2026 F£E 5 1[0 PAYIEFRIBEARGES

1st Physics Department Colloquium in Chuo University in 2026

i5/E%& . Professor Piotr Graczyk

B
2

(LAREMA, Université d’Angers, France)

B . Penalized Estimation for Big Data and Geometry
of Polyhedrals and Root Systems

Ef . Friday 1 May 2026, 15:10-16:50

R - PRAFEERERF v /N 3 58E 3 FE 3300 B =
Room 3300, 3rd Floor, Building No.3, Korakuen-Campus,
Chuo University

. 1 will present recent results obtained in [1] and [2] jointly with M.
Bogdan, X. Dupuis, B. Kotodziejek, U. Schneider, T. Skalski, P. Tardivel
and M. Wilczynski.

Penalized estimators for Big Data contain LASSO and many other estima-
tors. Many of them are related to root systems: LASSO to the system A},
SLOPE to the system B,,.

It is well known that LASSO discovers zero coefficients of the vector b in
the regression equation ¥ = Xb + ¢ where X is the data matrix and Y the
response vector. In fact LASSO estimates the sign of the coefficient vector
b (b;’s positive, negative or null). The sign is called the model (pattern) of
LASSO. In the LASSO estimator the ¢! penalty is employed.

In the study of Big Data one needs to identify more informative patterns
of the vector b. These leads to use penalties different from the ¢! penalty and

to get more dimensionality reduction.

We define the pattern of any estimator with polyhedral penalty, i.e. the
unit ball B with respect to the penalty norm is a convex polyhedron. Sur-
prising links between the pattern of a penalized estimator and the geometry

of the convex polytope B* will be explained.
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We study in detail estimation with a sorted ¢! penalty, called SLOPE. Its
dual ball B* is a signed permutahedron. SLOPE is a popular method for
dimensionality reduction in the high-dimensional regression, encompassing
the LASSO estimator but also the [* penalty. Indeed, some coefficients of

bSLOPE are null (sparsity) and others are equal in absolute value

the estimator
(clustering). Consequently, irrelevant predictors are eliminated and groups
of predictors having the same influence on the response vector are identified.
The SLOPE pattern of a vector b provides: the sign of its components,

clusters (components equal in absolute value) and clusters ranking,.

In our research we give an analytical necessary and sufficient condition for
SLOPE pattern recovery of an unknown vector b of regression coefficients.
Such condition is called Irrepresentability (IR) condition. For any polyhedral

penalty we find a geometric IR condition.
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