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Learning Objective

Understand the essential
mathematical concepts to gain
a deeper understanding about
the underlying algorithm of

artificial neural networks (ANN)



Learning Objective

Matriks/tensor
Matrix multiplication

Function Understand the essential

Derivatives

Zarzi_al ferivatives \mathematical concepts to gain
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Chain rule a deeper understanding about

the underlying algorithm of
Forward pass /a rtificial neural networks (ANN)

Backward pass
- gradient descent

The most basic architecture of deep learning
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Tensor Operations
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Backward Pass €
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Gradient Descent

Parameter Update
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Forward Pass

in Feedforward Neural Network



Outline

Feedforward
Neural
Network

Intro

Linear
Algebra

Forward
Pass
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Neuron & Perceptron

2

Inputs Weights Summation and Bias Activation Output

W1 -] y=/C) (wix;) + bias)

W § = [ (WX +b)



Multi-layer perceptron

Lo Ly Ls

input layer hidden layer output layer
(data)




Multi-layer perceptron

Applied to the XOR problem

X1 X2 y
0 0 0
1 0 1
0 1 1
1 1 0




Linear

Algebra




Scalars, Vectors, Matrices & Tensors

Scalars = Single Value = 0-dimensional Tensor

S =66
a = 849
Vectors/Array = 1-Dimensional Tensors
X0
X =%
X2

Matrix = 2-Dimensional Tensor
Aoo do1 Qo2
A= |40 QA11 Q12
dz0 dz1 QA2

Multi-Dimensional matrix/Multi-Dimensional array/ ndarray
= n-Dimensional Tensor

>>>¢ = 66

>>>5

66

>>> import numpy as np
>>>x = np.array([1,2,3])
>>> print(x)

[123]

>>> print(x.reshape((3,1)))
[l

(2]

[311

>>> A = np.array([[1,2,3],[4,5,6],[7,8,9]1])
>>> print(A)

(123l

[45 6]

[789]]

>>>t = np.arange(36).reshape((3,3,4))
>>> print(t)

((fo123]

[4567]

[891011]]

[[12 1314 15]
[16 17 18 19]
[20 21 22 23]]

[[24 25 26 27]
[28 29 30 31]
[32 33 34 35]1]



Why Tensors?

Image
L g dl —t1
28x28 - 32x14x14 64 x 14 x 14 ~
32x 28 x 28 g 12810

Convolution Convolution 3136 x 128

padding = 1, padding = 1, Max pooling X

kernel = 3x3, Max pooling kemel = 3x3, Kenel =2x2,  Flatten

stride = 1 Kernel = 2x2, stride = 1 Stride = 2
+ Stride = 2 *
RelU RelU

« Imagine there are 28 x 28 x 32 x 28 x 28 x 32 x 14 x 14 x 64 x 14 x 14 x 64 x 7 x 7 x 3136 x 128
x 128 x 10 operations

- Tensors “wrap” the multidimentional data in a single container



Operation with Tensors

Addition and Substraction

Element-wise operation — operate on the same element position

A+B=C

mxn mxn mxn
dengan Ai,j + Bi,j = Ci,j

Contoh:




Operation with Tensors

Multiplication

Matrix product A dan B akan menghasilkan
C, dengan syarat, dimensi A adalah mx n
dan dimensi adalah n x p yang menghasilkan

C dengan dimensi mx p

10 11
ggi|x 20 21
30 31

mXxXn nxp mxp
= [ 1x10 + 2x20 + 3x30 1x11+2x21+3x3i|

| o o]

4x10 + 5x20 + 6x30 4x11 + 5x21 + 6x31

Ai kBk . = Ci . 10+40+490  11+42+93 | _ | 140 146
) ] ] 40+100+180 44+105+186 320 335
- "




Operation with Tensors

Sumber animasi: 3Brown1Blue, Linear transformations and matrices | Essence of linear algebra, chapter 3



