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Unsupervised Dictionary Learning

image patch, dictionary



Unsupervised Dictionary Learning

image patch, dictionary



Unsupervised Dictionary Learning

image patch, dictionary

 loss function -LASSO (basis pursuit)



Unsupervised Dictionary Learning

image patch, dictionary

 loss function - elastic net



Elastic Net

Authors choose for stability reasons

● Strongly convex when 
● Critical for some tasks beyond reconstruction

Limitations of LASSO [1]

● High-dimensional data with few examples (p>n)
● Highly correlated variables: LASSO tends to select 

one variable from a group and ignore others

[1] Zou, Hui, and Trevor Hastie. "Regularization and variable selection via the elastic net." Journal of the Royal Statistical Society: 
Series B (Statistical Methodology) 67.2 (2005): 301-320.



Unsupervised Dictionary Learning

Classification learning

 class labels or regression target

 convex loss function - square, logistic, hinge…
optimal sparse codes given the dictionary



Supervised Dictionary Learning

Basic formulation

 class labels or regression target

 convex loss function - square, logistic, hinge…
optimal sparse codes given the dictionary



Supervised Dictionary Learning

Extensions

1. Learning a linear transform of the input data

2. Semi-supervised learning



Applications

1. Regression

2. Classification

3. Compressed Sensing



Optimization



Results - Handwritten Digit Classification

Dictionary Size

MNIST: 28x28 images; 60K train; 10K test

USPS: 16x16 images; 7,291 train; 2,007 test



Results - Handwritten Digit Classification

mu=0 fully supervised

mu=1 fully unsupervised



Results - Nonlinear Image Mapping

Formulated as a regular regression problem, no prior on task.



Results - Nonlinear Image Mapping



Results - Nonlinear Image Mapping



Results - Compressed Sensing



Thanks!


