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Intel i7-6700K

4 1IEZ
F 7%

« 64KB L1 &%

« 256KB L2 &7
HSH) 8MB L3 77
30 GB/s Nz /®
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GPU 48

GFlops
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2Uol I ®
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0001050 T/ 2
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DDR4
32 GB

Intel i7
0.15 TFLOPS

Nvidia Titan RTX
12 TFLOPS (130TF for FP16 TensorCores)
24 GB

Bl TITANRTX
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Highend Gaming / DeeplLearning PC

Intel i7 % @E@]= DDR4
0.15 TFLOPS |l coreim |f 32 GB

ctx = npx.cpu()
XemEOPYRO:66RE)

Nvidia Titan RTX
12 TFLOPS (130TF for FP16 TensorCores)
24 GB

>
-
14
72
<
=
=

Ctx = npx.gpu(0) aWs
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GPU Notebook
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« ([ FRA—IER] ARG L

- RGB B|/F & 36M 7t=

- 1005 HBIFREEREE 36 127t
=

« 81 T HhEK_E PR A R9IEF1E
(9125 + 6{ZJH)
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FIF — RREREMSS

Output layer

100 i It Hidden layer
3.6B &% = 14GB

36M AF1IE Input layer
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 MEREERE

limh
JTLL
Sh

SN THCEERE (5, &)
« FWNEZTH R 4-D sk=

Zwuklxkl Z z]ab i+a,j+b

a,b

2 W 2 VRITTREMAS:
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LLm

ijab = Wijitaj+b
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II.J\I£1 Nﬂ:%*

hi,j — Z Vz]ab i+a,j+b
a,b

« 7 X FHORBA S h RRRBRIAET
« v RRHKEE (1)) 1XBE. BBV, ) = Vay

h ;= 2 Vaprita,j+b
a,b

X8 2-D &iA
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ll.a\lﬁ 2 - ZIK:I:'H_’,E

hi ;= Z Va,prita,j+b
a,b

o BAOIARRLZER x(i,)) KizrIFiITE h(i,))
- X |al,|b| > A SMINEEF v, ;, = 0

Z Z Va,pX i+a,j+b
—A b=—-A

dWS

http://1day-zh.gluon.ai



http://1day-zh.gluon.ai

BB

http://1day-zh.gluon.ai

Convolution

Cross-correlation

Autocorrelation



http://1day-zh.gluon.ai

2-D 5%

Input Kernel Output

OX0+1%x14+3%x2+4%x3=19,
I X0+2X1+4%x2+4+5%x3=25,
3IX0+4X1+6%X2+4+7%x3=737,
4x0+5Xx1+4+7%x2+8x%x3=43.

(vdumoulin@ Github)
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-X:nthwi AN FE[E 01112 o | 1 19| 25
cW ik, X k ;BN 1 [2E] T [#[=

* b: scalar bias

Y:(n,—k,+1)X(n,—k,+1): BHIEF
Y=X*xW+5b
* WHl b ZRILAF IS E
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Convolutions Notebook
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gl
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e {FFH 224 x224 BIEF0 5 x5 #%ER, FE 44 B3]
MR 4 x4, XESRAENITE

http://1day-zh.gluon.ai

£ AAAEAEEAEAEAR

HEEESEEEEEEE %

dWs

u


http://1day-zh.gluon.ai

=<
KN

BT RI T, &

N
/

SN

ag Eh

N\

o

D
EN
ey

|0
=

TN
e

Output

Kernel

Input

o] [o0)

o ©

~ (90]

o N

X

- il i M aidd
' o OMOMOMO.
b - - .".‘-
1 (
‘o {N|bw]|]o]o
(
“".l ‘-"-
“0 ~ < N O
ul.n.! .".i“
rolo|m|o o
- de e
' | | ! i '
roiocoiloto il o,
... 4.4 S

OX0+0Xx1+1x%x24+2%x3=8
OX0+6Xx14+0x2+0x%x3

=6

aws

http://1day-zh.gluon.ai



http://1day-zh.gluon.ai

gl

» BEBTIE s, MEDIE 5, BHAIFIAR
[(y, — ki, + py + sp) 5] X |(m, — ko + py, + 5,05, ]
- Elp,=k,—1fp, =k, —1
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W1 RS % Al AR 182 RS
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Input Kernel
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— P ER%,

