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Images from ImageNet 
(Pre-train) 

ConvNet

Learn a representation

husky, terrier, tench, ...

• Features from networks pre-trained on ImageNet can be used for a variety of different 
downstream tasks

Success story of supervision: Pre-training
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• Pre-train on a large supervised dataset. 
• Collect a dataset of "supervised" images 
• Train a ConvNet

Success story of supervision: Recipe for good solutions
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• Getting "real" labels is difficult and expensive 
• ImageNet with 14M images took 22 human years. 

• Obtain labels using a "semi-automatic" process 
• Hashtags 
• GPS locations 
• Using the data itself: "self"-supervised

The promise of "alternative" supervision
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Can we get labels for all data?
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Can we get labels for all data?

0E+00

2.5E+05

5E+05

7.5E+05

1E+06

Bounding Boxes
Stats from Pawan Kumar at Oxford

Dog, chair, pizza, donutDog, chair, pizza, donut
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Can we get labels for all data?

0E+00

3.5E+06

7E+06
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1.4E+07

Bounding Boxes Image Level

Dog, chair, pizza, donut
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Can we get labels for all data?

0E+00

3.5E+11

7E+11

1.05E+12

1.4E+12

Bounding Boxes Image Level Internet Photos
forbes.com  
https://www.forbes.com/sites/bernardmarr/2018/05/21/how-much-data-do-we-create-every-day-the-mind-blowing-stats-everyone-should-read/

http://forbes.com
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Can we get labels for all data?

1E+00

1E+06

1E+12

Bounding Boxes Image Level Internet Photos
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Can we get labels for all data?

1E+00

1E+06

1E+12

Bounding Boxes Image Level Internet Photos Real World

ImageNet (14 million images) needed 22 human years to label
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• What about complex concepts? 
• Video? 

• Labelling cannot scale to the size of the data we generate

Can we get labels for all data?
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Rare concepts?

Slide credit: Rob Fergus

10% of the classes account  
for 93% of the data
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Different Domains?

ImageNet pre-training may not work
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• Obtain "labels" from the data itself by using a "semi-automatic" process 
• Predict part of the data from other parts

What is "self" supervision?

Observed data Hidden data 
Hidden property of the data
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Virginia de Sa, 1994, Image: Learning classification with Unlabeled Data

What is "self" supervision?
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• Fill in the blanks

Word2vec

word2vec - Mikolov et al. 
Image by Julian Gilyadov
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• Fill in the blanks is a powerful signal to learn representations 

• Sentence/Word representations: BERT - Devlin et al., 2018

Success of self-supervised learning in NLP
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• Helps us learn using observations and interactions 
• Does not require exhaustive annotation of concepts 
• Leverage multiple modalities or structure in the domain

Why self supervision?



In the context of  
Computer Vision
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• Self-supervised task used for learning representations 
• Often, not the "real" task (like image classification) we care about

Pretext task

Observed data Hidden data 
Hidden property of the data

Pretext task

Pretext task - Doersch et al., 2015, Unsupervised visual representation learning by context prediction 
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• Using images 
• Using video 
• Using video and sound

Pretext task

Observed data Hidden data 
Hidden property of the data
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• Using images 
• Using video 
• Using video and sound

Pretext task
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Relative Position of patches

Doersch et al., 2015, Unsupervised visual representation learning by context prediction 



24

Relative Position: Nearest Neighbors in features

Doersch et al., 2015, Unsupervised visual representation learning by context prediction 
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Predicting Rotations

Gidaris et al., 2018, Predicting Image Rotations 

00 900

1800 2700
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Colorization

 Zhang and Efros, 2016, Colorful image colorization 
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Fill in the blanks

Pathak  et al., 2016, Context auto encoders 
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• Using images 
• Using video 
• Using video and sound

Self-supervision in computer vision
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• Video is a "sequence" of frames 
• How to get "self-supervision"? 

