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Machine Learning is ubiquous

Signal 
Processing

Artificial 
Intelligence

Statistics

Literally any 
scientific field

Optimization
Finance
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Machine Learning is ubiquous

Machine Learning

Machine Learning

Machine Learning

Machine Learning

Machine Learning
Machine Learning



!4

Machine Learnings objective

Accuracy

Efficiency Privacy

Machine Learning is popular because it works very well

= Good predictions
(low generalization error)
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Machine Learnings objective

Accuracy

Efficiency Privacy

Machine Learning is popular because it works very well

= Good predictions
(low generalization error)

Check out this 
cool model I learned! 
I analyzed all your 

phone calls on 1Tb of RAM 
during 10 days and I can 

now recognize your 
mood !

The top of the iceberg?
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Machine Learnings objectiveS

Accuracy

Efficiency Privacy

Machine Learning is popular because it works very well… but…

= Good predictions
(low generalization error)

Check out this 
cool model I learned! 
I analyzed all your 

phone calls on 1Tb of RAM 
during 10 days and I can 

now recognize your 
mood !

Several objectives that are incompatible!

= low memory/time requirements Protect sensitive data
E.g.,
• Reducing memory/time access lowers accuracy
• Ensuring privacy might require more computations…
• …or might require to “sabotage” the model (more later)
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Machine Learnings objectiveS

Accuracy

Efficiency Privacy

Machine Learning is popular because it works very well… but…

= Good predictions
(low generalization error)

Check out this 
cool model I learned! 
I analyzed all your 

phone calls on 1Tb of RAM 
during 10 days and I can 

now recognize your 
mood !

Several objectives that are incompatible!

There are probably others (e.g., robust ML, ethical ML), but we focus on these three

= low memory/time requirements Protect sensitive data
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Outline

Accuracy

Efficiency Privacy

Part 1: Privacy-aware learning
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Outline

Accuracy

Efficiency Privacy

Part 1: Privacy-aware learningPart 2: Compressive Learning
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Outline

Accuracy

Efficiency Privacy

Part 1: Privacy-aware learningPart 2: Compressive Learning

Part 3: Privacy-Preserving Compressive Learning
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In this talk…

Part 1 
Privacy-aware learning
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Machine Learning recap’

✓
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

Mathematical
model

xN
<latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit>

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

n
<latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit>

features

N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

examples

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

dataset

Learning

- Clustering

“explain” the data

- Dimensionality reduction

- Autoencoder, GAN, SOM…

E.g., ✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

PCA

(Unsupervised) Machine Learning
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Machine Learning recap’

✓
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

Mathematical
model

xN
<latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit>

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

n
<latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit>

features

N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

examples

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

dataset

Learning

- Clustering

“explain” the data

- Dimensionality reduction

- Autoencoder, GAN, SOM…

E.g., ✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

PCA

(Unsupervised) Machine Learning

But, what if the dataset contains sensitive information?

• DNA databases, medical records (results of HIV testing,…)
• Behavior on social media, web queries,…
• Touchy surveys (political opinions, drugs use, sexual preferences…)
• IoT devices
• …
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Machine Learning recap’

✓
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

Mathematical
model

xN
<latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit>

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

n
<latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit>

features

N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

examples

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

dataset

Learning

- Clustering

“explain” the data

- Dimensionality reduction

- Autoencoder, GAN, SOM…

E.g., ✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

PCA

(Unsupervised) Machine Learning

But, what if the dataset contains sensitive information?

We want to learn (generalize) from the dataset while protecting its “privacy”!

• DNA databases, medical records (results of HIV testing,…)
• Behavior on social media, web queries,…
• Touchy surveys (political opinions, drugs use, sexual preferences…)
• IoT devices
• …
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Machine Learning recap’

✓
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

Mathematical
model

xN
<latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit>

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

n
<latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit>

features

N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

examples

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

dataset

Learning

- Clustering

“explain” the data

- Dimensionality reduction

- Autoencoder, GAN, SOM…

E.g., ✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

PCA

(Unsupervised) Machine Learning

But, what if the dataset contains sensitive information?

We want to learn (generalize) from the dataset while protecting its “privacy”!

• DNA databases, medical records (results of HIV testing,…)
• Behavior on social media, web queries,…
• Touchy surveys (political opinions, drugs use, sexual preferences…)
• IoT devices
• …

What does it mean?
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What IS privacy?
Privacy is very difficult to define!

Depends on the application (what do we want to protect), and the attack model (what do we want to protect against).
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What IS privacy?
Privacy is very difficult to define!

Depends on the application (what do we want to protect), and the attack model (what do we want to protect against).

There exist a thousand* of privacy definitions, with different pro/cons

Mathematical privacy definitions:
• k-Anonymity
• Information-theoretic privacy definitions
• Differential Privacy
• …

But also to consider:
• Legal privacy definition
• Philosophical privacy definitions?

*citation needed
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What IS privacy?
Privacy is very difficult to define!

Depends on the application (what do we want to protect), and the attack model (what do we want to protect against).

There exist a thousand* of privacy definitions, with different pro/cons

Mathematical privacy definitions:
• k-Anonymity
• Information-theoretic privacy definitions
• Differential Privacy
• …

But also to consider:
• Legal privacy definition
• Philosophical privacy definitions?

*citation needed

In this work
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Towards DP: privacy by randomization

The predecessor to DP: randomized response (used for surveys)

Example: do you watch youtube videos at work?
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Towards DP: privacy by randomization

The predecessor to DP: randomized response (used for surveys)

Example: do you watch youtube videos at work?

True answer

Answer randomlyP =
1

2
<latexit sha1_base64="Eumod/C2aXF6AVKEUnjqr1nxnZ0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksgqeSVEEvQtGLxwr2A5pQNttNu3SzCbsboYRc/CtePCji1Z/hzX/jps1BWx8MPN6bYWaeH3OmtG1/W6WV1bX1jfJmZWt7Z3evun/QUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/uc397iOVikXiQU9j6oV4JFjACNZGGlSP3BDrse+jFrpGbiAxSZ0sbWSDas2u2zOgZeIUpAYFWoPqlzuMSBJSoQnHSvUdO9ZeiqVmhNOs4iaKxphM8Ij2DRU4pMpLZw9k6NQoQxRE0pTQaKb+nkhxqNQ09E1nfq5a9HLxP6+f6ODKS5mIE00FmS8KEo50hPI00JBJSjSfGoKJZOZWRMbYpKBNZhUTgrP48jLpNOrOed2+v6g1b4o4ynAMJ3AGDlxCE+6gBW0gkMEzvMKb9WS9WO/Wx7y1ZBUzh/AH1ucPUaaVlQ==</latexit>

P =
1

2
<latexit sha1_base64="Eumod/C2aXF6AVKEUnjqr1nxnZ0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksgqeSVEEvQtGLxwr2A5pQNttNu3SzCbsboYRc/CtePCji1Z/hzX/jps1BWx8MPN6bYWaeH3OmtG1/W6WV1bX1jfJmZWt7Z3evun/QUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/uc397iOVikXiQU9j6oV4JFjACNZGGlSP3BDrse+jFrpGbiAxSZ0sbWSDas2u2zOgZeIUpAYFWoPqlzuMSBJSoQnHSvUdO9ZeiqVmhNOs4iaKxphM8Ij2DRU4pMpLZw9k6NQoQxRE0pTQaKb+nkhxqNQ09E1nfq5a9HLxP6+f6ODKS5mIE00FmS8KEo50hPI00JBJSjSfGoKJZOZWRMbYpKBNZhUTgrP48jLpNOrOed2+v6g1b4o4ynAMJ3AGDlxCE+6gBW0gkMEzvMKb9WS9WO/Wx7y1ZBUzh/AH1ucPUaaVlQ==</latexit>
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Towards DP: privacy by randomization

The predecessor to DP: randomized response (used for surveys)

Example: do you watch youtube videos at work?

True answer

Answer randomlyP =
1

2
<latexit sha1_base64="Eumod/C2aXF6AVKEUnjqr1nxnZ0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksgqeSVEEvQtGLxwr2A5pQNttNu3SzCbsboYRc/CtePCji1Z/hzX/jps1BWx8MPN6bYWaeH3OmtG1/W6WV1bX1jfJmZWt7Z3evun/QUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/uc397iOVikXiQU9j6oV4JFjACNZGGlSP3BDrse+jFrpGbiAxSZ0sbWSDas2u2zOgZeIUpAYFWoPqlzuMSBJSoQnHSvUdO9ZeiqVmhNOs4iaKxphM8Ij2DRU4pMpLZw9k6NQoQxRE0pTQaKb+nkhxqNQ09E1nfq5a9HLxP6+f6ODKS5mIE00FmS8KEo50hPI00JBJSjSfGoKJZOZWRMbYpKBNZhUTgrP48jLpNOrOed2+v6g1b4o4ynAMJ3AGDlxCE+6gBW0gkMEzvMKb9WS9WO/Wx7y1ZBUzh/AH1ucPUaaVlQ==</latexit>

P =
1

2
<latexit sha1_base64="Eumod/C2aXF6AVKEUnjqr1nxnZ0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksgqeSVEEvQtGLxwr2A5pQNttNu3SzCbsboYRc/CtePCji1Z/hzX/jps1BWx8MPN6bYWaeH3OmtG1/W6WV1bX1jfJmZWt7Z3evun/QUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/uc397iOVikXiQU9j6oV4JFjACNZGGlSP3BDrse+jFrpGbiAxSZ0sbWSDas2u2zOgZeIUpAYFWoPqlzuMSBJSoQnHSvUdO9ZeiqVmhNOs4iaKxphM8Ij2DRU4pMpLZw9k6NQoQxRE0pTQaKb+nkhxqNQ09E1nfq5a9HLxP6+f6ODKS5mIE00FmS8KEo50hPI00JBJSjSfGoKJZOZWRMbYpKBNZhUTgrP48jLpNOrOed2+v6g1b4o4ynAMJ3AGDlxCE+6gBW0gkMEzvMKb9WS9WO/Wx7y1ZBUzh/AH1ucPUaaVlQ==</latexit>

We obtain a fraction     of “Yes”p̃
<latexit sha1_base64="jAnJadtSAGjiM8vk4oguPh9mNWE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKtlbaUDabSbt0Nwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqBFSj4DG2DDcCO6lCKgOBD8HoZuo/PKHSPInvzThFX9JBzCPOqLHSY89wEWKeTvrVmlt3ZyDLxCtIDQo0+9WvXpiwTGJsmKBadz03NX5OleFM4KTSyzSmlI3oALuWxlSi9vPZwRNyYpWQRImyFRsyU39P5FRqPZaB7ZTUDPWiNxX/87qZia78nMdpZjBm80VRJohJyPR7EnKFzIixJZQpbm8lbEgVZcZmVLEheIsvL5P2Wd07r7t3F7XGdRFHGY7gGE7Bg0towC00oQUMJDzDK7w5ynlx3p2PeWvJKWYO4Q+czx8335Cs</latexit>

Ep̃ =
p

2
+

1

4
<latexit sha1_base64="J0bYMbB6KpKj5+Yiqp+Xh2tPrFE=">AAACGHicbVDNS8MwHE3n15xfVY9egkMQhNnOgV6EoQgeJ7gPWMtI03QLS9OSpMIo/TO8+K948aCI1938b0y3HnTzQeDlvd+P5D0vZlQqy/o2Siura+sb5c3K1vbO7p65f9CRUSIwaeOIRaLnIUkY5aStqGKkFwuCQo+Rrje+zf3uExGSRvxRTWLihmjIaUAxUloamOdOiNTI8+AddBRlPknjDF5DJxAIa5rWM3hW3OwsbWQDs2rVrBngMrELUgUFWgNz6vgRTkLCFWZIyr5txcpNkVAUM5JVnESSGOExGpK+phyFRLrpLFgGT7TiwyAS+nAFZ+rvjRSFUk5CT0/mMeSil4v/ef1EBVduSnmcKMLx/KEgYVBFMG8J+lQQrNhEE4QF1X+FeIR0C0p3WdEl2IuRl0mnXrMvatZDo9q8KeoogyNwDE6BDS5BE9yDFmgDDJ7BK3gHH8aL8WZ8Gl/z0ZJR7ByCPzCmP3RKn2c=</latexit>
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Towards DP: privacy by randomization

The predecessor to DP: randomized response (used for surveys)

Example: do you watch youtube videos at work?

True answer

Answer randomlyP =
1

2
<latexit sha1_base64="Eumod/C2aXF6AVKEUnjqr1nxnZ0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksgqeSVEEvQtGLxwr2A5pQNttNu3SzCbsboYRc/CtePCji1Z/hzX/jps1BWx8MPN6bYWaeH3OmtG1/W6WV1bX1jfJmZWt7Z3evun/QUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/uc397iOVikXiQU9j6oV4JFjACNZGGlSP3BDrse+jFrpGbiAxSZ0sbWSDas2u2zOgZeIUpAYFWoPqlzuMSBJSoQnHSvUdO9ZeiqVmhNOs4iaKxphM8Ij2DRU4pMpLZw9k6NQoQxRE0pTQaKb+nkhxqNQ09E1nfq5a9HLxP6+f6ODKS5mIE00FmS8KEo50hPI00JBJSjSfGoKJZOZWRMbYpKBNZhUTgrP48jLpNOrOed2+v6g1b4o4ynAMJ3AGDlxCE+6gBW0gkMEzvMKb9WS9WO/Wx7y1ZBUzh/AH1ucPUaaVlQ==</latexit>

P =
1

2
<latexit sha1_base64="Eumod/C2aXF6AVKEUnjqr1nxnZ0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksgqeSVEEvQtGLxwr2A5pQNttNu3SzCbsboYRc/CtePCji1Z/hzX/jps1BWx8MPN6bYWaeH3OmtG1/W6WV1bX1jfJmZWt7Z3evun/QUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/uc397iOVikXiQU9j6oV4JFjACNZGGlSP3BDrse+jFrpGbiAxSZ0sbWSDas2u2zOgZeIUpAYFWoPqlzuMSBJSoQnHSvUdO9ZeiqVmhNOs4iaKxphM8Ij2DRU4pMpLZw9k6NQoQxRE0pTQaKb+nkhxqNQ09E1nfq5a9HLxP6+f6ODKS5mIE00FmS8KEo50hPI00JBJSjSfGoKJZOZWRMbYpKBNZhUTgrP48jLpNOrOed2+v6g1b4o4ynAMJ3AGDlxCE+6gBW0gkMEzvMKb9WS9WO/Wx7y1ZBUzh/AH1ucPUaaVlQ==</latexit>

We obtain a fraction     of “Yes”

Estimation of the true proportion

p̃
<latexit sha1_base64="jAnJadtSAGjiM8vk4oguPh9mNWE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKtlbaUDabSbt0Nwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqBFSj4DG2DDcCO6lCKgOBD8HoZuo/PKHSPInvzThFX9JBzCPOqLHSY89wEWKeTvrVmlt3ZyDLxCtIDQo0+9WvXpiwTGJsmKBadz03NX5OleFM4KTSyzSmlI3oALuWxlSi9vPZwRNyYpWQRImyFRsyU39P5FRqPZaB7ZTUDPWiNxX/87qZia78nMdpZjBm80VRJohJyPR7EnKFzIixJZQpbm8lbEgVZcZmVLEheIsvL5P2Wd07r7t3F7XGdRFHGY7gGE7Bg0towC00oQUMJDzDK7w5ynlx3p2PeWvJKWYO4Q+czx8335Cs</latexit>

Ep̃ =
p

2
+

1

4
<latexit sha1_base64="J0bYMbB6KpKj5+Yiqp+Xh2tPrFE=">AAACGHicbVDNS8MwHE3n15xfVY9egkMQhNnOgV6EoQgeJ7gPWMtI03QLS9OSpMIo/TO8+K948aCI1938b0y3HnTzQeDlvd+P5D0vZlQqy/o2Siura+sb5c3K1vbO7p65f9CRUSIwaeOIRaLnIUkY5aStqGKkFwuCQo+Rrje+zf3uExGSRvxRTWLihmjIaUAxUloamOdOiNTI8+AddBRlPknjDF5DJxAIa5rWM3hW3OwsbWQDs2rVrBngMrELUgUFWgNz6vgRTkLCFWZIyr5txcpNkVAUM5JVnESSGOExGpK+phyFRLrpLFgGT7TiwyAS+nAFZ+rvjRSFUk5CT0/mMeSil4v/ef1EBVduSnmcKMLx/KEgYVBFMG8J+lQQrNhEE4QF1X+FeIR0C0p3WdEl2IuRl0mnXrMvatZDo9q8KeoogyNwDE6BDS5BE9yDFmgDDJ7BK3gHH8aL8WZ8Gl/z0ZJR7ByCPzCmP3RKn2c=</latexit>

p̂ = 2(p̃� 1

4
) ' p

<latexit sha1_base64="Zd3E/2EuyMEjW2RtBkN6cCoBS+8=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBD0YNhVQS9C0IvHCOYB2SXMTnrN4OzDmV4hLPsVXvwVLx4U8Sre/Btnkxw0WtBQU9XNdJefSKHRtr+smdm5+YXF0lJ5eWV1bb2ysdnScao4NHksY9XxmQYpImiiQAmdRAELfQlt//ai8Nv3oLSIo2scJuCF7CYSgeAMjdSrHLgDhlmS0zN6uOeikH0oXgfUDRTjmZNnx/k+dbUI4Y4mvUrVrtkj0L/EmZAqmaDRq3y6/ZinIUTIJdO669gJehlTKLiEvOymGhLGb9kNdA2NWAjay0Zn5XTXKH0axMpUhHSk/pzIWKj1MPRNZ8hwoKe9QvzP66YYnHqZiJIUIeLjj4JUUoxpkRHtCwUc5dAQxpUwu1I+YCYPNEmWTQjO9Ml/Seuw5hzV7Kvjav18EkeJbJMdskccckLq5JI0SJNw8kCeyAt5tR6tZ+vNeh+3zliTmS3yC9bHN0AJnis=</latexit>
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Towards DP: privacy by randomization

The predecessor to DP: randomized response (used for surveys)

Example: do you watch youtube videos at work?

