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Overview of Neural Network Architectures
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Neural Networks
Linear score function:  

2-layer Neural Network

x hW1 sW2
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Convolutional Neural Networks
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Fully Connected Layer
32x32x3 image -> stretch to 3072 x 1
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3072
1

Fully Connected Layer
32x32x3 image -> stretch to 3072 x 1

10 x 3072
weights

activationinput

1 number:
the result of taking a dot product  
between a row of W and the input  
(a 3072-dimensional dot product)

1
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32

3

Convolution Layer
32x32x3 image -> preserve spatial structure

width

height
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depth
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Convolution Layer

32

Convolve the filter with the image
i.e. “slide over the image spatially,  
computing dot products”

32

3

32x32x3 image

5x5x3 filter
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Convolution Layer Filters always extend the full  
depth of the input volume

32

3

32x32x3 image

32

Convolve the filter with the image
i.e. “slide over the image spatially,  
computing dot products”

5x5x3 filter
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32

Convolution Layer
32x32x3 image  
5x5x3 filter

32

1 number:
the result of taking a dot product between the  
filter and a small 5x5x3 chunk of the image
(i.e. 5*5*3 = 75-dimensional dot product + bias)

3
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Convolution Layer
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3
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Convolution Layer
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3



Fabio Galasso
Fundamentals of Data Science | Winter Semester 2023

56

Convolution Layer
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Convolution Layer

32
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32

Convolution Layer
32x32x3 image  
5x5x3 filter

32

convolve (slide) over all  
spatial locations

activation map

3 1

28

28
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32

32

3

Convolution Layer
32x32x3 image  
5x5x3 filter

convolve (slide) over all  
spatial locations

activation maps

1

28

28

consider a second, green filter
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32

32

3

Convolution Layer

activation maps

6

28

28

For example, if we had 6 5x5 filters, we’ll get 6 separate activation maps:

We stack these up to get a “new image” of size 28x28x6!
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ConvNet is a sequence of Convolution Layers, interspersed with activation functions

32

32

3

28

28

6

CONV,  
ReLU
e.g. 6
5x5x3
filters
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ConvNet is a sequence of Convolution Layers, interspersed with  activation functions

32

32

3

CONV,  
ReLU
e.g. 6
5x5x3
filters 28

28

6

CONV,  
ReLU
e.g. 10  
5x5x6  
filters

CONV,  
ReLU

….

10

24

24
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[Zeiler and Fergus 2013] Visualization of VGG-16 by Lane McIntosh. VGG-16  
architecture from [Simonyan and Zisserman2014].
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Conv layer needs 4 hyperparameters:
- Number of filters K
- The filter size F
- The stride S
- The zero padding P

Example: CONV 
layer in PyTorch

PyTorch is licensed under BSD 3-clause.

https://pytorch.org/
https://github.com/pytorch/examples/blob/master/LICENSE
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Pooling layer
- makes the representations smaller and more manageable
- operates over each activation map independently:
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1 1 2 4
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3 2 1 0

1 2 3 4

Single depth slice

x

y

max pool with 2x2 filters  
and stride 2 6 8

3 4

MAX POOLING
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1 1 2 4

5 6 7 8

3 2 1 0

1 2 3 4

Single depth slice

x

y

max pool with 2x2 filters  
and stride 2 6 8

3 4

MAX POOLING

• No learnable parameters
• Introduces spatial invariance
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Fully Connected Layer (FC layer)
- Contains neurons that connect to the entire input volume, as in ordinary Neural  

Networks
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Summary

- ConvNets stack CONV,POOL,FC layers
- Trend towards smaller filters and deeper architectures
- Trend towards getting rid of POOL/FC layers (just CONV)
- Historically architectures looked like

[(CONV-RELU)*N-POOL?]*M-(FC-RELU)*K,SOFTMAX
where N is usually up to ~5, M is large, 0 <= K <= 2.

- but recent advances such as ResNet/GoogLeNet  
have challenged this paradigm
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