• Predict order of frames 
• Fill in the blanks 
• Track objects and predict their position

Video



30Misra et al., 2016, Shuffle and Learn 

Shuffle & Learn
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Shuffle & Learn
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Shuffle & Learn
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Fine-tune on Human Keypoint Estimation 

Shuffle & Learn
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Fine-tune on Human Keypoint Estimation 

Initialization
(AlexNet) End task

FLIC Dataset Keypoints
AUC

MPII Dataset Keypoints
AUC

ImageNet Supervised 51.3 47.2

Shuffle and Learn (Self-supervised) 49.6 47.6

Shuffle & Learn
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Odd-one-out Networks

Fernando et al., 2017, Odd-one-out networks 
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• Using images 
• Using video 
• Using video and sound

Self-supervision in computer vision



38

Audio-Visual co-supervision

Arandjelović and Zisserman, 2017, “Objects that Sound” 
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Objects that Sound
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Objects that Sound
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What can be learnt?
• Good representations – Visual features 
– Audio features 

• Intra- and cross-modal retrieval 
– Aligned audio and visual embeddings 

• “What is making the sound?” 
– Learn to localize objects that sound 

Objects that Sound
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Objects that Sound



Understanding what the "pretext" task learns
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Are they complementary?

Initialization
(ResNet101) End task

ImageNet top-5 accuracy VOC07 Detection mAP

Relative Position 59.2 66.8

Colorization 62.5 65.5

Relative Position + Colorization (Multi-task) 66.6 68.8

Doersch & Zisserman, 2017, Multi-task self-supervised visual learning 
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Information predicted: varies across tasks

Less More
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Pretext tasks GenerativeContrastive/Clustering

Related 

Unrelated

Pretext Image 
Transform

Pretext Invariant 
Representation Learning 

Transform t

Standard Pretext
Learning

It
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ConvNet

Predict more information

AutoEncoder, 
VAE, GAN,  

BiGAN
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Scaling self-supervised learning

Jigsaw puzzles 
(Noorozi & Favaro, 2016)

Goyal et al., 2019, Scaling and benchmarking self-supervised visual representation learning 
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Evaluating the representation

ConvNet

Extract "fixed" features
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Evaluating the representation

• Train a Linear SVM on fixed feature representations 
• Use the VOC07 image classification task
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Increasing amount of information predicted

mAP = mean Average Precision 
(Higher is better)

Linear classifier on VOC07



51

Surface Normal Estimation

• Predict surface normals on NYU-v2 
• Same optimization parameters for all methods (including supervised) 
• PSPNet Architecture 
• Train last few layers only (res5 onwards) 

Image from the NYU dataset

Input Output
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Surface Normal Estimation

Initialization Median Error
(Lower better)

% correct within 
11.250

(higher better)

ImageNet Supervised 17.1 36.1

Jigsaw Flickr 100M 13.1 44.6

Outperforms ImageNet supervised



What is missing from "pretext" tasks? 
Or in general "proxy" tasks
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Jigsaw puzzles

(Noroozi et al., 2016)

Rotation

(Gidaris et al., 2018)

Pretext tasks



The hope of generalization
• We really hope that the pre-training task and the transfer task are "aligned"

Pre-training

Self-supervised

Transfer Tasks




The hope of generalization
• We really hope that the pre-training task and the transfer task are "aligned"

#sun #nofilter #fun 
#tree #aruba

Pre-training

Weak or self-supervised

Transfer Tasks


Why should solving Jigsaw puzzles teach about "semantics"?
Why should performing a non semantic task produce good features?



The hope of generalization ... ?

Jigsaw

Pre-train data ConvNet

ConvNet

Linear classifiers on 
"fixed" features

Pre-training

Weak or self-supervised

Transfer




Higher layers do not generalize ...

Jigsaw

Linear classifier on VOC07

mAP = mean Average 
Precision 

(Higher is better)

conv1
res5



Pretext-Invariant Representation Learning

(PIRL)


Ishan Misra,  Laurens van der Maaten
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Pretext task ConvNet

Predict property 

of transform t

It
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Less 
Semantic  
Features
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Underlying Principle for Pretext Tasks
Pretext Image 

Transform
Pretext Invariant 

Representation Learning 

Transform t

Standard Pretext
Learning

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I
<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

Representation

ConvNet

Predict property of t

Representation

ConvNet

Representation

ConvNet

Encourage to be similar

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I
<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

ConvNet

• Apply known image transform t 
• Construct task to predict t from 

transformed Image (It ) 

• Final layer representations must 
carry information about t 

• Representations "covary" with t
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How important has invariance been?
• Hand-crafted features like SIFT and HOG 
• SIFT - Scale Invariant Feature Transform 
• Supervised systems are trained to be invariant 

to "data augmentation"
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Pretext-Invariant Representation Learning (PIRL)
• Be invariant to t Pretext Image 

