
Meta-Weight-Net

Experimental Results

Introduction

Need to pre-specify the form of weighting function based on certain assumptions on training data.
Need to manually set hyper-parameters, raising their difficulty to be readily used in real applications.

Code Downloading: 
https://github.com/xjtush
ujun/meta-weight-net
Please contact:
xjtushujun@gmail.com
dymeng@mail.xjtu.edu.cn
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Problem

 Corrupted labels: Data are collected from a 
crowd-sourcing system, web crawler, etc.
 Class imbalance:  Real-world datasets are 

usually depicted as a long-tailed distribution.

DNNs can easily overfit to biased training data.

Motivation
 Sample reweighting is a commonly used 

strategy against this robust learning issue.
 There exist two entirely contradictive ideas 

for constructing the weighting function. E.g., AdaBoost[4,5], hard negative 
mining[6], focal loss[7].

E.g., SPL[1,2], iterative reweighting[3]
Corrupted labels ↓ Class imbalance↑
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The Meta-learning Objective

𝑤𝑤∗ Θ = arg min
𝑤𝑤

1
𝑁𝑁
�
𝑖𝑖=1

𝑁𝑁

𝒱𝒱(𝐿𝐿𝑖𝑖train 𝑤𝑤 ;Θ)𝐿𝐿𝑖𝑖train 𝑤𝑤

Θ∗ = arg min
Θ

1
𝑀𝑀
�
𝑖𝑖=1

𝑀𝑀

𝐿𝐿𝑖𝑖meta 𝑤𝑤∗(Θ)

We minimize the weighted training loss for classifier’s updating.

 The parameter Θ∗ is obtained by minimizing the loss on meta data

Meta DataTraining Data

We formulate 𝓥𝓥(𝑳𝑳𝒊𝒊𝒕𝒕𝒕𝒕𝒕𝒕𝒊𝒊𝒕𝒕(𝒘𝒘);𝚯𝚯) as a MLP network called  Meta-Weight-Net. 

Algorithm

Convergence Analysis
Theorem 1. Suppose the loss function ℓ is Lipschitz smooth with constant 𝐿𝐿, and have 𝜌𝜌-bounded gradients with 
respect to training /meta data. 𝒱𝒱(·) is differential with a 𝛿𝛿-bounded gradient and twice differential with its Hessian 

bounded by ℬ. Let the learning rate 𝛼𝛼𝑡𝑡 satisfies 𝛼𝛼𝑡𝑡 = min{1, 𝑘𝑘
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∞,∑𝑡𝑡=1∞ 𝛽𝛽𝑡𝑡2 ≤ ∞. Then the proposed algorithm can achieve 𝔼𝔼 𝛻𝛻ℒmeta Θ 𝑡𝑡
2
2
≤ 𝜖𝜖 in 𝒪𝒪(1/𝜖𝜖2) steps. 

Theorem 2. The conditions in Theorem 1 hold, then we have:  lim
𝑡𝑡→∞
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Test accuracy of ResNet-32 on long-tailed CIFAR-10 and CIFAR-100 [10]

Class Imbalance Experiment
Learned Weighting functions

Corrupted Label Experiment

Test accuracy of ResNet-32 with varying noise rates under flip noise

Test accuracy of WRN-28-10 with varying noise rates under uniform noise

Clothing1M Experiment:

Learned Weighting functions

Learned Weighting functions

Sample weight distribution on training 
data

Weight variation curves on CIFAR10 dataset

Ablation study
Test accuracy of different MW-Nets
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