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Motivation

Labeling process and noise sources

Almost all existing methods deal with the label noise problem in pointwise manners.

Methods employing pairwise manners are very prevailing and have made a great success in machine 
learning(Contrastive Learning)

Does learning in a pairwise manner mitigate label noise?
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Overview

Core issues:

1. Transformation on labels and the transition matrix

2. Learning with noisy similarity labels
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Transformation on labels

Similarity labels:
if the two instances have the same class label, assign this pair a similarity label 1, 
otherwise 0.
Dim(Similarity transition matrix ) = 2x2

𝑇𝑠 similarity transition matrix

𝑇𝑐 class transition matrix
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Learning with noisy similarity labels

The predicted clean similarity posterior: መ𝑆𝑖𝑗 = 𝑓 𝑋𝑖
⊤𝑓 𝑋𝑗

Clean similarity posterior: 𝑃 𝐻𝑖𝑗 ∣ 𝑋𝑖 , 𝑋𝑗

Noisy similarity posterior: 𝑃 ᪄𝐻𝑖𝑗 ∣ 𝑋𝑖 , 𝑋𝑗

𝑃 ᪄𝐻𝑖𝑗 ∣ 𝑋𝑖 , 𝑋𝑗 = 𝑇𝑠
⊤𝑃 𝐻𝑖𝑗 ∣ 𝑋𝑖 , 𝑋𝑗

Optimization function:

𝐿𝑐2𝑠 ᪄𝐻𝑖𝑗 , መ𝑆𝑖𝑗 = −σ𝑖,𝑗
᪄𝐻𝑖𝑗 log

መ᪄𝑆𝑖𝑗 + 1 − ᪄𝐻𝑖𝑗 log 1 − መ𝑆𝑖𝑗
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Implementation

The expected and empirical risks can be defined as:

𝑅 𝑓 = 𝐸 𝑋𝑖,𝑋𝑗, ᪄𝑌𝑖, ᪄𝑌𝑗, ᪄𝐻𝑖𝑗,𝑇𝑠 ∼𝒟𝜌
𝓁 𝑓 𝑋𝑖 , 𝑓 𝑋𝑗 , 𝑇𝑠, ᪄𝐻𝑖𝑗

𝑅𝑛 𝑓 =
1

𝑛2
σ𝑖=1
𝑛 σ𝑗=1

𝑛 𝓁 𝑓 𝑋𝑖 , 𝑓 𝑋𝑗 , 𝑇𝑠, ᪄𝐻𝑖𝑗

𝑅 መ𝑓 − 𝑅𝑛 መ𝑓 ≤ 𝑀
log Τ1 𝛿

2𝑛
+

𝑇𝑠,11−𝑇𝑠,01 2𝐵𝑐 2𝑑log2+1 ς𝑖=1
𝑑 𝑀𝑖

𝑇𝑠,11 𝑛

Generalization error bound:



7

Experiment
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Experiment
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Overview
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Selecting Confident Examples

given two low-dimensional representations 𝑧𝑖 and 𝑧𝑗 , calc. 

the cosine similarity:

𝑑 𝐳𝑖 , 𝐳𝑗 =
𝐳𝑖𝐳𝑗

⊤

∥ 𝐳𝑖 ∥∥ 𝐳𝑗 ∥

pseudo-labels(Top-K neighbors, K=250):

ො𝑞𝑐 𝐱𝑖 =
1

𝐾
෍
𝑘=1
𝐱𝑘∈𝒩𝑖

𝐾

𝕀 ො𝑦𝑘 = 𝑐 , 𝑐 ∈ 𝐶

𝒯𝑐 = 𝐱𝑖 , ෤𝑦𝑖 ∣ 𝓁 ෝ𝐪 𝐱𝑖 , ෤𝑦𝑖 < 𝛾𝑐 , 𝑖 ∈ 𝑛 , 𝑐 ∈ 𝐶

𝒯𝑐 confident examples belonging to the c-th class:

𝒯 = ∪
𝐶

𝑐=1
𝒯𝑐

the confident example set including all classes
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Selecting Confident Pairs

𝒢′ = 𝑃𝑖𝑗 ∣ ෤𝑦𝑖 = ෤𝑦𝑗 , 𝐱𝑖 , ෤𝑦𝑖 , 𝐱𝑗 , ෤𝑦𝑗 ∈ 𝒯

𝒢′′ = 𝑃𝑖𝑗 ∣ ǁ𝑠𝑖𝑗 = 1, 𝑑 𝐳𝑖 , 𝐳𝑗 > 𝛾

confident examples -> confident pairs:

Noisy positive pairs - > confident pairs:

𝒢 = 𝒢′ ∪ 𝒢′′

The confident pair set:
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Representation Learning with Selected Pairs

ℒ =෍

𝑖∈𝐼

ℒ𝑖 𝐳𝑖 =෍

𝑖∈𝐼

−1

𝒢 𝑖
෍

𝑔∈𝒢 𝑖

log
exp 𝐳𝑖 ⋅ Τ𝐳𝑔 𝜏

σ𝑎∈𝐴 𝑖 exp 𝐳𝑖 ⋅ Τ𝐳𝑎 𝜏

Contrastive learning(Sup-CL):

ℒ𝑖
MIX 𝐳𝑖 = 𝜆ℒ𝑎 𝐳𝑖 + 1 − 𝜆 ℒ𝑏 𝐳𝑖

Mixup loss:

Classification learning: 

ℒCLS = ෍

𝐱𝑖, ෤𝑦𝑖 ∈𝒯

ℒ𝑖
𝑐𝑙𝑠 𝐱𝑖 = ෍

𝐱𝑖, ෤𝑦𝑖 ∈𝒯

𝓁 ෝ𝐩 𝐱𝑖 , ෤𝑦𝑖

Similarity loss:

ℒSIM =෍

𝑖∈𝐼

෍

𝑗∈𝐴 𝑖

𝓁 ෝ𝐩 𝐱𝑖 ෝ𝐩 𝐱𝑗 , 𝕀 𝑃𝑖′𝑗′ ∈ 𝒢

ℒALL = ℒMIX + 𝜆𝑐ℒ
CLS + 𝜆𝑠ℒ

SIM
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Experiment
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Ablation Study and Discussions

Discussions on warm-up methods.

Discussions on fine-tuning methods

Ablation study
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