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Overview

Bits‐back coding [8]...

⌣ successfully applies latent variable models to lossless compression
⌣ achieves a bitrate equal to the negative ELBO
⌢ suffers from a KL gap in the bitrate to the cross‐entropy

ideal
bitrate

<latexit sha1_base64="j9OoslOz8LaMjkrpvrhVK0irMzc=">AAACA3icbVDLSsNAFJ34rPEVdaebwSK4KklRdFlw47KCfUATymRy0w6dTMLMRCih4MZfceNCEbf+hDv/xmmbhbYeuHA4596Ze0+Ycaa0635bK6tr6xublS17e2d3b985OGyrNJcUWjTlqeyGRAFnAlqaaQ7dTAJJQg6dcHQz9TsPIBVLxb0eZxAkZCBYzCjRRuo7xz4FoUEyMcAsAsJ93w6ZlkRD36m6NXcGvEy8klRRiWbf+fKjlOaJeZByolTPczMdFERqRjlMbD9XkBE6IgPoGSpIAiooZjdM8JlRIhyn0pTQeKb+nihIotQ4CU1nQvRQLXpT8T+vl+v4OiiYyHINgs4/inOOdYqngeCISaCajw0hVDKzK6ZDIgk1qSjbhOAtnrxM2vWad1G7vKtXG7iMo4JO0Ck6Rx66Qg10i5qohSh6RM/oFb1ZT9aL9W59zFtXrHLmCP2B9fkDvaeXeg==</latexit>

net
bitrate

<latexit sha1_base64="JIUUkEh4qSgOYkm3qcYrVJxMOwA=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuEuKFoGbCwjmA/IHWFvM0mW7O0du3NCCLHxr9hYKGLrv7Dz37hJrtDEBwOP92Z2Z16USmHQ876dldW19Y3NwlZxe2d3b989OGyYJNMc6jyRiW5FzIAUCuooUEIr1cDiSEIzGt5M/eYDaCMSdY+jFMKY9ZXoCc7QSh33OOCgELRQfaoAg6AYCdQMoeOWvLI3A10mfk5KJEet434F3YRnsX2OS2ZM2/dSDMdMo+ASJsUgM5AyPmR9aFuqWAwmHM8umNAzq3RpL9G2FNKZ+ntizGJjRnFkO2OGA7PoTcX/vHaGvetwLFSaISg+/6iXSYoJncZBu0IDRzmyhHEt7K6UD5hm3GZiijYEf/HkZdKolP2L8uVdpVSleRwFckJOyTnxyRWpkltSI3XCySN5Jq/kzXlyXpx352PeuuLkM0fkD5zPH0n0lq4=</latexit>

total
bitrate

<latexit sha1_base64="Ps1+g5LXAquLVAvtV+6l9mmlYRc=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNF0WXBjcsK9gGdoWTS2zY0kxmSO0IpBTf+ihsXirj1J9z5N6btLLT1QOBwzr1JzolSKQx63rezsrq2vrFZ2Cpu7+zu7bsHhw2TZJpDnScy0a2IGZBCQR0FSmilGlgcSWhGw5up33wAbUSi7nGUQhizvhI9wRlaqeMeBxwUghaqTzFBJoOgGAnUDKHjlryyNwNdJn5OSiRHreN+Bd2EZ7G9kEtmTNv3UgzHTKPgEibFIDOQMj5kfWhbqlgMJhzPMkzomVW6tJdoexTSmfp7Y8xiY0ZxZCdjhgOz6E3F/7x2hr3rcCxUmiEoPn+ol0mblk4LoV2hgaMcWcK4FvavlA+YZty2Yoq2BH8x8jJpVMr+RfnyrlKq0ryOAjkhp+Sc+OSKVMktqZE64eSRPJNX8uY8OS/Ou/MxH11x8p0j8gfO5w/3mJef</latexit>

entropy

<latexit sha1_base64="NQLYIspRmiem9gIjuqgnMZn+lHA=">AAAB+XicbVBLSwMxGMzWV62vVY9egkXwIGVXFL1Z8OKxgn1Au5Rsmm1D81iSbGFZevZPePGgiFf/iTfvHv0D3sy2PWjrQGCY+b5kMmHMqDae9+EUlpZXVteK66WNza3tHXd3r6FlojCpY8mkaoVIE0YFqRtqGGnFiiAeMtIMh9e53xwRpakUdyaNScBRX9CIYmSs1HXdDkdmoHhGhFEyTsddt+xVvAngIvFnpHz1fU+/Tj5Jreu+d3oSJ9xegBnSuu17sQkypAzFjIxLnUSTGOEh6pO2pQJxooNsknwMj6zSg5FU9ggDJ+rvjQxxrVMe2sk8p573cvE/r52Y6DLIqIgTQwSePhQlDBoJ8xpgjyqCDUstQVhRmxXiAVIIG1tWyZbgz395kTROK/5Z5fzWK1chmKIIDsAhOAY+uABVcANqoA4wGIEH8ASencx5dF6c1+lowZnt7IM/cN5+AJf6mKQ=</latexit>

<latexit sha1_base64="B9IsgqvNe5kqEnGEmTvXU6Y7mks=">AAACBHicbVC7TsMwFL3hWcorwNjFokJioUo6AGMlFsYi0YfUVJXjOq1Vx45sBymKOrDwKywMIMTKR7DxN7htBmg5kqWjc+7R9T1hwpk2nvftrK1vbG5tl3bKu3v7B4fu0XFby1QR2iKSS9UNsaacCdoyzHDaTRTFcchpJ5zczPzOA1WaSXFvsoT2YzwSLGIEGysN3EpAqDBUMTFCREmtL4KgbBUlk2zgVr2aNwdaJX5BqlCgOXC/gqEkaWzzhGOte76XmH6OlWGE02k5SDVNMJngEe1ZKnBMdT+fHzFFZ1YZokgq+4RBc/V3Isex1lkc2skYm7Fe9mbif14vNdF1P2ciSQ0VZLEoSjkyEs0aQUOmKDE8swQTxexfERljhYmtRZdtCf7yyaukXa/5lzXvrl5toKKOElTgFM7BhytowC00oQUEHuEZXuHNeXJenHfnYzG65hSZE/gD5/MHq0GX/w==</latexit> cross-
entropy

approx. gap

<latexit sha1_base64="MfNNzSKc1es0Lpt2TCN8Nz1q1WI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8LbtF0WPBi8cK9gO2S8mm2TY0m4RkViylP8OLB0W8+mu8+W9M2z1o64OBx3szzMxLtOAWguDbW1vf2NzaLu2Ud/f2Dw4rR8ctq3JDWZMqoUwnIZYJLlkTOAjW0YaRLBGsnYxuZ377kRnLlXyAsWZxRgaSp5wScFJEtDbqyccDonuVauAHc+BVEhakigo0epWvbl/RPGMSqCDWRmGgIZ4QA5wKNi13c8s0oSMyYJGjkmTMxpP5yVN87pQ+TpVxJQHP1d8TE5JZO84S15kRGNplbyb+50U5pDfxhEudA5N0sSjNBQaFZ//jPjeMghg7Qqjh7lZMh8QQCi6lsgshXH55lbRqfnjpX93XqnVcxFFCp+gMXaAQXaM6ukMN1EQUKfSMXtGbB96L9+59LFrXvGLmBP2B9/kD79OQ7A==</latexit>

<latexit sha1_base64="CD1/3L/xZIOXhfMjn2FeSNGTr2w=">AAAB+nicbVA9SwNBEJ2LXzF+XbS0WQyCVbhLoZYBG0GLCOYDkiPsbSbJkr29Y3dPCTE/xcZCEVt/iZ3/xk1yhSY+GHi8N7M788JEcG0879vJra1vbG7ltws7u3v7B27xsKHjVDGss1jEqhVSjYJLrBtuBLYShTQKBTbD0dXMbz6g0jyW92acYBDRgeR9zqixUtctdhhKg4rLAbm5JQOadN2SV/bmIKvEz0gJMtS67lenF7M0su8wQbVu+15igglVhjOB00In1ZhQNqIDbFsqaYQ6mMxXn5JTq/RIP1a2pCFz9ffEhEZaj6PQdkbUDPWyNxP/89qp6V8GEy6T1KBki4/6qSAmJrMcSI8rZEaMLaFMcbsrYUOqKLNh6IINwV8+eZU0KmX/vOzdVUpVksWRh2M4gTPw4QKqcA01qAODR3iGV3hznpwX5935WLTmnGzmCP7A+fwBenCTYA==</latexit>

KL gap
<latexit sha1_base64="+w9IjCxd4kUEnXESnMW1kwBF/uc=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5L0oB4LXjxWsB/QhrLZTtqlm03YnQglFPwrXjwo4tXf4c1/47bNQVsfLDzem5mdeWEqhUHP+3bW1jc2t7ZLO+Xdvf2DQ/fouGWSTHNo8kQmuhMyA1IoaKJACZ1UA4tDCe1wfDvz24+gjUjUA05SCGI2VCISnKGV+u5pj4NC0EIN6UBonNBQoOm7Fa/qzUFXiV+QCinQ6LtfvUHCs9jO4pIZ0/W9FIOcaRRcwrTcywykjI/ZELqWKhaDCfL5+lN6YZUBjRJtn0I6V3935Cw2ZhKHtjJmODLL3kz8z+tmGN0EuVBphqD44qMokxQTOstidjBwlBNLGNfC7kr5iGnGbSCmbEPwl09eJa1a1b+qeve1Sp0WcZTIGTknl8Qn16RO7kiDNAknOXkmr+TNeXJenHfnY1G65hQ9J+QPnM8fTKGVlw==</latexit>

dirty bits
<latexit sha1_base64="CPQ5yREu06we64iChZlwDCIPTG4=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5L0oB4LXjxWsB/QhrLZTtqlm03YnQglFPwrXjwo4tXf4c1/47bNQVsfDDzem9mdeWEqhUHP+3bW1jc2t7ZLO+Xdvf2DQ/fouGWSTHNo8kQmuhMyA1IoaKJACZ1UA4tDCe1wfDvz24+gjUjUA05SCGI2VCISnKGV+u5pj4NC0EINqVACqzQUaPpuxat6c9BV4hekQgo0+u5Xb5DwLLZvccmM6fpeikHONAouYVruZQZSxsdsCF1LFYvBBPl8/Sm9sMqARom2pZDO1d8TOYuNmcSh7YwZjsyyNxP/87oZRjdBLlSaISi++CjKJMWEzrKgA6GBo5xYwrgWdlfKR0wzbgMxZRuCv3zyKmnVqv5V1buvVeq0iKNEzsg5uSQ+uSZ1ckcapEk4yckzeSVvzpPz4rw7H4vWNaeYOSF/4Hz+ANsJlU0=</latexit>

init. bits
<latexit sha1_base64="KDQh+k9OcwQBys+xw6iQ9/06Yns=">AAAB/XicbVDLTgIxFL2DL8QXPnZuGomJG8kMC3VJcOMSE0ESIKRT7kBDpzNpOyY4If6KGxca49b/cOffWGAWCp6kyck599Xjx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fKpRcIkNw43AVqyQhr7Ae390PfXvH1BpHsk7M46xG9KB5AFn1FipVzzqMJQGFZcDUuNGn9coG/WKJbfszkCWiZeREmSo94pfnX7EktCOYoJq3fbc2HRTqgxnAieFTqIxtoPpANuWShqi7qaz6yfk1Cp9EkTKPmnITP3dkdJQ63Ho28qQmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEyjIH2ukBkxtoQyxe2thA2poszmoQs2BG/xy8ukWSl7F2X3tlKqkiyOPBzDCZyBB5dQhRuoQwMYPMIzvMKb8+S8OO/Ox7w052Q9h/AHzucP5YGUvw==</latexit>

Bits-Back
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Overview

We derive better bits‐back schemes from tighter variational bounds..

4 remove the KL gap with better bitrates
4 introduce little additional cost
4 better for out‐of‐distribution data compression

ideal
bitrate

<latexit sha1_base64="j9OoslOz8LaMjkrpvrhVK0irMzc=">AAACA3icbVDLSsNAFJ34rPEVdaebwSK4KklRdFlw47KCfUATymRy0w6dTMLMRCih4MZfceNCEbf+hDv/xmmbhbYeuHA4596Ze0+Ycaa0635bK6tr6xublS17e2d3b985OGyrNJcUWjTlqeyGRAFnAlqaaQ7dTAJJQg6dcHQz9TsPIBVLxb0eZxAkZCBYzCjRRuo7xz4FoUEyMcAsAsJ93w6ZlkRD36m6NXcGvEy8klRRiWbf+fKjlOaJeZByolTPczMdFERqRjlMbD9XkBE6IgPoGSpIAiooZjdM8JlRIhyn0pTQeKb+nihIotQ4CU1nQvRQLXpT8T+vl+v4OiiYyHINgs4/inOOdYqngeCISaCajw0hVDKzK6ZDIgk1qSjbhOAtnrxM2vWad1G7vKtXG7iMo4JO0Ck6Rx66Qg10i5qohSh6RM/oFb1ZT9aL9W59zFtXrHLmCP2B9fkDvaeXeg==</latexit>

net
bitrate

<latexit sha1_base64="JIUUkEh4qSgOYkm3qcYrVJxMOwA=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuEuKFoGbCwjmA/IHWFvM0mW7O0du3NCCLHxr9hYKGLrv7Dz37hJrtDEBwOP92Z2Z16USmHQ876dldW19Y3NwlZxe2d3b989OGyYJNMc6jyRiW5FzIAUCuooUEIr1cDiSEIzGt5M/eYDaCMSdY+jFMKY9ZXoCc7QSh33OOCgELRQfaoAg6AYCdQMoeOWvLI3A10mfk5KJEet434F3YRnsX2OS2ZM2/dSDMdMo+ASJsUgM5AyPmR9aFuqWAwmHM8umNAzq3RpL9G2FNKZ+ntizGJjRnFkO2OGA7PoTcX/vHaGvetwLFSaISg+/6iXSYoJncZBu0IDRzmyhHEt7K6UD5hm3GZiijYEf/HkZdKolP2L8uVdpVSleRwFckJOyTnxyRWpkltSI3XCySN5Jq/kzXlyXpx352PeuuLkM0fkD5zPH0n0lq4=</latexit>

total
bitrate

<latexit sha1_base64="Ps1+g5LXAquLVAvtV+6l9mmlYRc=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNF0WXBjcsK9gGdoWTS2zY0kxmSO0IpBTf+ihsXirj1J9z5N6btLLT1QOBwzr1JzolSKQx63rezsrq2vrFZ2Cpu7+zu7bsHhw2TZJpDnScy0a2IGZBCQR0FSmilGlgcSWhGw5up33wAbUSi7nGUQhizvhI9wRlaqeMeBxwUghaqTzFBJoOgGAnUDKHjlryyNwNdJn5OSiRHreN+Bd2EZ7G9kEtmTNv3UgzHTKPgEibFIDOQMj5kfWhbqlgMJhzPMkzomVW6tJdoexTSmfp7Y8xiY0ZxZCdjhgOz6E3F/7x2hr3rcCxUmiEoPn+ol0mblk4LoV2hgaMcWcK4FvavlA+YZty2Yoq2BH8x8jJpVMr+RfnyrlKq0ryOAjkhp+Sc+OSKVMktqZE64eSRPJNX8uY8OS/Ou/MxH11x8p0j8gfO5w/3mJef</latexit>

entropy

<latexit sha1_base64="NQLYIspRmiem9gIjuqgnMZn+lHA=">AAAB+XicbVBLSwMxGMzWV62vVY9egkXwIGVXFL1Z8OKxgn1Au5Rsmm1D81iSbGFZevZPePGgiFf/iTfvHv0D3sy2PWjrQGCY+b5kMmHMqDae9+EUlpZXVteK66WNza3tHXd3r6FlojCpY8mkaoVIE0YFqRtqGGnFiiAeMtIMh9e53xwRpakUdyaNScBRX9CIYmSs1HXdDkdmoHhGhFEyTsddt+xVvAngIvFnpHz1fU+/Tj5Jreu+d3oSJ9xegBnSuu17sQkypAzFjIxLnUSTGOEh6pO2pQJxooNsknwMj6zSg5FU9ggDJ+rvjQxxrVMe2sk8p573cvE/r52Y6DLIqIgTQwSePhQlDBoJ8xpgjyqCDUstQVhRmxXiAVIIG1tWyZbgz395kTROK/5Z5fzWK1chmKIIDsAhOAY+uABVcANqoA4wGIEH8ASencx5dF6c1+lowZnt7IM/cN5+AJf6mKQ=</latexit>

<latexit sha1_base64="B9IsgqvNe5kqEnGEmTvXU6Y7mks=">AAACBHicbVC7TsMwFL3hWcorwNjFokJioUo6AGMlFsYi0YfUVJXjOq1Vx45sBymKOrDwKywMIMTKR7DxN7htBmg5kqWjc+7R9T1hwpk2nvftrK1vbG5tl3bKu3v7B4fu0XFby1QR2iKSS9UNsaacCdoyzHDaTRTFcchpJ5zczPzOA1WaSXFvsoT2YzwSLGIEGysN3EpAqDBUMTFCREmtL4KgbBUlk2zgVr2aNwdaJX5BqlCgOXC/gqEkaWzzhGOte76XmH6OlWGE02k5SDVNMJngEe1ZKnBMdT+fHzFFZ1YZokgq+4RBc/V3Isex1lkc2skYm7Fe9mbif14vNdF1P2ciSQ0VZLEoSjkyEs0aQUOmKDE8swQTxexfERljhYmtRZdtCf7yyaukXa/5lzXvrl5toKKOElTgFM7BhytowC00oQUEHuEZXuHNeXJenHfnYzG65hSZE/gD5/MHq0GX/w==</latexit> cross-
entropy

approx. gap

<latexit sha1_base64="MfNNzSKc1es0Lpt2TCN8Nz1q1WI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8LbtF0WPBi8cK9gO2S8mm2TY0m4RkViylP8OLB0W8+mu8+W9M2z1o64OBx3szzMxLtOAWguDbW1vf2NzaLu2Ud/f2Dw4rR8ctq3JDWZMqoUwnIZYJLlkTOAjW0YaRLBGsnYxuZ377kRnLlXyAsWZxRgaSp5wScFJEtDbqyccDonuVauAHc+BVEhakigo0epWvbl/RPGMSqCDWRmGgIZ4QA5wKNi13c8s0oSMyYJGjkmTMxpP5yVN87pQ+TpVxJQHP1d8TE5JZO84S15kRGNplbyb+50U5pDfxhEudA5N0sSjNBQaFZ//jPjeMghg7Qqjh7lZMh8QQCi6lsgshXH55lbRqfnjpX93XqnVcxFFCp+gMXaAQXaM6ukMN1EQUKfSMXtGbB96L9+59LFrXvGLmBP2B9/kD79OQ7A==</latexit>

<latexit sha1_base64="CD1/3L/xZIOXhfMjn2FeSNGTr2w=">AAAB+nicbVA9SwNBEJ2LXzF+XbS0WQyCVbhLoZYBG0GLCOYDkiPsbSbJkr29Y3dPCTE/xcZCEVt/iZ3/xk1yhSY+GHi8N7M788JEcG0879vJra1vbG7ltws7u3v7B27xsKHjVDGss1jEqhVSjYJLrBtuBLYShTQKBTbD0dXMbz6g0jyW92acYBDRgeR9zqixUtctdhhKg4rLAbm5JQOadN2SV/bmIKvEz0gJMtS67lenF7M0su8wQbVu+15igglVhjOB00In1ZhQNqIDbFsqaYQ6mMxXn5JTq/RIP1a2pCFz9ffEhEZaj6PQdkbUDPWyNxP/89qp6V8GEy6T1KBki4/6qSAmJrMcSI8rZEaMLaFMcbsrYUOqKLNh6IINwV8+eZU0KmX/vOzdVUpVksWRh2M4gTPw4QKqcA01qAODR3iGV3hznpwX5935WLTmnGzmCP7A+fwBenCTYA==</latexit>

KL gap
<latexit sha1_base64="+w9IjCxd4kUEnXESnMW1kwBF/uc=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5L0oB4LXjxWsB/QhrLZTtqlm03YnQglFPwrXjwo4tXf4c1/47bNQVsfLDzem5mdeWEqhUHP+3bW1jc2t7ZLO+Xdvf2DQ/fouGWSTHNo8kQmuhMyA1IoaKJACZ1UA4tDCe1wfDvz24+gjUjUA05SCGI2VCISnKGV+u5pj4NC0EIN6UBonNBQoOm7Fa/qzUFXiV+QCinQ6LtfvUHCs9jO4pIZ0/W9FIOcaRRcwrTcywykjI/ZELqWKhaDCfL5+lN6YZUBjRJtn0I6V3935Cw2ZhKHtjJmODLL3kz8z+tmGN0EuVBphqD44qMokxQTOstidjBwlBNLGNfC7kr5iGnGbSCmbEPwl09eJa1a1b+qeve1Sp0WcZTIGTknl8Qn16RO7kiDNAknOXkmr+TNeXJenHfnY1G65hQ9J+QPnM8fTKGVlw==</latexit>

dirty bits
<latexit sha1_base64="CPQ5yREu06we64iChZlwDCIPTG4=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5L0oB4LXjxWsB/QhrLZTtqlm03YnQglFPwrXjwo4tXf4c1/47bNQVsfDDzem9mdeWEqhUHP+3bW1jc2t7ZLO+Xdvf2DQ/fouGWSTHNo8kQmuhMyA1IoaKJACZ1UA4tDCe1wfDvz24+gjUjUA05SCGI2VCISnKGV+u5pj4NC0EINqVACqzQUaPpuxat6c9BV4hekQgo0+u5Xb5DwLLZvccmM6fpeikHONAouYVruZQZSxsdsCF1LFYvBBPl8/Sm9sMqARom2pZDO1d8TOYuNmcSh7YwZjsyyNxP/87oZRjdBLlSaISi++CjKJMWEzrKgA6GBo5xYwrgWdlfKR0wzbgMxZRuCv3zyKmnVqv5V1buvVeq0iKNEzsg5uSQ+uSZ1ckcapEk4yckzeSVvzpPz4rw7H4vWNaeYOSF/4Hz+ANsJlU0=</latexit>

init. bits
<latexit sha1_base64="KDQh+k9OcwQBys+xw6iQ9/06Yns=">AAAB/XicbVDLTgIxFL2DL8QXPnZuGomJG8kMC3VJcOMSE0ESIKRT7kBDpzNpOyY4If6KGxca49b/cOffWGAWCp6kyck599Xjx4Jr47rfTm5ldW19I79Z2Nre2d0r7h80dZQohg0WiUi1fKpRcIkNw43AVqyQhr7Ae390PfXvH1BpHsk7M46xG9KB5AFn1FipVzzqMJQGFZcDUuNGn9coG/WKJbfszkCWiZeREmSo94pfnX7EktCOYoJq3fbc2HRTqgxnAieFTqIxtoPpANuWShqi7qaz6yfk1Cp9EkTKPmnITP3dkdJQ63Ho28qQmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEyjIH2ukBkxtoQyxe2thA2poszmoQs2BG/xy8ukWSl7F2X3tlKqkiyOPBzDCZyBB5dQhRuoQwMYPMIzvMKb8+S8OO/Ox7w052Q9h/AHzucP5YGUvw==</latexit>

Bits-Back

approx. gap

<latexit sha1_base64="MfNNzSKc1es0Lpt2TCN8Nz1q1WI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8LbtF0WPBi8cK9gO2S8mm2TY0m4RkViylP8OLB0W8+mu8+W9M2z1o64OBx3szzMxLtOAWguDbW1vf2NzaLu2Ud/f2Dw4rR8ctq3JDWZMqoUwnIZYJLlkTOAjW0YaRLBGsnYxuZ377kRnLlXyAsWZxRgaSp5wScFJEtDbqyccDonuVauAHc+BVEhakigo0epWvbl/RPGMSqCDWRmGgIZ4QA5wKNi13c8s0oSMyYJGjkmTMxpP5yVN87pQ+TpVxJQHP1d8TE5JZO84S15kRGNplbyb+50U5pDfxhEudA5N0sSjNBQaFZ//jPjeMghg7Qqjh7lZMh8QQCi6lsgshXH55lbRqfnjpX93XqnVcxFFCp+gMXaAQXaM6ukMN1EQUKfSMXtGbB96L9+59LFrXvGLmBP2B9/kD79OQ7A==</latexit>

<latexit sha1_base64="CPQ5yREu06we64iChZlwDCIPTG4=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5L0oB4LXjxWsB/QhrLZTtqlm03YnQglFPwrXjwo4tXf4c1/47bNQVsfDDzem9mdeWEqhUHP+3bW1jc2t7ZLO+Xdvf2DQ/fouGWSTHNo8kQmuhMyA1IoaKJACZ1UA4tDCe1wfDvz24+gjUjUA05SCGI2VCISnKGV+u5pj4NC0EINqVACqzQUaPpuxat6c9BV4hekQgo0+u5Xb5DwLLZvccmM6fpeikHONAouYVruZQZSxsdsCF1LFYvBBPl8/Sm9sMqARom2pZDO1d8TOYuNmcSh7YwZjsyyNxP/87oZRjdBLlSaISi++CjKJMWEzrKgA6GBo5xYwrgWdlfKR0wzbgMxZRuCv3zyKmnVqv5V1buvVeq0iKNEzsg5uSQ+uSZ1ckcapEk4yckzeSVvzpPz4rw7H4vWNaeYOSF/4Hz+ANsJlU0=</latexit>

init. bits
<latexit sha1_base64="5BMj6MAolR5L5MthriB8QoxoWio=">AAAB+nicbVA9TwJBEJ3DL8SvQ0ubjcTEitxRqCXRxsYEE/lI4EL2lgE27O1ddvc0BPkpNhYaY+svsfPfuMAVCr5kkpf3ZnZnXpgIro3nfTu5tfWNza38dmFnd2//wC0eNnScKoZ1FotYtUKqUXCJdcONwFaikEahwGY4up75zQdUmsfy3owTDCI6kLzPGTVW6rrFDkNpUHE5ILfsihvddUte2ZuDrBI/IyXIUOu6X51ezNLIvsME1brte4kJJlQZzgROC51UY0LZiA6wbamkEepgMl99Sk6t0iP9WNmShszV3xMTGmk9jkLbGVEz1MveTPzPa6emfxlMuExSg5ItPuqngpiYzHIgPa6QGTG2hDLF7a6EDamizIahCzYEf/nkVdKolP3zsndXKVVJFkcejuEEzsCHC6jCDdSgDgwe4Rle4c15cl6cd+dj0Zpzspkj+APn8wf5H5Oz</latexit>

McBits
<latexit sha1_base64="+w9IjCxd4kUEnXESnMW1kwBF/uc=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5L0oB4LXjxWsB/QhrLZTtqlm03YnQglFPwrXjwo4tXf4c1/47bNQVsfLDzem5mdeWEqhUHP+3bW1jc2t7ZLO+Xdvf2DQ/fouGWSTHNo8kQmuhMyA1IoaKJACZ1UA4tDCe1wfDvz24+gjUjUA05SCGI2VCISnKGV+u5pj4NC0EIN6UBonNBQoOm7Fa/qzUFXiV+QCinQ6LtfvUHCs9jO4pIZ0/W9FIOcaRRcwrTcywykjI/ZELqWKhaDCfL5+lN6YZUBjRJtn0I6V3935Cw2ZhKHtjJmODLL3kz8z+tmGN0EuVBphqD44qMokxQTOstidjBwlBNLGNfC7kr5iGnGbSCmbEPwl09eJa1a1b+qeve1Sp0WcZTIGTknl8Qn16RO7kiDNAknOXkmr+TNeXJenHfnY1G65hQ9J+QPnM8fTKGVlw==</latexit>

dirty bits
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Background



Lossless Compression

Goal: find shortest binary codes for discrete i.i.d. symbols x ∼ pd(x)

