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GAN and Lotka-Volterra equations in machine learning

I. A. Lopatin1

Overfitting is a common problem in machine learning. We investigate the
reduction of overfitting effects by drawing analogies between machine learn-
ing procedures and biological processes. Specifically, we interpret well-known
Generative Adversarial Networks (GAN) framework [1] as a predator-prey model
from biology. We demonstrate that the gradient descent process for solving the
main minimax problem of GANs [1]:

min
𝑦

max
𝑥

𝑉 (𝑥, 𝑦),

𝑉 (𝑥, 𝑦) = 1
𝐿

𝐿
∑
𝑙=1

log𝐷(𝑧𝑙, 𝑥) + ∫
𝑍
𝑝gen(𝑧, 𝑦) log(1 − 𝐷(𝑧, 𝑥))𝑑𝑧,

where {𝑧𝑙} is a sample,𝐷(𝑧, 𝑥) and 𝑝gen(𝑧, 𝑦) are parametric families of proba-
bility distributions on the space𝑍, called the discriminator and the generator
with learning parameters 𝑥, 𝑦, respectively (assuming 𝑥, 𝑦 ∈ ℝ𝑑), can be inter-
pretedas adynamical systemanalogous to theLotka-Volterra equations. Building
on this interpretation we propose a new machine learning algorithm [2]. For
minimization problemℒ(𝑥) → min (e.g., regression problem), we introduce
modified Lotka-Volterra equations

𝑑𝑥
𝑑𝑡

= −∇ℒ(𝑥) + 𝑈(𝑥 − 𝑦),

𝑑𝑦
𝑑𝑡

= −𝑊(𝑥 − 𝑦),

where𝑈 and𝑊 are special vector functions (forces) describing the interaction
between the prey and the predator. We analyze how this new model helps reduce
overfitting.
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