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What is a Neural Network?
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Neural Network Representation
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Pros and cons of activation functions
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Gradient Descent
Recap: !" = 	% &'( + * , 	% + = ,
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Gradient Descent
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What is a deep neural network?
 

 

 

 

logistic regression

 

 

 

 

1 hidden layer

2 hidden layers

 

 

 

 

 

 

 

 

5 hidden layers



Neural Network examples

Standard NN Recurrent NNConvolutional NN



Size #bedrooms … Price (1000$s)
2104 3 400
1600 3 330
2400 3 369

… … …
3000 4 540

Structured Data

Supervised Learning

User Age Ad Id … Click
41 93242 1
80 93287 0
18 87312 1
… … …
27 71244 1

Unstructured Data

Image

Four scores and seven  
years ago…

Text

Audio
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LeNet - 5

⋮ ⋮ "#

32×32 ×1 28×28×6 14×14×6 10×10×16 5×5×16
120 84

5	× 5
s = 1

f = 2
s = 2

avg pool

5	× 5
s = 1

avg pool

f = 2
s = 2

[LeCun et al., 1998. Gradient-based learning applied to document recognition]
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AlexNet

= ⋮ ⋮

227×227 ×3
55×55 ×96 27×27 ×96 27×27 ×256 13×13 ×256

13×13 ×384 13×13 ×384 13×13 ×256 6×6 ×256 9216 4096

⋮

4096

11	× 11
s = 4

3	× 3
s = 2

MAX-POOL

5	× 5
same

3	× 3
s = 2

MAX-POOL

3	× 3
same

3	× 3 3	× 3 3	× 3
s = 2

MAX-POOL

Softmax
1000

[Krizhevsky et al., 2012. ImageNet classification with deep convolutional neural networks]
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ResNet
Plain

ResNet

[He et al., 2015. Deep residual networks for image recognition]



<SOS> 𝑦<1> 𝑦<2> …𝑦<𝑇𝑦−1> 𝑦<𝑇𝑦>
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Feed Forward
Neural Network

Jane visite l’Afrique en septembre
<SOS> 𝑥<1> 𝑥<2> … 𝑥<𝑇𝑥−1> 𝑥<𝑇𝑥> <EOS>

Masked
Multi-Head 
Attention

DecoderEncoder

Transformer

[Vaswani et al. 2017, Attention Is All You Need]

Multi-Head 
Attention

Multi-Head 
Attention

Feed Forward
Neural Network

Jane visits Africa in September

Add & Norm

Add & Norm

Add & Norm

Add & Norm

Add & Norm

Softmax
Linear

+

+ Positional Encoding

𝑃𝐸(𝑝𝑜𝑠,2𝑖) = 𝑠𝑖𝑛(
𝑝𝑜𝑠

1000
2𝑖
𝑑
)

𝑃𝐸(𝑝𝑜𝑠,2𝑖+1) = 𝑐𝑜𝑠(
𝑝𝑜𝑠

1000
2𝑖
𝑑
)

Transformer Details <SOS> <EOS>

Multi-Head 
Attention
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Intuition about deep representation
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Scale drives deep learning progress
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• Data

• Computation

• Algorithms

Idea

Experiment Code

Scale drives deep learning progress

AndrewNg
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Train/dev/test sets
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Bias and Variance

high bias “just right” high variance
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How does regularization prevent overfitting?
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Dropout regularization
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Data augmentation

4
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Early stopping

# iterations
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Why normalize inputs?
! ", $ = 1
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Reducing (avoidable) bias and variance

Human-level

Dev error

Train bigger model
Train longer/better optimization algorithms

NN architecture/hyperparameters search

More data
Regularization

NN architecture/hyperparameters search

Training error
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