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EE613 - List of courses
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19.09.2019 (JMO) Introduction
26.09.2019 (JMO) Generative I
03.10.2019 (JMO) Generative II
10.10.2019 (JMO) Generative III
17.10.2019 (JMO) Generative IV
24.10.2019 (JMO) Decision-trees
31.10.2019 (SC) Linear regression I
07.11.2019 (JMO) Kernel SVM
14.11.2019 (SC) Linear regression II
21.11.2019 (FF) MLP
28.11.2019 (FF) Feature-selection and boosting
05.12.2019 (SC) HMM and subspace clustering
12.12.2019 (SC) Nonlinear regression I 
19.12.2019 (SC) Nonlinear regression II 



Outline
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Linear Regression II  (Nov 14)
• Logistic regression
• Tensor-variate regression

HMM: preliminaries  (Nov 14)
• Expectation-maximization (EM)
• Covariance structures in HMM



Logistic regression

Python notebook:
demo_LS_IRLS_logRegr.ipynb

Matlab code: 
demo_LS_IRLS_logRegr01.m
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→ Fitting a line/plane model

Last course: Linear regression
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Logistic regression

Pass/fail in function of the time spent to study at an exam:

Logistic function:
→ Classification
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Logistic regression

Likelihood:

Cost function as negative log-likelihood:
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Logistic regression

→ IRLS procedure

Hadamard
(elementwise) 
product



Tensor-variate regression

Python notebook:
demo_tensorRegr.ipynb

Matlab code: 
demo_tensorRegr01.m
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Tensors

2nd-order 
tensors

1st-order 
tensors

3rd-order 
tensors

…

Examples of data organized as tensors:

- Recommender systems (e.g., age, M/F, city, income)
- Images (e.g., x, y, rgb channels)
- Videos (e.g., x, y, rgb channels, time)
- Robot motions (left/right arm, xyz, time)
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Tensor methods - Motivation

sample

agent
joint

coordinate

time step

Tensor factorization keeps the structure of the original data 
→ Multiway analysis of the data
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Tensor indexing - Fibers
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Tensor indexing - Slices



14

Tensor matricization / unfolding

(mode-1 unfolding)



Products (Hadamard, Kronecker, Khatri-Rao)

Hadamard

(elementwise)

Kronecker

Khatri-Rao
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Hadamard (elementwise) product 

Example
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Kronecker product - Example
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Khatri-Rao product - Example
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Mode-n product
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Mode-n product: Example
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Outer product and inner product

(outer product)

(inner product)
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Singular value decomposition (SVD)
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CP decomposition

= + +

=
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CP decomposition
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Parameters estimation: Alternating least squares
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Tucker decomposition

=

Core tensor
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Parameters estimation:

Higher-order orthogonal iteration (HOOI)

In contrast to CP, the Tucker 
decomposition is generally 
not unique

→ A, B and C constrained 
to be orthogonal matrices



28

Parameters estimation:

Higher-order orthogonal iteration (HOOI)



Tensor-variate linear regression
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Tensor-variate linear regression:
Parameters estimation
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Tensor-variate linear regression:
Parameters estimation
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Tensor-variate linear regression:
Parameters estimation
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Alternating least squares (ALS) 
update rules:



[Jaquier, Haschke and Calinon (2019), arXiv:1902.11104]

Example of application:

Tensor-variate mixture of experts 
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