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Basis Function Expansion
Logistic Regression



Basis Function Expansion

Deep Neural Networks (DNNs)



Multilayer Perceptrons (MLPs)
perceptron: a deterministic version of logistic regression

heaviside step function / linear threshold function

x1 x2 XOR(x1, x2)

0 0 0

0 1 1

1 0 1

1 1 0



Multilayer Perceptrons (MLPs)
Differentiable MLPs

Activation function What’s bad here?
(ReLU: rectified linear unit)



Computational Graphs
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Logistic Regression
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Loss Function
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Computational Graphs
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How to minimize? (Automatic Differentiation)
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How to minimize? (Automatic Differentiation)

Gradient Flow Direction



Example: Feedforward Neural Network
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Example: Feedforward Neural Network



Example: Feedforward Neural Network



Example: Feedforward Neural Network



Summary



Larger Networks
Increase number of nodes

Increase number of hidden layers



Larger Networks
$12 million or ~300 V100 GPUs for 3 months

Microsoft Research Blog. Oct 6, 2021.



Overfitting
Say we have the following graph

We know it should be a quadratic graph  

Let’s assume the best fit graph would 
be y =-3x^2+x+0.5



Overfitting
Say we have the following graph

We know it should be a quadratic graph  

Let’s assume the best fit graph would 
be y =-3x^2+x+0.5 

If we fit with a higher order arbitrary 
polynomial function, 𝑦 = 
0.4𝑥^8+1.9𝑥^7−1.4𝑥^6+…+1.9 -> 
overfit



Regularization

Weight Decay
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wTw



Regularization
Early stopping



Regularization
Dropout



Regularization
Dropout



Recurrent Neural Networks (RNNs)
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Word Embeddings

cat



Recurrent Neural Networks (RNNs)
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Vanishing Gradient in RNNs
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Gradient Flow Direction

In general, the longer the path, the smaller the gradient signal.



Long Short-term Memory (LSTM)
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Long Short-term Memory (LSTM)



Part-of-Speech Tagging



RNNs for Tagging
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RNNs for Tagging

Left-to-right (Uni-directional) Bidirectional