Randomness introduces plausible deniability (i.e., privacy comes from uncertainty)

True answer

Answer randomlyP =
1

2
<latexit sha1_base64="Eumod/C2aXF6AVKEUnjqr1nxnZ0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksgqeSVEEvQtGLxwr2A5pQNttNu3SzCbsboYRc/CtePCji1Z/hzX/jps1BWx8MPN6bYWaeH3OmtG1/W6WV1bX1jfJmZWt7Z3evun/QUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/uc397iOVikXiQU9j6oV4JFjACNZGGlSP3BDrse+jFrpGbiAxSZ0sbWSDas2u2zOgZeIUpAYFWoPqlzuMSBJSoQnHSvUdO9ZeiqVmhNOs4iaKxphM8Ij2DRU4pMpLZw9k6NQoQxRE0pTQaKb+nkhxqNQ09E1nfq5a9HLxP6+f6ODKS5mIE00FmS8KEo50hPI00JBJSjSfGoKJZOZWRMbYpKBNZhUTgrP48jLpNOrOed2+v6g1b4o4ynAMJ3AGDlxCE+6gBW0gkMEzvMKb9WS9WO/Wx7y1ZBUzh/AH1ucPUaaVlQ==</latexit>

P =
1

2
<latexit sha1_base64="Eumod/C2aXF6AVKEUnjqr1nxnZ0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksgqeSVEEvQtGLxwr2A5pQNttNu3SzCbsboYRc/CtePCji1Z/hzX/jps1BWx8MPN6bYWaeH3OmtG1/W6WV1bX1jfJmZWt7Z3evun/QUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/uc397iOVikXiQU9j6oV4JFjACNZGGlSP3BDrse+jFrpGbiAxSZ0sbWSDas2u2zOgZeIUpAYFWoPqlzuMSBJSoQnHSvUdO9ZeiqVmhNOs4iaKxphM8Ij2DRU4pMpLZw9k6NQoQxRE0pTQaKb+nkhxqNQ09E1nfq5a9HLxP6+f6ODKS5mIE00FmS8KEo50hPI00JBJSjSfGoKJZOZWRMbYpKBNZhUTgrP48jLpNOrOed2+v6g1b4o4ynAMJ3AGDlxCE+6gBW0gkMEzvMKb9WS9WO/Wx7y1ZBUzh/AH1ucPUaaVlQ==</latexit>

We obtain a fraction     of “Yes”

Estimation of the true proportion

p̃
<latexit sha1_base64="jAnJadtSAGjiM8vk4oguPh9mNWE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKtlbaUDabSbt0Nwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqBFSj4DG2DDcCO6lCKgOBD8HoZuo/PKHSPInvzThFX9JBzCPOqLHSY89wEWKeTvrVmlt3ZyDLxCtIDQo0+9WvXpiwTGJsmKBadz03NX5OleFM4KTSyzSmlI3oALuWxlSi9vPZwRNyYpWQRImyFRsyU39P5FRqPZaB7ZTUDPWiNxX/87qZia78nMdpZjBm80VRJohJyPR7EnKFzIixJZQpbm8lbEgVZcZmVLEheIsvL5P2Wd07r7t3F7XGdRFHGY7gGE7Bg0towC00oQUMJDzDK7w5ynlx3p2PeWvJKWYO4Q+czx8335Cs</latexit>

Ep̃ =
p

2
+

1

4
<latexit sha1_base64="J0bYMbB6KpKj5+Yiqp+Xh2tPrFE=">AAACGHicbVDNS8MwHE3n15xfVY9egkMQhNnOgV6EoQgeJ7gPWMtI03QLS9OSpMIo/TO8+K948aCI1938b0y3HnTzQeDlvd+P5D0vZlQqy/o2Siura+sb5c3K1vbO7p65f9CRUSIwaeOIRaLnIUkY5aStqGKkFwuCQo+Rrje+zf3uExGSRvxRTWLihmjIaUAxUloamOdOiNTI8+AddBRlPknjDF5DJxAIa5rWM3hW3OwsbWQDs2rVrBngMrELUgUFWgNz6vgRTkLCFWZIyr5txcpNkVAUM5JVnESSGOExGpK+phyFRLrpLFgGT7TiwyAS+nAFZ+rvjRSFUk5CT0/mMeSil4v/ef1EBVduSnmcKMLx/KEgYVBFMG8J+lQQrNhEE4QF1X+FeIR0C0p3WdEl2IuRl0mnXrMvatZDo9q8KeoogyNwDE6BDS5BE9yDFmgDDJ7BK3gHH8aL8WZ8Gl/z0ZJR7ByCPzCmP3RKn2c=</latexit>

p̂ = 2(p̃� 1

4
) ' p

<latexit sha1_base64="Zd3E/2EuyMEjW2RtBkN6cCoBS+8=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBD0YNhVQS9C0IvHCOYB2SXMTnrN4OzDmV4hLPsVXvwVLx4U8Sre/Btnkxw0WtBQU9XNdJefSKHRtr+smdm5+YXF0lJ5eWV1bb2ysdnScao4NHksY9XxmQYpImiiQAmdRAELfQlt//ai8Nv3oLSIo2scJuCF7CYSgeAMjdSrHLgDhlmS0zN6uOeikH0oXgfUDRTjmZNnx/k+dbUI4Y4mvUrVrtkj0L/EmZAqmaDRq3y6/ZinIUTIJdO669gJehlTKLiEvOymGhLGb9kNdA2NWAjay0Zn5XTXKH0axMpUhHSk/pzIWKj1MPRNZ8hwoKe9QvzP66YYnHqZiJIUIeLjj4JUUoxpkRHtCwUc5dAQxpUwu1I+YCYPNEmWTQjO9Ml/Seuw5hzV7Kvjav18EkeJbJMdskccckLq5JI0SJNw8kCeyAt5tR6tZ+vNeh+3zliTmS3yC9bHN0AJnis=</latexit>

S.L. Warner, “Randomised response: a survey technique for eliminating evasive answer bias,”
Journal of the American Statistical Association, 1965
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Differential Privacy: (a possible) definition
Intuitive definition:

“An algorithm is Differentially Private if its output is not 
much influenced when one user of the dataset is changed”
 

“It is not possible to detect with high confidence whether I participated to the dataset or not”

C. Dwork, “Differential Privacy,” 2006
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Differential Privacy: (a possible) definition

Formal definition: a randomized algorithm    is Differentially Private if 

✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit> if:

Intuitive definition:

“An algorithm is Differentially Private if its output is not 
much influenced when one user of the dataset is changed”
 

“It is not possible to detect with high confidence whether I participated to the dataset or not”

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

8S
<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

C. Dwork, “Differential Privacy,” 2006
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Differential Privacy: (a possible) definition

Formal definition: a randomized algorithm    is Differentially Private if 

✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit> if:

Intuitive definition:

“An algorithm is Differentially Private if its output is not 
much influenced when one user of the dataset is changed”
 

“It is not possible to detect with high confidence whether I participated to the dataset or not”

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

8S
<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

Taken over the
randomness in f

<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

C. Dwork, “Differential Privacy,” 2006
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Differential Privacy: (a possible) definition

Formal definition: a randomized algorithm    is Differentially Private if 

✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit> if:

Intuitive definition:

“An algorithm is Differentially Private if its output is not 
much influenced when one user of the dataset is changed”
 

“It is not possible to detect with high confidence whether I participated to the dataset or not”

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

For all “neighbour” DS

8S
<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

Taken over the
randomness in f

<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

Neighbouring relation

X ⇠ X 0
<latexit sha1_base64="fRIl8C8HvshGHf5PzKU1jq01pG0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cKto20oWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf+greNUEdoiMY+VH2JNOZO0ZZjh1E8UxSLktBOOb2d+54kqzWL5YCYJDQQeShYxgo2VHn3U00wg/7Rfrbl1NwdaJl5BalCg2a9+9QYxSQWVhnCsdddzExNkWBlGOJ1WeqmmCSZjPKRdSyUWVAdZfvAUnVhlgKJY2ZIG5erviQwLrScitJ0Cm5Fe9Gbif143NdF1kDGZpIZKMl8UpRyZGM2+RwOmKDF8YgkmitlbERlhhYmxGVVsCN7iy8ukfV73Luru/WWtcVPEUYYjOIYz8OAKGnAHTWgBAQHP8ApvjnJenHfnY95acoqZQ/gD5/MHiSCPkg==</latexit>

if they differ by one entry

⇠<latexit sha1_base64="hmJpPM/LQKnw+LiYwf76C0SViXg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+sew9XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASBZjkk=</latexit>

|X| = |X 0|
<latexit sha1_base64="cvYM2A0NVOvhTtVvToIOIhw9TBs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbRU0msoBeh6MVjBdsG21A22027dLMJuxuhJP0XXjwo4tV/481/47bNQVsfDDzem2Fmnh9zprRtf1uFldW19Y3iZmlre2d3r7x/0FJRIgltkohH0vWxopwJ2tRMc+rGkuLQ57Ttj26nfvuJSsUi8aDHMfVCPBAsYARrIz1mboauUeaeZr1yxa7aM6Bl4uSkAjkavfJXtx+RJKRCE46V6jh2rL0US80Ip5NSN1E0xmSEB7RjqMAhVV46u3iCTozSR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2j6PuozSYnmY0MwkczcisgQS0y0CalkQnAWX14mrfOqU6va9xeV+k0eRxGO4BjOwIFLqMMdNKAJBAQ8wyu8Wcp6sd6tj3lrwcpnDuEPrM8ff/WQJA==</latexit>

|(X [X 0) \ (X \X 0)|  2
<latexit sha1_base64="kfMnRgV0m3nRyWTRLCXJJgtO65E=">AAACE3icbZC7TgJBFIZn8YZ4Qy1tJhIjWpBdNNGSaGOJiVwSlpDZ4SxMmJ1dZ2ZNCPAONr6KjYXG2NrY+TYOyxYK/skkf75zTs6c34s4U9q2v63M0vLK6lp2PbexubW9k9/dq6swlhRqNOShbHpEAWcCapppDs1IAgk8Dg1vcD2tNx5AKhaKOz2MoB2QnmA+o0Qb1MmfjotN7NI4ws3jE+wq0AETscIJJQkdY5fDPS538gW7ZCfCi8ZJTQGlqnbyX243pHEAQlNOlGo5dqTbIyI1oxwmOTdWEBE6ID1oGStIAKo9Sm6a4CNDutgPpXlC44T+nhiRQKlh4JnOgOi+mq9N4X+1Vqz9y/aIiSjWIOhskR9zrEM8DQh3mQSq+dAYQiUzf8W0TySh2sSYMyE48ycvmnq55JyV7NvzQuUqjSOLDtAhKiIHXaAKukFVVEMUPaJn9IrerCfrxXq3PmatGSud2Ud/ZH3+AJJim3E=</latexit>

i.e. and

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit> X 0

<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

⇠<latexit sha1_base64="hmJpPM/LQKnw+LiYwf76C0SViXg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+sew9XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASBZjkk=</latexit>

C. Dwork, “Differential Privacy,” 2006
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Differential Privacy: (a possible) definition

Formal definition: a randomized algorithm    is Differentially Private if 

✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit> if:

Intuitive definition:

“An algorithm is Differentially Private if its output is not 
much influenced when one user of the dataset is changed”
 

“It is not possible to detect with high confidence whether I participated to the dataset or not”

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

For all “neighbour” DS

8S
<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

For all subsets of
possible outcomesTaken over the

randomness in f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

Neighbouring relation

X ⇠ X 0
<latexit sha1_base64="fRIl8C8HvshGHf5PzKU1jq01pG0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cKto20oWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf+greNUEdoiMY+VH2JNOZO0ZZjh1E8UxSLktBOOb2d+54kqzWL5YCYJDQQeShYxgo2VHn3U00wg/7Rfrbl1NwdaJl5BalCg2a9+9QYxSQWVhnCsdddzExNkWBlGOJ1WeqmmCSZjPKRdSyUWVAdZfvAUnVhlgKJY2ZIG5erviQwLrScitJ0Cm5Fe9Gbif143NdF1kDGZpIZKMl8UpRyZGM2+RwOmKDF8YgkmitlbERlhhYmxGVVsCN7iy8ukfV73Luru/WWtcVPEUYYjOIYz8OAKGnAHTWgBAQHP8ApvjnJenHfnY95acoqZQ/gD5/MHiSCPkg==</latexit>

if they differ by one entry

⇠<latexit sha1_base64="hmJpPM/LQKnw+LiYwf76C0SViXg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+sew9XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASBZjkk=</latexit>

|X| = |X 0|
<latexit sha1_base64="cvYM2A0NVOvhTtVvToIOIhw9TBs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbRU0msoBeh6MVjBdsG21A22027dLMJuxuhJP0XXjwo4tV/481/47bNQVsfDDzem2Fmnh9zprRtf1uFldW19Y3iZmlre2d3r7x/0FJRIgltkohH0vWxopwJ2tRMc+rGkuLQ57Ttj26nfvuJSsUi8aDHMfVCPBAsYARrIz1mboauUeaeZr1yxa7aM6Bl4uSkAjkavfJXtx+RJKRCE46V6jh2rL0US80Ip5NSN1E0xmSEB7RjqMAhVV46u3iCTozSR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2j6PuozSYnmY0MwkczcisgQS0y0CalkQnAWX14mrfOqU6va9xeV+k0eRxGO4BjOwIFLqMMdNKAJBAQ8wyu8Wcp6sd6tj3lrwcpnDuEPrM8ff/WQJA==</latexit>

|(X [X 0) \ (X \X 0)|  2
<latexit sha1_base64="kfMnRgV0m3nRyWTRLCXJJgtO65E=">AAACE3icbZC7TgJBFIZn8YZ4Qy1tJhIjWpBdNNGSaGOJiVwSlpDZ4SxMmJ1dZ2ZNCPAONr6KjYXG2NrY+TYOyxYK/skkf75zTs6c34s4U9q2v63M0vLK6lp2PbexubW9k9/dq6swlhRqNOShbHpEAWcCapppDs1IAgk8Dg1vcD2tNx5AKhaKOz2MoB2QnmA+o0Qb1MmfjotN7NI4ws3jE+wq0AETscIJJQkdY5fDPS538gW7ZCfCi8ZJTQGlqnbyX243pHEAQlNOlGo5dqTbIyI1oxwmOTdWEBE6ID1oGStIAKo9Sm6a4CNDutgPpXlC44T+nhiRQKlh4JnOgOi+mq9N4X+1Vqz9y/aIiSjWIOhskR9zrEM8DQh3mQSq+dAYQiUzf8W0TySh2sSYMyE48ycvmnq55JyV7NvzQuUqjSOLDtAhKiIHXaAKukFVVEMUPaJn9IrerCfrxXq3PmatGSud2Ud/ZH3+AJJim3E=</latexit>

i.e. and

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit> X 0

<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

⇠<latexit sha1_base64="hmJpPM/LQKnw+LiYwf76C0SViXg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+sew9XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASBZjkk=</latexit>

