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Context: large-scale machine learning

Machine 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>

Dataset Parametric modelX
<latexit sha1_base64="lEx7PBcrkDbyM6jFzTWYYBH+h3E=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EccSoJJ1+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn88RTcmaVAQljbZ9CMld/b2Q0MmYSBXZyltAsezPxP6+bYnjtZ0IlKXLFFh+FqSQYk9n5ZCA0ZygnllCmhc1K2IhqytCWVLIleMsnr5JWrepdVGv3l5X6TV5HEU7gFM7Bgyuowx00oAkMFDzDK7w5xnlx3p2PxWjByXeO4Q+czx8jxpCQ</latexit>

N examplesn
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit>

very large (“large-scale”!)

X = {xi 2 Rd}ni=1
<latexit sha1_base64="zwElDFLvLgd1tG2hq9L0zUB/Mvw="></latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</latexit>

N parametersp
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

• Gaussian Mixture Model
• Principal Component Analysis
• k-means clustering

e.g.

k-means clustering

SSEX (C) :=
X

xi2X
min
cj2C

kxi � cjk22
<latexit sha1_base64="U/0Q4yayJRXIuiZ/uZBoz19SeFc="></latexit>

✓ = argmin
C

SSEX (C)
<latexit sha1_base64="/sHQApE4sA++AaEKXDZcAOREv2M=">AAACLnicbVBNSwMxEM36bf2qevQSLIJeyq4KehGKUvBY0WqhW8psmrbBJLsks0JZ9hd58a/oQVARr/4M01rw80Hg5b0ZZuZFiRQWff/Jm5icmp6ZnZsvLCwuLa8UV9cubZwaxusslrFpRGC5FJrXUaDkjcRwUJHkV9H1ydC/uuHGilhf4CDhLQU9LbqCATqpXayG2OcI9IiGYHqhErqdhQqwz0DSE5rT0ceo7Py8mn+zGvn2V9lOu1jyy/4I9C8JxqRExqi1iw9hJ2ap4hqZBGubgZ9gKwODgkmeF8LU8gTYNfR401ENittWNjo3p1tO6dBubNzTSEfq944MlLUDFbnK4Yr2tzcU//OaKXYPW5nQSYpcs89B3VRSjOkwO9oRhjOUA0eAGeF2pawPBhi6hAsuhOD3yX/J5W452Cvvnu2XKsfjOObIBtkk2yQgB6RCTkmN1Akjt+SePJMX78579F69t8/SCW/cs05+wHv/AOR6qG0=</latexit>

C = {cj}kj=1
<latexit sha1_base64="9Aaz+YOxZSFZLnSE0Fj3ZIFtvTc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUmqoJtCsRuXFewDmhgmk0k77eTBzEQoId/gxl9x40IRt67c+TdO2iy09cAwh3Pu5d573JhRIQ3jWyutrK6tb5Q3K1vbO7t7+v5BV0QJx6SDIxbxvosEYTQkHUklI/2YExS4jPTcSSv3ew+ECxqFd3IaEztAw5D6FCOpJEc/swIkRxgx2IINaKWWGzFPTAP1pThzxlbmpOOGmd1PHL1q1IwZ4DIxC1IFBdqO/mV5EU4CEkrMkBAD04ilnSIuKWYkq1iJIDHCEzQkA0VDFBBhp7OTMniiFA/6EVcvlHCm/u5IUSDyNVVlfoBY9HLxP2+QSP/KTmkYJ5KEeD7ITxiUEczzgR7lBEs2VQRhTtWuEI8QR1iqFCsqBHPx5GXSrdfM81r99qLavC7iKIMjcAxOgQkuQRPcgDboAAwewTN4BW/ak/aivWsf89KSVvQcgj/QPn8AEWGdvg==</latexit>

“centroids”

“Sum of Squared Errors”

p = dk
<latexit sha1_base64="bTlW3/hU7PUfFrmGJS5ApdnlcP4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBb0IRS8eK9gPaJeSzWbb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXpBwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxrczv/NElWZSPJhJQv0YDwWLGMHGSu0EXaNwPChX3Ko7B1olXk4qkKM5KH/1Q0nSmApDONa657mJ8TOsDCOcTkv9VNMEkzEe0p6lAsdU+9n82ik6s0qIIqlsCYPm6u+JDMdaT+LAdsbYjPSyNxP/83qpia78jIkkNVSQxaIo5chINHsdhUxRYvjEEkwUs7ciMsIKE2MDKtkQvOWXV0m7VvUuqrX7eqVxk8dRhBM4hXPw4BIacAdNaAGBR3iGV3hzpPPivDsfi9aCk88cwx84nz+PV452</latexit>

small (“sparsity”)
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✓
<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>

Dataset Parametric modelX
<latexit sha1_base64="lEx7PBcrkDbyM6jFzTWYYBH+h3E=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EccSoJJ1+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn88RTcmaVAQljbZ9CMld/b2Q0MmYSBXZyltAsezPxP6+bYnjtZ0IlKXLFFh+FqSQYk9n5ZCA0ZygnllCmhc1K2IhqytCWVLIleMsnr5JWrepdVGv3l5X6TV5HEU7gFM7Bgyuowx00oAkMFDzDK7w5xnlx3p2PxWjByXeO4Q+czx8jxpCQ</latexit>

N examplesn
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit>

very large (“large-scale”!)

X = {xi 2 Rd}ni=1
<latexit sha1_base64="zwElDFLvLgd1tG2hq9L0zUB/Mvw="></latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</latexit>

small (“sparsity”)

N parametersp
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

• Gaussian Mixture Model
• Principal Component Analysis
• k-means clustering

e.g.