Transform
Pretext Invariant 

Representation Learning 

Transform t

Standard Pretext
Learning

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

Representation

ConvNet

Predict property of t

Representation

ConvNet

Representation

ConvNet

Encourage to be similar

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I
<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

ConvNet
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Pretext-Invariant Representation Learning (PIRL)
• Be invariant to t 
• Representation 

contains no 
information about t

Pretext Image 
Transform

Pretext Invariant 
Representation Learning 

Transform t

Standard Pretext
Learning

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

Representation

ConvNet

Predict property of t

Representation

ConvNet

Representation

ConvNet

Encourage to be similar

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I
<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

ConvNet



65

PIRL
Pretext Image 

Transform
Pretext Invariant 

Representation Learning 

Transform t

Standard Pretext
Learning

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I
<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

Representation

ConvNet

Predict property of t

Representation

ConvNet

Representation

ConvNet

Encourage to be similar

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I
<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

ConvNet

Pretext Image 
Transform

Pretext Invariant 
Representation Learning 

Transform t

Standard Pretext
Learning

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I
<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

Representation

ConvNet

Predict property of t

Representation

ConvNet

Representation

ConvNet

Encourage to be similar

It
<latexit sha1_base64="b9Db75leVutsWGyjrhn+yRcISj8=">AAAB9XicbVDLSgMxFM34rPVVdekm2AquykwVH7uiG91VsA9opyWTZtrQTGZI7ihl6H+4caGIW//FnX9jZlpErQcCh3Pu5Z4cLxJcg21/WguLS8srq7m1/PrG5tZ2YWe3ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXaV+854pzUN5B+OIuQEZSO5zSsBI3VInIDD0/ORm0oVSr1C0y3YGPE+cGSmiGWq9wkenH9I4YBKoIFq3HTsCNyEKOBVsku/EmkWEjsiAtQ2VJGDaTbLUE3xolD72Q2WeBJypPzcSEmg9DjwzmYbUf71U/M9rx+CfuwmXUQxM0ukhPxYYQpxWgPtcMQpibAihipusmA6JIhRMUfmshIsUp99fnieNStk5Lp/cVorVy1kdObSPDtARctAZqqJrVEN1RJFCj+gZvVgP1pP1ar1NRxes2c4e+gXr/Qsc8pJl</latexit>

I
<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

ConvNet

• Representations from I and It  
should be similar 

• t = Pretext Transforms 
(Jigsaw/ Rotation, 
combinations etc.) 

• Use a contrastive loss to 
enforce similarity of features

Lcontrastive(vI,vIt)
<latexit sha1_base64="A/7PWM+VVfPfU7Nqhfeek7uRT9E="></latexit>



Contrastive Learning
Groups of  

Related and Unrelated 
 Images



Contrastive Learning
Groups of  

Related and Unrelated 
 Images

Shared network 
(Siamese Net)

Image Features 
(Embeddings)



Contrastive Learning
Related and 
Unrelated 
 Images

Shared 
network 
(Siamese 

Net)

Image 
Features 

(Embeddings)

Loss Function 
Embeddings from related images should be  

closer than embeddings from unrelated images

Hadsell et al., 2005, DrLim

d( d() )<
d( d() )<



Contrastive Loss Function
Loss Function 

Embeddings from related images should be  
closer than embeddings from unrelated images

Hadsell et al., 2005, DrLim

d( d() )<
d( d() )<

Positive 
(Related)

Negative 
(Unrelated)

Good negatives are very important in contrastive learning



Contrastive learning -- what does it do?
Negative samples

Negative samples

Positive 
Sample



How does this relate to "pretext" tasks?
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PIRL - How it works
I