C. Dwork, “Differential Privacy,” 2006



!30

Differential Privacy: (a possible) definition

Formal definition: a randomized algorithm    is Differentially Private if 

✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit> if:

Intuitive definition:

“An algorithm is Differentially Private if its output is not 
much influenced when one user of the dataset is changed”
 

“It is not possible to detect with high confidence whether I participated to the dataset or not”

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

For all “neighbour” DS

8S
<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

For all subsets of
possible outcomesTaken over the

randomness in f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

Privacy parameter/budget
(should be small, see later) Neighbouring relation

X ⇠ X 0
<latexit sha1_base64="fRIl8C8HvshGHf5PzKU1jq01pG0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cKto20oWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf+greNUEdoiMY+VH2JNOZO0ZZjh1E8UxSLktBOOb2d+54kqzWL5YCYJDQQeShYxgo2VHn3U00wg/7Rfrbl1NwdaJl5BalCg2a9+9QYxSQWVhnCsdddzExNkWBlGOJ1WeqmmCSZjPKRdSyUWVAdZfvAUnVhlgKJY2ZIG5erviQwLrScitJ0Cm5Fe9Gbif143NdF1kDGZpIZKMl8UpRyZGM2+RwOmKDF8YgkmitlbERlhhYmxGVVsCN7iy8ukfV73Luru/WWtcVPEUYYjOIYz8OAKGnAHTWgBAQHP8ApvjnJenHfnY95acoqZQ/gD5/MHiSCPkg==</latexit>

if they differ by one entry

⇠<latexit sha1_base64="hmJpPM/LQKnw+LiYwf76C0SViXg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+sew9XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASBZjkk=</latexit>

|X| = |X 0|
<latexit sha1_base64="cvYM2A0NVOvhTtVvToIOIhw9TBs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbRU0msoBeh6MVjBdsG21A22027dLMJuxuhJP0XXjwo4tV/481/47bNQVsfDDzem2Fmnh9zprRtf1uFldW19Y3iZmlre2d3r7x/0FJRIgltkohH0vWxopwJ2tRMc+rGkuLQ57Ttj26nfvuJSsUi8aDHMfVCPBAsYARrIz1mboauUeaeZr1yxa7aM6Bl4uSkAjkavfJXtx+RJKRCE46V6jh2rL0US80Ip5NSN1E0xmSEB7RjqMAhVV46u3iCTozSR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2j6PuozSYnmY0MwkczcisgQS0y0CalkQnAWX14mrfOqU6va9xeV+k0eRxGO4BjOwIFLqMMdNKAJBAQ8wyu8Wcp6sd6tj3lrwcpnDuEPrM8ff/WQJA==</latexit>

|(X [X 0) \ (X \X 0)|  2
<latexit sha1_base64="kfMnRgV0m3nRyWTRLCXJJgtO65E=">AAACE3icbZC7TgJBFIZn8YZ4Qy1tJhIjWpBdNNGSaGOJiVwSlpDZ4SxMmJ1dZ2ZNCPAONr6KjYXG2NrY+TYOyxYK/skkf75zTs6c34s4U9q2v63M0vLK6lp2PbexubW9k9/dq6swlhRqNOShbHpEAWcCapppDs1IAgk8Dg1vcD2tNx5AKhaKOz2MoB2QnmA+o0Qb1MmfjotN7NI4ws3jE+wq0AETscIJJQkdY5fDPS538gW7ZCfCi8ZJTQGlqnbyX243pHEAQlNOlGo5dqTbIyI1oxwmOTdWEBE6ID1oGStIAKo9Sm6a4CNDutgPpXlC44T+nhiRQKlh4JnOgOi+mq9N4X+1Vqz9y/aIiSjWIOhskR9zrEM8DQh3mQSq+dAYQiUzf8W0TySh2sSYMyE48ycvmnq55JyV7NvzQuUqjSOLDtAhKiIHXaAKukFVVEMUPaJn9IrerCfrxXq3PmatGSud2Ud/ZH3+AJJim3E=</latexit>

i.e. and

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit> X 0

<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

⇠<latexit sha1_base64="hmJpPM/LQKnw+LiYwf76C0SViXg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfcPloFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+sew9XtcZtEUcZTuAUzsGHa2jAPTShBRTG8Ayv8IYkekHv6GPRWkLFzDH8Afr8ASBZjkk=</latexit>

C. Dwork, “Differential Privacy,” 2006
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Differential Privacy: interpretation
In practice, epsilon is small, so DP means ✏�DP

<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

if:
8S

<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

P[f(X) 2 S] ' P[f(X 0) 2 S] +O(✏)
<latexit sha1_base64="65XNxAgQOAsbA1gJYSaSlToPefU="></latexit>
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Differential Privacy: interpretation
In practice, epsilon is small, so DP means ✏�DP

<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

if:
8S

<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

P[f(X) 2 S] ' P[f(X 0) 2 S] +O(✏)
<latexit sha1_base64="65XNxAgQOAsbA1gJYSaSlToPefU="></latexit>

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

X 0
<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

Interpretation of DP as plausible deniability:    almost doesn’t decrease uncertainty 

Assume the adversary has prior knowledge

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

P[Xt = X]
<latexit sha1_base64="h8XKRVPFe31yaKT+SQgaTPmy2rg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJCroRim5cVrBtoA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+wplUlvVtVJaWV1bXquu1jc2t7R1zd68j41QQ2iYxj4XjY0k5i2hbMcWpkwiKQ5/Trj++KfzuAxWSxdG9miTUDfEwYgEjWGnJMw/6IVYj389aec/xMpWjK+S4yDPrVsOaAi0SuyR1KNHyzK/+ICZpSCNFOJayZ1uJcjMsFCOc5rV+KmmCyRgPaU/TCIdUutk0f46OtTJAQSz0ixSaqr83MhxKOQl9PVmklfNeIf7n9VIVXLoZi5JU0YjMDgUpRypGRRlowAQlik80wUQwnRWRERaYKF1ZTZdgz395kXROG/ZZw7o7rzevyzqqcAhHcAI2XEATbqEFbSDwCM/wCm/Gk/FivBsfs9GKUe7swx8Ynz//zJVr</latexit>

P[Xt = X 0]
<latexit sha1_base64="eohH3QH2ukU0vKtFF1H0IdXA0zA=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL6KokKuhGKLpxWcE+IA1hMp20QycPZm6EErLxV9y4UMStn+HOv3HSZqGtBy4czrmXe+/xE8EVWNa3UVlaXlldq67XNja3tnfM3b2OilNJWZvGIpY9nygmeMTawEGwXiIZCX3Buv74tvC7j0wqHkcPMEmYG5JhxANOCWjJMw/6IYGR72et3Ol5GeT4GvdOXOyZdathTYEXiV2SOirR8syv/iCmacgioIIo5dhWAm5GJHAqWF7rp4olhI7JkDmaRiRkys2mD+T4WCsDHMRSVwR4qv6eyEio1CT0dWdxrpr3CvE/z0khuHIzHiUpsIjOFgWpwBDjIg084JJREBNNCJVc34rpiEhCQWdW0yHY8y8vks5Zwz5vWPcX9eZNGUcVHaIjdIpsdIma6A61UBtRlKNn9IrejCfjxXg3PmatFaOc2Ud/YHz+AGfXlZw=</latexit>Xt

<latexit sha1_base64="3v+XypRPjWf6FTCv3Jig11+JB7o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7/RznParNbfuzkFWiVeQGhRo9qtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiWti7p3WXcfrmqN2yKOMpzAKZyDB9fQgHtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx8Fzo7R</latexit>

or?

and

“Adversary”

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>

Then            is publicly released!
What did the adversary “learn”? 

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>
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Differential Privacy: interpretation
In practice, epsilon is small, so DP means ✏�DP

<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

if:
8S

<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

P[f(X) 2 S] ' P[f(X 0) 2 S] +O(✏)
<latexit sha1_base64="65XNxAgQOAsbA1gJYSaSlToPefU="></latexit>

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

X 0
<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

Interpretation of DP as plausible deniability:    almost doesn’t decrease uncertainty 

Assume the adversary has prior knowledge

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

P[Xt = X]
<latexit sha1_base64="h8XKRVPFe31yaKT+SQgaTPmy2rg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJCroRim5cVrBtoA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+wplUlvVtVJaWV1bXquu1jc2t7R1zd68j41QQ2iYxj4XjY0k5i2hbMcWpkwiKQ5/Trj++KfzuAxWSxdG9miTUDfEwYgEjWGnJMw/6IVYj389aec/xMpWjK+S4yDPrVsOaAi0SuyR1KNHyzK/+ICZpSCNFOJayZ1uJcjMsFCOc5rV+KmmCyRgPaU/TCIdUutk0f46OtTJAQSz0ixSaqr83MhxKOQl9PVmklfNeIf7n9VIVXLoZi5JU0YjMDgUpRypGRRlowAQlik80wUQwnRWRERaYKF1ZTZdgz395kXROG/ZZw7o7rzevyzqqcAhHcAI2XEATbqEFbSDwCM/wCm/Gk/FivBsfs9GKUe7swx8Ynz//zJVr</latexit>

P[Xt = X 0]
<latexit sha1_base64="eohH3QH2ukU0vKtFF1H0IdXA0zA=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL6KokKuhGKLpxWcE+IA1hMp20QycPZm6EErLxV9y4UMStn+HOv3HSZqGtBy4czrmXe+/xE8EVWNa3UVlaXlldq67XNja3tnfM3b2OilNJWZvGIpY9nygmeMTawEGwXiIZCX3Buv74tvC7j0wqHkcPMEmYG5JhxANOCWjJMw/6IYGR72et3Ol5GeT4GvdOXOyZdathTYEXiV2SOirR8syv/iCmacgioIIo5dhWAm5GJHAqWF7rp4olhI7JkDmaRiRkys2mD+T4WCsDHMRSVwR4qv6eyEio1CT0dWdxrpr3CvE/z0khuHIzHiUpsIjOFgWpwBDjIg084JJREBNNCJVc34rpiEhCQWdW0yHY8y8vks5Zwz5vWPcX9eZNGUcVHaIjdIpsdIma6A61UBtRlKNn9IrejCfjxXg3PmatFaOc2Ud/YHz+AGfXlZw=</latexit>Xt

<latexit sha1_base64="3v+XypRPjWf6FTCv3Jig11+JB7o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7/RznParNbfuzkFWiVeQGhRo9qtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiWti7p3WXcfrmqN2yKOMpzAKZyDB9fQgHtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx8Fzo7R</latexit>

or?

and

“Adversary”

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>

Then            is publicly released!
What did the adversary “learn”? 

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>

Posterior “belief ratio” 

Bayes DP

Prior “belief ratio” Small

P[Xt = X|f(Xt) = s]

P[Xt = X 0|f(Xt) = s]
=

P[f(Xt) = s|Xt = X]P[Xt = X]

P[f(Xt) = s|Xt = X 0]P[Xt = X 0]
 e✏

P[Xt = X]

P[Xt = X 0]
<latexit sha1_base64="PLcv3nABJi4idzNfu5c4r0J+ajc="></latexit>
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Differential Privacy: interpretation
In practice, epsilon is small, so DP means ✏�DP

<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

if:
8S

<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

P[f(X) 2 S] ' P[f(X 0) 2 S] +O(✏)
<latexit sha1_base64="65XNxAgQOAsbA1gJYSaSlToPefU="></latexit>

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

X 0
<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

Interpretation of DP as plausible deniability:    almost doesn’t decrease uncertainty 

Assume the adversary has prior knowledge

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

P[Xt = X]
<latexit sha1_base64="h8XKRVPFe31yaKT+SQgaTPmy2rg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJCroRim5cVrBtoA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+wplUlvVtVJaWV1bXquu1jc2t7R1zd68j41QQ2iYxj4XjY0k5i2hbMcWpkwiKQ5/Trj++KfzuAxWSxdG9miTUDfEwYgEjWGnJMw/6IVYj389aec/xMpWjK+S4yDPrVsOaAi0SuyR1KNHyzK/+ICZpSCNFOJayZ1uJcjMsFCOc5rV+KmmCyRgPaU/TCIdUutk0f46OtTJAQSz0ixSaqr83MhxKOQl9PVmklfNeIf7n9VIVXLoZi5JU0YjMDgUpRypGRRlowAQlik80wUQwnRWRERaYKF1ZTZdgz395kXROG/ZZw7o7rzevyzqqcAhHcAI2XEATbqEFbSDwCM/wCm/Gk/FivBsfs9GKUe7swx8Ynz//zJVr</latexit>

P[Xt = X 0]
<latexit sha1_base64="eohH3QH2ukU0vKtFF1H0IdXA0zA=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL6KokKuhGKLpxWcE+IA1hMp20QycPZm6EErLxV9y4UMStn+HOv3HSZqGtBy4czrmXe+/xE8EVWNa3UVlaXlldq67XNja3tnfM3b2OilNJWZvGIpY9nygmeMTawEGwXiIZCX3Buv74tvC7j0wqHkcPMEmYG5JhxANOCWjJMw/6IYGR72et3Ol5GeT4GvdOXOyZdathTYEXiV2SOirR8syv/iCmacgioIIo5dhWAm5GJHAqWF7rp4olhI7JkDmaRiRkys2mD+T4WCsDHMRSVwR4qv6eyEio1CT0dWdxrpr3CvE/z0khuHIzHiUpsIjOFgWpwBDjIg084JJREBNNCJVc34rpiEhCQWdW0yHY8y8vks5Zwz5vWPcX9eZNGUcVHaIjdIpsdIma6A61UBtRlKNn9IrejCfjxXg3PmatFaOc2Ud/YHz+AGfXlZw=</latexit>Xt

<latexit sha1_base64="3v+XypRPjWf6FTCv3Jig11+JB7o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7/RznParNbfuzkFWiVeQGhRo9qtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiWti7p3WXcfrmqN2yKOMpzAKZyDB9fQgHtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx8Fzo7R</latexit>

or?

and

“Adversary”

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>

Then            is publicly released!
What did the adversary “learn”? 