Accuracy

Efficiency Privacy

Several objectives that are 
incompatible!

= low memory & time reqs. = protect sensitive data

= good precision for ✓
<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>

!

Challenges?
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Some preliminaries (1)

Accuracy

Efficiency Privacy

Part 1: Privacy-aware learning
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What IS privacy (in ML)

“Sensitive” information!

Machine 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>

Dataset Parametric modelX
<latexit sha1_base64="lEx7PBcrkDbyM6jFzTWYYBH+h3E=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EccSoJJ1+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn88RTcmaVAQljbZ9CMld/b2Q0MmYSBXZyltAsezPxP6+bYnjtZ0IlKXLFFh+FqSQYk9n5ZCA0ZygnllCmhc1K2IhqytCWVLIleMsnr5JWrepdVGv3l5X6TV5HEU7gFM7Bgyuowx00oAkMFDzDK7w5xnlx3p2PxWjByXeO4Q+czx8jxpCQ</latexit>

X = {xi 2 Rd}ni=1
<latexit sha1_base64="zwElDFLvLgd1tG2hq9L0zUB/Mvw="></latexit>

Goal: learn (unsupervised) from dataset 
while protecting its “privacy”!

Ok, but what does it mean?

· · ·<latexit sha1_base64="9pGPaDabNijkWLtd2pluvCo4p5o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AK+ljzM=</latexit>

Privacy is very difficult to define (a research topic on its own)!
Depends on the application (what do we want to protect), and the attack model (what do we want to protect against).

e.g.,

Many mathematical privacy definitions, with different pro/cons:
• k-Anonymity
• Information-theoretic privacy definitions
• Differential Privacy
• …

This work
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Differential Privacy: (a possible) definition
Intuitive definition: plausible deniability

“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:

“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

z
}|

{

Intuitive definition: plausible deniability
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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:

“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

z
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Intuitive definition: plausible deniability
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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:

“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 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

z
}|

{

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

Intuitive definition: plausible deniability
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Differential Privacy: pros/cons

• Extensively studied, widely accepted standard (2008-present)
• Very strong (robust to most attacks, side-information, post-processing…)
• Often easy to implement (Laplacian mechanism, see later)

• “Too strong” (restrictive) guarantee?
• How to pick    ?✏<latexit sha1_base64="tK5qvEqLj6N7xqnlu1ybkEnpBo8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GBquEgU6ZYrftWfgSyTICcVyFHvlr86vYRlEpVlghrTDvzUhmOqLWcCJ6VOZjClbEj72HZUUYkmHM8OnpATp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCpt+THtfIrBg5Qpnm7lbCBlRTZl1GJRdCsPjyMmmeVYPzqn93Uald53EU4QiO4RQCuIQa3EIdGsBAwjO8wpunvRfv3fuYtxa8fOYQ/sD7/AGmQ5BM</latexit>
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Differential Privacy: pros/cons

• Extensively studied, widely accepted standard (2008-present)
• Very strong (robust to most attacks, side-information, post-processing…)
• Often easy to implement (Laplacian mechanism, see later)

• “Too strong” (restrictive) guarantee?
• How to pick    ?✏<latexit sha1_base64="tK5qvEqLj6N7xqnlu1ybkEnpBo8=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU567GBquEgU6ZYrftWfgSyTICcVyFHvlr86vYRlEpVlghrTDvzUhmOqLWcCJ6VOZjClbEj72HZUUYkmHM8OnpATp/RInGhXypKZ+ntiTKUxIxm5TkntwCx6U/E/r53Z+Cocc5VmFhWbL4ozQWxCpt+THtfIrBg5Qpnm7lbCBlRTZl1GJRdCsPjyMmmeVYPzqn93Uald53EU4QiO4RQCuIQa3EIdGsBAwjO8wpunvRfv3fuYtxa8fOYQ/sD7/AGmQ5BM</latexit>

✏ ' 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>

Good accuracy
✏

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

Small Large
No privacy

Bad accuracy
“Good” privacy

‣ Hard to interpret
‣ Should consider “privacy-utility” tradeoff:

‣ Heavily context-dependent, requires “expert knowledge”!
‣ Typical values:                        …to take with a grain of salt!
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Some preliminaries (2)

Accuracy

Efficiency Privacy

Part 1: Privacy-aware learningPart 2: Compressive Learning
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Usual 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="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</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>

Compressive Learning
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Usual 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…

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”

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>

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="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</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

Compressive Learning

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit>



“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>

✓
<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”

Dataset ModelSketch

How to compress a dataset?

• Subsampling

• 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> Y

<latexit sha1_base64="NRADBWhidLrGKbqT5Fr94wkW5hw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALiLjOE=</latexit>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</latexit>

d0
<latexit sha1_base64="x/mUKDNqBxKKU6O9VLbQUxm4iYQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGK/YA2lM1m0y7dbMLuRCil/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJsk04w2WyES3A2q4FIo3UKDk7VRzGgeSt4Lh7dRvPXFtRKIecZRyP6Z9JSLBKFrpITzrlcpuxZ2BLBMvJ2XIUe+VvrphwrKYK2SSGtPx3BT9MdUomOSTYjczPKVsSPu8Y6miMTf+eHbphJxaJSRRom0pJDP198SYxsaM4sB2xhQHZtGbiv95nQyja38sVJohV2y+KMokwYRM3yah0JyhHFlCmRb2VsIGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwDh5cQQ3uoA4NYBDBM7zCmzN0Xpx352PeuuLkM0fwB87nDymqjR0=</latexit>

n0
<latexit sha1_base64="aPIBAYbsWzS18TQgvv5zjdk81t8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGK/YA2lM120i7dbMLuRiih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9yLNeqexW3BnIMvFyUoYc9V7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NIJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0bdLnCpkRY0soU9zeStiQKsqMDadoQ/AWX14mzWrFu6hU7y/LtZs8jgIcwwmcgwdXUIM7qEMDGITwDK/w5oycF+fd+Zi3rjj5zBH8gfP5AzjcjSc=</latexit>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</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>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</latexit>

X 0
<latexit sha1_base64="7s/o6B94d79nUFNeHDLyfNlkSrU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpoX3WK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwDh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDxdujRE=</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>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</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>

A single vector!

