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Hidden Markov models (HMMs) are used for many tasks in DNA and
protein analysis, including gene finding, sequence family modeling, and se-
quence alignment. In these application areas, we typically assume that the
input DNA or protein sequence X was emitted by the model and seek the se-
quence of hidden states S which might have emitted X. Traditionally, such
inference is done by the Viterbi algorithm, which finds sequence S maxi-
mizing the joint probability of X and S in the model. Alternatively, poste-
rior decoding chooses the most likely state at every position of X separately,
However, many other inference criteria can be formulated, often motivated
by a particular application domain. I will discuss several examples of HMM
inference criteria, with focus on modeling aspects and computational com-
plexity. We have proved that some criteria lead to NP hard problems, while
others can be computed by efficient algorithms.

HMMs were also recently introduced for modeling DNA sequencing
data produced by Oxford Nanopore devices. This technology can produce
very long sequencing reads but also suffers from high error rate. We pro-
pose to sample alternative sequences from the HMM to improve alignment
of reads to a reference genome or to each other.
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