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Definition of Meta Learning Algorithm 

• Generally speaking, meta learning is a mechanism that uses the 
information extracted from several observed tasks to improve the 
prediction performance of the learner on the unseen task. 
 

• Any method that adjusts the parameters of an algorithm based on the 
experience made with other learning tasks can be regarded as a meta 
learning algorithm. --Maurer (JMLR 2005) 
 
 



Assumptions of Meta Learning Theory 
• The goal of single task learning is to select from the hypothesis space ℋ a 

hypothesis ℎ to minimize the expected loss of task 𝑃𝑃 on sample space 𝑍𝑍 = 𝑋𝑋 × 𝑌𝑌: 
 

• The goal of meta learning is to select from the hypothesis space family 𝐻𝐻 a 
hypothesis space ℋ that contains a good solution to the task 𝑃𝑃 sampled i.i.d. 
from the task environment  𝑄𝑄. That is, meta learning focuses on minimizing the 
transfer risk on a novel task of a good hypothesis space ℋ :   
 
 

• The training 𝑛𝑛,𝑚𝑚 -sample 𝒛𝒛 ∈ 𝑍𝑍𝑛𝑛×𝑚𝑚is constructed by sampling n tasks from 
environment 𝑄𝑄 independently and then sampling m data from each task 
independently, the empirical risk on the 𝑛𝑛,𝑚𝑚 -sample of a space ℋ is： 
 
 

• Meta learning theory  aims to bound the gap:  



Existing Model Complexity Bounds  
• Covering number bound on transfer risk (Baxter JAIR 2000): 

 
 

 
 
• When applying the above covering number bound to analyze deep neural 

networks, Baxter derives a parameter-count-based generalization bounds. 
• Bounding covering number with Pseudo-dimension V. 
• Since Pseudo-dimension V is of order O(Wlog(W)), where W is the number of total parameters of deep 

neural network, hence Baxters bound is linear of W and is vacuous when analyzing the 
overparameterized deep neural networks. 
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Our Task Relatedness Measurement 
• A novel task relatedness measurement called “almost Π-relatedness“: 

 
 

 
 
 
• The almost Π −related task environment: 
 
 

 
 



Our Task Relatedness-Based Bounds 
• Our task relatedness-based covering number bound on transfer risk: 

 
 
 
 
 

• We extend the above bound to the representation learning setting: 
 
 
 

 
 
 Proof sketch:  show that                                                                 and    
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Our Spectrally-Normalized Bound 
• A parameter-count-free bound for meta learning with deep neural network: 

 
 
 
 
 
 

 
 

• We further apply the above spectrally-normalized bounds for regression/binary 
classification/multi-class classification problems within the meta learning framework. 



When Two Tasks are almost Π-related? 
• We show that our proposed task-relatedness  notation actually corresponds  to the “almost 

isomorphism” between two measure spaces induced by the probability measures. 
 

 
 
 
• The task-relatedness  condition is satisfied when the sample space is a complete separable 

metric space. 
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Takeaways 
By proposing a novel task relatedness concept, we provide a meta learning bound of 

order 𝑂𝑂( 1
𝑛𝑛𝑛𝑛

) , and further derive a parameter-count-free spectrally-normalized bounds 

for meta learning with deep neural networks. 

We rigorously demonstrate that the proposed task relatedness corresponds to the 

almost isomorphism between measure spaces of two tasks, and such relatedness 

assumption is satisfied when the sample space is a complete separable metric space. 

Our ongoing works include providing sharper meta learning bounds with non-i.i.d. task 

environment assumption or even without such environment assumption. 



Thank you ! 


	�Task Relatedness-Based Generalization Bounds for Meta Learning
	Contents
	Contents
	Definition of Meta Learning Algorithm
	Assumptions of Meta Learning Theory
	Existing Model Complexity Bounds 
	Contents
	Our Task Relatedness Measurement
	Our Task Relatedness-Based Bounds
	Contents
	Our Spectrally-Normalized Bound
	When Two Tasks are almost Π-related?
	Contents
	Takeaways
	幻灯片编号 15

