CNN

- Convolutional Neural Network
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Convolution Cross-correlation Autocorrelation
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Input Kernel
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OX0+1%x1+3%x2+4%x3 =19,
1X0+ 2X1+4%X2 +5%x3 =25,
3X0+4%x1+6%x2+7%Xx3 =37,
4%x0 4+ 5%X1 4+ 7X2 4+ 8X3 =43.

(vdumoulin@ Github)
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Convld

5 5 ala & torch.nn.Convld(in_channels, out_channels, kernel_size,
stride=1, padding=0, dilation=1, groups=1, bias=True,
: padding_mode="'zeros')
II 0|3 4|5
1 2
I 0 3|4 5

In the simplest case, the output value of the layer with input size (N, Cyy, L) and output
(N, Cout, Loyt ) can be precisely described as:

Cin—1
out(N;, Cont; ) = bias(Cont; ) + Z weight(Cout. , k) * input(N;, k)
k=(



Convld

torch.nn.Convld(in_channels, out_channels, kernel_size,
stride=1, padding=0, dilation=1, groups=1, bias=True,
padding_mode='zeros')

Shape:

e Input: (N, Cin, Lin)
o output: (N, Cout, Loyt ) where

stride

L;n + 2 x padding — dilation x (kernel _size — 1) — 1
Lout = +1




Conv2d

torch.nn.Conv2d(in_channels, out_channels, kernel_size,
stride=1, padding=0, dilation=1, groups=1, bias=True,
padding_mode='zeros')

In the simplest case, the output value of the layer with input size ( IV, C',, H, W) and output
(N, Cout, Hout , Wout ) can be precisely described as:

Cin -1
out(N;, Cont; ) = bias(Cout; ) + Z weight(Count; , k) » input(NVi, k)
k=(



Conv2d

torch.nn.Conv2d(in_channels, out_channels, kernel_size,
stride=1, padding=0, dilation=1, groups=1, bias=True,
padding_mode='zeros')

Shape:

o Input: (N, Cin, Hin, I'1|-"‘-i:r.:]
. DUEPU[: [4;'\'!'-., Cﬂnf v H._:q_lt . FT'.};;”) where

H;, + 2 x padding[0] — dilation[0] x (kernel size[0] —1) — 1

Hogy — , 1
e stride|0] ki J

Win + 2 x padding[1]| — dilation[1] x (kernel_size[l] —1) —1 N

Wout = T2 17 3
? stride(1] J




Conv3d

torch.nn.Conv3d(in_channels, out_channels, kernel_size,
stride=1, padding=0, dilation=1, groups=1, bias=True,
padding_mode="zeros')

30 data

&
N
)

\
X

(W)
N
(Y

A
X

7\
X

3
(X

\/

\/

(- f
T T D L

T S
7 7 8 1
A 5 A
1 A T

F L p e b rd
A Y A

In the simplest case, the output value of the layer with input size (N, Ciy,, D, H, W) and output
(N, Couty Dout, Hout, Woyt ) can be precisely described as:

Cin -1
out(N;, Cmfj-} — bm.ﬁ({_}m_ﬁ) - Z weight(Cou,; , k) * input(N;, k)
k=0



Conv3d

torch.nn.Conv3d(in_channels, out_channels, kernel_size,
stride=1, padding=0, dilation=1, groups=1, bias=True,
padding_mode="zeros')

Shape:

o input: (N, Ciyy , Dy, Hiy, Wi )
« Output: (N, Coyt s Doty Hout » Wout ) where

D +2 » padding 0] — dilation|0] = (kernel_size|0] — 1) — 1
Doyt = o ¢t R 4.7
I stride () 1
Hin + 2 x padding|1] — dilation|1| x (kernel_size[1] -~ 1) — 1
Hout = — e — +1
i stride|1
. Win + 2 x padding|2| — dilation|2| x (kernel_size|2] — 1) -1
Wout = S S L5 +1
I stride|2|




ISTEMNER (32x32)

35 x SK/RY BFRZ

o« RZ

« 551,

=152k /28 x 28

« 557,

« ERHBTRIZAT LA Rt/ i

=15ZHEH K/ x 4

LL

o FERMn, Xy, 7 E]

(np —kp + HXMn, —k, +1)

