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Multi-view Grouping

Same data sample 
Different ways of looking at it

Associating related  
data samples



3

Multi-view invariance Grouping
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Let us fill this table throughout the talk

Method Multi-view Invariance Grouping

Method Name ? ?
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Pre-2019: "Pretext" tasks
• Create proxy tasks

Jigsaw puzzles

(Noroozi et al., 2016)

Rotation

(Gidaris et al., 2018)



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

Pre-training
 Transfer 
Tasks
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Pretext task ConvNet

Predict property 

of transform t

It

<latexit sha1_base64="MXdteYo7j3dYYQsNtpapn5lT1fY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrtBUG9BL3qLYB6QbMLsZDYZMvtgplcJS/7DiwdFvPov3vwbZ5McNLFgoKjqpmvKi6XQaNvf1srq2vrGZm4rv72zu7dfODhs6ChRjNdZJCPV8qjmUoS8jgIlb8WK08CTvOmNbjK/+ciVFlH4gOOYuwEdhMIXjKKRuqVOQHHo+endpIulXqFol+0pyDJx5qQIc9R6ha9OP2JJwENkkmrdduwY3ZQqFEzySb6TaB5TNqID3jY0pAHXbjpNPSGnRukTP1LmhUim6u+NlAZajwPPTGYh9aKXif957QT9SzcVYZwgD9nskJ9IghHJKiB9oThDOTaEMiVMVsKGVFGGpqi8KcFZ/PIyaVTKznn56r5SrF7P68jBMZzAGThwAVW4hRrUgYGCZ3iFN+vJerHerY/Z6Io13zmCP7A+fwAHuJI5</latexit>

Contain information 
about transform t

It

<latexit sha1_base64="Xy1u5b/DFE3jDC5HvZeUuaZkrIE=">AAACBXicbVA7T8MwGHTKq5RXgBEGixaJqUoqJGCrYIGtSPQhNaFyXKe16jiR7SBVURYW/goLAwix8h/Y+Dc4aQZoOcnS6e57+byIUaks69soLS2vrK6V1ysbm1vbO+buXkeGscCkjUMWip6HJGGUk7aiipFeJAgKPEa63uQq87sPREga8js1jYgboBGnPsVIaWlgHtacAKmx5yc36X3i5AMTj8UkVWltYFatupUDLhK7IFVQoDUwv5xhiOOAcIUZkrJvW5FyEyQUxYykFSeWJEJ4gkakrylHAZFuki9N4bFWhtAPhX5cwVz93ZGgQMpp4OnK7GQ572Xif14/Vv65m1AexYpwPFvkxwyqEGaRwCEVBCs21QRhQfWtEI+RQFjp4Co6BHv+y4uk06jbp/WL20a1eVnEUQYH4AicABucgSa4Bi3QBhg8gmfwCt6MJ+PFeDc+ZqUlo+jZB39gfP4AL8+ZCQ==</latexit>

Image 

Transform


t

I

<latexit sha1_base64="UMBKcX4627dw7ura0nNTPruZI88=">AAAB83icbVDLSsNAFL2pr1pfUZduBlvBVUmKoO6KbnRXwT6gCWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyW3ud5+oVCwWj3qaUD/CI8FCRrA2klfzIqzHQZjdz2oDu+rUnTnQKnELUoUCrYH95Q1jkkZUaMKxUn3XSbSfYakZ4XRW8VJFE0wmeET7hgocUeVn88wzdGaUIQpjaZ7QaK7+3shwpNQ0CsxkHlEte7n4n9dPdXjlZ0wkqaaCLA6FKUc6RnkBaMgkJZpPDcFEMpMVkTGWmGhTU8WU4C5/eZV0GnX3on790Kg2b4o6ynACp3AOLlxCE+6gBW0gkMAzvMKblVov1rv1sRgtWcXOMfyB9fkDdcaRUw==</latexit>

