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Neuron & Perceptron
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Akan kita pelajari:



Linear 
Algebra



Scalars = Single Value = 0-dimensional Tensor

𝑠 = 66
𝑎 = 849

Vectors/Array = 1-Dimensional Tensors

𝒙 =

𝑥0
𝑥1
𝑥2

Matrix = 2-Dimensional Tensor

𝑨 =

𝑎00 𝑎01 𝑎02
𝑎10 𝑎11 𝑎12
𝑎20 𝑎21 𝑎22

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

Scalars, Vectors, Matrices & Tensors



• Bayangkan ada 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 operasi

• Tensor ~ kontainer yang menyimpan data multidimensional

→ operasi matematika dapat dilakukan dengan efisien antar tensors

Kenapa Tensor?



Addition and Substraction

Penjumlahan/pengurangan tensor sama dengan 

menjumlahkan/mengurangkan setiap element tensor pada posisi

yang sama (element-wise). 

𝑨 + 𝑩 = 𝑪

dengan 𝐴𝑖,𝑗 + 𝐵𝑖,𝑗 = 𝐶𝑖,𝑗

Contoh:

𝑥

𝑦0

𝑚 x 𝑛 𝑚 x 𝑛 𝑚 x 𝑛

Operation with Tensors



Multiplication

Matrix product A dan B akan menghasilkan

C, dengan syarat, dimensi A adalah 𝑚 x 𝑛

dan dimensi adalah 𝑛 x 𝑝 yang menghasilkan

C dengan dimensi 𝑚 x 𝑝

𝑨 𝑩 = 𝑪

෍

𝑘

𝐴𝑖,𝑘𝐵𝑘,𝑗 = 𝐶𝑖,𝑗

𝑚 x 𝑛 𝑛 x p 𝑚 x p

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 𝑨𝑇, dengan 

Identity ( 𝑰𝒏 )  and Inverse ( 𝑨−𝟏 )

Operation with Tensors



• Sifat perkalian matriks (matrix product)

A. Distributif

B. Asosiatif

C. Tidak komutatif

D. Bentuk transpose dari matrix product

Properties

• Transpose dari skalar adalah skalar itu

sendiri

• Scalar bisa dikalikan dan atau 

ditambahkan pada matriks

dengan 

Operation with Tensors
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input layer
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output layerhidden layer

𝑦
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weight bias
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𝑧
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input layer hidden layer

𝑥1

= 1 2 + 3
= 5

𝑥1 = 1
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𝑏 = 3



= 𝑥1𝑤 + 𝑏

weight bias

parameter model

𝑧
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input layer hidden layer
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= 1 2 + 3
= 5

𝑥1 = 1
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= ҧ𝑥 ⋅ ഥ𝑤 + 𝑏 = 𝑥1𝑤1 + 𝑥2𝑤2 + 𝑏

𝐿1𝐿0

input layer hidden layer

ҧ𝑧

= 1 0
2
1
+ 3 = 5

𝑥1

𝑥2

ҧ𝑥 = 1 0
𝑤 =

2
1

𝑏 = 3



= ҧ𝑥 ⋅ ഥ𝑤1 + 𝑏1ҧ𝑧1

𝐿1𝐿0

input layer hidden layer

𝑥1

𝑥2

ҧ𝑥 = 1 0 𝑤1 =
2
1

𝑏1 = 3

ҧ𝑧2 = ҧ𝑥 ⋅ ഥ𝑤2 + 𝑏2

𝑤2 =
4
3

𝑏2 = 5



ത𝑎1

𝐿1𝐿0

input layer hidden layer

𝑥1

𝑥2

ҧ𝑥 = 1 0 𝑊1 =
2 4
1 3

𝑏1 = 3 5

ത𝑎2

𝐴1 = 𝜎( ҧ𝑥 ⋅ 𝑊1 + 𝑏1)

(tambahkan nonlinearitas!)

Aktivasi!



ത𝑎1,1

𝐿1𝐿0

input layer hidden layer

𝑥1

𝑥2

ҧ𝑥 = 1 0 𝑊1 =
2 4
1 3

𝑏1 = 3 5

ത𝑎1,2

ത𝑎2,1 = 𝜎 𝐴1 ⋅ 𝑊2 + 𝑏2 = 𝐴2

𝑊2 =
6
7

𝑏2 = 0



ത𝑎1,1

𝐿1𝐿0

input layer hidden layer

𝑥1

𝑥2

ҧ𝑥 = 1 0 𝑊1 =
2 4
1 3

𝑏1 = 3 5

ത𝑎1,2

ത𝑎2,1

𝑊2 =
6
7

𝑏2 = 0

𝐿3

output layer

𝑦



Forward Pass →

𝜎1( + 𝑏1) = 𝐴1

𝜎2( + 𝑏2) = 𝐴2 = ො𝑦(𝑛)

𝑋 𝑛 ⋅ 𝑊1

𝐴1 ⋅ 𝑊2

𝑋
1

𝑋
2

𝑋
3

𝑋
4

ො𝑦 1ො𝑦 2ො𝑦 3ො𝑦 4



Tensor Operations

𝑎1( + 𝑏1) = 𝐴1

𝑎2( + 𝑏2) = 𝐴2 = ො𝑦(𝑛)

𝑋 𝑛 ⋅ 𝑊1

𝐴1 ⋅ 𝑊2

⋅ + =

dim 𝑋 4 =

1, 3
dim 𝑊1 =

3,2
dim 𝑏1 =

1,2

𝜎1 =

⋅ + 𝜎2 ==

dim 𝐴1 =

1, 2
dim 𝑊2 =

2,1
dim 𝑏2 =

1,1



Kenapa butuh activation function?

𝑓 𝑥 = a𝑥 + b
𝑔 𝑥 = c𝑥 + d

𝑓 𝑔 𝑥 = c𝑔 𝑥 + d
= c a𝑥 + b + d
= ac𝑥 + cb + d
= p𝑥 + q = ℎ 𝑥  persamaan linear!

dengan p = ac, q = cb + d.

𝑓 𝑔

ℎ

Tumpukan persamaan linear adalah persamaan linear



Kenapa butuh activation function?

Contoh: Masalah XOR

𝒙𝟏 𝒙𝟐 𝒚

0 0 0

1 0 1

0 1 1

1 1 0

Kita butuh memasukkan sifat
“nonlinearitas” ke dalam model.

Model linear Model nonlinear



Next...

• Differential Calculus

• Gradient Descent

• Backward Pass

https://www.deeplearningbook.org/


Futher learning...

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

https://www.deeplearningbook.org/

• 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/


Thank you!
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