• Typically a model distribution p(x) is used to approximate pd(x)
• The best possible bitrate is the cross‐entropy:

H(pd, p) = −
∑

x
pd(x) log p(x)

, Achieved by various near‐optimal entropy coders

Key to understand: entropy coder is a store of randomness

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)<latexit sha1_base64="h21zkCnpPKRhUb29wWaUqB+T/wQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8W044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rATXFb9+Va6SPI4CnMIZXEAAN1CFe6hBAxggPMMrvHmP3ov37n0sWte8fOYE/sD7/AHMpYzT</latexit>m

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)
<latexit sha1_base64="2LWasHd3ba4af9WE9gOLLfLY1OU=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe5E0TJgYxnFmEASwt5mLlmyu3fs7gnhyD+wsVDE1n9k579xk1yhiQ8GHu/NMDMvTAQ31ve/vcLK6tr6RnGztLW9s7tX3j94NHGqGTZYLGLdCqlBwRU2LLcCW4lGKkOBzXB0M/WbT6gNj9WDHSfYlXSgeMQZtU66l6e9csWv+jOQZRLkpAI56r3yV6cfs1SiskxQY9qBn9huRrXlTOCk1EkNJpSN6ADbjioq0XSz2aUTcuKUPoli7UpZMlN/T2RUGjOWoeuU1A7NojcV//PaqY2uuxlXSWpRsfmiKBXExmT6NulzjcyKsSOUae5uJWxINWXWhVNyIQSLLy+Tx/NqcFn17y4qNZLHUYQjOIYzCOAKanALdWgAgwie4RXevJH34r17H/PWgpfPHMIfeJ8/LSGNBA==</latexit>

m0 encode x with p(x)

<latexit sha1_base64="0LlZf+p40u1GmtVlVmeel9sBe0s=">AAACEnicbVC7SgNBFL0bXzG+opaCDAYhacKuKFoGbCwTMQ9IQpidnU2GzD6YmdWEJemsbfwVQSwUsbWy8xv8CScPQRMPDBzOuZe559ghZ1KZ5qeRWFhcWl5JrqbW1jc2t9LbOxUZRILQMgl4IGo2lpQzn5YVU5zWQkGxZ3NatbvnI796TYVkgX+l+iFterjtM5cRrLTUSucaHlYd4cXUJ4FDB6iBeggNf9QbpjqDIQqzvVwrnTHz5hhonlhTkilA6et2//Gy2Ep/NJyARB71FeFYyrplhqoZY6EY4XSQakSShph0cZvWNfWxR2UzHkcaoEOtOMgNhH6+QmP190aMPSn7nq0nR6fKWW8k/ufVI+WeNWPmh5HSkScfuRFHKkCjfpDDBCWK9zXBRDB9KyIdLDBRusWULsGajTxPKkd56zh/UtJtIJggCXtwAFmw4BQKcAFFKAOBO3iAZ3gx7o0n49V4m4wmjOnOLvyB8f4NfKmg3Q==</latexit>

decode x with p(x)

<latexit sha1_base64="kWAvp5J4RO5hSh+CJv06mDtrivE=">AAACEXicbVDJSgNBEK1xjXGLehSkUYR4CTOi6FHw4jERs0BmCD09FdPYs9DdowlDvHn14q940IMiXr158xv8CTuJgtuDgsd7VVTV8xPBlbbtN2tsfGJyajo3k5+dm19YLCwt11ScSoZVFotYNnyqUPAIq5prgY1EIg19gXX/7HDg189RKh5HJ7qXoBfS04i3OaPaSK1C0Q2p7sgwC5DFAfaJS7rk8ku84LrTvyRJsbvVKmzYJXsI8pc4n2TjACrvV2t3x+VW4dUNYpaGGGkmqFJNx060l1GpORPYz7upwoSyM3qKTUMjGqLysuFHfbJplIC0Y2kq0mSofp/IaKhUL/RN5+BU9dsbiP95zVS3972MR0mqMWKjRe1UEB2TQTwk4BKZFj1DKJPc3EpYh0rKtAkxb0Jwfr/8l9S2S85Oabdi0iAwQg5WYR2K4MAeHMARlKEKDK7hFh7g0bqx7q0n63nUOmZ9zqzAD1gvHwyEoKk=</latexit>
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Lossless Compression

Goal: find shortest binary codes for discrete i.i.d. symbols x ∼ pd(x)

• Typically a model distribution p(x) is used to approximate pd(x)

• The best possible bitrate is the cross‐entropy:

H(pd, p) = −
∑

x
pd(x) log p(x)

, Achieved by various near‐optimal entropy coders

Key to understand: entropy coder is a store of randomness

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)<latexit sha1_base64="h21zkCnpPKRhUb29wWaUqB+T/wQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8W044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rATXFb9+Va6SPI4CnMIZXEAAN1CFe6hBAxggPMMrvHmP3ov37n0sWte8fOYE/sD7/AHMpYzT</latexit>m

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)
<latexit sha1_base64="2LWasHd3ba4af9WE9gOLLfLY1OU=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe5E0TJgYxnFmEASwt5mLlmyu3fs7gnhyD+wsVDE1n9k579xk1yhiQ8GHu/NMDMvTAQ31ve/vcLK6tr6RnGztLW9s7tX3j94NHGqGTZYLGLdCqlBwRU2LLcCW4lGKkOBzXB0M/WbT6gNj9WDHSfYlXSgeMQZtU66l6e9csWv+jOQZRLkpAI56r3yV6cfs1SiskxQY9qBn9huRrXlTOCk1EkNJpSN6ADbjioq0XSz2aUTcuKUPoli7UpZMlN/T2RUGjOWoeuU1A7NojcV//PaqY2uuxlXSWpRsfmiKBXExmT6NulzjcyKsSOUae5uJWxINWXWhVNyIQSLLy+Tx/NqcFn17y4qNZLHUYQjOIYzCOAKanALdWgAgwie4RXevJH34r17H/PWgpfPHMIfeJ8/LSGNBA==</latexit>

m0 encode x with p(x)

<latexit sha1_base64="0LlZf+p40u1GmtVlVmeel9sBe0s=">AAACEnicbVC7SgNBFL0bXzG+opaCDAYhacKuKFoGbCwTMQ9IQpidnU2GzD6YmdWEJemsbfwVQSwUsbWy8xv8CScPQRMPDBzOuZe559ghZ1KZ5qeRWFhcWl5JrqbW1jc2t9LbOxUZRILQMgl4IGo2lpQzn5YVU5zWQkGxZ3NatbvnI796TYVkgX+l+iFterjtM5cRrLTUSucaHlYd4cXUJ4FDB6iBeggNf9QbpjqDIQqzvVwrnTHz5hhonlhTkilA6et2//Gy2Ep/NJyARB71FeFYyrplhqoZY6EY4XSQakSShph0cZvWNfWxR2UzHkcaoEOtOMgNhH6+QmP190aMPSn7nq0nR6fKWW8k/ufVI+WeNWPmh5HSkScfuRFHKkCjfpDDBCWK9zXBRDB9KyIdLDBRusWULsGajTxPKkd56zh/UtJtIJggCXtwAFmw4BQKcAFFKAOBO3iAZ3gx7o0n49V4m4wmjOnOLvyB8f4NfKmg3Q==</latexit>

decode x with p(x)

<latexit sha1_base64="kWAvp5J4RO5hSh+CJv06mDtrivE=">AAACEXicbVDJSgNBEK1xjXGLehSkUYR4CTOi6FHw4jERs0BmCD09FdPYs9DdowlDvHn14q940IMiXr158xv8CTuJgtuDgsd7VVTV8xPBlbbtN2tsfGJyajo3k5+dm19YLCwt11ScSoZVFotYNnyqUPAIq5prgY1EIg19gXX/7HDg189RKh5HJ7qXoBfS04i3OaPaSK1C0Q2p7sgwC5DFAfaJS7rk8ku84LrTvyRJsbvVKmzYJXsI8pc4n2TjACrvV2t3x+VW4dUNYpaGGGkmqFJNx060l1GpORPYz7upwoSyM3qKTUMjGqLysuFHfbJplIC0Y2kq0mSofp/IaKhUL/RN5+BU9dsbiP95zVS3972MR0mqMWKjRe1UEB2TQTwk4BKZFj1DKJPc3EpYh0rKtAkxb0Jwfr/8l9S2S85Oabdi0iAwQg5WYR2K4MAeHMARlKEKDK7hFh7g0bqx7q0n63nUOmZ9zqzAD1gvHwyEoKk=</latexit>

3/27



Lossless Compression

Goal: find shortest binary codes for discrete i.i.d. symbols x ∼ pd(x)

• Typically a model distribution p(x) is used to approximate pd(x)
• The best possible bitrate is the cross‐entropy:

H(pd, p) = −
∑

x
pd(x) log p(x)

, Achieved by various near‐optimal entropy coders

Key to understand: entropy coder is a store of randomness

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)<latexit sha1_base64="h21zkCnpPKRhUb29wWaUqB+T/wQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8W044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rATXFb9+Va6SPI4CnMIZXEAAN1CFe6hBAxggPMMrvHmP3ov37n0sWte8fOYE/sD7/AHMpYzT</latexit>m

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)
<latexit sha1_base64="2LWasHd3ba4af9WE9gOLLfLY1OU=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe5E0TJgYxnFmEASwt5mLlmyu3fs7gnhyD+wsVDE1n9k579xk1yhiQ8GHu/NMDMvTAQ31ve/vcLK6tr6RnGztLW9s7tX3j94NHGqGTZYLGLdCqlBwRU2LLcCW4lGKkOBzXB0M/WbT6gNj9WDHSfYlXSgeMQZtU66l6e9csWv+jOQZRLkpAI56r3yV6cfs1SiskxQY9qBn9huRrXlTOCk1EkNJpSN6ADbjioq0XSz2aUTcuKUPoli7UpZMlN/T2RUGjOWoeuU1A7NojcV//PaqY2uuxlXSWpRsfmiKBXExmT6NulzjcyKsSOUae5uJWxINWXWhVNyIQSLLy+Tx/NqcFn17y4qNZLHUYQjOIYzCOAKanALdWgAgwie4RXevJH34r17H/PWgpfPHMIfeJ8/LSGNBA==</latexit>

m0 encode x with p(x)

<latexit sha1_base64="0LlZf+p40u1GmtVlVmeel9sBe0s=">AAACEnicbVC7SgNBFL0bXzG+opaCDAYhacKuKFoGbCwTMQ9IQpidnU2GzD6YmdWEJemsbfwVQSwUsbWy8xv8CScPQRMPDBzOuZe559ghZ1KZ5qeRWFhcWl5JrqbW1jc2t9LbOxUZRILQMgl4IGo2lpQzn5YVU5zWQkGxZ3NatbvnI796TYVkgX+l+iFterjtM5cRrLTUSucaHlYd4cXUJ4FDB6iBeggNf9QbpjqDIQqzvVwrnTHz5hhonlhTkilA6et2//Gy2Ep/NJyARB71FeFYyrplhqoZY6EY4XSQakSShph0cZvWNfWxR2UzHkcaoEOtOMgNhH6+QmP190aMPSn7nq0nR6fKWW8k/ufVI+WeNWPmh5HSkScfuRFHKkCjfpDDBCWK9zXBRDB9KyIdLDBRusWULsGajTxPKkd56zh/UtJtIJggCXtwAFmw4BQKcAFFKAOBO3iAZ3gx7o0n49V4m4wmjOnOLvyB8f4NfKmg3Q==</latexit>

decode x with p(x)

<latexit sha1_base64="kWAvp5J4RO5hSh+CJv06mDtrivE=">AAACEXicbVDJSgNBEK1xjXGLehSkUYR4CTOi6FHw4jERs0BmCD09FdPYs9DdowlDvHn14q940IMiXr158xv8CTuJgtuDgsd7VVTV8xPBlbbtN2tsfGJyajo3k5+dm19YLCwt11ScSoZVFotYNnyqUPAIq5prgY1EIg19gXX/7HDg189RKh5HJ7qXoBfS04i3OaPaSK1C0Q2p7sgwC5DFAfaJS7rk8ku84LrTvyRJsbvVKmzYJXsI8pc4n2TjACrvV2t3x+VW4dUNYpaGGGkmqFJNx060l1GpORPYz7upwoSyM3qKTUMjGqLysuFHfbJplIC0Y2kq0mSofp/IaKhUL/RN5+BU9dsbiP95zVS3972MR0mqMWKjRe1UEB2TQTwk4BKZFj1DKJPc3EpYh0rKtAkxb0Jwfr/8l9S2S85Oabdi0iAwQg5WYR2K4MAeHMARlKEKDK7hFh7g0bqx7q0n63nUOmZ9zqzAD1gvHwyEoKk=</latexit>
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Lossless Compression

Goal: find shortest binary codes for discrete i.i.d. symbols x ∼ pd(x)

• Typically a model distribution p(x) is used to approximate pd(x)
• The best possible bitrate is the cross‐entropy:

H(pd, p) = −
∑

x
pd(x) log p(x)

, Achieved by various near‐optimal entropy coders

Key to understand: entropy coder is a store of randomness

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)<latexit sha1_base64="h21zkCnpPKRhUb29wWaUqB+T/wQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8W044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rATXFb9+Va6SPI4CnMIZXEAAN1CFe6hBAxggPMMrvHmP3ov37n0sWte8fOYE/sD7/AHMpYzT</latexit>m

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)
<latexit sha1_base64="2LWasHd3ba4af9WE9gOLLfLY1OU=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe5E0TJgYxnFmEASwt5mLlmyu3fs7gnhyD+wsVDE1n9k579xk1yhiQ8GHu/NMDMvTAQ31ve/vcLK6tr6RnGztLW9s7tX3j94NHGqGTZYLGLdCqlBwRU2LLcCW4lGKkOBzXB0M/WbT6gNj9WDHSfYlXSgeMQZtU66l6e9csWv+jOQZRLkpAI56r3yV6cfs1SiskxQY9qBn9huRrXlTOCk1EkNJpSN6ADbjioq0XSz2aUTcuKUPoli7UpZMlN/T2RUGjOWoeuU1A7NojcV//PaqY2uuxlXSWpRsfmiKBXExmT6NulzjcyKsSOUae5uJWxINWXWhVNyIQSLLy+Tx/NqcFn17y4qNZLHUYQjOIYzCOAKanALdWgAgwie4RXevJH34r17H/PWgpfPHMIfeJ8/LSGNBA==</latexit>

m0 encode x with p(x)

<latexit sha1_base64="0LlZf+p40u1GmtVlVmeel9sBe0s=">AAACEnicbVC7SgNBFL0bXzG+opaCDAYhacKuKFoGbCwTMQ9IQpidnU2GzD6YmdWEJemsbfwVQSwUsbWy8xv8CScPQRMPDBzOuZe559ghZ1KZ5qeRWFhcWl5JrqbW1jc2t9LbOxUZRILQMgl4IGo2lpQzn5YVU5zWQkGxZ3NatbvnI796TYVkgX+l+iFterjtM5cRrLTUSucaHlYd4cXUJ4FDB6iBeggNf9QbpjqDIQqzvVwrnTHz5hhonlhTkilA6et2//Gy2Ep/NJyARB71FeFYyrplhqoZY6EY4XSQakSShph0cZvWNfWxR2UzHkcaoEOtOMgNhH6+QmP190aMPSn7nq0nR6fKWW8k/ufVI+WeNWPmh5HSkScfuRFHKkCjfpDDBCWK9zXBRDB9KyIdLDBRusWULsGajTxPKkd56zh/UtJtIJggCXtwAFmw4BQKcAFFKAOBO3iAZ3gx7o0n49V4m4wmjOnOLvyB8f4NfKmg3Q==</latexit>

decode x with p(x)

<latexit sha1_base64="kWAvp5J4RO5hSh+CJv06mDtrivE=">AAACEXicbVDJSgNBEK1xjXGLehSkUYR4CTOi6FHw4jERs0BmCD09FdPYs9DdowlDvHn14q940IMiXr158xv8CTuJgtuDgsd7VVTV8xPBlbbtN2tsfGJyajo3k5+dm19YLCwt11ScSoZVFotYNnyqUPAIq5prgY1EIg19gXX/7HDg189RKh5HJ7qXoBfS04i3OaPaSK1C0Q2p7sgwC5DFAfaJS7rk8ku84LrTvyRJsbvVKmzYJXsI8pc4n2TjACrvV2t3x+VW4dUNYpaGGGkmqFJNx060l1GpORPYz7upwoSyM3qKTUMjGqLysuFHfbJplIC0Y2kq0mSofp/IaKhUL/RN5+BU9dsbiP95zVS3972MR0mqMWKjRe1UEB2TQTwk4BKZFj1DKJPc3EpYh0rKtAkxb0Jwfr/8l9S2S85Oabdi0iAwQg5WYR2K4MAeHMARlKEKDK7hFh7g0bqx7q0n63nUOmZ9zqzAD1gvHwyEoKk=</latexit>
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Lossless Compression

Goal: find shortest binary codes for discrete i.i.d. symbols x ∼ pd(x)

• Typically a model distribution p(x) is used to approximate pd(x)
• The best possible bitrate is the cross‐entropy:

H(pd, p) = −
∑

x
pd(x) log p(x)

, Achieved by various near‐optimal entropy coders

Key to understand: entropy coder is a store of randomness

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)<latexit sha1_base64="h21zkCnpPKRhUb29wWaUqB+T/wQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bjw4jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8W044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rATXFb9+Va6SPI4CnMIZXEAAN1CFe6hBAxggPMMrvHmP3ov37n0sWte8fOYE/sD7/AHMpYzT</latexit>m

<latexit sha1_base64="KLkUBqkxYzx2B7uJPWKFU4srY6I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ouix4MVjBfuB7VKyabYNzSZLkhXL0n/hxYMiXv033vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmtx+p0kyKezOJqR/hoWAhI9hY6eGsx+UQxdWn03654tbcDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k+zi6foxCoDFEplSxiUqb8nUhxpPYkC2xlhM9KL3kz8z+smJrz2UybixFBB5ovChCMj0ex9NGCKEsMnlmCimL0VkRFWmBgbUsmG4C2+vExa5zXvsubeXVTqKI+jCEdwDFXw4ArqcAsNaAIBAc/wCm+Odl6cd+dj3lpw8plD+APn8wdFRY/k</latexit>

� log p(x)
<latexit sha1_base64="2LWasHd3ba4af9WE9gOLLfLY1OU=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe5E0TJgYxnFmEASwt5mLlmyu3fs7gnhyD+wsVDE1n9k579xk1yhiQ8GHu/NMDMvTAQ31ve/vcLK6tr6RnGztLW9s7tX3j94NHGqGTZYLGLdCqlBwRU2LLcCW4lGKkOBzXB0M/WbT6gNj9WDHSfYlXSgeMQZtU66l6e9csWv+jOQZRLkpAI56r3yV6cfs1SiskxQY9qBn9huRrXlTOCk1EkNJpSN6ADbjioq0XSz2aUTcuKUPoli7UpZMlN/T2RUGjOWoeuU1A7NojcV//PaqY2uuxlXSWpRsfmiKBXExmT6NulzjcyKsSOUae5uJWxINWXWhVNyIQSLLy+Tx/NqcFn17y4qNZLHUYQjOIYzCOAKanALdWgAgwie4RXevJH34r17H/PWgpfPHMIfeJ8/LSGNBA==</latexit>

m0 encode x with p(x)

<latexit sha1_base64="0LlZf+p40u1GmtVlVmeel9sBe0s=">AAACEnicbVC7SgNBFL0bXzG+opaCDAYhacKuKFoGbCwTMQ9IQpidnU2GzD6YmdWEJemsbfwVQSwUsbWy8xv8CScPQRMPDBzOuZe559ghZ1KZ5qeRWFhcWl5JrqbW1jc2t9LbOxUZRILQMgl4IGo2lpQzn5YVU5zWQkGxZ3NatbvnI796TYVkgX+l+iFterjtM5cRrLTUSucaHlYd4cXUJ4FDB6iBeggNf9QbpjqDIQqzvVwrnTHz5hhonlhTkilA6et2//Gy2Ep/NJyARB71FeFYyrplhqoZY6EY4XSQakSShph0cZvWNfWxR2UzHkcaoEOtOMgNhH6+QmP190aMPSn7nq0nR6fKWW8k/ufVI+WeNWPmh5HSkScfuRFHKkCjfpDDBCWK9zXBRDB9KyIdLDBRusWULsGajTxPKkd56zh/UtJtIJggCXtwAFmw4BQKcAFFKAOBO3iAZ3gx7o0n49V4m4wmjOnOLvyB8f4NfKmg3Q==</latexit>

decode x with p(x)

<latexit sha1_base64="kWAvp5J4RO5hSh+CJv06mDtrivE=">AAACEXicbVDJSgNBEK1xjXGLehSkUYR4CTOi6FHw4jERs0BmCD09FdPYs9DdowlDvHn14q940IMiXr158xv8CTuJgtuDgsd7VVTV8xPBlbbtN2tsfGJyajo3k5+dm19YLCwt11ScSoZVFotYNnyqUPAIq5prgY1EIg19gXX/7HDg189RKh5HJ7qXoBfS04i3OaPaSK1C0Q2p7sgwC5DFAfaJS7rk8ku84LrTvyRJsbvVKmzYJXsI8pc4n2TjACrvV2t3x+VW4dUNYpaGGGkmqFJNx060l1GpORPYz7upwoSyM3qKTUMjGqLysuFHfbJplIC0Y2kq0mSofp/IaKhUL/RN5+BU9dsbiP95zVS3972MR0mqMWKjRe1UEB2TQTwk4BKZFj1DKJPc3EpYh0rKtAkxb0Jwfr/8l9S2S85Oabdi0iAwQg5WYR2K4MAeHMARlKEKDK7hFh7g0bqx7q0n63nUOmZ9zqzAD1gvHwyEoKk=</latexit>
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Lossless Compression with Latent Variable Models

Latent variable model is a class of highly flexible generative models

• Introduce an unobserved latent variable z ∈ S′

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z

<latexit sha1_base64="wkw32uH4oWXYYuHmn2y0wz5xng4=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa/i2Yfx5tE3sbMcNPpDw8f/V9FV5cWCK23bn1ZmYXFpeSW7mltb39jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfznO63coFY/CGz2I0Q1oN+Q+Z1QbqzJs5wt20Z6I/AVnBoWLt+HX1fteWm7nP1qdiCUBhpoJqlTTsWPtplRqzgSOcq1EYUxZn3axaTCkASo3nQw6IofG6RA/kuaFmkzcnx0pDZQaBJ6pDKjuqflsbP6XNRPtn7spD+NEY8imH/mJIDoi461Jh0tkWgwMUCa5mZWwHpWUaXObnDmCM7/yX6gdF52T4mnFLpQITJWFfTiAI3DgDEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezCL1mv3+/QkKI=</latexit>

symbol

<latexit sha1_base64="kMn8/3t8QCU5BX8xXIC3HmRjjCQ=">AAAB+HicbVC7SgNBFL3rM8ZHVi1tBoNgIWFXFO0M2FhGMA9IQpidzCZDZnaWmVkhLqn9CBsLRWz9FDt7S3/AztkkhSYeGDiccy/3zAlizrTxvA9nYXFpeWU1t5Zf39jcKrjbOzUtE0VolUguVSPAmnIW0aphhtNGrCgWAaf1YHCZ+fVbqjST0Y0ZxrQtcC9iISPYWKnjFloCm74SqR6KQPJRxy16JW8MNE/8KSlefN+zr6NPWum4762uJImgkSEca930vdi0U6wMI5yO8q1E0xiTAe7RpqURFlS303HwETqwSheFUtkXGTRWf2+kWOgsmJ3MYupZLxP/85qJCc/bKYvixNCITA6FCUdGoqwF1GWKEsOHlmCimM2KSB8rTIztKm9L8Ge/PE9qxyX/pHR67RXLCCbIwR7swyH4cAZluIIKVIFAAg/wBM/OnfPovDivk9EFZ7qzC3/gvP0AsiqYHw==</latexit>

latent

<latexit sha1_base64="BBAqY8bzD5BDgUBG8ET2sKqsGjs=">AAAB+HicbVC7SgNBFL0bXzE+sj46m8EgWIVdUbQzYKFlBPOAZAmzk9lkyMzuMjMrJEu+xMYiIjYWfoqdpX/ibJJCEw8MHM65h7n3+DFnSjvOl5VbWV1b38hvFra2d3aL9t5+XUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4CbzG49UKhaFD3oYU0/gXsgCRrA2UscutgXWfSlSjjUN9bhjl5yyMwVaJu6clK4no+/b98O02rE/292IJMKECcdKtVwn1l6KpWaE03GhnSgaYzLAPdoyNMSCKi+dLj5GJ0bpoiCS5oUaTdXfiRQLpYbCN5PZmmrRy8T/vFaigysvZWGcmKvI7KMg4UhHKGsBdZmkRPOhIZhIZnZFpI8lJtp0VTAluIsnL5P6Wdk9L1/cO6UKghnycATHcAouXEIF7qAKNSCQwBNM4MUaWc/Wq/U2G81Z88wB/IH18QORP5dK</latexit>

p(x|z)

<latexit sha1_base64="2GeFloW3EP+2zGXLnJbxEW8C9cA=">AAAB7XicbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZyWwyZnZmmZkVY8zRuxcPinj1F/wOb36DP+HkcdBoQUNR1U13VxBzpo3rfjqpufmFxaX0cmZldW19I7u5VdUyUYRWiORS1QOsKWeCVgwznNZjRXEUcFoLemcjv3ZNlWZSXJp+TP0IdwQLGcHGStU4f3N3e9DK5tyCOwb6S7wpyRWh/HW/+35RamU/mm1JkogKQzjWuuG5sfEHWBlGOB1mmommMSY93KENSwWOqPYH42uHaN8qbRRKZUsYNFZ/TgxwpHU/CmxnhE1Xz3oj8T+vkZjw1B8wESeGCjJZFCYcGYlGr6M2U5QY3rcEE8XsrYh0scLE2IAyNgRv9uW/pHpY8I4Kx2WbBoIJ0rADe5AHD06gCOdQggoQuIIHeIJnRzqPzovzOmlNOdOZbfgF5+0bdH6R8A==</latexit>

p(z)

<latexit sha1_base64="z4HgEGGjCYg8prmcTr6NvcvvoUI=">AAAB63icbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZySQZMjO7zMwKccnRqxcPinj1H/wOb36DP+FskoMmFjQUVd10dwURZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UdxorQGgl5qJoB1pQzSWuGGU6bkaJYBJw2guFV6jfuqNIslLdmFFFf4L5kPUawSaWoeH/SyRfckjsBWiTejBTKUP1+OPy4qXTyn+1uSGJBpSEca93y3Mj4CVaGEU7HuXasaYTJEPdpy1KJBdV+Mrl1jI6t0kW9UNmSBk3U3xMJFlqPRGA7BTYDPe+l4n9eKza9Sz9hMooNlWS6qBdzZEKUPo66TFFi+MgSTBSztyIywAoTY+PJ2RC8+ZcXSf205J2Vzqs2DQRTZOEAjqAIHlxAGa6hAjUgMIBHeIYXRzhPzqvzNm3NOLOZffgD5/0HtSqQ6A==</latexit>

• Not directly applicable with entropy coders since evaluating p(x)
is often intractable:

p(x) =
∑
z∈S′

p(z)p(x | z)

Naive approach: to encode a symbol x ...