It

<latexit sha1_base64="MXdteYo7j3dYYQsNtpapn5lT1fY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrtBUG9BL3qLYB6QbMLsZDYZMvtgplcJS/7DiwdFvPov3vwbZ5McNLFgoKjqpmvKi6XQaNvf1srq2vrGZm4rv72zu7dfODhs6ChRjNdZJCPV8qjmUoS8jgIlb8WK08CTvOmNbjK/+ciVFlH4gOOYuwEdhMIXjKKRuqVOQHHo+endpIulXqFol+0pyDJx5qQIc9R6ha9OP2JJwENkkmrdduwY3ZQqFEzySb6TaB5TNqID3jY0pAHXbjpNPSGnRukTP1LmhUim6u+NlAZajwPPTGYh9aKXif957QT9SzcVYZwgD9nskJ9IghHJKiB9oThDOTaEMiVMVsKGVFGGpqi8KcFZ/PIyaVTKznn56r5SrF7P68jBMZzAGThwAVW4hRrUgYGCZ3iFN+vJerHerY/Z6Io13zmCP7A+fwAHuJI5</latexit>

Less 
Semantic  
Features



Method Multi-view Invariance Grouping

Pretext Task No ?
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Pretext task ConvNet

Predict property 

of transform t

It

<latexit sha1_base64="MXdteYo7j3dYYQsNtpapn5lT1fY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrtBUG9BL3qLYB6QbMLsZDYZMvtgplcJS/7DiwdFvPov3vwbZ5McNLFgoKjqpmvKi6XQaNvf1srq2vrGZm4rv72zu7dfODhs6ChRjNdZJCPV8qjmUoS8jgIlb8WK08CTvOmNbjK/+ciVFlH4gOOYuwEdhMIXjKKRuqVOQHHo+endpIulXqFol+0pyDJx5qQIc9R6ha9OP2JJwENkkmrdduwY3ZQqFEzySb6TaB5TNqID3jY0pAHXbjpNPSGnRukTP1LmhUim6u+NlAZajwPPTGYh9aKXif957QT9SzcVYZwgD9nskJ9IghHJKiB9oThDOTaEMiVMVsKGVFGGpqi8KcFZ/PIyaVTKznn56r5SrF7P68jBMZzAGThwAVW4hRrUgYGCZ3iFN+vJerHerY/Z6Io13zmCP7A+fwAHuJI5</latexit>

Prediction only 
about I and t

It

<latexit sha1_base64="Xy1u5b/DFE3jDC5HvZeUuaZkrIE=">AAACBXicbVA7T8MwGHTKq5RXgBEGixaJqUoqJGCrYIGtSPQhNaFyXKe16jiR7SBVURYW/goLAwix8h/Y+Dc4aQZoOcnS6e57+byIUaks69soLS2vrK6V1ysbm1vbO+buXkeGscCkjUMWip6HJGGUk7aiipFeJAgKPEa63uQq87sPREga8js1jYgboBGnPsVIaWlgHtacAKmx5yc36X3i5AMTj8UkVWltYFatupUDLhK7IFVQoDUwv5xhiOOAcIUZkrJvW5FyEyQUxYykFSeWJEJ4gkakrylHAZFuki9N4bFWhtAPhX5cwVz93ZGgQMpp4OnK7GQ572Xif14/Vv65m1AexYpwPFvkxwyqEGaRwCEVBCs21QRhQfWtEI+RQFjp4Co6BHv+y4uk06jbp/WL20a1eVnEUQYH4AicABucgSa4Bi3QBhg8gmfwCt6MJ+PFeDc+ZqUlo+jZB39gfP4AL8+ZCQ==</latexit>

Image 

Transform


t

I

<latexit sha1_base64="UMBKcX4627dw7ura0nNTPruZI88=">AAAB83icbVDLSsNAFL2pr1pfUZduBlvBVUmKoO6KbnRXwT6gCWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyW3ud5+oVCwWj3qaUD/CI8FCRrA2klfzIqzHQZjdz2oDu+rUnTnQKnELUoUCrYH95Q1jkkZUaMKxUn3XSbSfYakZ4XRW8VJFE0wmeET7hgocUeVn88wzdGaUIQpjaZ7QaK7+3shwpNQ0CsxkHlEte7n4n9dPdXjlZ0wkqaaCLA6FKUc6RnkBaMgkJZpPDcFEMpMVkTGWmGhTU8WU4C5/eZV0GnX3on790Kg2b4o6ynACp3AOLlxCE+6gBW0gkMAzvMKblVov1rv1sRgtWcXOMfyB9fkDdcaRUw==</latexit>

