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With the proliferation of IoT devices, real-world time series data has become increasingly complex,
evolving into high—dimensional forms such as multivariate and tensor time series. While indispensable
for high-stakes decision-making in social infrastructure and industrial processes, existing deep
learning approaches suffer from a black-box nature. Their lack of interpretability regarding decision
rationales and robustness against data imperfections—such as missing values and anomaly contamination—
poses a significant barrier to ensuring reliability

This thesis posits that incorporating the underlying =~ Structure’’ of data into models is essential to
simultaneously achieve interpretability/explainability and robustness in time series analysis. We
systematize this structuring approach into two perspectives: ~ Explicit Dynamic Structure’’ and
“"Latent Semantic Structure,’’ demonstrating their effectiveness through four proposed methodologies
across two parts.

In Part I, we propose statistical frameworks to visualize dynamic dependencies as explicit sparse
graphs. Specifically, we developed a subsequence clustering method using graphical lasso for tensor
time series, and an imputation method integrating linear dynamical systems with graphical lasso. These
approaches enhance physical interpretability and achieve significant robustness against missing values
by leveraging structural constraints.

In PartIl, we propose deep learning frameworks to semantically disentangle data generation factors
within the latent space. By utilizing contrastive learning and data augmentation, we developed methods
to separate mode-specific features in tensor time series and to explicitly define boundaries between
normal and abnormal samples in multivariate time series. These approaches enable robust representations
resilient to contamination, while providing post-hoc explainability for complex non-linear data

In conclusion, this thesis establishes a methodology to overcome the complexity and imperfection of
modern time series data through structuring. The proposed methods provide not only high accuracy but
also human—-understandable rationales and operational stability, contributing to the realization of
reliable Al systems.
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