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>

Posterior “belief ratio” 

Bayes DP

Prior “belief ratio” Small

P[Xt = X|f(Xt) = s]

P[Xt = X 0|f(Xt) = s]
=

P[f(Xt) = s|Xt = X]P[Xt = X]

P[f(Xt) = s|Xt = X 0]P[Xt = X 0]
 e✏

P[Xt = X]

P[Xt = X 0]
<latexit sha1_base64="PLcv3nABJi4idzNfu5c4r0J+ajc="></latexit>

90% / 10%Example: 2 possibilities >>>
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Differential Privacy: interpretation
In practice, epsilon is small, so DP means ✏�DP

<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

if:
8S

<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

P[f(X) 2 S] ' P[f(X 0) 2 S] +O(✏)
<latexit sha1_base64="65XNxAgQOAsbA1gJYSaSlToPefU="></latexit>

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

X 0
<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

Interpretation of DP as plausible deniability:    almost doesn’t decrease uncertainty 

Assume the adversary has prior knowledge

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

P[Xt = X]
<latexit sha1_base64="h8XKRVPFe31yaKT+SQgaTPmy2rg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJCroRim5cVrBtoA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+wplUlvVtVJaWV1bXquu1jc2t7R1zd68j41QQ2iYxj4XjY0k5i2hbMcWpkwiKQ5/Trj++KfzuAxWSxdG9miTUDfEwYgEjWGnJMw/6IVYj389aec/xMpWjK+S4yDPrVsOaAi0SuyR1KNHyzK/+ICZpSCNFOJayZ1uJcjMsFCOc5rV+KmmCyRgPaU/TCIdUutk0f46OtTJAQSz0ixSaqr83MhxKOQl9PVmklfNeIf7n9VIVXLoZi5JU0YjMDgUpRypGRRlowAQlik80wUQwnRWRERaYKF1ZTZdgz395kXROG/ZZw7o7rzevyzqqcAhHcAI2XEATbqEFbSDwCM/wCm/Gk/FivBsfs9GKUe7swx8Ynz//zJVr</latexit>

P[Xt = X 0]
<latexit sha1_base64="eohH3QH2ukU0vKtFF1H0IdXA0zA=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL6KokKuhGKLpxWcE+IA1hMp20QycPZm6EErLxV9y4UMStn+HOv3HSZqGtBy4czrmXe+/xE8EVWNa3UVlaXlldq67XNja3tnfM3b2OilNJWZvGIpY9nygmeMTawEGwXiIZCX3Buv74tvC7j0wqHkcPMEmYG5JhxANOCWjJMw/6IYGR72et3Ol5GeT4GvdOXOyZdathTYEXiV2SOirR8syv/iCmacgioIIo5dhWAm5GJHAqWF7rp4olhI7JkDmaRiRkys2mD+T4WCsDHMRSVwR4qv6eyEio1CT0dWdxrpr3CvE/z0khuHIzHiUpsIjOFgWpwBDjIg084JJREBNNCJVc34rpiEhCQWdW0yHY8y8vks5Zwz5vWPcX9eZNGUcVHaIjdIpsdIma6A61UBtRlKNn9IrejCfjxXg3PmatFaOc2Ud/YHz+AGfXlZw=</latexit>Xt

<latexit sha1_base64="3v+XypRPjWf6FTCv3Jig11+JB7o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7/RznParNbfuzkFWiVeQGhRo9qtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiWti7p3WXcfrmqN2yKOMpzAKZyDB9fQgHtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx8Fzo7R</latexit>

or?

and

“Adversary”

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>

Then            is publicly released!
What did the adversary “learn”? 

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>

Posterior “belief ratio” 

Bayes DP

Prior “belief ratio” Small

P[Xt = X|f(Xt) = s]

P[Xt = X 0|f(Xt) = s]
=

P[f(Xt) = s|Xt = X]P[Xt = X]

P[f(Xt) = s|Xt = X 0]P[Xt = X 0]
 e✏

P[Xt = X]

P[Xt = X 0]
<latexit sha1_base64="PLcv3nABJi4idzNfu5c4r0J+ajc="></latexit>

90% / 10%1.0190.1% / 9.9%Example: 2 possibilities >>>
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Differential Privacy: interpretation??
In practice, epsilon is small, so DP means ✏�DP

<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

if:
8S

<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

P[f(X) 2 S] ' P[f(X 0) 2 S] +O(✏)
<latexit sha1_base64="65XNxAgQOAsbA1gJYSaSlToPefU="></latexit>

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

X 0
<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

Interpretation of DP as plausible deniability:    almost doesn’t decrease uncertainty 

Assume the adversary has prior knowledge

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit>

P[Xt = X]
<latexit sha1_base64="h8XKRVPFe31yaKT+SQgaTPmy2rg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJCroRim5cVrBtoA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+wplUlvVtVJaWV1bXquu1jc2t7R1zd68j41QQ2iYxj4XjY0k5i2hbMcWpkwiKQ5/Trj++KfzuAxWSxdG9miTUDfEwYgEjWGnJMw/6IVYj389aec/xMpWjK+S4yDPrVsOaAi0SuyR1KNHyzK/+ICZpSCNFOJayZ1uJcjMsFCOc5rV+KmmCyRgPaU/TCIdUutk0f46OtTJAQSz0ixSaqr83MhxKOQl9PVmklfNeIf7n9VIVXLoZi5JU0YjMDgUpRypGRRlowAQlik80wUQwnRWRERaYKF1ZTZdgz395kXROG/ZZw7o7rzevyzqqcAhHcAI2XEATbqEFbSDwCM/wCm/Gk/FivBsfs9GKUe7swx8Ynz//zJVr</latexit>

P[Xt = X 0]
<latexit sha1_base64="eohH3QH2ukU0vKtFF1H0IdXA0zA=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL6KokKuhGKLpxWcE+IA1hMp20QycPZm6EErLxV9y4UMStn+HOv3HSZqGtBy4czrmXe+/xE8EVWNa3UVlaXlldq67XNja3tnfM3b2OilNJWZvGIpY9nygmeMTawEGwXiIZCX3Buv74tvC7j0wqHkcPMEmYG5JhxANOCWjJMw/6IYGR72et3Ol5GeT4GvdOXOyZdathTYEXiV2SOirR8syv/iCmacgioIIo5dhWAm5GJHAqWF7rp4olhI7JkDmaRiRkys2mD+T4WCsDHMRSVwR4qv6eyEio1CT0dWdxrpr3CvE/z0khuHIzHiUpsIjOFgWpwBDjIg084JJREBNNCJVc34rpiEhCQWdW0yHY8y8vks5Zwz5vWPcX9eZNGUcVHaIjdIpsdIma6A61UBtRlKNn9IrejCfjxXg3PmatFaOc2Ud/YHz+AGfXlZw=</latexit>Xt

<latexit sha1_base64="3v+XypRPjWf6FTCv3Jig11+JB7o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ7/RznParNbfuzkFWiVeQGhRo9qtfvUHCspgrZJIa0/XcFIOcahRM8mmllxmeUjamQ961VNGYmyCfHzslZ1YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+gmyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp2JD8JZfXiWti7p3WXcfrmqN2yKOMpzAKZyDB9fQgHtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx8Fzo7R</latexit>

or?

and

“Adversary”

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>

Then            is publicly released!
What did the adversary “learn”? 

f(Xt)
<latexit sha1_base64="7u7VXdNnUApOjnrG/MmMdf7API0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ildlhp9zKcnPVKZbfqzkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDaz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN86p3UXXvL8u1mzyOAhzDCVTAgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBj+CPpg==</latexit>

Posterior “belief ratio” 

Bayes DP

Prior “belief ratio” Small

P[Xt = X|f(Xt) = s]

P[Xt = X 0|f(Xt) = s]
=

P[f(Xt) = s|Xt = X]P[Xt = X]

P[f(Xt) = s|Xt = X 0]P[Xt = X 0]
 e✏

P[Xt = X]

P[Xt = X 0]
<latexit sha1_base64="PLcv3nABJi4idzNfu5c4r0J+ajc="></latexit>

90% / 10%1.0190.1% / 9.9%Example: 2 possibilities >>>

How small exactly?!
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Differential Privacy: the epsilon problem
No satisfying rule to decide how small     should be in practice :-(✏

<latexit sha1_base64="tK5qvEqLj6N7xqnlu1ybkEnpBo8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GBquEgU6ZYrftWfgSyTICcVyFHvlr86vYRlEpVlghrTDvzUhmOqLWcCJ6VOZjClbEj72HZUUYkmHM8OnpATp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCpt+THtfIrBg5Qpnm7lbCBlRTZl1GJRdCsPjyMmmeVYPzqn93Uald53EU4QiO4RQCuIQa3EIdGsBAwjO8wpunvRfv3fuYtxa8fOYQ/sD7/AGmQ5BM</latexit>

The least we can say is that it is heavily context-dependent and requires “expert knowledge”
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Differential Privacy: the epsilon problem
No satisfying rule to decide how small     should be in practice :-(✏

<latexit sha1_base64="tK5qvEqLj6N7xqnlu1ybkEnpBo8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GBquEgU6ZYrftWfgSyTICcVyFHvlr86vYRlEpVlghrTDvzUhmOqLWcCJ6VOZjClbEj72HZUUYkmHM8OnpATp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCpt+THtfIrBg5Qpnm7lbCBlRTZl1GJRdCsPjyMmmeVYPzqn93Uald53EU4QiO4RQCuIQa3EIdGsBAwjO8wpunvRfv3fuYtxa8fOYQ/sD7/AGmQ5BM</latexit>

In addition, there is a “privacy-utility” tradeoff (see more later)!

The least we can say is that it is heavily context-dependent and requires “expert knowledge”

We should pick    as large as possible to get the best accuracy… while not compromising privacy too much…✏
<latexit sha1_base64="tK5qvEqLj6N7xqnlu1ybkEnpBo8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GBquEgU6ZYrftWfgSyTICcVyFHvlr86vYRlEpVlghrTDvzUhmOqLWcCJ6VOZjClbEj72HZUUYkmHM8OnpATp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCpt+THtfIrBg5Qpnm7lbCBlRTZl1GJRdCsPjyMmmeVYPzqn93Uald53EU4QiO4RQCuIQa3EIdGsBAwjO8wpunvRfv3fuYtxa8fOYQ/sD7/AGmQ5BM</latexit>

✏
<latexit sha1_base64="tK5qvEqLj6N7xqnlu1ybkEnpBo8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GBquEgU6ZYrftWfgSyTICcVyFHvlr86vYRlEpVlghrTDvzUhmOqLWcCJ6VOZjClbEj72HZUUYkmHM8OnpATp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCpt+THtfIrBg5Qpnm7lbCBlRTZl1GJRdCsPjyMmmeVYPzqn93Uald53EU4QiO4RQCuIQa3EIdGsBAwjO8wpunvRfv3fuYtxa8fOYQ/sD7/AGmQ5BM</latexit>

“Very private”

Accuracy

No privacy

Good 
performances

Bad 
performances
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Differential Privacy: the epsilon problem
No satisfying rule to decide how small     should be in practice :-(

The consensus seems to be that                                    is “enough”…✏ ' 10�2 · · · 10�1
<latexit sha1_base64="XMmiebwdplVAt3zWmtJyKMs/czI=">AAACD3icbVC7TgMxEPTxDOF1QEljEYFoiO4CEpQRNJRBIg8pd0Q+Z5NY8dmH7UOKTvkDGn6FhgKEaGnp+BucRwEJI600ntmVdydKONPG876dhcWl5ZXV3Fp+fWNza9vd2a1pmSoKVSq5VI2IaOBMQNUww6GRKCBxxKEe9a9Gfv0BlGZS3JpBAmFMuoJ1GCXGSi33KIBEMy4FDjSL4R773l12UhrigLal0ZOnP2y5Ba/ojYHniT8lBTRFpeV+BW1J0xiEoZxo3fS9xIQZUYZRDsN8kGpICO2TLjQtFSQGHWbje4b40Cpt3JHKljB4rP6eyEis9SCObGdMTE/PeiPxP6+Zms5FmDGRpAYEnXzUSTk2Eo/CwW2mgBo+sIRQxeyumPaIItTYCPM2BH/25HlSKxX906J3c1YoX07jyKF9dICOkY/OURldowqqIooe0TN6RW/Ok/PivDsfk9YFZzqzh/7A+fwBphObHg==</latexit>

✏
<latexit sha1_base64="tK5qvEqLj6N7xqnlu1ybkEnpBo8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GBquEgU6ZYrftWfgSyTICcVyFHvlr86vYRlEpVlghrTDvzUhmOqLWcCJ6VOZjClbEj72HZUUYkmHM8OnpATp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCpt+THtfIrBg5Qpnm7lbCBlRTZl1GJRdCsPjyMmmeVYPzqn93Uald53EU4QiO4RQCuIQa3EIdGsBAwjO8wpunvRfv3fuYtxa8fOYQ/sD7/AGmQ5BM</latexit>

In addition, there is a “privacy-utility” tradeoff (see more later)!

The least we can say is that it is heavily context-dependent and requires “expert knowledge”

We should pick    as large as possible to get the best accuracy… while not compromising privacy too much…✏
<latexit sha1_base64="tK5qvEqLj6N7xqnlu1ybkEnpBo8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GBquEgU6ZYrftWfgSyTICcVyFHvlr86vYRlEpVlghrTDvzUhmOqLWcCJ6VOZjClbEj72HZUUYkmHM8OnpATp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCpt+THtfIrBg5Qpnm7lbCBlRTZl1GJRdCsPjyMmmeVYPzqn93Uald53EU4QiO4RQCuIQa3EIdGsBAwjO8wpunvRfv3fuYtxa8fOYQ/sD7/AGmQ5BM</latexit>

✏
<latexit sha1_base64="tK5qvEqLj6N7xqnlu1ybkEnpBo8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GBquEgU6ZYrftWfgSyTICcVyFHvlr86vYRlEpVlghrTDvzUhmOqLWcCJ6VOZjClbEj72HZUUYkmHM8OnpATp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCpt+THtfIrBg5Qpnm7lbCBlRTZl1GJRdCsPjyMmmeVYPzqn93Uald53EU4QiO4RQCuIQa3EIdGsBAwjO8wpunvRfv3fuYtxa8fOYQ/sD7/AGmQ5BM</latexit>

“Very private”

Accuracy

No privacy

Good 
performances

Bad 
performances

…to take with a grain of salt!
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DP how-to: Laplacian mechanism
(A) standard way to achieve DP: add randomness as additive Laplacian noise

