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Many modern time series applications operate in streaming, non—-stationary environments, where data
arrive as a sequence of short segments rather than as a single long stationary series. Each segment
is generated under a local configuration of an underlying data—generating mechanism that can change
over time, so fitting and repeatedly updating one global model is computationally expensive and
difficult to interpret. This thesis instead represents such data using Short Sample Trajectories
(SSTs) : short, temporally dependent sequences generated under fixed local models, whose lengths may
vary but are chosen to be just sufficient for reliable inference within a parameterized data—
generating process

Part I develops methods for modeling and reasoning with these trajectories. The first study proposes
a latent non—linear dynamical model that exploits temporal dependence within a single short
trajectory to disentangle underlying dynamics from measurement noise and to obtain interpretable
latent states. The second study introduces a model-agnostic, data—driven procedure that determines,
using only data collected after a suspected change in conditions, when a segment has become long
enough to justify training or updating a model, thereby formalizing a data—sufficiency criterion for
streaming settings

Part II applies this viewpoint to controlled streaming time series. The first application presents a
real—-time forecasting method that learns local models and their transitions from short windows, and
uses them to track changes in operating conditions. The second application proposes an online
mixture model for time—delay systems that maintains a fixed-size summary of past trajectories,
enabling accurate forecasting and delay tracking without unbounded growth in the number of models
Overall, the thesis shows that treating streaming time series as collections of Short Sample
Trajectories leads to accurate, adaptive, and computationally efficient methods for non—stationary
data.
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