It

<latexit sha1_base64="MXdteYo7j3dYYQsNtpapn5lT1fY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrtBUG9BL3qLYB6QbMLsZDYZMvtgplcJS/7DiwdFvPov3vwbZ5McNLFgoKjqpmvKi6XQaNvf1srq2vrGZm4rv72zu7dfODhs6ChRjNdZJCPV8qjmUoS8jgIlb8WK08CTvOmNbjK/+ciVFlH4gOOYuwEdhMIXjKKRuqVOQHHo+endpIulXqFol+0pyDJx5qQIc9R6ha9OP2JJwENkkmrdduwY3ZQqFEzySb6TaB5TNqID3jY0pAHXbjpNPSGnRukTP1LmhUim6u+NlAZajwPPTGYh9aKXif957QT9SzcVYZwgD9nskJ9IghHJKiB9oThDOTaEMiVMVsKGVFGGpqi8KcFZ/PIyaVTKznn56r5SrF7P68jBMZzAGThwAVW4hRrUgYGCZ3iFN+vJerHerY/Z6Io13zmCP7A+fwAHuJI5</latexit>

No relation 
to other 
images



Method Multi-view 
Invariance Grouping Performance

Pretext Task No No Weak

"Self-supervised learning is a naive/optimistic  
hope for feature learning"



Pretext-Invariant Representation Learning

(PIRL)


Ishan Misra,  Laurens van der Maaten
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ConvNet

I

<latexit sha1_base64="UMBKcX4627dw7ura0nNTPruZI88=">AAAB83icbVDLSsNAFL2pr1pfUZduBlvBVUmKoO6KbnRXwT6gCWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyW3ud5+oVCwWj3qaUD/CI8FCRrA2klfzIqzHQZjdz2oDu+rUnTnQKnELUoUCrYH95Q1jkkZUaMKxUn3XSbSfYakZ4XRW8VJFE0wmeET7hgocUeVn88wzdGaUIQpjaZ7QaK7+3shwpNQ0CsxkHlEte7n4n9dPdXjlZ0wkqaaCLA6FKUc6RnkBaMgkJZpPDcFEMpMVkTGWmGhTU8WU4C5/eZV0GnX3on790Kg2b4o6ynACp3AOLlxCE+6gBW0gkMAzvMKblVov1rv1sRgtWcXOMfyB9fkDdcaRUw==</latexit>

It

<latexit sha1_base64="MXdteYo7j3dYYQsNtpapn5lT1fY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrtBUG9BL3qLYB6QbMLsZDYZMvtgplcJS/7DiwdFvPov3vwbZ5McNLFgoKjqpmvKi6XQaNvf1srq2vrGZm4rv72zu7dfODhs6ChRjNdZJCPV8qjmUoS8jgIlb8WK08CTvOmNbjK/+ciVFlH4gOOYuwEdhMIXjKKRuqVOQHHo+endpIulXqFol+0pyDJx5qQIc9R6ha9OP2JJwENkkmrdduwY3ZQqFEzySb6TaB5TNqID3jY0pAHXbjpNPSGnRukTP1LmhUim6u+NlAZajwPPTGYh9aKXif957QT9SzcVYZwgD9nskJ9IghHJKiB9oThDOTaEMiVMVsKGVFGGpqi8KcFZ/PIyaVTKznn56r5SrF7P68jBMZzAGThwAVW4hRrUgYGCZ3iFN+vJerHerY/Z6Io13zmCP7A+fwAHuJI5</latexit>

