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Background

아래의식물들을어떻게분류할까?
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Background

아래의식물들을어떻게분류할까?

각식물의Label을알수없다면?
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Background

아래의식물들을어떻게분류할까?

Label이없는식물이아주많다면?
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Background

아래의캐릭터들을어떻게분류할까?
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Background

아래의캐릭터들을어떻게분류할까?

분류가어렵고&Label이없는데이터가아주많다면?
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Self-Supervised Learning
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Self-Supervised Learning
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Pose

Outfit

Bob

구체적으로풀고자하는Task 
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Self-Supervised Learning

Color

Hair

Eyes

Pose

Outfit

Vanellope

구체적으로풀고자하는Task 
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Self-Supervised Learning

[7] [NeurIPS 2021 Tutorial] Self-supervised Learning: Self-prediction and Contrastive Learning 

Self-Supervised Learning

개별데이터샘플내에서예측작업수행
데이터샘플에서다른부분이샘플의한부분예측

주어진학습데이터의분포를따르는유사한데이터생성
데이터의본질을발견하고효율적인내부화필요

데이터샘플을변화시켜도원래정보를유지하는가설기반

VAE, GAN, Autoregressive,
Flow-based, Diffusion

1. Generative Model

2. Self-Prediction Model

3. Innate Relationship

4. Contrastive Learning 
주어진데이터샘플내에서그들사이의관계를예측

Embedding 공간학습이목표

Masked Prediction
Channel Shuffling

Image Rotation
Feature Counting

Instance Discrimination
Augmented Views
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Self-Supervised Learning

[7] [NeurIPS 2021 Tutorial] Self-supervised Learning: Self-prediction and Contrastive Learning 

Self-Supervised Learning

개별데이터샘플내에서예측작업수행
데이터샘플에서다른부분이샘플의한부분예측

주어진학습데이터의분포를따르는유사한데이터생성
데이터의본질을발견하고효율적인내부화필요

VAE, GAN, Autoregressive,
Flow-based, Diffusion

1. Generative Model

2. Self-Prediction Model

4. Contrastive Learning 
주어진데이터샘플내에서그들사이의관계를예측

Embedding 공간학습이목표

Masked Prediction
Channel Shuffling

Image Rotation
Feature Counting

Instance Discrimination
Augmented Views

데이터샘플을변화시켜도원래정보를유지하는가설기반3. Innate Relationship
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Basic Definition

Contrastive Learning

Embedding Space Embedding Space
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Basic Definition

입력데이터
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SimCLR

[2] Chen, T., Kornblith, S., Norouzi, M., & Hinton, G. (2020, November). A simple framework for contrastive learning of visual representations. In International conference on machine learning (pp. 1597-1607). PMLR.
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SimCLR

Encoder
Data 
Aug

Projection𝒉𝒊,𝒉𝒋 𝒛𝒊,𝒛𝒋
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SimCLR

Encoder
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SimCLR

0 0 1 0 0 0

Encoder
Data 
Aug

Projection𝒉𝒊,𝒉𝒋 𝒛𝒊,𝒛𝒋
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SimCLR
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SimCLR

관련DMQA Open Seminar
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Embedding Space
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Embedding Space
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Basic Definition
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Contrastive Learning With Hard Negative Samples

[3] Robinson, J., Chuang, C. Y., Sra, S., & Jegelka, S. (2020). Contrastive learning with hard negative samples. arXiv preprint arXiv:2010.04592.
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Contrastive Learning With Hard Negative Samples

[3] Robinson, J., Chuang, C. Y., Sra, S., & Jegelka, S. (2020). Contrastive learning with hard negative samples. arXiv preprint arXiv:2010.04592.
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Contrastive Learning With Hard Negative Samples

[3] Robinson, J., Chuang, C. Y., Sra, S., & Jegelka, S. (2020). Contrastive learning with hard negative samples. arXiv preprint arXiv:2010.04592.
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Contrastive Learning With Hard Negative Samples

[3] Robinson, J., Chuang, C. Y., Sra, S., & Jegelka, S. (2020). Contrastive learning with hard negative samples. arXiv preprint arXiv:2010.04592.
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Contrastive Learning With Hard Negative Samples

1

[3] Robinson, J., Chuang, C. Y., Sra, S., & Jegelka, S. (2020). Contrastive learning with hard negative samples. arXiv preprint arXiv:2010.04592.
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Contrastive Learning With Hard Negative Samples

1

Anchor 와동일함에도Negative 로분류
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𝑥,𝑥−가다른Latent Class 를가지는조건

Contrastive Learning With Hard Negative Samples

Principal1만족

𝒒𝜷
− 𝒙− ≔ 𝒒𝜷 𝒙− 𝒉 𝒙 ≠ 𝒉 𝒙− , 𝑤ℎ𝑒𝑟𝑒 𝑞𝛽 𝑥− ∝ 𝑒𝛽𝑓 𝑥 𝑇𝑓 𝑥− ∙ 𝑝 𝑥− , 𝑓𝑜𝑟 𝛽 ≥ 0

[3] Robinson, J., Chuang, C. Y., Sra, S., & Jegelka, S. (2020). Contrastive learning with hard negative samples. arXiv preprint arXiv:2010.04592.



