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blame the decoder or the sketch?

Vincent Schellekens Laurent Jacques



Statistical 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>

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>

small (“sparsity”)

Context: large-scale learning

<latexit sha1_base64="IIBx51W7HZkfaDXqNtCJ5mQa1Ks=">AAAB+HicbVC7TsMwFL3hWcqjAUYWiwqJqUoQCMYKFsYi0YfURpHjOK1Vx4lsB1GifgkLAwix8ils/A1OmwFajmT56Jx75eMTpJwp7Tjf1srq2vrGZmWrur2zu1ez9w86KskkoW2S8ET2AqwoZ4K2NdOc9lJJcRxw2g3GN4XffaBSsUTc60lKvRgPBYsYwdpIvl0bBAkP1SQ2F3r0mW/XnYYzA1ombknqUKLl21+DMCFZTIUmHCvVd51UezmWmhFOp9VBpmiKyRgPad9QgWOqvHwWfIpOjBKiKJHmCI1m6u+NHMeqyGYmY6xHatErxP+8fqajKy9nIs00FWT+UJRxpBNUtIBCJinRfGIIJpKZrIiMsMREm66qpgR38cvLpHPWcC8azt15vXld1lGBIziGU3DhEppwCy1oA4EMnuEV3qwn68V6tz7moytWuXMIf2B9/gDd5ZM4</latexit>xi

<latexit sha1_base64="MANc34CncB749MyLgdbsU3nyvUY="></latexit>

✓ = (c1, c2, c3) 2 R6

example: k-means clustering
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Context: large-scale learning

Statistical 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>

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>

small (“sparsity”)

Choose parameters minimizing the risk

b✓ = argmin
✓

R(✓ | X )

<latexit sha1_base64="59zLWn73fRQZWmqinMGrS3wrMWg="></latexit>

R(✓ | X ) =
1

n

nX

i=1

`(✓,xi)

<latexit sha1_base64="tpAy2WuGbmbQMdjllctc2mJ2/Wk="></latexit>

with
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Context: large-scale learning

Statistical 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>

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>

small (“sparsity”)

Choose parameters minimizing the risk

b✓ = argmin
✓

R(✓ | X )

<latexit sha1_base64="59zLWn73fRQZWmqinMGrS3wrMWg="></latexit>

R(✓ | X ) =
1

n

nX

i=1

`(✓,xi)

<latexit sha1_base64="tpAy2WuGbmbQMdjllctc2mJ2/Wk="></latexit>

with

Examples:

R(✓;X ) =
1

n

nX

i=1

min
k

kck � xik2

<latexit sha1_base64="Ehy0oGiIBZGMMEN7gJ1F8t8gGYY="></latexit>

R(✓;X ) =
1

n

nX

i=1

� log(p✓(xi))

<latexit sha1_base64="sUpsq0l6RDxVnoRzIvLcCfT6DtI="></latexit>

k-means clustering:

Gaussian Mixture Model:
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Statistical 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>

small (“sparsity”)

Choose parameters minimizing the risk

b✓ = argmin
✓

R(✓ | X )

<latexit sha1_base64="59zLWn73fRQZWmqinMGrS3wrMWg="></latexit>

R(✓ | X ) =
1

n

nX

i=1

`(✓,xi)

<latexit sha1_base64="tpAy2WuGbmbQMdjllctc2mJ2/Wk="></latexit>

with

!

computationally expensive

Context: large-scale learning

Typically, several passes over the 
dataset are needed
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Compressive learning to the rescue

Sketching

Dataset X
<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>

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

Sketch

N coefficients

z

<latexit sha1_base64="GdYHyo6uqbtP1+rQPGYgwWrXbM0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3bisYB/QDiWTybShmWRMMoVa+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVhDaJ5FJ1AqwpZ4I2DTOcdhJFcRxw2g5Gt5nfHlOlmRQPZpJQP8YDwSJGsLGS3wskD/Ukthd66pcrbtWdA60SLycVyNHol796oSRpTIUhHGvd9dzE+FOsDCOczkq9VNMEkxEe0K6lAsdU+9N56Bk6s0qIIqnsEQbN1d8bUxzrLJmdjLEZ6mUvE//zuqmJrvwpE0lqqCCLh6KUIyNR1gAKmaLE8IklmChmsyIyxAoTY3sq2RK85S+vktZF1atVr+9rlfpNXkcRTuAUzsGDS6jDHTSgCQQe4Rle4c0ZOy/Ou/OxGC04+c4x/IHz+QPn2ZI1</latexit>

m

Compress the dataset
(in a single pass!)

Break the training down into two “cheaper” steps
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Compressive learning to the rescue

Sketching

✓
<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>

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

small (“sparsity”)

Learning

Sketch

N coefficients

z

<latexit sha1_base64="GdYHyo6uqbtP1+rQPGYgwWrXbM0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3bisYB/QDiWTybShmWRMMoVa+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU0jJVhDaJ5FJ1AqwpZ4I2DTOcdhJFcRxw2g5Gt5nfHlOlmRQPZpJQP8YDwSJGsLGS3wskD/Ukthd66pcrbtWdA60SLycVyNHol796oSRpTIUhHGvd9dzE+FOsDCOczkq9VNMEkxEe0K6lAsdU+9N56Bk6s0qIIqnsEQbN1d8bUxzrLJmdjLEZ6mUvE//zuqmJrvwpE0lqqCCLh6KUIyNR1gAKmaLE8IklmChmsyIyxAoTY3sq2RK85S+vktZF1atVr+9rlfpNXkcRTuAUzsGDS6jDHTSgCQQe4Rle4c0ZOy/Ou/OxGC04+c4x/IHz+QPn2ZI1</latexit>

m

Compress the dataset
(in a single pass!)

Nonconvex
optimization

Break the training down into two “cheaper” steps

This work investigates the interplay between those steps
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Sketch = average (one pass!) of features

Sketching stage

z =
1

n

nX

i=1

�(xi)

<latexit sha1_base64="UzsFCM4jaL2cCsnPyXxYRSE3SrY="></latexit>

<latexit sha1_base64="oiBseL3NCNE2dK7itRWZvSclCT4=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURRXFV7MZlFfuAJi2TyaQZOsmEmYlSQv/Bjb/ixoUibt2482+ctkG09cCFwzn3cu89XsKoVJb1ZRQWFpeWV4qrpbX1jc0tc3unKXkqMGlgzrhoe0gSRmPSUFQx0k4EQZHHSMsb1MZ+644ISXl8q4YJcSPUj2lAMVJa6plHTj2k8AI6EVKh58Gbrg8dQfuhQkLw+x+91o16ZtmqWBPAeWLnpAxy1Hvmp+NznEYkVpghKTu2lSg3Q0JRzMio5KSSJAgPUJ90NI1RRKSbTX4awQOt+DDgQles4ET9PZGhSMph5OnO8Yly1huL/3mdVAXnbkbjJFUkxtNFQcqg4nAcEPSpIFixoSYIC6pvhThEAmGlYyzpEOzZl+dJ87hin1as65Ny9TKPowj2wD44BDY4A1VwBeqgATB4AE/gBbwaj8az8Wa8T1sLRj6zC/7A+PgGO3mdJQ==</latexit>

� : Rd ! Cm
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Sketch = average (one pass!) of features

Sketching stage

z =
1

n

nX

i=1

�(xi)

<latexit sha1_base64="UzsFCM4jaL2cCsnPyXxYRSE3SrY="></latexit>

“Low-dimensional embedding”
of the (empirical) data distribution

<latexit sha1_base64="5vAi6Xb8ixrzR7dlNrhuHcZZZHs="></latexit>

z = A( bPX ) = A( 1n
Pn

i=1 �xi)

<latexit sha1_base64="oiBseL3NCNE2dK7itRWZvSclCT4=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURRXFV7MZlFfuAJi2TyaQZOsmEmYlSQv/Bjb/ixoUibt2482+ctkG09cCFwzn3cu89XsKoVJb1ZRQWFpeWV4qrpbX1jc0tc3unKXkqMGlgzrhoe0gSRmPSUFQx0k4EQZHHSMsb1MZ+644ISXl8q4YJcSPUj2lAMVJa6plHTj2k8AI6EVKh58Gbrg8dQfuhQkLw+x+91o16ZtmqWBPAeWLnpAxy1Hvmp+NznEYkVpghKTu2lSg3Q0JRzMio5KSSJAgPUJ90NI1RRKSbTX4awQOt+DDgQles4ET9PZGhSMph5OnO8Yly1huL/3mdVAXnbkbjJFUkxtNFQcqg4nAcEPSpIFixoSYIC6pvhThEAmGlYyzpEOzZl+dJ87hin1as65Ny9TKPowj2wD44BDY4A1VwBeqgATB4AE/gBbwaj8az8Wa8T1sLRj6zC/7A+PgGO3mdJQ==</latexit>

� : Rd ! Cm

Typically, random features (random linear sensing of        )
<latexit sha1_base64="eo7gJTT0zd7NgG8vvRtX9wyH144=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiKKLotuXFawD2hCmEwm7dDJg5kbpYSu3fgrblwo4tYvcOffOGkDauuBgTPn3Mu99/ip4Aos68tYWFxaXlmtrFXXNza3ts2d3bZKMklZiyYikV2fKCZ4zFrAQbBuKhmJfME6/vCq8Dt3TCqexLcwSpkbkX7MQ04JaMkzD5x7HrABgdyJCAwoEbg59n4+3bFn1qy6NQGeJ3ZJaqhE0zM/nSChWcRioIIo1bOtFNycSOBUsHHVyRRLCR2SPutpGpOIKTefnDLGR1oJcJhI/WLAE/V3R04ipUaRryuLFdWsV4j/eb0Mwgs353GaAYvpdFCYCQwJLnLBAZeMghhpQqjkeldMB0QSCjq9qg7Bnj15nrRP6vZZ3bo5rTUuyzgqaB8domNko3PUQNeoiVqIogf0hF7Qq/FoPBtvxvu0dMEoe/bQHxgf36r6mt4=</latexit>

bPX



Sketch = average (one pass!) of features

Sketching stage

z =
1

n

nX

i=1

�(xi)

<latexit sha1_base64="UzsFCM4jaL2cCsnPyXxYRSE3SrY="></latexit>

“Low-dimensional embedding”
of the (empirical) data distribution

<latexit sha1_base64="5vAi6Xb8ixrzR7dlNrhuHcZZZHs="></latexit>

z = A( bPX ) = A( 1n
Pn

i=1 �xi)

