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History of Neural Networks
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Visualization of convolutional kernels

Imagenet classification with deep convolutional neural networks
Krizhevsky, Alex, Ilya Sutskever, and Geoffrey E. Hinton, 2012



What are convolutional neural networks?

• Neural networks: a stack of fully connected layers
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f(x,W ) = Wx+ b

Image

W * H * 3 numbers
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If W=32, H=32,
x = 32*32*3=3072
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What are convolutional neural networks?

• Imagine the image size increase to 200 * 200 * 3

If W=200, H=200,
x = 200 * 200 * 3 = 120000!

Image

W * H * 3 numbers
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Convolution
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Convolution
• Kernel size 3 x 3
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Convolution
• Meaning of the kernel weights…filters

7

1/9 1/9 1/9

1/9 1/9 1/9

1/9 1/9 1/9



Convolution
• Meaning of the kernel weights …filters
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Convolution
• Trained convolutional kernels
– Human-designed features: SIFT, HOG
– Data-driven features: CNN features
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Padding
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Output Size
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Pooling Layer
• Reduce the size of the feature map
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Max Pool

Kernel size: 2x2
Stride: 2



Pooling Layer
• Reduce the size of the feature map

15

Average Pool

Kernel size: 2x2
Stride: 2



Fully Connected Layer
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Convolutional neural network (CNN)



Parameters of Convolution
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Parameters of Convolution
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#parameters = K * K * #input_channels * #output_channels



Dropout Layer
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AlexNet
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Parameters
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VGG16
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Top 5 test: 15.4% → 7.3%



Parameters
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Receptive Field
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Receptive field: the size of the region
in the input that produces the feature.

Logarithmic relationship between 
classification accuracy and
receptive field size.



ResNet
• Deep Networks are hard to train
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ResNet
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Shortcut connections:
Solve the problem of
vanishing/exploding gradients.

Residual block:
Repeated throughout the 
network



ResNet18
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Batch Normalization
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Batch Normalization
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We update the mean and
the variance during the
training.

During the inference, we fix
the BN layer, and use a fixed
mean and variance from the
training stage.



Comparison
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Network Year Top 5
Accuracy Parameters Gflops

AlexNet 2012 84.70% 62M 1.5B
VGG16 2014 92.3% 138M 19.6B
ResNet152 2015 95.51% 60.3M 11B


