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Assume a set of scalar inputs x1, . . . , xN . Batch normalization uses the
sample mean and variance to output a set of scalar outputs y1, . . . , yN that are
zero-mean and unit variance. The transform is defined as follows:
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where ε is a small positive constant used to avoid dividing by zero.
To use batch normalization as a component of a neural network, we need to

derive an expression to be used in back-propagation.
We use I[p] to denote the indicator function which is 1 if the predicate p is

true and 0 otherwise. We then compute
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For back-propagation, we assume that ` is the scalar-valued loss of the entire
network. By the chain rule we know that
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If we define
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then we have a simple vectorized expression to use in backpropagation:
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where z is the mean of a vector z, 1 is a constant vector of ones, and � denotes
elementwise multiplication of vectors.
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