<latexit sha1_base64="oiBseL3NCNE2dK7itRWZvSclCT4=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURRXFV7MZlFfuAJi2TyaQZOsmEmYlSQv/Bjb/ixoUibt2482+ctkG09cCFwzn3cu89XsKoVJb1ZRQWFpeWV4qrpbX1jc0tc3unKXkqMGlgzrhoe0gSRmPSUFQx0k4EQZHHSMsb1MZ+644ISXl8q4YJcSPUj2lAMVJa6plHTj2k8AI6EVKh58Gbrg8dQfuhQkLw+x+91o16ZtmqWBPAeWLnpAxy1Hvmp+NznEYkVpghKTu2lSg3Q0JRzMio5KSSJAgPUJ90NI1RRKSbTX4awQOt+DDgQles4ET9PZGhSMph5OnO8Yly1huL/3mdVAXnbkbjJFUkxtNFQcqg4nAcEPSpIFixoSYIC6pvhThEAmGlYyzpEOzZl+dJ87hin1as65Ny9TKPowj2wD44BDY4A1VwBeqgATB4AE/gBbwaj8az8Wa8T1sLRj6zC/7A+PgGO3mdJQ==</latexit>

� : Rd ! Cm

Typically, random features (random linear sensing of        )
<latexit sha1_base64="eo7gJTT0zd7NgG8vvRtX9wyH144=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiKKLotuXFawD2hCmEwm7dDJg5kbpYSu3fgrblwo4tYvcOffOGkDauuBgTPn3Mu99/ip4Aos68tYWFxaXlmtrFXXNza3ts2d3bZKMklZiyYikV2fKCZ4zFrAQbBuKhmJfME6/vCq8Dt3TCqexLcwSpkbkX7MQ04JaMkzD5x7HrABgdyJCAwoEbg59n4+3bFn1qy6NQGeJ3ZJaqhE0zM/nSChWcRioIIo1bOtFNycSOBUsHHVyRRLCR2SPutpGpOIKTefnDLGR1oJcJhI/WLAE/V3R04ipUaRryuLFdWsV4j/eb0Mwgs353GaAYvpdFCYCQwJLnLBAZeMghhpQqjkeldMB0QSCjq9qg7Bnj15nrRP6vZZ3bo5rTUuyzgqaB8domNko3PUQNeoiVqIogf0hF7Qq/FoPBtvxvu0dMEoe/bQHxgf36r6mt4=</latexit>

bPX

In this work: random Fourier features
<latexit sha1_base64="qHyVIRAS4bwfvdMvrY+jfX6COcU="></latexit>

�j(x) = exp(i!>
j x), j = 1, ...,m

<latexit sha1_base64="F31U4IMBPQ7N0nPnqTXyY+/qBvE="></latexit>

!j ⇠i.i.d. ⇤(!) = (FK)(!)

10



11

Sketch = average (one pass!) of features

Sketching stage

z =
1

n

nX

i=1

�(xi)

<latexit sha1_base64="UzsFCM4jaL2cCsnPyXxYRSE3SrY="></latexit>

“Low-dimensional embedding”
of the (empirical) data distribution

<latexit sha1_base64="5vAi6Xb8ixrzR7dlNrhuHcZZZHs="></latexit>

z = A( bPX ) = A( 1n
Pn

i=1 �xi)

<latexit sha1_base64="oiBseL3NCNE2dK7itRWZvSclCT4=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURRXFV7MZlFfuAJi2TyaQZOsmEmYlSQv/Bjb/ixoUibt2482+ctkG09cCFwzn3cu89XsKoVJb1ZRQWFpeWV4qrpbX1jc0tc3unKXkqMGlgzrhoe0gSRmPSUFQx0k4EQZHHSMsb1MZ+644ISXl8q4YJcSPUj2lAMVJa6plHTj2k8AI6EVKh58Gbrg8dQfuhQkLw+x+91o16ZtmqWBPAeWLnpAxy1Hvmp+NznEYkVpghKTu2lSg3Q0JRzMio5KSSJAgPUJ90NI1RRKSbTX4awQOt+DDgQles4ET9PZGhSMph5OnO8Yly1huL/3mdVAXnbkbjJFUkxtNFQcqg4nAcEPSpIFixoSYIC6pvhThEAmGlYyzpEOzZl+dJ87hin1as65Ny9TKPowj2wD44BDY4A1VwBeqgATB4AE/gBbwaj8az8Wa8T1sLRj6zC/7A+PgGO3mdJQ==</latexit>

� : Rd ! Cm

Typically, random features (random linear sensing of        )
<latexit sha1_base64="eo7gJTT0zd7NgG8vvRtX9wyH144=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiKKLotuXFawD2hCmEwm7dDJg5kbpYSu3fgrblwo4tYvcOffOGkDauuBgTPn3Mu99/ip4Aos68tYWFxaXlmtrFXXNza3ts2d3bZKMklZiyYikV2fKCZ4zFrAQbBuKhmJfME6/vCq8Dt3TCqexLcwSpkbkX7MQ04JaMkzD5x7HrABgdyJCAwoEbg59n4+3bFn1qy6NQGeJ3ZJaqhE0zM/nSChWcRioIIo1bOtFNycSOBUsHHVyRRLCR2SPutpGpOIKTefnDLGR1oJcJhI/WLAE/V3R04ipUaRryuLFdWsV4j/eb0Mwgs353GaAYvpdFCYCQwJLnLBAZeMghhpQqjkeldMB0QSCjq9qg7Bnj15nrRP6vZZ3bo5rTUuyzgqaB8domNko3PUQNeoiVqIogf0hF7Qq/FoPBtvxvu0dMEoe/bQHxgf36r6mt4=</latexit>

bPX

In this work: random Fourier features
<latexit sha1_base64="qHyVIRAS4bwfvdMvrY+jfX6COcU="></latexit>

�j(x) = exp(i!>
j x), j = 1, ...,m

e.g. Gaussian ⇤

��1

<latexit sha1_base64="g+/o22x+/lwNCGXFrm77uRFEcSA=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHYloN6CXjxGMA9I1jA7mU2GzGOZmRXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hoduq3nqg2TMkHO05oKPBAspgRbJ3U6Ro2EPgxOw8mvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGYnT9CpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+j/qM02J5WNHMNHM3YrIEGtMrEup6EIIFl9eJs2LSlCtXN9Xy7WbPI4CHMMJnEEAl1CDO6hDAwgoeIZXePOs9+K9ex/z1hUvnzmCP/A+fwD9i5EV</latexit>

<latexit sha1_base64="4FepPQ3b5wj5ICQQkrRs3VkMmM0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHnbGPJw==</latexit>�

<latexit sha1_base64="MI16E8yCX//uYiu9dG+MEZRPKtY=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyiG8uMKLosunFZwT6gHUomk2lDM5khyYhl6M6Nv+LGhSJu/QV3/o2ZtgtbPRBycs695N7jJ5wp7TjfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2fKwoZ4LWNdOcthJJceRz2vQH17nfvKdSsVjc6WFCvQj3BAsZwdpIXXu/48c8UMPIXOgBnaCZ91HXLjsVZwz0l7hTUoYpal37qxPEJI2o0IRjpdquk2gvw1Izwumo1EkVTTAZ4B5tGypwRJWXjfcYoUOjBCiMpTlCo7H6uyPDkcpHM5UR1n017+Xif1471eGllzGRpJoKMvkoTDnSMcpDQQGTlGg+NAQTycysiPSxxESb6EomBHd+5b+kcVpxzyvO7Vm5ejWNowh7cADH4MIFVOEGalAHAo/wDK/wZj1ZL9a79TEpLVjTnl2YgfX5AwrumMU=</latexit>

x� x0

<latexit sha1_base64="IHvmIQBWVenw2XPH90mwM3ijXvk=">AAACCnicdVDLTgIxFO3gC/E16tJNlRhx4aQD8toR3Zi4wUSEBCakUwo0dB5pO0ZCWLvxV9y40Bi3foE7/8YOYCJGT9L09Jx703uPG3ImFUKfRmJhcWl5JbmaWlvf2Nwyt3duZBAJQmsk4IFouFhSznxaU0xx2ggFxZ7Lad0dnMd+/ZYKyQL/Wg1D6ni457MuI1hpqW3uX2ZabsA7cujpC97BEzj3Pjpum2lkoWLZzpUhsgp2KW/nYoKydgFB20ITpMEM1bb50eoEJPKorwjHUjZtFCpnhIVihNNxqhVJGmIywD3a1NTHHpXOaLLKGB5qpQO7gdDHV3Ci/uwYYU/Gs+lKD6u+/O3F4l9eM1LdkjNifhgp6pPpR92IQxXAOBfYYYISxYeaYCKYnhWSPhaYKJ1eSofwvSn8n9xkLTtvoavTdOVsFkcS7IEDkAE2KIIKuABVUAME3INH8AxejAfjyXg13qalCWPWswvmYLx/AeM3mcM=</latexit>

K(x� x0)
<latexit sha1_base64="jDz8hdgNIT1um2u9/blO+OPsNbY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiIC4r2Ae2Q8mkaRuayQzJHaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knNPEEth0HW/ncLK6tr6RnGztLW9s7tX3j9omijRjDdYJCPdDqjhUijeQIGSt2PNaRhI3grGN5nfeuLaiEg94CTmfkiHSgwEo2ilx25IccSoJLe9csWtujOQZeLlpAI56r3yV7cfsSTkCpmkxnQ8N0Y/pRoFk3xa6iaGx5SN6ZB3LFU05MZPZ4mn5MQqfTKItH0KyUz9vZHS0JhJGNjJLKFZ9DLxP6+T4ODKT4WKE+SKzT8aJJJgRLLzSV9ozlBOLKFMC5uVsBHVlKEtqWRL8BZPXibNs6p3UXXvzyu167yOIhzBMZyCB5dQgzuoQwMYKHiGV3hzjPPivDsf89GCk+8cwh84nz8IgpB+</latexit>F

<latexit sha1_base64="F31U4IMBPQ7N0nPnqTXyY+/qBvE="></latexit>

!j ⇠i.i.d. ⇤(!) = (FK)(!)