The Laplacian mechanism

If       is the target task, then

f(X) = g(X) + n
<latexit sha1_base64="toqF9dTJPuslxPVE+C1GzZMuyco=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEilASFXQjFN24rGAf0IYymU7aoZNJmJkINfRL3LhQxK2f4s6/cdJmoa0HLvdwzr3MnePHnCntON9WYWV1bX2juFna2t7ZLdt7+y0VJZLQJol4JDs+VpQzQZuaaU47saQ49Dlt++PbzG8/UqlYJB70JKZeiIeCBYxgbaS+XQ6qnRN0jYZZO0VGqTg1Zwa0TNycVCBHo29/9QYRSUIqNOFYqa7rxNpLsdSMcDot9RJFY0zGeEi7hgocUuWls8On6NgoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw5aVMxImmgswfChKOdISyFNCASUo0nxiCiWTmVkRGWGKiTVYlE4K7+OVl0jqruec15/6iUr/J4yjCIRxBFVy4hDrcQQOaQCCBZ3iFN+vJerHerY/5aMHKdw7gD6zPHwSJkLg=</latexit>

g(·)
<latexit sha1_base64="vhGGyyO99myH0wCg4/jKy4pQIhw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2ildr/SZWGCZ71S2a26M5Bl4uWkDDnqvdJXN0xYFnOFTFJjOp6boj+mGgWTfFLsZoanlA1pn3csVTTmxh/P7p2QU6uEJEq0LYVkpv6eGNPYmFEc2M6Y4sAselPxP6+TYXTtj4VKM+SKzRdFmSSYkOnzJBSaM5QjSyjTwt5K2IBqytBGVLQheIsvL5PmedW7qLr3l+XaTR5HAY7hBCrgwRXU4A7q0AAGEp7hFd6cR+fFeXc+5q0rTj5zBH/gfP4AZUOPig==</latexit>

with n ⇠ Lap

✓
�g

✏

◆

<latexit sha1_base64="PbLZLjYFh4I2ufHAMroK5vRoh8E="></latexit>

is ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>
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DP how-to: Laplacian mechanism
(A) standard way to achieve DP: add randomness as additive Laplacian noise

n ⇠ Lap(b)
<latexit sha1_base64="egj6lyhXri7j0E16uVDOcxeFnbM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KooMuiGxcuKtgHNKFMppN26GQSZm7EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6thcWl5ZXVwlpxfWNza9ve2W3oOFWU1WksYtUKiGaCS1YHDoK1EsVIFAjWDAZXY795z5TmsbyDYcL8iPQkDzklYKSOvS+xp3mEPWAPkN2QZFQOjjt2yak4E+B54uakhHLUOvaX141pGjEJVBCt266TgJ8RBZwKNip6qWYJoQPSY21DJYmY9rPJ9SN8ZJQuDmNlSgKeqL8nMhJpPYwC0xkR6OtZbyz+57VTCC/8jMskBSbpdFGYCgwxHkeBu1wxCmJoCKGKm1sx7RNFKJjAiiYEd/bledI4qbinFef2rFS9zOMooAN0iMrIReeoiq5RDdURRY/oGb2iN+vJerHerY9p64KVz+yhP7A+fwCk05Sx</latexit>

pn(n) =
1

2b
e�

|n|
b

<latexit sha1_base64="KHmsB0up9BQ/SdNP32ZxUVSyJ5A=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUgSopSLAgVbAwFok+pDZUjuu0Vh0nsh2kys0nsPArLAwgxMrIxt/gthmgcKQrHZ9zr3zv8WNGpXKcLyu3sLi0vJJfLaytb2xu2ds7DRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6w6uJ37wnQtKI36pRTLwQ9TkNKEbKSF37MO7yEj+CF7ATCIS1m+qKn5I7fTx7j/k41X6adu2iU3amgH+Jm5EiyFDr2p+dXoSTkHCFGZKy7Tqx8jQSimJG0kInkSRGeIj6pG0oRyGRnp4elMIDo/RgEAlTXMGp+nNCo1DKUeibzhCpgZz3JuJ/XjtRwbmnKY8TRTiefRQkDKoITtKBPSoIVmxkCMKCml0hHiAThDIZFkwI7vzJf0mjUnZPys7NabF6mcWRB3tgH5SAC85AFVyDGqgDDB7AE3gBr9aj9Wy9We+z1pyVzeyCX7A+vgGFkJzx</latexit>

Laplace random variable

has density

Variance: �2
n = 2b2

<latexit sha1_base64="VTDHpuZkPZ3oBh3v7+woB0V2XSM=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMVEE3QtGNywr2Au1YMmmmDU0yQ5JRSu2juHGhiFufxJ1vY9rOQlt/CHz85xzOyR8mnGnjed9ObmV1bX0jv1nY2t7Z3XOL+w0dp4rQOol5rFoh1pQzSeuGGU5biaJYhJw2w+H1tN58oEqzWN6ZUUIDgfuSRYxgY62uW+xo1hf4vtKV6BJVQgtuySt7M6Fl8DMoQaZa1/3q9GKSCioN4Vjrtu8lJhhjZRjhdFLopJommAxxn7YtSiyoDsaz0yfo2Do9FMXKPmnQzP09McZC65EIbafAZqAXa1Pzv1o7NdFFMGYySQ2VZL4oSjkyMZrmgHpMUWL4yAImitlbERlghYmxaRVsCP7il5ehUSn7p2Xv9qxUvcriyMMhHMEJ+HAOVbiBGtSBwCM8wyu8OU/Oi/PufMxbc042cwB/5Hz+AF9FksI=</latexit>

The Laplacian mechanism

If       is the target task, then

f(X) = g(X) + n
<latexit sha1_base64="toqF9dTJPuslxPVE+C1GzZMuyco=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEilASFXQjFN24rGAf0IYymU7aoZNJmJkINfRL3LhQxK2f4s6/cdJmoa0HLvdwzr3MnePHnCntON9WYWV1bX2juFna2t7ZLdt7+y0VJZLQJol4JDs+VpQzQZuaaU47saQ49Dlt++PbzG8/UqlYJB70JKZeiIeCBYxgbaS+XQ6qnRN0jYZZO0VGqTg1Zwa0TNycVCBHo29/9QYRSUIqNOFYqa7rxNpLsdSMcDot9RJFY0zGeEi7hgocUuWls8On6NgoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw5aVMxImmgswfChKOdISyFNCASUo0nxiCiWTmVkRGWGKiTVYlE4K7+OVl0jqruec15/6iUr/J4yjCIRxBFVy4hDrcQQOaQCCBZ3iFN+vJerHerY/5aMHKdw7gD6zPHwSJkLg=</latexit>

g(·)
<latexit sha1_base64="vhGGyyO99myH0wCg4/jKy4pQIhw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2ildr/SZWGCZ71S2a26M5Bl4uWkDDnqvdJXN0xYFnOFTFJjOp6boj+mGgWTfFLsZoanlA1pn3csVTTmxh/P7p2QU6uEJEq0LYVkpv6eGNPYmFEc2M6Y4sAselPxP6+TYXTtj4VKM+SKzRdFmSSYkOnzJBSaM5QjSyjTwt5K2IBqytBGVLQheIsvL5PmedW7qLr3l+XaTR5HAY7hBCrgwRXU4A7q0AAGEp7hFd6cR+fFeXc+5q0rTj5zBH/gfP4AZUOPig==</latexit>

with n ⇠ Lap

✓
�g

✏

◆

<latexit sha1_base64="PbLZLjYFh4I2ufHAMroK5vRoh8E="></latexit>

is ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>
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DP how-to: Laplacian mechanism
(A) standard way to achieve DP: add randomness as additive Laplacian noise

n ⇠ Lap(b)
<latexit sha1_base64="egj6lyhXri7j0E16uVDOcxeFnbM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KooMuiGxcuKtgHNKFMppN26GQSZm7EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6thcWl5ZXVwlpxfWNza9ve2W3oOFWU1WksYtUKiGaCS1YHDoK1EsVIFAjWDAZXY795z5TmsbyDYcL8iPQkDzklYKSOvS+xp3mEPWAPkN2QZFQOjjt2yak4E+B54uakhHLUOvaX141pGjEJVBCt266TgJ8RBZwKNip6qWYJoQPSY21DJYmY9rPJ9SN8ZJQuDmNlSgKeqL8nMhJpPYwC0xkR6OtZbyz+57VTCC/8jMskBSbpdFGYCgwxHkeBu1wxCmJoCKGKm1sx7RNFKJjAiiYEd/bledI4qbinFef2rFS9zOMooAN0iMrIReeoiq5RDdURRY/oGb2iN+vJerHerY9p64KVz+yhP7A+fwCk05Sx</latexit>

pn(n) =
1

2b
e�

|n|
b

<latexit sha1_base64="KHmsB0up9BQ/SdNP32ZxUVSyJ5A=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUgSopSLAgVbAwFok+pDZUjuu0Vh0nsh2kys0nsPArLAwgxMrIxt/gthmgcKQrHZ9zr3zv8WNGpXKcLyu3sLi0vJJfLaytb2xu2ds7DRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6w6uJ37wnQtKI36pRTLwQ9TkNKEbKSF37MO7yEj+CF7ATCIS1m+qKn5I7fTx7j/k41X6adu2iU3amgH+Jm5EiyFDr2p+dXoSTkHCFGZKy7Tqx8jQSimJG0kInkSRGeIj6pG0oRyGRnp4elMIDo/RgEAlTXMGp+nNCo1DKUeibzhCpgZz3JuJ/XjtRwbmnKY8TRTiefRQkDKoITtKBPSoIVmxkCMKCml0hHiAThDIZFkwI7vzJf0mjUnZPys7NabF6mcWRB3tgH5SAC85AFVyDGqgDDB7AE3gBr9aj9Wy9We+z1pyVzeyCX7A+vgGFkJzx</latexit>

Laplace random variable

has density

Variance: �2
n = 2b2

<latexit sha1_base64="VTDHpuZkPZ3oBh3v7+woB0V2XSM=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMVEE3QtGNywr2Au1YMmmmDU0yQ5JRSu2juHGhiFufxJ1vY9rOQlt/CHz85xzOyR8mnGnjed9ObmV1bX0jv1nY2t7Z3XOL+w0dp4rQOol5rFoh1pQzSeuGGU5biaJYhJw2w+H1tN58oEqzWN6ZUUIDgfuSRYxgY62uW+xo1hf4vtKV6BJVQgtuySt7M6Fl8DMoQaZa1/3q9GKSCioN4Vjrtu8lJhhjZRjhdFLopJommAxxn7YtSiyoDsaz0yfo2Do9FMXKPmnQzP09McZC65EIbafAZqAXa1Pzv1o7NdFFMGYySQ2VZL4oSjkyMZrmgHpMUWL4yAImitlbERlghYmxaRVsCP7il5ehUSn7p2Xv9qxUvcriyMMhHMEJ+HAOVbiBGtSBwCM8wyu8OU/Oi/PufMxbc042cwB/5Hz+AF9FksI=</latexit>

The Laplacian mechanism

“How much does one sample
affect the output?”

If       is the target task, then

Sensitivity

�g := max

X⇠X0
kg(X)� g(X 0

)k1
<latexit sha1_base64="Fp0GX2B3z00SeBGnCIWVHAfKTdo=">AAACGnicbVBNS8MwGE79nPOr6tFLcMi2g6NVQRGEoR48TnBbYR0lzbItLGlLkoqj7nd48a948aCIN/HivzHdetDNB0KePM/78uZ9/IhRqSzr25ibX1hcWs6t5FfX1jc2za3thgxjgUkdhywUjo8kYTQgdUUVI04kCOI+I01/cJn6zTsiJA2DWzWMSJujXkC7FCOlJc+03SvCFII9eHYOXY7uvcSBrqQcOsURdB9gr+SU4UF6Fcv67dmeWbAq1hhwltgZKYAMNc/8dDshjjkJFGZIypZtRaqdIKEoZmSUd2NJIoQHqEdamgaIE9lOxquN4L5WOrAbCn0CBcfq744EcSmH3NeVHKm+nPZS8T+vFavuaTuhQRQrEuDJoG7MoAphmhPsUEGwYkNNEBZU/xXiPhIIK51mXodgT688SxqHFfuoYt0cF6oXWRw5sAv2QAnY4ARUwTWogTrA4BE8g1fwZjwZL8a78TEpnTOynh3wB8bXDyGhnSQ=</latexit>

f(X) = g(X) + n
<latexit sha1_base64="toqF9dTJPuslxPVE+C1GzZMuyco=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEilASFXQjFN24rGAf0IYymU7aoZNJmJkINfRL3LhQxK2f4s6/cdJmoa0HLvdwzr3MnePHnCntON9WYWV1bX2juFna2t7ZLdt7+y0VJZLQJol4JDs+VpQzQZuaaU47saQ49Dlt++PbzG8/UqlYJB70JKZeiIeCBYxgbaS+XQ6qnRN0jYZZO0VGqTg1Zwa0TNycVCBHo29/9QYRSUIqNOFYqa7rxNpLsdSMcDot9RJFY0zGeEi7hgocUuWls8On6NgoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw5aVMxImmgswfChKOdISyFNCASUo0nxiCiWTmVkRGWGKiTVYlE4K7+OVl0jqruec15/6iUr/J4yjCIRxBFVy4hDrcQQOaQCCBZ3iFN+vJerHerY/5aMHKdw7gD6zPHwSJkLg=</latexit>

g(·)
<latexit sha1_base64="vhGGyyO99myH0wCg4/jKy4pQIhw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2ildr/SZWGCZ71S2a26M5Bl4uWkDDnqvdJXN0xYFnOFTFJjOp6boj+mGgWTfFLsZoanlA1pn3csVTTmxh/P7p2QU6uEJEq0LYVkpv6eGNPYmFEc2M6Y4sAselPxP6+TYXTtj4VKM+SKzRdFmSSYkOnzJBSaM5QjSyjTwt5K2IBqytBGVLQheIsvL5PmedW7qLr3l+XaTR5HAY7hBCrgwRXU4A7q0AAGEp7hFd6cR+fFeXc+5q0rTj5zBH/gfP4AZUOPig==</latexit>

with n ⇠ Lap

✓
�g

✏

◆

<latexit sha1_base64="PbLZLjYFh4I2ufHAMroK5vRoh8E="></latexit>

is ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

Variance: �2
n = 2(�g/✏)2

<latexit sha1_base64="3Zw6Nx98+URrZH3KNoMnKk6Q6x4=">AAACDHicbVDLSgNBEJz1GeNr1aOXwSDES9yNgl6EoB48RjAPyMYwO+lNhszMLjOzQgj5AC/+ihcPinj1A7z5N04eB00saCiquunuChPOtPG8b2dhcWl5ZTWzll3f2Nzadnd2qzpOFYUKjXms6iHRwJmEimGGQz1RQETIoRb2rkZ+7QGUZrG8M/0EmoJ0JIsYJcZKLTcXaNYR5L7YkvgCF/PBNXBDcOc4gEQzHssja7k5r+CNgeeJPyU5NEW55X4F7ZimAqShnGjd8L3ENAdEGUY5DLNBqiEhtEc60LBUEgG6ORg/M8SHVmnjKFa2pMFj9ffEgAit+yK0nYKYrp71RuJ/XiM10XlzwGSSGpB0sihKOTYxHiWD20wBNbxvCaGK2Vsx7RJFqLH5ZW0I/uzL86RaLPgnBe/2NFe6nMaRQfvoAOWRj85QCd2gMqogih7RM3pFb86T8+K8Ox+T1gVnOrOH/sD5/AEOapm3</latexit>
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DP how-to: Laplacian mechanism
(A) standard way to achieve DP: add randomness as additive Laplacian noise

n ⇠ Lap(b)
<latexit sha1_base64="egj6lyhXri7j0E16uVDOcxeFnbM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KooMuiGxcuKtgHNKFMppN26GQSZm7EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6thcWl5ZXVwlpxfWNza9ve2W3oOFWU1WksYtUKiGaCS1YHDoK1EsVIFAjWDAZXY795z5TmsbyDYcL8iPQkDzklYKSOvS+xp3mEPWAPkN2QZFQOjjt2yak4E+B54uakhHLUOvaX141pGjEJVBCt266TgJ8RBZwKNip6qWYJoQPSY21DJYmY9rPJ9SN8ZJQuDmNlSgKeqL8nMhJpPYwC0xkR6OtZbyz+57VTCC/8jMskBSbpdFGYCgwxHkeBu1wxCmJoCKGKm1sx7RNFKJjAiiYEd/bledI4qbinFef2rFS9zOMooAN0iMrIReeoiq5RDdURRY/oGb2iN+vJerHerY9p64KVz+yhP7A+fwCk05Sx</latexit>

pn(n) =
1

2b
e�

|n|
b

<latexit sha1_base64="KHmsB0up9BQ/SdNP32ZxUVSyJ5A=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUgSopSLAgVbAwFok+pDZUjuu0Vh0nsh2kys0nsPArLAwgxMrIxt/gthmgcKQrHZ9zr3zv8WNGpXKcLyu3sLi0vJJfLaytb2xu2ds7DRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6w6uJ37wnQtKI36pRTLwQ9TkNKEbKSF37MO7yEj+CF7ATCIS1m+qKn5I7fTx7j/k41X6adu2iU3amgH+Jm5EiyFDr2p+dXoSTkHCFGZKy7Tqx8jQSimJG0kInkSRGeIj6pG0oRyGRnp4elMIDo/RgEAlTXMGp+nNCo1DKUeibzhCpgZz3JuJ/XjtRwbmnKY8TRTiefRQkDKoITtKBPSoIVmxkCMKCml0hHiAThDIZFkwI7vzJf0mjUnZPys7NabF6mcWRB3tgH5SAC85AFVyDGqgDDB7AE3gBr9aj9Wy9We+z1pyVzeyCX7A+vgGFkJzx</latexit>

Laplace random variable

has density

Variance: �2
n = 2b2

<latexit sha1_base64="VTDHpuZkPZ3oBh3v7+woB0V2XSM=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMVEE3QtGNywr2Au1YMmmmDU0yQ5JRSu2juHGhiFufxJ1vY9rOQlt/CHz85xzOyR8mnGnjed9ObmV1bX0jv1nY2t7Z3XOL+w0dp4rQOol5rFoh1pQzSeuGGU5biaJYhJw2w+H1tN58oEqzWN6ZUUIDgfuSRYxgY62uW+xo1hf4vtKV6BJVQgtuySt7M6Fl8DMoQaZa1/3q9GKSCioN4Vjrtu8lJhhjZRjhdFLopJommAxxn7YtSiyoDsaz0yfo2Do9FMXKPmnQzP09McZC65EIbafAZqAXa1Pzv1o7NdFFMGYySQ2VZL4oSjkyMZrmgHpMUWL4yAImitlbERlghYmxaRVsCP7il5ehUSn7p2Xv9qxUvcriyMMhHMEJ+HAOVbiBGtSBwCM8wyu8OU/Oi/PufMxbc042cwB/5Hz+AF9FksI=</latexit>

The Laplacian mechanism

“How much does one sample
affect the output?”