Approaches to “dataset compression”:
• Element-wise dimensionality reduction

m ' size(✓) ⌧ nd
<latexit sha1_base64="xVhFSVtLVV1NdBph5CHxGEGE2VU=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZaYKuiy6calgH9ApkklvbTDJjMkdsQ79ADf+ihsXirj1A9z5N6btLHwdCBzOOZebe6JECou+/+kVpqZnZufmF4qLS8srq6W19YaNU8OhzmMZm1bELEihoY4CJbQSA0xFEprR1fHIb96AsSLW5zhIoKPYpRY9wRk66aJUVjS0QsE1DRFuMbPiDoY7IfYB2S4NpaS661J+xR+D/iVBTsokx+lF6SPsxjxVoJFLZm078BPsZMyg4BKGxTC1kDB+xS6h7ahmCmwnGx8zpNtO6dJebNzTSMfq94mMKWsHKnJJxbBvf3sj8T+vnWLvsJMJnaQImk8W9VJJMaajZmhXGOAoB44wboT7K+V9ZhhH11/RlRD8PvkvaVQrwV6lerZfrh3ldcyTTbJFdkhADkiNnJBTUiec3JNH8kxevAfvyXv13ibRgpfPbJAf8N6/ADWXmxI=</latexit>



“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>

✓
<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”

Dataset ModelSketch

Approaches to “dataset compression”:
• Element-wise dimensionality reduction

How to sketch a dataset?

• Subsampling

• 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> Y

<latexit sha1_base64="NRADBWhidLrGKbqT5Fr94wkW5hw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALiLjOE=</latexit>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</latexit>

d0
<latexit sha1_base64="x/mUKDNqBxKKU6O9VLbQUxm4iYQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGK/YA2lM1m0y7dbMLuRCil/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLUikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJsk04w2WyES3A2q4FIo3UKDk7VRzGgeSt4Lh7dRvPXFtRKIecZRyP6Z9JSLBKFrpITzrlcpuxZ2BLBMvJ2XIUe+VvrphwrKYK2SSGtPx3BT9MdUomOSTYjczPKVsSPu8Y6miMTf+eHbphJxaJSRRom0pJDP198SYxsaM4sB2xhQHZtGbiv95nQyja38sVJohV2y+KMokwYRM3yah0JyhHFlCmRb2VsIGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwDh5cQQ3uoA4NYBDBM7zCmzN0Xpx352PeuuLkM0fwB87nDymqjR0=</latexit>

n0
<latexit sha1_base64="aPIBAYbsWzS18TQgvv5zjdk81t8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGK/YA2lM120i7dbMLuRiih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9yLNeqexW3BnIMvFyUoYc9V7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NIJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0bdLnCpkRY0soU9zeStiQKsqMDadoQ/AWX14mzWrFu6hU7y/LtZs8jgIcwwmcgwdXUIM7qEMDGITwDK/w5oycF+fd+Zi3rjj5zBH8gfP5AzjcjSc=</latexit>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</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>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</latexit>

X 0
<latexit sha1_base64="7s/o6B94d79nUFNeHDLyfNlkSrU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj04rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpoX3WK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwDh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDxdujRE=</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>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit>

d
<latexit sha1_base64="i4T7bfCHibYNJNngwp/p1+TXADk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyTeM7A==</latexit>

m ' size(✓) ⌧ nd
<latexit sha1_base64="xVhFSVtLVV1NdBph5CHxGEGE2VU=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZaYKuiy6calgH9ApkklvbTDJjMkdsQ79ADf+ihsXirj1A9z5N6btLHwdCBzOOZebe6JECou+/+kVpqZnZufmF4qLS8srq6W19YaNU8OhzmMZm1bELEihoY4CJbQSA0xFEprR1fHIb96AsSLW5zhIoKPYpRY9wRk66aJUVjS0QsE1DRFuMbPiDoY7IfYB2S4NpaS661J+xR+D/iVBTsokx+lF6SPsxjxVoJFLZm078BPsZMyg4BKGxTC1kDB+xS6h7ahmCmwnGx8zpNtO6dJebNzTSMfq94mMKWsHKnJJxbBvf3sj8T+vnWLvsJMJnaQImk8W9VJJMaajZmhXGOAoB44wboT7K+V9ZhhH11/RlRD8PvkvaVQrwV6lerZfrh3ldcyTTbJFdkhADkiNnJBTUiec3JNH8kxevAfvyXv13ibRgpfPbJAf8N6/ADWXmxI=</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>

A single vector!

Sketch operator

zX =
1

n

X

xi2X

zxi

<latexit sha1_base64="XXfFEDevFyfQGuIQrPSlEH72EWA="></latexit>

zxi := exp(i⌦Txi)
<latexit sha1_base64="dm2wMzTrw2easR8zJpLyHv5mVy8="></latexit>

e.g.,

⌦ 2 Rd⇥m
<latexit sha1_base64="fR+MVEaaE1Ju6O9zT9jSBhcZ8Y4="></latexit>

Empirical average of 
nonlinear features
(generalized moments)

Random Fourier 
Features
(sampling the datas 
characteristic function)

Rahimi, Recht, “Random Features for Large-scale Kernel Machines”,NIPS 2007]
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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> ✓

<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”

Moment matching

“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>

Generalized moments

Dataset ModelSketch

How to learn from the sketch?