“Resolution” at which we 
capture distributions
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Learning stage

Optimize some “sketch matching” loss

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="JLwDdSe8Jl8p8FOu2co57UxUpHU="></latexit>
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Learning stage

Optimize some “sketch matching” loss

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="JLwDdSe8Jl8p8FOu2co57UxUpHU="></latexit>

Example: k-means

✓ = {ck}Kk=1

<latexit sha1_base64="011F/ygtFWSYjZWLVye5NarizHg="></latexit>

centroids

R(✓;X ) =
X

i

min
k

kck � xik2

<latexit sha1_base64="M+0AdMQjEH8hrexFfd9wauqGx6g="></latexit>
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Learning stage

Optimize some “sketch matching” loss

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="JLwDdSe8Jl8p8FOu2co57UxUpHU="></latexit>

Example: k-means

✓ = {ck}Kk=1

<latexit sha1_base64="011F/ygtFWSYjZWLVye5NarizHg="></latexit>

centroids

L(✓; z) = kz � 1
K

PK
k=1 �(ck)k2

<latexit sha1_base64="f0qgUomBtjrXOOxyoHF8wmPHGiw="></latexit>

sketch of the centroids

R(✓;X ) =
X

i

min
k

kck � xik2

<latexit sha1_base64="M+0AdMQjEH8hrexFfd9wauqGx6g="></latexit>



15

L(✓ | z)

<latexit sha1_base64="aQzdMhSEgYTQAYKrgMBrb8iz5AY="></latexit>

2 4

small 
sketch

X

<latexit sha1_base64="mT51qcytvPTgQnP95zh7sbMlldM=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgasjo1La7ohuXFewD26Fk0rQNzWSGJCOU0r9w40IRt/6NO//G9CGo6IHA4Zx7ybknTATXBuMPJ7Oyura+kd3MbW3v7O7l9w8aOk4VZXUai1i1QqKZ4JLVDTeCtRLFSBQK1gxHVzO/ec+U5rG8NeOEBREZSN7nlBgr3XUiYoaUCNTq5gvY9XDxvIQRds/LPvaKllz4xbJfQZ6L5yjAErVu/r3Ti2kaMWmoIFq3PZyYYEKU4VSwaa6TapYQOiID1rZUkojpYDJPPEUnVumhfqzskwbN1e8bExJpPY5COzlLqH97M/Evr52afjmYcJmkhkm6+KifCmRiNDsf9bhi1IixJYQqbrMiOiSKUGNLytkSvi5F/5PGmev5buXGL1Qvl3Vk4QiO4RQ8KEEVrqEGdaAg4QGe4NnRzqPz4rwuRjPOcucQfsB5+wSPQpDh</latexit>

✓1

<latexit sha1_base64="awa5usdEwmFBuls0YSaIddEsBmY=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQhJTm+6KblxWsA9oQ5lMJ+3QycOZG6GE/oQbF4q49Xfc+TdOH4KKHrhwOOde7r0nSAVXYFkfxsrq2vrGZmGruL2zu7dfOjhsqSSTlDVpIhLZCYhigsesCRwE66SSkSgQrB2Mr2Z++55JxZP4FiYp8yMyjHnIKQEtdXowYkD6dr9Utkyv5jk1B1umW6m45xeaWI5XdW1sm9YcZbREo1967w0SmkUsBiqIUl3bSsHPiQROBZsWe5liKaFjMmRdTWMSMeXn83un+FQrAxwmUlcMeK5+n8hJpNQkCnRnRGCkfnsz8S+vm0Ho+TmP0wxYTBeLwkxgSPDseTzgklEQE00IlVzfiumISEJBR1TUIXx9iv8nLce0XbN245brl8s4CugYnaAzZKMqqqNr1EBNRJFAD+gJPRt3xqPxYrwuWleM5cwR+gHj7RNP25Av</latexit>

✓2

<latexit sha1_base64="+lB5YeXjRdowpGeYfIGCmgNJvTI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQhJTm+6KblxWsA9oQ5lMJ+3QycOZG6GE/oQbF4q49Xfc+TdOH4KKHrhwOOde7r0nSAVXYFkfxsrq2vrGZmGruL2zu7dfOjhsqSSTlDVpIhLZCYhigsesCRwE66SSkSgQrB2Mr2Z++55JxZP4FiYp8yMyjHnIKQEtdXowYkD6Tr9Utkyv5jk1B1umW6m45xeaWI5XdW1sm9YcZbREo1967w0SmkUsBiqIUl3bSsHPiQROBZsWe5liKaFjMmRdTWMSMeXn83un+FQrAxwmUlcMeK5+n8hJpNQkCnRnRGCkfnsz8S+vm0Ho+TmP0wxYTBeLwkxgSPDseTzgklEQE00IlVzfiumISEJBR1TUIXx9iv8nLce0XbN245brl8s4CugYnaAzZKMqqqNr1EBNRJFAD+gJPRt3xqPxYrwuWleM5cwR+gHj7RNRX5Aw</latexit>

✓1

<latexit sha1_base64="fp9lsn8mtVImzkBfZTBKFqc8oVg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3T6OOdKBNyhX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx74xcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5s+TodCcoZxaQpkW9lbCxlRThjaikg3BW315nbSvql6tWr+vVRo3eRxFOINzuAQP6tCAO2hCCxhIeIZXeHMenRfn3flYthacfOYU/sD5/AHQo4/W</latexit>

✓2

<latexit sha1_base64="BPaxwsb0GZ2o5BOK7HY/yrwkDJo=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp1GPRi8cK9gPaUDbbSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jczv3OE2gjYvWA0wT8iI2UCAVnaKVuH8eAbFAdlMpuxV2ArhMvJ2WSozkoffWHMU8jUMglM6bnuQn6GdMouIRZsZ8aSBifsBH0LFUsAuNni3tn9NIqQxrG2pZCulB/T2QsMmYaBbYzYjg2q95c/M/rpRhe+5lQSYqg+HJRmEqKMZ0/T4dCA0c5tYRxLeytlI+ZZhxtREUbgrf68jppVyterVK/r5UbN3kcBXJOLsgV8UidNMgdaZIW4USSZ/JK3pxH58V5dz6WrRtOPnNG/sD5/AHSJ4/X</latexit>

R(✓ | X )

<latexit sha1_base64="TnEes0CjPCfG28uZQNbRLbuaGgY="></latexit>

Learning stage Cost function vs. true risk
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L(✓ | z)

<latexit sha1_base64="aQzdMhSEgYTQAYKrgMBrb8iz5AY="></latexit>

0.160

0.214

0.268

0.322

0.376

0.430

105

114

123

132

141

150

2 4

small 
sketch

X

<latexit sha1_base64="mT51qcytvPTgQnP95zh7sbMlldM=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgasjo1La7ohuXFewD26Fk0rQNzWSGJCOU0r9w40IRt/6NO//G9CGo6IHA4Zx7ybknTATXBuMPJ7Oyura+kd3MbW3v7O7l9w8aOk4VZXUai1i1QqKZ4JLVDTeCtRLFSBQK1gxHVzO/ec+U5rG8NeOEBREZSN7nlBgr3XUiYoaUCNTq5gvY9XDxvIQRds/LPvaKllz4xbJfQZ6L5yjAErVu/r3Ti2kaMWmoIFq3PZyYYEKU4VSwaa6TapYQOiID1rZUkojpYDJPPEUnVumhfqzskwbN1e8bExJpPY5COzlLqH97M/Evr52afjmYcJmkhkm6+KifCmRiNDsf9bhi1IixJYQqbrMiOiSKUGNLytkSvi5F/5PGmev5buXGL1Qvl3Vk4QiO4RQ8KEEVrqEGdaAg4QGe4NnRzqPz4rwuRjPOcucQfsB5+wSPQpDh</latexit>

t

<latexit sha1_base64="J0cIIe9QtxxvaLVWr4GJH/cYRmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWz3bRrN5uwOxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfDvzH564NiJW9zhJuB/RoRKhYBSt1MR+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn80On5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+ZlQSYpcscWiMJUEYzL7mgyE5gzlxBLKtLC3EjaimjK02ZRsCN7yy6ukfVH1atXrZq1Sv8njKMIJnMI5eHAJdbiDBrSAAYdneIU359F5cd6dj0VrwclnjuEPnM8f5AmNBA==</latexit>

✓1

<latexit sha1_base64="awa5usdEwmFBuls0YSaIddEsBmY=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQhJTm+6KblxWsA9oQ5lMJ+3QycOZG6GE/oQbF4q49Xfc+TdOH4KKHrhwOOde7r0nSAVXYFkfxsrq2vrGZmGruL2zu7dfOjhsqSSTlDVpIhLZCYhigsesCRwE66SSkSgQrB2Mr2Z++55JxZP4FiYp8yMyjHnIKQEtdXowYkD6dr9Utkyv5jk1B1umW6m45xeaWI5XdW1sm9YcZbREo1967w0SmkUsBiqIUl3bSsHPiQROBZsWe5liKaFjMmRdTWMSMeXn83un+FQrAxwmUlcMeK5+n8hJpNQkCnRnRGCkfnsz8S+vm0Ho+TmP0wxYTBeLwkxgSPDseTzgklEQE00IlVzfiumISEJBR1TUIXx9iv8nLce0XbN245brl8s4CugYnaAzZKMqqqNr1EBNRJFAD+gJPRt3xqPxYrwuWleM5cwR+gHj7RNP25Av</latexit>

✓2

<latexit sha1_base64="+lB5YeXjRdowpGeYfIGCmgNJvTI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQhJTm+6KblxWsA9oQ5lMJ+3QycOZG6GE/oQbF4q49Xfc+TdOH4KKHrhwOOde7r0nSAVXYFkfxsrq2vrGZmGruL2zu7dfOjhsqSSTlDVpIhLZCYhigsesCRwE66SSkSgQrB2Mr2Z++55JxZP4FiYp8yMyjHnIKQEtdXowYkD6Tr9Utkyv5jk1B1umW6m45xeaWI5XdW1sm9YcZbREo1967w0SmkUsBiqIUl3bSsHPiQROBZsWe5liKaFjMmRdTWMSMeXn83un+FQrAxwmUlcMeK5+n8hJpNQkCnRnRGCkfnsz8S+vm0Ho+TmP0wxYTBeLwkxgSPDseTzgklEQE00IlVzfiumISEJBR1TUIXx9iv8nLce0XbN245brl8s4CugYnaAzZKMqqqNr1EBNRJFAD+gJPRt3xqPxYrwuWleM5cwR+gHj7RNRX5Aw</latexit>

✓1

<latexit sha1_base64="fp9lsn8mtVImzkBfZTBKFqc8oVg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3T6OOdKBNyhX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx74xcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5s+TodCcoZxaQpkW9lbCxlRThjaikg3BW315nbSvql6tWr+vVRo3eRxFOINzuAQP6tCAO2hCCxhIeIZXeHMenRfn3flYthacfOYU/sD5/AHQo4/W</latexit>

✓2

<latexit sha1_base64="BPaxwsb0GZ2o5BOK7HY/yrwkDJo=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp1GPRi8cK9gPaUDbbSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jczv3OE2gjYvWA0wT8iI2UCAVnaKVuH8eAbFAdlMpuxV2ArhMvJ2WSozkoffWHMU8jUMglM6bnuQn6GdMouIRZsZ8aSBifsBH0LFUsAuNni3tn9NIqQxrG2pZCulB/T2QsMmYaBbYzYjg2q95c/M/rpRhe+5lQSYqg+HJRmEqKMZ0/T4dCA0c5tYRxLeytlI+ZZhxtREUbgrf68jppVyterVK/r5UbN3kcBXJOLsgV8UidNMgdaZIW4USSZ/JK3pxH58V5dz6WrRtOPnNG/sD5/AHSJ4/X</latexit>

R(✓ | X )

<latexit sha1_base64="TnEes0CjPCfG28uZQNbRLbuaGgY="></latexit>

R(✓ | X )

<latexit sha1_base64="TnEes0CjPCfG28uZQNbRLbuaGgY="></latexit>

Learning stage Cost function vs. true risk

L(✓ | z)

<latexit sha1_base64="aQzdMhSEgYTQAYKrgMBrb8iz5AY="></latexit>

✓⇤ = argmin
✓

R(✓ | X )