<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

M
<latexit sha1_base64="Tn5ijQgOnAy4mPiBG3gQMhvSFH4=">AAACE3icbVDLSsNAFJ3UV62vqEs3waZQXZSkio9d0Y0uhAr2AU0tk+mkHTp5MHMjlNB/cOOvuHGhiFs37vwbkzSIWg8MnDnnXu69xw44k2AYn0pubn5hcSm/XFhZXVvfUDe3mtIPBaEN4nNftG0sKWcebQADTtuBoNi1OW3Zo/PEb91RIZnv3cA4oF0XDzzmMIIhlnrqfkm3giHrWTCkgMuWi2FoO9Hl5Bb29IKe/gnm0dVE76lFo2Kk0GaJmZEiylDvqR9W3yehSz0gHEvZMY0AuhEWwAink4IVShpgMsID2omph10qu1F600QrxUpfc3wRPw+0VP3ZEWFXyrFrx5XJjvKvl4j/eZ0QnJNuxLwgBOqR6SAn5Br4WhKQ1meCEuDjmGAiWLyrRoZYYAJxjIU0hNMER98nz5JmtWIeVA6vq8XaWRZHHu2gXVRGJjpGNXSB6qiBCLpHj+gZvSgPypPyqrxNS3NK1rONfkF5/wJm4J1f</latexit>

Memory Bank

Similar

✓
<latexit sha1_base64="CZMu9i9mqYh9pdzTQnbewbqTXR0=">AAAB73icbVDLSsNAFJ3UV62vqks3g63gqiRVfOyKblxWsA9oQ5lMJ+3QySTO3Agl9CfcuFDErb/jzr9xkgZR64ELh3Pu5d57vEhwDbb9aRWWlldW14rrpY3Nre2d8u5eW4exoqxFQxGqrkc0E1yyFnAQrBspRgJPsI43uU79zgNTmofyDqYRcwMyktznlICRutU+jBmQ6qBcsWt2BrxInJxUUI7moPzRH4Y0DpgEKojWPceOwE2IAk4Fm5X6sWYRoRMyYj1DJQmYdpPs3hk+MsoQ+6EyJQFn6s+JhARaTwPPdAYExvqvl4r/eb0Y/As34TKKgUk6X+THAkOI0+fxkCtGQUwNIVRxcyumY6IIBRNRKQvhMsXZ98uLpF2vOSe109t6pXGVx1FEB+gQHSMHnaMGukFN1EIUCfSIntGLdW89Wa/W27y1YOUz++gXrPcvduyPug==</latexit>

mI
<latexit sha1_base64="Ly2C3v3mHZfg5kOK31IrZoYRcrg="></latexit>

mI0
<latexit sha1_base64="y2FWsphi+t+VGdcXlc76o/Lki9c="></latexit>

Dissimilar

Dissimilar

mI0
<latexit sha1_base64="NZU1SuG24a2ZQjjMLXDCxlDXMhQ="></latexit>

Similar

✓
<latexit sha1_base64="CZMu9i9mqYh9pdzTQnbewbqTXR0=">AAAB73icbVDLSsNAFJ3UV62vqks3g63gqiRVfOyKblxWsA9oQ5lMJ+3QySTO3Agl9CfcuFDErb/jzr9xkgZR64ELh3Pu5d57vEhwDbb9aRWWlldW14rrpY3Nre2d8u5eW4exoqxFQxGqrkc0E1yyFnAQrBspRgJPsI43uU79zgNTmofyDqYRcwMyktznlICRutU+jBmQ6qBcsWt2BrxInJxUUI7moPzRH4Y0DpgEKojWPceOwE2IAk4Fm5X6sWYRoRMyYj1DJQmYdpPs3hk+MsoQ+6EyJQFn6s+JhARaTwPPdAYExvqvl4r/eb0Y/As34TKKgUk6X+THAkOI0+fxkCtGQUwNIVRxcyumY6IIBRNRKQvhMsXZ98uLpF2vOSe109t6pXGVx1FEB+gQHSMHnaMGukFN1EIUCfSIntGLdW89Wa/W27y1YOUz++gXrPcvduyPug==</latexit>

res5

res5

It
<latexit sha1_base64="ZYkFvcOHAPMcQbcKwhPq3ujeh+c=">AAACG3icbVDLSsNAFJ34rPEVdelmsCnUTUkqosuiG91VsA9oY5lMJ+3QySTMTIQS+h9u/BU3LhRxJbjwb5y0WdTWAwOHc85l7j1+zKhUjvNjrKyurW9sFrbM7Z3dvX3r4LApo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX90nfmtRyIkjfi9GsfEC9GA04BipLTUs6ole1DuhkgN/SC9nTyoU9ss2cGcpAV7PmD3rKJTcaaAy8TNSRHkqPesr24/wklIuMIMSdlxnVh5KRKKYkYmZjeRJEZ4hAakoylHIZFeOr1tAkta6cMgEvpxBafq/ESKQinHoa+T2ZJy0cvE/7xOooJLL6U8ThThePZRkDCoIpgVBftUEKzYWBOEBdW7QjxEAmGl6zR1Ce7iycukWa24Z5Xzu2qxdpXXUQDH4ASUgQsuQA3cgDpoAAyewAt4A+/Gs/FqfBifs+iKkc8cgT8wvn8BRCKfGg==</latexit> g(vIt)

