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1. Introduction of Contrastive Learning

What is Self-Supervised Learning?

- Supervised Learning : label O

- Unsupervised Learning : label X

- Semi-supervised Learning : label O & X

- Self-supervised Learning : get label from data itself !
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1. Introduction of Contrastive Learning

Self-Supervised Learning in NLP

- MLM (Masked Language Model)

- NSP (Next Sentence Prediction)

기초 연구실 논문 
세미나
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV

- Pretext Tasks
- learn representation that could help downstream task

- ex) Exemplar (2014), Context Prediction (2015), Jigsaw puzzle (2016), … 

- Contrastive Learning
- make similar/dissimilar data close/far
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV - Pretext Tasks

Exemplar (2014)

- crop 32x32 patch, where gradient is significant & data augmentation with this patch

- 1 instance = 1 class

- cons) unsuitable for large dataset

기초 연구실 논문 
세미나

Discriminative Unsupervised Feature Learning with Exemplar Convolutional Neural Networks (Dosoviskiy, NIPS 2014)
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV - Pretext Tasks

Context Prediction (2015)

- guess the relative location (1~8) 

- cons) cheating with texture/boundary

기초 연구실 논문 
세미나

Unsupervised Visual Representation Learning by Context Prediction (Doersch et al., ICCV 2015)
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV - Pretext Tasks

Jigsaw Puzzle (2016)

- solve jigsaw puzzle

- number of class :

- original )  9! = 362,880

- proposed ) 100

( remove similar permutation )

기초 연구실 논문 
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Unsupervised Learning of Visual Representations by Solving Jigsaw Puzzles (Noroozi and Favaro, ECCV 2016)
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV - Pretext Tasks

Rotation Prediction (2016)

- rotate image & guess the rotation angle

기초 연구실 논문 
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Unsupervised Representation Learning by Predicting Image Rotations (Gidaris et al., ICLR 2018)
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV - Contrastive Learning

- make similar data close to each other

make dissimilar data far from each other

- various loss functions

기초 연구실 논문 
세미나
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV - Contrastive Learning

(1) Contrastive Loss

(2) Triplet Loss

(3) Noise Contrastive Estimation

기초 연구실 논문 
세미나

target sample

noise sample
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV - Contrastive Learning

기초 연구실 논문 
세미나

(1) Contrastive Loss

(2) Triplet Loss

(3) Noise Contrastive Estimation

: positive ( = similar pair )

: negative ( = dissimilar pair )

target sample

noise sample
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV - Contrastive Learning

기초 연구실 논문 
세미나

(4) InfoNCE
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1. Introduction of Contrastive Learning

Self-Supervised Learning in CV - Contrastive Learning

기초 연구실 논문 
세미나

(4) InfoNCE

1 positive 1 positive + (N-1) negatives
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2. SimCLR

SimCLR = Simple Framework for Contrastive Learning of Visual Representation

- contrastive SELF-SUPERVISED learning algorithm

Three Findings

- (1) composition of data augmentations
- (2) learnable non-linear transformation between representation & contrastive loss
- (3) contrastive learning benefits from ..

- larger batch sizes
- more training steps

기초 연구실 논문 
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2. SimCLR

기초 연구실 논문 
세미나

learns representation by …..

maximizing agreement between 

differently augmented versions of same data, 

with contrastive loss
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2. SimCLR

4 Major Components
1. Stochastic Data Augmentation

2. Base Encoder

3. Projection head

4. Contrastive Loss Function

기초 연구실 논문 
세미나
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2. SimCLR

4 Major Components
  2. Base Encoder

기초 연구실 논문 
세미나

2
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2. SimCLR

4 Major Components
  3. Projection head

기초 연구실 논문 
세미나
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2. SimCLR

4 Major Components
  4. Contrastive Loss Function
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2. SimCLR

4 Major Components
  4. Contrastive Loss Function
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2. SimCLR

Example
  

기초 연구실 논문 
세미나

Step 1) Data Augmentation
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2. SimCLR

Example
  

기초 연구실 논문 
세미나

Step 2) Embedding with Base Encoder ( = ResNet )
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2. SimCLR

Example
  

기초 연구실 논문 
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Step 3) Embedding with Projection Head
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2. SimCLR

Example
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2. SimCLR

https://amitness.com/2020/03/illustrated-simclr/ 기초 연구실 논문 
세미나

Representation obtained from base encoder ( not projection head ) can be used for other tasks!
( will be discussed in the Experiment Section )
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2. SimCLR

PseudoCode

기초 연구실 논문 
세미나
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2. SimCLR

Experiments

기초 연구실 논문 
세미나

Data Augmentations Data Augmentations Pairs Results
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2. SimCLR

Experiments

contrastive learning benefits from ..

- larger batch sizes
- more training steps

than supervised learning

기초 연구실 논문 
세미나
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2. SimCLR

Experiments

기초 연구실 논문 
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Representation obtained from base encoder ( not projection head ) can be used for other tasks!
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3. MoCo v1

기초 연구실 논문 
세미나

MoCo = Momentum Contrast

- UN-SUPERVISED visual representation learning algorithm

- (1) Dictionary look-up perspective

- build a Dynamic dictionary ( with a queue (FIFO) )

- (2) Moving Average Encoder
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3. MoCo v1

기초 연구실 논문 
세미나

(1) Dynamic Dictionary
- (SimCLR) positive pair & negative pair in ONE BATCH

- (MoCo) define a Dictionary

- match O with query -> positive key

- match X with query -> negative key 

Use “Dynamic” Dictionary, by using queue ( FIFO )
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3. MoCo v1

기초 연구실 논문 
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(1) Dynamic Dictionary
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3. MoCo v1

기초 연구실 논문 
세미나

(2)   Loss Function : InfoNCE
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3. MoCo v1

기초 연구실 논문 
세미나

(3)   Moving Average Encoder

- slowly progressing key encoder

= momentum-based MA of query encoder

- to maintain “consistency”
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(3)   Moving Average Encoder

- slowly progressing key encoder

= momentum-based MA of query encoder

- to maintain “consistency”

use  LARGE values ( m = 0.999 )
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3. MoCo v1

기초 연구실 논문 
세미나

(3)   Moving Average Encoder

- slowly progressing key encoder

= momentum-based MA of query encoder

- to maintain “consistency”

STOP GRADIENT
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3. MoCo v1

Relations to Previous Mechanisms ( end-to-end & memory bank )

기초 연구실 논문 
세미나
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3. MoCo v1

Pre-text Task : Instance Discrimination

기초 연구실 논문 
세미나
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3. MoCo v1

Pseudo-code

기초 연구실 논문 
세미나

Dynamic Dictionary
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4. MoCo v2

(1) MoCo v1 : 
(a) Dynamic Dictionary 

(b) Moving-Averaged Encoder

(2) SimCLR
(a) larger batch size for lots of negative samples

(b) stronger augmentation

(c) MLP Projection head

MoCo v2 = MoCo v1 + SimCLR ( (b) + (c) )  

기초 연구실 논문 
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Thank You
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