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Neural Processes
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uWhat is Neural Processes
Ø Probabilistic meta-learning 

framework: Neural Processes 
are probabilistic models 
designed to meta-learn 
distributions over functions, 
offering a data-driven alternative 
to Gaussian Processes.

Ø Meta-learning paradigm: Each 
function prediction is treated as 
a task, where models learn from 
context points during training 
and generalize to new functions 
with minimal observations at 
test time.



Neural Processes Generalization
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uWhat is Neural Processes generalization challenge
Ø Empirical-focused development: Current NPs achieve strong performance through 

architectural innovations but lack rigorous theoretical understanding of 
generalization capabilities.

Ø Theoretical gap: Existing methods prioritize performance optimization while 
neglecting theoretical interpretability of generalization across diverse tasks.

uPrevious solutions (architectural & meta learning):
Ø Enhance model expressiveness through advanced mechanisms

ANPs, TNPs, ConvCNPs, NDPs, NPCL
Ø Improve learning efficiency with limited theoretical foundation

Focus on inductive biases and model complexity without generalization theory

Our work focuses on providing a rigorous information-theoretic framework 
for understanding and improving NPs generalization via dynamical stability 

regularization and optimization-aware noise injection



uInformation-Theoretic Bound
Ø Theorem 4.1: If loss ℓ(�, � × �) is σ-subgaussian, then
Ø Key Insight: Minimizing mutual information �(�;  �1:�) improves generalization

uCombined Effects
Ø Enhanced Stability: 
Ø Reduced MI: 

Result: Tighter generalization bound through joint optimization of stability and information
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Information-Theoretic Generalization Method



Experiments

Ø Classical NPs Benchmark: 1-D Regression, Image Completion, Bayesian Optimization, Contextual Bandits
Ø Ablation Study
Ø Comparison with Stability Neural Processes
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