Illustration here: Compressive K-Means
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Compressive K-Means
zX

C = {ck}Kk=1
KX

k=1

↵kzck' ↵k

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

X = {xi 2 Rd}ni=1
<latexit sha1_base64="Wzu+ITiX8WLDrSRbG85nFZ73yUk=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZaYWdCMU3bisYh/QaYdMmmlDM5khyYglzI+48VfcuFDEhRvxb8y0s9DWA4HDOeeSe48fMyqVbX9bS8srq2vrhY3i5tb2zm5pb78lo0Rg0sQRi0THR5IwyklTUcVIJxYEhT4jbX98lfnteyIkjfidmsSkF6IhpwHFSBnJK9U68AK6GrohUiM/0A+pR6FLeS74+jbtD6CbepqaoJP2NU+hVyrbFXsKuEicnJRBjoZX+nQHEU5CwhVmSMquY8eqp5FQFDOSFt1EkhjhMRqSrqEchUT29PS6FB4bZQCDSJjHFZyqvyc0CqWchL5JZjvLeS8T//O6iQrOe5ryOFGE49lHQcKgimBWFRxQQbBiE0MQFtTsCvEICYSVKbRoSnDmT14krWrFOa1Ub2rl+mVeRwEcgiNwAhxwBurgGjRAE2DwCJ7BK3iznqwX6936mEWXrHzmAPyB9fUDxwuhHQ==</latexit>

Idea: match the measurements
(moment matching problem) 

Dataset
sketch

Centroids
sketch
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Compressive K-Means

min
C,↵

kzX �
KX

k=1

↵kzckk22

zX

C = {ck}Kk=1
KX

k=1

↵kzck'

Nonconvex optimization!

↵k

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

X = {xi 2 Rd}ni=1
<latexit sha1_base64="Wzu+ITiX8WLDrSRbG85nFZ73yUk=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZaYWdCMU3bisYh/QaYdMmmlDM5khyYglzI+48VfcuFDEhRvxb8y0s9DWA4HDOeeSe48fMyqVbX9bS8srq2vrhY3i5tb2zm5pb78lo0Rg0sQRi0THR5IwyklTUcVIJxYEhT4jbX98lfnteyIkjfidmsSkF6IhpwHFSBnJK9U68AK6GrohUiM/0A+pR6FLeS74+jbtD6CbepqaoJP2NU+hVyrbFXsKuEicnJRBjoZX+nQHEU5CwhVmSMquY8eqp5FQFDOSFt1EkhjhMRqSrqEchUT29PS6FB4bZQCDSJjHFZyqvyc0CqWchL5JZjvLeS8T//O6iQrOe5ryOFGE49lHQcKgimBWFRxQQbBiE0MQFtTsCvEICYSVKbRoSnDmT14krWrFOa1Ub2rl+mVeRwEcgiNwAhxwBurgGjRAE2DwCJ7BK3iznqwX6936mEWXrHzmAPyB9fUDxwuhHQ==</latexit>

Idea: match the measurements
(moment matching problem) 

Dataset
sketch

Centroids
sketch
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Compressive K-Means

min
C,↵

kzX �
KX

k=1

↵kzckk22

zX

C = {ck}Kk=1
KX

k=1

↵kzck'

Nonconvex optimization!

↵k

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

X = {xi 2 Rd}ni=1
<latexit sha1_base64="Wzu+ITiX8WLDrSRbG85nFZ73yUk=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZaYWdCMU3bisYh/QaYdMmmlDM5khyYglzI+48VfcuFDEhRvxb8y0s9DWA4HDOeeSe48fMyqVbX9bS8srq2vrhY3i5tb2zm5pb78lo0Rg0sQRi0THR5IwyklTUcVIJxYEhT4jbX98lfnteyIkjfidmsSkF6IhpwHFSBnJK9U68AK6GrohUiM/0A+pR6FLeS74+jbtD6CbepqaoJP2NU+hVyrbFXsKuEicnJRBjoZX+nQHEU5CwhVmSMquY8eqp5FQFDOSFt1EkhjhMRqSrqEchUT29PS6FB4bZQCDSJjHFZyqvyc0CqWchL5JZjvLeS8T//O6iQrOe5ryOFGE49lHQcKgimBWFRxQQbBiE0MQFtTsCvEICYSVKbRoSnDmT14krWrFOa1Ub2rl+mVeRwEcgiNwAhxwBurgGjRAE2DwCJ7BK3iznqwX6936mEWXrHzmAPyB9fUDxwuhHQ==</latexit>

Idea: match the measurements
(moment matching problem) 

Dataset
sketch

Centroids
sketch

Empirically, works when

m = O(Kd)
<latexit sha1_base64="PZKwCB8nh+F+souu7IDARrIz6No=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQN2WmCroRim4EF1awD2iHkslk2tAkMyQZoQz1V9y4UMStH+LOvzHTzkJbDwQO59zLPTl+zKjSjvNtFVZW19Y3ipulre2d3T17/6CtokRi0sIRi2TXR4owKkhLU81IN5YEcZ+Rjj++zvzOI5GKRuJBT2LicTQUNKQYaSMN7DKHl7DPkR5hxOAdrN4GJwO74tScGeAycXNSATmaA/urH0Q44URozJBSPdeJtZciqSlmZFrqJ4rECI/RkPQMFYgT5aWz8FN4bJQAhpE0T2g4U39vpIgrNeG+mcxiqkUvE//zeokOL7yUijjRROD5oTBhUEcwawIGVBKs2cQQhCU1WSEeIYmwNn2VTAnu4peXSbtec09r9fuzSuMqr6MIDsERqAIXnIMGuAFN0AIYTMAzeAVv1pP1Yr1bH/PRgpXvlMEfWJ8/FlmTHA==</latexit>
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This work