1. pick some z ∈ S′

2. encode (x, z) using p(x, z)
⌢ Communicating z is redundant!
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Lossless Compression with Latent Variable Models

Latent variable model is a class of highly flexible generative models

• Introduce an unobserved latent variable z ∈ S′

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z

<latexit sha1_base64="wkw32uH4oWXYYuHmn2y0wz5xng4=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa/i2Yfx5tE3sbMcNPpDw8f/V9FV5cWCK23bn1ZmYXFpeSW7mltb39jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfznO63coFY/CGz2I0Q1oN+Q+Z1QbqzJs5wt20Z6I/AVnBoWLt+HX1fteWm7nP1qdiCUBhpoJqlTTsWPtplRqzgSOcq1EYUxZn3axaTCkASo3nQw6IofG6RA/kuaFmkzcnx0pDZQaBJ6pDKjuqflsbP6XNRPtn7spD+NEY8imH/mJIDoi461Jh0tkWgwMUCa5mZWwHpWUaXObnDmCM7/yX6gdF52T4mnFLpQITJWFfTiAI3DgDEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezCL1mv3+/QkKI=</latexit>

symbol

<latexit sha1_base64="kMn8/3t8QCU5BX8xXIC3HmRjjCQ=">AAAB+HicbVC7SgNBFL3rM8ZHVi1tBoNgIWFXFO0M2FhGMA9IQpidzCZDZnaWmVkhLqn9CBsLRWz9FDt7S3/AztkkhSYeGDiccy/3zAlizrTxvA9nYXFpeWU1t5Zf39jcKrjbOzUtE0VolUguVSPAmnIW0aphhtNGrCgWAaf1YHCZ+fVbqjST0Y0ZxrQtcC9iISPYWKnjFloCm74SqR6KQPJRxy16JW8MNE/8KSlefN+zr6NPWum4762uJImgkSEca930vdi0U6wMI5yO8q1E0xiTAe7RpqURFlS303HwETqwSheFUtkXGTRWf2+kWOgsmJ3MYupZLxP/85qJCc/bKYvixNCITA6FCUdGoqwF1GWKEsOHlmCimM2KSB8rTIztKm9L8Ge/PE9qxyX/pHR67RXLCCbIwR7swyH4cAZluIIKVIFAAg/wBM/OnfPovDivk9EFZ7qzC3/gvP0AsiqYHw==</latexit>

latent

<latexit sha1_base64="BBAqY8bzD5BDgUBG8ET2sKqsGjs=">AAAB+HicbVC7SgNBFL0bXzE+sj46m8EgWIVdUbQzYKFlBPOAZAmzk9lkyMzuMjMrJEu+xMYiIjYWfoqdpX/ibJJCEw8MHM65h7n3+DFnSjvOl5VbWV1b38hvFra2d3aL9t5+XUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4CbzG49UKhaFD3oYU0/gXsgCRrA2UscutgXWfSlSjjUN9bhjl5yyMwVaJu6clK4no+/b98O02rE/292IJMKECcdKtVwn1l6KpWaE03GhnSgaYzLAPdoyNMSCKi+dLj5GJ0bpoiCS5oUaTdXfiRQLpYbCN5PZmmrRy8T/vFaigysvZWGcmKvI7KMg4UhHKGsBdZmkRPOhIZhIZnZFpI8lJtp0VTAluIsnL5P6Wdk9L1/cO6UKghnycATHcAouXEIF7qAKNSCQwBNM4MUaWc/Wq/U2G81Z88wB/IH18QORP5dK</latexit>

p(x|z)

<latexit sha1_base64="2GeFloW3EP+2zGXLnJbxEW8C9cA=">AAAB7XicbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZyWwyZnZmmZkVY8zRuxcPinj1F/wOb36DP+HkcdBoQUNR1U13VxBzpo3rfjqpufmFxaX0cmZldW19I7u5VdUyUYRWiORS1QOsKWeCVgwznNZjRXEUcFoLemcjv3ZNlWZSXJp+TP0IdwQLGcHGStU4f3N3e9DK5tyCOwb6S7wpyRWh/HW/+35RamU/mm1JkogKQzjWuuG5sfEHWBlGOB1mmommMSY93KENSwWOqPYH42uHaN8qbRRKZUsYNFZ/TgxwpHU/CmxnhE1Xz3oj8T+vkZjw1B8wESeGCjJZFCYcGYlGr6M2U5QY3rcEE8XsrYh0scLE2IAyNgRv9uW/pHpY8I4Kx2WbBoIJ0rADe5AHD06gCOdQggoQuIIHeIJnRzqPzovzOmlNOdOZbfgF5+0bdH6R8A==</latexit>

p(z)

<latexit sha1_base64="z4HgEGGjCYg8prmcTr6NvcvvoUI=">AAAB63icbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZySQZMjO7zMwKccnRqxcPinj1H/wOb36DP+FskoMmFjQUVd10dwURZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UdxorQGgl5qJoB1pQzSWuGGU6bkaJYBJw2guFV6jfuqNIslLdmFFFf4L5kPUawSaWoeH/SyRfckjsBWiTejBTKUP1+OPy4qXTyn+1uSGJBpSEca93y3Mj4CVaGEU7HuXasaYTJEPdpy1KJBdV+Mrl1jI6t0kW9UNmSBk3U3xMJFlqPRGA7BTYDPe+l4n9eKza9Sz9hMooNlWS6qBdzZEKUPo66TFFi+MgSTBSztyIywAoTY+PJ2RC8+ZcXSf205J2Vzqs2DQRTZOEAjqAIHlxAGa6hAjUgMIBHeIYXRzhPzqvzNm3NOLOZffgD5/0HtSqQ6A==</latexit>

• Not directly applicable with entropy coders since evaluating p(x)
is often intractable:

p(x) =
∑
z∈S′

p(z)p(x | z)

Naive approach: to encode a symbol x ...

1. pick some z ∈ S′

2. encode (x, z) using p(x, z)
⌢ Communicating z is redundant!
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Lossless Compression with Latent Variable Models

Latent variable model is a class of highly flexible generative models

• Introduce an unobserved latent variable z ∈ S′

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z

<latexit sha1_base64="wkw32uH4oWXYYuHmn2y0wz5xng4=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa/i2Yfx5tE3sbMcNPpDw8f/V9FV5cWCK23bn1ZmYXFpeSW7mltb39jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfznO63coFY/CGz2I0Q1oN+Q+Z1QbqzJs5wt20Z6I/AVnBoWLt+HX1fteWm7nP1qdiCUBhpoJqlTTsWPtplRqzgSOcq1EYUxZn3axaTCkASo3nQw6IofG6RA/kuaFmkzcnx0pDZQaBJ6pDKjuqflsbP6XNRPtn7spD+NEY8imH/mJIDoi461Jh0tkWgwMUCa5mZWwHpWUaXObnDmCM7/yX6gdF52T4mnFLpQITJWFfTiAI3DgDEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezCL1mv3+/QkKI=</latexit>

symbol

<latexit sha1_base64="kMn8/3t8QCU5BX8xXIC3HmRjjCQ=">AAAB+HicbVC7SgNBFL3rM8ZHVi1tBoNgIWFXFO0M2FhGMA9IQpidzCZDZnaWmVkhLqn9CBsLRWz9FDt7S3/AztkkhSYeGDiccy/3zAlizrTxvA9nYXFpeWU1t5Zf39jcKrjbOzUtE0VolUguVSPAmnIW0aphhtNGrCgWAaf1YHCZ+fVbqjST0Y0ZxrQtcC9iISPYWKnjFloCm74SqR6KQPJRxy16JW8MNE/8KSlefN+zr6NPWum4762uJImgkSEca930vdi0U6wMI5yO8q1E0xiTAe7RpqURFlS303HwETqwSheFUtkXGTRWf2+kWOgsmJ3MYupZLxP/85qJCc/bKYvixNCITA6FCUdGoqwF1GWKEsOHlmCimM2KSB8rTIztKm9L8Ge/PE9qxyX/pHR67RXLCCbIwR7swyH4cAZluIIKVIFAAg/wBM/OnfPovDivk9EFZ7qzC3/gvP0AsiqYHw==</latexit>

latent

<latexit sha1_base64="BBAqY8bzD5BDgUBG8ET2sKqsGjs=">AAAB+HicbVC7SgNBFL0bXzE+sj46m8EgWIVdUbQzYKFlBPOAZAmzk9lkyMzuMjMrJEu+xMYiIjYWfoqdpX/ibJJCEw8MHM65h7n3+DFnSjvOl5VbWV1b38hvFra2d3aL9t5+XUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4CbzG49UKhaFD3oYU0/gXsgCRrA2UscutgXWfSlSjjUN9bhjl5yyMwVaJu6clK4no+/b98O02rE/292IJMKECcdKtVwn1l6KpWaE03GhnSgaYzLAPdoyNMSCKi+dLj5GJ0bpoiCS5oUaTdXfiRQLpYbCN5PZmmrRy8T/vFaigysvZWGcmKvI7KMg4UhHKGsBdZmkRPOhIZhIZnZFpI8lJtp0VTAluIsnL5P6Wdk9L1/cO6UKghnycATHcAouXEIF7qAKNSCQwBNM4MUaWc/Wq/U2G81Z88wB/IH18QORP5dK</latexit>

p(x|z)

<latexit sha1_base64="2GeFloW3EP+2zGXLnJbxEW8C9cA=">AAAB7XicbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZyWwyZnZmmZkVY8zRuxcPinj1F/wOb36DP+HkcdBoQUNR1U13VxBzpo3rfjqpufmFxaX0cmZldW19I7u5VdUyUYRWiORS1QOsKWeCVgwznNZjRXEUcFoLemcjv3ZNlWZSXJp+TP0IdwQLGcHGStU4f3N3e9DK5tyCOwb6S7wpyRWh/HW/+35RamU/mm1JkogKQzjWuuG5sfEHWBlGOB1mmommMSY93KENSwWOqPYH42uHaN8qbRRKZUsYNFZ/TgxwpHU/CmxnhE1Xz3oj8T+vkZjw1B8wESeGCjJZFCYcGYlGr6M2U5QY3rcEE8XsrYh0scLE2IAyNgRv9uW/pHpY8I4Kx2WbBoIJ0rADe5AHD06gCOdQggoQuIIHeIJnRzqPzovzOmlNOdOZbfgF5+0bdH6R8A==</latexit>

p(z)

<latexit sha1_base64="z4HgEGGjCYg8prmcTr6NvcvvoUI=">AAAB63icbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZySQZMjO7zMwKccnRqxcPinj1H/wOb36DP+FskoMmFjQUVd10dwURZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UdxorQGgl5qJoB1pQzSWuGGU6bkaJYBJw2guFV6jfuqNIslLdmFFFf4L5kPUawSaWoeH/SyRfckjsBWiTejBTKUP1+OPy4qXTyn+1uSGJBpSEca93y3Mj4CVaGEU7HuXasaYTJEPdpy1KJBdV+Mrl1jI6t0kW9UNmSBk3U3xMJFlqPRGA7BTYDPe+l4n9eKza9Sz9hMooNlWS6qBdzZEKUPo66TFFi+MgSTBSztyIywAoTY+PJ2RC8+ZcXSf205J2Vzqs2DQRTZOEAjqAIHlxAGa6hAjUgMIBHeIYXRzhPzqvzNm3NOLOZffgD5/0HtSqQ6A==</latexit>

• Not directly applicable with entropy coders since evaluating p(x)
is often intractable:

p(x) =
∑
z∈S′

p(z)p(x | z)

Naive approach: to encode a symbol x ...

1. pick some z ∈ S′

2. encode (x, z) using p(x, z)
⌢ Communicating z is redundant!
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Lossless Compression with Latent Variable Models

Latent variable model is a class of highly flexible generative models

• Introduce an unobserved latent variable z ∈ S′

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z

<latexit sha1_base64="wkw32uH4oWXYYuHmn2y0wz5xng4=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa/i2Yfx5tE3sbMcNPpDw8f/V9FV5cWCK23bn1ZmYXFpeSW7mltb39jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfznO63coFY/CGz2I0Q1oN+Q+Z1QbqzJs5wt20Z6I/AVnBoWLt+HX1fteWm7nP1qdiCUBhpoJqlTTsWPtplRqzgSOcq1EYUxZn3axaTCkASo3nQw6IofG6RA/kuaFmkzcnx0pDZQaBJ6pDKjuqflsbP6XNRPtn7spD+NEY8imH/mJIDoi461Jh0tkWgwMUCa5mZWwHpWUaXObnDmCM7/yX6gdF52T4mnFLpQITJWFfTiAI3DgDEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezCL1mv3+/QkKI=</latexit>

symbol

<latexit sha1_base64="kMn8/3t8QCU5BX8xXIC3HmRjjCQ=">AAAB+HicbVC7SgNBFL3rM8ZHVi1tBoNgIWFXFO0M2FhGMA9IQpidzCZDZnaWmVkhLqn9CBsLRWz9FDt7S3/AztkkhSYeGDiccy/3zAlizrTxvA9nYXFpeWU1t5Zf39jcKrjbOzUtE0VolUguVSPAmnIW0aphhtNGrCgWAaf1YHCZ+fVbqjST0Y0ZxrQtcC9iISPYWKnjFloCm74SqR6KQPJRxy16JW8MNE/8KSlefN+zr6NPWum4762uJImgkSEca930vdi0U6wMI5yO8q1E0xiTAe7RpqURFlS303HwETqwSheFUtkXGTRWf2+kWOgsmJ3MYupZLxP/85qJCc/bKYvixNCITA6FCUdGoqwF1GWKEsOHlmCimM2KSB8rTIztKm9L8Ge/PE9qxyX/pHR67RXLCCbIwR7swyH4cAZluIIKVIFAAg/wBM/OnfPovDivk9EFZ7qzC3/gvP0AsiqYHw==</latexit>

latent

<latexit sha1_base64="BBAqY8bzD5BDgUBG8ET2sKqsGjs=">AAAB+HicbVC7SgNBFL0bXzE+sj46m8EgWIVdUbQzYKFlBPOAZAmzk9lkyMzuMjMrJEu+xMYiIjYWfoqdpX/ibJJCEw8MHM65h7n3+DFnSjvOl5VbWV1b38hvFra2d3aL9t5+XUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4CbzG49UKhaFD3oYU0/gXsgCRrA2UscutgXWfSlSjjUN9bhjl5yyMwVaJu6clK4no+/b98O02rE/292IJMKECcdKtVwn1l6KpWaE03GhnSgaYzLAPdoyNMSCKi+dLj5GJ0bpoiCS5oUaTdXfiRQLpYbCN5PZmmrRy8T/vFaigysvZWGcmKvI7KMg4UhHKGsBdZmkRPOhIZhIZnZFpI8lJtp0VTAluIsnL5P6Wdk9L1/cO6UKghnycATHcAouXEIF7qAKNSCQwBNM4MUaWc/Wq/U2G81Z88wB/IH18QORP5dK</latexit>

p(x|z)

<latexit sha1_base64="2GeFloW3EP+2zGXLnJbxEW8C9cA=">AAAB7XicbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZyWwyZnZmmZkVY8zRuxcPinj1F/wOb36DP+HkcdBoQUNR1U13VxBzpo3rfjqpufmFxaX0cmZldW19I7u5VdUyUYRWiORS1QOsKWeCVgwznNZjRXEUcFoLemcjv3ZNlWZSXJp+TP0IdwQLGcHGStU4f3N3e9DK5tyCOwb6S7wpyRWh/HW/+35RamU/mm1JkogKQzjWuuG5sfEHWBlGOB1mmommMSY93KENSwWOqPYH42uHaN8qbRRKZUsYNFZ/TgxwpHU/CmxnhE1Xz3oj8T+vkZjw1B8wESeGCjJZFCYcGYlGr6M2U5QY3rcEE8XsrYh0scLE2IAyNgRv9uW/pHpY8I4Kx2WbBoIJ0rADe5AHD06gCOdQggoQuIIHeIJnRzqPzovzOmlNOdOZbfgF5+0bdH6R8A==</latexit>

p(z)

<latexit sha1_base64="z4HgEGGjCYg8prmcTr6NvcvvoUI=">AAAB63icbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZySQZMjO7zMwKccnRqxcPinj1H/wOb36DP+FskoMmFjQUVd10dwURZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UdxorQGgl5qJoB1pQzSWuGGU6bkaJYBJw2guFV6jfuqNIslLdmFFFf4L5kPUawSaWoeH/SyRfckjsBWiTejBTKUP1+OPy4qXTyn+1uSGJBpSEca93y3Mj4CVaGEU7HuXasaYTJEPdpy1KJBdV+Mrl1jI6t0kW9UNmSBk3U3xMJFlqPRGA7BTYDPe+l4n9eKza9Sz9hMooNlWS6qBdzZEKUPo66TFFi+MgSTBSztyIywAoTY+PJ2RC8+ZcXSf205J2Vzqs2DQRTZOEAjqAIHlxAGa6hAjUgMIBHeIYXRzhPzqvzNm3NOLOZffgD5/0HtSqQ6A==</latexit>

• Not directly applicable with entropy coders since evaluating p(x)
is often intractable:

p(x) =
∑
z∈S′

p(z)p(x | z)

Naive approach: to encode a symbol x ...

1. pick some z ∈ S′

2. encode (x, z) using p(x, z)

⌢ Communicating z is redundant!
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Lossless Compression with Latent Variable Models

Latent variable model is a class of highly flexible generative models

• Introduce an unobserved latent variable z ∈ S′

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z

<latexit sha1_base64="wkw32uH4oWXYYuHmn2y0wz5xng4=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa/i2Yfx5tE3sbMcNPpDw8f/V9FV5cWCK23bn1ZmYXFpeSW7mltb39jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfznO63coFY/CGz2I0Q1oN+Q+Z1QbqzJs5wt20Z6I/AVnBoWLt+HX1fteWm7nP1qdiCUBhpoJqlTTsWPtplRqzgSOcq1EYUxZn3axaTCkASo3nQw6IofG6RA/kuaFmkzcnx0pDZQaBJ6pDKjuqflsbP6XNRPtn7spD+NEY8imH/mJIDoi461Jh0tkWgwMUCa5mZWwHpWUaXObnDmCM7/yX6gdF52T4mnFLpQITJWFfTiAI3DgDEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezCL1mv3+/QkKI=</latexit>

symbol

<latexit sha1_base64="kMn8/3t8QCU5BX8xXIC3HmRjjCQ=">AAAB+HicbVC7SgNBFL3rM8ZHVi1tBoNgIWFXFO0M2FhGMA9IQpidzCZDZnaWmVkhLqn9CBsLRWz9FDt7S3/AztkkhSYeGDiccy/3zAlizrTxvA9nYXFpeWU1t5Zf39jcKrjbOzUtE0VolUguVSPAmnIW0aphhtNGrCgWAaf1YHCZ+fVbqjST0Y0ZxrQtcC9iISPYWKnjFloCm74SqR6KQPJRxy16JW8MNE/8KSlefN+zr6NPWum4762uJImgkSEca930vdi0U6wMI5yO8q1E0xiTAe7RpqURFlS303HwETqwSheFUtkXGTRWf2+kWOgsmJ3MYupZLxP/85qJCc/bKYvixNCITA6FCUdGoqwF1GWKEsOHlmCimM2KSB8rTIztKm9L8Ge/PE9qxyX/pHR67RXLCCbIwR7swyH4cAZluIIKVIFAAg/wBM/OnfPovDivk9EFZ7qzC3/gvP0AsiqYHw==</latexit>

latent

<latexit sha1_base64="BBAqY8bzD5BDgUBG8ET2sKqsGjs=">AAAB+HicbVC7SgNBFL0bXzE+sj46m8EgWIVdUbQzYKFlBPOAZAmzk9lkyMzuMjMrJEu+xMYiIjYWfoqdpX/ibJJCEw8MHM65h7n3+DFnSjvOl5VbWV1b38hvFra2d3aL9t5+XUWJJLRGIh7Jpo8V5SykNc00p81YUix8Thv+4CbzG49UKhaFD3oYU0/gXsgCRrA2UscutgXWfSlSjjUN9bhjl5yyMwVaJu6clK4no+/b98O02rE/292IJMKECcdKtVwn1l6KpWaE03GhnSgaYzLAPdoyNMSCKi+dLj5GJ0bpoiCS5oUaTdXfiRQLpYbCN5PZmmrRy8T/vFaigysvZWGcmKvI7KMg4UhHKGsBdZmkRPOhIZhIZnZFpI8lJtp0VTAluIsnL5P6Wdk9L1/cO6UKghnycATHcAouXEIF7qAKNSCQwBNM4MUaWc/Wq/U2G81Z88wB/IH18QORP5dK</latexit>

p(x|z)

<latexit sha1_base64="2GeFloW3EP+2zGXLnJbxEW8C9cA=">AAAB7XicbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZyWwyZnZmmZkVY8zRuxcPinj1F/wOb36DP+HkcdBoQUNR1U13VxBzpo3rfjqpufmFxaX0cmZldW19I7u5VdUyUYRWiORS1QOsKWeCVgwznNZjRXEUcFoLemcjv3ZNlWZSXJp+TP0IdwQLGcHGStU4f3N3e9DK5tyCOwb6S7wpyRWh/HW/+35RamU/mm1JkogKQzjWuuG5sfEHWBlGOB1mmommMSY93KENSwWOqPYH42uHaN8qbRRKZUsYNFZ/TgxwpHU/CmxnhE1Xz3oj8T+vkZjw1B8wESeGCjJZFCYcGYlGr6M2U5QY3rcEE8XsrYh0scLE2IAyNgRv9uW/pHpY8I4Kx2WbBoIJ0rADe5AHD06gCOdQggoQuIIHeIJnRzqPzovzOmlNOdOZbfgF5+0bdH6R8A==</latexit>

p(z)

<latexit sha1_base64="z4HgEGGjCYg8prmcTr6NvcvvoUI=">AAAB63icbVDLSgNBEOyNrxhfUY+CDAYhXsKuKHoMePGYiHlAsoTZySQZMjO7zMwKccnRqxcPinj1H/wOb36DP+FskoMmFjQUVd10dwURZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UdxorQGgl5qJoB1pQzSWuGGU6bkaJYBJw2guFV6jfuqNIslLdmFFFf4L5kPUawSaWoeH/SyRfckjsBWiTejBTKUP1+OPy4qXTyn+1uSGJBpSEca93y3Mj4CVaGEU7HuXasaYTJEPdpy1KJBdV+Mrl1jI6t0kW9UNmSBk3U3xMJFlqPRGA7BTYDPe+l4n9eKza9Sz9hMooNlWS6qBdzZEKUPo66TFFi+MgSTBSztyIywAoTY+PJ2RC8+ZcXSf205J2Vzqs2DQRTZOEAjqAIHlxAGa6hAjUgMIBHeIYXRzhPzqvzNm3NOLOZffgD5/0HtSqQ6A==</latexit>

• Not directly applicable with entropy coders since evaluating p(x)
is often intractable:

p(x) =
∑
z∈S′

p(z)p(x | z)

Naive approach: to encode a symbol x ...

1. pick some z ∈ S′

2. encode (x, z) using p(x, z)
� log p(x, z)

<latexit sha1_base64="kxVhke3DZPItjSQ9hXMGyoSDwko=">AAAB9HicbVDLSgNBEOyNrxhfUY+CDAYhgoZdUfQY8OIxEfOAZAmzk9lkcHZnnZkNxiVHv8GLB0W8evY7vPkN/oSTx0ETCxqKqm66u7yIM6Vt+8tKzc0vLC6llzMrq2vrG9nNraoSsSS0QgQXsu5hRTkLaUUzzWk9khQHHqc17+Zi6Nd6VComwmvdj6gb4E7IfEawNpJ71OSig6L83SG6P2hlc3bBHgHNEmdCckUofz/sflyVWtnPZluQOKChJhwr1XDsSLsJlpoRTgeZZqxohMkN7tCGoSEOqHKT0dEDtG+UNvKFNBVqNFJ/TyQ4UKofeKYzwLqrpr2h+J/XiLV/7iYsjGJNQzJe5MccaYGGCaA2k5Ro3jcEE8nMrYh0scREm5wyJgRn+uVZUj0uOCeF07JJA8EYadiBPciDA2dQhEsoQQUI3MIjPMOL1bOerFfrbdyasiYz2/AH1vsPKfWT8Q==</latexit>

⌢ Communicating z is redundant!
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Bits‐Back Compression with ANS

Bits‐Back with Asymmetric Numeral Systems (BB‐ANS) [11] achieves
a better bitrate!

• Adopt a stack‐like entropy coder ANS
• Compress a sequence of symbols in a chain
• Decode latents z with an approximate posterior q(z | x) from the
intermediate message state instead of picking z

Quantities of interest
■ Initial bits
■ Net bitrate
■ Total bitrate
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Bits‐Back Compression with ANS

Bits‐Back with Asymmetric Numeral Systems (BB‐ANS) [11] achieves
a better bitrate!

• Adopt a stack‐like entropy coder ANS
• Compress a sequence of symbols in a chain
• Decode latents z with an approximate posterior q(z | x) from the
intermediate message state instead of picking z

<latexit sha1_base64="3/UGoY+7xu2IpIB63maTcuE3Eok=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEFF0W3LisYB/QhDKZTtqhk0mYuRFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy9z7glTwTW47rdVWVldW9+obta2tnd29+z9g7ZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHxT+J0HpjRP5D1MUhbEZCh5xCkBI/XtIz8mMFJxziUHB/sYhxz0tG/XXcedAS8TryR1VKLZt7/8QUKzmEmggmjd89wUgpwo4FSwac3PNEsJHZMh6xkqScx0kM/yT/GpUQY4SpR5EvBM/b2Rk1jrSRyaySKtXvQK8T+vl0F0HZjT0gyYpPOPokxgSHBRBh5wxSiIiSGEKm6yYjoiilAwldVMCd7iycukfe54l457d1Fv4LKOKjpGJ+gMeegKNdAtaqIWougRPaNX9GY9WS/Wu/UxH61Y5c4h+gPr8wdmM5WW</latexit>

init. bits

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

Quantities of interest
■ Initial bits
■ Net bitrate
■ Total bitrate
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Bits‐Back Compression with ANS

Bits‐Back with Asymmetric Numeral Systems (BB‐ANS) [11] achieves
a better bitrate!

• Adopt a stack‐like entropy coder ANS
• Compress a sequence of symbols in a chain
• Decode latents z with an approximate posterior q(z | x) from the
intermediate message state instead of picking z

decode z with q(z|x1)

<latexit sha1_base64="/zC/h0/9Bq1Iu3Xz7eWV/I4ZKR0="></latexit>

<latexit sha1_base64="3/UGoY+7xu2IpIB63maTcuE3Eok=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEFF0W3LisYB/QhDKZTtqhk0mYuRFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy9z7glTwTW47rdVWVldW9+obta2tnd29+z9g7ZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHxT+J0HpjRP5D1MUhbEZCh5xCkBI/XtIz8mMFJxziUHB/sYhxz0tG/XXcedAS8TryR1VKLZt7/8QUKzmEmggmjd89wUgpwo4FSwac3PNEsJHZMh6xkqScx0kM/yT/GpUQY4SpR5EvBM/b2Rk1jrSRyaySKtXvQK8T+vl0F0HZjT0gyYpPOPokxgSHBRBh5wxSiIiSGEKm6yYjoiilAwldVMCd7iycukfe54l457d1Fv4LKOKjpGJ+gMeegKNdAtaqIWougRPaNX9GY9WS/Wu/UxH61Y5c4h+gPr8wdmM5WW</latexit>

init. bits

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z

<latexit sha1_base64="wkw32uH4oWXYYuHmn2y0wz5xng4=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa/i2Yfx5tE3sbMcNPpDw8f/V9FV5cWCK23bn1ZmYXFpeSW7mltb39jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfznO63coFY/CGz2I0Q1oN+Q+Z1QbqzJs5wt20Z6I/AVnBoWLt+HX1fteWm7nP1qdiCUBhpoJqlTTsWPtplRqzgSOcq1EYUxZn3axaTCkASo3nQw6IofG6RA/kuaFmkzcnx0pDZQaBJ6pDKjuqflsbP6XNRPtn7spD+NEY8imH/mJIDoi461Jh0tkWgwMUCa5mZWwHpWUaXObnDmCM7/yX6gdF52T4mnFLpQITJWFfTiAI3DgDEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezCL1mv3+/QkKI=</latexit>

Quantities of interest
■ Initial bits
■ Net bitrate
■ Total bitrate
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Bits‐Back Compression with ANS

Bits‐Back with Asymmetric Numeral Systems (BB‐ANS) [11] achieves
a better bitrate!

