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Abstract

A hyperparameter of a machine learning (ML) method is a quantity that se-
lects one model from a family of models, or one variant of a training method,
and that is fixed before training starts. Examples are the learning rate of a
gradient-based method, the number of features of a linear model, the maximum
depth of a decision tree, and the number of layers of a deep net. Whereas the
model parameters are learned by minimizing the training error, a hyperparam-
eter is chosen by minimizing the validation error, since the training error would
favor the largest model. The choice is therefore a higher-level form of empirical
risk minimization (ERM) on the validation set, carried out by a search over
candidate values.

Definition

A hyperparameter associated with a machine learning (ML) method is a quan-
tity that is used to select among a family of models. Typical examples include
the learning rate used in a gradient-based method, the number of features used
in a linear model, or the maximum depth of a decision tree. The usefulness
of a specific hyperparameter choice can be assessed via validation. Similar to
learning (or tuning) model parameters by empirical risk minimization (ERM)
on a training set, hyperparameters can be learned (or tuned) via minimizing
the validation error. Thus, in a sense, hyperparameters are higher-level model
parameters that are learned via a higher-level form of ERM, i.e., minimizing
the validation error obtained by the trained model with a given hyperparam-
eter value. For example, when training a deep net, hyperparameters such as
the learning rate, the number of layers, and the batch size must be chosen be-
fore training begins, and their values critically affect both training speed and
generalization performance.
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