRESS (Deep Learning)
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SERIRESS (Deep Learning)

AlexNetBUH AR M=
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SLARESS (Deep Learning)

IZRHT

145 M,
T R TSR SRS (SR SRS, |

FPRAVEIE X = SEARRIHERTT /AYEE ().

Forward pass
Q)]
X
@)
~~
N
ssed plemyoeqg

FRREE AR a I EERAIR 2 og( ) PEARRHERIZS].

http://DeepLearning.ouxinyu.cn iREHERILEAlexNet



SLARESS (Deep Learning)

IZRHT

HF IS HIBEHEEE TBF
5 =
} WE () S|F: - 5 EE I
BT WETHR Y

/ e oL
Vil 1= D.Q-t!i—{].ﬂﬂﬂﬁ-s-wi—f-< >
Ow 'wi D,

Wiyl = Wi+ Vi

Forward pass
ssed plemyoeqg

v Batchsize=128, Hdh Jik({Z=3|

v ZhiEMomentum=0.9, NEZRZE%£0.0005
v HETE, AFEIR

; V= AE AR PERIINE BE v

http://DeepLearning.ouxinyu.cn iREHERILEAlexNet



SCHRESS (Deep Learning

Forward pass

< °

EATHIIRL,
{-I\j ® [FEbias:

. 2 I 41 54\%$/EL
1, 3MNERERE
® DERFIEE: FIEEFER
SURNRZEAE FERY, ST —RFEIRFT) .

5
5

5
E
=]
I

i (2

STV E

NS

=REERRT, 8(F
IR0 TR
HENZIER, F

{52

IR &R TR,

feIaF S =Klearning rate=0.01, &)IIZR901NEHA
SHFR(E=IR,

R, 0NN

h
SYN

NP IR ZE

BIERIERS, S SIRIHE 06

Bp: [0.01, 0.001, 0.0001, 0.00001]

rEHEMLEAlexNet

http://DeepLearning.ouxinyu.cn

IZIESHhDm (fREE/0.01)

>

Vex
A

At

ssed plemyoeg

BX#FTE | ouxinyu@alumni.hust.edu.cn
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SLARESS (Deep Learning)

IZRHT

9 NMEE (B—E) TREFIEIRMSIE

| _?-m M
| | [ ]
=

EIFZ: 11X 11X3, M224 X224 X SHIMINFER P EF S 3418,

iREHERILEAlexNet
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SLARESS (Deep Learning)

izt R

B FIIRar S

o RARIFTN 10D (patch) HFEIHEZRIS, BPS1224x22409Y)Epatch#lE
1IJE’J7J<—¢’*>>$’5°

o ETZiE[mIFrYSoftmax, BEIERIFAVMEETRAIMERIMERS . B, ik
PEAFTEB/HITEINIT— (5SVMAE) .

o FNERER ML D EMREAAIREESI,

LL

132 0.353 0

0.058 | softmax. [ 0.016 | lrgmax - ~ > Label:
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