Input

Kernel

A

AR

[E XI5 RN

Output

56

72

104

120

(IX14+2%x2+4%x3+5x%x4)
+O0OX0+1Xx1+3%x2+4%x3)

= 56
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- WAX:¢XnXn,
WXk, Xk,
c BB Y :m, xXm,
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AMEeZDIMANBEE, BHBEDE
« BATATAEZ 3-D %, BT&TE—THILE
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1x1 %*Rl%

—MEEEERE L =k, = 1, EMAGSEES, BES
;\Eﬁ Input Kernel
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Iy

FN—TEEERR, EBmn, XA, WNE
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2-D HEIREE 45 Layer Summary

- WANX:cXn,Xn,

« &% W:c Xc; Xk, Xk,
* W2 B :c, Xc

BB Y ¢, Xm,Xm,
- ITEERE (FRITEFLOP) O(cc kik, mym,,)
¢,=c,=100, k, =h,=5, my=m, =64 ->1GFLOP

« 10 &, 1M $7x: 10PF
(CPU: 0.15 TF = 18h, GPU: 12 TF = 14min) aWws
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[1. 1. 0. 0. 0. [ 0. 1.
X [1. 1. 0. 0. O. Y [ 0. 1.
[1. 1. 0. 0. O. [ 0. 1.

s BFE—TEREELZENTTX
- JEBR, MIRIE, K, IMREL
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2-D Kt tE

« REIFE—MEMEENSZAE

Input Output
O[1] 2

2 x 2 Max 419
31415 :

Pooling 718
678

max(0,1,3,4) = 4
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2-D ;Ajtf)
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- REIFE—TEEENZAE

oplE= A=) oy AL 2 X2 mxNBMHE
[[1. 1. 0. 0. O [ 0. 1. o0. O0. [[ 1. 1. 1. O.
[1. 1. 0. 0. O [ 0. 1. 0. oO0. [ 1. 1. 1. oO.
[1. 1. 0. 0. O [ 0. 1. 0. oO0. [ 1. 1. 1. 0.
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Fiaitnat

- AN BREENRKESE

« ML IF max TR mean

. OBEMNFE ES(E

Max pooling Average pooling
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Pooling Notebook
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LeNet

convolution convolution pooling full
pooling full
_ Gauss
' 3 |z
[ =
—— | I 1] 0 & I3
6@14x14
- S2 feature map - 16@5x5
32x32 image 6@28x28 16@10x10 S4 feature map
C1 feature map C3 feature map
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convolution

1

convolution

pooling

T -

32x32 image 6@28x28
C1 feature map
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6@14x14
S2 feature map

pooling

full
Gauss

120 - F5 full
84 - F6 full

16@10x10
C3 feature map

16@5x5
S4 feature map
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LeNet Notebook
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AlexNet

Y

>028 \dense

N
o
N
[0
N

192 192 128

128
55 27

AVERNEN 13 13

224 5 1 3,,/, x \| \a
\\ | 3 B 13

dense | [dense

[mry
W

[y

w

27 ENIR

N 55 3 3 \ 1000
X 192 192 128 Max

Stride Max 128 Max pooling

of 4 pooling pooling

3 48

2048 2048
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AlexNet

« AlexNet 7£ ImageNet
2012 REHRT THE

« BEIRE KHJLeNet

« XD

* Dropout
 Relu
* MaxPooling

» WA LRI
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AlexNet 2544

AlexNet LeNet
T I
3x3 MaxPool, stride 2 2x2 AvgPool, stride 2
11x11 Conv (96), stride 4 5x5 Conv (6), pad 2
image (3x224x224) image (32x32)
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AlexNet 2544
AlexNet

t

3x3 MaxPool, stride 2

$
3x3 Conv (384), pad 1 LeNet

{ |
3x3 Conv (384), pad 1 2x2 AvgPool, stride 2
3x3 Conv (384), pad 1 5x5 Conv (16)
T A
3x3 MaxPooling, stride 2

{

5x5 Conv (256), pad 2
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AlexNet 2544
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AlexNet LeNet

Dense (1000) Dense (10)
¢ }

Dense (4096) Dense (84)
| i

Dense (4096) Dense (120)
] i}
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B3R5

o« BEHEBRENM sigmoid ZAY ReLu (&HF 1
- 10 dropout & (E&1#%)