Accuracy

Efficiency Privacy

Part 1: Privacy-aware learningPart 2: Compressive Learning

Part 3: Privacy-Preserving Compressive Learning
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Compressive Learning and Privacy

Sketch operator

zX =
1

n

X

xi2X

exp(i⌦Txi)
<latexit sha1_base64="58bvuzu5Ntkq14jmcge5RXiTo6Q="></latexit>

Intuitively, releasing only the sketch provides some form of 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!
Sketch contributions are “mixed”
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Compressive Learning and Privacy

Our aim: stronger & formal privacy guarantee: Differential Privacy!

A good match!

Sketch operator

zX =
1

n

X

xi2X

exp(i⌦Txi)
<latexit sha1_base64="58bvuzu5Ntkq14jmcge5RXiTo6Q="></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 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!
Sketch contributions are “mixed”

CL: “forgets the individual signals
and stores only statistics of the dataset”

DP:  “good when output not much influenced by one signal”

Philosophy: “learn from the data, not about the data”
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Private CL: attack model

Dataset is shared across L devices, each holding n0 distinct samples… Extreme cases:
• Local privacy,
• Centralized privacy,

n = Ln0
<latexit sha1_base64="vrG0n4Qvbsb6vVFUBfbMC3jX0FI=">AAACKXicbVDLSgMxFM34rPXV6tJNsAiuykwVdCMU3bhwUcE+pFNKJpO2oXkMSUYpw3yFW/0Cv8aduvVHzLSzsK0HAodz7uWenCBiVBvX/XJWVtfWNzYLW8Xtnd29/VL5oKVlrDBpYsmk6gRIE0YFaRpqGOlEiiAeMNIOxjeZ334iSlMpHswkIj2OhoIOKEbGSo8CXsE7KPpuv1Rxq+4UcJl4OamAHI1+2Sn6ocQxJ8JghrTuem5keglShmJG0qIfaxIhPEZD0rVUIE50L5kmTuGJVUI4kMo+YeBU/buRIK71hAd2kiMz0oteJv7ndWMzuOwlVESxIQLPDg1iBo2E2fdhSBXBhk0sQVhRmxXiEVIIG1tS0RfkGUvOkQgTH7M08bMLGLF03gq0tQLJwiyjZKltz1vsapm0alXvrFq7P6/Ur/MeC+AIHINT4IELUAe3oAGaAAMOXsAreHPenQ/n0/meja44+c4hmIPz8wt/rKac</latexit>

L = 1
<latexit sha1_base64="6zjypnqNTffF9CdOuF8zIybFhoQ=">AAACJXicbVDLSgMxFM3UV62vVpdugkVwVWaqoBuh6MaFiwr2AZ1SMpm0Dc1jSDJKGeYb3OoX+DXuRHDlr5hpZ2FbDwQO59zLPTlBxKg2rvvtFNbWNza3itulnd29/YNy5bCtZawwaWHJpOoGSBNGBWkZahjpRoogHjDSCSa3md95IkpTKR7NNCJ9jkaCDilGxkqte3gNvUG56tbcGeAq8XJSBTmag4pT8kOJY06EwQxp3fPcyPQTpAzFjKQlP9YkQniCRqRnqUCc6H4yS5vCU6uEcCiVfcLAmfp3I0Fc6ykP7CRHZqyXvUz8z+vFZnjVT6iIYkMEnh8axgwaCbOvw5Aqgg2bWoKwojYrxGOkEDa2oJIvyDOWnCMRJj5maeJnFzBi6aIVaGsFkoVZRslS25633NUqaddr3nmt/nBRbdzkPRbBMTgBZ8ADl6AB7kATtAAGFLyAV/DmvDsfzqfzNR8tOPnOEViA8/MLim6lGg==</latexit>

n0 = 1
<latexit sha1_base64="dZviwNg2Y5mgtf4on566nCvzEjQ=">AAACJ3icbVDLSgMxFM34rPXV6tJNsAiuykwVdCMU3bisYB/QGUomk7aheQxJRinDfIRb/QK/xp3o0j8x087Cth4IHM65l3tywphRbVz321lb39jc2i7tlHf39g8OK9WjjpaJwqSNJZOqFyJNGBWkbahhpBcrgnjISDec3OV+94koTaV4NNOYBByNBB1SjIyVumLgwhvoDSo1t+7OAFeJV5AaKNAaVJ2yH0mccCIMZkjrvufGJkiRMhQzkpX9RJMY4Qkakb6lAnGig3SWN4NnVongUCr7hIEz9e9GirjWUx7aSY7MWC97ufif10/M8DpIqYgTQwSeHxomDBoJ88/DiCqCDZtagrCiNivEY6QQNraisi/IM5acIxGlPmZZ6ucXMGLZohVqa4WSRXlGyTLbnrfc1SrpNOreRb3xcFlr3hY9lsAJOAXnwANXoAnuQQu0AQYT8AJewZvz7nw4n87XfHTNKXaOwQKcn18MhKXf</latexit>

