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ABSTRACT OF DISSERTATION

Spatiotemporal and structured data are widely observed in environmental monitoring, sensor networks, ocean science, transportation, and
graph-based applications. In these systems, observations are rarely independent; instead, prediction and interpretation often depend on
relationships among variables, locations, time steps, entities, and labels. However, existing models are commonly studied from an
architecture-centered perspective, which provides limited insight into how relational information is obtained, represented, utilized, and
explained. This dissertation develops a relationship-aware perspective for model learning and explaining in spatiotemporal and structured
systems. It first introduces a relationship-aware taxonomy and background that characterizes predictive models according to different
forms of relational information, including predefined relationships, data-inferred relationships, and implicitly captured dependencies.
Based on this foundation, the dissertation studies three representative problems. First, it develops a missing-aware latent relationship
learning framework for robust multivariate time-series forecasting under severe sensor missingness, where imputation, dependency
learning, and spectral-temporal forecasting are jointly optimized. Second, it presents a sparse spatiotemporal relationship modeling
framework for ocean salinity imputation from irregular drifter trajectories, using global dependency modeling and diffusion-adversarial
learning to reconstruct missing salinity values. Third, it extends relationship-aware modeling toward explainability by developing a self-
explainable framework for multi-label graph learning, where predictions and label-specific relational explanations are learned jointly.
Together, these studies demonstrate that relationships provide a unifying lens for designing robust, accurate, and interpretable models
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across different tasks and data conditions. This dissertation contributes both methodological advances and a coherent conceptual
foundation for relationship-aware learning and explaining in complex real-world systems.
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