• Adopt a stack‐like entropy coder ANS
• Compress a sequence of symbols in a chain
• Decode latents z with an approximate posterior q(z | x) from the
intermediate message state instead of picking z

encode x1 with p(x1|z)

<latexit sha1_base64="LP682ysBTndM6SuoTmkPKKPaIjU="></latexit>

decode z with q(z|x1)

<latexit sha1_base64="/zC/h0/9Bq1Iu3Xz7eWV/I4ZKR0="></latexit>

<latexit sha1_base64="3/UGoY+7xu2IpIB63maTcuE3Eok=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEFF0W3LisYB/QhDKZTtqhk0mYuRFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy9z7glTwTW47rdVWVldW9+obta2tnd29+z9g7ZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHxT+J0HpjRP5D1MUhbEZCh5xCkBI/XtIz8mMFJxziUHB/sYhxz0tG/XXcedAS8TryR1VKLZt7/8QUKzmEmggmjd89wUgpwo4FSwac3PNEsJHZMh6xkqScx0kM/yT/GpUQY4SpR5EvBM/b2Rk1jrSRyaySKtXvQK8T+vl0F0HZjT0gyYpPOPokxgSHBRBh5wxSiIiSGEKm6yYjoiilAwldVMCd7iycukfe54l457d1Fv4LKOKjpGJ+gMeegKNdAtaqIWougRPaNX9GY9WS/Wu/UxH61Y5c4h+gPr8wdmM5WW</latexit>

init. bits

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z

<latexit sha1_base64="wkw32uH4oWXYYuHmn2y0wz5xng4=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa/i2Yfx5tE3sbMcNPpDw8f/V9FV5cWCK23bn1ZmYXFpeSW7mltb39jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfznO63coFY/CGz2I0Q1oN+Q+Z1QbqzJs5wt20Z6I/AVnBoWLt+HX1fteWm7nP1qdiCUBhpoJqlTTsWPtplRqzgSOcq1EYUxZn3axaTCkASo3nQw6IofG6RA/kuaFmkzcnx0pDZQaBJ6pDKjuqflsbP6XNRPtn7spD+NEY8imH/mJIDoi461Jh0tkWgwMUCa5mZWwHpWUaXObnDmCM7/yX6gdF52T4mnFLpQITJWFfTiAI3DgDEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezCL1mv3+/QkKI=</latexit>

Quantities of interest
■ Initial bits
■ Net bitrate
■ Total bitrate
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Bits‐Back Compression with ANS

Bits‐Back with Asymmetric Numeral Systems (BB‐ANS) [11] achieves
a better bitrate!

• Adopt a stack‐like entropy coder ANS
• Compress a sequence of symbols in a chain
• Decode latents z with an approximate posterior q(z | x) from the
intermediate message state instead of picking z

encode z with p(z)

<latexit sha1_base64="6Ekj9XHeGQcU10FInkLwOi2PYME=">AAACEXicbVC7SgNBFL3rM8ZX1FKQwSDEJuyKomXAxjIR84DsEmZnJ8mQ2Qczs0qyJJ2tjb9ioYUitnZ2foM/4eQhaOKBgcM59zL3HDfiTCrT/DTm5hcWl5ZTK+nVtfWNzczWdkWGsSC0TEIeipqLJeUsoGXFFKe1SFDsu5xW3c750K9eUyFZGFypbkQdH7cC1mQEKy01Mjnbx6ot/IQGJPRoH9mohwY/4g1T7f4ARbneYSOTNfPmCGiWWBOSLUDp63bv8bLYyHzYXkhinwaKcCxl3TIj5SRYKEY47aftWNIIkw5u0bqmAfapdJJRoj460IqHmqHQL1BopP7eSLAvZdd39eTwVDntDcX/vHqsmmdOwoIoVjrx+KNmzJEK0bAe5DFBieJdTTARTN+KSBsLTJQuMa1LsKYjz5LKUd46zp+UdBsIxkjBLuxDDiw4hQJcQBHKQOAOHuAZXox748l4Nd7Go3PGZGcH/sB4/wYjFaC3</latexit>

encode x1 with p(x1|z)

<latexit sha1_base64="LP682ysBTndM6SuoTmkPKKPaIjU="></latexit>

decode z with q(z|x1)

<latexit sha1_base64="/zC/h0/9Bq1Iu3Xz7eWV/I4ZKR0="></latexit>

<latexit sha1_base64="3/UGoY+7xu2IpIB63maTcuE3Eok=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEFF0W3LisYB/QhDKZTtqhk0mYuRFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy9z7glTwTW47rdVWVldW9+obta2tnd29+z9g7ZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHxT+J0HpjRP5D1MUhbEZCh5xCkBI/XtIz8mMFJxziUHB/sYhxz0tG/XXcedAS8TryR1VKLZt7/8QUKzmEmggmjd89wUgpwo4FSwac3PNEsJHZMh6xkqScx0kM/yT/GpUQY4SpR5EvBM/b2Rk1jrSRyaySKtXvQK8T+vl0F0HZjT0gyYpPOPokxgSHBRBh5wxSiIiSGEKm6yYjoiilAwldVMCd7iycukfe54l457d1Fv4LKOKjpGJ+gMeegKNdAtaqIWougRPaNX9GY9WS/Wu/UxH61Y5c4h+gPr8wdmM5WW</latexit>

init. bits

z

<latexit sha1_base64="wkw32uH4oWXYYuHmn2y0wz5xng4=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPcIyZAn8OJBEa/i2Yfx5tE3sbMcNPpDw8f/V9FV5cWCK23bn1ZmYXFpeSW7mltb39jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfznO63coFY/CGz2I0Q1oN+Q+Z1QbqzJs5wt20Z6I/AVnBoWLt+HX1fteWm7nP1qdiCUBhpoJqlTTsWPtplRqzgSOcq1EYUxZn3axaTCkASo3nQw6IofG6RA/kuaFmkzcnx0pDZQaBJ6pDKjuqflsbP6XNRPtn7spD+NEY8imH/mJIDoi461Jh0tkWgwMUCa5mZWwHpWUaXObnDmCM7/yX6gdF52T4mnFLpQITJWFfTiAI3DgDEpwDWWoAgOEe3iEJ+vWerCerZdpacaa9ezCL1mv3+/QkKI=</latexit>

Quantities of interest
■ Initial bits
■ Net bitrate
■ Total bitrate
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Bits‐Back Compression with ANS

Bits‐Back with Asymmetric Numeral Systems (BB‐ANS) [11] achieves
a better bitrate!

• Adopt a stack‐like entropy coder ANS
• Compress a sequence of symbols in a chain
• Decode latents z with an approximate posterior q(z | x) from the
intermediate message state instead of picking z

<latexit sha1_base64="HTt39C9D5vipsaipNTtOLHuR7ZM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6t6t5dVuokj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwLIjYI=</latexit>x1

encode z with p(z)

<latexit sha1_base64="6Ekj9XHeGQcU10FInkLwOi2PYME=">AAACEXicbVC7SgNBFL3rM8ZX1FKQwSDEJuyKomXAxjIR84DsEmZnJ8mQ2Qczs0qyJJ2tjb9ioYUitnZ2foM/4eQhaOKBgcM59zL3HDfiTCrT/DTm5hcWl5ZTK+nVtfWNzczWdkWGsSC0TEIeipqLJeUsoGXFFKe1SFDsu5xW3c750K9eUyFZGFypbkQdH7cC1mQEKy01Mjnbx6ot/IQGJPRoH9mohwY/4g1T7f4ARbneYSOTNfPmCGiWWBOSLUDp63bv8bLYyHzYXkhinwaKcCxl3TIj5SRYKEY47aftWNIIkw5u0bqmAfapdJJRoj460IqHmqHQL1BopP7eSLAvZdd39eTwVDntDcX/vHqsmmdOwoIoVjrx+KNmzJEK0bAe5DFBieJdTTARTN+KSBsLTJQuMa1LsKYjz5LKUd46zp+UdBsIxkjBLuxDDiw4hQJcQBHKQOAOHuAZXox748l4Nd7Go3PGZGcH/sB4/wYjFaC3</latexit>

encode x1 with p(x1|z)

<latexit sha1_base64="LP682ysBTndM6SuoTmkPKKPaIjU="></latexit>

decode z with q(z|x1)

<latexit sha1_base64="/zC/h0/9Bq1Iu3Xz7eWV/I4ZKR0="></latexit>

<latexit sha1_base64="3/UGoY+7xu2IpIB63maTcuE3Eok=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEFF0W3LisYB/QhDKZTtqhk0mYuRFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy9z7glTwTW47rdVWVldW9+obta2tnd29+z9g7ZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHxT+J0HpjRP5D1MUhbEZCh5xCkBI/XtIz8mMFJxziUHB/sYhxz0tG/XXcedAS8TryR1VKLZt7/8QUKzmEmggmjd89wUgpwo4FSwac3PNEsJHZMh6xkqScx0kM/yT/GpUQY4SpR5EvBM/b2Rk1jrSRyaySKtXvQK8T+vl0F0HZjT0gyYpPOPokxgSHBRBh5wxSiIiSGEKm6yYjoiilAwldVMCd7iycukfe54l457d1Fv4LKOKjpGJ+gMeegKNdAtaqIWougRPaNX9GY9WS/Wu/UxH61Y5c4h+gPr8wdmM5WW</latexit>

init. bits

Quantities of interest
■ Initial bits
■ Net bitrate
■ Total bitrate
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Bits‐Back Compression with ANS

Bits‐Back with Asymmetric Numeral Systems (BB‐ANS) [11] achieves
a better bitrate!

• Adopt a stack‐like entropy coder ANS
• Compress a sequence of symbols in a chain
• Decode latents z with an approximate posterior q(z | x) from the
intermediate message state instead of picking z

<latexit sha1_base64="Qhu70pPo/X1mEQhenHWZsovq1Ag=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5l1b27qNRJHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAETI2D</latexit>x2

encode z0 with p(z0)

<latexit sha1_base64="IzLNlfewioieZFbTo+sDu1l4oNA=">AAACFHicbVDLSgMxFL1TX7W+Rl0KEizSilBmRNFlwY3LVuwD2lIyadqGZh4kGaUd2p0f4MZf0YULRdy6cOc3+BOmD0FbDwQO59xL7jlOwJlUlvVpxObmFxaX4suJldW19Q1zc6so/VAQWiA+90XZwZJy5tGCYorTciAodh1OS07nfOiXrqmQzPeuVDegNRe3PNZkBCst1c3DqotVW7gR9YjfoH1URb0UQoMf+Yapdn+AgnQvdVA3k1bGGgHNEntCklnIf93uPl7m6uZHteGT0KWeIhxLWbGtQNUiLBQjnPYT1VDSAJMObtGKph52qaxFo1B9tK+VBmr6Qj9PoZH6eyPCrpRd19GTw1vltDcU//MqoWqe1SLmBaHSoccfNUOOlI+GDaEGE5Qo3tUEE8H0rYi0scBE6R4TugR7OvIsKR5l7OPMSV63gWCMOOzAHqTBhlPIwgXkoAAE7uABnuHFuDeejFfjbTwaMyY72/AHxvs3XkehQw==</latexit>

encode x2 with p(x2|z0)

<latexit sha1_base64="1Vflkt6OH7wbUCgFB9A+ubHAwHQ="></latexit>

decode z0 with q(z0|x2)

<latexit sha1_base64="DiVNjBp1TgTev5CxypMhGg8XJL8="></latexit>

<latexit sha1_base64="HTt39C9D5vipsaipNTtOLHuR7ZM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6t6t5dVuokj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwLIjYI=</latexit>x1

encode z with p(z)

<latexit sha1_base64="6Ekj9XHeGQcU10FInkLwOi2PYME=">AAACEXicbVC7SgNBFL3rM8ZX1FKQwSDEJuyKomXAxjIR84DsEmZnJ8mQ2Qczs0qyJJ2tjb9ioYUitnZ2foM/4eQhaOKBgcM59zL3HDfiTCrT/DTm5hcWl5ZTK+nVtfWNzczWdkWGsSC0TEIeipqLJeUsoGXFFKe1SFDsu5xW3c750K9eUyFZGFypbkQdH7cC1mQEKy01Mjnbx6ot/IQGJPRoH9mohwY/4g1T7f4ARbneYSOTNfPmCGiWWBOSLUDp63bv8bLYyHzYXkhinwaKcCxl3TIj5SRYKEY47aftWNIIkw5u0bqmAfapdJJRoj460IqHmqHQL1BopP7eSLAvZdd39eTwVDntDcX/vHqsmmdOwoIoVjrx+KNmzJEK0bAe5DFBieJdTTARTN+KSBsLTJQuMa1LsKYjz5LKUd46zp+UdBsIxkjBLuxDDiw4hQJcQBHKQOAOHuAZXox748l4Nd7Go3PGZGcH/sB4/wYjFaC3</latexit>

encode x1 with p(x1|z)

<latexit sha1_base64="LP682ysBTndM6SuoTmkPKKPaIjU="></latexit>

decode z with q(z|x1)

<latexit sha1_base64="/zC/h0/9Bq1Iu3Xz7eWV/I4ZKR0="></latexit>

<latexit sha1_base64="3/UGoY+7xu2IpIB63maTcuE3Eok=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEFF0W3LisYB/QhDKZTtqhk0mYuRFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy9z7glTwTW47rdVWVldW9+obta2tnd29+z9g7ZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHxT+J0HpjRP5D1MUhbEZCh5xCkBI/XtIz8mMFJxziUHB/sYhxz0tG/XXcedAS8TryR1VKLZt7/8QUKzmEmggmjd89wUgpwo4FSwac3PNEsJHZMh6xkqScx0kM/yT/GpUQY4SpR5EvBM/b2Rk1jrSRyaySKtXvQK8T+vl0F0HZjT0gyYpPOPokxgSHBRBh5wxSiIiSGEKm6yYjoiilAwldVMCd7iycukfe54l457d1Fv4LKOKjpGJ+gMeegKNdAtaqIWougRPaNX9GY9WS/Wu/UxH61Y5c4h+gPr8wdmM5WW</latexit>

init. bits

Quantities of interest
■ Initial bits
■ Net bitrate
■ Total bitrate
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Bits‐Back Compression with ANS

Bits‐Back with Asymmetric Numeral Systems (BB‐ANS) [11] achieves
a better bitrate!

• Adopt a stack‐like entropy coder ANS
• Compress a sequence of symbols in a chain
• Decode latents z with an approximate posterior q(z | x) from the
intermediate message state instead of picking z

<latexit sha1_base64="oqo/Tom3RO6R1tMOxwrBftjrf1k=">AAAB/XicbVDLSgMxFM3UV62v+ti5CRbBVZkRRZcFNy4r2Ad0hpJJM21okhmSO0Idir/ixoUibv0Pd/6NmXYW2nogcDjnXu7JCRPBDbjut1NaWV1b3yhvVra2d3b3qvsHbROnmrIWjUWsuyExTHDFWsBBsG6iGZGhYJ1wfJP7nQemDY/VPUwSFkgyVDzilICV+tUjXxIYaZkpBtjHOORgpv1qza27M+Bl4hWkhgo0+9UvfxDTVDIFVBBjep6bQJARDZwKNq34qWEJoWMyZD1LFZHMBNks/RSfWmWAo1jbpwDP1N8bGZHGTGRoJ/OsZtHLxf+8XgrRdZBxlaTAFJ0filKBIcZ5FXjANaMgJpYQqrnNiumIaELBFlaxJXiLX14m7fO6d1l37y5qDVzUUUbH6ASdIQ9doQa6RU3UQhQ9omf0it6cJ+fFeXc+5qMlp9g5RH/gfP4AIb6U5w==</latexit>

net bits(<latexit sha1_base64="5JI/gljSVTWkhPu/YNwBjFKQbS8=">AAAB7nicdVDLSsNAFL3xWeurPnZuBqvgKqTia1l047KCfUATymQ6ScdOJnFmIpTQH3AhuHGhiFu/x50bv8VJq+DzwDCHc+7l3nv8hDOlHefVmpicmp6ZLcwV5xcWl5ZLK6sNFaeS0DqJeSxbPlaUM0HrmmlOW4mkOPI5bfr9k9xvXlGpWCzO9SChXoRDwQJGsDZS0z1mYehmnVLZsQ+cHOg3qdij3ylXt9Zvri/fLmqd0ovbjUkaUaEJx0q1K06ivQxLzQinw6KbKppg0schbRsqcESVl43WHaJto3RREEvzhEYj9WtHhiOlBpFvKiOse+qnl4t/ee1UB0dexkSSairIeFCQcqRjlN+OukxSovnAEEwkM7si0sMSE20SKpoQPi9F/5PGrl3Zs/fPTBoIxijABmzCDlTgEKpwCjWoA4E+3MI9PFiJdWc9Wk/j0gnro2cNvsF6fgecopKp</latexit>

total bits

<latexit sha1_base64="k724SDZD3H46V1fGpVzWbEaOsZ8=">AAAB/HicbVDLSgMxFM34rPU1WndugkVwVWZE0Z0FF7qsYB/QDiWTpm1oJjMkd4RxaH/FTReK6NIPcefSPzHTdqGtBwKHc+7lnhw/ElyD43xZS8srq2vruY385tb2zq69t1/TYawoq9JQhKrhE80El6wKHARrRIqRwBes7g+uM7/+wJTmobyHJGJeQHqSdzklYKS2XWgFBPoqSCEEIkY+Bz1s20Wn5EyAF4k7I8Wr8eP3zftBWmnbn61OSOOASaCCaN10nQi8lCjgVLBhvhVrFhE6ID3WNFSSgGkvnYQf4mOjdHA3VOZJwBP190ZKAq2TwDeTWVQ972Xif14zhu6ll3IZxcAknR7qxgJDiLMmcIcrRkEkhhCquMmKaZ8oQsH0lTcluPNfXiS105J7Vjq/c4pljKbIoUN0hE6Qiy5QGd2iCqoiihL0hJ7RizWyxtar9TYdXbJmOwX0B9bHD/u6mT4=</latexit>

<latexit sha1_base64="Qhu70pPo/X1mEQhenHWZsovq1Ag=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5l1b27qNRJHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAETI2D</latexit>x2

encode z0 with p(z0)

<latexit sha1_base64="IzLNlfewioieZFbTo+sDu1l4oNA=">AAACFHicbVDLSgMxFL1TX7W+Rl0KEizSilBmRNFlwY3LVuwD2lIyadqGZh4kGaUd2p0f4MZf0YULRdy6cOc3+BOmD0FbDwQO59xL7jlOwJlUlvVpxObmFxaX4suJldW19Q1zc6so/VAQWiA+90XZwZJy5tGCYorTciAodh1OS07nfOiXrqmQzPeuVDegNRe3PNZkBCst1c3DqotVW7gR9YjfoH1URb0UQoMf+Yapdn+AgnQvdVA3k1bGGgHNEntCklnIf93uPl7m6uZHteGT0KWeIhxLWbGtQNUiLBQjnPYT1VDSAJMObtGKph52qaxFo1B9tK+VBmr6Qj9PoZH6eyPCrpRd19GTw1vltDcU//MqoWqe1SLmBaHSoccfNUOOlI+GDaEGE5Qo3tUEE8H0rYi0scBE6R4TugR7OvIsKR5l7OPMSV63gWCMOOzAHqTBhlPIwgXkoAAE7uABnuHFuDeejFfjbTwaMyY72/AHxvs3XkehQw==</latexit>

encode x2 with p(x2|z0)

<latexit sha1_base64="1Vflkt6OH7wbUCgFB9A+ubHAwHQ="></latexit>

decode z0 with q(z0|x2)

<latexit sha1_base64="DiVNjBp1TgTev5CxypMhGg8XJL8="></latexit>

<latexit sha1_base64="HTt39C9D5vipsaipNTtOLHuR7ZM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6t6t5dVuokj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwLIjYI=</latexit>x1

encode z with p(z)

<latexit sha1_base64="6Ekj9XHeGQcU10FInkLwOi2PYME=">AAACEXicbVC7SgNBFL3rM8ZX1FKQwSDEJuyKomXAxjIR84DsEmZnJ8mQ2Qczs0qyJJ2tjb9ioYUitnZ2foM/4eQhaOKBgcM59zL3HDfiTCrT/DTm5hcWl5ZTK+nVtfWNzczWdkWGsSC0TEIeipqLJeUsoGXFFKe1SFDsu5xW3c750K9eUyFZGFypbkQdH7cC1mQEKy01Mjnbx6ot/IQGJPRoH9mohwY/4g1T7f4ARbneYSOTNfPmCGiWWBOSLUDp63bv8bLYyHzYXkhinwaKcCxl3TIj5SRYKEY47aftWNIIkw5u0bqmAfapdJJRoj460IqHmqHQL1BopP7eSLAvZdd39eTwVDntDcX/vHqsmmdOwoIoVjrx+KNmzJEK0bAe5DFBieJdTTARTN+KSBsLTJQuMa1LsKYjz5LKUd46zp+UdBsIxkjBLuxDDiw4hQJcQBHKQOAOHuAZXox748l4Nd7Go3PGZGcH/sB4/wYjFaC3</latexit>

encode x1 with p(x1|z)

<latexit sha1_base64="LP682ysBTndM6SuoTmkPKKPaIjU="></latexit>

decode z with q(z|x1)

<latexit sha1_base64="/zC/h0/9Bq1Iu3Xz7eWV/I4ZKR0="></latexit>

<latexit sha1_base64="3/UGoY+7xu2IpIB63maTcuE3Eok=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEFF0W3LisYB/QhDKZTtqhk0mYuRFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy9z7glTwTW47rdVWVldW9+obta2tnd29+z9g7ZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHxT+J0HpjRP5D1MUhbEZCh5xCkBI/XtIz8mMFJxziUHB/sYhxz0tG/XXcedAS8TryR1VKLZt7/8QUKzmEmggmjd89wUgpwo4FSwac3PNEsJHZMh6xkqScx0kM/yT/GpUQY4SpR5EvBM/b2Rk1jrSRyaySKtXvQK8T+vl0F0HZjT0gyYpPOPokxgSHBRBh5wxSiIiSGEKm6yYjoiilAwldVMCd7iycukfe54l457d1Fv4LKOKjpGJ+gMeegKNdAtaqIWougRPaNX9GY9WS/Wu/UxH61Y5c4h+gPr8wdmM5WW</latexit>

init. bits

Quantities of interest
■ Initial bits
■ Net bitrate
■ Total bitrate
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Bits‐Back Compression with ANS

Bits‐Back with Asymmetric Numeral Systems (BB‐ANS) [11] achieves
a better bitrate!

• Adopt a stack‐like entropy coder ANS
• Compress a sequence of symbols in a chain
• Decode latents z with an approximate posterior q(z | x) from the
intermediate message state instead of picking z

<latexit sha1_base64="oqo/Tom3RO6R1tMOxwrBftjrf1k=">AAAB/XicbVDLSgMxFM3UV62v+ti5CRbBVZkRRZcFNy4r2Ad0hpJJM21okhmSO0Idir/ixoUibv0Pd/6NmXYW2nogcDjnXu7JCRPBDbjut1NaWV1b3yhvVra2d3b3qvsHbROnmrIWjUWsuyExTHDFWsBBsG6iGZGhYJ1wfJP7nQemDY/VPUwSFkgyVDzilICV+tUjXxIYaZkpBtjHOORgpv1qza27M+Bl4hWkhgo0+9UvfxDTVDIFVBBjep6bQJARDZwKNq34qWEJoWMyZD1LFZHMBNks/RSfWmWAo1jbpwDP1N8bGZHGTGRoJ/OsZtHLxf+8XgrRdZBxlaTAFJ0filKBIcZ5FXjANaMgJpYQqrnNiumIaELBFlaxJXiLX14m7fO6d1l37y5qDVzUUUbH6ASdIQ9doQa6RU3UQhQ9omf0it6cJ+fFeXc+5qMlp9g5RH/gfP4AIb6U5w==</latexit>

net bits(<latexit sha1_base64="5JI/gljSVTWkhPu/YNwBjFKQbS8=">AAAB7nicdVDLSsNAFL3xWeurPnZuBqvgKqTia1l047KCfUATymQ6ScdOJnFmIpTQH3AhuHGhiFu/x50bv8VJq+DzwDCHc+7l3nv8hDOlHefVmpicmp6ZLcwV5xcWl5ZLK6sNFaeS0DqJeSxbPlaUM0HrmmlOW4mkOPI5bfr9k9xvXlGpWCzO9SChXoRDwQJGsDZS0z1mYehmnVLZsQ+cHOg3qdij3ylXt9Zvri/fLmqd0ovbjUkaUaEJx0q1K06ivQxLzQinw6KbKppg0schbRsqcESVl43WHaJto3RREEvzhEYj9WtHhiOlBpFvKiOse+qnl4t/ee1UB0dexkSSairIeFCQcqRjlN+OukxSovnAEEwkM7si0sMSE20SKpoQPi9F/5PGrl3Zs/fPTBoIxijABmzCDlTgEKpwCjWoA4E+3MI9PFiJdWc9Wk/j0gnro2cNvsF6fgecopKp</latexit>

total bits

<latexit sha1_base64="k724SDZD3H46V1fGpVzWbEaOsZ8=">AAAB/HicbVDLSgMxFM34rPU1WndugkVwVWZE0Z0FF7qsYB/QDiWTpm1oJjMkd4RxaH/FTReK6NIPcefSPzHTdqGtBwKHc+7lnhw/ElyD43xZS8srq2vruY385tb2zq69t1/TYawoq9JQhKrhE80El6wKHARrRIqRwBes7g+uM7/+wJTmobyHJGJeQHqSdzklYKS2XWgFBPoqSCEEIkY+Bz1s20Wn5EyAF4k7I8Wr8eP3zftBWmnbn61OSOOASaCCaN10nQi8lCjgVLBhvhVrFhE6ID3WNFSSgGkvnYQf4mOjdHA3VOZJwBP190ZKAq2TwDeTWVQ972Xif14zhu6ll3IZxcAknR7qxgJDiLMmcIcrRkEkhhCquMmKaZ8oQsH0lTcluPNfXiS105J7Vjq/c4pljKbIoUN0hE6Qiy5QGd2iCqoiihL0hJ7RizWyxtar9TYdXbJmOwX0B9bHD/u6mT4=</latexit>

<latexit sha1_base64="Qhu70pPo/X1mEQhenHWZsovq1Ag=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5l1b27qNRJHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAETI2D</latexit>x2

encode z0 with p(z0)

<latexit sha1_base64="IzLNlfewioieZFbTo+sDu1l4oNA=">AAACFHicbVDLSgMxFL1TX7W+Rl0KEizSilBmRNFlwY3LVuwD2lIyadqGZh4kGaUd2p0f4MZf0YULRdy6cOc3+BOmD0FbDwQO59xL7jlOwJlUlvVpxObmFxaX4suJldW19Q1zc6so/VAQWiA+90XZwZJy5tGCYorTciAodh1OS07nfOiXrqmQzPeuVDegNRe3PNZkBCst1c3DqotVW7gR9YjfoH1URb0UQoMf+Yapdn+AgnQvdVA3k1bGGgHNEntCklnIf93uPl7m6uZHteGT0KWeIhxLWbGtQNUiLBQjnPYT1VDSAJMObtGKph52qaxFo1B9tK+VBmr6Qj9PoZH6eyPCrpRd19GTw1vltDcU//MqoWqe1SLmBaHSoccfNUOOlI+GDaEGE5Qo3tUEE8H0rYi0scBE6R4TugR7OvIsKR5l7OPMSV63gWCMOOzAHqTBhlPIwgXkoAAE7uABnuHFuDeejFfjbTwaMyY72/AHxvs3XkehQw==</latexit>

encode x2 with p(x2|z0)

<latexit sha1_base64="1Vflkt6OH7wbUCgFB9A+ubHAwHQ="></latexit>

decode z0 with q(z0|x2)

<latexit sha1_base64="DiVNjBp1TgTev5CxypMhGg8XJL8="></latexit>

<latexit sha1_base64="HTt39C9D5vipsaipNTtOLHuR7ZM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6t6t5dVuokj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwLIjYI=</latexit>x1

encode z with p(z)

<latexit sha1_base64="6Ekj9XHeGQcU10FInkLwOi2PYME=">AAACEXicbVC7SgNBFL3rM8ZX1FKQwSDEJuyKomXAxjIR84DsEmZnJ8mQ2Qczs0qyJJ2tjb9ioYUitnZ2foM/4eQhaOKBgcM59zL3HDfiTCrT/DTm5hcWl5ZTK+nVtfWNzczWdkWGsSC0TEIeipqLJeUsoGXFFKe1SFDsu5xW3c750K9eUyFZGFypbkQdH7cC1mQEKy01Mjnbx6ot/IQGJPRoH9mohwY/4g1T7f4ARbneYSOTNfPmCGiWWBOSLUDp63bv8bLYyHzYXkhinwaKcCxl3TIj5SRYKEY47aftWNIIkw5u0bqmAfapdJJRoj460IqHmqHQL1BopP7eSLAvZdd39eTwVDntDcX/vHqsmmdOwoIoVjrx+KNmzJEK0bAe5DFBieJdTTARTN+KSBsLTJQuMa1LsKYjz5LKUd46zp+UdBsIxkjBLuxDDiw4hQJcQBHKQOAOHuAZXox748l4Nd7Go3PGZGcH/sB4/wYjFaC3</latexit>

encode x1 with p(x1|z)

<latexit sha1_base64="LP682ysBTndM6SuoTmkPKKPaIjU="></latexit>

decode z with q(z|x1)

<latexit sha1_base64="/zC/h0/9Bq1Iu3Xz7eWV/I4ZKR0="></latexit>

<latexit sha1_base64="3/UGoY+7xu2IpIB63maTcuE3Eok=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEFF0W3LisYB/QhDKZTtqhk0mYuRFK7MJfceNCEbf+hjv/xkmbhbYeGDiccy9z7glTwTW47rdVWVldW9+obta2tnd29+z9g7ZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHxT+J0HpjRP5D1MUhbEZCh5xCkBI/XtIz8mMFJxziUHB/sYhxz0tG/XXcedAS8TryR1VKLZt7/8QUKzmEmggmjd89wUgpwo4FSwac3PNEsJHZMh6xkqScx0kM/yT/GpUQY4SpR5EvBM/b2Rk1jrSRyaySKtXvQK8T+vl0F0HZjT0gyYpPOPokxgSHBRBh5wxSiIiSGEKm6yYjoiilAwldVMCd7iycukfe54l457d1Fv4LKOKjpGJ+gMeegKNdAtaqIWougRPaNX9GY9WS/Wu/UxH61Y5c4h+gPr8wdmM5WW</latexit>

init. bits

Quantities of interest
■ Initial bits
■ Net bitrate
■ Total bitrate
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Bits‐Back Compression with ANS

BB‐ANS...