<latexit sha1_base64="KWmfCBMJGy46BFqyZVbSAliZW7g=">AAACK3icbVDLSsNAFJ34rPEVdekm2BbqpiQV0WWpG91VsA9oY5hMJ+3QySTMTAol5H/c+CsudOEDt/6H0zaL2Hpg4HDOucy9x4soEdKyPrW19Y3Nre3Cjr67t39waBwdt0UYc4RbKKQh73pQYEoYbkkiKe5GHMPAo7jjjW9mfmeCuSAhe5DTCDsBHDLiEwSlklyjUS4NK/0AypHnJ3fpozwv6eWSn5OUkItMUjfJx5XtGkWras1hrhI7I0WQoekar/1BiOIAM4koFKJnW5F0EsglQRSnej8WOIJoDIe4pyiDARZOMr81NctKGZh+yNVj0pyr+YkEBkJMA08lZ2uKZW8m/uf1YulfOwlhUSwxQ4uP/JiaMjRnxZkDwjGSdKoIRJyoXU00ghwiqerVVQn28smrpF2r2hfVy/tasd7I6iiAU3AGKsAGV6AObkETtAACT+AFvIMP7Vl7076070V0TctmTsAfaD+/XpSmBQ==</latexit>

f(vI)
<latexit sha1_base64="1XIy5Ptm3yjnfAU4ZvSDtu2g1M8=">AAACKXicbVDLSsNAFJ34rPEVdekm2BbqpiQV0WXRje4q2Ae0MUymk3boZBJmJoUS8jtu/BU3Coq69UectAFr64GBM+fcy733eBElQlrWp7ayura+sVnY0rd3dvf2jYPDlghjjnAThTTkHQ8KTAnDTUkkxZ2IYxh4FLe90XXmt8eYCxKyezmJsBPAASM+QVAqyTXq5dKg0gugHHp+cps+yNOSXi75c5IS5v7j1E1+PWW6RtGqWlOYy8TOSRHkaLjGa68fojjATCIKhejaViSdBHJJEMWp3osFjiAawQHuKspggIWTTC9NzbJS+qYfcvWYNKfqfEcCAyEmgacqsyXFopeJ/3ndWPqXTkJYFEvM0GyQH1NThmYWm9knHCNJJ4pAxIna1URDyCGSKlxdhWAvnrxMWrWqfVY9v6sV61d5HAVwDE5ABdjgAtTBDWiAJkDgETyDN/CuPWkv2of2NStd0fKeI/AH2vcPpm6lHg==</latexit>vI

<latexit sha1_base64="UJ5UsvgNfPvuSUTDITK4OtV6Cvg=">AAACRHicdZDLSsNAFIYn9VbjLerSTbAp1E1JKqLLohvdVbAXSGOYTCft0MmFmUmhhDycGx/AnU/gxoUibsVJW7C2emDg5/vP4Zz5vZgSLkzzWSmsrK6tbxQ31a3tnd09bf+gxaOEIdxEEY1Yx4McUxLipiCC4k7MMAw8itve8Cr32yPMOInCOzGOsRPAfkh8gqCQyNXsstGvdAMoBp6f3mT34sRQy4Y/hxbAKHPTHzN3jX8sw9VKZtWclL4srJkogVk1XO2p24tQEuBQIAo5ty0zFk4KmSCI4kztJhzHEA1hH9tShjDA3EknIWR6WZKe7kdMvlDoEzo/kcKA83Hgyc78Rr7o5fAvz06Ef+GkJIwTgUM0XeQnVBeRnieq9wjDSNCxFBAxIm/V0QAyiITMXZUhWItfXhatWtU6rZ7d1kr1y1kcRXAEjkEFWOAc1ME1aIAmQOABvIA38K48Kq/Kh/I5bS0os5lD8KuUr2+xRbBF</latexit>