ConvNet

Be similar

Image 

Transform


t

I

<latexit sha1_base64="UMBKcX4627dw7ura0nNTPruZI88=">AAAB83icbVDLSsNAFL2pr1pfUZduBlvBVUmKoO6KbnRXwT6gCWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyW3ud5+oVCwWj3qaUD/CI8FCRrA2klfzIqzHQZjdz2oDu+rUnTnQKnELUoUCrYH95Q1jkkZUaMKxUn3XSbSfYakZ4XRW8VJFE0wmeET7hgocUeVn88wzdGaUIQpjaZ7QaK7+3shwpNQ0CsxkHlEte7n4n9dPdXjlZ0wkqaaCLA6FKUc6RnkBaMgkJZpPDcFEMpMVkTGWmGhTU8WU4C5/eZV0GnX3on790Kg2b4o6ynACp3AOLlxCE+6gBW0gkMAzvMKblVov1rv1sRgtWcXOMfyB9fkDdcaRUw==</latexit>

It

<latexit sha1_base64="MXdteYo7j3dYYQsNtpapn5lT1fY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrtBUG9BL3qLYB6QbMLsZDYZMvtgplcJS/7DiwdFvPov3vwbZ5McNLFgoKjqpmvKi6XQaNvf1srq2vrGZm4rv72zu7dfODhs6ChRjNdZJCPV8qjmUoS8jgIlb8WK08CTvOmNbjK/+ciVFlH4gOOYuwEdhMIXjKKRuqVOQHHo+endpIulXqFol+0pyDJx5qQIc9R6ha9OP2JJwENkkmrdduwY3ZQqFEzySb6TaB5TNqID3jY0pAHXbjpNPSGnRukTP1LmhUim6u+NlAZajwPPTGYh9aKXif957QT9SzcVYZwgD9nskJ9IghHJKiB9oThDOTaEMiVMVsKGVFGGpqi8KcFZ/PIyaVTKznn56r5SrF7P68jBMZzAGThwAVW4hRrUgYGCZ3iFN+vJerHerY/Z6Io13zmCP7A+fwAHuJI5</latexit>

Invariant to Pretext transform}

Shared

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

PIRL
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ConvNet

I

<latexit sha1_base64="UMBKcX4627dw7ura0nNTPruZI88=">AAAB83icbVDLSsNAFL2pr1pfUZduBlvBVUmKoO6KbnRXwT6gCWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyW3ud5+oVCwWj3qaUD/CI8FCRrA2klfzIqzHQZjdz2oDu+rUnTnQKnELUoUCrYH95Q1jkkZUaMKxUn3XSbSfYakZ4XRW8VJFE0wmeET7hgocUeVn88wzdGaUIQpjaZ7QaK7+3shwpNQ0CsxkHlEte7n4n9dPdXjlZ0wkqaaCLA6FKUc6RnkBaMgkJZpPDcFEMpMVkTGWmGhTU8WU4C5/eZV0GnX3on790Kg2b4o6ynACp3AOLlxCE+6gBW0gkMAzvMKblVov1rv1sRgtWcXOMfyB9fkDdcaRUw==</latexit>

It

<latexit sha1_base64="MXdteYo7j3dYYQsNtpapn5lT1fY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrtBUG9BL3qLYB6QbMLsZDYZMvtgplcJS/7DiwdFvPov3vwbZ5McNLFgoKjqpmvKi6XQaNvf1srq2vrGZm4rv72zu7dfODhs6ChRjNdZJCPV8qjmUoS8jgIlb8WK08CTvOmNbjK/+ciVFlH4gOOYuwEdhMIXjKKRuqVOQHHo+endpIulXqFol+0pyDJx5qQIc9R6ha9OP2JJwENkkmrdduwY3ZQqFEzySb6TaB5TNqID3jY0pAHXbjpNPSGnRukTP1LmhUim6u+NlAZajwPPTGYh9aKXif957QT9SzcVYZwgD9nskJ9IghHJKiB9oThDOTaEMiVMVsKGVFGGpqi8KcFZ/PIyaVTKznn56r5SrF7P68jBMZzAGThwAVW4hRrUgYGCZ3iFN+vJerHerY/Z6Io13zmCP7A+fwAHuJI5</latexit>