L
<latexit sha1_base64="kn1aurLYOE6cGbxtaqN3VeWCcX4=">AAACIXicbVDLSsNAFJ34rPXV6tJNsAiuSqKCLotuXLhowWqhCWUyuamD8wgzE6WEfIFb/QK/xp24E3/GSZuFVg8MHM65l3vmRCmj2njep7OwuLS8slpbq69vbG5tN5o7N1pmikCfSCbVIMIaGBXQN9QwGKQKMI8Y3Eb3F6V/+wBKUymuzSSFkOOxoAkl2FipdzVqtLy2N4X7l/gVaaEK3VHTqQexJBkHYQjDWg99LzVhjpWhhEFRDzINKSb3eAxDSwXmoMN8mrRwD6wSu4lU9gnjTtWfGznmWk94ZCc5Nnd63ivF/7xhZpKzMKcizQwIMjuUZMw10i2/7cZUATFsYgkmitqsLrnDChNjy6kHAh6J5ByLOA8IK/KgvEAwK35bkbZWJFlcZpSssO358139JTdHbf+4fdQ7aXXOqx5raA/to0Pko1PUQZeoi/qIIEBP6Bm9OK/Om/PufMxGF5xqZxf9gvP1DcUwpEQ=</latexit>

n0
<latexit sha1_base64="XF3O5U+Lp/2CZIhCeDrOjppJ9eA=">AAACI3icbVDLSsNAFJ34rPHV6tJNsAiuSlIFXRbduKxoH9CEMplM2qHzCDMTpYR8glv9Ar/Gnbhx4b84abOwrQcGDufcyz1zwoQSpV3321pb39jc2q7s2Lt7+weH1dpRV4lUItxBggrZD6HClHDc0URT3E8khiykuBdObgu/94SlIoI/6mmCAwZHnMQEQW2kBz50h9W623BncFaJV5I6KNEe1izbjwRKGeYaUajUwHMTHWRQaoIozm0/VTiBaAJHeGAohwyrIJtlzZ0zo0ROLKR5XDsz9e9GBplSUxaaSQb1WC17hfifN0h1fB1khCepxhzND8UpdbRwio87EZEYaTo1BCJJTFYHjaGESJt6bJ/jZyQYgzzKfETzzC8uIEjzRStUxgoFjYqMguamPW+5q1XSbTa8i0bz/rLeuil7rIATcArOgQeuQAvcgTboAARG4AW8gjfr3fqwPq2v+eiaVe4cgwVYP79EcqUJ</latexit>
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Private CL: attack model

Dataset is shared across L devices, each holding n0 distinct samples… Extreme cases:
• Local privacy,
• Centralized privacy,

n = Ln0
<latexit sha1_base64="vrG0n4Qvbsb6vVFUBfbMC3jX0FI=">AAACKXicbVDLSgMxFM34rPXV6tJNsAiuykwVdCMU3bhwUcE+pFNKJpO2oXkMSUYpw3yFW/0Cv8aduvVHzLSzsK0HAodz7uWenCBiVBvX/XJWVtfWNzYLW8Xtnd29/VL5oKVlrDBpYsmk6gRIE0YFaRpqGOlEiiAeMNIOxjeZ334iSlMpHswkIj2OhoIOKEbGSo8CXsE7KPpuv1Rxq+4UcJl4OamAHI1+2Sn6ocQxJ8JghrTuem5keglShmJG0qIfaxIhPEZD0rVUIE50L5kmTuGJVUI4kMo+YeBU/buRIK71hAd2kiMz0oteJv7ndWMzuOwlVESxIQLPDg1iBo2E2fdhSBXBhk0sQVhRmxXiEVIIG1tS0RfkGUvOkQgTH7M08bMLGLF03gq0tQLJwiyjZKltz1vsapm0alXvrFq7P6/Ur/MeC+AIHINT4IELUAe3oAGaAAMOXsAreHPenQ/n0/meja44+c4hmIPz8wt/rKac</latexit>

L = 1
<latexit sha1_base64="6zjypnqNTffF9CdOuF8zIybFhoQ=">AAACJXicbVDLSgMxFM3UV62vVpdugkVwVWaqoBuh6MaFiwr2AZ1SMpm0Dc1jSDJKGeYb3OoX+DXuRHDlr5hpZ2FbDwQO59zLPTlBxKg2rvvtFNbWNza3itulnd29/YNy5bCtZawwaWHJpOoGSBNGBWkZahjpRoogHjDSCSa3md95IkpTKR7NNCJ9jkaCDilGxkqte3gNvUG56tbcGeAq8XJSBTmag4pT8kOJY06EwQxp3fPcyPQTpAzFjKQlP9YkQniCRqRnqUCc6H4yS5vCU6uEcCiVfcLAmfp3I0Fc6ykP7CRHZqyXvUz8z+vFZnjVT6iIYkMEnh8axgwaCbOvw5Aqgg2bWoKwojYrxGOkEDa2oJIvyDOWnCMRJj5maeJnFzBi6aIVaGsFkoVZRslS25633NUqaddr3nmt/nBRbdzkPRbBMTgBZ8ADl6AB7kATtAAGFLyAV/DmvDsfzqfzNR8tOPnOEViA8/MLim6lGg==</latexit>

n0 = 1
<latexit sha1_base64="dZviwNg2Y5mgtf4on566nCvzEjQ=">AAACJ3icbVDLSgMxFM34rPXV6tJNsAiuykwVdCMU3bisYB/QGUomk7aheQxJRinDfIRb/QK/xp3o0j8x087Cth4IHM65l3tywphRbVz321lb39jc2i7tlHf39g8OK9WjjpaJwqSNJZOqFyJNGBWkbahhpBcrgnjISDec3OV+94koTaV4NNOYBByNBB1SjIyVumLgwhvoDSo1t+7OAFeJV5AaKNAaVJ2yH0mccCIMZkjrvufGJkiRMhQzkpX9RJMY4Qkakb6lAnGig3SWN4NnVongUCr7hIEz9e9GirjWUx7aSY7MWC97ufif10/M8DpIqYgTQwSeHxomDBoJ88/DiCqCDZtagrCiNivEY6QQNraisi/IM5acIxGlPmZZ6ucXMGLZohVqa4WSRXlGyTLbnrfc1SrpNOreRb3xcFlr3hY9lsAJOAXnwANXoAnuQQu0AQYT8AJewZvz7nw4n87XfHTNKXaOwQKcn18MhKXf</latexit>

