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F21 § F22 | F23 f 124 | 125 | 126 | 127 5x5 Outp ut
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141 142 143 144 145 146 147

151 152 153 154 155 156 157

161 162 163 164 165 166 167

171 172 173 174 175 176 177

Example credit: Karpathy and Fei-Fei
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124 125 126 127
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AAAAAA pad/fill: add value, often 0
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Pooling “ihik”

ﬁﬁﬁ:@ﬁ%ﬁm =[] 7 HER AR /N
TEENEIE LN

Max-pool
m Ntk
2x2 Filter
Stride 2
—p

Slide credit: Karpathy and Fei-Fei
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Figure Credit: Karpathy and Fei-Fei
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Figure Credit: Karpathy and Fei-Fei; see http://cs231n.stanford.edu/
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LR =

F

2.0 - |

<«
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; Fhb Ky, ¢
5 b + /.. Fiik*Lyvixtjk
1=1 j=1k=1
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Slide credit: Karpathy and Fei-Fei



Convolutional Neural Network 5 F3 42 4% (CNN)
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G IR N 28 BE AR 2455

WC

H

= CNN | = 1

18 HxW KT BREAL A B RN [

il

o —iKEGINMPINER? (F=1)
100035732 14593? (F=1000)

+ GPSEANALIR? (F=2)
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GRAMA LS 733K
W’C

1 F
H -> CNN | = 1
KR R 2% —

P(image Is class #1)
P(image Is class #2)

P(image is class #F)



GRAMA LS 733K

/-r y;: class #0
RPN

“Hippo N ( exp((Wx),, )
B\ 3, exp(Wx)0)




GRAMA LS 733K
W C

1 <
-> CNN | = 1 (o0

o~
S S
& 5 &%
S 93
5 1] 0.2

02| 01| 0

yi: class #3

: “ ikJ'E"\ 9% ]Zl i&
- | “Baboon”
—log ( exp((Wx),, )
i 2 exp((Wx)g))




Y ZECNN DL 58 i 55
W C

H

CNN

o FRATR E SR

o« GHTEBEAINE R 3r25)

o ENEMFIRAENELE, 153]IxIxF )% H
o JENTRRRECEAL ISR

1 UFIR

o IR 4 DL I 4 AR B /M AR R R
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1x1xC Ix1xF
9y — 7

G VAR B C-4E ik LS 21 P-4 HF Ak
W (FxC matrix) + b (Fx1 vector)

A AR SE I ?




Everything’s a Convolution

1x1xC

1

1x1

('\

Ix1xF
—

- Fh=1, Fw=1

= NS G R

Fp Fy
ZZZ l]k’k1y+lx+]k_> b+sz*I
:1: k=1

k=1



FFUEFEAL R = e ?

HxWxC 1x1xF

i

BAM?



AL N TR = Pooling

HxWxC 1x1xF
'
Avg Pool
HxW Filter
Stride 1
—p

*(If F == C)
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Figure Credit: Karpathy and Fei-Fei; see http://cs231n.stanford.edu/
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AR A

N [32x32x3]
CONV with 10 3x3 filters, stride 1, pad 1.
B 3: [32x32x10]

B SH: (3%3*3)*10 + 10 = 280
RELU

CONV with 10 3x3 filters, stride 1, pad 1.
B 3): [32x32x10]

Hrit 24 (3*3*10)*10 + 10 = 910
RELU

POOL with 2x2 filters, stride 2:

B 3): [16x16x10]

HrIMZH: 0

Slide credit: Karpathy and Fei-Fei



AR A

Z Hi % [16x16X10]

CONV with 10 3x3 filters, stride 1:
5 3): [16x16x10]

HimSH: (3*3*10)*10 + 10 = 910
RELU

CONV with 10 3x3 filters, stride 1:
5 3): [16x16x10]

B S H: (3*3*10)*10 + 10 = 910
RELU

POOL with 2x2 filters, stride 2:

5 51): [8x8x10]

G ZE: 0

Slide credit: Karpathy and Fei-Fei



AR A

Conv, Relu, Conv, Relu, Pool {&¥f, B 3|15 2| [4x4x10] IR AE
Fully-Connected FC layer to 10 neurons

(330 2K1577)

Wi 24

10*4*4*10+10=1610

ZETR

Slide credit: Karpathy and Fei-Fei



AN

Conv, Relu, Conv, Relu, Pool 1&#, H 2115 2|[4x4x10] HIFFAE

Average POOL 4x4x10 to 10 neurons
Fully-Connected FC layer to 10 neurons
(3302215 77)

Wi 4

10 * 10 + 10 =110

ZETR

Slide credit: Karpathy and Fei-Fei
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G AR N 2%

image size 224 110 26 13 _ _
filter size 7
1 w384 256 ]
| | '\2;56 \ \
istride 2 96  3x3max 3x3 max C
3x3 max pool pool| |contrast pool 4096 4096 class
stride 2 stride 2| [norm. stride 2 units units| | softmax
3 L
N 2 @]3 9 256
Input Image : '\2‘56 - -
Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer6 Layer?7 Output

Figure Credit: Zeiler and Fergus, Visualizing and Understanding Convolutional Networks. ECCV 2014