ConvNet

Be similar

Image 

Transform


t

I

<latexit sha1_base64="UMBKcX4627dw7ura0nNTPruZI88=">AAAB83icbVDLSsNAFL2pr1pfUZduBlvBVUmKoO6KbnRXwT6gCWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyW3ud5+oVCwWj3qaUD/CI8FCRrA2klfzIqzHQZjdz2oDu+rUnTnQKnELUoUCrYH95Q1jkkZUaMKxUn3XSbSfYakZ4XRW8VJFE0wmeET7hgocUeVn88wzdGaUIQpjaZ7QaK7+3shwpNQ0CsxkHlEte7n4n9dPdXjlZ0wkqaaCLA6FKUc6RnkBaMgkJZpPDcFEMpMVkTGWmGhTU8WU4C5/eZV0GnX3on790Kg2b4o6ynACp3AOLlxCE+6gBW0gkMAzvMKblVov1rv1sRgtWcXOMfyB9fkDdcaRUw==</latexit>

It

<latexit sha1_base64="MXdteYo7j3dYYQsNtpapn5lT1fY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrtBUG9BL3qLYB6QbMLsZDYZMvtgplcJS/7DiwdFvPov3vwbZ5McNLFgoKjqpmvKi6XQaNvf1srq2vrGZm4rv72zu7dfODhs6ChRjNdZJCPV8qjmUoS8jgIlb8WK08CTvOmNbjK/+ciVFlH4gOOYuwEdhMIXjKKRuqVOQHHo+endpIulXqFol+0pyDJx5qQIc9R6ha9OP2JJwENkkmrdduwY3ZQqFEzySb6TaB5TNqID3jY0pAHXbjpNPSGnRukTP1LmhUim6u+NlAZajwPPTGYh9aKXif957QT9SzcVYZwgD9nskJ9IghHJKiB9oThDOTaEMiVMVsKGVFGGpqi8KcFZ/PIyaVTKznn56r5SrF7P68jBMZzAGThwAVW4hRrUgYGCZ3iFN+vJerHerY/Z6Io13zmCP7A+fwAHuJI5</latexit>

Invariant to Pretext transform}

Shared

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

PIRL

Invariance to

- Data Augmentations

- Multiple views created by 

pretext task (Jigsaw/Rotation)



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 Learning in PIRL
Loss Function 

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

Image Feature &

 Patch Features

} }
Random Images

Dataset 

I

<latexit sha1_base64="UMBKcX4627dw7ura0nNTPruZI88=">AAAB83icbVDLSsNAFL2pr1pfUZduBlvBVUmKoO6KbnRXwT6gCWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jpM1CWw8MHM65l3vmBAlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDyW3ud5+oVCwWj3qaUD/CI8FCRrA2klfzIqzHQZjdz2oDu+rUnTnQKnELUoUCrYH95Q1jkkZUaMKxUn3XSbSfYakZ4XRW8VJFE0wmeET7hgocUeVn88wzdGaUIQpjaZ7QaK7+3shwpNQ0CsxkHlEte7n4n9dPdXjlZ0wkqaaCLA6FKUc6RnkBaMgkJZpPDcFEMpMVkTGWmGhTU8WU4C5/eZV0GnX3on790Kg2b4o6ynACp3AOLlxCE+6gBW0gkMAzvMKblVov1rv1sRgtWcXOMfyB9fkDdcaRUw==</latexit>

