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Alexnet(2012)

R EZHE: 61T/ HEHRE LEER
(5% 125, 95%KiHER) (95%H1ZH, 5% EE)
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224x224 13x13
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ng_/Z\}Eﬁ% /I:l Convolution, ...

25 FR A 25 WX 2% v BRI

Architecture, Pooling, ...

v FHA?

Feature extraction , ...

BAE?
RAVES %, HuEiees, HuRA—, ...

IR ELETRRE L
FRFREERYZS

AlexNet, VGG, ResNet, ...
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v AT LKERER?

Convolution, ...

AMTZHEH

25 R A 25 WX 2% v BRI

Architecture, Pooling, ...

v FHA?

Feature extraction , ...

BAE?
RAVES %, HuEiees, HuRA—, ...

IR ELETRRE L
BRI 4

AlexNet, VGG, ResNet, ...
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. 4 applying a window of weights

4x4 filter: matrix 0 b computing linear combinations
of weights 6;; 121: ; U ttpta activating with non-linear function

for neuron (p,q) in hidden layer

Hangzhou Dianzi University HiM B FRIE K% School of Computer Science and Technology i+t  JESCHE




A2 HER?
oA I INERE (S LA PEE] e s i

.r,(m,l

JF 1 T T T I‘g!?\ﬂf‘ﬁ_rq{}ﬂ
A
AL IR
; 05
(1)%3%[@ T S SN oo 0 ' ' | ; '
: ® 7 ¢ ) : y ; -0 15 -10 5 0 5 10 15 20
m kil

(2) B A ' ' | o
(3) M. '

i
5 10 15 20

L ) L
L -20 -15 5
T 1 —SOO00006 hin-k}, n=-11
G & & & & < & O
(4) *Hj‘]n . -5 4 2 0 2 6
., 0.5f
u 1 1 1 1 i i
) - =15 =10 -5 1] 5 10 15 20

Hangzhou Dianzi University HiM B FRIE K% School of Computer Science and Technology i+t  JESCHE




A2 HER?
BRI G5 AT ) f B AR AR

1 NI YA UAN
2 ﬁﬁ@ﬁ :E } 1 a +%sin(3f?) o @/V\ \/\f\
o 2 L P .
A ﬁ +%5in{59] o W
n=9

Hangzhou Dianzi University HiM B FRIE K% School of Computer Science and Technology i+t  JESCHE




A A HBR?

CREIE—MMNE S AR A EEEER

S BEREE
% f()oF (), £,0)oF, )
- f(0)*1,0) o F (o) Fy(o)
AR BRI L SR AR,
SRS
= fl(t)HFl(m)’fZ(t)HFZ(m)
o) fz(;)ﬁip,(m)..pz(m)

B ] B A AR o SR AR 2 4.

Hangzhou Dianzi University HiMN BFRHHIK 2

School of Computer Science and Technology v+ EN ¥t A SCHE




Center element of the kemnel is placed over the

A A RER?
A M PR AT R IE UK 10 70 FE AR 5 r—

. \ Source pixel
DY Ay SE Ll
AR R X 15, Kernel
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A RAER?
LRET

Suppose we want to compute the convolution of a 5x5 1image and a 3x3 filter:

/N - 1|01 4134
A of1|o0| = [2]4]3
ROE 2[3]4
filter T ]
image fitter feature map

We slide the 3x3 filter over the input image, element-wise multiply, and add the outputs...
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Kernel

This “patchy” operation is convolution

- Filter of size 4 X4 : 16 different weights 1) Apply a set of weights — a filter — to extract local features

- Apply this same filter to 4 X4 patches in input 2) Use multiple filters to extract different features

- Shift by 2 pixels for next patch 3) Spatially share parameters of each filter
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N4

LA Z A . Padding (3EH7E)

=
3

____________________ g g
g g
f f
g [~ g
g g
« Valid » Mode « Same » Mode FI:I|| paddin'g.‘ Introduces zeros such tha‘t all Same padding. Ensurets that the
. . . pixels are visited the same amount of times by output has the same size as the
without paddmg Zero-paddmg the filter. Increases size of output. input.
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N4 B F?  Feature Extraction with Convolution
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A AHER?

GIR=
/7 Convolve (slide) over all
32 spatial locations
—
X
filter:
5X5X3
32 1
3 activation maps

Image: 32 X32 X3

Apply a set of weights — a filter — to extract local features
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A AHER?

GRE
Convolve (slide) over all
32 AN« spatial locations
—
X
Two 5X5X3
filters 1
32
3 activation maps

Image: 32 X32 X3

Use multiple filters to extract different features

Hangzhou Dianzi University HiM B FRIEKF School of Computer Science and Technology T+ E %Pt A SCHE




A aHBR?
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A aHBR?
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A aHBR?

+K Strides

ERUTEOL N, IEEs MR, AWRELE, MN—M&
=M A MER, RPN,

AN

1

(EB AT PAe AR, 38 & o e (B IE HEAT B RAE .
gln, ZHZKN(,3), PAE MR T EE RS =
HAKFTESNEKAG . RORE A 7K T SRAE S 4 H i
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A aHBR?

Padding (3H7)
A B RN S8 NN, HPaddingd K B4
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A aHBR?

Dilation (ZF{RHH)

RAMZE IO ZE . L (4, 2) KDilation&GF A%, At NEE FZREZHSEEE R LY KT
4* (3-1) =8, KFHFMY KT2*(3-1)=4 C&F3R3MIZ -
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A A HBR?

Convolve (slide) over all
32 . :
spatial locations
—

six 5 X 5 X3 filters
28

32 6

3 activation maps

Image: 32 X32X3

28

For example, if we had 6
5X5X3 filters, we’ll get
6 separate activation maps.

We stack these up to get a
new ‘“image” of size
28 X28X6.
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A A HBR?

Layer Dimensions:
hXwXd

where 4 and w are spatial dimensions

/ 32 d (depth) = number of filters

depth

i height
—= 10000 Stride:
/ Filter step size
| M width
3
Receptive Field:

Locations in input image that a node is path connected to
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A aHBR?

ConvNet is a sequence of Convolution layers, interspersed with activation functions.

Conv 28 Conv
ReLU ReLU
> EEEE—)
six S5X5X3 ten 5X5X6
filters filters
28
32 6
activation maps

3
Image: 32 X32 X3
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A AHER?

h ,f)c (Poolin g ) 1) Reduced dimensionality
2) Spatial invariance

Max Pooling

Single depth slice nn

A q
111124 | s |§
max pool with 2x2 filters
5|6 |7 |8 and stride 2 58 8
3 | 2 . — 3 . 4|5
1234 3 12

Average Pooling

P
-

y

How else can we downsample and preserve spatial invariance?
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A 2AHER?

Property 1

Convolution

Property 2
Max Pooling

LYyvdAdl\u 11VIVVY UL

Property 3 S Convolution

» Subsampling the pixels will not

Max Pooling

Flatten

>

Can repeat
many times
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Any Questions?
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