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Summary: There is an extensive literature using probabilistic models, such as hidden Markov models, for
the analysis of biological sequences. These models have a clear theoretical basis, and many heuristics have
been developed to reduce the time and memory requirements of the dynamic programming algorithms
used for their inference. Nevertheless, mirroring the shift in natural language processing, bioinformatics
is increasingly seeing higher accuracy predictions made by recurrent neural networks (RNN). This shift is
exempliﬁed by basecalling on the Oxford nanopore technologies’ sequencing platform, in which a continuous time series of current measurements is mapped to a string of nucleotides. Current basecallers have
applied connectionist temporal classiﬁcation (CTC), a method originally developed for speech recognition, and focused on the task of decoding RNN output from a single read. We wish to extend this method
for the more general task of consensus basecalling from multiple reads, and in doing so, exploit the gains
in both accelerated algorithms for sequence analysis and recurrent neural networks, areas that have advanced in parallel over the past decade. To this end, we develop a dynamic programming algorithm for
consensus decoding from a pair of RNNs, and show that it can be readily optimized with the use of an
alignment envelope. We express this decoding in the notation of ﬁnite state automata, and show that
pair RNN decoding can be compactly represented using automata operations. We additionally introduce
a set of Markov chain Monte Carlo moves for consensus basecalling multiple reads.
For the entire collection see [Zbl 1391.92003].
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