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Abstract
The field of deriving non-linear functions to classify sequential data is currently dealt with by a variety of Machine Learning (ML)
methods. The procedure of learning sequential data becomes even more challenging when the upstream and downstream
information of a sequence is also useful for the prediction. This is the case with the Protein Secondary Structure Prediction (PSSP)
problem, which is a classification problem where the information in the past and future of a specific time frame is important for
prediction purposes. In this work we prescribe certain methodologies, architectures and algorithms that have advantages over
known methods in terms of accuracy or quality of results or convergence time specifically for the PSSP problem. Our efforts resulted
in implementations that contribute towards the above factors with: (1) the implementation of a Bidirectional Recurrent Neural
Network (BRNN) which is based on the local information of a protein sequence as a way to reduce the training time, (2) the first
comparative study on the challenging problem of filtering methods for the PSSP problem, utilizing both ML techniques and empirical
rules, (3) the development and implementation of ML methodologies based on BRNNs where the Scaled Conjugate Gradient and the
Hessian Free Optimization (HFO) second-order learning algorithms are applied for the first time on these architectures for fast
training, (4) the design and implementation of a novel image-like input representation method for the PSSP problem which is used
by Convolutional Neural Networks, (5) the implementation of simple Feed Forward Neural Networks trained with the HFO algorithm
to show the limit on what methods may be able to capture when they rely only on local sequence patterns for the PSSP problem and
(6) the application of Clockwork Recurrent Neural Networks and a novel Bidirectional Echo State Network to the same problem.
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