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Online Private Nonparametric Regression

• Streaming data in autonomous systems, wearables, and healthcare require real-time, privacy-preserving models.

• Batch-based nonparametric methods are unsuitable for large-scale or continuous data.

• Outliers and heavy-tailed noise in streaming data hinder model reliability. 

• Achieving local differential privacy (LDP) remains difficult beyond centralized or low-dimensional settings.

Motivation



• Develop an online, private, nonparametric regression framework that is robust to heavy-tailed noise 

and satisfies LDP.

• Study non-asymptotic convergence guarantees and identify optimal step-size schedules.

Goal

Models and Problem Formulation



Setup

Models and Problem Formulation

• The observed data are streaming samples 𝑋𝑛, 𝑌𝑛 𝑛=1
∞  generated from the model 𝑌𝑛 = 𝑓⋆ 𝑋𝑛 + 𝑒𝑛.

• The best reproducing kernel Hilbert space (RKHS) approximation:

𝑓ℋ ≔ arg𝑚𝑖𝑛𝑓∈ ഥℋ𝔼 𝑌 − 𝑓 𝑋
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• Our objective is to develop a computationally efficient, single-pass sequence of estimators for 𝑓ℋ.



Methodology

Private Huber Functional SGD



Theory

Constant Step Size Scheme

Non-constant Step Size Scheme



Experiment

Non-Private Synthetic Data Private Synthetic Data

• The proposed H-FSGD method significantly outperforms the least-squares-based FSGD under heavy-tailed noises.

• PH-FSGD can still recover the true function shape well, even under strong privacy constraints.

• Stronger privacy enhances protection but also leads to greater estimation error and slower convergence.



Takeaway Notes

Develop an online robust LDP framework enabling per-iteration privacy guarantees and outlier-resistant 
real-time nonparametric regression in dynamic environments.

• One-pass Algorithms

Propose two one-pass algorithms, H-FSGD and PH-FSGD, that achieve 𝑂 1  time and space complexity 
per iteration without storing past observations.

• Non-asymptotic Analysis

Establish comprehensive non-asymptotic convergence guarantees and identify optimal step-size schedules 
that achieve minimax-optimal rates.



ThankYou!
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