<latexit sha1_base64="iJm0/1j1TQni8SgFOKgnGwh4xhk="></latexit>

b✓ = argmin
✓

L(✓ | z)

<latexit sha1_base64="0obgi+6urbGOzZizswuiV9E+nCU="></latexit>
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L(✓ | z)

<latexit sha1_base64="aQzdMhSEgYTQAYKrgMBrb8iz5AY="></latexit>
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150

2 4

1-D slice

small 
sketch

X

<latexit sha1_base64="mT51qcytvPTgQnP95zh7sbMlldM=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgasjo1La7ohuXFewD26Fk0rQNzWSGJCOU0r9w40IRt/6NO//G9CGo6IHA4Zx7ybknTATXBuMPJ7Oyura+kd3MbW3v7O7l9w8aOk4VZXUai1i1QqKZ4JLVDTeCtRLFSBQK1gxHVzO/ec+U5rG8NeOEBREZSN7nlBgr3XUiYoaUCNTq5gvY9XDxvIQRds/LPvaKllz4xbJfQZ6L5yjAErVu/r3Ti2kaMWmoIFq3PZyYYEKU4VSwaa6TapYQOiID1rZUkojpYDJPPEUnVumhfqzskwbN1e8bExJpPY5COzlLqH97M/Evr52afjmYcJmkhkm6+KifCmRiNDsf9bhi1IixJYQqbrMiOiSKUGNLytkSvi5F/5PGmev5buXGL1Qvl3Vk4QiO4RQ8KEEVrqEGdaAg4QGe4NnRzqPz4rwuRjPOcucQfsB5+wSPQpDh</latexit>

moderate 
sketch

t

<latexit sha1_base64="J0cIIe9QtxxvaLVWr4GJH/cYRmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWz3bRrN5uwOxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfDvzH564NiJW9zhJuB/RoRKhYBSt1MR+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn80On5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+ZlQSYpcscWiMJUEYzL7mgyE5gzlxBLKtLC3EjaimjK02ZRsCN7yy6ukfVH1atXrZq1Sv8njKMIJnMI5eHAJdbiDBrSAAYdneIU359F5cd6dj0VrwclnjuEPnM8f5AmNBA==</latexit>

t

<latexit sha1_base64="J0cIIe9QtxxvaLVWr4GJH/cYRmQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWz3bRrN5uwOxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfDvzH564NiJW9zhJuB/RoRKhYBSt1MR+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn80On5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+ZlQSYpcscWiMJUEYzL7mgyE5gzlxBLKtLC3EjaimjK02ZRsCN7yy6ukfVH1atXrZq1Sv8njKMIJnMI5eHAJdbiDBrSAAYdneIU359F5cd6dj0VrwclnjuEPnM8f5AmNBA==</latexit>

✓1

<latexit sha1_base64="awa5usdEwmFBuls0YSaIddEsBmY=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQhJTm+6KblxWsA9oQ5lMJ+3QycOZG6GE/oQbF4q49Xfc+TdOH4KKHrhwOOde7r0nSAVXYFkfxsrq2vrGZmGruL2zu7dfOjhsqSSTlDVpIhLZCYhigsesCRwE66SSkSgQrB2Mr2Z++55JxZP4FiYp8yMyjHnIKQEtdXowYkD6dr9Utkyv5jk1B1umW6m45xeaWI5XdW1sm9YcZbREo1967w0SmkUsBiqIUl3bSsHPiQROBZsWe5liKaFjMmRdTWMSMeXn83un+FQrAxwmUlcMeK5+n8hJpNQkCnRnRGCkfnsz8S+vm0Ho+TmP0wxYTBeLwkxgSPDseTzgklEQE00IlVzfiumISEJBR1TUIXx9iv8nLce0XbN245brl8s4CugYnaAzZKMqqqNr1EBNRJFAD+gJPRt3xqPxYrwuWleM5cwR+gHj7RNP25Av</latexit>

✓2

<latexit sha1_base64="+lB5YeXjRdowpGeYfIGCmgNJvTI=">AAAB73icdVDLSsNAFJ34rPVVdelmsAiuQhJTm+6KblxWsA9oQ5lMJ+3QycOZG6GE/oQbF4q49Xfc+TdOH4KKHrhwOOde7r0nSAVXYFkfxsrq2vrGZmGruL2zu7dfOjhsqSSTlDVpIhLZCYhigsesCRwE66SSkSgQrB2Mr2Z++55JxZP4FiYp8yMyjHnIKQEtdXowYkD6Tr9Utkyv5jk1B1umW6m45xeaWI5XdW1sm9YcZbREo1967w0SmkUsBiqIUl3bSsHPiQROBZsWe5liKaFjMmRdTWMSMeXn83un+FQrAxwmUlcMeK5+n8hJpNQkCnRnRGCkfnsz8S+vm0Ho+TmP0wxYTBeLwkxgSPDseTzgklEQE00IlVzfiumISEJBR1TUIXx9iv8nLce0XbN245brl8s4CugYnaAzZKMqqqNr1EBNRJFAD+gJPRt3xqPxYrwuWleM5cwR+gHj7RNRX5Aw</latexit>

✓1

<latexit sha1_base64="fp9lsn8mtVImzkBfZTBKFqc8oVg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3T6OOdKBNyhX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx74xcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5s+TodCcoZxaQpkW9lbCxlRThjaikg3BW315nbSvql6tWr+vVRo3eRxFOINzuAQP6tCAO2hCCxhIeIZXeHMenRfn3flYthacfOYU/sD5/AHQo4/W</latexit>

✓2

<latexit sha1_base64="BPaxwsb0GZ2o5BOK7HY/yrwkDJo=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4Kkkp1GPRi8cK9gPaUDbbSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jczv3OE2gjYvWA0wT8iI2UCAVnaKVuH8eAbFAdlMpuxV2ArhMvJ2WSozkoffWHMU8jUMglM6bnuQn6GdMouIRZsZ8aSBifsBH0LFUsAuNni3tn9NIqQxrG2pZCulB/T2QsMmYaBbYzYjg2q95c/M/rpRhe+5lQSYqg+HJRmEqKMZ0/T4dCA0c5tYRxLeytlI+ZZhxtREUbgrf68jppVyterVK/r5UbN3kcBXJOLsgV8UidNMgdaZIW4USSZ/JK3pxH58V5dz6WrRtOPnNG/sD5/AHSJ4/X</latexit>

t

R(✓ | X )

<latexit sha1_base64="TnEes0CjPCfG28uZQNbRLbuaGgY="></latexit>

R(✓ | X )

<latexit sha1_base64="TnEes0CjPCfG28uZQNbRLbuaGgY="></latexit>

R(✓ | X )

<latexit sha1_base64="TnEes0CjPCfG28uZQNbRLbuaGgY="></latexit>

Learning stage Cost function vs. true risk

L(✓ | z)

<latexit sha1_base64="aQzdMhSEgYTQAYKrgMBrb8iz5AY="></latexit>

L(✓ | z)

<latexit sha1_base64="aQzdMhSEgYTQAYKrgMBrb8iz5AY="></latexit>

✓⇤ = argmin
✓

R(✓ | X )

<latexit sha1_base64="iJm0/1j1TQni8SgFOKgnGwh4xhk="></latexit>

b✓ = argmin
✓

L(✓ | z)

<latexit sha1_base64="0obgi+6urbGOzZizswuiV9E+nCU="></latexit>
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Learning stage

Optimize some “sketch matching” loss

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="JLwDdSe8Jl8p8FOu2co57UxUpHU="></latexit>

Nonconvex! In practice, we use a “decoder”

The CLOMPR decoder (based on matching pursuit) showed promising empirical success…

✓� = �[z]

<latexit sha1_base64="r7VzU+JbLQtc4rkojdGXdr0QNuM="></latexit>
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Learning stage

Optimize some “sketch matching” loss

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="JLwDdSe8Jl8p8FOu2co57UxUpHU="></latexit>

Nonconvex! In practice, we use a “decoder”

The CLOMPR decoder (based on matching pursuit) showed promising empirical success…

✓� = �[z]

<latexit sha1_base64="r7VzU+JbLQtc4rkojdGXdr0QNuM="></latexit>

Our question: should we improve the decoder and/or sketch? 
If so, when? What can we expect to gain?
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Methodology

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

a)
<latexit sha1_base64="9RR2EpUXe9GyHwPVw7YLX+t5W5U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3reK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDygjjRw=</latexit>

We define 5 “failure scenarii”
b✓ = argmin

✓
L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>

Incorrect global minimum 
Decoder fails to find it

<latexit sha1_base64="ZrRvcHJScpcV5WvzXhQpgtJqxkw=">AAACAXicdVDJSgNBEO1xjXEb9SJ4aQxCvAwzWRUvQS8eo5gFkhB6enqSJj0L3TVCCPHir3jxoIhX/8Kbf2NnEVT0QVOP96roqufGgiuw7Q9jYXFpeWU1tZZe39jc2jZ3dusqSiRlNRqJSDZdopjgIasBB8GasWQkcAVruIOLid+4ZVLxKLyBYcw6AemF3OeUgJa65v51tu1GwlPDQBfchj4Dcoabx10zY1tOrpwvlrBtlexcoXiqia4FJ48dy54ig+aods33thfRJGAhUEGUajl2DJ0RkcCpYON0O1EsJnRAeqylaUgCpjqj6QVjfKQVD/uR1C8EPFW/T4xIoCYr6s6AQF/99ibiX14rAf+kM+JhnAAL6ewjPxEYIjyJA3tcMgpiqAmhkutdMe0TSSjo0NI6hK9L8f+knrOcomVfFTKV83kcKXSADlEWOaiMKugSVVENUXSHHtATejbujUfjxXidtS4Y85k99APG2yebGpZa</latexit>

R(✓;X)
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✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

a)
<latexit sha1_base64="9RR2EpUXe9GyHwPVw7YLX+t5W5U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3reK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDygjjRw=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

b)
<latexit sha1_base64="Tfd0Tp8CRxO49Qatqb9PR9su2yA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0EJz3SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHymojR0=</latexit>

We define 5 “failure scenarii”
b✓ = argmin

✓
L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>

Incorrect global minimum 
Decoder finds it

Incorrect global minimum 
Decoder fails to find it
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✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

a)
<latexit sha1_base64="9RR2EpUXe9GyHwPVw7YLX+t5W5U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3reK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDygjjRw=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

b)
<latexit sha1_base64="Tfd0Tp8CRxO49Qatqb9PR9su2yA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0EJz3SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHymojR0=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

c)
<latexit sha1_base64="iIMZXI8VeklXy8ZSg669iUbih98=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3beK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDystjR4=</latexit>

We define 5 “failure scenarii”
b✓ = argmin

✓
L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>

Correct global minimum 
Decoder fails to find it
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✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

a)
<latexit sha1_base64="9RR2EpUXe9GyHwPVw7YLX+t5W5U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3reK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDygjjRw=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

b)
<latexit sha1_base64="Tfd0Tp8CRxO49Qatqb9PR9su2yA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0EJz3SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHymojR0=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

c)
<latexit sha1_base64="iIMZXI8VeklXy8ZSg669iUbih98=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3beK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDystjR4=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit> b✓