Operation with Tensors

Transpose

Transpose adalah hasil cermin Tensor terhadap suatu garis main diagonal. Transpose

dari A adalah A7, dengan

Ty, .
. Ay A
L A1 As1 Az
A=A, "4 AL =, A
I Rl P

Identity (I, ) and Inverse ( A™1) Ar — b
I.x=«x ATA=1, A" Az =A""
In.fﬁ = A_lb

xr=A"1p



Operation with Tensors

Properties - Sifat perkalian matriks (matrix product)
Transpose dari skalar adalah skalar itu A. Distributif
sendiri A(BC) = (AB)C
a=a' B. Asosiatif
Scalar bisa dikalikan dan atau AB+C)=AB+ AC
ditambahkan pada matriks C. Tidak komutatif
(AB)! =B'A'
D=a-B+c¢
D. Bentuk transpose dari matrix product
T
dengan x 'y = (mTy) —y'x

D?} = a - B?,, + C.



Forward

Pass

TR B



Lo Ly Ls

input layer hidden layer output layer
(data)
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input layer

Ly

hidden layer

parameter model
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( weight bias \

T

=x1W+b

=(1)2+3
=5

b =73

v

numpy

array([5])

np

(I
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input layer

Ly

hidden layer

parameter model

)

( weight bias \

T

=x1W+b

=(1)2+3
=5

b =73

v

numpy

array([5])

np

(I




Lo

input layer

Ly

hidden layer

numpy np
np. ([[1, e1D)
np. ([2, 11)

w1 b1

array([5])



Lo

input layer

Ly

hidden layer

numpy np
X = np. ([[1, elD

wl = np. ([2, 11)
b1

W2 = np. ([, 31
7]

yail XEwl b1
z2 Xow2 b2
71, z2

(array([5]), array([9]))




Lo Ly

input layer hidden layer

Aktivasi!

H (tambahkan nonlinearitas!)
> A =o(x-W;+by)
numpy np
' Z: 1/(1+np. (-2))

np. ([[1, 211)
2 4 np. ([[2, 41,
[1, 211

np. (I3, 5

XEW1.T + bl
_ - a(z1)

=
|
| |
(WY
(-]
| —|
=
||
p—
w

S
=
1
o
Op

array([[@.99330715, 0.99752738]])




Lo Ly

input layer hidden layer

=O-(A1‘W2+b2) =A2

numpy np

z: 1/(1+np.exp(-2))

([[2, e1D)
np.
[1,
np. » 51D
6 2 = np.array([6, 7])
XEW1. b1
7 a(71)

AlW2. b2

O a(z2)

array([0.99999761])




LO L1 L3

input layer hidden layer output layer

_[2 47 |6
¥x=[1 0] W1_1 3. WZ_[7
b1=3 5 b2=




Forward Pass =2
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Tensor Operations

a; (X .w, + b)) =4

dim(x@®) = dim(W) =
(1,3) (3,2)

az( Ay Wy +by) =4, =™

dim(4,) = dim(W,) =
(1,2) (2,1)

_

_I_

dim(b,) =
(1,2)

BN

dim(b,) =

(1,1)

o




Kenapa butuh activation function?

Tumpukan persamaan linear adalah persamaan linear

f(x)=ax+Db

glx)=cx+d

fg(x) = cg(x) +d
=c(ax+b) +d
=acx+cb+d

=px +q= h(X) < persamaan linear!
dengan p = ac,q = cb + d.



Kenapa butuh activation function?

Contoh: Masalah XOR :>‘ :X:>.
X1 X2

Model linear Model nonlinear

R | )| O O

o|lr|r|ol<

R | Ol =] O

Kita butuh memasukkan sifat
“nonlinearitas’ ke dalam model.




Next...

e Differential Calculus
e Gradient Descent

e Backward Pass


https://www.deeplearningbook.org/

Futher learning...

 Deep Learning Book (Goodfellow et. al., 2016)

https://www.deeplearningbook.org

e Dive into Deep Learning:
Appendix: Mathematics for Deep Learning

https://www.d2l.ai/chapter appendix-mathematics-for-deep-learning /index.html



https://www.deeplearningbook.org/
https://www.deeplearningbook.org/
https://www.d2l.ai/chapter_appendix-mathematics-for-deep-learning/index.html

Thank you!
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