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There naturally exists time series data in wfde range of domains, such as in economics, biology and
industry, because we can observe data with timestamps that regularly pass by to analyze and discover
valuable insights. Dynamics in such data have a lot of importance. A climate monitoring, for
example, we are interested in temperature measurements at every hour or every day to make decisions.

. In industrial contexts, we want to reveal reasonable causes in machine troubles and defective
products by monitoring sensor measurements. Although mining methods of time series have been well
studied for last decades and been providing solutions satisfying these demands, we have faced mofe
‘complex problems represented by three vital considerations: (a) handling larger, unlimited data
samples, (b) oompléxity of model design and (c) interpretability of analytical results, due to the
advent of big data era, in which we can access a massive amount of data and therefore the ideal
methods should satisfy these concepts. o
This thesis discusses streaming algorithms that is useful, effective and practical approaches to
analyze a large flow of time seres, which is known as data streams. To address' the above three
challenges{ the algorithms should enable discovery of important sequential patterns underlying data
and help us understand generating mechanisms or forecast upcoming situation. The first proposed
algorithm particularly focuses on mining multi-dimensional data streams, and how to know important
patterns and its total numbers automatically, based on a statistical modél~and a theory in data
compression and summarization. The second algorithm tackles mining high-order time series, so-called
tensor. The algorithm is designed so that it can decompose a given tensor stream into several latent
factors that explains non-linear dynamics and seasonal effects. The third algorithm incorporates a
non-linear equation for epidemic modeling with a stream. forecasting framework, which enables us to
share and exploit obtaingd models that varying over time with arbitrary locations.

" Throughout extensive experiments using real world datasets that support the effectiveness of the
three approaches, we will learn why streaming algorithms are important and what we can find out in
data streams. The results also show that the proposed methods can handle large data streams ‘in an '
efficient ways with keeping high performance compared with their baselines and state—of-the-art
methods. Finally, the brief discussion about future directions is provided, containing extension of
the proposed methods. )
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