
Vol.:(0123456789)

Annals of the Institute of Statistical Mathematics (2023) 75:335–368
https://doi.org/10.1007/s10463-022-00847-1

1 3

Quantitative robustness of instance ranking problems

Tino Werner1

Received: 4 November 2021 / Revised: 3 May 2022 / Accepted: 7 July 2022 /  
Published online: 30 August 2022 
© The Institute of Statistical Mathematics, Tokyo 2022

Abstract
Instance ranking problems intend to recover the ordering of the instances in a data 
set with applications in scientific, social and financial contexts. In this work, we 
concentrate on the global robustness of parametric instance ranking problems in 
terms of the breakdown point which measures the fraction of samples that need to 
be perturbed in order to let the estimator take unreasonable values. Existing break-
down point notions do not cover ranking problems so far. We propose to define a 
breakdown of the estimator as a sign-reversal of all components which causes the 
predicted ranking to be potentially completely inverted; therefore, we call it the 
order-inversal breakdown point (OIBDP). We will study the OIBDP, based on a lin-
ear model, for several different carefully distinguished ranking problems and pro-
vide least favorable outlier configurations, characterizations of the order-inversal 
breakdown point and sharp asymptotic upper bounds. We also compute empirical 
OIBDPs.

Keywords Breakdown point · Quantitative robustness · Instance ranking problems · 
Sparsity

1 Introduction

A well-known issue when analyzing data is that the data usually are not clean but 
consist of perturbations that can severely distort an estimator. Instances that are dis-
tant from the majority of the data are often termed as “outliers”. For a well-founded 
analysis, it is required to define an underlying ideal model so that the data points 
are interpreted as independent realizations from this model. However, wrong model 
assumptions let the real data appear as contaminated data. In these cases, methods 
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