If       is the target task, then

Sensitivity

�g := max

X⇠X0
kg(X)� g(X 0

)k1
<latexit sha1_base64="Fp0GX2B3z00SeBGnCIWVHAfKTdo=">AAACGnicbVBNS8MwGE79nPOr6tFLcMi2g6NVQRGEoR48TnBbYR0lzbItLGlLkoqj7nd48a948aCIN/HivzHdetDNB0KePM/78uZ9/IhRqSzr25ibX1hcWs6t5FfX1jc2za3thgxjgUkdhywUjo8kYTQgdUUVI04kCOI+I01/cJn6zTsiJA2DWzWMSJujXkC7FCOlJc+03SvCFII9eHYOXY7uvcSBrqQcOsURdB9gr+SU4UF6Fcv67dmeWbAq1hhwltgZKYAMNc/8dDshjjkJFGZIypZtRaqdIKEoZmSUd2NJIoQHqEdamgaIE9lOxquN4L5WOrAbCn0CBcfq744EcSmH3NeVHKm+nPZS8T+vFavuaTuhQRQrEuDJoG7MoAphmhPsUEGwYkNNEBZU/xXiPhIIK51mXodgT688SxqHFfuoYt0cF6oXWRw5sAv2QAnY4ARUwTWogTrA4BE8g1fwZjwZL8a78TEpnTOynh3wB8bXDyGhnSQ=</latexit>

f(X) = g(X) + n
<latexit sha1_base64="toqF9dTJPuslxPVE+C1GzZMuyco=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEilASFXQjFN24rGAf0IYymU7aoZNJmJkINfRL3LhQxK2f4s6/cdJmoa0HLvdwzr3MnePHnCntON9WYWV1bX2juFna2t7ZLdt7+y0VJZLQJol4JDs+VpQzQZuaaU47saQ49Dlt++PbzG8/UqlYJB70JKZeiIeCBYxgbaS+XQ6qnRN0jYZZO0VGqTg1Zwa0TNycVCBHo29/9QYRSUIqNOFYqa7rxNpLsdSMcDot9RJFY0zGeEi7hgocUuWls8On6NgoAxRE0pTQaKb+3khxqNQk9M1kiPVILXqZ+J/XTXRw5aVMxImmgswfChKOdISyFNCASUo0nxiCiWTmVkRGWGKiTVYlE4K7+OVl0jqruec15/6iUr/J4yjCIRxBFVy4hDrcQQOaQCCBZ3iFN+vJerHerY/5aMHKdw7gD6zPHwSJkLg=</latexit>

g(·)
<latexit sha1_base64="vhGGyyO99myH0wCg4/jKy4pQIhw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8cK9gPaUDabTbt0s4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6wFHK/Zj2lYgEo2ildr/SZWGCZ71S2a26M5Bl4uWkDDnqvdJXN0xYFnOFTFJjOp6boj+mGgWTfFLsZoanlA1pn3csVTTmxh/P7p2QU6uEJEq0LYVkpv6eGNPYmFEc2M6Y4sAselPxP6+TYXTtj4VKM+SKzRdFmSSYkOnzJBSaM5QjSyjTwt5K2IBqytBGVLQheIsvL5PmedW7qLr3l+XaTR5HAY7hBCrgwRXU4A7q0AAGEp7hFd6cR+fFeXc+5q0rTj5zBH/gfP4AZUOPig==</latexit>

with n ⇠ Lap

✓
�g

✏

◆

<latexit sha1_base64="PbLZLjYFh4I2ufHAMroK5vRoh8E="></latexit>

is ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

Example: histogram

�g = 1
<latexit sha1_base64="oHWqPic6ABDxNKtfvAIXnZ1E5gc=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lU0ItQ1IPHCvYDmlA222m7dLMJuxOhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0ykMOi6305hZXVtfaO4Wdra3tndK+8fNE2cag4NHstYt0NmQAoFDRQooZ1oYFEooRWObqd+6wm0EbF6xHECQcQGSvQFZ2gl378DiYwO6DX1uuWKW3VnoMvEy0mF5Kh3y19+L+ZpBAq5ZMZ0PDfBIGMaBZcwKfmpgYTxERtAx1LFIjBBNrt5Qk+s0qP9WNtSSGfq74mMRcaMo9B2RgyHZtGbiv95nRT7V0EmVJIiKD5f1E8lxZhOA6A9oYGjHFvCuBb2VsqHTDOONqaSDcFbfHmZNM+q3nnVfbio1G7yOIrkiByTU+KRS1Ij96ROGoSThDyTV/LmpM6L8+58zFsLTj5zSP7A+fwBJEOQbw==</latexit>

Variance: �2
n = 2(�g/✏)2

<latexit sha1_base64="3Zw6Nx98+URrZH3KNoMnKk6Q6x4=">AAACDHicbVDLSgNBEJz1GeNr1aOXwSDES9yNgl6EoB48RjAPyMYwO+lNhszMLjOzQgj5AC/+ihcPinj1A7z5N04eB00saCiquunuChPOtPG8b2dhcWl5ZTWzll3f2Nzadnd2qzpOFYUKjXms6iHRwJmEimGGQz1RQETIoRb2rkZ+7QGUZrG8M/0EmoJ0JIsYJcZKLTcXaNYR5L7YkvgCF/PBNXBDcOc4gEQzHssja7k5r+CNgeeJPyU5NEW55X4F7ZimAqShnGjd8L3ENAdEGUY5DLNBqiEhtEc60LBUEgG6ORg/M8SHVmnjKFa2pMFj9ffEgAit+yK0nYKYrp71RuJ/XiM10XlzwGSSGpB0sihKOTYxHiWD20wBNbxvCaGK2Vsx7RJFqLH5ZW0I/uzL86RaLPgnBe/2NFe6nMaRQfvoAOWRj85QCd2gMqogih7RM3pFb86T8+K8Ox+T1gVnOrOH/sD5/AEOapm3</latexit>
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Differential Privacy: pros/cons

• Extensively studied, widely accepted standard (2008-present)
• Very strong guarantee (robust to, e.g., side-information…)
• Composition property (robust to post-processing)
• Often easy to implement (Laplacian mechanism)

Example: Apple learning to predict emojis
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Differential Privacy: pros/cons

• Extensively studied, widely accepted standard (2008-present)
• Very strong guarantee (robust to, e.g., side-information…)
• Composition property (robust to post-processing)
• Often easy to implement (Laplacian mechanism)

• How to pick epsilon? Not easy to interpret!
• A “too strong” (restrictive) guarantee? (cfr privacy-utility tradeoff)
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In this talk…

Part 2 
Compressive Learning
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Machine Learning recap’

✓
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

Mathematical
model

xN
<latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit><latexit sha1_base64="nCpLlrWjuRBkKarD9Y6h6PZ9rhs=">AAAB+XicdVBLSwMxGMzWV62vVY9egkXwVLZS+7gVvXiSCvYB7bJks9k2NJssSbZYlv4TLx4U8eo/8ea/MdsHqOhAyDDzfWQyfsyo0o7zaeXW1jc2t/LbhZ3dvf0D+/Coo0QiMWljwYTs+UgRRjlpa6oZ6cWSoMhnpOuPrzO/OyFSUcHv9TQmboSGnIYUI20kz7YHvmCBmkbmSh9m3q1nF51StdKo1epwQS5XpNqA5ZIzRxEs0fLsj0EgcBIRrjFDSvXLTqzdFElNMSOzwiBRJEZ4jIakbyhHEVFuOk8+g2dGCWAopDlcw7n6fSNFkcrCmckI6ZH67WXiX14/0WHdTSmPE004XjwUJgxqAbMaYEAlwZpNDUFYUpMV4hGSCGtTVsGUsPop/J90Lkplw+8qxebVso48OAGn4ByUQQ00wQ1ogTbAYAIewTN4sVLryXq13hajOWu5cwx+wHr/AtbelHQ=</latexit>

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

n
<latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit>

features

N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

examples

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

dataset

Learning

- Clustering

“explain” the data

- Dimensionality reduction

- Autoencoder, GAN, SOM…

E.g., ✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

PCA

(Unsupervised) Machine Learning
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Compressive Learning
Usual machine learning Compressive Learning

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

… constant
memory &
training time!

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

… Large     means…N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

zX
<latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit>

Dataset sketch (summary)

m
<latexit sha1_base64="M/Igs9pa/S+IQGf6QFykD3Bj0hw=">AAAB6HicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZdNrGJtklyQpl6S/w4kERr/4kb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2xE1KLjChuVWYDvRSGUksBWN72b11hNqw2P1YCcJhpIOFR9wRq2z6rJXKvsVfy6yCkEOZchV65W+uv2YpRKVZYIa0wn8xIYZ1ZYzgdNiNzWYUDamQ+w4VFSiCbP5olNy7pw+GcTaPWXJ3P09kVFpzERGrlNSOzLLtZn5X62T2sFNmHGVpBYVW3w0SAWxMZldTfpcI7Ni4oAyzd2uhI2opsy6bIouhGD55FVoXlYCx/WrcvU2j6MAp3AGFxDANVThHmrQAAYIz/AKb96j9+K9ex+L1jUvnzmBP/I+fwDVj4zx</latexit><latexit sha1_base64="M/Igs9pa/S+IQGf6QFykD3Bj0hw=">AAAB6HicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZdNrGJtklyQpl6S/w4kERr/4kb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2xE1KLjChuVWYDvRSGUksBWN72b11hNqw2P1YCcJhpIOFR9wRq2z6rJXKvsVfy6yCkEOZchV65W+uv2YpRKVZYIa0wn8xIYZ1ZYzgdNiNzWYUDamQ+w4VFSiCbP5olNy7pw+GcTaPWXJ3P09kVFpzERGrlNSOzLLtZn5X62T2sFNmHGVpBYVW3w0SAWxMZldTfpcI7Ni4oAyzd2uhI2opsy6bIouhGD55FVoXlYCx/WrcvU2j6MAp3AGFxDANVThHmrQAAYIz/AKb96j9+K9ex+L1jUvnzmBP/I+fwDVj4zx</latexit><latexit sha1_base64="M/Igs9pa/S+IQGf6QFykD3Bj0hw=">AAAB6HicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZdNrGJtklyQpl6S/w4kERr/4kb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2xE1KLjChuVWYDvRSGUksBWN72b11hNqw2P1YCcJhpIOFR9wRq2z6rJXKvsVfy6yCkEOZchV65W+uv2YpRKVZYIa0wn8xIYZ1ZYzgdNiNzWYUDamQ+w4VFSiCbP5olNy7pw+GcTaPWXJ3P09kVFpzERGrlNSOzLLtZn5X62T2sFNmHGVpBYVW3w0SAWxMZldTfpcI7Ni4oAyzd2uhI2opsy6bIouhGD55FVoXlYCx/WrcvU2j6MAp3AGFxDANVThHmrQAAYIz/AKb96j9+K9ex+L1jUvnzmBP/I+fwDVj4zx</latexit><latexit sha1_base64="M/Igs9pa/S+IQGf6QFykD3Bj0hw=">AAAB6HicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevHYgv2AdinZdNrGJtklyQpl6S/w4kERr/4kb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2xE1KLjChuVWYDvRSGUksBWN72b11hNqw2P1YCcJhpIOFR9wRq2z6rJXKvsVfy6yCkEOZchV65W+uv2YpRKVZYIa0wn8xIYZ1ZYzgdNiNzWYUDamQ+w4VFSiCbP5olNy7pw+GcTaPWXJ3P09kVFpzERGrlNSOzLLtZn5X62T2sFNmHGVpBYVW3w0SAWxMZldTfpcI7Ni4oAyzd2uhI2opsy6bIouhGD55FVoXlYCx/WrcvU2j6MAp3AGFxDANVThHmrQAAYIz/AKb96j9+K9ex+L1jUvnzmBP/I+fwDVj4zx</latexit>

“observations”
m ' size(✓) ⌧ Nn

<latexit sha1_base64="QhgtbLx8xHR3KmHOamXhQT0OVEQ=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEkE84BsCLOTm2TIzO46c1eMSz7Axl+xsVDE1g+w82+cPApNPDBwOOdc7twTxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvQvRn7tDrQRUXiDgxiainVD0RGcoZVaubyivhEKbqmPcI+pEQ8wLPjYA2RH1JeSXo1SbtEdg84Tb0ryZIpyK/fltyOeKAiRS2ZMw3NjbKZMo+AShlk/MRAz3mddaFgaMgWmmY6PGdJDq7RpJ9L2hUjH6u+JlCljBiqwScWwZ2a9kfif10iwc9ZMRRgnCCGfLOokkmJER83QttDAUQ4sYVwL+1fKe0wzjra/rC3Bmz15nlSPi57l1yf50vm0jgzZJwekQDxySkrkkpRJhXDySJ7JK3lznpwX5935mEQXnOnMHvkD5/MHEtOa+A==</latexit><latexit sha1_base64="QhgtbLx8xHR3KmHOamXhQT0OVEQ=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEkE84BsCLOTm2TIzO46c1eMSz7Axl+xsVDE1g+w82+cPApNPDBwOOdc7twTxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvQvRn7tDrQRUXiDgxiainVD0RGcoZVaubyivhEKbqmPcI+pEQ8wLPjYA2RH1JeSXo1SbtEdg84Tb0ryZIpyK/fltyOeKAiRS2ZMw3NjbKZMo+AShlk/MRAz3mddaFgaMgWmmY6PGdJDq7RpJ9L2hUjH6u+JlCljBiqwScWwZ2a9kfif10iwc9ZMRRgnCCGfLOokkmJER83QttDAUQ4sYVwL+1fKe0wzjra/rC3Bmz15nlSPi57l1yf50vm0jgzZJwekQDxySkrkkpRJhXDySJ7JK3lznpwX5935mEQXnOnMHvkD5/MHEtOa+A==</latexit><latexit sha1_base64="QhgtbLx8xHR3KmHOamXhQT0OVEQ=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEkE84BsCLOTm2TIzO46c1eMSz7Axl+xsVDE1g+w82+cPApNPDBwOOdc7twTxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvQvRn7tDrQRUXiDgxiainVD0RGcoZVaubyivhEKbqmPcI+pEQ8wLPjYA2RH1JeSXo1SbtEdg84Tb0ryZIpyK/fltyOeKAiRS2ZMw3NjbKZMo+AShlk/MRAz3mddaFgaMgWmmY6PGdJDq7RpJ9L2hUjH6u+JlCljBiqwScWwZ2a9kfif10iwc9ZMRRgnCCGfLOokkmJER83QttDAUQ4sYVwL+1fKe0wzjra/rC3Bmz15nlSPi57l1yf50vm0jgzZJwekQDxySkrkkpRJhXDySJ7JK3lznpwX5935mEQXnOnMHvkD5/MHEtOa+A==</latexit><latexit sha1_base64="QhgtbLx8xHR3KmHOamXhQT0OVEQ=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEkE84BsCLOTm2TIzO46c1eMSz7Axl+xsVDE1g+w82+cPApNPDBwOOdc7twTxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTZRoDhUeyUjXA2ZAihAqKFBCPdbAVCChFvQvRn7tDrQRUXiDgxiainVD0RGcoZVaubyivhEKbqmPcI+pEQ8wLPjYA2RH1JeSXo1SbtEdg84Tb0ryZIpyK/fltyOeKAiRS2ZMw3NjbKZMo+AShlk/MRAz3mddaFgaMgWmmY6PGdJDq7RpJ9L2hUjH6u+JlCljBiqwScWwZ2a9kfif10iwc9ZMRRgnCCGfLOokkmJER83QttDAUQ4sYVwL+1fKe0wzjra/rC3Bmz15nlSPi57l1yf50vm0jgzZJwekQDxySkrkkpRJhXDySJ7JK3lznpwX5935mEQXnOnMHvkD5/MHEtOa+A==</latexit>

Single pass over X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

Usual machine learning

Learning

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

… large
memory &
training time!