RENMIN UNIVERSITY OF CHINA



578

15y ERABERIIEINITT /5

t

Input Kernel Output

re=sr==Tr=="=r==""r=="

.0;,0;0,0;0:

*“'"]"“ i 013 |8] 4
00111210

b Aainie 011 9 119125|10
013450 * =

b g 213 21137143 |16
O|6|7 (8]0

- e 6|1718]|0
,05,0¢0¢0¢0 !

aleccalacadaana

OX0+0X1+0x2+0%Xx3=0

RENMIN UNIVERSITY OF CHINA



578

* R3S pn TM pw 51, MEIH9 -

(nh_kh_l_ph_l_l)x(nw_kw_l_pw_l_ 1)

° Eﬁﬂphzkh_l , Pw =ky —1
o kAT £ L TRMESE pr/2
o = kp AMBE : T LMEEZE [pr/2].4E FMUETE |pr/2]

RENMIN UNIVERSITY OF CHINA



- IR FePEAT%A

Mlaw

.IJ:E

7V

KNSR

- nZEEH ] )\j(/]\224*224

f R >, w244, zz'i‘.l‘iﬁ.ll_
LN ]

R EEKR
E(FEH5* 555 %AY
pE(kZ4*4

" AEAAAAEEEEEE
L LT LT T T R
TIrrrrrrrrr
TIrrrrrrrr

RENMIN UNIVERSITY OF CHINA



1
v

- ZIREIET/FIRYBEIELK

. BE3 BE2 (LR

Input Kernel Output

r="rT~""fF~-~r~-°-°r-
030300 O
b — i
tolof1]2]o:
b ~mnd 011 0] 8
0134|510 * —
b ] 213 6| 8
O|6|7]|8}0!
b ~

0 O 0

01

(4
3
-da

OX0+0x1+1%x2+ 2X3 =8
O0X0+6X1+0xXx2+0X3 =6

RENMIN UNIVERSITY OF CHINA



1t
v

- I[FHHEE s, FIRE s, R |, BIHAAE

| — kn + Pr + Sp)/SpIX1(Mw — kw + Pw + Sw)/swl

'ﬂugaph:kh_lr pw:kw_1

(" + s — D /splXI(mw + 5w — 1) /sw

- RN EAEEA LIS IREERR

(np/sp) <My /Sw)

RENMIN UNIVERSITY OF CHINA



. AR

2

* FHRAIIK, E%'

{&aI8e

RENMIN UNIVERSITY OF CHINA



Z M RINEE
- HEEFEIAYE RGB =B
- R RERELIER




25 ERAYA

Input

Kernel

01}
213

Z AR
SNBESE— ST, SREFGBEET

Input

Kernel Output
1| 2
3| 4
56 | 72 (I1X1 4+ 2X2 + 4%X3 + 5x%x4)
t S Tl H(0X0 4+ 1X1+ 3X2 + 4x3
011 =56
2 |3

RENMIN UNIVERSITY OF CHINA



Z P RIAEE
° X: ciXnpyXxXn,, EHJ)\
[ W: c; <k <k, %% 1:?

[ Y:myuyXxXm,, EHJL—I
Ci
Y = Z Xi,:,: x wl
1=0

RENMIN UNIVERSITY OF CHINA



Z M HEE

ez LRANEE, FIHRALERIIRRE
2|22k E

A8 LA

Z13-DEx, BMER—

EHJL % é

EHJ)\ X: ciXnpXn,y,,

? Yi:: — x"“"A,i:::
|j\:|/‘/( W: c,xc; <Xk, <k, " T
G v, ori=Lc,

RENMIN UNIVERSITY OF CHINA



Z N N EE
. S RHBETT LR

s MANBEWNZRBIFHEASRAFRIERT

RENMIN UNIVERSITY OF CHINA




1x1 HFHE

kh = k = 1 B SZXDHITEE,
QRI=SERT, , RERSEE.