SRR

image size 224 110 13
filter size 7 | 3
¢1 384
| 6
¢stride 2 3x3 max
3x3 max pool contras pool contrast
stride 2 stride 2 norm.
3
r\ 55(1 13 v 3
Input Image 1 '\zf6
Layer 1 Layer 2 Layer 3

(1) filter image with 96 7x7 filters
(2) ReLU
(3) 3x3 max pool with stride 2

Figure Credit: Zeiler and Fergus, Visualizing and Understanding Convolutional Networks. ECCV 2014
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« it 1000 254325 P47 (Imagenet)
 Alexnet (2012)

. VGG-16 (2014) BATTA] LA 22 A A A B v 33t
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MHTHG CRFERRA)




AlexNet

Input

227x227

3

Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1

96 256 384 384 256 4096 4096 1000

TRTEEE

FNERENRE A N EAARRE (H) - 58K (W)« FIERE (H

WIEH, © RAR. MEEIET S, XL R EAR, RESFEE

ERZ, MR . 08 (block) o 78 M 2% 1 im sh i )
AR, G RERAER — MR AR B 5y — AR



CNNZE: A ARTE

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

227x227 55x55 27x272 13x13 13x13 13x13 1x1 1x1 1x1
384 384 256 4096 4096 1000

"Iﬁﬁl@@@

AN ICAT DIEFRON “BOE” « “MEIn” 8“4
iE”



AlexNet

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

2217x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
3 96 256 384 384 256 4096 4096 1000
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AlexNet

Input Conv
1
227x227  55x55 221x227 55x55 55x55
3 96 3 96 96

11x11 filter, stride of 4
(227-11)/4+1 =55




AlexNet

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

227x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
256 384 384 256 4096 4096 1000

iiﬁﬁi@@@
f— Z# % —1 ReLU

% 12 28— maxpool
E~ JZH8H “normalization” #x AL

I




AlexNet — Detalls

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

2217x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
3 96 256 384 384 256 4096 4096 1000

= O 7

C:3

C: Size of conv
P: Size of pool




AlexNet

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

2217x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
3 96 256 384 384 256 4096 4096 1000

' ' T I EICE
13x13 Input, 1x1 output. /&4 2 )2




Alexnet — 75 %2 /bZ=E17?

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

2217x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
3 96 256 384 384 256 4096 4096 1000

"Iﬁﬂlﬁﬁﬁ



Alexnet — G £ /bZ=21?

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

227x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
256 384 384 256 4096 4096 1000

lﬂﬁl@@@

96 11x11 filters on =-channel input
11x11x X96+96 = 34,944




Alexnet = 2 /D=7

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

2217x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
256 384 384 256 4096 4096 1000

3 96
' ' Note: max pool to 6x6

TRITEEE

4096 6x6 filters on ~56-channel input
6x6x256x4096+4096 = 38 million



Alexnet = 2 /D=7

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

2217x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
256 384 384 256 4096 4096 1000

3 96
' TRV IEEL
4096 1x1 filters on -channel input

1x1X x4096+4096 = 17 million




Alexnet —H /b &%

ISR AN S AR B E 5 H AlexNetfr & =
W, &FELZKBE]?

1422

ATE? 8LE?

« AlexNet562.4H i N2
ViV E2E 2 ¢ finc v~

sEi=hs

164F?

LR EGRE SRR 2
A

= o e



BHEE — ILSVRC

 Imagenet Largescale Visual Recognition Challenge
- LAMK 5
« 100072851, 538 H R A5




VIR \

£ — ILSVRC

birds

bottles

pill bottle

cars

race car
Figure Credit: O. Russakovsky

COCk ruffed grouse  qualil partridge i

beer ottle wine bottle water bottle pop bottle . « .

wagon minivan
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Input Conv
1

227x227  55x559

3 6
Conv 1 Filters
+ Q. BFZIWANIEIE?
e A:3
- FMEMNBEERRHA?
* R, G, B.




LA 3] A4

Figure Credit: Karpathy and Fei-Fei
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Input Conv Conv }J E iﬁJ)\E/] ﬂﬁi/\)(T %Eﬁ
1 2 X 2 K Y Bl o5 W 2% = B IR
207x227 55X559  27X272 BN E P A PTARER ) tl%%ﬁgmﬂ‘
3 6 56 iR A E Ik, Tﬁ@?‘ﬂéﬁ
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= P&

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

2217x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
3 96 256 384 384 256 4096 4096 1000

1010 = ==

CNN 2 Ht 7 13x13x256 % H 2 |2 25 Y] 2%




= P&

Input Conv Conv Conv Conv Conv FC FC Output
1 2 3 4 5 6 7

2217x227 55x55 27x27 13x13 13x13 13x13 1x1 1x1 1x1
3 96 256 384 384 256 4096 4096 1000

1010 = ==

CNN 28 1 1=
1x1x4096 [1J4H1E P15 oA 2%




= P&

Input Conv Conv Conv Conv Conv
1 2 3 4 5

227x227  55x55  27x27  13x13  13x13  13x13
3 96 256 384 384 256

AN

CNN 2 Ht 7 13x13x256 % H
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Figure Credit: Girschick et al. CVPR 2014,
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B. Zhou et al. Learning Deep Features for Discriminative Localization. CVPR 2016.