43

𝛽:concentration parameter

Anchor x 와유사도가높은𝑥−선택하는정도조절

Contrastive Learning With Hard Negative Samples

Principal2만족

𝒒𝜷
− 𝒙− ≔ 𝒒𝜷 𝒙− 𝒉 𝒙 ≠ 𝒉 𝒙− , 𝑤ℎ𝑒𝑟𝑒 𝑞𝛽 𝑥− ∝ 𝑒𝛽𝑓 𝑥 𝑇𝑓 𝑥− ∙ 𝑝 𝑥− , 𝑓𝑜𝑟 𝛽 ≥ 0

유사도: Inner Products

가반지름1/t 인Hypersphere 표면이므로, 

큰Inner Product = 짧은Euclidean 거리

Embedding Space

[3] Robinson, J., Chuang, C. Y., Sra, S., & Jegelka, S. (2020). Contrastive learning with hard negative samples. arXiv preprint arXiv:2010.04592.
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𝛽:concentration parameter

Anchor x 와유사도가높은𝑥−선택하는정도조절

Contrastive Learning With Hard Negative Samples

Principal2만족

𝒒𝜷
− 𝒙− ≔ 𝒒𝜷 𝒙− 𝒉 𝒙 ≠ 𝒉 𝒙− , 𝑤ℎ𝑒𝑟𝑒 𝑞𝛽 𝑥− ∝ 𝑒𝛽𝑓 𝑥 𝑇𝑓 𝑥− ∙ 𝑝 𝑥− , 𝑓𝑜𝑟 𝛽 ≥ 0

유사도: Inner Products

가반지름1/t 인Hypersphere 표면이므로, 

큰Inner Product = 짧은Euclidean 거리

구축 완료,

어떻게 효율적으로 샘플링 할까? 
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Contrastive Learning With Hard Negative Samples

𝒒𝜷 𝒙− = 𝝉−𝒒𝜷
− 𝒙− + 𝝉+𝒒𝜷

+ 𝒙− , 𝑤ℎ𝑒𝑟𝑒 𝑞𝛽 𝑥− ∝ 𝑒𝛽𝑓 𝑥 𝑇𝑓 𝑥− ∙ 𝑝 𝑥− , 𝑓𝑜𝑟 𝛽 ≥ 0

𝒒𝜷
− 𝒙− = (𝒒𝜷 𝒙− − 𝝉+𝒒𝜷

+ 𝒙− )/𝝉−

식 (1)

식 (2)

RejectionSampling도사용가능하지만, SamplingBatches가계속변형되어알고리즘이복잡해짐

[3] Robinson, J., Chuang, C. Y., Sra, S., & Jegelka, S. (2020). Contrastive learning with hard negative samples. arXiv preprint arXiv:2010.04592.
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Conditional Negative Sampling For Contrastive Learning Of Visual Representations 

[4] Wu, M., Mosse, M., Zhuang, C., Yamins, D., & Goodman, N. (2020). Conditional negative sampling for contrastive learning of visual representations. arXiv preprint arXiv:2010.02037.
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Conditional Negative Sampling For Contrastive Learning Of Visual Representations 

[4] Wu, M., Mosse, M., Zhuang, C., Yamins, D., & Goodman, N. (2020). Conditional negative sampling for contrastive learning of visual representations. arXiv preprint arXiv:2010.02037.
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Conditional Negative Sampling For Contrastive Learning Of Visual Representations 

independently and identically distributed

[4] Wu, M., Mosse, M., Zhuang, C., Yamins, D., & Goodman, N. (2020). Conditional negative sampling for contrastive learning of visual representations. arXiv preprint arXiv:2010.02037.
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Conditional Negative Sampling For Contrastive Learning Of Visual Representations 

[4] Wu, M., Mosse, M., Zhuang, C., Yamins, D., & Goodman, N. (2020). Conditional negative sampling for contrastive learning of visual representations. arXiv preprint arXiv:2010.02037.

𝑤𝑙

i번째예시에대해percentile 선택(𝑤𝑙, 𝑤𝑢)

𝑤𝑢

𝑆𝐵
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Conditional Negative Sampling For Contrastive Learning Of Visual Representations 

[4] Wu, M., Mosse, M., Zhuang, C., Yamins, D., & Goodman, N. (2020). Conditional negative sampling for contrastive learning of visual representations. arXiv preprint arXiv:2010.02037.

𝑤𝑙

i번째예시에대해percentile 선택(𝑤𝑙, 𝑤𝑢)

𝑤𝑢
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Conditional Negative Sampling For Contrastive Learning Of Visual Representations 

[4] Wu, M., Mosse, M., Zhuang, C., Yamins, D., & Goodman, N. (2020). Conditional negative sampling for contrastive learning of visual representations. arXiv preprint arXiv:2010.02037.

AnnealingThresholds가매우중요
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What is Hard Negative Sample?
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