<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

d)
<latexit sha1_base64="MaxM/I+JdjiHgUc7n7sfBBAYRzs=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDabTbt0swm7E6GU/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6xFHK/Zj2lYgEo2ilh/C8Vyq7FXcGsky8nJQhR71X+uqGCctirpBJakzHc1P0x1SjYJJPit3M8JSyIe3zjqWKxtz449mlE3JqlZBEibalkMzU3xNjGhszigPbGVMcmEVvKv7ndTKMrv2xUGmGXLH5oiiTBBMyfZuEQnOGcmQJZVrYWwkbUE0Z2nCKNgRv8eVl0qxWvItK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEEz/AKb87QeXHenY9564qTzxzBHzifPyyyjR8=</latexit>

We define 5 “failure scenarii”
b✓ = argmin

✓
L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>

Correct global minimum 
Decoder finds it

Correct global minimum 
Decoder fails to find it
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✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

a)
<latexit sha1_base64="9RR2EpUXe9GyHwPVw7YLX+t5W5U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3reK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDygjjRw=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

b)
<latexit sha1_base64="Tfd0Tp8CRxO49Qatqb9PR9su2yA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0EJz3SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHymojR0=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

c)
<latexit sha1_base64="iIMZXI8VeklXy8ZSg669iUbih98=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3beK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDystjR4=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit> b✓

<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

d)
<latexit sha1_base64="MaxM/I+JdjiHgUc7n7sfBBAYRzs=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDabTbt0swm7E6GU/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6xFHK/Zj2lYgEo2ilh/C8Vyq7FXcGsky8nJQhR71X+uqGCctirpBJakzHc1P0x1SjYJJPit3M8JSyIe3zjqWKxtz449mlE3JqlZBEibalkMzU3xNjGhszigPbGVMcmEVvKv7ndTKMrv2xUGmGXLH5oiiTBBMyfZuEQnOGcmQJZVrYWwkbUE0Z2nCKNgRv8eVl0qxWvItK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEEz/AKb87QeXHenY9564qTzxzBHzifPyyyjR8=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit> b✓

<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

e)
<latexit sha1_base64="qroba8n745mqm37aGNltw36sS1w=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0gOe9UtmtuDOQZeLlpAw56r3SV7cfszRCaZigWnc8NzF+RpXhTOCk2E01JpSN6AA7lkoaofaz2aUTcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU147WdcJqlByeaLwlQQE5Pp26TPFTIjxpZQpri9lbAhVZQZG07RhuAtvrxMmtWKd1Gp3l+Wazd5HAU4hhM4Aw+uoAZ3UIcGMAjhGV7hzRk5L8678zFvXXHymSP4A+fzBy43jSA=</latexit>

We define 5 “failure scenarii”

Correct global minimum 
Large basin of attraction, 
decoder always finds it

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>
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✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>✓⇤

<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

What do we know? 

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>
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✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>✓⇤

<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

What do we know? 
Two points…

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>

(not available)

(available… in research :-)
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✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>✓⇤

<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

What do we know? 
Two points, two values!

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>

<latexit sha1_base64="ZrRvcHJScpcV5WvzXhQpgtJqxkw=">AAACAXicdVDJSgNBEO1xjXEb9SJ4aQxCvAwzWRUvQS8eo5gFkhB6enqSJj0L3TVCCPHir3jxoIhX/8Kbf2NnEVT0QVOP96roqufGgiuw7Q9jYXFpeWU1tZZe39jc2jZ3dusqSiRlNRqJSDZdopjgIasBB8GasWQkcAVruIOLid+4ZVLxKLyBYcw6AemF3OeUgJa65v51tu1GwlPDQBfchj4Dcoabx10zY1tOrpwvlrBtlexcoXiqia4FJ48dy54ig+aods33thfRJGAhUEGUajl2DJ0RkcCpYON0O1EsJnRAeqylaUgCpjqj6QVjfKQVD/uR1C8EPFW/T4xIoCYr6s6AQF/99ibiX14rAf+kM+JhnAAL6ewjPxEYIjyJA3tcMgpiqAmhkutdMe0TSSjo0NI6hK9L8f+knrOcomVfFTKV83kcKXSADlEWOaiMKugSVVENUXSHHtATejbujUfjxXidtS4Y85k99APG2yebGpZa</latexit>

R(✓;X)
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✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>✓⇤

<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

What do we know? 
Two points, two values!

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>

<latexit sha1_base64="YrBwM7wuIGLexIPNGa4X6f8hSrw="></latexit>

L(✓�; z) > L(✓⇤; z)

A simple test:

?

Yes

Decoder failed 
(Sketch ?!)

<latexit sha1_base64="ZrRvcHJScpcV5WvzXhQpgtJqxkw=">AAACAXicdVDJSgNBEO1xjXEb9SJ4aQxCvAwzWRUvQS8eo5gFkhB6enqSJj0L3TVCCPHir3jxoIhX/8Kbf2NnEVT0QVOP96roqufGgiuw7Q9jYXFpeWU1tZZe39jc2jZ3dusqSiRlNRqJSDZdopjgIasBB8GasWQkcAVruIOLid+4ZVLxKLyBYcw6AemF3OeUgJa65v51tu1GwlPDQBfchj4Dcoabx10zY1tOrpwvlrBtlexcoXiqia4FJ48dy54ig+aods33thfRJGAhUEGUajl2DJ0RkcCpYON0O1EsJnRAeqylaUgCpjqj6QVjfKQVD/uR1C8EPFW/T4xIoCYr6s6AQF/99ibiX14rAf+kM+JhnAAL6ewjPxEYIjyJA3tcMgpiqAmhkutdMe0TSSjo0NI6hK9L8f+knrOcomVfFTKV83kcKXSADlEWOaiMKugSVVENUXSHHtATejbujUfjxXidtS4Y85k99APG2yebGpZa</latexit>

R(✓;X)
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✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>✓⇤

<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

What do we know? 
Two points, two values!

b✓ = argmin
✓

L(✓; z)

<latexit sha1_base64="L5M6Ny3BlbQ4TIJAlSqapXfa8xE="></latexit>

✓⇤ = argmin
✓

R(✓;X)

<latexit sha1_base64="EPivUSwrC36I35crvNYPFVcvEMo="></latexit>

✓� = �[z]

<latexit sha1_base64="Aeq8XTGrLw7pThXVFEtR5Pb1Gtg="></latexit>

<latexit sha1_base64="YrBwM7wuIGLexIPNGa4X6f8hSrw="></latexit>

L(✓�; z) > L(✓⇤; z)

A simple test:

?

Yes No

Decoder failed 
(Sketch ?!)

<latexit sha1_base64="ZrRvcHJScpcV5WvzXhQpgtJqxkw=">AAACAXicdVDJSgNBEO1xjXEb9SJ4aQxCvAwzWRUvQS8eo5gFkhB6enqSJj0L3TVCCPHir3jxoIhX/8Kbf2NnEVT0QVOP96roqufGgiuw7Q9jYXFpeWU1tZZe39jc2jZ3dusqSiRlNRqJSDZdopjgIasBB8GasWQkcAVruIOLid+4ZVLxKLyBYcw6AemF3OeUgJa65v51tu1GwlPDQBfchj4Dcoabx10zY1tOrpwvlrBtlexcoXiqia4FJ48dy54ig+aods33thfRJGAhUEGUajl2DJ0RkcCpYON0O1EsJnRAeqylaUgCpjqj6QVjfKQVD/uR1C8EPFW/T4xIoCYr6s6AQF/99ibiX14rAf+kM+JhnAAL6ewjPxEYIjyJA3tcMgpiqAmhkutdMe0TSSjo0NI6hK9L8f+knrOcomVfFTKV83kcKXSADlEWOaiMKugSVVENUXSHHtATejbujUfjxXidtS4Y85k99APG2yebGpZa</latexit>

R(✓;X)

Sketch failed 
(Decoder ?!)

?

Success :-)

Yes No

<latexit sha1_base64="7QVg6o3kNwCKykWYQ0XcgX+SeTc="></latexit>

R(✓�;X) � R(✓⇤;X)

<latexit sha1_base64="W7KDdR9W7mS4z5E1TXbPQtY2fWA="></latexit>

R(✓�;X) ' R(✓⇤;X)
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Results: size of m (k-means) Multiple sketches (50 draws)

L(✓�; z) > L(✓⇤; z)

<latexit sha1_base64="ZL8UKo3cmOOjvpAG8v8sWXU1elQ="></latexit>

Number of timesPerformance 
(lower is better)
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Results: size of m (k-means) Multiple sketches (50 draws)

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

a)
<latexit sha1_base64="9RR2EpUXe9GyHwPVw7YLX+t5W5U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3reK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDygjjRw=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

b)
<latexit sha1_base64="Tfd0Tp8CRxO49Qatqb9PR9su2yA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0EJz3SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHymojR0=</latexit>

or

m < Kd

<latexit sha1_base64="y7pN+PMn7dMQhd9BkFHsP5gk68M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVggoeil4ELxXsB7RLyWazbWw2WZKsUJb+By8eFPHq//HmvzFt96CtDwYe780wMy9IONPGdb+dwsrq2vpGcbO0tb2zu1feP2hpmSpCm0RyqToB1pQzQZuGGU47iaI4DjhtB6Obqd9+okozKR7MOKF+jAeCRYxgY6VWjK7QXdgvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NoJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYku/IyJJDVUkPmiKOXISDR9HYVMUWL42BJMFLO3IjLEChNjAyrZELzFl5dJ66zq1aqX97VK/TqPowhHcAyn4ME51OEWGtAEAo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/AFsujlo=</latexit>

sketch is 
too small!

L(✓�; z) > L(✓⇤; z)

<latexit sha1_base64="ZL8UKo3cmOOjvpAG8v8sWXU1elQ="></latexit>

Number of timesPerformance 
(lower is better)
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Results: size of m (k-means) Multiple sketches (50 draws)

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

a)
<latexit sha1_base64="9RR2EpUXe9GyHwPVw7YLX+t5W5U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3reK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDygjjRw=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

b)
<latexit sha1_base64="Tfd0Tp8CRxO49Qatqb9PR9su2yA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0EJz3SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHymojR0=</latexit>

or

m < Kd

<latexit sha1_base64="y7pN+PMn7dMQhd9BkFHsP5gk68M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVggoeil4ELxXsB7RLyWazbWw2WZKsUJb+By8eFPHq//HmvzFt96CtDwYe780wMy9IONPGdb+dwsrq2vpGcbO0tb2zu1feP2hpmSpCm0RyqToB1pQzQZuGGU47iaI4DjhtB6Obqd9+okozKR7MOKF+jAeCRYxgY6VWjK7QXdgvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NoJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYku/IyJJDVUkPmiKOXISDR9HYVMUWL42BJMFLO3IjLEChNjAyrZELzFl5dJ66zq1aqX97VK/TqPowhHcAyn4ME51OEWGtAEAo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/AFsujlo=</latexit>

sketch is 
too small!