Input Kernel Output

*E\ ':.Zﬁ’ﬁm)\nhnwxci *DEE CoXCj E{J?ﬂﬂ_g{;_

RENMIN UNIVERSITY OF CHINA



2-D HHIE=
Y=X*xW+B

o I X : ¢y XnpXn,,
* BEMZ W : ¢;Xcoxkp XKy,
« {RE B : ¢;Xc,

o« BIH Y : c,xmyXm,,

g7 (ZFRIZEFLOPHIEE)
¢; = c, = 100

kh == hw - 5

m, =m,, = 64

O(cic kpk, mym,) = 1GF

102, TM7=f5: 10PF
(CPU: 0.98 TF = 2.8h,
GPU: 12 TF = 14min)

RENMIN UNIVERSITY OF CHINA



HEARAE
« BRI B
— NEEDZ

ML
X [[1. 1. 0. 0. O. Y [[ 0. 1. O 0.
[l 1s D 0. 0, [ 0. 1. O 0.
[1. 1. 0. 0. O. [ 0. 1. O 0.
[1. 1. 0. 0. O. [ 0. 1. O 0.

+ BEEEERFRBAELL
- fBBE, WMARIE, LU, SMISSEEGTS

RENMIN UNIVERSITY OF CHINA




2-D &Kt
BB OB AE

Input Output
O] 1] 2

2 X 2 Max 415
3145 .

Pooling 718
67| 8

max(0,1,3,4) = 4

RENMIN UNIVERSITY OF CHINA



2-D &Kt
- IREBHE O FAIRATE

T B A Al LA 2-D e Ntk

[([1. 1. 0. 0. O. [ 0. 1. 0. 0. [[ 1. 1. 1. o.
[1. 1. 0. 0. O. [ 0. 1. o0. ©O0. [ 1. 1. 1. o.
[1e 1 0x 0. O [ 0. 1. 0. 0. [ 1. 1. 1. o.
[1. 1. ©: 0. 4. [ 0. 1. 0. o0. [ 1. 1. 1. 0.

A FIBRRBAL

RENMIN UNIVERSITY OF CHINA




mwﬁ- %,5
%B» 1 iﬁi\fﬁﬂlw rl]EEI
« S ZBUZEISE

. EENENIBER ity
LELGRIEHEMNAYSE T

& 2
o #EiHIEE = #g N\ BE

RENMIN UNIVERSITY OF CHINA



¥ﬂ&%F
HEIERERES

* E-_j(Iﬂj/ﬂ./u

* ——i/j lﬂ_j/ﬂ./u
BB (A B T

- BOFRINIEERE

'.t w.t

AR AL =

RENMIN UNIVERSITY OF CHINA



WEIT—L
?AQEE__Z_ E'rXJ 12
- H-XJ K_..l- H&@?g
. i%%?aa)\f F—E= (KE)
— E-_J,:_ Kﬁ'ﬁg lkéé;%ﬁ' ?g
— KSR 2

« RN =(wiZ

RENMIN UNIVERSITY OF CHINA



MET—L
s FHE—ERT, EATRILUE S BN,
BT

Zmz and O'B |Z

nﬂ
2l
=

’LEB 1€B
— ERJhyEEL -
T; — UB
Li+1 =7 Z OB + B




MET—L

- B EANEEFHITIEN

Xi+1 =Y

op
Random
scale

- FMMLERSHRRE (shift)
- BMMLERIREHAEIREEH] (scale)

- SEXFEHA (REERENES)
- EHBRY/IMEE R/NI 64-256

RENMIN UNIVERSITY OF CHINA



==
A5

- HEE

XIFrEHETHITIEIT—H

- SHE

FMEE—MER—L

- JIgGitESNMMEERFIENRE

- HIERNABITEIE, EMIHEEE

i)

RENMIN UNIVERSITY OF CHINA



Ziap]

« torch.nn.BatchNorm2d(num features, eps=1e-05,
momentum=0.1, affine=True, track running stats=True)

Applies Batch Normalization over a 2D or 3D input (a mini-batch of 1D inputs with optional additional
channel dimension) as described in the paper Batch Normalization: Accelerating Deep Network Training by

Reducing internal Covariate Shift .
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MLP with one hidden layer

0'(W1X + bl)

h =

~
Q

~
<
:

=
©,
7]
|
>

RENMIN UNIVERSITY OF CHINA






=ik - WlE

« torch.nn.Dropout(p=0.5, inplace=False)

Parameters

= p - probability of an element to be zeroed. Default: 0.5

» inplace - if set to True, will do this operation in-place. Default: False

Shape:

* Input: {#] - Input can be of any shape

» Output: (*) . Output is of the same shape as input S R
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