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Abstract. This paper introduces a new pattern analysis framework, which enables exact
and efficient calculation of probabilities of pattern occurrences in time series and gen-
eral sequences. Statistics of pattern occurrences in data are formulated in terms of finite
automata states, and the state transitions are embedded into a Markov chain. This en-
ables pattern analysis of continuous or discrete sequences generated from hidden Markov
models, where occurrences of specific patterns in the Markov state sequence is of interest.
Through this new methodology, both the joint and marginal distributions of occurrence
probabilities of multiple patterns can be obtained in a conceptually simple and compu-
tationally efficient way. A novel sequence segmentation methodology utilizing regular
languages as pattern definitions is formulated and application of the proposed framework
to real data is demonstrated.
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1. Introduction. This work focuses on pattern occurrence statistics in hidden Markov
state sequences, and investigates its application to standard tasks in time series and
sequential data analysis.

1.1. Pattern statistics. Pattern statistics is concerned with statistics of pattern oc-
currences from a random source, and essentially extends pattern searching problems to
stochastic text. Given a discrete random source generating text or symbol sequences and
a pre-specified pattern, the core of pattern statistics involves calculating the probability of
the pattern occurring after a set amount of symbols is generated [1, 2]. From this simple
concept various extensions have been proposed, such as calculating the distribution of the
number of occurrences, waiting time till an occurrence, and the first to occur among a set
of competing patterns.

In the research related to pattern statistics, published results started with elementary
combinatorial analysis of the grouping of like objects arranged on a line, which corresponds
to non-consecutive runs of the same objects [3]. These methods are frequency (counting)
based and extend naturally to probabilities in i.i.d. symbol distributions, but cannot be
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