L
<latexit sha1_base64="kn1aurLYOE6cGbxtaqN3VeWCcX4=">AAACIXicbVDLSsNAFJ34rPXV6tJNsAiuSqKCLotuXLhowWqhCWUyuamD8wgzE6WEfIFb/QK/xp24E3/GSZuFVg8MHM65l3vmRCmj2njep7OwuLS8slpbq69vbG5tN5o7N1pmikCfSCbVIMIaGBXQN9QwGKQKMI8Y3Eb3F6V/+wBKUymuzSSFkOOxoAkl2FipdzVqtLy2N4X7l/gVaaEK3VHTqQexJBkHYQjDWg99LzVhjpWhhEFRDzINKSb3eAxDSwXmoMN8mrRwD6wSu4lU9gnjTtWfGznmWk94ZCc5Nnd63ivF/7xhZpKzMKcizQwIMjuUZMw10i2/7cZUATFsYgkmitqsLrnDChNjy6kHAh6J5ByLOA8IK/KgvEAwK35bkbZWJFlcZpSssO358139JTdHbf+4fdQ7aXXOqx5raA/to0Pko1PUQZeoi/qIIEBP6Bm9OK/Om/PufMxGF5xqZxf9gvP1DcUwpEQ=</latexit>

n0
<latexit sha1_base64="XF3O5U+Lp/2CZIhCeDrOjppJ9eA=">AAACI3icbVDLSsNAFJ34rPHV6tJNsAiuSlIFXRbduKxoH9CEMplM2qHzCDMTpYR8glv9Ar/Gnbhx4b84abOwrQcGDufcyz1zwoQSpV3321pb39jc2q7s2Lt7+weH1dpRV4lUItxBggrZD6HClHDc0URT3E8khiykuBdObgu/94SlIoI/6mmCAwZHnMQEQW2kBz50h9W623BncFaJV5I6KNEe1izbjwRKGeYaUajUwHMTHWRQaoIozm0/VTiBaAJHeGAohwyrIJtlzZ0zo0ROLKR5XDsz9e9GBplSUxaaSQb1WC17hfifN0h1fB1khCepxhzND8UpdbRwio87EZEYaTo1BCJJTFYHjaGESJt6bJ/jZyQYgzzKfETzzC8uIEjzRStUxgoFjYqMguamPW+5q1XSbTa8i0bz/rLeuil7rIATcArOgQeuQAvcgTboAARG4AW8gjfr3fqwPq2v+eiaVe4cgwVYP79EcqUJ</latexit>

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

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

…and releasing a privacy-preserving local sketch!
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Differentially Private Sketching

Private sketch mechanism

Proposed mechanism:  Laplacian mechanism and subsampling on sketches

⇠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

sX :=
1

n

X

xi2X

(exp(i⌦Txi)� bi) + ⇠
<latexit sha1_base64="qSYQIkEh6HtNbu1Qnj68pX8CVeY="></latexit>

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>

bi 2 {0, 1}m, kbik1 = r
<latexit sha1_base64="HOV9e8jEcjS1vrTxAqOQFKrLzKA=">AAACJHicbVDLSgMxFM34rPU16tJNsAguSpmpgqIIRTcuK9gHNOOQSdM2NJMZkoxQpv0YN/6KGxc+cOHGbzHTdqGtF0IO55zLvfcEMWdKO86XtbC4tLyymlvLr29sbm3bO7t1FSWS0BqJeCSbAVaUM0FrmmlOm7GkOAw4bQT960xvPFCpWCTu9CCmXoi7gnUYwdpQvn2Bgoi31SA0Hwx8BhETEKVO0UWj+7AI0TlEwxkPGvouvITStwtOyRkXnAfuFBTAtKq+/Y7aEUlCKjThWKmW68TaS7HUjHA6yqNE0RiTPu7SloECh1R56fjIETw0TBt2Imme0HDM/u5IcaiyHY0zxLqnZrWM/E9rJbpz5qVMxImmgkwGdRIOdQSzxGCbSUo0HxiAiWRmV0h6WGKiTa55E4I7e/I8qJdL7nGpfHtSqFxN48iBfXAAjoALTkEF3IAqqAECHsEzeAVv1pP1Yn1YnxPrgjXt2QN/yvr+AWNXo2M=</latexit>
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Differentially Private Sketching

Private sketch mechanism
Level of noise?