⌣ leads to − log q(z | x) net bitrate saving

⌢ needs − log q(z | x) initial bits for the first symbol, causing a
one‐time overhead

In an ideal scenario, if we assume z ∼ q(z | x), the net bitrate of
BB‐ANS achieves the (negative) ‘evidence lower bound’ (ELBO):

Ez∼q(z | x) [− log p(x, z) + log q(z | x)]
= − log p(x) + DKL(q(z | x) ∥ p(z | x))

We refer to vanilla BB‐ANS as BB‐ELBO
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Motivation

Tighter variational bound is better!

⌢ ELBO may be a loose bound on the marginal log‐likelihood
⇒ a KL gap of BB‐ELBO to the cross‐entropy

⌣ Tighter variational bounds bridge the gap

Can we derive bits‐back coders from those tighter bounds and approach
the cross‐entropy?
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Our Method: McBits
Monte Carlo Bits‐Back Coding



General Framework

McBits coders are built from elaborate Monte Carlo estimators

• Given a positive unbiased MC estimator of the marginal likelihood
p̂N(x) that can be simulated with O(N) random variables

E[p̂N(x)] = p(x)

• A variational bound on log p(x) can be derived from p̂N(x) by
Jensen’s inequality

E[log p̂N(x)] ≤ log p(x)
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General Framework

Goal: design bits‐back schemes with a net bitrate of −E[log p̂N(x)]

Key step: identity the extended latent space representation of p̂N(x)

• Extended latent variables Z ∼ Q(Z | x)
• Proposal distribution Q(Z | x)
• Target distribution P(x,Z)

p̂N(x) =
P(x,Z)

Q(Z | x)

⌣ The variational bound can be viewed as an ELBO!

Z ↔ z

Q(Z | x) ↔ q(z | x)

P(x,Z) ↔ p(x, z)
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General Framework

Derive McBits coders in a similar way to BB‐ELBO

Algorithm: General Procedures of McBits Coders
Procedure Encode(sym x, msg m)

decode Z with Q(Z | x)
encode x and Z with P(x,Z)

return m′

Procedure Decode(msg m)
decode x and Z with P(x,Z)

encode Z with Q(Z | x)
return x,m′

⌣ It achieves an ideal net bitrate of −E[log p̂N(x)]!
⌣ If −E[log p̂N(x)] → − log p(x), it approaches the cross‐entropy!
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Bits‐Back Importance Sampling

Importance Sampling (IS)

• IS samples N particles zi ∼ q(zi | x) i.i.d. and uses the average
importance weights to estimate p(x)

p̂N(x) =
1
N

N∑
i=1

p(x, zi)

q(zi | x)

• The corresponding variational bound (IWAE) [3]:

E{zi}N
i=1

[
log

( N∑
i=1

1
N

p(x, zi)

q(zi | x)

)]
≤ log p(x)

• Under mild conditions, the IWAE bound converges monotonically
to log p(x) as N → ∞
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Bits‐Back Importance Sampling

IWAE is an ELBO over an extended space! [1, 6, 7]

• The extended space variables Z include the configurations of the
N particles {zi}N

i=1 and an index j ∈ {1 .. N}
• IWAE is the ELBO between a different pair of distributions

P(x,Z) and Q(Z | x) over the extended space

P(x,Z)

Q(Z | x) =
N∑

i=1

1
N

p(x, zi)

q(zi | x)
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Bits‐Back Importance Sampling

Derive BB‐IS in a similar way to BB‐ELBO

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>
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Bits‐Back Importance Sampling

Derive BB‐IS in a similar way to BB‐ELBO

decode {zi}Ni=1 with ⇧N
i=1q(zi|x)

<latexit sha1_base64="uRtJmUOgtbdwA3c6jYi05SWpluQ="></latexit>

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z1

<latexit sha1_base64="keE2mZg44RD25EzFB/d+UJ8hrMI=">AAAB6nicbZDLSgMxFIZPvNZ6q7rTTbAIrsqMKLqzoAuXFe0F2qFk0kwbmskMSUaoQx/BjQtF3PoWvoULwedQ96aXhbb+EPj4/3PIOcePBdfGcT7QzOzc/MJiZim7vLK6tp7b2KzoKFGUlWkkIlXziWaCS1Y23AhWixUjoS9Y1e+eDfLqDVOaR/La9GLmhaQtecApMda6um26zVzeKThD4Wlwx5A//Xz/Pn/d/io1c2+NVkSTkElDBdG67jqx8VKiDKeC9bONRLOY0C5ps7pFSUKmvXQ4ah/vWaeFg0jZJw0eur87UhJq3Qt9WxkS09GT2cD8L6snJjjxUi7jxDBJRx8FicAmwoO9cYsrRo3oWSBUcTsrph2iCDX2Oll7BHdy5WmoHBTcw8LRpZMvYhgpAzuwC/vgwjEU4QJKUAYKbbiDB3hEAt2jJ/Q8Kp1B454t+CP08gPOT5KO</latexit>

z2

<latexit sha1_base64="caYqInQlFz3Hsndo3kfOQkjM2oA=">AAAB6nicbZDLSgMxFIbP1Futt1F3ugkWwVWZKYruLOjCZUV7gXYomTTThmYyQ5IR6tBHcONCEbe+hW/hQvA51L3pZaGtPwQ+/v8ccs7xY86UdpwPKzM3v7C4lF3OrayurW/Ym1tVFSWS0AqJeCTrPlaUM0ErmmlO67GkOPQ5rfm9s2Feu6FSsUhc635MvRB3BAsYwdpYV7etYsvOOwVnJDQL7gTyp5/v3+evO1/llv3WbEckCanQhGOlGq4Tay/FUjPC6SDXTBSNMenhDm0YFDikyktHow7QvnHaKIikeUKjkfu7I8WhUv3QN5Uh1l01nQ3N/7JGooMTL2UiTjQVZPxRkHCkIzTcG7WZpETzvgFMJDOzItLFEhNtrpMzR3CnV56FarHgHhaOLp18CcFYWdiFPTgAF46hBBdQhgoQ6MAdPMCjxa1768l6HpdmrEnPNvyR9fIDz9OSjw==</latexit>

z3

<latexit sha1_base64="kKvWoQbbaIuEDp7PYj79owIN8IM=">AAAB6nicbZDLSgMxFIbP1Futt6o73QSL4KrMeEF3FnThsqK9QDuUTJppQzOZIckIdegjuHGhiFvfwrdwIfgc6t6004W2/hD4+P9zyDnHizhT2rY/rMzM7Nz8QnYxt7S8srqWX9+oqjCWhFZIyENZ97CinAla0UxzWo8kxYHHac3rnQ3z2g2VioXiWvcj6ga4I5jPCNbGurptHbTyBbtoj4SmwRlD4fTz/fv8deur3Mq/NdshiQMqNOFYqYZjR9pNsNSMcDrINWNFI0x6uEMbBgUOqHKT0agDtGucNvJDaZ7QaOT+7khwoFQ/8ExlgHVXTWZD87+sEWv/xE2YiGJNBUk/8mOOdIiGe6M2k5Ro3jeAiWRmVkS6WGKizXVy5gjO5MrTUN0vOofFo0u7UEKQKgvbsAN74MAxlOACylABAh24gwd4tLh1bz1Zz2lpxhr3bMIfWS8/0VeSkA==</latexit>
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Bits‐Back Importance Sampling

Derive BB‐IS in a similar way to BB‐ELBO

decode {zi}Ni=1 with ⇧N
i=1q(zi|x)

<latexit sha1_base64="uRtJmUOgtbdwA3c6jYi05SWpluQ="></latexit>

decode j with Cat(w̃j)

<latexit sha1_base64="siaXHM3zYaGecMus9YdPdAcV8YM="></latexit>

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>
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<latexit sha1_base64="keE2mZg44RD25EzFB/d+UJ8hrMI=">AAAB6nicbZDLSgMxFIZPvNZ6q7rTTbAIrsqMKLqzoAuXFe0F2qFk0kwbmskMSUaoQx/BjQtF3PoWvoULwedQ96aXhbb+EPj4/3PIOcePBdfGcT7QzOzc/MJiZim7vLK6tp7b2KzoKFGUlWkkIlXziWaCS1Y23AhWixUjoS9Y1e+eDfLqDVOaR/La9GLmhaQtecApMda6um26zVzeKThD4Wlwx5A//Xz/Pn/d/io1c2+NVkSTkElDBdG67jqx8VKiDKeC9bONRLOY0C5ps7pFSUKmvXQ4ah/vWaeFg0jZJw0eur87UhJq3Qt9WxkS09GT2cD8L6snJjjxUi7jxDBJRx8FicAmwoO9cYsrRo3oWSBUcTsrph2iCDX2Oll7BHdy5WmoHBTcw8LRpZMvYhgpAzuwC/vgwjEU4QJKUAYKbbiDB3hEAt2jJ/Q8Kp1B454t+CP08gPOT5KO</latexit>

z3

<latexit sha1_base64="kKvWoQbbaIuEDp7PYj79owIN8IM=">AAAB6nicbZDLSgMxFIbP1Futt6o73QSL4KrMeEF3FnThsqK9QDuUTJppQzOZIckIdegjuHGhiFvfwrdwIfgc6t6004W2/hD4+P9zyDnHizhT2rY/rMzM7Nz8QnYxt7S8srqWX9+oqjCWhFZIyENZ97CinAla0UxzWo8kxYHHac3rnQ3z2g2VioXiWvcj6ga4I5jPCNbGurptHbTyBbtoj4SmwRlD4fTz/fv8deur3Mq/NdshiQMqNOFYqYZjR9pNsNSMcDrINWNFI0x6uEMbBgUOqHKT0agDtGucNvJDaZ7QaOT+7khwoFQ/8ExlgHVXTWZD87+sEWv/xE2YiGJNBUk/8mOOdIiGe6M2k5Ro3jeAiWRmVkS6WGKizXVy5gjO5MrTUN0vOofFo0u7UEKQKgvbsAN74MAxlOACylABAh24gwd4tLh1bz1Zz2lpxhr3bMIfWS8/0VeSkA==</latexit>

zj

<latexit sha1_base64="z9UAzsTyP0z1LRlXX7q/bEQr+JE=">AAAB6nicbVDLSgNBEOyNj8T4inr0MhgET2FXFD0GvHiMxDwwWcLsZDYZMzuzzMwKccnBD/DiQRFPgn/gn3jzb5w8DppY0FBUddPdFcScaeO6305maXllNZtby69vbG5tF3Z261omitAakVyqZoA15UzQmmGG02asKI4CThvB4GLsN+6o0kyKazOMqR/hnmAhI9hYqXrfue0Uim7JnQAtEm9GiuXM+8NN9rNa6RS+2l1JkogKQzjWuuW5sfFTrAwjnI7y7UTTGJMB7tGWpQJHVPvp5NQROrRKF4VS2RIGTdTfEymOtB5Gge2MsOnreW8s/ue1EhOe+ykTcWKoINNFYcKRkWj8N+oyRYnhQ0swUczeikgfK0yMTSdvQ/DmX14k9eOSd1I6vbJpIJgiB/twAEfgwRmU4RIqUAMCPXiEZ3hxuPPkvDpv09aMM5vZgz9wPn4AHaWQiA==</latexit>

j

<latexit sha1_base64="kyf7UpMrYg7h6iYdJwQRpGwQCIY=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIFhLuRNHOgI1lAuYByRH2NnPJJnsPdveEcKS2sLFQxNY/yc7e0n/Azs2j0MQPFn583ww7M14suNK2/WFllpZXVtey67mNza3tnfzuXk1FiWRYZZGIZMOjCgUPsaq5FtiIJdLAE1j3BtfjvH6HUvEovNXDGN2AdkPuc0a1sSr9dr5gF+2JyCI4Myhcfd/zr5NPLLfz761OxJIAQ80EVarp2LF2Uyo1ZwJHuVaiMKZsQLvYNBjSAJWbTgYdkSPjdIgfSfNCTSbu746UBkoNA89UBlT31Hw2Nv/Lmon2L92Uh3GiMWTTj/xEEB2R8dakwyUyLYYGKJPczEpYj0rKtLlNzhzBmV95EWqnReeseF6xCyUCU2XhAA7hGBy4gBLcQBmqwADhAZ7g2epbj9aL9TotzViznn34I+vtB+LMkVk=</latexit>
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Bits‐Back Importance Sampling

Derive BB‐IS in a similar way to BB‐ELBO

decode {zi}Ni=1 with ⇧N
i=1q(zi|x)

<latexit sha1_base64="uRtJmUOgtbdwA3c6jYi05SWpluQ="></latexit>

decode j with Cat(w̃j)

<latexit sha1_base64="siaXHM3zYaGecMus9YdPdAcV8YM="></latexit>

Q decode

<latexit sha1_base64="tZyJDrZj2GEy2SGc0xArDwxak0o=">AAAB+3icbVC7SgNBFJ31GeNrjaXNYBAsJOyKop0BG8sEzAOSJczO3k2GzD6YmRXDsrb+hY2FIrb+iJ29pT9g52ySQhMPDBzOuZd75rgxZ1JZ1oexsLi0vLJaWCuub2xubZs7paaMEkGhQSMeibZLJHAWQkMxxaEdCyCBy6HlDi9zv3UDQrIovFajGJyA9EPmM0qUlnpmqX7XDYgaiCD1gEYeZLhnlq2KNQaeJ/aUlC++79nX0SfUeuZ714toEkCoKCdSdmwrVk5KhGKUQ1bsJhJiQoekDx1NQxKAdNJx9gwfaMXDfiT0CxUeq783UhJIOQpcPZnnlLNeLv7ndRLlnzspC+NEQUgnh/yEYxXhvAjsMQFU8ZEmhAqms2I6IIJQpesq6hLs2S/Pk+ZxxT6pnNatchWjCQpoD+2jQ2SjM1RFV6iGGoiiW/SAntCzkRmPxovxOhldMKY7u+gPjLcfUsWY+g==</latexit>

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z1

<latexit sha1_base64="keE2mZg44RD25EzFB/d+UJ8hrMI=">AAAB6nicbZDLSgMxFIZPvNZ6q7rTTbAIrsqMKLqzoAuXFe0F2qFk0kwbmskMSUaoQx/BjQtF3PoWvoULwedQ96aXhbb+EPj4/3PIOcePBdfGcT7QzOzc/MJiZim7vLK6tp7b2KzoKFGUlWkkIlXziWaCS1Y23AhWixUjoS9Y1e+eDfLqDVOaR/La9GLmhaQtecApMda6um26zVzeKThD4Wlwx5A//Xz/Pn/d/io1c2+NVkSTkElDBdG67jqx8VKiDKeC9bONRLOY0C5ps7pFSUKmvXQ4ah/vWaeFg0jZJw0eur87UhJq3Qt9WxkS09GT2cD8L6snJjjxUi7jxDBJRx8FicAmwoO9cYsrRo3oWSBUcTsrph2iCDX2Oll7BHdy5WmoHBTcw8LRpZMvYhgpAzuwC/vgwjEU4QJKUAYKbbiDB3hEAt2jJ/Q8Kp1B454t+CP08gPOT5KO</latexit>

z3

<latexit sha1_base64="kKvWoQbbaIuEDp7PYj79owIN8IM=">AAAB6nicbZDLSgMxFIbP1Futt6o73QSL4KrMeEF3FnThsqK9QDuUTJppQzOZIckIdegjuHGhiFvfwrdwIfgc6t6004W2/hD4+P9zyDnHizhT2rY/rMzM7Nz8QnYxt7S8srqWX9+oqjCWhFZIyENZ97CinAla0UxzWo8kxYHHac3rnQ3z2g2VioXiWvcj6ga4I5jPCNbGurptHbTyBbtoj4SmwRlD4fTz/fv8deur3Mq/NdshiQMqNOFYqYZjR9pNsNSMcDrINWNFI0x6uEMbBgUOqHKT0agDtGucNvJDaZ7QaOT+7khwoFQ/8ExlgHVXTWZD87+sEWv/xE2YiGJNBUk/8mOOdIiGe6M2k5Ro3jeAiWRmVkS6WGKizXVy5gjO5MrTUN0vOofFo0u7UEKQKgvbsAN74MAxlOACylABAh24gwd4tLh1bz1Zz2lpxhr3bMIfWS8/0VeSkA==</latexit>

zj

<latexit sha1_base64="z9UAzsTyP0z1LRlXX7q/bEQr+JE=">AAAB6nicbVDLSgNBEOyNj8T4inr0MhgET2FXFD0GvHiMxDwwWcLsZDYZMzuzzMwKccnBD/DiQRFPgn/gn3jzb5w8DppY0FBUddPdFcScaeO6305maXllNZtby69vbG5tF3Z261omitAakVyqZoA15UzQmmGG02asKI4CThvB4GLsN+6o0kyKazOMqR/hnmAhI9hYqXrfue0Uim7JnQAtEm9GiuXM+8NN9rNa6RS+2l1JkogKQzjWuuW5sfFTrAwjnI7y7UTTGJMB7tGWpQJHVPvp5NQROrRKF4VS2RIGTdTfEymOtB5Gge2MsOnreW8s/ue1EhOe+ykTcWKoINNFYcKRkWj8N+oyRYnhQ0swUczeikgfK0yMTSdvQ/DmX14k9eOSd1I6vbJpIJgiB/twAEfgwRmU4RIqUAMCPXiEZ3hxuPPkvDpv09aMM5vZgz9wPn4AHaWQiA==</latexit>

j

<latexit sha1_base64="kyf7UpMrYg7h6iYdJwQRpGwQCIY=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIFhLuRNHOgI1lAuYByRH2NnPJJnsPdveEcKS2sLFQxNY/yc7e0n/Azs2j0MQPFn583ww7M14suNK2/WFllpZXVtey67mNza3tnfzuXk1FiWRYZZGIZMOjCgUPsaq5FtiIJdLAE1j3BtfjvH6HUvEovNXDGN2AdkPuc0a1sSr9dr5gF+2JyCI4Myhcfd/zr5NPLLfz761OxJIAQ80EVarp2LF2Uyo1ZwJHuVaiMKZsQLvYNBjSAJWbTgYdkSPjdIgfSfNCTSbu746UBkoNA89UBlT31Hw2Nv/Lmon2L92Uh3GiMWTTj/xEEB2R8dakwyUyLYYGKJPczEpYj0rKtLlNzhzBmV95EWqnReeseF6xCyUCU2XhAA7hGBy4gBLcQBmqwADhAZ7g2epbj9aL9TotzViznn34I+vtB+LMkVk=</latexit>
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Bits‐Back Importance Sampling

Derive BB‐IS in a similar way to BB‐ELBO

decode {zi}Ni=1 with ⇧N
i=1q(zi|x)

<latexit sha1_base64="uRtJmUOgtbdwA3c6jYi05SWpluQ="></latexit>

decode j with Cat(w̃j)

<latexit sha1_base64="siaXHM3zYaGecMus9YdPdAcV8YM="></latexit>

Q decode

<latexit sha1_base64="tZyJDrZj2GEy2SGc0xArDwxak0o=">AAAB+3icbVC7SgNBFJ31GeNrjaXNYBAsJOyKop0BG8sEzAOSJczO3k2GzD6YmRXDsrb+hY2FIrb+iJ29pT9g52ySQhMPDBzOuZd75rgxZ1JZ1oexsLi0vLJaWCuub2xubZs7paaMEkGhQSMeibZLJHAWQkMxxaEdCyCBy6HlDi9zv3UDQrIovFajGJyA9EPmM0qUlnpmqX7XDYgaiCD1gEYeZLhnlq2KNQaeJ/aUlC++79nX0SfUeuZ714toEkCoKCdSdmwrVk5KhGKUQ1bsJhJiQoekDx1NQxKAdNJx9gwfaMXDfiT0CxUeq783UhJIOQpcPZnnlLNeLv7ndRLlnzspC+NEQUgnh/yEYxXhvAjsMQFU8ZEmhAqms2I6IIJQpesq6hLs2S/Pk+ZxxT6pnNatchWjCQpoD+2jQ2SjM1RFV6iGGoiiW/SAntCzkRmPxovxOhldMKY7u+gPjLcfUsWY+g==</latexit>

encode {zi}i 6=j with ⇧i 6=jq(zi|x)

<latexit sha1_base64="FhrtW3H8mWSNM2IckpZpVU0YCCU="></latexit>

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

z1

<latexit sha1_base64="keE2mZg44RD25EzFB/d+UJ8hrMI=">AAAB6nicbZDLSgMxFIZPvNZ6q7rTTbAIrsqMKLqzoAuXFe0F2qFk0kwbmskMSUaoQx/BjQtF3PoWvoULwedQ96aXhbb+EPj4/3PIOcePBdfGcT7QzOzc/MJiZim7vLK6tp7b2KzoKFGUlWkkIlXziWaCS1Y23AhWixUjoS9Y1e+eDfLqDVOaR/La9GLmhaQtecApMda6um26zVzeKThD4Wlwx5A//Xz/Pn/d/io1c2+NVkSTkElDBdG67jqx8VKiDKeC9bONRLOY0C5ps7pFSUKmvXQ4ah/vWaeFg0jZJw0eur87UhJq3Qt9WxkS09GT2cD8L6snJjjxUi7jxDBJRx8FicAmwoO9cYsrRo3oWSBUcTsrph2iCDX2Oll7BHdy5WmoHBTcw8LRpZMvYhgpAzuwC/vgwjEU4QJKUAYKbbiDB3hEAt2jJ/Q8Kp1B454t+CP08gPOT5KO</latexit>

z3

<latexit sha1_base64="kKvWoQbbaIuEDp7PYj79owIN8IM=">AAAB6nicbZDLSgMxFIbP1Futt6o73QSL4KrMeEF3FnThsqK9QDuUTJppQzOZIckIdegjuHGhiFvfwrdwIfgc6t6004W2/hD4+P9zyDnHizhT2rY/rMzM7Nz8QnYxt7S8srqWX9+oqjCWhFZIyENZ97CinAla0UxzWo8kxYHHac3rnQ3z2g2VioXiWvcj6ga4I5jPCNbGurptHbTyBbtoj4SmwRlD4fTz/fv8deur3Mq/NdshiQMqNOFYqYZjR9pNsNSMcDrINWNFI0x6uEMbBgUOqHKT0agDtGucNvJDaZ7QaOT+7khwoFQ/8ExlgHVXTWZD87+sEWv/xE2YiGJNBUk/8mOOdIiGe6M2k5Ro3jeAiWRmVkS6WGKizXVy5gjO5MrTUN0vOofFo0u7UEKQKgvbsAN74MAxlOACylABAh24gwd4tLh1bz1Zz2lpxhr3bMIfWS8/0VeSkA==</latexit>

zj

<latexit sha1_base64="z9UAzsTyP0z1LRlXX7q/bEQr+JE=">AAAB6nicbVDLSgNBEOyNj8T4inr0MhgET2FXFD0GvHiMxDwwWcLsZDYZMzuzzMwKccnBD/DiQRFPgn/gn3jzb5w8DppY0FBUddPdFcScaeO6305maXllNZtby69vbG5tF3Z261omitAakVyqZoA15UzQmmGG02asKI4CThvB4GLsN+6o0kyKazOMqR/hnmAhI9hYqXrfue0Uim7JnQAtEm9GiuXM+8NN9rNa6RS+2l1JkogKQzjWuuW5sfFTrAwjnI7y7UTTGJMB7tGWpQJHVPvp5NQROrRKF4VS2RIGTdTfEymOtB5Gge2MsOnreW8s/ue1EhOe+ykTcWKoINNFYcKRkWj8N+oyRYnhQ0swUczeikgfK0yMTSdvQ/DmX14k9eOSd1I6vbJpIJgiB/twAEfgwRmU4RIqUAMCPXiEZ3hxuPPkvDpv09aMM5vZgz9wPn4AHaWQiA==</latexit>

j

<latexit sha1_base64="kyf7UpMrYg7h6iYdJwQRpGwQCIY=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIFhLuRNHOgI1lAuYByRH2NnPJJnsPdveEcKS2sLFQxNY/yc7e0n/Azs2j0MQPFn583ww7M14suNK2/WFllpZXVtey67mNza3tnfzuXk1FiWRYZZGIZMOjCgUPsaq5FtiIJdLAE1j3BtfjvH6HUvEovNXDGN2AdkPuc0a1sSr9dr5gF+2JyCI4Myhcfd/zr5NPLLfz761OxJIAQ80EVarp2LF2Uyo1ZwJHuVaiMKZsQLvYNBjSAJWbTgYdkSPjdIgfSfNCTSbu746UBkoNA89UBlT31Hw2Nv/Lmon2L92Uh3GiMWTTj/xEEB2R8dakwyUyLYYGKJPczEpYj0rKtLlNzhzBmV95EWqnReeseF6xCyUCU2XhAA7hGBy4gBLcQBmqwADhAZ7g2epbj9aL9TotzViznn34I+vtB+LMkVk=</latexit>
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Derive BB‐IS in a similar way to BB‐ELBO

decode {zi}Ni=1 with ⇧N
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encode {zi}i 6=j with ⇧i 6=jq(zi|x)