L(✓�; z) > L(✓⇤; z)

<latexit sha1_base64="ZL8UKo3cmOOjvpAG8v8sWXU1elQ="></latexit>

Number of times
m > 10Kd

<latexit sha1_base64="z3umRa+w2lRhhN6kKhEpGfoaX7A=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnqRohfBSwX7Ae1SstlsG5pk1yQrlKV/wosHRbz6d7z5b0zbPWjrg4HHezPMzAsSzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB6Obqd9+okqzWD6YcUJ9gQeSRYxgY6WOQFfIc+/CfrniVt0Z0DLxclKBHI1++asXxiQVVBrCsdZdz02Mn2FlGOF0UuqlmiaYjPCAdi2VWFDtZ7N7J+jEKiGKYmVLGjRTf09kWGg9FoHtFNgM9aI3Ff/zuqmJLvyMySQ1VJL5oijlyMRo+jwKmaLE8LElmChmb0VkiBUmxkZUsiF4iy8vk9ZZ1atVL+9rlfp1HkcRjuAYTsGDc6jDLTSgCQQ4PMMrvDmPzovz7nzMWwtOPnMIf+B8/gA99o7R</latexit>

sketch large 
enough

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit> b✓

<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

e)
<latexit sha1_base64="qroba8n745mqm37aGNltw36sS1w=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0gOe9UtmtuDOQZeLlpAw56r3SV7cfszRCaZigWnc8NzF+RpXhTOCk2E01JpSN6AA7lkoaofaz2aUTcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU147WdcJqlByeaLwlQQE5Pp26TPFTIjxpZQpri9lbAhVZQZG07RhuAtvrxMmtWKd1Gp3l+Wazd5HAU4hhM4Aw+uoAZ3UIcGMAjhGV7hzRk5L8678zFvXXHymSP4A+fzBy43jSA=</latexit>

Performance 
(lower is better)
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Results: size of m (k-means) Multiple sketches (50 draws)

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

a)
<latexit sha1_base64="9RR2EpUXe9GyHwPVw7YLX+t5W5U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3reK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDygjjRw=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

b)
<latexit sha1_base64="Tfd0Tp8CRxO49Qatqb9PR9su2yA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0EJz3SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHymojR0=</latexit>

or

m < Kd

<latexit sha1_base64="y7pN+PMn7dMQhd9BkFHsP5gk68M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVggoeil4ELxXsB7RLyWazbWw2WZKsUJb+By8eFPHq//HmvzFt96CtDwYe780wMy9IONPGdb+dwsrq2vpGcbO0tb2zu1feP2hpmSpCm0RyqToB1pQzQZuGGU47iaI4DjhtB6Obqd9+okozKR7MOKF+jAeCRYxgY6VWjK7QXdgvV9yqOwNaJl5OKpCj0S9/9UJJ0pgKQzjWuuu5ifEzrAwjnE5KvVTTBJMRHtCupQLHVPvZ7NoJOrFKiCKpbAmDZurviQzHWo/jwHbG2Az1ojcV//O6qYku/IyJJDVUkPmiKOXISDR9HYVMUWL42BJMFLO3IjLEChNjAyrZELzFl5dJ66zq1aqX97VK/TqPowhHcAyn4ME51OEWGtAEAo/wDK/w5kjnxXl3PuatBSefOYQ/cD5/AFsujlo=</latexit>

sketch is 
too small!

???

L(✓�; z) > L(✓⇤; z)

<latexit sha1_base64="ZL8UKo3cmOOjvpAG8v8sWXU1elQ="></latexit>

Number of times
m > 10Kd

<latexit sha1_base64="z3umRa+w2lRhhN6kKhEpGfoaX7A=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnqRohfBSwX7Ae1SstlsG5pk1yQrlKV/wosHRbz6d7z5b0zbPWjrg4HHezPMzAsSzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB6Obqd9+okqzWD6YcUJ9gQeSRYxgY6WOQFfIc+/CfrniVt0Z0DLxclKBHI1++asXxiQVVBrCsdZdz02Mn2FlGOF0UuqlmiaYjPCAdi2VWFDtZ7N7J+jEKiGKYmVLGjRTf09kWGg9FoHtFNgM9aI3Ff/zuqmJLvyMySQ1VJL5oijlyMRo+jwKmaLE8LElmChmb0VkiBUmxkZUsiF4iy8vk9ZZ1atVL+9rlfp1HkcRjuAYTsGDc6jDLTSgCQQ4PMMrvDmPzovz7nzMWwtOPnMIf+B8/gA99o7R</latexit>

sketch large 
enough

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit> b✓

<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

e)
<latexit sha1_base64="qroba8n745mqm37aGNltw36sS1w=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0gOe9UtmtuDOQZeLlpAw56r3SV7cfszRCaZigWnc8NzF+RpXhTOCk2E01JpSN6AA7lkoaofaz2aUTcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU147WdcJqlByeaLwlQQE5Pp26TPFTIjxpZQpri9lbAhVZQZG07RhuAtvrxMmtWKd1Gp3l+Wazd5HAU4hhM4Aw+uoAZ3UIcGMAjhGV7hzRk5L8678zFvXXHymSP4A+fzBy43jSA=</latexit>

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

c)
<latexit sha1_base64="iIMZXI8VeklXy8ZSg669iUbih98=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3beK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDystjR4=</latexit>

Possible to 
improve the 

decoder?

???

Performance 
(lower is better)
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Results: size of m (k-means)

Can we find at least one (not necessarily efficient) decoder 
that succeeds where CLOMPR doesn’t?



35

Results: size of m (k-means)

Can we find at least one (not necessarily efficient) decoder 
that succeeds where CLOMPR doesn’t?

Goal: something that is an epsilon smarter than brute-force

For research purposes only
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Results: size of m (k-means)

Can we find at least one (not necessarily efficient) decoder 
that succeeds where CLOMPR doesn’t?

Let’s explore the solution space (slightly better than) randomly: a genetic algorithm

Population of (sets of) 
centroids

c1

<latexit sha1_base64="GS+XxQW1ylIpVMmtROS18RcE6ng=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQd0V3bisYB/QhjCZTNqhk0mYmQg19EvcuFDErZ/izr9x0mahrQeGOZxzL3PmBClnSjvOt1VZW9/Y3Kpu13Z29/br9sFhVyWZJLRDEp7IfoAV5UzQjmaa034qKY4DTnvB5Lbwe49UKpaIBz1NqRfjkWARI1gbybfrwyDhoZrG5kLEd3274TSdOdAqcUvSgBJt3/4ahgnJYio04Vipgeuk2sux1IxwOqsNM0VTTCZ4RAeGChxT5eXz4DN0apQQRYk0R2g0V39v5DhWRTYzGWM9VsteIf7nDTIdXXk5E2mmqSCLh6KMI52gogUUMkmJ5lNDMJHMZEVkjCUm2nRVMyW4y19eJd3zpnvRvL6/aLRuyjqqcAwncAYuXEIL7qANHSCQwTO8wpv1ZL1Y79bHYrRilTtH8AfW5w9rlZLz</latexit>

cK

<latexit sha1_base64="QtOLhsDL7/smZdcEUUBG3DZ5AWs=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMFNRd0Y3gpoJ9QDsMmUymDc1khiQj1NIvceNCEbd+ijv/xkw7C209EHI4515ycoKUM6Ud59sqra1vbG6Vtys7u3v7VfvgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHyT+91HKhVLxIOepNSL8VCwiBGsjeTb1UGQ8FBNYnMh4t/5ds2pO3OgVeIWpAYFWr79NQgTksVUaMKxUn3XSbU3xVIzwumsMsgUTTEZ4yHtGypwTJU3nQefoVOjhChKpDlCo7n6e2OKY5VnM5Mx1iO17OXif14/09GlN2UizTQVZPFQlHGkE5S3gEImKdF8YggmkpmsiIywxESbriqmBHf5y6ukc153G/Wr+0ateV3UUYZjOIEzcOECmnALLWgDgQye4RXerCfrxXq3PhajJavYOYI/sD5/AJL9kw0=</latexit>

...

<latexit sha1_base64="UtkY3XfFkhvHLcaLFvKZbOYry1c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxVTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+rXq9X2tUr/J4yjCCZzCOfhwCXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH89Pj04=</latexit>

✓(1)

<latexit sha1_base64="Jj2zykRSz45ShuEkwK5yq2JVuT8=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZRECuqu6MZlBfuAJpbJZNIOnTyYuRFKqBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1eIrgCy/o2lpZXVtfWSxvlza3tnV1zb7+t4lRS1qKxiGXXI4oJHrEWcBCsm0hGQk+wjje6zv3OA5OKx9EdjBPmhmQQ8YBTAlrqm4eOFwtfjUP9YQeGDMh9VrVPJ32zYtWsKfAisQtSQQWaffPL8WOahiwCKohSPdtKwM2IBE4Fm5SdVLGE0BEZsJ6mEQmZcrPpBRN8ohUfB7HULwI8VX93ZCRU+ZK6MiQwVPNeLv7n9VIILtyMR0kKLKKzQUEqMMQ4jwP7XDIKYqwJoZLrXTEdEkko6NDKOgR7/uRF0j6r2fXa5W290rgq4iihI3SMqshG56iBblATtRBFj+gZvaI348l4Md6Nj1npklH0HKA/MD5/AAzilqQ=</latexit>

✓(N)

<latexit sha1_base64="VT5DxNbQe8uLdJyfCeJ5LND+G8E=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUlB3RTeupIJ9QBPLZDJth04ezNwIJdSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceLxZcgWV9G4Wl5ZXVteJ6aWNza3vH3N1rqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2NrjK//cCk4lF4B+OYuQEZhLzPKQEt9cwDx4uEr8aB/rADQwbkPq3cnEx6ZtmqWlPgRWLnpIxyNHrml+NHNAlYCFQQpbq2FYObEgmcCjYpOYliMaEjMmBdTUMSMOWm0wsm+FgrPu5HUr8Q8FT93ZGSQGVL6sqAwFDNe5n4n9dNoH/upjyME2AhnQ3qJwJDhLM4sM8loyDGmhAqud4V0yGRhIIOraRDsOdPXiSt06pdq17c1sr1yzyOIjpER6iCbHSG6ugaNVATUfSIntErejOejBfj3fiYlRaMvGcf/YHx+QM5EJbB</latexit>
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Results: size of m (k-means)

Can we find at least one (not necessarily efficient) decoder 
that succeeds where CLOMPR doesn’t?