vIt
<latexit sha1_base64="8oYhATVQxn+kCv7hSq1/xFVvwEs=">AAACSHicbZBLS8NAFIUn9VXrq+rSTbAp1E1JKqLLohvdVbAP6CNMppN26OTBzE2hhPw8Ny7d+RvcuFDEnZO2YG17YeDwnXu5d44TcibBNN+0zMbm1vZOdje3t39weJQ/PmnIIBKE1knAA9FysKSc+bQODDhthYJiz+G06YzuUr85pkKywH+CSUi7Hh74zGUEg0J23i4ag1LHwzB03Pgh6cGFkSsa7gJaAuPEjv/M1DXWW70YksSw8wWzbE5LXxXWXBTQvGp2/rXTD0jkUR8Ix1K2LTOEbowFMMJpkutEkoaYjPCAtpX0sUdlN54GkehFRfq6Gwj1fNCndHEixp6UE89RnemdctlL4TqvHYF7042ZH0ZAfTJb5EZch0BPU9X7TFACfKIEJoKpW3UyxAITUNnnVAjW8pdXRaNSti7LV4+VQvV2HkcWnaFzVEIWukZVdI9qqI4Iekbv6BN9aS/ah/at/cxaM9p85hT9q0zmF4FDsTg=</latexit>

Should be similar

I
<latexit sha1_base64="zG0+86ACKs0ZivmNXL/57ldlvG0=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUmr+NgV3eiugn1AE8pkOmmHTiZhZiKU0N9w40IRt/6MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29jgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa9yXXqdx+oVCwU93oaUTfAI8F8RrA2klN1AqzHnp/czqqDcsWu2RnQIqnnpAI5WoPyhzMMSRxQoQnHSvXrdqTdBEvNCKezkhMrGmEywSPaN1TggCo3yTLP0JFRhsgPpXlCo0z9uZHgQKlp4JnJNKL666Xif14/1v6FmzARxZoKMj/kxxzpEKUFoCGTlGg+NQQTyUxWRMZYYqJNTaWshMsUZ99fXiSdRq1+Uju9a1SaV3kdRTiAQziGOpxDE26gBW0gEMEjPMOLFVtP1qv1Nh8tWPnOPvyC9f4FiwCRfw==</latexit>

M
<latexit sha1_base64="Tn5ijQgOnAy4mPiBG3gQMhvSFH4=">AAACE3icbVDLSsNAFJ3UV62vqEs3waZQXZSkio9d0Y0uhAr2AU0tk+mkHTp5MHMjlNB/cOOvuHGhiFs37vwbkzSIWg8MnDnnXu69xw44k2AYn0pubn5hcSm/XFhZXVvfUDe3mtIPBaEN4nNftG0sKWcebQADTtuBoNi1OW3Zo/PEb91RIZnv3cA4oF0XDzzmMIIhlnrqfkm3giHrWTCkgMuWi2FoO9Hl5Bb29IKe/gnm0dVE76lFo2Kk0GaJmZEiylDvqR9W3yehSz0gHEvZMY0AuhEWwAink4IVShpgMsID2omph10qu1F600QrxUpfc3wRPw+0VP3ZEWFXyrFrx5XJjvKvl4j/eZ0QnJNuxLwgBOqR6SAn5Br4WhKQ1meCEuDjmGAiWLyrRoZYYAJxjIU0hNMER98nz5JmtWIeVA6vq8XaWRZHHu2gXVRGJjpGNXSB6qiBCLpHj+gZvSgPypPyqrxNS3NK1rONfkF5/wJm4J1f</latexit>

Memory Bank

Similar

✓
<latexit sha1_base64="CZMu9i9mqYh9pdzTQnbewbqTXR0=">AAAB73icbVDLSsNAFJ3UV62vqks3g63gqiRVfOyKblxWsA9oQ5lMJ+3QySTO3Agl9CfcuFDErb/jzr9xkgZR64ELh3Pu5d57vEhwDbb9aRWWlldW14rrpY3Nre2d8u5eW4exoqxFQxGqrkc0E1yyFnAQrBspRgJPsI43uU79zgNTmofyDqYRcwMyktznlICRutU+jBmQ6qBcsWt2BrxInJxUUI7moPzRH4Y0DpgEKojWPceOwE2IAk4Fm5X6sWYRoRMyYj1DJQmYdpPs3hk+MsoQ+6EyJQFn6s+JhARaTwPPdAYExvqvl4r/eb0Y/As34TKKgUk6X+THAkOI0+fxkCtGQUwNIVRxcyumY6IIBRNRKQvhMsXZ98uLpF2vOSe109t6pXGVx1FEB+gQHSMHnaMGukFN1EIUCfSIntGLdW89Wa/W27y1YOUz++gXrPcvduyPug==</latexit>