<latexit sha1_base64="FhrtW3H8mWSNM2IckpZpVU0YCCU="></latexit>

encode x with p(x|zj)

<latexit sha1_base64="8OZk/JafOuXuqNjcwLqZLWp+2/8="></latexit>

x

<latexit sha1_base64="Rb91yW1C/VfwxwQqgumjHVUH55w=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JmAWSIbQ06lJ2vQsdPeIccgTePGgiFfx7MN48+ib2FkOGv2h4eP/q+iq8mLBlbbtTyszN7+wuJRdzq2srq1v5De3aipKJMMqi0QkGx5VKHiIVc21wEYskQaewLrXPx/l9RuUikfhlR7E6Aa0G3KfM6qNVblt5wt20R6L/AVnCoWzt7uvi/edtNzOf7Q6EUsCDDUTVKmmY8faTanUnAkc5lqJwpiyPu1i02BIA1RuOh50SPaN0yF+JM0LNRm7PztSGig1CDxTGVDdU7PZyPwvaybaP3VTHsaJxpBNPvITQXRERluTDpfItBgYoExyMythPSop0+Y2OXMEZ3blv1A7LDpHxeOKXSgRmCgLu7AHB+DACZTgEspQBQYI9/AIT9a19WA9Wy+T0ow17dmGX7JevwHsyJCg</latexit>

zj

<latexit sha1_base64="z9UAzsTyP0z1LRlXX7q/bEQr+JE=">AAAB6nicbVDLSgNBEOyNj8T4inr0MhgET2FXFD0GvHiMxDwwWcLsZDYZMzuzzMwKccnBD/DiQRFPgn/gn3jzb5w8DppY0FBUddPdFcScaeO6305maXllNZtby69vbG5tF3Z261omitAakVyqZoA15UzQmmGG02asKI4CThvB4GLsN+6o0kyKazOMqR/hnmAhI9hYqXrfue0Uim7JnQAtEm9GiuXM+8NN9rNa6RS+2l1JkogKQzjWuuW5sfFTrAwjnI7y7UTTGJMB7tGWpQJHVPvp5NQROrRKF4VS2RIGTdTfEymOtB5Gge2MsOnreW8s/ue1EhOe+ykTcWKoINNFYcKRkWj8N+oyRYnhQ0swUczeikgfK0yMTSdvQ/DmX14k9eOSd1I6vbJpIJgiB/twAEfgwRmU4RIqUAMCPXiEZ3hxuPPkvDpv09aMM5vZgz9wPn4AHaWQiA==</latexit>
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decode j with Cat(w̃j)

<latexit sha1_base64="siaXHM3zYaGecMus9YdPdAcV8YM="></latexit>

Q decode

<latexit sha1_base64="tZyJDrZj2GEy2SGc0xArDwxak0o=">AAAB+3icbVC7SgNBFJ31GeNrjaXNYBAsJOyKop0BG8sEzAOSJczO3k2GzD6YmRXDsrb+hY2FIrb+iJ29pT9g52ySQhMPDBzOuZd75rgxZ1JZ1oexsLi0vLJaWCuub2xubZs7paaMEkGhQSMeibZLJHAWQkMxxaEdCyCBy6HlDi9zv3UDQrIovFajGJyA9EPmM0qUlnpmqX7XDYgaiCD1gEYeZLhnlq2KNQaeJ/aUlC++79nX0SfUeuZ714toEkCoKCdSdmwrVk5KhGKUQ1bsJhJiQoekDx1NQxKAdNJx9gwfaMXDfiT0CxUeq783UhJIOQpcPZnnlLNeLv7ndRLlnzspC+NEQUgnh/yEYxXhvAjsMQFU8ZEmhAqms2I6IIJQpesq6hLs2S/Pk+ZxxT6pnNatchWjCQpoD+2jQ2SjM1RFV6iGGoiiW/SAntCzkRmPxovxOhldMKY7u+gPjLcfUsWY+g==</latexit>

encode {zi}i 6=j with ⇧i 6=jq(zi|x)

<latexit sha1_base64="FhrtW3H8mWSNM2IckpZpVU0YCCU="></latexit>

encode x with p(x|zj)

<latexit sha1_base64="8OZk/JafOuXuqNjcwLqZLWp+2/8="></latexit>

encode zj with p(zj)

<latexit sha1_base64="mKRq9Y/lzUrBxlxuON06Jv0hFsU=">AAACFXicbVDLSgMxFM3UR2t9VV26CRahgpQZUXRZcOOyon1gZyiZTNrGJjNDklHqMAV/wY1rv8GNGxeKuBXc+TemD0FbDwQO59xL7jluyKhUpvllpGZm5+bTmYXs4tLyympubb0qg0hgUsEBC0TdRZIw6pOKooqReigI4i4jNbd7PPBrV0RIGvjnqhcSh6O2T1sUI6WlZm7X5kh1BI+JjwOPJNCGN81L2P+Rr6nqJH0YFrS608zlzaI5BJwm1pjkS6mH24v041m5mfu0vQBHnPgKMyRlwzJD5cRIKIoZSbJ2JEmIcBe1SUNTH3EinXiYKoHbWvFgKxD6+QoO1d8bMeJS9rirJwfHyklvIP7nNSLVOnJi6oeR0qlHH7UiBlUABxVBjwqCFetpgrCg+laIO0ggrHSRWV2CNRl5mlT3itZ+8eBUtwHBCBmwCbZAAVjgEJTACSiDCsDgDjyBF/Bq3BvPxpvxPhpNGeOdDfAHxsc33L2iEw==</latexit>

zj

<latexit sha1_base64="z9UAzsTyP0z1LRlXX7q/bEQr+JE=">AAAB6nicbVDLSgNBEOyNj8T4inr0MhgET2FXFD0GvHiMxDwwWcLsZDYZMzuzzMwKccnBD/DiQRFPgn/gn3jzb5w8DppY0FBUddPdFcScaeO6305maXllNZtby69vbG5tF3Z261omitAakVyqZoA15UzQmmGG02asKI4CThvB4GLsN+6o0kyKazOMqR/hnmAhI9hYqXrfue0Uim7JnQAtEm9GiuXM+8NN9rNa6RS+2l1JkogKQzjWuuW5sfFTrAwjnI7y7UTTGJMB7tGWpQJHVPvp5NQROrRKF4VS2RIGTdTfEymOtB5Gge2MsOnreW8s/ue1EhOe+ykTcWKoINNFYcKRkWj8N+oyRYnhQ0swUczeikgfK0yMTSdvQ/DmX14k9eOSd1I6vbJpIJgiB/twAEfgwRmU4RIqUAMCPXiEZ3hxuPPkvDpv09aMM5vZgz9wPn4AHaWQiA==</latexit>

j

<latexit sha1_base64="kyf7UpMrYg7h6iYdJwQRpGwQCIY=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIFhLuRNHOgI1lAuYByRH2NnPJJnsPdveEcKS2sLFQxNY/yc7e0n/Azs2j0MQPFn583ww7M14suNK2/WFllpZXVtey67mNza3tnfzuXk1FiWRYZZGIZMOjCgUPsaq5FtiIJdLAE1j3BtfjvH6HUvEovNXDGN2AdkPuc0a1sSr9dr5gF+2JyCI4Myhcfd/zr5NPLLfz761OxJIAQ80EVarp2LF2Uyo1ZwJHuVaiMKZsQLvYNBjSAJWbTgYdkSPjdIgfSfNCTSbu746UBkoNA89UBlT31Hw2Nv/Lmon2L92Uh3GiMWTTj/xEEB2R8dakwyUyLYYGKJPczEpYj0rKtLlNzhzBmV95EWqnReeseF6xCyUCU2XhAA7hGBy4gBLcQBmqwADhAZ7g2epbj9aL9TotzViznn34I+vtB+LMkVk=</latexit>
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Bits‐Back Importance Sampling

Derive BB‐IS in a similar way to BB‐ELBO

decode {zi}Ni=1 with ⇧N
i=1q(zi|x)

<latexit sha1_base64="uRtJmUOgtbdwA3c6jYi05SWpluQ="></latexit>

decode j with Cat(w̃j)

<latexit sha1_base64="siaXHM3zYaGecMus9YdPdAcV8YM="></latexit>

Q decode

<latexit sha1_base64="tZyJDrZj2GEy2SGc0xArDwxak0o=">AAAB+3icbVC7SgNBFJ31GeNrjaXNYBAsJOyKop0BG8sEzAOSJczO3k2GzD6YmRXDsrb+hY2FIrb+iJ29pT9g52ySQhMPDBzOuZd75rgxZ1JZ1oexsLi0vLJaWCuub2xubZs7paaMEkGhQSMeibZLJHAWQkMxxaEdCyCBy6HlDi9zv3UDQrIovFajGJyA9EPmM0qUlnpmqX7XDYgaiCD1gEYeZLhnlq2KNQaeJ/aUlC++79nX0SfUeuZ714toEkCoKCdSdmwrVk5KhGKUQ1bsJhJiQoekDx1NQxKAdNJx9gwfaMXDfiT0CxUeq783UhJIOQpcPZnnlLNeLv7ndRLlnzspC+NEQUgnh/yEYxXhvAjsMQFU8ZEmhAqms2I6IIJQpesq6hLs2S/Pk+ZxxT6pnNatchWjCQpoD+2jQ2SjM1RFV6iGGoiiW/SAntCzkRmPxovxOhldMKY7u+gPjLcfUsWY+g==</latexit>

encode {zi}i 6=j with ⇧i 6=jq(zi|x)

<latexit sha1_base64="FhrtW3H8mWSNM2IckpZpVU0YCCU="></latexit>

encode x with p(x|zj)

<latexit sha1_base64="8OZk/JafOuXuqNjcwLqZLWp+2/8="></latexit>

encode zj with p(zj)

<latexit sha1_base64="mKRq9Y/lzUrBxlxuON06Jv0hFsU=">AAACFXicbVDLSgMxFM3UR2t9VV26CRahgpQZUXRZcOOyon1gZyiZTNrGJjNDklHqMAV/wY1rv8GNGxeKuBXc+TemD0FbDwQO59xL7jluyKhUpvllpGZm5+bTmYXs4tLyympubb0qg0hgUsEBC0TdRZIw6pOKooqReigI4i4jNbd7PPBrV0RIGvjnqhcSh6O2T1sUI6WlZm7X5kh1BI+JjwOPJNCGN81L2P+Rr6nqJH0YFrS608zlzaI5BJwm1pjkS6mH24v041m5mfu0vQBHnPgKMyRlwzJD5cRIKIoZSbJ2JEmIcBe1SUNTH3EinXiYKoHbWvFgKxD6+QoO1d8bMeJS9rirJwfHyklvIP7nNSLVOnJi6oeR0qlHH7UiBlUABxVBjwqCFetpgrCg+laIO0ggrHSRWV2CNRl5mlT3itZ+8eBUtwHBCBmwCbZAAVjgEJTACSiDCsDgDjyBF/Bq3BvPxpvxPhpNGeOdDfAHxsc33L2iEw==</latexit>

encode j with Cat(1/N)

<latexit sha1_base64="wJwUgpFeCQ4W+BesI2a+WAp2Des="></latexit>

j

<latexit sha1_base64="kyf7UpMrYg7h6iYdJwQRpGwQCIY=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIFhLuRNHOgI1lAuYByRH2NnPJJnsPdveEcKS2sLFQxNY/yc7e0n/Azs2j0MQPFn583ww7M14suNK2/WFllpZXVtey67mNza3tnfzuXk1FiWRYZZGIZMOjCgUPsaq5FtiIJdLAE1j3BtfjvH6HUvEovNXDGN2AdkPuc0a1sSr9dr5gF+2JyCI4Myhcfd/zr5NPLLfz761OxJIAQ80EVarp2LF2Uyo1ZwJHuVaiMKZsQLvYNBjSAJWbTgYdkSPjdIgfSfNCTSbu746UBkoNA89UBlT31Hw2Nv/Lmon2L92Uh3GiMWTTj/xEEB2R8dakwyUyLYYGKJPczEpYj0rKtLlNzhzBmV95EWqnReeseF6xCyUCU2XhAA7hGBy4gBLcQBmqwADhAZ7g2epbj9aL9TotzViznn34I+vtB+LMkVk=</latexit>
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Bits‐Back Importance Sampling

Derive BB‐IS in a similar way to BB‐ELBO

decode {zi}Ni=1 with ⇧N
i=1q(zi|x)

<latexit sha1_base64="uRtJmUOgtbdwA3c6jYi05SWpluQ="></latexit>

decode j with Cat(w̃j)

<latexit sha1_base64="siaXHM3zYaGecMus9YdPdAcV8YM="></latexit>

Q decode

<latexit sha1_base64="tZyJDrZj2GEy2SGc0xArDwxak0o=">AAAB+3icbVC7SgNBFJ31GeNrjaXNYBAsJOyKop0BG8sEzAOSJczO3k2GzD6YmRXDsrb+hY2FIrb+iJ29pT9g52ySQhMPDBzOuZd75rgxZ1JZ1oexsLi0vLJaWCuub2xubZs7paaMEkGhQSMeibZLJHAWQkMxxaEdCyCBy6HlDi9zv3UDQrIovFajGJyA9EPmM0qUlnpmqX7XDYgaiCD1gEYeZLhnlq2KNQaeJ/aUlC++79nX0SfUeuZ714toEkCoKCdSdmwrVk5KhGKUQ1bsJhJiQoekDx1NQxKAdNJx9gwfaMXDfiT0CxUeq783UhJIOQpcPZnnlLNeLv7ndRLlnzspC+NEQUgnh/yEYxXhvAjsMQFU8ZEmhAqms2I6IIJQpesq6hLs2S/Pk+ZxxT6pnNatchWjCQpoD+2jQ2SjM1RFV6iGGoiiW/SAntCzkRmPxovxOhldMKY7u+gPjLcfUsWY+g==</latexit>

encode {zi}i 6=j with ⇧i 6=jq(zi|x)

<latexit sha1_base64="FhrtW3H8mWSNM2IckpZpVU0YCCU="></latexit>

encode x with p(x|zj)

<latexit sha1_base64="8OZk/JafOuXuqNjcwLqZLWp+2/8="></latexit>

encode zj with p(zj)

<latexit sha1_base64="mKRq9Y/lzUrBxlxuON06Jv0hFsU=">AAACFXicbVDLSgMxFM3UR2t9VV26CRahgpQZUXRZcOOyon1gZyiZTNrGJjNDklHqMAV/wY1rv8GNGxeKuBXc+TemD0FbDwQO59xL7jluyKhUpvllpGZm5+bTmYXs4tLyympubb0qg0hgUsEBC0TdRZIw6pOKooqReigI4i4jNbd7PPBrV0RIGvjnqhcSh6O2T1sUI6WlZm7X5kh1BI+JjwOPJNCGN81L2P+Rr6nqJH0YFrS608zlzaI5BJwm1pjkS6mH24v041m5mfu0vQBHnPgKMyRlwzJD5cRIKIoZSbJ2JEmIcBe1SUNTH3EinXiYKoHbWvFgKxD6+QoO1d8bMeJS9rirJwfHyklvIP7nNSLVOnJi6oeR0qlHH7UiBlUABxVBjwqCFetpgrCg+laIO0ggrHSRWV2CNRl5mlT3itZ+8eBUtwHBCBmwCbZAAVjgEJTACSiDCsDgDjyBF/Bq3BvPxpvxPhpNGeOdDfAHxsc33L2iEw==</latexit>

encode j with Cat(1/N)

<latexit sha1_base64="wJwUgpFeCQ4W+BesI2a+WAp2Des="></latexit>

P encode

<latexit sha1_base64="c8kC2+ynMoiNte6ryv6pye5xW2Q=">AAAB+3icbVDLSgMxFM34rPU1VndugkVwVWZE0Z0FF7qsYB/QDiWTybShmWRIMmIdxk9xo6CIuPNH3Ln0T8y0XWjrgcDhnHvJucePGVXacb6sufmFxaXlwkpxdW19Y9PeKjWUSCQmdSyYkC0fKcIoJ3VNNSOtWBIU+Yw0/cF57jdviFRU8Gs9jIkXoR6nIcVIG6lrl2r3nQjpvoxSwrEISAa7dtmpOCPAWeJOSPns6e774n0nrXXtz04gcBIRrjFDSrVdJ9ZeiqSmmJGs2EkUiREeoB5pG8pRRJSXjrJncN8oAQyFNI9rOFJ/b6QoUmoY+WYyz6mmvVz8z2snOjz1UsrjRJvLxh+FCYNawLwIGFBJsGZDQxCW1GSFuI8kwtrUVTQluNMnz5LGYcU9qhxfOeUqBGMUwC7YAwfABSegCi5BDdQBBrfgATyDFyuzHq1X6208OmdNdrbBH1gfP1VZmDw=</latexit>
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Bits‐Back Importance Sampling

BB‐IS...

⌣ ideally achieves a net bitrate equal to the negative IWAE and
asymptotically reaches the cross‐entropy

⌢ requires O(N) initial bits ⇐ O(N) decoded latent variables
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Bits‐Back Coupled Importance Sampling

Key idea: coupling the particles {zi}N
i=1 by a shared random number⇒

decoding a single random number is enough!

Recap (inverse CDF technique): for a continuous distribution, we can
simulate it by applying its inverse CDF to a random uniform on [0, 1]

Discrete analog: suppose q is approximated to an integer precision r
such that 2rq(z | x) is an integer for all z ∈ S′. The discrete analog of
the inverse CDF function F−1

q maps the uniform samples on
{0 .. 2r − 1} into samples from q

<latexit sha1_base64="yeRNNDJMKGneS2yS5ABP7q0FNYU=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIqMeCF48VrS2kpWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ATVcipi3UKDknURzGgWSt4PxTe63n7g2QsUPOEl4L6LDWISCUbSS340ojoIgu5+e9qs1t+7OQJaJV5AaFGj2q1/dgWJpxGNkkhrje26CvYxqFEzyaaWbGp5QNqZD7lsa04ibXjaLPCUnVhmQUGn7YiQz9fdGRiNjJlFgJ/OIZtHLxf88P8XwupeJOEmRx2z+UZhKgork95OB0JyhnFhCmRY2K2EjqilD21LFluAtnrxMHs/r3mXdvbuoNUhRRxmO4BjOwIMraMAtNKEFDBQ8wyu8Oei8OO/Ox3y05BQ7h/AHzucPGoaRBw==</latexit>

S0 <latexit sha1_base64="AUWVVldSyvNCU4vc3Tpz/9qT3HE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6V1W3cVmpkTyOIpzAKZyDB9dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/gfP4A4K2M4Q==</latexit>z

<latexit sha1_base64="1iLlAwTzIcispeW2Vc6LN/DnE+Y=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqwbIroh4LgnisYD9gu5Zsmm1Ds8mazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39plGppqxBlVC6HRLDBJesARwEayeakTgUrBUOryd+64lpw5W8h1HCgpj0JY84JWAl/6b7+JCdeuNKetItld2qOwVeJF5OyihHvVv66vQUTWMmgQpijO+5CQQZ0cCpYONiJzUsIXRI+sy3VJKYmSCbnjzGx1bp4UhpWxLwVP09kZHYmFEc2s6YwMDMexPxP89PIboKMi6TFJiks0VRKjAoPPkf97hmFMTIEkI1t7diOiCaULApFW0I3vzLi6R5VvUuqu7debmG8zgK6BAdoQry0CWqoVtURw1EkULP6BW9OeC8OO/Ox6x1yclnDtAfOJ8/EqCQWw==</latexit>

F�1
q (u)

<latexit sha1_base64="pDn2jgbY6ov2ThYBjkoJyS88n+w=">AAAB+3icbVDLSgMxFL3js9bXWJeCBItQQcpMF+qy4MZlK/YBbS2ZNNOGZh4mGWkdu/Q33LhQxK3gd7jzG/wJM20X2nrgXg7n3EtujhNyJpVlfRkLi0vLK6uptfT6xubWtrmTqcogEoRWSMADUXewpJz5tKKY4rQeCoo9h9Oa0z9P/NotFZIF/pUahrTl4a7PXEaw0lLbzBSuBbrJ3aHmMbpP2uCobWatvDUGmif2lGSLUP5+2P+4LLXNz2YnIJFHfUU4lrJhW6FqxVgoRjgdpZuRpCEmfdylDU197FHZise3j9ChVjrIDYQuX6Gx+nsjxp6UQ8/Rkx5WPTnrJeJ/XiNS7lkrZn4YKeqTyUNuxJEKUBIE6jBBieJDTTARTN+KSA8LTJSOK61DsGe/PE+qhbx9krfKOg0EE6RgDw4gBzacQhEuoAQVIDCAR3iGF2NkPBmvxttkdMGY7uzCHxjvP+SxlUk=</latexit>

2rq(z |x)

<latexit sha1_base64="98peRRCnPgvoR6MnfDfbl5Ax8U4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVtXlfqJI+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/ZGYzc</latexit>u
<latexit sha1_base64="/LUnPzhJ8S9c7n/XdUUyY10Dak8=">AAAB+3icbVDLSsNAFL3xWesr1qUgg0VwY0i6UJcFNy5bsQ9oYplMJ+3QyYOZiVhClv6GGxeKuBX8Dnd+gz/h9LHQ1gMXDufcy733+AlnUtn2l7G0vLK6tl7YKG5ube/smnulpoxTQWiDxDwWbR9LyllEG4opTtuJoDj0OW35w8ux37qjQrI4ulGjhHoh7kcsYAQrLXXNkpvZLrIsF1VuBTpFjpt3zbJt2ROgReLMSLkK9e+Hw4/rWtf8dHsxSUMaKcKxlB3HTpSXYaEY4TQvuqmkCSZD3KcdTSMcUullk9tzdKyVHgpioStSaKL+nshwKOUo9HVniNVAzntj8T+vk6rgwstYlKSKRmS6KEg5UjEaB4F6TFCi+EgTTATTtyIywAITpeMq6hCc+ZcXSbNiOWeWXddpIJiiAAdwBCfgwDlU4Qpq0AAC9/AIz/Bi5MaT8Wq8TVuXjNnMPvyB8f4DzWyVOw==</latexit>

{0 .. 2r � 1}
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Bits‐Back Coupled Importance Sampling

Key idea: coupling the particles {zi}N
i=1 by a shared random number⇒

decoding a single random number is enough!

Recap (inverse CDF technique): for a continuous distribution, we can
simulate it by applying its inverse CDF to a random uniform on [0, 1]

Discrete analog: suppose q is approximated to an integer precision r
such that 2rq(z | x) is an integer for all z ∈ S′. The discrete analog of
the inverse CDF function F−1

q maps the uniform samples on
{0 .. 2r − 1} into samples from q

<latexit sha1_base64="yeRNNDJMKGneS2yS5ABP7q0FNYU=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIqMeCF48VrS2kpWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ATVcipi3UKDknURzGgWSt4PxTe63n7g2QsUPOEl4L6LDWISCUbSS340ojoIgu5+e9qs1t+7OQJaJV5AaFGj2q1/dgWJpxGNkkhrje26CvYxqFEzyaaWbGp5QNqZD7lsa04ibXjaLPCUnVhmQUGn7YiQz9fdGRiNjJlFgJ/OIZtHLxf88P8XwupeJOEmRx2z+UZhKgork95OB0JyhnFhCmRY2K2EjqilD21LFluAtnrxMHs/r3mXdvbuoNUhRRxmO4BjOwIMraMAtNKEFDBQ8wyu8Oei8OO/Ox3y05BQ7h/AHzucPGoaRBw==</latexit>

S0 <latexit sha1_base64="AUWVVldSyvNCU4vc3Tpz/9qT3HE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6V1W3cVmpkTyOIpzAKZyDB9dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/gfP4A4K2M4Q==</latexit>z

<latexit sha1_base64="1iLlAwTzIcispeW2Vc6LN/DnE+Y=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqwbIroh4LgnisYD9gu5Zsmm1Ds8mazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39plGppqxBlVC6HRLDBJesARwEayeakTgUrBUOryd+64lpw5W8h1HCgpj0JY84JWAl/6b7+JCdeuNKetItld2qOwVeJF5OyihHvVv66vQUTWMmgQpijO+5CQQZ0cCpYONiJzUsIXRI+sy3VJKYmSCbnjzGx1bp4UhpWxLwVP09kZHYmFEc2s6YwMDMexPxP89PIboKMi6TFJiks0VRKjAoPPkf97hmFMTIEkI1t7diOiCaULApFW0I3vzLi6R5VvUuqu7debmG8zgK6BAdoQry0CWqoVtURw1EkULP6BW9OeC8OO/Ox6x1yclnDtAfOJ8/EqCQWw==</latexit>

F�1
q (u)

<latexit sha1_base64="pDn2jgbY6ov2ThYBjkoJyS88n+w=">AAAB+3icbVDLSgMxFL3js9bXWJeCBItQQcpMF+qy4MZlK/YBbS2ZNNOGZh4mGWkdu/Q33LhQxK3gd7jzG/wJM20X2nrgXg7n3EtujhNyJpVlfRkLi0vLK6uptfT6xubWtrmTqcogEoRWSMADUXewpJz5tKKY4rQeCoo9h9Oa0z9P/NotFZIF/pUahrTl4a7PXEaw0lLbzBSuBbrJ3aHmMbpP2uCobWatvDUGmif2lGSLUP5+2P+4LLXNz2YnIJFHfUU4lrJhW6FqxVgoRjgdpZuRpCEmfdylDU197FHZise3j9ChVjrIDYQuX6Gx+nsjxp6UQ8/Rkx5WPTnrJeJ/XiNS7lkrZn4YKeqTyUNuxJEKUBIE6jBBieJDTTARTN+KSA8LTJSOK61DsGe/PE+qhbx9krfKOg0EE6RgDw4gBzacQhEuoAQVIDCAR3iGF2NkPBmvxttkdMGY7uzCHxjvP+SxlUk=</latexit>

2rq(z |x)

<latexit sha1_base64="98peRRCnPgvoR6MnfDfbl5Ax8U4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVtXlfqJI+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/ZGYzc</latexit>u
<latexit sha1_base64="/LUnPzhJ8S9c7n/XdUUyY10Dak8=">AAAB+3icbVDLSsNAFL3xWesr1qUgg0VwY0i6UJcFNy5bsQ9oYplMJ+3QyYOZiVhClv6GGxeKuBX8Dnd+gz/h9LHQ1gMXDufcy733+AlnUtn2l7G0vLK6tl7YKG5ube/smnulpoxTQWiDxDwWbR9LyllEG4opTtuJoDj0OW35w8ux37qjQrI4ulGjhHoh7kcsYAQrLXXNkpvZLrIsF1VuBTpFjpt3zbJt2ROgReLMSLkK9e+Hw4/rWtf8dHsxSUMaKcKxlB3HTpSXYaEY4TQvuqmkCSZD3KcdTSMcUullk9tzdKyVHgpioStSaKL+nshwKOUo9HVniNVAzntj8T+vk6rgwstYlKSKRmS6KEg5UjEaB4F6TFCi+EgTTATTtyIywAITpeMq6hCc+ZcXSbNiOWeWXddpIJiiAAdwBCfgwDlU4Qpq0AAC9/AIz/Bi5MaT8Wq8TVuXjNnMPvyB8f4DzWyVOw==</latexit>

{0 .. 2r � 1}
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Bits‐Back Coupled Importance Sampling

Key idea: coupling the particles {zi}N
i=1 by a shared random number⇒

decoding a single random number is enough!