⇠j ⇠ Lap(�⇠/
p
2)

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

Theorem: the proposed mechanism is private:

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>

Proposed mechanism:  Laplacian mechanism and subsampling on sketches

sX :=
1

n

X

xi2X

(exp(i⌦Txi)� bi) + ⇠
<latexit sha1_base64="qSYQIkEh6HtNbu1Qnj68pX8CVeY="></latexit>

Subsampling: binary mask, keeps r values
bi 2 {0, 1}m, kbik1 = r

<latexit sha1_base64="HOV9e8jEcjS1vrTxAqOQFKrLzKA=">AAACJHicbVDLSgMxFM34rPU16tJNsAguSpmpgqIIRTcuK9gHNOOQSdM2NJMZkoxQpv0YN/6KGxc+cOHGbzHTdqGtF0IO55zLvfcEMWdKO86XtbC4tLyymlvLr29sbm3bO7t1FSWS0BqJeCSbAVaUM0FrmmlOm7GkOAw4bQT960xvPFCpWCTu9CCmXoi7gnUYwdpQvn2Bgoi31SA0Hwx8BhETEKVO0UWj+7AI0TlEwxkPGvouvITStwtOyRkXnAfuFBTAtKq+/Y7aEUlCKjThWKmW68TaS7HUjHA6yqNE0RiTPu7SloECh1R56fjIETw0TBt2Imme0HDM/u5IcaiyHY0zxLqnZrWM/E9rJbpz5qVMxImmgkwGdRIOdQSzxGCbSUo0HxiAiWRmV0h6WGKiTa55E4I7e/I8qJdL7nGpfHtSqFxN48iBfXAAjoALTkEF3IAqqAECHsEzeAVv1pP1Yn1YnxPrgjXt2QN/yvr+AWNXo2M=</latexit>

�⇠ /
p
m

n0✏
<latexit sha1_base64="J5aslUx+sxPkkWUb3L+zaYVCZNQ=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwVWZaQZdFNy4VrBY6ZcikmTY0L5OMWIb5EDf+ihsXirhxIfg3prULbT0QOJxzLzfnJIpRY4PgyystLC4tr5RXK2vrG5tb/vbOtZGZxqSFJZO6nSBDGBWkZallpK00QTxh5CYZno39mzuiDZXiyo4U6XLUFzSlGFknxX4jMrTPUZxH97SAkdJSWQmjVCOcR+ZW2xzyoshFHMCIKEOZFEXsV4NaMAGcJ+GUVMEUF7H/EfUkzjgRFjNkTCcMlO3mSFuKGSkqUWaIQniI+qTjqECcmG4+CVfAA6f0YCq1e8LCifp7I0fcmBFP3CRHdmBmvbH4n9fJbHrSzalQmSUC/xxKMwZd/nFTsEc1wZaNHEFYU/dXiAfIFWNdnxVXQjgbeZ5c12tho1a/PKo2T6d1lMEe2AeHIATHoAnOwQVoAQwewBN4Aa/eo/fsvXnvP6Mlb7qzC/7A+/wGpIWi9A==</latexit>
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Differentially Private Sketching: proof

⇠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

✏�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
Ongoing work: 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>

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

nonzero entries

Max L1 distance

sX :=
1

n

X

xi2X

(exp(i⌦Txi)� bi) + ⇠
<latexit sha1_base64="qSYQIkEh6HtNbu1Qnj68pX8CVeY="></latexit>

p(sX)

p(sX0)
 exp

✓
1

�⇠n
kzx � b� zx0 � bk1

◆

<latexit sha1_base64="7RXis7jySQ2M1jVll0lefn3OXZE="></latexit>

�⇠ /
p
m

n0✏
<latexit sha1_base64="J5aslUx+sxPkkWUb3L+zaYVCZNQ=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwVWZaQZdFNy4VrBY6ZcikmTY0L5OMWIb5EDf+ihsXirhxIfg3prULbT0QOJxzLzfnJIpRY4PgyystLC4tr5RXK2vrG5tb/vbOtZGZxqSFJZO6nSBDGBWkZallpK00QTxh5CYZno39mzuiDZXiyo4U6XLUFzSlGFknxX4jMrTPUZxH97SAkdJSWQmjVCOcR+ZW2xzyoshFHMCIKEOZFEXsV4NaMAGcJ+GUVMEUF7H/EfUkzjgRFjNkTCcMlO3mSFuKGSkqUWaIQniI+qTjqECcmG4+CVfAA6f0YCq1e8LCifp7I0fcmBFP3CRHdmBmvbH4n9fJbHrSzalQmSUC/xxKMwZd/nFTsEc1wZaNHEFYU/dXiAfIFWNdnxVXQjgbeZ5c12tho1a/PKo2T6d1lMEe2AeHIATHoAnOwQVoAQwewBN4Aa/eo/fsvXnvP6Mlb7qzC/7A+/wGpIWi9A==</latexit>
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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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sX :=
1

n

X

xi2X

(exp(i⌦Txi)� bi) + ⇠
<latexit sha1_base64="qSYQIkEh6HtNbu1Qnj68pX8CVeY="></latexit>

Thank you!

�⇠ /
p
m

n0✏
<latexit sha1_base64="J5aslUx+sxPkkWUb3L+zaYVCZNQ=">AAACHHicbVDLSgMxFM3UV62vUZdugkVwVWZaQZdFNy4VrBY6ZcikmTY0L5OMWIb5EDf+ihsXirhxIfg3prULbT0QOJxzLzfnJIpRY4PgyystLC4tr5RXK2vrG5tb/vbOtZGZxqSFJZO6nSBDGBWkZallpK00QTxh5CYZno39mzuiDZXiyo4U6XLUFzSlGFknxX4jMrTPUZxH97SAkdJSWQmjVCOcR+ZW2xzyoshFHMCIKEOZFEXsV4NaMAGcJ+GUVMEUF7H/EfUkzjgRFjNkTCcMlO3mSFuKGSkqUWaIQniI+qTjqECcmG4+CVfAA6f0YCq1e8LCifp7I0fcmBFP3CRHdmBmvbH4n9fJbHrSzalQmSUC/xxKMwZd/nFTsEc1wZaNHEFYU/dXiAfIFWNdnxVXQjgbeZ5c12tho1a/PKo2T6d1lMEe2AeHIATHoAnOwQVoAQwewBN4Aa/eo/fsvXnvP6Mlb7qzC/7A+/wGpIWi9A==</latexit>
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