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Duality of Natural and Euclidean Gradients on the
Multinomial Statistical Manifold

IOANA RĂDULESCU (LĂZĂRESCU)

ABSTRACT. This paper explores the duality of the Natural Gradient and Euclidean Gradient in the statistical
manifold of multinomial distributions by examining the relationship between these gradients in dual coordi-
nate spaces. We derive the canonical exponential form of the multinomial distribution and compute the Fisher
metric using a change of basis method. The duality between the Natural and Euclidean Gradients in these
spaces is demonstrated through both computational derivations and experimental validation. In a small-scale
experiment, we compare the convergence rates of these gradients, confirming their duality and highlighting the
practical advantages of the Natural Gradient in optimization using gradient descent methods.
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[20] Rădulescu (Lăzărescu), I.; Băicoianu, A.; Mihai, A. Conformal transformation of kernels: a geometric
perspective on text classification. Facta Univ. Ser. Math. Inform., to appear. Preprint, 2024. Available at
https://arxiv.org/abs/2406.00499.

[21] Reyad, M.; Sarhan, A. M.; Arafa, M. A modified Adam algorithm for deep neural network optimization.
Neural Comput. Appl. 35 (2023), no. 23, 17095–17112.

[22] Shima, H. The Geometry of Hessian Structures. World Scientific Publishing Co. Pte. Ltd., Hackensack, NJ,
2007.

[23] Shrestha, R. Natural gradient methods: perspectives, efficient-scalable approximations, and analysis.
Preprint, 2023. Available at https://arxiv.org/abs/2303.05473.
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