Irz] o

[1 1]
[0 1]]

/y
[[5-21] -1.65]
2.32 3.45]
I [0.38 5.30]]
T [[0.9 0.5 -10 -1.0]
I T X4\

[-0.5 -0.5 1.5 1.0]]

(4.9 3.0 14 0.2]
[6.4 3.2 45 1.5]
[5.8 2.7 51 19]] '




[[1|0]
[1 1]

[0 1]]

[[5.21 [-1.65]
[2.32 3.45]
I [0.38 5.30]]
T [[0.9 0.8 -10 -1.0]
X X, X, X 4\

[-0.5 -0.5 1.5 1.0]]

(4.9 3.0 14 0.2]
[6.4 3.2 45 1.5]
[5.8 2.7 51 19]] °




[1 0]
[1]1]
[0 1]]

/y
[[5.21 -1.65]
3.45]
" 1338 5.30]]
T [[0.9 0.5 -10 -1.0]
X Ky A X4\

[-0.5 -0.5 1.5 1.0]]

[14.9 3.0 1.4 0.2]
[6.4 3.2 4.5 1.5]
[5.8 2.7 5.1 1.9]] °




00

[0 1]]

[[5.21 -1.65
[2.32
I [0.38 5.30]]
T [[0.9 0.8 -10 -1.0]
X X, X, X 4\

[-0.5 -0.5 1.5 1.0]]

[[4.9 3.0 1.4 0.2]
[6.4 3.2 4.5 1.5]
[5.8 2.7 5.1 19]] °




[[1 0]
1]

1
I IE 1]
[[5.21 -1.65]

2.32 3.45]
B, 5.30]]

oo ([0 05 1.0 -10]

[-0.5 -0.5 1.5 1.0]]

Xl Xz X3 X4\
[[4.9 3.0 1.4 0.2]

6.4 32 4.5 1.5
58 2.7 5.1 19| °




[E (1)]
ol

[[5.21 -1.65]
[2.32 3.45
/’ [0.38
T [[0.9 0.8 -10 -1.0]
X X, X, X 4\

[-0.5 -0.5 1.5 1.0]]

[[4.9 3.0 1.4 0.2]

6.4 3.2 45 1.5
58 2.7 5.1 191} °




determine_layer_outputs():

Matrix Multiplication:

4.9

Inputs

3.0 14

0.2]]

[6.4
[5.8

3.2 4.5
2.7 5.1

1.5]
1.9]]

9

3.0 14

0.2]

[6.4
[5.8

3.2 4.5
2.7 5.1

1.5]
1.9]]

Weights

[[0.9 0.8 -1.0 -1.0]

[[ 0.9
[0.8
[-1.0
[-1.0

-0.5]
-0.5]
1.5]
1.0]

Result

[[5-21 [L65]]
[2.32 3.45]
[0.38 5.30]]

[[5.21 [1.65]
[2.32 3.45]
[0.38 5.30]]




determine_layer_outputs():

Matrix Multiplication:

Inputs

1 |If4.9

3.0

1.4

0.2]]

2 [6.4
3 [5.8

3.2
2.7

4.5
5.1

1.5]
1.9]]

1 ||_[4.9

3.0

1.4

0.2]

2 [6.4
3 [5.8

3.2
2.7

4.5
5.1

1.5]
1.9]]

Weights

1 [[0.9 0.8 -1.0 -1.0]
2 1l-YV.o> -U. . .

[[ 0.9[-0.5]
[ 0.8]-0.5]
[-1.0] 1.5]
[-1.0] 1.0]

Result

1 2
1 [15.21 [L65]]
2 [2.32 3.45]
3 [0.38 5.30]]

1 2
1[15.21 [F1.65
> [2.32 3.45]
5 [0.38 5.30]]




determine_layer_outputs():

Matrix Multiplication:

Inputs

1[[4.9 3.0 1.4 0.2]

2 [6.4 3.2 4.5 1.5]
5 [5.8 2.7 5.1 1.911

1[[49 3.0 1.4 0.2]
2 [6.4 32 4.5 1.5]

3 15.8_2.7_5.1_1.9]]

Weights

1 10.9_0.8 -1.0 -1.0}

2 [-0.5 -0.5 1.5 1.0]]

-0.5]
-0.5]
1.5]

1.0]]

Result

1 2
1[[5.21 -1.65]

> [2.32 3.45]
3 5.30]]

1 2
1[[5.21 -1.65]
2 [2.32 3.45]
5 [[0.38] 5.30]]




Inputs Weights Result

[4.9 3.0 14 02] TERERSEREY [[5.21 -1.65]
determine_layer_outputs(): 6.4 3.2 4.5 1.5] [0.5 0.5 1.5 1.0]] 2.32 3.45]
|E5.8 2.7 5.1 1.9%' o T _ 5.30]]
[[49 3.0 1.4 0.2 0.8] -0.5]
Matrix Multiplication:  [6.4 3.2 4.5 1.5 4.7] -0.5]
58 27 51 19]6.2]] }(5)}]