Recap (inverse CDF technique): for a continuous distribution, we can
simulate it by applying its inverse CDF to a random uniform on [0, 1]

Discrete analog: suppose q is approximated to an integer precision r
such that 2rq(z | x) is an integer for all z ∈ S′. The discrete analog of
the inverse CDF function F−1

q maps the uniform samples on
{0 .. 2r − 1} into samples from q
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Bits‐Back Coupled Importance Sampling

Reparamerization: reparamerize the particles {zi}N
i=1 by a single

uniform random variable u1

<latexit sha1_base64="yeRNNDJMKGneS2yS5ABP7q0FNYU=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIqMeCF48VrS2kpWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ATVcipi3UKDknURzGgWSt4PxTe63n7g2QsUPOEl4L6LDWISCUbSS340ojoIgu5+e9qs1t+7OQJaJV5AaFGj2q1/dgWJpxGNkkhrje26CvYxqFEzyaaWbGp5QNqZD7lsa04ibXjaLPCUnVhmQUGn7YiQz9fdGRiNjJlFgJ/OIZtHLxf88P8XwupeJOEmRx2z+UZhKgork95OB0JyhnFhCmRY2K2EjqilD21LFluAtnrxMHs/r3mXdvbuoNUhRRxmO4BjOwIMraMAtNKEFDBQ8wyu8Oei8OO/Ox3y05BQ7h/AHzucPGoaRBw==</latexit>

S0

<latexit sha1_base64="/LUnPzhJ8S9c7n/XdUUyY10Dak8=">AAAB+3icbVDLSsNAFL3xWesr1qUgg0VwY0i6UJcFNy5bsQ9oYplMJ+3QyYOZiVhClv6GGxeKuBX8Dnd+gz/h9LHQ1gMXDufcy733+AlnUtn2l7G0vLK6tl7YKG5ube/smnulpoxTQWiDxDwWbR9LyllEG4opTtuJoDj0OW35w8ux37qjQrI4ulGjhHoh7kcsYAQrLXXNkpvZLrIsF1VuBTpFjpt3zbJt2ROgReLMSLkK9e+Hw4/rWtf8dHsxSUMaKcKxlB3HTpSXYaEY4TQvuqmkCSZD3KcdTSMcUullk9tzdKyVHgpioStSaKL+nshwKOUo9HVniNVAzntj8T+vk6rgwstYlKSKRmS6KEg5UjEaB4F6TFCi+EgTTATTtyIywAITpeMq6hCc+ZcXSbNiOWeWXddpIJiiAAdwBCfgwDlU4Qpq0AAC9/AIz/Bi5MaT8Wq8TVuXjNnMPvyB8f4DzWyVOw==</latexit>

{0 .. 2r � 1} u1

<latexit sha1_base64="ZgEMo9k5ZFvffT25JTlboVy2aCY=">AAAB6nicbZDLSgMxFIbP1Futt6o73QSL4KrMiKI7C7pwWdFeoB1KJs20oUlmSDJCGfoIblwo4ta38C1cCD6Huje9LLT1h8DH/59DzjlBzJk2rvvhZObmFxaXssu5ldW19Y385lZVR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB3Psxrt1RpFskb04+pL3BHspARbKx1nbS8Vr7gFt2R0Cx4Eyicfb5/X7zufJVb+bdmOyKJoNIQjrVueG5s/BQrwwing1wz0TTGpIc7tGFRYkG1n45GHaB967RRGCn7pEEj93dHioXWfRHYSoFNV09nQ/O/rJGY8NRPmYwTQyUZfxQmHJkIDfdGbaYoMbxvARPF7KyIdLHCxNjr5OwRvOmVZ6F6WPSOisdXbqGEYKws7MIeHIAHJ1CCSyhDBQh04A4e4NHhzr3z5DyPSzPOpGcb/sh5+QHGsZKJ</latexit>

⌣ Decoding a single uniform is all you need!
⌣ The initial bit cost is reduced to

r − log w̃j ∈ O(1) +O(logN) = O(logN)

In practice, the O(1) term dominates
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Bits‐Back Coupled Importance Sampling

Reparamerization: reparamerize the particles {zi}N
i=1 by a single

uniform random variable u1

<latexit sha1_base64="yeRNNDJMKGneS2yS5ABP7q0FNYU=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIqMeCF48VrS2kpWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ATVcipi3UKDknURzGgWSt4PxTe63n7g2QsUPOEl4L6LDWISCUbSS340ojoIgu5+e9qs1t+7OQJaJV5AaFGj2q1/dgWJpxGNkkhrje26CvYxqFEzyaaWbGp5QNqZD7lsa04ibXjaLPCUnVhmQUGn7YiQz9fdGRiNjJlFgJ/OIZtHLxf88P8XwupeJOEmRx2z+UZhKgork95OB0JyhnFhCmRY2K2EjqilD21LFluAtnrxMHs/r3mXdvbuoNUhRRxmO4BjOwIMraMAtNKEFDBQ8wyu8Oei8OO/Ox3y05BQ7h/AHzucPGoaRBw==</latexit>

S0

<latexit sha1_base64="/LUnPzhJ8S9c7n/XdUUyY10Dak8=">AAAB+3icbVDLSsNAFL3xWesr1qUgg0VwY0i6UJcFNy5bsQ9oYplMJ+3QyYOZiVhClv6GGxeKuBX8Dnd+gz/h9LHQ1gMXDufcy733+AlnUtn2l7G0vLK6tl7YKG5ube/smnulpoxTQWiDxDwWbR9LyllEG4opTtuJoDj0OW35w8ux37qjQrI4ulGjhHoh7kcsYAQrLXXNkpvZLrIsF1VuBTpFjpt3zbJt2ROgReLMSLkK9e+Hw4/rWtf8dHsxSUMaKcKxlB3HTpSXYaEY4TQvuqmkCSZD3KcdTSMcUullk9tzdKyVHgpioStSaKL+nshwKOUo9HVniNVAzntj8T+vk6rgwstYlKSKRmS6KEg5UjEaB4F6TFCi+EgTTATTtyIywAITpeMq6hCc+ZcXSbNiOWeWXddpIJiiAAdwBCfgwDlU4Qpq0AAC9/AIz/Bi5MaT8Wq8TVuXjNnMPvyB8f4DzWyVOw==</latexit>

{0 .. 2r � 1} u1

<latexit sha1_base64="ZgEMo9k5ZFvffT25JTlboVy2aCY=">AAAB6nicbZDLSgMxFIbP1Futt6o73QSL4KrMiKI7C7pwWdFeoB1KJs20oUlmSDJCGfoIblwo4ta38C1cCD6Huje9LLT1h8DH/59DzjlBzJk2rvvhZObmFxaXssu5ldW19Y385lZVR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB3Psxrt1RpFskb04+pL3BHspARbKx1nbS8Vr7gFt2R0Cx4Eyicfb5/X7zufJVb+bdmOyKJoNIQjrVueG5s/BQrwwing1wz0TTGpIc7tGFRYkG1n45GHaB967RRGCn7pEEj93dHioXWfRHYSoFNV09nQ/O/rJGY8NRPmYwTQyUZfxQmHJkIDfdGbaYoMbxvARPF7KyIdLHCxNjr5OwRvOmVZ6F6WPSOisdXbqGEYKws7MIeHIAHJ1CCSyhDBQh04A4e4NHhzr3z5DyPSzPOpGcb/sh5+QHGsZKJ</latexit>

u2

<latexit sha1_base64="G/Xlr60QN9z+m2ImPS9eKq10T7A=">AAAB6nicbZDLSgMxFIZPvNZ6q7rTTbAIrspMUXRnQRcuK9oLtEPJpJk2NJMZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc44fC66N43ygufmFxaXlzEp2dW19YzO3tV3VUaIoq9BIRKruE80El6xiuBGsHitGQl+wmt87H+a1W6Y0j+SN6cfMC0lH8oBTYqx1nbSKrVzeKTgj4VlwJ5A/+3z/vnjd/Sq3cm/NdkSTkElDBdG64Tqx8VKiDKeCDbLNRLOY0B7psIZFSUKmvXQ06gAfWKeNg0jZJw0eub87UhJq3Q99WxkS09XT2dD8L2skJjj1Ui7jxDBJxx8FicAmwsO9cZsrRo3oWyBUcTsrpl2iCDX2Oll7BHd65VmoFgvuUeH4ysmXMIyVgT3Yh0Nw4QRKcAllqACFDtzBAzwige7RE3oel86hSc8O/BF6+QHINZKK</latexit>

u3

<latexit sha1_base64="nIVebl1Ra4nTogqGbf5VWl4RhdE=">AAAB6nicbZDLSgMxFIbPeK31VnWnm2ARXJUZL+jOgi5cVrQXaIeSSTNtaCYZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc04Qc6aN6344M7Nz8wuLmaXs8srq2npuY7OiZaIILRPJpaoFWFPOBC0bZjitxYriKOC0GnTPB3n1lirNpLgxvZj6EW4LFjKCjbWuk+ZhM5d3C+5QaBq8MeTPPt+/L163v0rN3FujJUkSUWEIx1rXPTc2foqVYYTTfraRaBpj0sVtWrcocES1nw5H7aM967RQKJV9wqCh+7sjxZHWvSiwlRE2HT2ZDcz/snpiwlM/ZSJODBVk9FGYcGQkGuyNWkxRYnjPAiaK2VkR6WCFibHXydojeJMrT0PloOAdFY6v3HwRwUgZ2IFd2AcPTqAIl1CCMhBowx08wKPDnXvnyXkelc44454t+CPn5QfJuZKL</latexit>

u4

<latexit sha1_base64="iumeKsu9BOyHuee9GCSJM1ycIUA=">AAAB6nicbZDLSgMxFIbPeK31VnWnm2ARXJUZqejOgi5cVrQXaIeSSTNtaJIZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc04Qc6aN6344c/MLi0vLmZXs6tr6xmZua7uqo0QRWiERj1Q9wJpyJmnFMMNpPVYUi4DTWtA7H+a1W6o0i+SN6cfUF7gjWcgINta6TlrFVi7vFtyR0Cx4E8iffb5/X7zufpVbubdmOyKJoNIQjrVueG5s/BQrwwing2wz0TTGpIc7tGFRYkG1n45GHaAD67RRGCn7pEEj93dHioXWfRHYSoFNV09nQ/O/rJGY8NRPmYwTQyUZfxQmHJkIDfdGbaYoMbxvARPF7KyIdLHCxNjrZO0RvOmVZ6F6VPCKheMrN19CMFYG9mAfDsGDEyjBJZShAgQ6cAcP8Ohw5955cp7HpXPOpGcH/sh5+QHLPZKM</latexit>

⌣ Decoding a single uniform is all you need!
⌣ The initial bit cost is reduced to

r − log w̃j ∈ O(1) +O(logN) = O(logN)

In practice, the O(1) term dominates
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Bits‐Back Coupled Importance Sampling

Reparamerization: reparamerize the particles {zi}N
i=1 by a single

uniform random variable u1

<latexit sha1_base64="yeRNNDJMKGneS2yS5ABP7q0FNYU=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIqMeCF48VrS2kpWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ATVcipi3UKDknURzGgWSt4PxTe63n7g2QsUPOEl4L6LDWISCUbSS340ojoIgu5+e9qs1t+7OQJaJV5AaFGj2q1/dgWJpxGNkkhrje26CvYxqFEzyaaWbGp5QNqZD7lsa04ibXjaLPCUnVhmQUGn7YiQz9fdGRiNjJlFgJ/OIZtHLxf88P8XwupeJOEmRx2z+UZhKgork95OB0JyhnFhCmRY2K2EjqilD21LFluAtnrxMHs/r3mXdvbuoNUhRRxmO4BjOwIMraMAtNKEFDBQ8wyu8Oei8OO/Ox3y05BQ7h/AHzucPGoaRBw==</latexit>

S0

<latexit sha1_base64="1iLlAwTzIcispeW2Vc6LN/DnE+Y=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqwbIroh4LgnisYD9gu5Zsmm1Ds8mazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39plGppqxBlVC6HRLDBJesARwEayeakTgUrBUOryd+64lpw5W8h1HCgpj0JY84JWAl/6b7+JCdeuNKetItld2qOwVeJF5OyihHvVv66vQUTWMmgQpijO+5CQQZ0cCpYONiJzUsIXRI+sy3VJKYmSCbnjzGx1bp4UhpWxLwVP09kZHYmFEc2s6YwMDMexPxP89PIboKMi6TFJiks0VRKjAoPPkf97hmFMTIEkI1t7diOiCaULApFW0I3vzLi6R5VvUuqu7debmG8zgK6BAdoQry0CWqoVtURw1EkULP6BW9OeC8OO/Ox6x1yclnDtAfOJ8/EqCQWw==</latexit>

F�1
q (u)

<latexit sha1_base64="/LUnPzhJ8S9c7n/XdUUyY10Dak8=">AAAB+3icbVDLSsNAFL3xWesr1qUgg0VwY0i6UJcFNy5bsQ9oYplMJ+3QyYOZiVhClv6GGxeKuBX8Dnd+gz/h9LHQ1gMXDufcy733+AlnUtn2l7G0vLK6tl7YKG5ube/smnulpoxTQWiDxDwWbR9LyllEG4opTtuJoDj0OW35w8ux37qjQrI4ulGjhHoh7kcsYAQrLXXNkpvZLrIsF1VuBTpFjpt3zbJt2ROgReLMSLkK9e+Hw4/rWtf8dHsxSUMaKcKxlB3HTpSXYaEY4TQvuqmkCSZD3KcdTSMcUullk9tzdKyVHgpioStSaKL+nshwKOUo9HVniNVAzntj8T+vk6rgwstYlKSKRmS6KEg5UjEaB4F6TFCi+EgTTATTtyIywAITpeMq6hCc+ZcXSbNiOWeWXddpIJiiAAdwBCfgwDlU4Qpq0AAC9/AIz/Bi5MaT8Wq8TVuXjNnMPvyB8f4DzWyVOw==</latexit>

{0 .. 2r � 1} u1

<latexit sha1_base64="ZgEMo9k5ZFvffT25JTlboVy2aCY=">AAAB6nicbZDLSgMxFIbP1Futt6o73QSL4KrMiKI7C7pwWdFeoB1KJs20oUlmSDJCGfoIblwo4ta38C1cCD6Huje9LLT1h8DH/59DzjlBzJk2rvvhZObmFxaXssu5ldW19Y385lZVR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB3Psxrt1RpFskb04+pL3BHspARbKx1nbS8Vr7gFt2R0Cx4Eyicfb5/X7zufJVb+bdmOyKJoNIQjrVueG5s/BQrwwing1wz0TTGpIc7tGFRYkG1n45GHaB967RRGCn7pEEj93dHioXWfRHYSoFNV09nQ/O/rJGY8NRPmYwTQyUZfxQmHJkIDfdGbaYoMbxvARPF7KyIdLHCxNjr5OwRvOmVZ6F6WPSOisdXbqGEYKws7MIeHIAHJ1CCSyhDBQh04A4e4NHhzr3z5DyPSzPOpGcb/sh5+QHGsZKJ</latexit>

u2

<latexit sha1_base64="G/Xlr60QN9z+m2ImPS9eKq10T7A=">AAAB6nicbZDLSgMxFIZPvNZ6q7rTTbAIrspMUXRnQRcuK9oLtEPJpJk2NJMZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc44fC66N43ygufmFxaXlzEp2dW19YzO3tV3VUaIoq9BIRKruE80El6xiuBGsHitGQl+wmt87H+a1W6Y0j+SN6cfMC0lH8oBTYqx1nbSKrVzeKTgj4VlwJ5A/+3z/vnjd/Sq3cm/NdkSTkElDBdG64Tqx8VKiDKeCDbLNRLOY0B7psIZFSUKmvXQ06gAfWKeNg0jZJw0eub87UhJq3Q99WxkS09XT2dD8L2skJjj1Ui7jxDBJxx8FicAmwsO9cZsrRo3oWyBUcTsrpl2iCDX2Oll7BHd65VmoFgvuUeH4ysmXMIyVgT3Yh0Nw4QRKcAllqACFDtzBAzwige7RE3oel86hSc8O/BF6+QHINZKK</latexit>

u3

<latexit sha1_base64="nIVebl1Ra4nTogqGbf5VWl4RhdE=">AAAB6nicbZDLSgMxFIbPeK31VnWnm2ARXJUZL+jOgi5cVrQXaIeSSTNtaCYZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc04Qc6aN6344M7Nz8wuLmaXs8srq2npuY7OiZaIILRPJpaoFWFPOBC0bZjitxYriKOC0GnTPB3n1lirNpLgxvZj6EW4LFjKCjbWuk+ZhM5d3C+5QaBq8MeTPPt+/L163v0rN3FujJUkSUWEIx1rXPTc2foqVYYTTfraRaBpj0sVtWrcocES1nw5H7aM967RQKJV9wqCh+7sjxZHWvSiwlRE2HT2ZDcz/snpiwlM/ZSJODBVk9FGYcGQkGuyNWkxRYnjPAiaK2VkR6WCFibHXydojeJMrT0PloOAdFY6v3HwRwUgZ2IFd2AcPTqAIl1CCMhBowx08wKPDnXvnyXkelc44454t+CPn5QfJuZKL</latexit>

u4

<latexit sha1_base64="iumeKsu9BOyHuee9GCSJM1ycIUA=">AAAB6nicbZDLSgMxFIbPeK31VnWnm2ARXJUZqejOgi5cVrQXaIeSSTNtaJIZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc04Qc6aN6344c/MLi0vLmZXs6tr6xmZua7uqo0QRWiERj1Q9wJpyJmnFMMNpPVYUi4DTWtA7H+a1W6o0i+SN6cfUF7gjWcgINta6TlrFVi7vFtyR0Cx4E8iffb5/X7zufpVbubdmOyKJoNIQjrVueG5s/BQrwwing2wz0TTGpIc7tGFRYkG1n45GHaAD67RRGCn7pEEj93dHioXWfRHYSoFNV09nQ/O/rJGY8NRPmYwTQyUZfxQmHJkIDfdGbaYoMbxvARPF7KyIdLHCxNjrZO0RvOmVZ6F6VPCKheMrN19CMFYG9mAfDsGDEyjBJZShAgQ6cAcP8Ohw5955cp7HpXPOpGcH/sh5+QHLPZKM</latexit>

z4

<latexit sha1_base64="OWAm+V+GgOpP6jFPFgdwuyECbG8=">AAAB6nicbZDLSgMxFIbP1Futt1F3ugkWwVWZkYruLOjCZUV7gXYomTTThmYyQ5IR6tBHcONCEbe+hW/hQvA51L3pZaGtPwQ+/v8ccs7xY86UdpwPKzM3v7C4lF3OrayurW/Ym1tVFSWS0AqJeCTrPlaUM0ErmmlO67GkOPQ5rfm9s2Feu6FSsUhc635MvRB3BAsYwdpYV7etYsvOOwVnJDQL7gTyp5/v3+evO1/llv3WbEckCanQhGOlGq4Tay/FUjPC6SDXTBSNMenhDm0YFDikyktHow7QvnHaKIikeUKjkfu7I8WhUv3QN5Uh1l01nQ3N/7JGooMTL2UiTjQVZPxRkHCkIzTcG7WZpETzvgFMJDOzItLFEhNtrpMzR3CnV56F6mHBLRaOLp18CcFYWdiFPTgAF46hBBdQhgoQ6MAdPMCjxa1768l6HpdmrEnPNvyR9fID0tuSkQ==</latexit>

z3

<latexit sha1_base64="K3de3L+AfQUmGI0AU7OEcZmu1uM=">AAAB7HicbZDLSgMxFIbP1Futt6o73QSL4KrMWEV3FnThsoLTFtqhZNJMG5rJDElGqEOfwY0LRdz6Er6FC8HnUPeml4W2/hD4+P9zyDnHjzlT2rY/rMzc/MLiUnY5t7K6tr6R39yqqiiRhLok4pGs+1hRzgR1NdOc1mNJcehzWvN758O8dkOlYpG41v2YeiHuCBYwgrWx3NtWWhq08gW7aI+EZsGZQOHs8/374nXnq9LKvzXbEUlCKjThWKmGY8faS7HUjHA6yDUTRWNMerhDGwYFDqny0tGwA7RvnDYKImme0Gjk/u5IcahUP/RNZYh1V01nQ/O/rJHo4NRLmYgTTQUZfxQkHOkIDTdHbSYp0bxvABPJzKyIdLHERJv75MwRnOmVZ6F6WHSOisdXdqGMYKws7MIeHIADJ1CGS6iACwQY3MEDPFrCureerOdxacaa9GzDH1kvP5YCk5w=</latexit>

z1

<latexit sha1_base64="eQK+8jfohKCWjWqRj5C2mwug+s8=">AAAB7HicbZDLSsNAFIZP6q3GW9WdbgaL4KokoujOgi5cVjBtoQ1lMp20QyeTMDMRaugzuHGhiFtfwrdwIfgc6t7pZaGtPwx8/P85zDknSDhT2nE+rNzc/MLiUn7ZXlldW98obG5VVZxKQj0S81jWA6woZ4J6mmlO64mkOAo4rQW982Feu6FSsVhc635C/Qh3BAsZwdpY3m0rcwetQtEpOSOhWXAnUDz7fP++eN35qrQKb812TNKICk04VqrhOon2Myw1I5wO7GaqaIJJD3dow6DAEVV+Nhp2gPaN00ZhLM0TGo3c3x0ZjpTqR4GpjLDuqulsaP6XNVIdnvoZE0mqqSDjj8KUIx2j4eaozSQlmvcNYCKZmRWRLpaYaHMf2xzBnV55FqqHJfeodHzlFMsIxsrDLuzBAbhwAmW4hAp4QIDBHTzAoyWse+vJeh6X5qxJzzb8kfXyA5L4k5o=</latexit>

z2

<latexit sha1_base64="rHqVLIYdEZ5kt3aiJPnwZdo8pn0=">AAAB7HicbZDLSgMxFIbP1Futt6o73QSL4KrMlIruLOjCZQWnLbRDyaSZNjSTGZKMUIc+gxsXirj1JXwLF4LPoe5NLwtt/SHw8f/nkHOOH3OmtG1/WJmFxaXllexqbm19Y3Mrv71TU1EiCXVJxCPZ8LGinAnqaqY5bcSS4tDntO73z0d5/YZKxSJxrQcx9ULcFSxgBGtjubfttDRs5wt20R4LzYMzhcLZ5/v3xeveV7Wdf2t1IpKEVGjCsVJNx461l2KpGeF0mGslisaY9HGXNg0KHFLlpeNhh+jQOB0URNI8odHY/d2R4lCpQeibyhDrnprNRuZ/WTPRwamXMhEnmgoy+ShIONIRGm2OOkxSovnAACaSmVkR6WGJiTb3yZkjOLMrz0OtVHTKxeMru1BBMFEW9uEAjsCBE6jAJVTBBQIM7uABHi1h3VtP1vOkNGNNe3bhj6yXH5R9k5s=</latexit>

⌣ Decoding a single uniform is all you need!
⌣ The initial bit cost is reduced to

r − log w̃j ∈ O(1) +O(logN) = O(logN)

In practice, the O(1) term dominates
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Bits‐Back Coupled Importance Sampling

Reparamerization: reparamerize the particles {zi}N
i=1 by a single

uniform random variable u1

<latexit sha1_base64="yeRNNDJMKGneS2yS5ABP7q0FNYU=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIqMeCF48VrS2kpWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ATVcipi3UKDknURzGgWSt4PxTe63n7g2QsUPOEl4L6LDWISCUbSS340ojoIgu5+e9qs1t+7OQJaJV5AaFGj2q1/dgWJpxGNkkhrje26CvYxqFEzyaaWbGp5QNqZD7lsa04ibXjaLPCUnVhmQUGn7YiQz9fdGRiNjJlFgJ/OIZtHLxf88P8XwupeJOEmRx2z+UZhKgork95OB0JyhnFhCmRY2K2EjqilD21LFluAtnrxMHs/r3mXdvbuoNUhRRxmO4BjOwIMraMAtNKEFDBQ8wyu8Oei8OO/Ox3y05BQ7h/AHzucPGoaRBw==</latexit>

S0

<latexit sha1_base64="1iLlAwTzIcispeW2Vc6LN/DnE+Y=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqwbIroh4LgnisYD9gu5Zsmm1Ds8mazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39plGppqxBlVC6HRLDBJesARwEayeakTgUrBUOryd+64lpw5W8h1HCgpj0JY84JWAl/6b7+JCdeuNKetItld2qOwVeJF5OyihHvVv66vQUTWMmgQpijO+5CQQZ0cCpYONiJzUsIXRI+sy3VJKYmSCbnjzGx1bp4UhpWxLwVP09kZHYmFEc2s6YwMDMexPxP89PIboKMi6TFJiks0VRKjAoPPkf97hmFMTIEkI1t7diOiCaULApFW0I3vzLi6R5VvUuqu7debmG8zgK6BAdoQry0CWqoVtURw1EkULP6BW9OeC8OO/Ox6x1yclnDtAfOJ8/EqCQWw==</latexit>

F�1
q (u)

<latexit sha1_base64="/LUnPzhJ8S9c7n/XdUUyY10Dak8=">AAAB+3icbVDLSsNAFL3xWesr1qUgg0VwY0i6UJcFNy5bsQ9oYplMJ+3QyYOZiVhClv6GGxeKuBX8Dnd+gz/h9LHQ1gMXDufcy733+AlnUtn2l7G0vLK6tl7YKG5ube/smnulpoxTQWiDxDwWbR9LyllEG4opTtuJoDj0OW35w8ux37qjQrI4ulGjhHoh7kcsYAQrLXXNkpvZLrIsF1VuBTpFjpt3zbJt2ROgReLMSLkK9e+Hw4/rWtf8dHsxSUMaKcKxlB3HTpSXYaEY4TQvuqmkCSZD3KcdTSMcUullk9tzdKyVHgpioStSaKL+nshwKOUo9HVniNVAzntj8T+vk6rgwstYlKSKRmS6KEg5UjEaB4F6TFCi+EgTTATTtyIywAITpeMq6hCc+ZcXSbNiOWeWXddpIJiiAAdwBCfgwDlU4Qpq0AAC9/AIz/Bi5MaT8Wq8TVuXjNnMPvyB8f4DzWyVOw==</latexit>

