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ABSTRACT

High-dimensional partial differential equation (PDE) simulations are fundamental to computational
science and engineering, yet they generate large volumes of time-series data. This data generation
creates memory and storage bottlenecks, as the time required to write data to disk can exceed the
computation time itself. While Tensor Train (TT) decomposition [1] offers an effective algebraic
framework for mitigating the curse of dimensionality, conventional batch-based TT algorithms re-
quire storing the full dataset in memory, making them computationally prohibitive for the in-situ
compression of streaming simulation data. Conversely, existing online TT methods [2], which rely
on recursive approximations, often suffer from numerical instability, ill-conditioned Gram matri-
ces, and error accumulation over long temporal evolutions. In this work, we propose applying a
deterministic online TT decomposition algorithm (Online TT-ALS) for the in-situ compression of
streaming PDE solutions. Our method sequentially enforces orthogonal constraints on the TT cores
during a single-sweep update. By preserving an exact orthogonal subspace at every time step, our
approach completely avoids the inversion of ill-conditioned matrices. This property ensures long-
term numerical stability, approximation accuracy without requiring an initial warm-up period, and
low-latency processing suitable for dynamic environments. We formulate an online compression
pipeline tailored for time-dependent PDEs and investigate its practical feasibility. To validate the
algorithm, we conduct numerical experiments on fundamental benchmark models, including the
high-dimensional heat equation. Preliminary results indicate that the proposed framework achieves
significant data reduction while maintaining mathematical fidelity and computational efficiency. We
evaluate the algorithm’s temporal stability and compression performance, demonstrating its poten-
tial to scale to broader classes of multidimensional PDEs and to provide a robust in-situ compression
strategy for scientific computing.
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