Inputs Weights Result

[[49 3.0 1.4 0.2] {09 08 L0 -10] [[5.21 -1.65]

determine_layer_outputs(): 6.4 3.2 4.5 1.5] [0.5 0.5 1.5 1.0]] 2.32 3.45]
|E5.8 2.7 5.1 1.9%' o T _ 5.30]]

[[49 3.0 1.4 0.2] [[5.21 -1.65]

Matrix Multiplication: [6.4 3.2 4.5 1.5] [2.32 3.45]
5.8 2.7 5.1 _1.9]] [[0.38] 5.30]]

3x4 4x2

11



Inputs Weights Result

[[49 3.0 1.4 0.2] {09 08 L0 -10] [[5.21 -1.65]

determine_layer_outputs(): 6.4 3.2 4.5 1.5] [0.5 0.5 1.5 1.0]] 2.32 3.45]
|E5.8 2.7 5.1 1.9%' o T _ 5.30]]

[[49 3.0 1.4 0.2] [[5.21 -1.65]

Matrix Multiplication: [6.4 3.2 4.5 1.5] [2.32 3.45]
5.8 2.7 5.1 _1.9]] [[0.38] 5.30]]

3x®

12



Inputs Weights Result

[[49 3.0 1.4 0.2] [0 03 10 -0} [[5.21 -1.65]
determine_layer_outputs(): 6.4 3.2 4.5 15] [_0' 5 _0' 3 1'5 1'0” 2.32 3.45]
5.8 2.7 5.1 1.9]] o T 5.30]]

[[49 3.0 1.4 0.2] [[5.21 -1.65]
Matrix Multiplication: [6.4 3.2 4.5 1.5] [2.32 3.45]
5.8 2.7 5.1 _1.9]] [[0.38] 5.30]]

3x(@) 3x2

13



Inputs Weights Result

[[49 3.0 14 0.2] — [[5.21 -1.65]
(0.9 0.8 1.0 -1.0] 32 3.45)

determine_layer_outputs(): 6.4 3.2 4.5 1.5] 05 05 15 1 2
|E5.8 2.7 5.1 1.9j]' [-0.5-0.5 1.5 1.0} 5.30]]

[[49 3.0 1.4 0.2 0.8]
Matrix Multiplication:  [6.4 3.2 4.5 1.5 4.7]

[5.8_2.7 5.1 _1.9]6.2]]
3x0)

14



[[1 0]
[1 1]

[0 1]]

[[5.21 -1.65]
[2.32 3.45]
P 1038 5.30]]
\ [[0.9 0.8 -1.0 -1.0]
Xl Xz X3 X4\

[-0.5 -0.5 1.5 1.0]]

[[4.9 3.0 1.4 0.2]
[6.4 3.2 4.5 1.5]
[5.8 2.7 51 191"



[[1 0]

[1 1]
/’ [0 1]]

[[5.21 -1.65]

[2.32 3.45]
—_— (038 530]]

to
[[ 0.9 -0.5]
0.8 -0.5]
1.0 1.5]
1.0 1.0]]

[[49 3.0 1.4 0.2]
[6.4 3.2 4.5 1.5]
[5.8 2.7 51 1.9]]"°



[[1 0]
[1 1]

%" [0 1]]

[[5.21 -1.65]

[2.32 3.45]
P 1038 5.30]]

to
[[0.9 -0.5]
0.8 -0.5]
1.0 1.5]
1.0 1.0]]

[[4.9 3.0 1.4 0.2]
[6.4 3.2 4.5 1.5]
[5.8 2.7 51 1.9]]"



[[1 0]
[1 1]

%" [0 1]]

[[5.21 -1.65]

[2.32 3.45]
P 1038 5.30]]

to
[[0.9 -0.5]
0.8 -0.5]
1.0 1.5]
1.0 1.0]]

[[4.9 3.0 1.4 0.2]
[6.4 3.2 4.5 1.5]
[5.8 2.7 51 1.9]1"



Feedforward

hidden_layer_inputs = np.dot(inputs, weights_1)
hidden_layer_outputs = step_function(hidden_layer_inputs)

output_layer_inputs = np.dot(hidden_layer_outputs, weights_2)
output_layer_outputs = step_function(output_layer_inputs)




Feedforward

hidden_layer_inputs = np.dot(inputs, weights_1)
hidden_layer_outputs = step_function(hidden_layer_inputs)

output_layer_inputs = np.dot(hidden_layer_outputs, weights_2)
output_layer_outputs = step_function(output_layer_inputs)

Wl
[[0.9 -0.5]
[0.8 -0.5]
[1.0 1.5]
[-1.0 1.0]]




Feedforward

hidden_layer_inputs = np.dot(inputs, weights_1)
hidden_layer_outputs = step_function(hidden_layer_inputs)

output_layer_inputs = np.dot(hidden_layer_outputs, weights_2)
output_layer_outputs = step_function(output_layer_inputs)

Hin
[ 5.21 -1.65]
[2.32 3.45]
[0.38 5.30]] <:|
Wl
[[0.9 -0.5]
[0.8 -0.5]
[[1.0 1.5]
X [-1.0 1.0]]
[ 4 0.2]

[4.9 3.0 1.
[6.4324515] X X X X 21
[5.8 2.7 5.