Let’s explore the solution space (slightly better than) randomly: a genetic algorithm

Population of (sets of) 
centroids

c1

<latexit sha1_base64="GS+XxQW1ylIpVMmtROS18RcE6ng=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQd0V3bisYB/QhjCZTNqhk0mYmQg19EvcuFDErZ/izr9x0mahrQeGOZxzL3PmBClnSjvOt1VZW9/Y3Kpu13Z29/br9sFhVyWZJLRDEp7IfoAV5UzQjmaa034qKY4DTnvB5Lbwe49UKpaIBz1NqRfjkWARI1gbybfrwyDhoZrG5kLEd3274TSdOdAqcUvSgBJt3/4ahgnJYio04Vipgeuk2sux1IxwOqsNM0VTTCZ4RAeGChxT5eXz4DN0apQQRYk0R2g0V39v5DhWRTYzGWM9VsteIf7nDTIdXXk5E2mmqSCLh6KMI52gogUUMkmJ5lNDMJHMZEVkjCUm2nRVMyW4y19eJd3zpnvRvL6/aLRuyjqqcAwncAYuXEIL7qANHSCQwTO8wpv1ZL1Y79bHYrRilTtH8AfW5w9rlZLz</latexit>

cK

<latexit sha1_base64="QtOLhsDL7/smZdcEUUBG3DZ5AWs=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMFNRd0Y3gpoJ9QDsMmUymDc1khiQj1NIvceNCEbd+ijv/xkw7C209EHI4515ycoKUM6Ud59sqra1vbG6Vtys7u3v7VfvgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHyT+91HKhVLxIOepNSL8VCwiBGsjeTb1UGQ8FBNYnMh4t/5ds2pO3OgVeIWpAYFWr79NQgTksVUaMKxUn3XSbU3xVIzwumsMsgUTTEZ4yHtGypwTJU3nQefoVOjhChKpDlCo7n6e2OKY5VnM5Mx1iO17OXif14/09GlN2UizTQVZPFQlHGkE5S3gEImKdF8YggmkpmsiIywxESbriqmBHf5y6ukc153G/Wr+0ateV3UUYZjOIEzcOECmnALLWgDgQye4RXerCfrxXq3PhajJavYOYI/sD5/AJL9kw0=</latexit>

...

<latexit sha1_base64="UtkY3XfFkhvHLcaLFvKZbOYry1c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxVTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+rXq9X2tUr/J4yjCCZzCOfhwCXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH89Pj04=</latexit>

✓(1)

<latexit sha1_base64="Jj2zykRSz45ShuEkwK5yq2JVuT8=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZRECuqu6MZlBfuAJpbJZNIOnTyYuRFKqBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1eIrgCy/o2lpZXVtfWSxvlza3tnV1zb7+t4lRS1qKxiGXXI4oJHrEWcBCsm0hGQk+wjje6zv3OA5OKx9EdjBPmhmQQ8YBTAlrqm4eOFwtfjUP9YQeGDMh9VrVPJ32zYtWsKfAisQtSQQWaffPL8WOahiwCKohSPdtKwM2IBE4Fm5SdVLGE0BEZsJ6mEQmZcrPpBRN8ohUfB7HULwI8VX93ZCRU+ZK6MiQwVPNeLv7n9VIILtyMR0kKLKKzQUEqMMQ4jwP7XDIKYqwJoZLrXTEdEkko6NDKOgR7/uRF0j6r2fXa5W290rgq4iihI3SMqshG56iBblATtRBFj+gZvaI348l4Md6Nj1npklH0HKA/MD5/AAzilqQ=</latexit>

✓(N)

<latexit sha1_base64="VT5DxNbQe8uLdJyfCeJ5LND+G8E=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUlB3RTeupIJ9QBPLZDJth04ezNwIJdSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceLxZcgWV9G4Wl5ZXVteJ6aWNza3vH3N1rqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2NrjK//cCk4lF4B+OYuQEZhLzPKQEt9cwDx4uEr8aB/rADQwbkPq3cnEx6ZtmqWlPgRWLnpIxyNHrml+NHNAlYCFQQpbq2FYObEgmcCjYpOYliMaEjMmBdTUMSMOWm0wsm+FgrPu5HUr8Q8FT93ZGSQGVL6sqAwFDNe5n4n9dNoH/upjyME2AhnQ3qJwJDhLM4sM8loyDGmhAqud4V0yGRhIIOraRDsOdPXiSt06pdq17c1sr1yzyOIjpER6iCbHSG6ugaNVATUfSIntErejOejBfj3fiYlRaMvGcf/YHx+QM5EJbB</latexit>

pi /
1

L(✓(i), z)

<latexit sha1_base64="fRhSvW3stMGJTqRmYG11nuTgRKk="></latexit>

Selection

Fitness score:
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Results: size of m (k-means)

Can we find at least one (not necessarily efficient) decoder 
that succeeds where CLOMPR doesn’t?

Let’s explore the solution space (slightly better than) randomly: a genetic algorithm

Population of (sets of) 
centroids

c1

<latexit sha1_base64="GS+XxQW1ylIpVMmtROS18RcE6ng=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQd0V3bisYB/QhjCZTNqhk0mYmQg19EvcuFDErZ/izr9x0mahrQeGOZxzL3PmBClnSjvOt1VZW9/Y3Kpu13Z29/br9sFhVyWZJLRDEp7IfoAV5UzQjmaa034qKY4DTnvB5Lbwe49UKpaIBz1NqRfjkWARI1gbybfrwyDhoZrG5kLEd3274TSdOdAqcUvSgBJt3/4ahgnJYio04Vipgeuk2sux1IxwOqsNM0VTTCZ4RAeGChxT5eXz4DN0apQQRYk0R2g0V39v5DhWRTYzGWM9VsteIf7nDTIdXXk5E2mmqSCLh6KMI52gogUUMkmJ5lNDMJHMZEVkjCUm2nRVMyW4y19eJd3zpnvRvL6/aLRuyjqqcAwncAYuXEIL7qANHSCQwTO8wpv1ZL1Y79bHYrRilTtH8AfW5w9rlZLz</latexit>

cK

<latexit sha1_base64="QtOLhsDL7/smZdcEUUBG3DZ5AWs=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMFNRd0Y3gpoJ9QDsMmUymDc1khiQj1NIvceNCEbd+ijv/xkw7C209EHI4515ycoKUM6Ud59sqra1vbG6Vtys7u3v7VfvgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHyT+91HKhVLxIOepNSL8VCwiBGsjeTb1UGQ8FBNYnMh4t/5ds2pO3OgVeIWpAYFWr79NQgTksVUaMKxUn3XSbU3xVIzwumsMsgUTTEZ4yHtGypwTJU3nQefoVOjhChKpDlCo7n6e2OKY5VnM5Mx1iO17OXif14/09GlN2UizTQVZPFQlHGkE5S3gEImKdF8YggmkpmsiIywxESbriqmBHf5y6ukc153G/Wr+0ateV3UUYZjOIEzcOECmnALLWgDgQye4RXerCfrxXq3PhajJavYOYI/sD5/AJL9kw0=</latexit>

...

<latexit sha1_base64="UtkY3XfFkhvHLcaLFvKZbOYry1c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxVTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+rXq9X2tUr/J4yjCCZzCOfhwCXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH89Pj04=</latexit>

✓(1)

<latexit sha1_base64="Jj2zykRSz45ShuEkwK5yq2JVuT8=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZRECuqu6MZlBfuAJpbJZNIOnTyYuRFKqBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1eIrgCy/o2lpZXVtfWSxvlza3tnV1zb7+t4lRS1qKxiGXXI4oJHrEWcBCsm0hGQk+wjje6zv3OA5OKx9EdjBPmhmQQ8YBTAlrqm4eOFwtfjUP9YQeGDMh9VrVPJ32zYtWsKfAisQtSQQWaffPL8WOahiwCKohSPdtKwM2IBE4Fm5SdVLGE0BEZsJ6mEQmZcrPpBRN8ohUfB7HULwI8VX93ZCRU+ZK6MiQwVPNeLv7n9VIILtyMR0kKLKKzQUEqMMQ4jwP7XDIKYqwJoZLrXTEdEkko6NDKOgR7/uRF0j6r2fXa5W290rgq4iihI3SMqshG56iBblATtRBFj+gZvaI348l4Md6Nj1npklH0HKA/MD5/AAzilqQ=</latexit>

✓(N)

<latexit sha1_base64="VT5DxNbQe8uLdJyfCeJ5LND+G8E=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUlB3RTeupIJ9QBPLZDJth04ezNwIJdSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceLxZcgWV9G4Wl5ZXVteJ6aWNza3vH3N1rqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2NrjK//cCk4lF4B+OYuQEZhLzPKQEt9cwDx4uEr8aB/rADQwbkPq3cnEx6ZtmqWlPgRWLnpIxyNHrml+NHNAlYCFQQpbq2FYObEgmcCjYpOYliMaEjMmBdTUMSMOWm0wsm+FgrPu5HUr8Q8FT93ZGSQGVL6sqAwFDNe5n4n9dNoH/upjyME2AhnQ3qJwJDhLM4sM8loyDGmhAqud4V0yGRhIIOraRDsOdPXiSt06pdq17c1sr1yzyOIjpER6iCbHSG6ugaNVATUfSIntErejOejBfj3fiYlRaMvGcf/YHx+QM5EJbB</latexit>

Next generation

pi /
1

L(✓(i), z)

<latexit sha1_base64="fRhSvW3stMGJTqRmYG11nuTgRKk="></latexit>

Selection

Fitness score:

Crossover & 
mutation

Swap some centroids 
& add noise
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Results: size of m (k-means)

Can we find at least one (not necessarily efficient) decoder 
that succeeds where CLOMPR doesn’t?

Let’s explore the solution space (slightly better than) randomly: a genetic algorithm

Population of (sets of) 
centroids

c1

<latexit sha1_base64="GS+XxQW1ylIpVMmtROS18RcE6ng=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQd0V3bisYB/QhjCZTNqhk0mYmQg19EvcuFDErZ/izr9x0mahrQeGOZxzL3PmBClnSjvOt1VZW9/Y3Kpu13Z29/br9sFhVyWZJLRDEp7IfoAV5UzQjmaa034qKY4DTnvB5Lbwe49UKpaIBz1NqRfjkWARI1gbybfrwyDhoZrG5kLEd3274TSdOdAqcUvSgBJt3/4ahgnJYio04Vipgeuk2sux1IxwOqsNM0VTTCZ4RAeGChxT5eXz4DN0apQQRYk0R2g0V39v5DhWRTYzGWM9VsteIf7nDTIdXXk5E2mmqSCLh6KMI52gogUUMkmJ5lNDMJHMZEVkjCUm2nRVMyW4y19eJd3zpnvRvL6/aLRuyjqqcAwncAYuXEIL7qANHSCQwTO8wpv1ZL1Y79bHYrRilTtH8AfW5w9rlZLz</latexit>

cK

<latexit sha1_base64="QtOLhsDL7/smZdcEUUBG3DZ5AWs=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMFNRd0Y3gpoJ9QDsMmUymDc1khiQj1NIvceNCEbd+ijv/xkw7C209EHI4515ycoKUM6Ud59sqra1vbG6Vtys7u3v7VfvgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHyT+91HKhVLxIOepNSL8VCwiBGsjeTb1UGQ8FBNYnMh4t/5ds2pO3OgVeIWpAYFWr79NQgTksVUaMKxUn3XSbU3xVIzwumsMsgUTTEZ4yHtGypwTJU3nQefoVOjhChKpDlCo7n6e2OKY5VnM5Mx1iO17OXif14/09GlN2UizTQVZPFQlHGkE5S3gEImKdF8YggmkpmsiIywxESbriqmBHf5y6ukc153G/Wr+0ateV3UUYZjOIEzcOECmnALLWgDgQye4RXerCfrxXq3PhajJavYOYI/sD5/AJL9kw0=</latexit>

...