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

…

…

Large     means…N
<latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit><latexit sha1_base64="1geheZ8OEVc4P/xyjJq8gn3vuMI=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/O6u0nVJrH8sFMEvQjOpQ85IwaazXu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiDOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPppOM0g==</latexit>

Multiple passes over X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

“Sketching” “Lear
ning”

R. Gribonval et al., “Compressive Statistical Learning
with Random Feature Moments,” 2017



!49

CL challenges
“Sketching”

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit> zX

<latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit>

Generalized moments
Linear sensing

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

“Learning”

Inverse problem
Moment matching

Dataset ModelSketch

Goal:
• Preserve sufficient information
• Compress as much as possible
• Efficient computation (fast transform, quantized sketch)

Goal:
• Recovery procedure
• Tractable algorithm
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Sketching
“Sketching”

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit> zX
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Generalized moments
Linear sensing

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

“Learning”

Inverse problem
Moment matching

Dataset ModelSketch

Goal:
• Preserve sufficient information
• Compress as much as possible
• Efficient computation (fast transform, quantized sketch)

Goal:
• Recovery procedure
• Tractable algorithm



Compressing a dataset?

!51

X = , , ,, · · · ,

z }| {N examples

xi 2 Rn

n-dimensional



Compressing a dataset?

!52

• Compressed representation 
• Preserves relevant information

, , ,, · · · ,

z }| {N examples

yi 2 Rp

Rn ! Rp

Dim. reductionX = , , ,, · · · ,

z }| {N examples

xi 2 Rn



Compressing a dataset?

!53

• Compressed representation 
• Preserves relevant information 
• Constant number of examples

Rn ! Rp

N examples

N can be VERY large (“big data”)!

X = , , ,, · · · ,

z }| {N examples

xi 2 Rn

, ,, · · · ,

z }| {

yi 2 Rp

,Dim. reduction



Compressing a dataset!

!54

• Compressed representation 
• Preserves relevant information 
• Dataset summary = single vector

zX = 2 Cm

[Gribonval17]

X = , , ,, · · · ,

z }| {N examples

xi 2 Rn

Sketching



Compressing a dataset!

!55

• Compressed representation 
• Preserves relevant information 
• Dataset summary = single vector

zX = 2 Cm

[Gribonval17]

X = , , ,, · · · ,

z }| {N examples

xi 2 Rn

Sketching

?
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xi

=

⌦T

Dataset sketch

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function 

zX

!j ⇠ ⇤

e.g. ⇤

Controls the cluster scale
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xi

=

⌦T

Dataset sketch

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function 

zX

!j ⇠ ⇤

exp

 
i

!

e.g.
⇤
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xi

=

⌦T

Dataset sketch

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function z

xixi

7!

Random Fourier Features

zX

!j ⇠ ⇤

exp

 
i

!

[A. Rahimi, B. Recht, “Random Features for Large-scale Kernel Machines”,NIPS, 2007]

e.g.
⇤



!59

xi

=

⌦T

exp

 
i

!

Dataset sketch

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function 
3. Pooling (average)

z
xixi

7!

Random Fourier Features

zX

!j ⇠ ⇤

1

N

X

xi2X

e.g.
⇤

[A. Rahimi, B. Recht, “Random Features for Large-scale Kernel Machines”,NIPS, 2007]
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xi

=

⌦T

exp

 
i

!

Dataset sketch

·

1. Project on m (random) vectors 
2. Nonlinear periodic signature function 
3. Pooling (average)

1

N

X

xi2X

z
xixi

7!

Random Fourier Features

zX

!j ⇠ ⇤

zX =

"
1

N

X

xi2X

ei!
T
j xi

#m

j=1

e.g.
⇤

2 Cm

[A. Rahimi, B. Recht, “Random Features for Large-scale Kernel Machines”,NIPS, 2007]
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Sketched learning
“Sketching”

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit> zX
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Generalized moments
Linear sensing
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“Learning”

Inverse problem
Moment matching

Dataset ModelSketch

Goal:
• Preserve sufficient information
• Compress as much as possible
• Efficient computation (fast transform, quantized sketch)

Goal:
• Recovery procedure
• Tractable algorithm

Illustration here: Compressive K-Means
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Compressive K-Means

[N. Keriven et al., “Compressive K-Means”, IEEE ICASSP, 2017]

zX
X = {xi 2 Rn}Ni=1 C = {ck}Kk=1
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Compressive K-Means
zX

X = {xi 2 Rn}Ni=1 C = {ck}Kk=1
KX

k=1

↵kzck ↵k

[N. Keriven et al., “Compressive K-Means”, IEEE ICASSP, 2017]
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Compressive K-Means
zX

X = {xi 2 Rn}Ni=1 C = {ck}Kk=1
KX

k=1

↵kzck

'
↵k

Idea: sketch matching (inverse problem)

[N. Keriven et al., “Compressive K-Means”, IEEE ICASSP, 2017]
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Compressive K-Means

min
C,↵

kzX �
KX

k=1

↵kzckk22

Idea: sketch matching (inverse problem)

zX
X = {xi 2 Rn}Ni=1 C = {ck}Kk=1

KX

k=1

↵kzck

'

Nonconvex optimization

↵k

Approximatively solved by greedy algorithm

[N. Keriven et al., “Compressive K-Means”, IEEE ICASSP, 2017]



!66

Compressive K-Means

min
C,↵

kzX �
KX

k=1

↵kzckk22

zX
X = {xi 2 Rn}Ni=1 C = {ck}Kk=1

KX

k=1

↵kzck

'

Nonconvex optimization

↵k

m ! 1

Idea: sketch matching (inverse problem)

[N. Keriven et al., “Compressive K-Means”, IEEE ICASSP, 2017]
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Compressive K-Means

min
C,↵

kzX �
KX

k=1

↵kzckk22

zX
X = {xi 2 Rn}Ni=1 C = {ck}Kk=1

KX

k=1

↵kzck

'

Nonconvex optimization

↵k

Empirically: ok when

m = O(nK)

m ! 1

Idea: sketch matching (inverse problem)

Model size

No dependence on N!

[N. Keriven et al., “Compressive K-Means”, IEEE ICASSP, 2017]
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CL in a nutshell
“Sketching”

X
<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit> zX

<latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit><latexit sha1_base64="4nLxCTiLgWIp+V09I2pquCcb86c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2Ae0IUwmk3boJBNmJkIb+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4q0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+Y3BV+74lKxUTyqKcp9WI8SljECNZG8u36MBA8VNPYXGjm93274TSdBdA6cUvSgBJt3/4ahoJkMU004Vipgeuk2sux1IxwOq8NM0VTTCZ4RAeGJjimyssXwefo3CghioQ0J9Foof7eyHGsimxmMsZ6rFa9QvzPG2Q6uvFylqSZpglZPhRlHGmBihZQyCQlmk8NwUQykxWRMZaYaNNVzZTgrn55nXQvm67hD1eN1m1ZRxVO4QwuwIVraME9tKEDBDJ4hld4s2bWi/VufSxHK1a5cwJ/YH3+AMXdkyU=</latexit>

Generalized moments
Linear sensing

✓
<latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit><latexit sha1_base64="9nw3eiH0vxpghXegSZAQaK2DTls=">AAAB7nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6QDKGnU0ma9DzorhHCkI9w40IRt36PO//GnmQWmnih4XCriq66QaKkIdf9dtbWNza3tks75d29/YPDytFxy8SpFtgUsYp1J+AGlYywSZIUdhKNPAwUtoPJXV5vP6E2Mo4eaZqgH/JRJIdScLJWu0djJF7uV6puzZ2LrYJXQBUKNfqVr94gFmmIEQnFjel6bkJ+xjVJoXBW7qUGEy4mfIRdixEP0fjZfN0ZO7fOgA1jbV9EbO7+nsh4aMw0DGxnyGlslmu5+V+tm9Lwxs9klKSEkVh8NEwVo5jlt7OB1ChITS1woaXdlYkx11yQTSgPwVs+eRValzXP8sNVtX5bxFGCUziDC/DgGupwDw1ogoAJPMMrvDmJ8+K8Ox+L1jWnmDmBP3I+fwDagY88</latexit>

“Learning”

Inverse problem
Moment matching

Dataset ModelSketch

Sketch operator

zX =

1

N

X

xi2X

exp(i⌦

T
xi)

<latexit sha1_base64="ggwTlgsCp8c75LnoHAJmDDIQS4Q="></latexit>

Optimal decoder

�[y] 2 argmin
⇡2G

ky �A(⇡)k2
<latexit sha1_base64="cyDJFbwbtRYAD7XNoFd5ZxhQGSM="></latexit>

• Nonconvex optimization
• Complexity independent of N

• Can be done in one pass, online, in //…
• Privacy-preserving (??)
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In this talk…

Part 3 
Privacy-Preserving Compressive Learning
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Compressive Learning and Privacy

Sketch operator

zX =

1

N

X

xi2X

exp(i⌦

T
xi)

<latexit sha1_base64="ggwTlgsCp8c75LnoHAJmDDIQS4Q="></latexit>

Intuitively, releasing only the sketch provides some form of (N-)anonymity…
X

<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

X 0
<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

zX = zX0
<latexit sha1_base64="wK9QomfmozbpOcX0maTo1B8NMS0="></latexit>

Invariant to permutations!
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Compressive Learning and Privacy

A stronger, formal privacy guarantee for Compressive Learning? >>> DP!

Besides DPs advantages, a good match:

Sketch operator

zX =

1

N

X

xi2X

exp(i⌦

T
xi)

<latexit sha1_base64="ggwTlgsCp8c75LnoHAJmDDIQS4Q="></latexit>

✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

P[f(X) 2 S]  e✏ · P[f(X 0) 2 S]
<latexit sha1_base64="yuXyrUDokzmQTIBdac4ZuSSrHPM=">AAACL3icbVDLSgMxFM34rPVVdekmWETdlBkVdFkUxGVF+4DOWDLpnTY0k4xJRihD/8iNv+JGRBG3/oVprWCtBwKHc84l954w4Uwb131xZmbn5hcWc0v55ZXVtfXCxmZNy1RRqFLJpWqERANnAqqGGQ6NRAGJQw71sHc+9Ov3oDST4sb0Ewhi0hEsYpQYK7UKF35MTDcMs8qgGe03DrDPBL4OsM/hDsNt5kOiGZdigH3algZPxvd+8q1C0S25I+Bp4o1JEY1RaRWe/LakaQzCUE60bnpuYoKMKMMoh0HeTzUkhPZIB5qWChKDDrLRvQO8a5U2jqSyTxg8Un9PZCTWuh+HNjlcV//1huJ/XjM10WmQMZGkBgT9/ihKOTYSD8vDbaaAGt63hFDF7K6Ydoki1NiK87YE7+/J06R2WPKOSu7VcbF8Nq4jh7bRDtpHHjpBZXSJKqiKKHpAT+gVvTmPzrPz7nx8R2ec8cwWmoDz+QVg7qgD</latexit>

f
<latexit sha1_base64="it5VkLRbwyNrCFUeipw4aHvqexs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBy5uM7A==</latexit> 8X ⇠ X 0

<latexit sha1_base64="zIXxe4O1NjLa8NPdVrUymbyVVWM=">AAAB+nicbVBNS8NAFHypX7V+pXr0slhETyVRQY9FLx4r2DbQhLLZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbR1YGGbe481OmHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4Yn0QqwoZzFtaaY59VJJsQg57YSjm6nfeaBSsSS+1+OUBgIPYhYxgrWRenbVjxKJOUce8hUTyDvp2TWn7syAlolbkBoUaPbsL7+fkEzQWBOOleq6TqqDHEvNCKeTip8pmmIywgPaNTTGgqogn0WfoGOj9JHJYF6s0Uz9vZFjodRYhGZSYD1Ui95U/M/rZjq6CnIWp5mmMZkfijKOdIKmPaA+k5RoPjYEE8lMVkSGWGKiTVsVU4K7+OVl0j6ru+d15+6i1rgu6ijDIRzBKbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gDVU5MP</latexit>

satisfies ✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

if:
8S

<latexit sha1_base64="hGCHT4jYp14Ru091MyR/avat9MA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyqoMeiF48V7Ye0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukx24UayIEvu+VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdvAEnzilj91uV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtPvcZ9rRq0YO0Ko5u5WTIdEE2pdRiUXgr/48jJpnlX986p3d1GpXedxFOEIjuEUfLiEGtxCHRpAQcIzvMIb0ugFvaOPeWsB5TOH8Afo8wdqr5Al</latexit>

Intuitively, releasing only the sketch provides some form of (N-)anonymity…
X

<latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit><latexit sha1_base64="O1GCNFOLEfXrH+80JBkvTQl62o4=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ3UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AtbuM3A==</latexit>

X 0
<latexit sha1_base64="hvuWQaOPY811J+Stdx6tV5scErE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lU0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ/u0V664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5XvYuqe39Zqd3kcRThCI7hDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nDxbKjQ8=</latexit>

zX = zX0
<latexit sha1_base64="wK9QomfmozbpOcX0maTo1B8NMS0="></latexit>

Invariant to permutations!

CL: “we forget the individual signals
and store only statistics of the dataset”

DP: “the output is not much influenced by one signal”
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Private CL: attack model
What is publicly available and what is kept secret?
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Private CL: attack model
What is publicly available and what is kept secret?

