Convolution Layer
and
Pooling Operation

Motivation and Architecture
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y=x00*w00+x01*w01+...4+x22*wWw22
y=sum(xij*wij)



Base way



kernel/filter

Xg X4 o X3 X4
X5 Xg X7 Xg Xg
X10 | X1 | Xq2 | X43 | Xqg
Xi5 | X6 | X17 | X48 | Xqg
Xoo | Xo1 | Xoo | Xoz | Xo4

Wo | Wy | W,
Wy | W, | Wy
Ws w7 Wg

image: n xn

kernel: f x f

output: n-f+1 x n-f+1

output



Xo | X X5 Xs | X4
X5 Xg X7 Xg Xg
X0 | X1 | X2 | X3 | X4
Xi5 | X186 | X7 | X418 | X19
Xoo | Xo1 | Xoo | Xes | X4

kernel/filter

output




Xg X X, Xq X,
X5 Xe X7 Xg Xg
X10 | %41 X2 | X13 | X4
X15 | X186 | X7 | X418 | X19
Xo0 | Xof Xoo | Xoz | Xo4

kernel/filter

output




Xg X X, Xq X,
X5 Xe X7 Xg Xg
X10 | %41 X2 | X13 | X4
X15 | X186 | X7 | X418 | X19
Xo0 | Xof Xoo | Xoz | Xo4

kernel/filter

output




Xo | X Xo | X3 | X4
X5 Xg X7 Xg Xg
Xi0 | X1 | X2 | X153 | X4
Xi5 | X16 | X7 | X148 | X1
Xoo | X1 | X2 | Xesz | Xes

kernel/filter

output




Xo | X o Xs | X4
X5 Xg X7 Xg Xg
Xt0 | X1 | X2 | X153 | X4
Xi5 | X16 | X7 | X418 | %19
Xoo | Xo1 | Xoo | Xoz | X4

kernel/filter

output




Xo | X Xo | X3 | X4
X5 Xg X7 Xg Xg
Xt0 | X1 | X2 | X153 | X4
Xi5 | X6 | X7 | X418 | X19
Xoo | X1 | X2 | Xesz | Xes

kernel/filter

output




Stride



image
Xg X4 X5 Xs | X4
Xs | Xs | X, Xg | Xg
X0 | X1 | X2 | X3 | X4
X5 | X416 | X7 | X8 | %19
Xoo | Xo1 | Xoo | Xoz | Xo4

stride=2

kernel/filter

image: n xn
kernel: f x f

output: (n-f)/s+1 x (n-f)/s+1

output



Xo | X X5 Xs | X4
X5 Xg X7 Xg Xg
X0 | X1 | X2 | X3 | X4
Xi5 | X186 | X7 | X418 | X19
Xoo | Xo1 | Xoo | Xes | X4

kernel/filter

output




image
Xg X4 o X3 X4
X5 Xg X7 Xg Xg
X0 | X491 | X2 | X3 | X4
Xi5 | X186 | X7 | X418 | X19
Xoop | Xo1 | Xoo | Xoz3 | Xo4

stride=2

kernel/filter

output




image
Xg X4 X5 X3 X4
X5 Xg X7 Xg Xg
X0 | X1 | X2 | X3 | X4
X15 | X186 | X17 | X48 | X1
Xop | Xo1 | Xoo | Xoz3 | Xp4

stride=2

kernel/filter

output




image
Xg X4 o X3 X4
X5 Xg X7 Xg Xg
X0 | X1 | X2 | X3 | X4
X15 | X186 | X17 | X418 | X19
Xoo | Xo1 | Xoo | Xoz3 | Xo4

stride=2

kernel/filter

output




Padding



image
0 0 0 0 0
Xo | X1 | X5 | X3 | X4
Xs | X | X7 | X8 | Xo
o b xe | x| x| X
0 1 2 3 4
o b xe x| x4 1 X
5 6 7 8 9
X X | X | X5 | X5
0 1 2 3 4
0 0 0 0 0

stride=2

padding=1
kernel/filter output
W, | wy W,

image: n x n
kernel: f x f
output: (n+2p-f)/s+1 x (n+2p-f)/s+1



image
0 0 0 0 0
Xo | X1 | X5 | X3 | X4
Xs | Xg | X7 | X8 | Xo
o b xe | x| x| X
0 1 2 3 4
o b xe x| x4 1 X
5 6 7 8 9
X X | X | X5 | X5
0 1 2 3 4
0 0 0 0 0

stride=2
padding=1

kernel/filter

output




image
0 0 0 0 0
Xo | X4 | % | X3 | %4
Xs | Xg | X7 | X8 | Xo
o b xe | x| x| X
0 1 2 3 4
o b xe x| x4 1 X
5 6 7 8 9
X X | X | X5 | X5
0 1 2 3 4
0 0 0 0 0

stride=2
padding=1

kernel/filter

output




image
0 0 0 0 0
Xo I X4 | % | X3 | %4
Xs | Xg | X7 | Xg | Xg
o b xe | x| x| X
0 1 2 3 4
o b xe x| x4 1 X
5 6 7 8 9
X X | X | X5 | X5
0 1 2 3 4
0 0 0 0 0

stride=2
padding=1

kernel/filter

output




image
0 0 0 0 0
Xo I X4 | % | X3 | X4
Xs | X | X7 | X8 | Xo
o b xe | x| x| X
0 1 2 3 4
o b xe x| x4 1 X
5 6 7 8 9
X X | X | X5 | X5
0 1 2 3 4
0 0 0 0 0

stride=2
padding=1

kernel/filter

output




Final “equation” of Convolution shapes

image: n xn
kernel: f x f
output: (n+2p-f)/s+1 x (n+2p-f)/s+1

Filter is a collection of kernels. The term kernel and filter are
interchangeable in one channel case, but when the input channels
are more than one we need to use the term filter.

There being one kernel for every single input channel to the layer,
and each kernel being unique.



Pooling



Popular types/operations of Pooling

Max pooling
Min pooling
Mean(Average) pooling



image
Xg X Xy Xg
X4 X Xg X
Xg | %o | %10 | *+
X2 | X3 | X414 | %45

stride=2

output

image: n x n
pooling: mxm
output: (n-m)/s + 1 x (n-m)/s + 1



image
Xg X Xy Xg
X4 X Xg X
Xg | %o | %10 | *+
X2 | X3 | X414 | %45

stride=2

output

op(matrix) .

image: n x n
pooling: mxm
output: (n-m)/s + 1 x (n-m)/s + 1



image
Xg X Xy Xg
X4 X Xg X
Xg | %o | %10 | *4+
X2 | X3 | X414 | %45

stride=2

output

op(matrix) . .

image: n x n
pooling: mxm
output: (n-m)/s + 1 x (n-m)/s + 1



image
Xg X Xy Xg
X4 X Xg X
Xg | %o | %10 | %X
X2 | X3 © X454 | %45

stride=2

output

o
—

image: n x n
pooling: mxm
output: (n-m)/s + 1 x (n-m)/s + 1



image
Xg X Xy Xg
X4 X Xg X
Xg | %o | %10 | *4+
X2 | X413 | X414 | %45

stride=2

output

o il
image: n x n

pooling: m x m
output: (n-m)/s + 1 x (n-m)/s + 1

op(matrix)




Final “equation” of Convolution shapes

image: n xn
pooling: m X m
output: (n-m)/s + 1 x (n-m)/s + 1



Thank You



