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Objective  

This course introduces tensor-based methods for multidimensional signal processing, nonlinear system 

modeling, and machine learning. The course aims to provide participants with both the mathematical 

foundations and practical tools needed to work with structured low-rank tensor models arising in 

signals, systems, and data-driven applications. Particular emphasis is placed on interpretability, 

uniqueness, scalability, and structured low-rank representations of multidimensional signals and 

systems, including tensor-network formulations. 

Contents 

Lecture 1 – Tensor basics and decompositions 

Tensor notation and terminology, tensor rank and multilinear rank, canonical polyadic 

decomposition, multilinear singular value decomposition, block-term decomposition, tensor train 

decomposition, tensor networks, uniqueness and identifiability, structured representations, 

computational aspects, and introduction to basic software toolboxes. 

 Lecture 2 – Tensor networks and machine learning 

Tensor trains and tensor networks, low-rank tensor representations, dimensionality reduction, kernel 

machines, compression of neural-network architectures, and high-dimensional function 

representations. Applications in nonlinear system identification. 

 



Lecture 3 – Tensors in signal processing and time-series analysis 

Blind source separation and blind system identification, Hankel tensorizations, and time-series 

decomposition, coupled matrix-tensor decompositions. Applications in signal processing, including 

biomedical signals. 

Lecture 4 – Tensor methods for nonlinear systems and decoupling 

Decoupling of multivariate nonlinear functions, tensor decompositions for Volterra and polynomial 

system models. Applications in block-oriented nonlinear system identification.  
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Prerequisites 
Students are expected to be familiar with linear algebra, basic optimization, signals and systems, and 

elementary numerical methods. Prior exposure to machine learning or system identification is 

helpful but not required. 

Homework assignments  
Students will complete take-home homework projects consisting of theoretical exercises and 

computational experiments. The projects focus on tensor decompositions for multidimensional signal 

analysis and on tensor methods for nonlinear systems or machine learning applications. 

 

 

 


