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Abstract: Modern statistical analysis often encounters high-dimensional problems

but with a limited sample size. It poses great challenges to traditional statistical

estimation methods. In this work, we adopt auxiliary learning to solve the

estimation problem in high-dimensional settings. We start with the linear regression

setup. To improve the statistical efficiency of the parameter estimator for the

primary task, we consider several auxiliary tasks, which share the same covariates

with the primary task. Then a weighted estimator for the primary task is developed,

which is a linear combination of the ordinary least squares estimators of both the

primary task and auxiliary tasks. The optimal weight is analytically derived and the

statistical properties of the corresponding weighted estimator are studied. We then

extend the weighted estimator to generalized linear regression models. Extensive

numerical experiments are conducted to verify our theoretical results. Last, a

deep learning-related real-data example of smart vending machines is presented

for illustration purposes.
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1. Introduction

Modern statistical analysis frequently encounters datasets characterized by

an extensive number of features, which even surpass the sample size. This is

attributed to advancements in state-of-the-art technology, which facilitates more

convenient collection of data and computing (Gao et al., 2022; Jiang, Guo and

Wang, 2023; Li et al., 2024). For instance, in genetic studies, there are hundreds

of thousands of single-nucleotide polymorphisms (SNPs) that serve as potential

predictors. However, the sample size is limited due to the expensive cost of

sequencing. In deep learning-related studies, millions or even billions of features

are extracted from texts, images, and other forms of unstructured data. However,

the sample size is also relatively limited due to the high cost of labeling. The

fact that the feature dimension is larger than the sample size imposes significant

challenges to classical statistical analysis. Consider the linear regression model as

an example. To estimate the regression coefficient β, the popularly used ordinary
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