« EHEIEE
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g

Mt

S =
AlexNet LeNet
Conv1 35K 150

Conv2 614K 2.4K
Conv3-5 3M

Dense1 26M 0.48M

Dense2 16 M 0.1M
Total 46M 0.6M

Increase 11x 1X

http://1day-zh.gluon.ai

445M

FLOP
AlexNet LeNet
101M 1.2M
415M 2.4M
26M 0.48M
16M 0.1M

4M
250x 1X

Dense (1000)

t

Dense (4096)

t

Dense (4096)

t

Max Pooling

t

3x3 Conv (384)

t

3x3 Conv (384)

t

3x3 Conv (384)

i
Max Pooling
t

5x5 Conv (256)

!

Max Pooling

t

11x11 Conv (96), stride 4

t

image (224x224)
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AlexNet Notebook
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DepthConcat
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S5x5+1(5)

Comv
3x3+185)

Comv
1x1+145)
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MaxPod
3x3+ 25) i
DepthConcat FC
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Canv
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Comv
3x3+145)

Comv
1x1+14S)

Max Podl fveragePool
3x3+145) 5x543(v)

Conv
1x1+14S)

Comv
1x1+1(S)

DepthConcat

Canv
1x1+145)

Canv
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Conv
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MaxPool
A+ 1S

Conv
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Comv
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DepthConcat @

Conv
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Comv
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Comv

1x1+14S) 1x1+1{S)

Max Pool
I3+145)

Conv
1x1+145)

Conv
1x1+14S)

DepthConcat

Canv
1x1+ 1YS)

Conv
Sx5+ 1S)

Canv
Ix3+ US)

Conv
1x1+1{S)

Canv Canv

oy SotmaxAdivation

FC

FC

Canv
1x1+1{S)

MaxPool Averagefodl

1x1+ 1S} 1x1+ 1{S) Ix3+ 1S) 5x5+3(vV)
DepthConcat
Canv Conv Conv Conv
1x1+1{5) 3x3+1i5) 5x5+15) 1x1+ US)
Conv Canv MaxPool
n Ix1+ US) 1x1+ US) I3+ US)
MaxPool
O 3+ 2(S)
DepthConcat
H
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p Conv Conv MaxPool
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DepthConcat
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Conv Conv MaxPool
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e IFRIETRE
;ZI] 1E.|ll_HRE§ : NI
LeNet AlexNet VGG NiN
¢ t ¢
Dense (120) 3x3 Conv (384), pad 1 3x3 Conv (384), pad 1
i t {
2x2 AvgPool, stride 2 3x3 MaxPooling, stride 2 3x3 Conv (384), pad 1
i t {
5x5 Conv (16) 5x5 Conv (256), pad 2 3x3 MaxPooling, stride 2
) $ 1 1x1 Convolution
2x2 AvgPool, stride 2 3x3 MaxPool, stride 2 5x5 Conv (256), pad 2 t
t f t 1x1 Convolution
5x5 Conv (6), pad 2 11x11 Conv (96), stride 4 3x3 MaxPool, stride 2 7
t t t

image (32x32)

image (3x224x224)

11x11 Conv (96), stride 4

Convolution
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Inception IR

4 FREDHHBRARNALEER, AREEEH LSH

»>| Concatenation |

AN ]
| 3x3 Conv, pad 1 5x5 Conv, pad 2 1x1 Conv
1x1 Conv T T T
1x1 Conv 1x1 Conv 3x3 MaxPool, pad 1
| == J
Input
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Inception R

=—" Inception 1R, MK&B T EERK

——| Concatenation (256)

A

il

~

~

1x1 Conv (64)

3x3 Conv (128)

5x5 Conv (32)

1x1 Conv (32)

A

A

A

I

1x1 Conv (96)

1x1 Conv (16)

3x3 MaxPool

™~

ol
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192x28x28

J
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Inception iR

Inception IRBEFE LB 3x3 7 5x5 HIRERITAEE VIR
HITE=

« SRS ANEIHIREN
* AFAITERX
#parameters FLOPS - { Concatenation (256)
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He et al., 2015
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def forward(self, X):

Y = npx.relu(self.bnl(self.convl(X)))

Y = self.bn2(self.conv2(Y))

return npx.relu(Y + X)
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