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Course description (min 150, max 300 words)

Interacting molecules and macromolecules drive complex biological processes. High-
throughput technologies now allow us to collect omics data on the molecular components of
biological systems, stored in mathematical structures such as nonnegative matrices or
tensors. However, the high dimensionality, variable types, and noise level of this data pose
significant challenges for multi-omics analysis. Addressing these challenges requires the
development of novel computational methods to fully leverage multi-omics technology.

This course aims to show mathematical models and numerical methods for omics data
analysis based on low-rank dimensionality reduction approaches, in particular nonnegative
matrix and tensor factorizations. The course is devoted to present the factorizations methods
such as Principal Component Analysis (PCA), Independent Component Analysis (ICA),
Nonnegative Matrix Factorizations (NMF), their variants in the tensor case (Multilinear
PCA/ICA, HONMF, TRI-ONMF, etc.) and their compared performance to omics data
analysis purposes.

Low-rank dimensionality reduction mechanisms are recognized in the literature due to their
ability to exploit the matrix/tensor structure of the data under consideration allowing the
analysis of both features and observations of the data. Low-rank approximation techniques
are based on various mathematical tools ranging from linear and multilinear algebra to
optimization. Their use includes different scientific fields from preprocessing (treatment of
missing values, anomaly detection, etc.) to the proper knowledge extraction from the data.
Since the nonnegativity nature of the omics data, from a mathematical point of view, it is
convenient to formulate omics data analysis tasks as constrained optimization problems of
specific divergence functions. Appropriate numerical methods for solving these optimization
problems will be explained in detail in the course together with the ad-hoc developed
numerical algorithms.
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Credits and Hours
2 credits (16 hours)

Exam Modality

Two alternatives are available to the student to pass this exam (Teacher may choose

other modalities):

1) Paper presentation. Students present the content of 2 papers suggested by the
teacher. No groups are allowed.

2) Project. Students implement and experimentally validate an algorithm or its variation
from a paper suggested by the teacher. Projects can be done in groups of 1-3
students, depending on the algorithm.

Teacher CV
Attach or link a max 3 pages CV for each teacher proposing the course.
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