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Recent advances in deep learning increasingly rely on latent-space representations capable of compressing, organizing, and generating complex high-dimensional data. At the same time, nonlinear dynamical systems, information geometry, and quantum-inspired learning architectures are emerging as important conceptual frameworks for understanding the structure and dynamics of such representations. In this work we present a unified hybrid quantum-classical framework combining latent diffusion models, parameterized quantum circuits, and information-theoretic tests of nonclassicality in latent spaces.
First, we develop a hybrid generative architecture for highly imbalanced electrocardiogram (ECG) datasets, combining conditional variational autoencoders (cVAEs), latent denoising diffusion probabilistic models (DDPMs), and Quantum Latent Refinement (QLR) modules implemented through parameterized quantum circuits. The latent diffusion process generates synthetic minority-class cardiac signals, while the quantum refinement stage introduces bounded corrections guided by distributional alignment in latent space. The approach demonstrates how quantum-classical latent dynamics can enhance generative learning in complex nonlinear biomedical signals.
Second, we investigate the statistical structure of latent representations themselves through a Bell-type consistency framework inspired by contextuality and nonclassicality tests in quantum physics. Using autoencoders as a model system, we formulate latent-space witnesses probing whether observable decoding statistics across multiple contexts can be explained by a single positive latent-variable distribution. The resulting framework connects latent representations, information geometry, and quantum-inspired statistical structure in neural information processing.
The combined perspective suggests that latent generative learning systems can be viewed as nonlinear dynamical systems evolving in compressed representation manifolds, where quantum-inspired structures, contextuality-like effects, and hybrid quantum-classical architectures may provide new mechanisms for representation efficiency, anomaly detection, and complex signal generation. These ideas establish new connections between nonlinear dynamics, machine learning, information theory, and quantum-inspired computation.
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