mI
<latexit sha1_base64="Ly2C3v3mHZfg5kOK31IrZoYRcrg="></latexit>

mI0
<latexit sha1_base64="y2FWsphi+t+VGdcXlc76o/Lki9c="></latexit>

Dissimilar

Dissimilar

mI0
<latexit sha1_base64="NZU1SuG24a2ZQjjMLXDCxlDXMhQ="></latexit>

Similar

✓
<latexit sha1_base64="CZMu9i9mqYh9pdzTQnbewbqTXR0=">AAAB73icbVDLSsNAFJ3UV62vqks3g63gqiRVfOyKblxWsA9oQ5lMJ+3QySTO3Agl9CfcuFDErb/jzr9xkgZR64ELh3Pu5d57vEhwDbb9aRWWlldW14rrpY3Nre2d8u5eW4exoqxFQxGqrkc0E1yyFnAQrBspRgJPsI43uU79zgNTmofyDqYRcwMyktznlICRutU+jBmQ6qBcsWt2BrxInJxUUI7moPzRH4Y0DpgEKojWPceOwE2IAk4Fm5X6sWYRoRMyYj1DJQmYdpPs3hk+MsoQ+6EyJQFn6s+JhARaTwPPdAYExvqvl4r/eb0Y/As34TKKgUk6X+THAkOI0+fxkCtGQUwNIVRxcyumY6IIBRNRKQvhMsXZ98uLpF2vOSe109t6pXGVx1FEB+gQHSMHnaMGukFN1EIUCfSIntGLdW89Wa/W27y1YOUz++gXrPcvduyPug==</latexit>

res5

res5

It
<latexit sha1_base64="ZYkFvcOHAPMcQbcKwhPq3ujeh+c=">AAACG3icbVDLSsNAFJ34rPEVdelmsCnUTUkqosuiG91VsA9oY5lMJ+3QySTMTIQS+h9u/BU3LhRxJbjwb5y0WdTWAwOHc85l7j1+zKhUjvNjrKyurW9sFrbM7Z3dvX3r4LApo0Rg0sARi0TbR5IwyklDUcVIOxYEhT4jLX90nfmtRyIkjfi9GsfEC9GA04BipLTUs6ole1DuhkgN/SC9nTyoU9ss2cGcpAV7PmD3rKJTcaaAy8TNSRHkqPesr24/wklIuMIMSdlxnVh5KRKKYkYmZjeRJEZ4hAakoylHIZFeOr1tAkta6cMgEvpxBafq/ESKQinHoa+T2ZJy0cvE/7xOooJLL6U8ThThePZRkDCoIpgVBftUEKzYWBOEBdW7QjxEAmGl6zR1Ce7iycukWa24Z5Xzu2qxdpXXUQDH4ASUgQsuQA3cgDpoAAyewAt4A+/Gs/FqfBifs+iKkc8cgT8wvn8BRCKfGg==</latexit> g(vIt)
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Unrelated 
(Negative)
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Better self-supervised learning objective
Accuracy on ImageNet-1K
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Object Detection
• Outperforms ImageNet supervised pre-trained networks 
• Full fine-tuning, no bells & whistles 
• No extra data, changes in model architecture, fine-tuning schedule

Initialization VOC07+12 VOC07

APall AP50 AP75 APall AP50 AP75

ImageNet 
Supervised 52.6 81.1 57.4 43.8 74.5 45.9

PIRL 54.0 80.7 59.7 44.7 73.4 47.0

+1.4 +2.3 +1.1
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Linear Classification
• Linear classifiers on fixed features. Evaluate on ImageNet-1K

CPCv2
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Easily Multi-task
Transfer Dataset

Method ImageNet-1M VOC07 Places205 iNaturalist

Jigsaw 46.0 66.1 41.4 22.1

Rotation 48.9 63.9 47.6 23

PIRL (Rot) 60.2 77.1 47.6 31.2

PIRL (Jigsaw + Rot) 63.1 80.3 49.7 33.6



The rise of contrastive learning



Contrastive Learning
• How to define what images are "related" and "unrelated"?

