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And here, our 
story begins...

ADVANCED STATISTICAL

TECHNIQUES FOR HIGH-

DIMENSIONAL

DATA



























Maths behind regression



High dimensional regression

Low 
dimensional

data

High

dimensional

data

X X

Il-posed problems





Variance – bias tradeoff
Penalized regression



Penalization approach



Ridge penalization

All the parameters are 
shrunk in the same way.
We are not selecting 
variables.



lasso penalization

Some parameters are 
shrunk to 0.
Regularization= variable 
selection.

Tibshirani R (1996)

Regression Shrinkage and Selection via the Lasso

Journal of the Royal Statistical Society. Series B 
(Methodological) (1996) 58(1) 267-288







Group lasso penalization

Yuan M, Lin Y (2006)

Model selection and estimation in regression with grouped variables

Journal of the Royal Statistical Society. Series B (Methodological) (2006) 68(1) 49-67

Lasso between groups 

Ridge within groups



Sparse group lasso penalization

Linear combination of lasso 
and group lasso.

Sparsity both between and 
within groups of variables.

 Simon N, Friedman J, Tibshirani R (2013)

A sparse-group lasso  

Journal of Computational and Graphical Statistics (2013) 
22(2) 231-245





Our contributions start!
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Oracle estimators

Truly important 
variables

Variables selected 
by the model

Given a set of variables

Define:

An oracle 
estimator…

Asymptotically recovers 
the right subset:

Is normally distributed:





The adaptive idea
Adaptive sparse group lasso

w_j and v_k and are 
pre-specified weight

Intuition: if a variable 
is important, it should 
have a small weight

Mendez-Civieta A, Aguilera-Morillo M, Lillo R (2021)

Adaptive sparse group LASSO in quantile regression

Advances in Data Analysis and Classification15(3) 547-573

Zou H (2006)

The Adaptive Lasso and Its Oracle Properties 

Journal of the American Statistical Association (2006) 
101(476) 1418-1429



Weight calculation

1. Obtain a first estimation of the coefficients

2. Calculate the weights as:

3. Plug in the weights and solve the adaptive model







The asgl package
asgl is an open-source Python package to solve penalized least squares and quantile regression

Available at the pypi repository and github
https://pypi.org/project/asgl

•https://github.com/alvaromc317/asgl

https://pypi.org/project/asgl




Numeric simulation

Synthetic dataset containing 100 observations and 
625 variables. There are 56 informative variables

Non adaptive and adaptive models are solved;

Train / validate / test split and repeat the process 
100 times.



Results

Non adaptive 
penalizations

Adaptive 
penalizations







A genetic problem

Master tesis, now PhD

González Barquero María del Pilar (2023)

Adaptive penalized survival analysis




Genetic data analysis

Dataset contains expression values from 20531 
different genes from 235 patients;

Objective: Relation between survival time and 
genetic information;

Cox models with lasso and adaptive lasso 
penalizations are solved;

High level of right censoring (~80%)































To study the methodologies discussed
in this talk when the response variable
is multivariate 
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