Feedforward

hidden_layer_inputs = np.dot(inputs, weights_1)
hidden_layer_outputs = step_function(hidden_layer_inputs)

output_layer_inputs = np.dot(hidden_layer_outputs, weights_2)
output_layer_outputs = step_function(output_layer_inputs)

Hin Hout <:|
[[5.21 -1.65] [[1 0]
[2.32 3.45] [1 1]
[0.38 5.30]] [0 1]]
Vx71

[[0.9 -0.5]

[0.8 -0.5]

[[1.0 1.5]

X [-1.0 1.0]]

[ 4 0.2]

[4.9 3.0 1.
[6.4324515] X X X X 22
[5.8 2.7 5.



Feedforward

0.
mn
[[2 1-1]
[1 2 1]
1 1 2]] <:|
W hidden_layer_inputs = np.dot(inputs, weights_1)
2 hidden_layer_outputs = step_function(hidden_layer_inputs)
[[2 1-1]
1 1 2]] output_layer_inputs = np.dot(hidden_layer_outputs, weights_2)
output_layer_outputs = step_function(output_layer_inputs)
H. H
mn out
[[ 5.21 -1.65] [[1 0]
[2.32 3.45] [1 1]
[0.38 5.30]] [0 1]]
W,
[[0.9 -0.5]
[0.8 -0.5]
[-1.0 1.5]
X [-1.0 1.0]]
[ 4 02]



Feedforward

0. O <:|
mn out
[[2 1-1] [[1 0 0]
[1 2 1] [0 10]
[1 1 2]] [0 0 1]
W hidden_layer_inputs = np.dot(inputs, weights_1)
2 hidden_layer_outputs = step_function(hidden_layer_inputs)
[[2 1-1]
[[1 1 2]] output_layer_inputs = np.dot(hidden_layer_outputs, weights_2)
output_layer_outputs = step_function(output_layer_inputs)
H. H
mn out
[[ 5.21 -1.65] [[1 0]
[2.32 3.45] [11]
[0.38 5.30]] [0 1]]
W,
[[0.9 -0.5]
[0.8 -0.5]
[-1.0 1.5]
X [-1.0 1.0]]
[ 4 02]



Deep Learning

Feedforward

How does the
algorithm make a
decision?

\4

mathematical ~ conce ptual

How do you
determine the right
parameters for the
algorithm?

<

mathematica 1 conceptual

25



from

to
[[0.9 -0.5]
[0.8 -0.5]]

[[4.9 3.0]
[6.4 3.2]]

26



_
o——
X X, \

[[1 0]
[1 0]]

[[6.81 -3.95]
[8.32 -4.80]]

to
[[0.9 -0.5]

from ®ro's 0.5]]

[[4.9 3.0]
[6.4 3.2]]

27



_
o——
X X, \

|

from

[[0 0]
[0 0]]

[1.21 1.10]
[0.72 0.80]]

to
[[0.9 -0.5]
[0.8 -0.5]]

[[4.9 3.0]
[6.4 3.2]]

28



_
o——
X X, \

[[0 0]
[0 0]]

1.10]
0.72 0.80]]

from

to
[[0.9 -0.5]
[0.8 -0.5]]

[[4.9 3.0]
[6.4 3.2]]

29



_
o——
X X, \

[[0] 0]
[0 0]]

1.10]
0.72 0.80]]

to

from

[4.9

[0.9 -
[0.8 -

[6_.4

0.5
0.5]]

3.0]
3.2]]

30



[[1 0]
[1 1]

e [0 1]]
[[5.21 -1.65]
[2.32 3.45]
/’ [0.38 5.30]]
to
—_— [[0.9 -0.5]
from (1)3 ?'55]]
X1 X2 X3 X4\ -1.0 1.0]]

[[4.9 3.0 1.4 0.2]
[6.4 3.2 4.5 1.5]
[5.8 2.7 5.1 1.9]f



Deep Learning

Feedforward

How does the
algorithm make a
decision?

\4

mathematical ~ conce ptual

How do you
determine the right
parameters for the
algorithm?

<

mathematica 1 conceptual
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