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• Deep neural networks are more difficult because of the problem of 
gradient explosion or vanishing.

• Paper proposes a new architecture that reformulate the layer inputs 
and provides comprehensive empirical evidence showing that these 
residual networks are easier to optimize

• Intuitively, deeper architectures always yield better performance and 
using ResNet successfully extends the depth to 152 layers

Summary
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• With the network depth increasing, accuracy gets saturated and then 
degrades rapidly

• A possible solution: add another layers which are identity mapping, 
other layers are copied from the learned shallower model. This 
indicates that a deeper model should produce no higher training error 
than its shallower model

Degradation Problem
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• VGG-19:            34-layer plain:                  Training Error and Validation

Error:            

Degradation Problem - experiment
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• Assumption: hypothesize that multiple nonlinear layers can 
asymptotically approximate complicated functions, then it is 
equivalent to hypothesize that they can asymptotically approximate 
the residual functions, i.e., H(x) – x. So the original function is:           
F(x) = H(x) – x 

• Identity Mapping by Shortcuts:
• , for two convolutional layers                              , where σ

denotes a ReLU activation function

• When dimension of F(x, {Wi}) and x is not matched,  

Deep Residual Learning
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• top-1 error on ImageNet validation, 34-layer ResNet exhibits 
considerably lower training error

• It successfully reduced training error

ImageNet Classification
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• Projection equation: 

• Three options: 
• A. zero-padding shortcuts are used for increasing dimension, it is also 

parameter free

• B. projection shortcuts are used for increasing dimension, other shortcuts 
remain the same

• C. All shortcuts are projections

Identity vs. Projection shortcuts
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• Deeper nets: modify the building block as a bottleneck design, use a 
stack of 3 layers instead of 2. The three layers are 1x1, 3x3, and 1x1 
convolutions

• 1x1 convolution is for reducing and increasing the dimension and it 
leaves 3x3 convolution with less input and output

Deeper Bottleneck Architectures
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• VGG-19, 34-Layer

Network Architecture
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• Compare with Other previously state-of-art method, ResNet achieves 
the best performance and deeper network also reaches better results

Result
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CIFAR-10
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• ResNet architecture enables a deeper structure of convolutional 
neural networks which yields a better than state-of-art performance

• Paper proposes resNet-18, resNet-34, resNet-50, resNet-101, resNet-
152. Based on the size of samples, we can choose the appropriate 
one to avoid any overfitting problem

• However, the problem is not totally solved. It tries a deep model of 
over 1000 layers. Although the training error decreases to 0.1%, its 
test error is climbing

Conclusion


