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Machine learning is a powerful tool in performing tasks such as classification,
pattern recognition, and data mining and analysis. However, to guarantee optimal
results, different machine learning techniques have been developed for different types
of data for various tasks.

Supervised learning is a type of machine learning where part of the data is used to
train the learning algorithm to approximate some mapping that can perform
predictions on new data. One of the most common examples of supervised learning is
classification. This task aims to identify to which class or category a new data sample
belongs to, given a set of observed data whose classes are known. In the case where
there are only two classes, usually denoted by +1 and —1, we refer to this as the binary
classification task.

Predicting Drug-Protein Interactions: Drug-protein interaction prediction plays an
important role in drug design and discovery. Since wet lab procedures are inherently
time consuming and expensive due to the large number of candidate compounds and
target genes, computational approaches became imperative and have become popular
due to their promising results and practicality. The prediction problem setting can be
modeled as a binary classification problem where +1 indicates that there is interaction
between the drug and target protein, and —1 indicates otherwise. To improve
prediction accuracy and precision, we proposed an algorithm employing both support
vector machines (SVMs) and an extension of canonical correlation analysis (CCA). We
introduced weighted CCA as a means of uncovering underlying relationship between
similarity of drug compounds and known interactions with target proteins. By

extracting the most significant features using weighted CCA and utilizing them for



training support vector machines, better prediction performance was achieved

compared to methods using only SVM and classical CCA.

Enzyme Active Site Search: Prediction of active sites in enzyme proteins is highly
essential not only for protein science but also for practical applications such as drug
design. Because enzyme reaction mechanisms are based on the local structures of
enzyme active sites, a simple measure such as the mean square deviation has been
used to compare such local structures in proteins. To enhance the ability of such
simple measure, we introduce parameters for the deviation, as well as regularization
functions using Bregman divergences to model a new machine learning algorithm that
determines the parameters of the square deviation. The proposed algorithms proved to
be better than, if not comparable to, existing methods for enzyme active site search.
Moreover, the algorithms presented follow a more natural form, adopting the

framework of modern machine learning techniques.

Task Classification Using EEG Signals: Classification tasks in brain-computer
interface research have presented several applications, biometrics and cognitive
training, for instance. However, like in any other discipline, determining suitable
representation of data has been challenging, and recent approaches have deviated
from the familiar form of one vector for each data sample. With this in mind, we
proposed a kernel between vector sets for binary task classification using EEG signals.
This is motivated by recent studies where data are approximated by linear subspaces,
in particular, methods that were formulated on Grassmann manifolds. The proposed
kernel takes a more general approach given that it can also support input data that
can be modeled as a vector sequence, and not necessarily requiring it to be a linear
subspace. In addition to this, the kernel also directly computes similarity between two
vector sequences, whereas known Grassmann kernels such as the Projection kernel
and Binet-Cauchy kernel computes similarity between two vector sequences indirectly.
We also presented a theoretical relationship between the proposed kernel and the
Projection kernel. Empirical results revealed that the proposed kernel achieves

promising prediction performance compared to Grassmannian methods.

Conclusion: This thesis focused on applications of binary classification using biological
and physiological data. The main challenges we addressed are related to finding
suitable features for input data, and kernel functions for unconventional data

representation. As proposed methods showed favorable outputs relative to existing



methods, they may have good potential applications in other fields, as well as different

problem settings such as multi-class classification.
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