<latexit sha1_base64="UtkY3XfFkhvHLcaLFvKZbOYry1c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxVTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+rXq9X2tUr/J4yjCCZzCOfhwCXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH89Pj04=</latexit>

✓(1)

<latexit sha1_base64="Jj2zykRSz45ShuEkwK5yq2JVuT8=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZRECuqu6MZlBfuAJpbJZNIOnTyYuRFKqBt/xY0LRdz6F+78GydtFtp6YJjDOfdy7z1eIrgCy/o2lpZXVtfWSxvlza3tnV1zb7+t4lRS1qKxiGXXI4oJHrEWcBCsm0hGQk+wjje6zv3OA5OKx9EdjBPmhmQQ8YBTAlrqm4eOFwtfjUP9YQeGDMh9VrVPJ32zYtWsKfAisQtSQQWaffPL8WOahiwCKohSPdtKwM2IBE4Fm5SdVLGE0BEZsJ6mEQmZcrPpBRN8ohUfB7HULwI8VX93ZCRU+ZK6MiQwVPNeLv7n9VIILtyMR0kKLKKzQUEqMMQ4jwP7XDIKYqwJoZLrXTEdEkko6NDKOgR7/uRF0j6r2fXa5W290rgq4iihI3SMqshG56iBblATtRBFj+gZvaI348l4Md6Nj1npklH0HKA/MD5/AAzilqQ=</latexit>

✓(N)

<latexit sha1_base64="VT5DxNbQe8uLdJyfCeJ5LND+G8E=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUlB3RTeupIJ9QBPLZDJth04ezNwIJdSNv+LGhSJu/Qt3/o2TNgttPTDM4Zx7ufceLxZcgWV9G4Wl5ZXVteJ6aWNza3vH3N1rqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2NrjK//cCk4lF4B+OYuQEZhLzPKQEt9cwDx4uEr8aB/rADQwbkPq3cnEx6ZtmqWlPgRWLnpIxyNHrml+NHNAlYCFQQpbq2FYObEgmcCjYpOYliMaEjMmBdTUMSMOWm0wsm+FgrPu5HUr8Q8FT93ZGSQGVL6sqAwFDNe5n4n9dNoH/upjyME2AhnQ3qJwJDhLM4sM8loyDGmhAqud4V0yGRhIIOraRDsOdPXiSt06pdq17c1sr1yzyOIjpER6iCbHSG6ugaNVATUfSIntErejOejBfj3fiYlRaMvGcf/YHx+QM5EJbB</latexit>

Next generation

pi /
1

L(✓(i), z)

<latexit sha1_base64="fRhSvW3stMGJTqRmYG11nuTgRKk="></latexit>

Selection

Fitness score:

Crossover & 
mutation

… now restart over and over again!

Swap some centroids 
& add noise
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Results: size of m (k-means) For a fixed sketch



Results: size of m (k-means) For a fixed sketch

As before, loss is ill-defined 
when there are less 
measurements than parameters

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

b)
<latexit sha1_base64="Tfd0Tp8CRxO49Qatqb9PR9su2yA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0EJz3SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHymojR0=</latexit>



Results: size of m (k-means) For a fixed sketch

For m not too small, 
GenetiCL finds a better optimum! 
CLOMPR could be improved! ✓

<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

c)
<latexit sha1_base64="iIMZXI8VeklXy8ZSg669iUbih98=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3beK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDystjR4=</latexit>
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Results: size of m (k-means) For a fixed sketch

An ambiguous region remains…
✓

<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

c)
<latexit sha1_base64="iIMZXI8VeklXy8ZSg669iUbih98=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3beK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDystjR4=</latexit>

or ??

✓
<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

a)
<latexit sha1_base64="9RR2EpUXe9GyHwPVw7YLX+t5W5U=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3reK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDygjjRw=</latexit>
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Results: sketch scale parameter (for different tasks)
Scales from existing heuristics
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Results: sketch scale parameter (for different tasks)
Scales from existing heuristics

At large scales, k-means succeeds but not GMM 
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Results: sketch scale parameter (for different tasks)
Scales from existing heuristics

At large scales, k-means succeeds but not GMM 
Sketch captures a rough 
(low-pass) approx. to the 
data distribution ✓

<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

b)
<latexit sha1_base64="Tfd0Tp8CRxO49Qatqb9PR9su2yA=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0EJz3SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHymojR0=</latexit>

(sketch failures)
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Results: sketch scale parameter (for different tasks)
Scales from existing heuristics

At large scales, k-means succeeds but not GMM 

At small scales, GMM succeeds but not k-means (decoder failures)
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Results: sketch scale parameter (for different tasks)
Scales from existing heuristics

At large scales, k-means succeeds but not GMM 

At small scales, GMM succeeds but not k-means 
More surprising: adding 
variables makes the 
decoder behave better! ✓

<latexit sha1_base64="m3YYfE8Sz9rBk9X6jcDuYLZm2mI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQKuiy6cVnBPqAJZTKZtkMnkzBzI4RQf8WNC0Xc+iHu/BsnbRbaemCYwzn3MmdOkAiuwXG+rbX1jc2t7cpOdXdv/+DQPjru6jhVlHVoLGLVD4hmgkvWAQ6C9RPFSBQI1gumt4Xfe2RK81g+QJYwPyJjyUecEjDS0K55QSxCnUXmyj2YMCCzoV13Gs4ceJW4JamjEu2h/eWFMU0jJoEKovXAdRLwc6KAU8FmVS/VLCF0SsZsYKgkEdN+Pg8/w2dGCfEoVuZIwHP190ZOIl3kM5MRgYle9grxP2+Qwujaz7lMUmCSLh4apQJDjIsmcMgVoyAyQwhV3GTFdEIUoWD6qpoS3OUvr5Jus+FeNJr3l/XWTVlHBZ2gU3SOXHSFWugOtVEHUZShZ/SK3qwn68V6tz4Wo2tWuVNDf2B9/gCmS5Vq</latexit>

L(✓; z)
<latexit sha1_base64="sbNZQferTnxiMWu9sFn9AHvHUYs=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSLUTU2qoOCm6MaFiwr2AU0ok8mkHTp5MHMj1JDPcOOvuHGhiNvu/BsnbRe19cAwh3Pu5d573JgzCab5oxVWVtfWN4qbpa3tnd09ff+gJaNEENokEY9Ex8WSchbSJjDgtBMLigOX07Y7vM399hMVkkXhI4xi6gS4HzKfEQxK6ulndoBhQDBP77OK7Ubck6NAfakNAwo4u57XnrPTnl42q+YExjKxZqSMZmj09LHtRSQJaAiEYym7lhmDk2IBjHCalexE0hiTIe7TrqIhDqh00slhmXGiFM/wI6FeCMZEne9IcSDz3VRlfoZc9HLxP6+bgH/lpCyME6AhmQ7yE25AZOQpGR4TlAAfKYKJYGpXgwywwARUliUVgrV48jJp1arWebX2cFGu38ziKKIjdIwqyEKXqI7uUAM1EUEv6A19oE/tVXvXvrTvaWlBm/Ucoj/Qxr/jAaGN</latexit>

✓�
<latexit sha1_base64="xhyRUovsXCoD5XCWy+nRVJauGpY=">AAACBXicdVA9SwNBEN2LXzF+RS21WAyCVbg7Y7QMamEZwWggF8LeZpIs2ftgd04IRxob/4qNhSK2/gc7/417SQQVfbDs470ZZub5sRQabfvDys3NLywu5ZcLK6tr6xvFza1rHSWKQ4NHMlJNn2mQIoQGCpTQjBWwwJdw4w/PMv/mFpQWUXiFoxjaAeuHoic4QyN1irueH8muHgXmSz0cALJxJ/XOQWakWLLL1YrrHp1Qu2xPkBHHrVaPqTNTSmSGeqf47nUjngQQIpdM65Zjx9hOmULBJYwLXqIhZnzI+tAyNGQB6HY6uWJM943Spb1ImRcinajfO1IW6GxRUxkwHOjfXib+5bUS7J20UxHGCULIp4N6iaQY0SwS2hUKOMqRIYwrYXalfMAU42iCK5gQvi6l/5Nrt+wclt3LSql2OosjT3bIHjkgDjkmNXJB6qRBOLkjD+SJPFv31qP1Yr1OS3PWrGeb/ID19gkMK5mS</latexit>

b✓
<latexit sha1_base64="llixrweLO82zES7W3PNYRnPOvgY=">AAACBnicdVDLSgNBEJz1bXxFPYowGARPy24Sk3gLevEYwZhANoTZ2Y4ZnH0w06uEJScv/ooXD4p49Ru8+TdOYgQVLRimqOqmu8tPpNDoOO/WzOzc/MLi0nJuZXVtfSO/uXWh41RxaPJYxqrtMw1SRNBEgRLaiQIW+hJa/tXJ2G9dg9Iijs5xmEA3ZJeR6AvO0Ei9/K53IwIYMMw8P5aBHobmyzwcALLRqJcvOLZTKlbcGnXsYqV25FYNKVedw6MKdW1nggKZotHLv3lBzNMQIuSSad1xnQS7GVMouIRRzks1JIxfsUvoGBqxEHQ3m5wxovtGCWg/VuZFSCfq946MhXq8oKkMGQ70b28s/uV1UuzXupmIkhQh4p+D+qmkGNNxJjQQCjjKoSGMK2F2pXzAFONoksuZEL4upf+Ti6LtluziWblQP57GsUR2yB45IC6pkjo5JQ3SJJzcknvySJ6sO+vBerZePktnrGnPNvkB6/UDXPSaXA==</latexit>

✓⇤
<latexit sha1_base64="slGe3db6jlKxxs4Ds0EqphyE/fQ="></latexit>

c)
<latexit sha1_base64="iIMZXI8VeklXy8ZSg669iUbih98=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRV0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilB3beK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxapU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDaz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNKsV76JSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDystjR4=</latexit>
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Take-home

- There are regimes where CLOMPR could be improved 
(small m or sigma for k-means) 

- An ambiguous region remains at intermediary m 
(landscape probably full of local minima) 

- Question for the future: can we actually do better than CLOMPR (efficiently)? Guarantees?


