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Model Selection

As we add more parameters to the model, we risk overfitting and thus the training 
error always decreases as we make the model more complex (good). On the other 
hand, a more complex model will start to predict poorly on out-of-sample data and 
thus the testing error will eventually start to increase after a certain point (bad). A 
reasonable model may be the one whose complexity minimizes the testing error.
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Cross Validation
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K-fold Cross Validation
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K-fold Cross Validation

The case when K=4:
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Leave-One-Out Cross Validation
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Regularization
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Classical Regularization: Parameter Norm Penalty
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𝐿2Parameter Regularization, weight decay
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Dataset Augmentation
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Dataset Augmentation
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Noise injection
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Noise injection
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Early Stopping as a Form of Regularization
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What is dropout?

• Dropout is one of the techniques for preventing overfitting in deep 
neural network which contains a large number of parameters.
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Original Paper

• Title:
– Dropout: A Simple Way to Prevent Neural Networks from Overfitting (2014).

• Authors:
– Nitish Srivastava, Geoffrey Hinton, Alex Krizhevsky, Ilya Sutskever, Ruslan 

Salakhutdinov

• Organization:
– Department of Computer Science, University of Toronto

• URL:
– https://www.cs.toronto.edu/~hinton/absps/JMLRdropout.pdf
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Overview

•  The key idea is to randomly drop units from the neural network 
during training. 

• During training, dropout samples from an exponential number of 
different “thinned” network. 

• At test time, we approximate the effect of averaging the predictions 
of all these thinned networks.
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Model
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Training
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Test Time
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Keras: The Python Deep Learning library

                                                                                                                      Some slides courtesy of Aref Jafari
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Step 1) Import Libraries
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Step 3) Define model architecture
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Step 3) Define model architecture
(Alternatives for activation)
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Step 3) Define model architecture
(Alternatives for activation)
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linear

𝑓 𝑥 = 𝑥
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Step 3) Define model architecture
(Alternatives for activation)
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sigmoid

𝑓 𝑥 =
1

1 − 𝑒−𝑥
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Step 3) Define model architecture
(Alternatives for activation)
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tanh

𝑓 𝑥 = tanh(𝑥)
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Step 3) Define model architecture
(Alternatives for activation)
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relu

𝑓 𝑥 = max(0, 𝑥)
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Step 3) Define model architecture
(Alternatives for activation)
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softplus

𝑓 𝑥 = ln[1 + 𝑒𝑥]
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Step 3) Define model architecture
(Alternatives for activation)
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LeakyReLU
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Step 3) Define model architecture
(Alternatives for activation)
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𝜎(𝒛)𝑗 =
𝑒𝑧𝑗

σ𝑘=1
𝐾 𝑒𝑧𝑘

 𝑓𝑜𝑟 𝑗 = 1, … , 𝐾

softmax
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Step 3) Define model architecture
(Alternatives for activation)
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Step 3) Define model architecture
(Other attributes of Dense layer)
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Step 3) Define model architecture
(Other attributes of Dense layer)
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instances of 
keras.regularizers.Regularizer 
(l1, l2, …)
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Step 3) Define model architecture
(Other attributes of Dense layer)

269

Example:

Functions from the constraints 
module allow setting constraints 
(eg. non-negativity) on network 
parameters during optimization

Available constraints
max_norm(max_value=2, axis=0): maximum-
norm constraint
non_neg(): non-negativity constraint
unit_norm(): unit-norm constraint, enforces 
the matrix to have unit norm along the last 
axis
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Step 3) Define model architecture
(Other attributes of Dense layer)
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Step 3) Define model architecture
(Dropout Layers )
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Example:
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Step 3) Define model architecture
(Batch Normalization Layers )
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Example:
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Step 4) Compile model
(Loss functions)
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Available loss functions:
• mean_squared_error
• mean_absolute_error
• mean_absolute_percentage_error
• mean_squared_logarithmic_error
• squared_hinge
• hinge
• categorical_hinge
• logcosh
• categorical_crossentropy
• sparse_categorical_crossentropy
• binary_crossentropy
• kullback_leibler_divergence
• poisson
• cosine_proximity
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Step 4) Compile model
(Loss functions)
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Available loss functions:
• mean_squared_error
• mean_absolute_error
• mean_absolute_percentage_error
• mean_squared_logarithmic_error
• squared_hinge
• hinge
• categorical_hinge
• logcosh
• categorical_crossentropy
• sparse_categorical_crossentropy
• binary_crossentropy
• kullback_leibler_divergence
• poisson
• cosine_proximity

Custom loss function
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Step 4) Compile model
(Optimizers)

275

Available loss functions:
• SGD
• RMSprop
• Adagrad
• Adadelta
• Adam
• Adamax
• Nadam
• TFOptimizer

Adagrad
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