It

<latexit sha1_base64="MXdteYo7j3dYYQsNtpapn5lT1fY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYCJ4CrtBUG9BL3qLYB6QbMLsZDYZMvtgplcJS/7DiwdFvPov3vwbZ5McNLFgoKjqpmvKi6XQaNvf1srq2vrGZm4rv72zu7dfODhs6ChRjNdZJCPV8qjmUoS8jgIlb8WK08CTvOmNbjK/+ciVFlH4gOOYuwEdhMIXjKKRuqVOQHHo+endpIulXqFol+0pyDJx5qQIc9R6ha9OP2JJwENkkmrdduwY3ZQqFEzySb6TaB5TNqID3jY0pAHXbjpNPSGnRukTP1LmhUim6u+NlAZajwPPTGYh9aKXif957QT9SzcVYZwgD9nskJ9IghHJKiB9oThDOTaEMiVMVsKGVFGGpqi8KcFZ/PIyaVTKznn56r5SrF7P68jBMZzAGThwAVW4hRrUgYGCZ3iFN+vJerHerY/Z6Io13zmCP7A+fwAHuJI5</latexit>
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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

APall AP50 AP75

ImageNet Supervised 52.6 81.1 57.4

PIRL 54.0 80.7 59.7

+1.4 +2.3
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ImageNet Classification
• Linear classifiers on fixed features.
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Method Multi-view 
Invariance Grouping Performance

Pretext Task No No Weak
PIRL Yes Weak Moderate

Outperform 
supervised 

features on some 
tasks

See also - CPCv2, MoCo, BoWNet, SimCLR

Relate other 
images using 

negatives

Image & Patch  
as views



Lack of Grouping in "Instance" based 
Contrastive Learning

Positives 

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

Same image

Views created by data augmentation

}

Negatives 



Lack of Grouping in "Instance" based 
Contrastive Learning

Positives 

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

No "groups"

}

Negatives 

Relate to other images

using negatives

}



How to add Grouping?

Audio-Video

(AVID CMA)

Images

(SwAV)



Audio Visual Instance Discrimination 

with Cross Modal Agreement


(AVID + CMA)


Pedro Morgado, Nuno Vasconcelos, Ishan Misra



Look, listen & learn
Arandjelovic et al., 

2017. 

Audio-visual correspondence



Audio-visual synchronization

time

Multisensory 
synchronization
Owens et al 2018. 

Synchronization w/ 
curriculum

Korbar et. al 2018. 



Method Multi-view 
Invariance Grouping Performance

AV Sync Yes No Weak
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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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Positives 

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

Audio & Video

(same sample)

}

Negatives 

Relate to other video/audio

using negatives

}

Contrastive (Audio Video Instance Discrimination)

Limited Grouping
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Importance of Multi-view
Video

only

Audio

only Audio<->Video Combine
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Importance of Multi-view
Video

only

Audio

only Audio<->Video Combine

Outperforms all variants



Method Multi-view 
Invariance Grouping Performance

AV Sync Yes No Weak
AVID Yes Weak Good
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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





Method Multi-view 
Invariance Grouping Performance

AV Sync Yes No Weak
Contrastive Yes Weak Good

CMA Yes Yes Better



Swapping Assignments between Views

(SwAV)


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

Dataset 

Prototypes 

See also - SeLa by Asano et al., 2019

Similarity of 

dataset sample & prototypes
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Grouping

Codes}
Prototypes 

Dataset 
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Multi-crop (Multi-view)

Compare crops of 

different sizes & resolutions



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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Multi-crop (Multi-view)

w/ Multi-crop Multi-crop

} Multi-view 
improves


 ALL methods

ImageNet
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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
https://github.com/facebookresearch/swav
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Method Multi-view 
Invariance Grouping Performance

Pretext Task No No Weak
PIRL Yes Weak Moderate

SwAV Yes Yes Good

Outperforms ImageNet supervised pretraining  
on all transfer tasks
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What invariances matter?
• Our set of invariances are overfit to ImageNet 
• Need to evaluate on different image distributions (uncurated data)

Horizontal flipping may not be a good idea ...
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Scalable objectives
• Contrastive learning converges very slowly & scales poorly to large data 
• Notion of grouping is important
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Method Multi-view 
Invariance Grouping ??? Performance

Pretext Task No No No Weak
PIRL Yes Weak No Moderate

SwAV Yes Yes No Good

Your method Yes Yes Yes BEST

The Future ...



Thanks!


