
Nonparametric Quantile Regression with 
ReLU-Activated Recurrent Neural Networks

Presented by Hang Yu
2025.11.06

Wen-Xin ZhouHang Yu Lyumin Wu Zhao Ren



2Nonparametric Quantile Regression with ReLU-Activated Recurrent Neural Networks Hang Yu (Nanjing University)

pRNNs have achieved remarkable success in various applications.

Recurrent Neural Networks (RNNs)

Natural Language Processing Finance Weather Forecasting

However, the theoretical foundations of RNNs remain incomplete.
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RNNs and Sparse RNNs (SRNNs)

We focus on establishing theoretical guarantees for RNNs/SRNNs
in a fundamental area — quantile regression.

pRNN structure: Many-to-one setting

p  
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p  Problem setup

pEmpirical risk minimization estimator:

Quantile Regression 
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p  Problem setup

pEmpirical risk minimization estimator:

Quantile Regression with RNNs/SRNNs
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p  
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p   

Hierarchical Interaction Model
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p   

quantifies maximum dependence between past and future observations
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p  Relate mixing to i.i.d

Refined Blocking Technique

Partition

Lemma 5
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p  In analysis, an important quantity is 

Donut-set Decomposition

Donut-set Decomposition:
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p  Convergence Rate

Theorem

Minimax optimal!
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p  Simulations

Experiments
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pDow Jones Industrial Average (DJIA) analysis: stationary

pGDP analysis: non-stationary 

Real data analysis
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pProblem: Quantile regression with RNNs/SRNNs

pUnderlying function class: Hierarchical Interaction Model

pData assumption: 

pTwo technique: Blocking technique and donut-set decomposition

pExperiments: Simulations, DJIA analysis, and GDP analysis

Summary

Thanks!