Two extreme cases:

VS
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Private CL: attack model
Model combining the two extreme cases:

Dataset is shared across L devices…
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Private CL: attack model
Model combining the two extreme cases:

Dataset is shared across L devices…

…each device holds       signals…   n0
<latexit sha1_base64="8LVgeLFAZCCsEIhRuwj6yE0p1/g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9V3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1busuve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP/uLjZc=</latexit>

N = L⇥ n0
<latexit sha1_base64="o8fmd0DIobJzZGl8UdJD1npZ79s=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9hVQS9C0IsHkQjmAUkIs5NJMmR2dpnpDYQlf+LFgyJe/RNv/o2TZA+aWNBQVHXT3RXEUhj0vG8nt7K6tr6R3yxsbe/s7rn7BzUTJZrxKotkpBsBNVwKxasoUPJGrDkNA8nrwfB26tdHXBsRqSccx7wd0r4SPcEoWqnjug/kmtyTFoqQG6I6XscteiVvBrJM/IwUIUOl4361uhFLQq6QSWpM0/dibKdUo2CSTwqtxPCYsiHt86alitpF7XR2+YScWKVLepG2pZDM1N8TKQ2NGYeB7QwpDsyiNxX/85oJ9q7aqVBxglyx+aJeIglGZBoD6QrNGcqxJZRpYW8lbEA1ZWjDKtgQ/MWXl0ntrOSfl7zHi2L5JosjD0dwDKfgwyWU4Q4qUAUGI3iGV3hzUufFeXc+5q05J5s5hD9wPn8AQvuSHw==</latexit>

…and releases a (privacy-preserving) local sketch!
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Private CL: attack model
Model combining the two extreme cases:

Dataset is shared across L devices…

…each device holds       signals…   n0
<latexit sha1_base64="8LVgeLFAZCCsEIhRuwj6yE0p1/g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9V3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1busuve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP/uLjZc=</latexit>

N = L⇥ n0
<latexit sha1_base64="o8fmd0DIobJzZGl8UdJD1npZ79s=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9hVQS9C0IsHkQjmAUkIs5NJMmR2dpnpDYQlf+LFgyJe/RNv/o2TZA+aWNBQVHXT3RXEUhj0vG8nt7K6tr6R3yxsbe/s7rn7BzUTJZrxKotkpBsBNVwKxasoUPJGrDkNA8nrwfB26tdHXBsRqSccx7wd0r4SPcEoWqnjug/kmtyTFoqQG6I6XscteiVvBrJM/IwUIUOl4361uhFLQq6QSWpM0/dibKdUo2CSTwqtxPCYsiHt86alitpF7XR2+YScWKVLepG2pZDM1N8TKQ2NGYeB7QwpDsyiNxX/85oJ9q7aqVBxglyx+aJeIglGZBoD6QrNGcqxJZRpYW8lbEA1ZWjDKtgQ/MWXl0ntrOSfl7zHi2L5JosjD0dwDKfgwyWU4Q4qUAUGI3iGV3hzUufFeXc+5q05J5s5hD9wPn8AQvuSHw==</latexit>

…and releases a (privacy-preserving) local sketch!

Important remarks
1) The adversary can know the sketch operator!

2) It is randomly drawn but fixed,
i.e., additional noise is necessary!
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Differentially Private Sketching

Private sketch mechanism

Local private sketches are obtained by Laplacian mechanism and subsampling 
See later

sX :=

1

N

X

xi2X

(exp(i⌦

T
xi)� bi) + ⇠

<latexit sha1_base64="6VK88uXzAXYBASBqv9bdE1rfLsc="></latexit>

⇠j ⇠ Lap(�⇠/
p
2)

<latexit sha1_base64="Cgfx889V0fIPfTl2Qd2fcpK+oig=">AAACFXicbVDLSsNAFJ34rPVVdelmsAgKUpMq6LLoxoWLCrYVmhAm02kdO5PEmRtpCfkJN/6KGxeKuBXc+TdO2yx8Hbhw5px7mXtPEAuuwbY/ranpmdm5+cJCcXFpeWW1tLbe1FGiKGvQSETqKiCaCR6yBnAQ7CpWjMhAsFbQPx35rTumNI/CSxjGzJOkF/IupwSM5Jf23AH3b7CrucQusAGk5yTOdsy7J4mfGjfbd/WtgrSa7fqlsl2xx8B/iZOTMspR90sfbieiiWQhUEG0bjt2DF5KFHAqWFZ0E81iQvukx9qGhkQy7aXjqzK8bZQO7kbKVAh4rH6fSInUeigD0ykJXOvf3kj8z2sn0D32Uh7GCbCQTj7qJgJDhEcR4Q5XjIIYGkKo4mZXTK+JIhRMkEUTgvP75L+kWa04BxX74rBcO8njKKBNtIV2kIOOUA2doTpqIIru0SN6Ri/Wg/VkvVpvk9YpK5/ZQD9gvX8BAQKfVw==</latexit>

Subsampling: binary mask, keeps r values
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Differentially Private Sketching

Private sketch mechanism

Local private sketches are obtained by Laplacian mechanism and subsampling 
See later

sX :=

1

N

X

xi2X

(exp(i⌦

T
xi)� bi) + ⇠

<latexit sha1_base64="6VK88uXzAXYBASBqv9bdE1rfLsc="></latexit>

⇠j ⇠ Lap(�⇠/
p
2)

<latexit sha1_base64="Cgfx889V0fIPfTl2Qd2fcpK+oig=">AAACFXicbVDLSsNAFJ34rPVVdelmsAgKUpMq6LLoxoWLCrYVmhAm02kdO5PEmRtpCfkJN/6KGxeKuBXc+TdO2yx8Hbhw5px7mXtPEAuuwbY/ranpmdm5+cJCcXFpeWW1tLbe1FGiKGvQSETqKiCaCR6yBnAQ7CpWjMhAsFbQPx35rTumNI/CSxjGzJOkF/IupwSM5Jf23AH3b7CrucQusAGk5yTOdsy7J4mfGjfbd/WtgrSa7fqlsl2xx8B/iZOTMspR90sfbieiiWQhUEG0bjt2DF5KFHAqWFZ0E81iQvukx9qGhkQy7aXjqzK8bZQO7kbKVAh4rH6fSInUeigD0ykJXOvf3kj8z2sn0D32Uh7GCbCQTj7qJgJDhEcR4Q5XjIIYGkKo4mZXTK+JIhRMkEUTgvP75L+kWa04BxX74rBcO8njKKBNtIV2kIOOUA2doTpqIIru0SN6Ri/Wg/VkvVpvk9YpK5/ZQD9gvX8BAQKfVw==</latexit>

Subsampling: binary mask, keeps r values

Theorem: the proposed mechanism is private:

�⇠ /
p
rm

p
n0✏

<latexit sha1_base64="2QSb60ThjmCltoc1pPYUVQw54qM=">AAACJHicbVDLSgMxFM34rPU16tJNsAiuyowKCm6KblxWsCp0ypBJM21oXiYZsQzzMW78FTcufODCjd9iWmehrQcCh3PO5eaeRDFqbBB8ejOzc/MLi5Wl6vLK6tq6v7F5ZWSmMWlhyaS+SZAhjArSstQycqM0QTxh5DoZnI386zuiDZXi0g4V6XDUEzSlGFknxf5JZGiPoziP7mkBI6WlshJGqUY4j8yttrmGvChKLuLAhYgylElRxH4tqAdjwGkSlqQGSjRj/y3qSpxxIixmyJh2GCjbyZG2FDNSVKPMEIXwAPVI21GBODGdfHxkAXed0oWp1O4JC8fq74kccWOGPHFJjmzfTHoj8T+vndn0uJNToTJLBP5ZlGYMuh5GjcEu1QRbNnQEYU3dXyHuI1eQdb1WXQnh5MnT5Gq/Hh7Ug4vDWuO0rKMCtsEO2AMhOAINcA6aoAUweABP4AW8eo/es/fuffxEZ7xyZgv8gff1DerCptI=</latexit>

If                          , then         provides       sX
<latexit sha1_base64="N1koOveNVkwRndYoDH+dRh9hM9Q=">AAAB+nicbVC7TsMwFL3hWcorhZHFokJiqhJAgrGChbFI9CG1UeQ4TmvVcSLbAVWhn8LCAEKsfAkbf4PTZoCWI1k+Oude+fgEKWdKO863tbK6tr6xWdmqbu/s7u3btYOOSjJJaJskPJG9ACvKmaBtzTSnvVRSHAecdoPxTeF3H6hULBH3epJSL8ZDwSJGsDaSb9cGQcJDNYnNhZSf96a+XXcazgxombglqUOJlm9/DcKEZDEVmnCsVN91Uu3lWGpGOJ1WB5miKSZjPKR9QwWOqfLyWfQpOjFKiKJEmiM0mqm/N3IcqyKdmYyxHqlFrxD/8/qZjq68nIk001SQ+UNRxpFOUNEDCpmkRPOJIZhIZrIiMsISE23aqpoS3MUvL5POWcM9bzh3F/XmdVlHBY7gGE7BhUtowi20oA0EHuEZXuHNerJerHfrYz66YpU7h/AH1ucPinGULA==</latexit>

to the contributors of 

✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

X
<latexit sha1_base64="I/CYL8yVn02Tw3nXWWW3R4eAfng=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtmOM3g==</latexit>
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Differentially Private Sketching: proof

sX :=

1

N

X

xi2X

(exp(i⌦

T
xi)� bi) + ⇠

<latexit sha1_base64="6VK88uXzAXYBASBqv9bdE1rfLsc="></latexit>

⇠j ⇠ Lap(�⇠/
p
2)

<latexit sha1_base64="Cgfx889V0fIPfTl2Qd2fcpK+oig=">AAACFXicbVDLSsNAFJ34rPVVdelmsAgKUpMq6LLoxoWLCrYVmhAm02kdO5PEmRtpCfkJN/6KGxeKuBXc+TdO2yx8Hbhw5px7mXtPEAuuwbY/ranpmdm5+cJCcXFpeWW1tLbe1FGiKGvQSETqKiCaCR6yBnAQ7CpWjMhAsFbQPx35rTumNI/CSxjGzJOkF/IupwSM5Jf23AH3b7CrucQusAGk5yTOdsy7J4mfGjfbd/WtgrSa7fqlsl2xx8B/iZOTMspR90sfbieiiWQhUEG0bjt2DF5KFHAqWFZ0E81iQvukx9qGhkQy7aXjqzK8bZQO7kbKVAh4rH6fSInUeigD0ykJXOvf3kj8z2sn0D32Uh7GCbCQTj7qJgJDhEcR4Q5XjIIYGkKo4mZXTK+JIhRMkEUTgvP75L+kWa04BxX74rBcO8njKKBNtIV2kIOOUA2doTpqIIru0SN6Ri/Wg/VkvVpvk9YpK5/ZQD9gvX8BAQKfVw==</latexit>

Keeps r values
Theorem: the proposed mechanism

�⇠ /
p
rm

p
n0✏

<latexit sha1_base64="2QSb60ThjmCltoc1pPYUVQw54qM=">AAACJHicbVDLSgMxFM34rPU16tJNsAiuyowKCm6KblxWsCp0ypBJM21oXiYZsQzzMW78FTcufODCjd9iWmehrQcCh3PO5eaeRDFqbBB8ejOzc/MLi5Wl6vLK6tq6v7F5ZWSmMWlhyaS+SZAhjArSstQycqM0QTxh5DoZnI386zuiDZXi0g4V6XDUEzSlGFknxf5JZGiPoziP7mkBI6WlshJGqUY4j8yttrmGvChKLuLAhYgylElRxH4tqAdjwGkSlqQGSjRj/y3qSpxxIixmyJh2GCjbyZG2FDNSVKPMEIXwAPVI21GBODGdfHxkAXed0oWp1O4JC8fq74kccWOGPHFJjmzfTHoj8T+vndn0uJNToTJLBP5ZlGYMuh5GjcEu1QRbNnQEYU3dXyHuI1eQdb1WXQnh5MnT5Gq/Hh7Ug4vDWuO0rKMCtsEO2AMhOAINcA6aoAUweABP4AW8eo/es/fuffxEZ7xyZgv8gff1DerCptI=</latexit>

✏�DP
<latexit sha1_base64="OD34AzKPr7kcPVt5tT2/AITNnE8=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4sSQq6LGoB48V7Ac0pWy203bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBZco+t+Wyura+sbm4Wt4vbO7t6+fVBq6ChRDOosEpFqBVSD4BLqyFFAK1ZAw0BAMxjdTv3mEyjNI/mIkxg6IR1I3ueMopG6dsmHWHMRyTMfYYzpXS3r2mW34s7gLBMvJ2WSo9a1v/xexJIQJDJBtW57boydlCrkTEBW9BMNMWUjOoC2oZKGoDvp7PbMOTFKz+lHypREZ6b+nkhpqPUkDExnSHGoF72p+J/XTrB/3Um5jBMEyeaL+olwMHKmQTg9roChmBhCmeLmVocNqaIMTVxFE4K3+PIyaZxXvIuK+3BZrt7kcRTIETkmp8QjV6RK7kmN1AkjY/JMXsmblVkv1rv1MW9dsfKZQ/IH1ucPQAeUkQ==</latexit>

is

Proof idea:

Remark
It can be argued that the bound above is sharp (without additional constraints)

where

<
<latexit sha1_base64="5RFppralWMu12vnSA+pW/vS2gLY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1FjpoXuPvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+86t5dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEcwY2t</latexit>

=
<latexit sha1_base64="uim6BeolCJPFGr2wVejwfKZmaPI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF71FNA9IljA7mU2GzGOZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuSjHSc0FHggWcwItk566N6JXrniV/0Z0DIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jEKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8KMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy8vk+ZZNTiv+vcXldp1HkcRjuAYTiGAS6jBLdShAQQG8Ayv8OZx78V79z7mrQUvnzmEP/A+fwAbNI2s</latexit>

p(sX)

p(sX0
)

 exp

✓
1

�⇠N
kz

x

� b� z
x

0 � bk1
◆

<latexit sha1_base64="GWeauzUbCfCHYxIUZTR1l28HZss="></latexit>

r
<latexit sha1_base64="/ditv0P57tbrzNZxex6kCXHk8vA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUUP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo2riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3cuM+A==</latexit>

nonzero entries

Max L1 distance
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But… can we still learn?
I.e., what about “utility”??

How does the addition of noise and subsampling affect learning?
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But… can we still learn?
I.e., what about “utility”??

How does the addition of noise and subsampling affect learning?

The SNR helps to understand
the effect of the parameters
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Privacy-utility tradeoff (case study)
Some experimental privacy-utility curves (in a well-controlled environment)

… competitive with state-of-the-art Differentially Private K-Means :-)
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Discussion

Accuracy

Efficiency Privacy

Role of r<latexit sha1_base64="/ditv0P57tbrzNZxex6kCXHk8vA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUUP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo2riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3cuM+A==</latexit>
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Discussion

Accuracy

Efficiency Privacy

Role of r<latexit sha1_base64="/ditv0P57tbrzNZxex6kCXHk8vA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUUP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo2riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3cuM+A==</latexit>

Here r=m is the best, but has negligible impact
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Discussion

Accuracy

Efficiency Privacy

Role of m<latexit sha1_base64="Eh539vutSkbvBgq4W7a6L+CxDX4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1jeM8w==</latexit>
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Discussion

Accuracy

Efficiency Privacy

Role of m<latexit sha1_base64="Eh539vutSkbvBgq4W7a6L+CxDX4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1jeM8w==</latexit>

For given epsilon, there is an optimal m
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Discussion

Accuracy

Efficiency Privacy

Role of L
<latexit sha1_base64="9PF+tKjSQN8i8QYPTB/Bgp+YVSU=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0KWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvIuKW78sV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6QzjNI=</latexit>
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Discussion: the huge advantage

Accuracy

Efficiency Privacy

Role of n0
<latexit sha1_base64="8LVgeLFAZCCsEIhRuwj6yE0p1/g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9V3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1busuve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP/uLjZc=</latexit>
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Recap’

n0
<latexit sha1_base64="8LVgeLFAZCCsEIhRuwj6yE0p1/g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9V3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1busuve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP/uLjZc=</latexit>

m
<latexit sha1_base64="Eh539vutSkbvBgq4W7a6L+CxDX4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1jeM8w==</latexit>

r
<latexit sha1_base64="/ditv0P57tbrzNZxex6kCXHk8vA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUUP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo2riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3cuM+A==</latexit>

L
<latexit sha1_base64="9PF+tKjSQN8i8QYPTB/Bgp+YVSU=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0KWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvIuKW78sV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6QzjNI=</latexit>
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