Related and Unrelated 
 Images



Frames of a video

Hadsell et al., 2005, DrLim 
van der Oord et al., 2018, CPC

Video & Audio

AVID - Morgado et al., ECCV 2020 
GDT - Patrick et al., 2020
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Tracking Objects

Wang & Gupta, 2015, Unsupervised Learning of Visual Representations using Videos



van der Oord et al., 2018,  
Henaff et al., 2019 

Contrastive Predictive Coding

Related 
(Positives)

Unrelated 
(Negative)

Nearby patches vs. distant patches of an Image



Wu et al., 2018, Instance Discrimination 
He et al., 2019, MoCo 

Misra & van der Maaten, 2019, PIRL 
Chen et al., 2020, SimCLR 

and lots more ....

Related 
(Positives)

Unrelated 
(Negative)

Patches of an image vs. patches of other images



Is "contrastive" really important?



Contrastive learning -- what does it do?

Positive 
Sample

Negative samples

Negative samples



Contrastive learning -- what does it do?

Positive 
Sample

Negative samples
Negative samples



Contrastive learning -- what does it do?

Creates groups 
 in the feature space



Contrastive learning -- what does it do?

Creates groups 
 in the feature space 

So does clustering?!



Swapping Assignments between Views

(SwAV)


Mathilde Caron, Ishan Misra, Julien Mairal, Priya Goyal, Piotr Bojanowski, Armand Joulin



89

Grouping

Dataset 

Prototypes 

See also - SeLa by Asano et al., 2019

Similarity of 

dataset sample & prototypes


(which cluster does a sample belong to?)
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Grouping

Codes}
Prototypes 

Dataset 



fθ

fθ Code 1

Code 2

Prototypes 



fθ

fθ Code 1

Code 2

Predict

Prototypes 



fθ

fθ

Prototypes 

Code 1

Code 2

Backprop

Backprop

Not contrastive!
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Key Results

Linear Classifier Detection

(Fixed Features)

ImageNet Places iNaturalist VOC07+12 COCO

Supervised 76.5 53.2 46.7 81.3 40.8

Prior self-supervised 71.1 (-5.4) 52.1 38.9 82.5 42.0

SwAV 75.3 (-1.2) 56.7 48.6 82.6 42.1
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Practical advantages of SwAV
• Trains on 4-8 GPUs 
• Faster convergence than prior work (SimCLR, MoCov2) 
• Smaller compute requirements. 
• 2x faster than MoCo-v2 on 8 GPUs 

• 72% after 100h vs. 71% after 200h 

• Better results 

Code & Models - https://github.com/facebookresearch/swav 
PyTorch Lightning implementation on the way

100% Student 

frien
dly

https://github.com/facebookresearch/swav


Combining clustering with contrastive learning



Audio Visual Instance Discrimination 

with Cross Modal Agreement


(AVID + CMA)


Pedro Morgado, Nuno Vasconcelos, Ishan Misra

https://github.com/facebookresearch/AVID-CMA
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Positives 

d( d() )<
d( d() )<

Audio & Video

(same sample)

}

Negatives 

Relate to other video/audio

using negatives

}

Contrastive (Audio Video Instance Discrimination)
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Grouping using Audio-visual Agreements (CMA)

Positive Set Negative Set

Vi
de

o 
Si

m
ila

rit
y 

(vT iv
j )

Audio Similarity (aT
i aj)

Positives

Visual
Negatives

Audio 
Negatives

Reference

Positives 

d( d() )<
d( d() )<

Negatives 

}
Videos that are similar in 

audio & video features
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Grouping using Audio-visual Agreements (CMA)

Positive Set Negative Set

Example 3Example 1 Example 2

Vi
de

o 
Si

m
ila

rit
y 

(vT iv
j )

Audio Similarity (aT
i aj)

Moving Train

Positives

Dancing Playing Violin

Exercising Fire Truck Station

Visual
Negatives

Playing Guitar

Moving Boat

Audio 
Negatives

Fishing with background music Playing Accordion

Moving Train

Reference

Dancing Playing Violin





Pretext tasks GenerativeContrastive/Clustering

Related 

Unrelated

Pretext Image 
Transform

Pretext Invariant 
Representation Learning 

Transform t

Standard Pretext
Learning
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ConvNet

Predict more information

AutoEncoder, 
VAE, GAN,  

BiGAN


