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This research project analyzed and developed learning algorithms in deep
learning from the perspective of geometry. It led to a mathematical foundation and practical
applications for deep learning without uncontrollable heuristics. In more details, we analyzed the
Fisher information matrix of deep neural networks, which determines the geometry of the parameter
space, and applied it to propose some gradient methods. Besides, we investigated singular regions of

the parameter space caused by permutation symmetry of units. We revealed a condition where such
singular region and the slowing down of training are avoidable. Moreover, we gave information
geometric insight into Wasserstein distance with the entropy constraint and proposed a novel and

more natural cost function based on it.
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