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Abstract*

The £,-regularized square loss minimization problem has recently gained much
attention. This optimization principle has two main applications in the machine
learning literature. Specically, the lasso or basis pursuit de-noising (although the
two are not entirely equivalent in practice) is the optimization principle used for
solving the linear inverse problem: y = Xa, under convex sparsity constraints.
When the lasso is used for regression and classification, y is a vector of outputs.
When it is used for sparse coding and feature learning, or in the context of sparse
representation classification, y is the feature vector or signal itself.

The use of lasso for regression is already well-established. In this thesis, we argue
that the use of lasso for classification also has its advantages. One might think that
the square loss is not appropriate for the classification task, however, theoretical
results show that all convex loss functions are Fisher consistent. Additionally,
square loss minimization, like logistic loss minimization, and unlike hinge loss
minimization, gives estimates of the posterior probability. The value of the
posterior probability at a point tells us about the confidence of the classifier in its
prediction. Another benefit of the lasso for classification is that {;-regularization
leads to a sparse classifier, that once trained, can be evaluated quickly.
Additionally, one has direct control over the sparsity of the solution through the
regularization parameter. The only problem with the lasso is the stability of its
solutions (Wang et al., 2011).

The second part of the thesis, is on the use of the lasso for signal and feature
representation. The lasso or basis pursuit de-noising is also an integral part of the
sparse representation classification method. We extend this method to the
regression setting. Through experimental results we argue that one can easily
achieve the same or even better results using simpler methods like k-nearest
neighbor classification which is also better motivated theoretically. We conclude
that ,-regularized square loss minimization is not worth it.

Key Words: square loss minimization, {,-regularization, binary classification,
sparse representation.
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