
Chapter 4: Neural Network 

1
Hanyang University ERICA

Department of Mathematical Data Science

Basics and Applications of Deep Learning
Fall 2026

Department of Mathematical Data Science
Hanyang University ERICA

Lecturer: Sehyun Kwon



2
Hanyang University ERICA

Department of Mathematical Data Science

Neural networks: the original linear classifier

(Before) Linear score function:
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Neural networks: 2 layers

(Before) Linear score function:

(Now) 2-layer Neural Network:

(In practice we will usually add a learnable bias at each layer as well)
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Why do we want non-linearity?
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Cannot separate red and 
blue points with linear 
classifier.
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Why do we want non-linearity?
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Cannot separate red and 
blue points with linear 
classifier.

After applying feature 
transform, points can be 
separated by linear classifier.
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Neural networks: also called fully connected network

“Neural Network” is a very broad term; these are more accurately called 
“fully-connected networks” or sometimes “multi-layer perceptrons” (MLP)

(In practice we will usually add a learnable bias at each layer as well)

(Before) Linear score function:

(Now) 2-layer Neural Network:
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Neural networks: 3 layers

(Before) Linear score function:

(Now) 2-layer Neural Network:

(In practice we will usually add a learnable bias at each layer as well)

or 3-layer Neural Network:
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Neural networks: hierarchical computation

(Before) Linear score function:

(Now) 2-layer Neural Network:
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Neural networks: hierarchical computation

(Before) Linear score function:

(Now) 2-layer Neural Network:

The function is called the activation function.
Q: What if we try to build a neural network without one? 
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Neural networks: hierarchical computation

(Before) Linear score function:

(Now) 2-layer Neural Network:

The function is called the activation function.
Q: What if we try to build a neural network without one? 

A: We end up with a linear classifier again!
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Activation functions
ReLU is a good 
default choice for 
most problems
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Activation functions

Input layer
hidden layer

output layer
Input layer

output layer

hidden layer 1 hidden layer 2

“2-layer Neural Net”, or 
“1-hidden-layer Neural Net”

“3-layer Neural Net”, or 
“2-hidden-layer Neural Net”

“Fully-connected”
layers
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Example feed-forward computation of a neural network

Input layer

output layer

hidden layer 1 hidden layer 2
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Full implementation of training a 2-layer Neural Network needs ~20 lines:
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Full implementation of training a 2-layer Neural Network needs ~20 lines:

Define the network
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Full implementation of training a 2-layer Neural Network needs ~20 lines:

Define the network

Forward pass
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Full implementation of training a 2-layer Neural Network needs ~20 lines:

Define the network

Forward pass

Calculate the analytical gradients
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Full implementation of training a 2-layer Neural Network needs ~20 lines:

Define the network

Forward pass

Calculate the analytical gradients

Gradient descent
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Setting the number hidden neurons (in 2-layer NN)

3 hidden neurons 7 hidden neurons 20 hidden neurons

more neurons = more capacity
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Full implementation of training a 2-layer Neural Network needs ~20 lines:

(Web demo with ConvNetJS: 
http://cs.stanford.edu/people/karpathy/convnetjs/
demo/classify2d.html) 

https://cs.stanford.edu/people/karpathy/convnetjs/demo/classify2d.html
https://cs.stanford.edu/people/karpathy/convnetjs/demo/classify2d.html
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Plugging in neural networks with loss functions

Nonlinear score function

Hinge loss on predictions

Regularization

Total loss: data loss + regularization
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Plugging in neural networks with loss functions

Nonlinear score function

Hinge loss on predictions

Regularization

Total loss: data loss + regularization

If we can compute then we can learn 𝑊1 and 𝑊2
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(Bad) Idea: Derive               on paper
Problem: Very tedious: Lots of matrix 
calculus, need lots of paper 

Problem: What if we want to change loss? 
E.g. use softmax instead of hinge? Need to 
re-derive everything from scratch! 

Problem: Not feasible for very complex 
models!
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