{0 .. 2r � 1} u1

<latexit sha1_base64="ZgEMo9k5ZFvffT25JTlboVy2aCY=">AAAB6nicbZDLSgMxFIbP1Futt6o73QSL4KrMiKI7C7pwWdFeoB1KJs20oUlmSDJCGfoIblwo4ta38C1cCD6Huje9LLT1h8DH/59DzjlBzJk2rvvhZObmFxaXssu5ldW19Y385lZVR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB3Psxrt1RpFskb04+pL3BHspARbKx1nbS8Vr7gFt2R0Cx4Eyicfb5/X7zufJVb+bdmOyKJoNIQjrVueG5s/BQrwwing1wz0TTGpIc7tGFRYkG1n45GHaB967RRGCn7pEEj93dHioXWfRHYSoFNV09nQ/O/rJGY8NRPmYwTQyUZfxQmHJkIDfdGbaYoMbxvARPF7KyIdLHCxNjr5OwRvOmVZ6F6WPSOisdXbqGEYKws7MIeHIAHJ1CCSyhDBQh04A4e4NHhzr3z5DyPSzPOpGcb/sh5+QHGsZKJ</latexit>

u2

<latexit sha1_base64="G/Xlr60QN9z+m2ImPS9eKq10T7A=">AAAB6nicbZDLSgMxFIZPvNZ6q7rTTbAIrspMUXRnQRcuK9oLtEPJpJk2NJMZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc44fC66N43ygufmFxaXlzEp2dW19YzO3tV3VUaIoq9BIRKruE80El6xiuBGsHitGQl+wmt87H+a1W6Y0j+SN6cfMC0lH8oBTYqx1nbSKrVzeKTgj4VlwJ5A/+3z/vnjd/Sq3cm/NdkSTkElDBdG64Tqx8VKiDKeCDbLNRLOY0B7psIZFSUKmvXQ06gAfWKeNg0jZJw0eub87UhJq3Q99WxkS09XT2dD8L2skJjj1Ui7jxDBJxx8FicAmwsO9cZsrRo3oWyBUcTsrpl2iCDX2Oll7BHd65VmoFgvuUeH4ysmXMIyVgT3Yh0Nw4QRKcAllqACFDtzBAzwige7RE3oel86hSc8O/BF6+QHINZKK</latexit>

u3

<latexit sha1_base64="nIVebl1Ra4nTogqGbf5VWl4RhdE=">AAAB6nicbZDLSgMxFIbPeK31VnWnm2ARXJUZL+jOgi5cVrQXaIeSSTNtaCYZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc04Qc6aN6344M7Nz8wuLmaXs8srq2npuY7OiZaIILRPJpaoFWFPOBC0bZjitxYriKOC0GnTPB3n1lirNpLgxvZj6EW4LFjKCjbWuk+ZhM5d3C+5QaBq8MeTPPt+/L163v0rN3FujJUkSUWEIx1rXPTc2foqVYYTTfraRaBpj0sVtWrcocES1nw5H7aM967RQKJV9wqCh+7sjxZHWvSiwlRE2HT2ZDcz/snpiwlM/ZSJODBVk9FGYcGQkGuyNWkxRYnjPAiaK2VkR6WCFibHXydojeJMrT0PloOAdFY6v3HwRwUgZ2IFd2AcPTqAIl1CCMhBowx08wKPDnXvnyXkelc44454t+CPn5QfJuZKL</latexit>

u4

<latexit sha1_base64="iumeKsu9BOyHuee9GCSJM1ycIUA=">AAAB6nicbZDLSgMxFIbPeK31VnWnm2ARXJUZqejOgi5cVrQXaIeSSTNtaJIZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc04Qc6aN6344c/MLi0vLmZXs6tr6xmZua7uqo0QRWiERj1Q9wJpyJmnFMMNpPVYUi4DTWtA7H+a1W6o0i+SN6cfUF7gjWcgINta6TlrFVi7vFtyR0Cx4E8iffb5/X7zufpVbubdmOyKJoNIQjrVueG5s/BQrwwing2wz0TTGpIc7tGFRYkG1n45GHaAD67RRGCn7pEEj93dHioXWfRHYSoFNV09nQ/O/rJGY8NRPmYwTQyUZfxQmHJkIDfdGbaYoMbxvARPF7KyIdLHCxNjrZO0RvOmVZ6F6VPCKheMrN19CMFYG9mAfDsGDEyjBJZShAgQ6cAcP8Ohw5955cp7HpXPOpGcH/sh5+QHLPZKM</latexit>

z4

<latexit sha1_base64="OWAm+V+GgOpP6jFPFgdwuyECbG8=">AAAB6nicbZDLSgMxFIbP1Futt1F3ugkWwVWZkYruLOjCZUV7gXYomTTThmYyQ5IR6tBHcONCEbe+hW/hQvA51L3pZaGtPwQ+/v8ccs7xY86UdpwPKzM3v7C4lF3OrayurW/Ym1tVFSWS0AqJeCTrPlaUM0ErmmlO67GkOPQ5rfm9s2Feu6FSsUhc635MvRB3BAsYwdpYV7etYsvOOwVnJDQL7gTyp5/v3+evO1/llv3WbEckCanQhGOlGq4Tay/FUjPC6SDXTBSNMenhDm0YFDikyktHow7QvnHaKIikeUKjkfu7I8WhUv3QN5Uh1l01nQ3N/7JGooMTL2UiTjQVZPxRkHCkIzTcG7WZpETzvgFMJDOzItLFEhNtrpMzR3CnV56F6mHBLRaOLp18CcFYWdiFPTgAF46hBBdQhgoQ6MAdPMCjxa1768l6HpdmrEnPNvyR9fID0tuSkQ==</latexit>

z3

<latexit sha1_base64="K3de3L+AfQUmGI0AU7OEcZmu1uM=">AAAB7HicbZDLSgMxFIbP1Futt6o73QSL4KrMWEV3FnThsoLTFtqhZNJMG5rJDElGqEOfwY0LRdz6Er6FC8HnUPeml4W2/hD4+P9zyDnHjzlT2rY/rMzc/MLiUnY5t7K6tr6R39yqqiiRhLok4pGs+1hRzgR1NdOc1mNJcehzWvN758O8dkOlYpG41v2YeiHuCBYwgrWx3NtWWhq08gW7aI+EZsGZQOHs8/374nXnq9LKvzXbEUlCKjThWKmGY8faS7HUjHA6yDUTRWNMerhDGwYFDqny0tGwA7RvnDYKImme0Gjk/u5IcahUP/RNZYh1V01nQ/O/rJHo4NRLmYgTTQUZfxQkHOkIDTdHbSYp0bxvABPJzKyIdLHERJv75MwRnOmVZ6F6WHSOisdXdqGMYKws7MIeHIADJ1CGS6iACwQY3MEDPFrCureerOdxacaa9GzDH1kvP5YCk5w=</latexit>

z1

<latexit sha1_base64="eQK+8jfohKCWjWqRj5C2mwug+s8=">AAAB7HicbZDLSsNAFIZP6q3GW9WdbgaL4KokoujOgi5cVjBtoQ1lMp20QyeTMDMRaugzuHGhiFtfwrdwIfgc6t7pZaGtPwx8/P85zDknSDhT2nE+rNzc/MLiUn7ZXlldW98obG5VVZxKQj0S81jWA6woZ4J6mmlO64mkOAo4rQW982Feu6FSsVhc635C/Qh3BAsZwdpY3m0rcwetQtEpOSOhWXAnUDz7fP++eN35qrQKb812TNKICk04VqrhOon2Myw1I5wO7GaqaIJJD3dow6DAEVV+Nhp2gPaN00ZhLM0TGo3c3x0ZjpTqR4GpjLDuqulsaP6XNVIdnvoZE0mqqSDjj8KUIx2j4eaozSQlmvcNYCKZmRWRLpaYaHMf2xzBnV55FqqHJfeodHzlFMsIxsrDLuzBAbhwAmW4hAp4QIDBHTzAoyWse+vJeh6X5qxJzzb8kfXyA5L4k5o=</latexit>

z2

<latexit sha1_base64="rHqVLIYdEZ5kt3aiJPnwZdo8pn0=">AAAB7HicbZDLSgMxFIbP1Futt6o73QSL4KrMlIruLOjCZQWnLbRDyaSZNjSTGZKMUIc+gxsXirj1JXwLF4LPoe5NLwtt/SHw8f/nkHOOH3OmtG1/WJmFxaXllexqbm19Y3Mrv71TU1EiCXVJxCPZ8LGinAnqaqY5bcSS4tDntO73z0d5/YZKxSJxrQcx9ULcFSxgBGtjubfttDRs5wt20R4LzYMzhcLZ5/v3xeveV7Wdf2t1IpKEVGjCsVJNx461l2KpGeF0mGslisaY9HGXNg0KHFLlpeNhh+jQOB0URNI8odHY/d2R4lCpQeibyhDrnprNRuZ/WTPRwamXMhEnmgoy+ShIONIRGm2OOkxSovnAACaSmVkR6WGJiTb3yZkjOLMrz0OtVHTKxeMru1BBMFEW9uEAjsCBE6jAJVTBBQIM7uABHi1h3VtP1vOkNGNNe3bhj6yXH5R9k5s=</latexit>

⌣ Decoding a single uniform is all you need!

⌣ The initial bit cost is reduced to

r − log w̃j ∈ O(1) +O(logN) = O(logN)

In practice, the O(1) term dominates
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Bits‐Back Coupled Importance Sampling

Reparamerization: reparamerize the particles {zi}N
i=1 by a single

uniform random variable u1

<latexit sha1_base64="yeRNNDJMKGneS2yS5ABP7q0FNYU=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIqMeCF48VrS2kpWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ATVcipi3UKDknURzGgWSt4PxTe63n7g2QsUPOEl4L6LDWISCUbSS340ojoIgu5+e9qs1t+7OQJaJV5AaFGj2q1/dgWJpxGNkkhrje26CvYxqFEzyaaWbGp5QNqZD7lsa04ibXjaLPCUnVhmQUGn7YiQz9fdGRiNjJlFgJ/OIZtHLxf88P8XwupeJOEmRx2z+UZhKgork95OB0JyhnFhCmRY2K2EjqilD21LFluAtnrxMHs/r3mXdvbuoNUhRRxmO4BjOwIMraMAtNKEFDBQ8wyu8Oei8OO/Ox3y05BQ7h/AHzucPGoaRBw==</latexit>

S0

<latexit sha1_base64="1iLlAwTzIcispeW2Vc6LN/DnE+Y=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqwbIroh4LgnisYD9gu5Zsmm1Ds8mazApl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39plGppqxBlVC6HRLDBJesARwEayeakTgUrBUOryd+64lpw5W8h1HCgpj0JY84JWAl/6b7+JCdeuNKetItld2qOwVeJF5OyihHvVv66vQUTWMmgQpijO+5CQQZ0cCpYONiJzUsIXRI+sy3VJKYmSCbnjzGx1bp4UhpWxLwVP09kZHYmFEc2s6YwMDMexPxP89PIboKMi6TFJiks0VRKjAoPPkf97hmFMTIEkI1t7diOiCaULApFW0I3vzLi6R5VvUuqu7debmG8zgK6BAdoQry0CWqoVtURw1EkULP6BW9OeC8OO/Ox6x1yclnDtAfOJ8/EqCQWw==</latexit>

F�1
q (u)

<latexit sha1_base64="/LUnPzhJ8S9c7n/XdUUyY10Dak8=">AAAB+3icbVDLSsNAFL3xWesr1qUgg0VwY0i6UJcFNy5bsQ9oYplMJ+3QyYOZiVhClv6GGxeKuBX8Dnd+gz/h9LHQ1gMXDufcy733+AlnUtn2l7G0vLK6tl7YKG5ube/smnulpoxTQWiDxDwWbR9LyllEG4opTtuJoDj0OW35w8ux37qjQrI4ulGjhHoh7kcsYAQrLXXNkpvZLrIsF1VuBTpFjpt3zbJt2ROgReLMSLkK9e+Hw4/rWtf8dHsxSUMaKcKxlB3HTpSXYaEY4TQvuqmkCSZD3KcdTSMcUullk9tzdKyVHgpioStSaKL+nshwKOUo9HVniNVAzntj8T+vk6rgwstYlKSKRmS6KEg5UjEaB4F6TFCi+EgTTATTtyIywAITpeMq6hCc+ZcXSbNiOWeWXddpIJiiAAdwBCfgwDlU4Qpq0AAC9/AIz/Bi5MaT8Wq8TVuXjNnMPvyB8f4DzWyVOw==</latexit>

{0 .. 2r � 1} u1

<latexit sha1_base64="ZgEMo9k5ZFvffT25JTlboVy2aCY=">AAAB6nicbZDLSgMxFIbP1Futt6o73QSL4KrMiKI7C7pwWdFeoB1KJs20oUlmSDJCGfoIblwo4ta38C1cCD6Huje9LLT1h8DH/59DzjlBzJk2rvvhZObmFxaXssu5ldW19Y385lZVR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB3Psxrt1RpFskb04+pL3BHspARbKx1nbS8Vr7gFt2R0Cx4Eyicfb5/X7zufJVb+bdmOyKJoNIQjrVueG5s/BQrwwing1wz0TTGpIc7tGFRYkG1n45GHaB967RRGCn7pEEj93dHioXWfRHYSoFNV09nQ/O/rJGY8NRPmYwTQyUZfxQmHJkIDfdGbaYoMbxvARPF7KyIdLHCxNjr5OwRvOmVZ6F6WPSOisdXbqGEYKws7MIeHIAHJ1CCSyhDBQh04A4e4NHhzr3z5DyPSzPOpGcb/sh5+QHGsZKJ</latexit>

u2

<latexit sha1_base64="G/Xlr60QN9z+m2ImPS9eKq10T7A=">AAAB6nicbZDLSgMxFIZPvNZ6q7rTTbAIrspMUXRnQRcuK9oLtEPJpJk2NJMZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc44fC66N43ygufmFxaXlzEp2dW19YzO3tV3VUaIoq9BIRKruE80El6xiuBGsHitGQl+wmt87H+a1W6Y0j+SN6cfMC0lH8oBTYqx1nbSKrVzeKTgj4VlwJ5A/+3z/vnjd/Sq3cm/NdkSTkElDBdG64Tqx8VKiDKeCDbLNRLOY0B7psIZFSUKmvXQ06gAfWKeNg0jZJw0eub87UhJq3Q99WxkS09XT2dD8L2skJjj1Ui7jxDBJxx8FicAmwsO9cZsrRo3oWyBUcTsrpl2iCDX2Oll7BHd65VmoFgvuUeH4ysmXMIyVgT3Yh0Nw4QRKcAllqACFDtzBAzwige7RE3oel86hSc8O/BF6+QHINZKK</latexit>

u3

<latexit sha1_base64="nIVebl1Ra4nTogqGbf5VWl4RhdE=">AAAB6nicbZDLSgMxFIbPeK31VnWnm2ARXJUZL+jOgi5cVrQXaIeSSTNtaCYZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc04Qc6aN6344M7Nz8wuLmaXs8srq2npuY7OiZaIILRPJpaoFWFPOBC0bZjitxYriKOC0GnTPB3n1lirNpLgxvZj6EW4LFjKCjbWuk+ZhM5d3C+5QaBq8MeTPPt+/L163v0rN3FujJUkSUWEIx1rXPTc2foqVYYTTfraRaBpj0sVtWrcocES1nw5H7aM967RQKJV9wqCh+7sjxZHWvSiwlRE2HT2ZDcz/snpiwlM/ZSJODBVk9FGYcGQkGuyNWkxRYnjPAiaK2VkR6WCFibHXydojeJMrT0PloOAdFY6v3HwRwUgZ2IFd2AcPTqAIl1CCMhBowx08wKPDnXvnyXkelc44454t+CPn5QfJuZKL</latexit>

u4

<latexit sha1_base64="iumeKsu9BOyHuee9GCSJM1ycIUA=">AAAB6nicbZDLSgMxFIbPeK31VnWnm2ARXJUZqejOgi5cVrQXaIeSSTNtaJIZkoxQhj6CGxeKuPUtfAsXgs+h7k0vC239IfDx/+eQc04Qc6aN6344c/MLi0vLmZXs6tr6xmZua7uqo0QRWiERj1Q9wJpyJmnFMMNpPVYUi4DTWtA7H+a1W6o0i+SN6cfUF7gjWcgINta6TlrFVi7vFtyR0Cx4E8iffb5/X7zufpVbubdmOyKJoNIQjrVueG5s/BQrwwing2wz0TTGpIc7tGFRYkG1n45GHaAD67RRGCn7pEEj93dHioXWfRHYSoFNV09nQ/O/rJGY8NRPmYwTQyUZfxQmHJkIDfdGbaYoMbxvARPF7KyIdLHCxNjrZO0RvOmVZ6F6VPCKheMrN19CMFYG9mAfDsGDEyjBJZShAgQ6cAcP8Ohw5955cp7HpXPOpGcH/sh5+QHLPZKM</latexit>

z4

<latexit sha1_base64="OWAm+V+GgOpP6jFPFgdwuyECbG8=">AAAB6nicbZDLSgMxFIbP1Futt1F3ugkWwVWZkYruLOjCZUV7gXYomTTThmYyQ5IR6tBHcONCEbe+hW/hQvA51L3pZaGtPwQ+/v8ccs7xY86UdpwPKzM3v7C4lF3OrayurW/Ym1tVFSWS0AqJeCTrPlaUM0ErmmlO67GkOPQ5rfm9s2Feu6FSsUhc635MvRB3BAsYwdpYV7etYsvOOwVnJDQL7gTyp5/v3+evO1/llv3WbEckCanQhGOlGq4Tay/FUjPC6SDXTBSNMenhDm0YFDikyktHow7QvnHaKIikeUKjkfu7I8WhUv3QN5Uh1l01nQ3N/7JGooMTL2UiTjQVZPxRkHCkIzTcG7WZpETzvgFMJDOzItLFEhNtrpMzR3CnV56F6mHBLRaOLp18CcFYWdiFPTgAF46hBBdQhgoQ6MAdPMCjxa1768l6HpdmrEnPNvyR9fID0tuSkQ==</latexit>

z3

<latexit sha1_base64="K3de3L+AfQUmGI0AU7OEcZmu1uM=">AAAB7HicbZDLSgMxFIbP1Futt6o73QSL4KrMWEV3FnThsoLTFtqhZNJMG5rJDElGqEOfwY0LRdz6Er6FC8HnUPeml4W2/hD4+P9zyDnHjzlT2rY/rMzc/MLiUnY5t7K6tr6R39yqqiiRhLok4pGs+1hRzgR1NdOc1mNJcehzWvN758O8dkOlYpG41v2YeiHuCBYwgrWx3NtWWhq08gW7aI+EZsGZQOHs8/374nXnq9LKvzXbEUlCKjThWKmGY8faS7HUjHA6yDUTRWNMerhDGwYFDqny0tGwA7RvnDYKImme0Gjk/u5IcahUP/RNZYh1V01nQ/O/rJHo4NRLmYgTTQUZfxQkHOkIDTdHbSYp0bxvABPJzKyIdLHERJv75MwRnOmVZ6F6WHSOisdXdqGMYKws7MIeHIADJ1CGS6iACwQY3MEDPFrCureerOdxacaa9GzDH1kvP5YCk5w=</latexit>

z1

<latexit sha1_base64="eQK+8jfohKCWjWqRj5C2mwug+s8=">AAAB7HicbZDLSsNAFIZP6q3GW9WdbgaL4KokoujOgi5cVjBtoQ1lMp20QyeTMDMRaugzuHGhiFtfwrdwIfgc6t7pZaGtPwx8/P85zDknSDhT2nE+rNzc/MLiUn7ZXlldW98obG5VVZxKQj0S81jWA6woZ4J6mmlO64mkOAo4rQW982Feu6FSsVhc635C/Qh3BAsZwdpY3m0rcwetQtEpOSOhWXAnUDz7fP++eN35qrQKb812TNKICk04VqrhOon2Myw1I5wO7GaqaIJJD3dow6DAEVV+Nhp2gPaN00ZhLM0TGo3c3x0ZjpTqR4GpjLDuqulsaP6XNVIdnvoZE0mqqSDjj8KUIx2j4eaozSQlmvcNYCKZmRWRLpaYaHMf2xzBnV55FqqHJfeodHzlFMsIxsrDLuzBAbhwAmW4hAp4QIDBHTzAoyWse+vJeh6X5qxJzzb8kfXyA5L4k5o=</latexit>

z2

<latexit sha1_base64="rHqVLIYdEZ5kt3aiJPnwZdo8pn0=">AAAB7HicbZDLSgMxFIbP1Futt6o73QSL4KrMlIruLOjCZQWnLbRDyaSZNjSTGZKMUIc+gxsXirj1JXwLF4LPoe5NLwtt/SHw8f/nkHOOH3OmtG1/WJmFxaXllexqbm19Y3Mrv71TU1EiCXVJxCPZ8LGinAnqaqY5bcSS4tDntO73z0d5/YZKxSJxrQcx9ULcFSxgBGtjubfttDRs5wt20R4LzYMzhcLZ5/v3xeveV7Wdf2t1IpKEVGjCsVJNx461l2KpGeF0mGslisaY9HGXNg0KHFLlpeNhh+jQOB0URNI8odHY/d2R4lCpQeibyhDrnprNRuZ/WTPRwamXMhEnmgoy+ShIONIRGm2OOkxSovnAACaSmVkR6WGJiTb3yZkjOLMrz0OtVHTKxeMru1BBMFEW9uEAjsCBE6jAJVTBBQIM7uABHi1h3VtP1vOkNGNNe3bhj6yXH5R9k5s=</latexit>

⌣ Decoding a single uniform is all you need!
⌣ The initial bit cost is reduced to

r − log w̃j ∈ O(1) +O(logN) = O(logN)

In practice, the O(1) term dominates
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Bits‐Back Coupled Importance Sampling

BB‐CIS...

⌣ achieves a net bitrate comparable to BB‐IS

−Eu1

[
log

( N∑
i=1

1
N

p(x, zi)

q(zi | x)

)]

⌣ significantly reduces the initial bit cost of BB‐IS
⇒ may motivate other coupling schemes that reduce initial bits
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Bits‐Back Annealed Importance Sampling

Bits‐Back Annealed Importance Sampling (BB‐AIS) and its Bit‐Swap [9]
variant (BB‐AIS‐BitSwap) for reducing initial bit cost

decode z1 with q(z1|x)

<latexit sha1_base64="6MOGo8j2Jxq8zOvzwjge1cGg6yo="></latexit>

decode z2 with T1(z2|z1)

<latexit sha1_base64="N1TzDsdtcP59xi4Uex43Py+mvuU="></latexit>

decode z3 with T2(z3|z2)

<latexit sha1_base64="p/vkWQDNCWZRZkH3IV9lLTnR1CE="></latexit>

encode x with p(x|z3)

<latexit sha1_base64="7THYVxmJTzeNXvykbln8GsOO4O0=">AAACFXicbVDJSgNBFHzjGuM26lGQxiBEkDDjgh4DXjwmYhZIQujpdJImPQvdPZo4Jjd/wIu/kosHRbwK3vwGf8LOImhiQUNR9R79qpyAM6ks69OYmZ2bX1iMLcWXV1bX1s2Nzbz0Q0FojvjcF0UHS8qZR3OKKU6LgaDYdTgtOK3zgV+4pkIy37tSnYBWXNzwWJ0RrLRUNQ/KLlZN4UbUI36NdlEZoTbq/ag3TDW7vSDZvrutHu1XzYSVsoZA08Qek0Qasl/3O/3LTNX8KNd8ErrUU4RjKUu2FahKhIVihNNuvBxKGmDSwg1a0tTDLpWVaJiqi/a0UkN1X+jnKTRUf29E2JWy4zp6cnCtnPQG4n9eKVT1s0rEvCBUOvXoo3rIkfLRoCJUY4ISxTuaYCKYvhWRJhaYKF1kXJdgT0aeJvnDlH2cOsnqNhCMEINt2IUk2HAKabiADOSAwAP04RlejEfjyXg13kajM8Z4Zwv+wHj/BkDIomM=</latexit>

encode z1 with T̃1(z1|z2)

<latexit sha1_base64="xe5Y4WjP4oDtPUEiahlaWf23TvM="></latexit>

encode z2 with T̃2(z2|z3)

<latexit sha1_base64="xmx2VMA5JRlvBXCynaF489Pvvp0="></latexit>

encode z3 with p(z3)

<latexit sha1_base64="0Jy4CqmHZTdc82GrJJFywLMzZUA=">AAACFXicbVDJSgNBFHwTtxi3qEdBGoMQQcKMC3oMePGYiFkgCUNPp5M06Vno7lHiMLn5A178lVw8KOJV8OY3+BN2FkETCxqKqvfoV+UEnEllmp9GYm5+YXEpuZxaWV1b30hvbpWlHwpCS8Tnvqg6WFLOPFpSTHFaDQTFrsNpxeleDP3KDRWS+d616gW04eK2x1qMYKUlO31Yd7HqCDeiHvGbNEZ1hO7sY9T/0W+Z6sT9IKvFAzudMXPmCGiWWBOSyUPx6353cFWw0x/1pk9Cl3qKcCxlzTID1YiwUIxwGqfqoaQBJl3cpjVNPexS2YhGqWK0r5UmavlCP0+hkfp7I8KulD3X0ZPDW+W0NxT/82qhap03IuYFodKpxx+1Qo6Uj4YVoSYTlCje0wQTwfStiHSwwETpIlO6BGs68iwpH+Wsk9xpUbeBYIwk7MAeZMGCM8jDJRSgBAQeYADP8GI8Gk/Gq/E2Hk0Yk51t+APj/RupcqID</latexit>

(a) BB‐AIS

decode z1 with q(z1|x)

<latexit sha1_base64="6MOGo8j2Jxq8zOvzwjge1cGg6yo="></latexit>

decode z2 with T1(z2|z1)

<latexit sha1_base64="N1TzDsdtcP59xi4Uex43Py+mvuU="></latexit>

decode z3 with T2(z3|z2)

<latexit sha1_base64="p/vkWQDNCWZRZkH3IV9lLTnR1CE="></latexit>

encode x with p(x|z3)

<latexit sha1_base64="7THYVxmJTzeNXvykbln8GsOO4O0=">AAACFXicbVDJSgNBFHzjGuM26lGQxiBEkDDjgh4DXjwmYhZIQujpdJImPQvdPZo4Jjd/wIu/kosHRbwK3vwGf8LOImhiQUNR9R79qpyAM6ks69OYmZ2bX1iMLcWXV1bX1s2Nzbz0Q0FojvjcF0UHS8qZR3OKKU6LgaDYdTgtOK3zgV+4pkIy37tSnYBWXNzwWJ0RrLRUNQ/KLlZN4UbUI36NdlEZoTbq/ag3TDW7vSDZvrutHu1XzYSVsoZA08Qek0Qasl/3O/3LTNX8KNd8ErrUU4RjKUu2FahKhIVihNNuvBxKGmDSwg1a0tTDLpWVaJiqi/a0UkN1X+jnKTRUf29E2JWy4zp6cnCtnPQG4n9eKVT1s0rEvCBUOvXoo3rIkfLRoCJUY4ISxTuaYCKYvhWRJhaYKF1kXJdgT0aeJvnDlH2cOsnqNhCMEINt2IUk2HAKabiADOSAwAP04RlejEfjyXg13kajM8Z4Zwv+wHj/BkDIomM=</latexit>

encode z1 with T̃1(z1|z2)

<latexit sha1_base64="xe5Y4WjP4oDtPUEiahlaWf23TvM="></latexit>

encode z2 with T̃2(z2|z3)

<latexit sha1_base64="xmx2VMA5JRlvBXCynaF489Pvvp0="></latexit>

encode z3 with p(z3)

<latexit sha1_base64="0Jy4CqmHZTdc82GrJJFywLMzZUA=">AAACFXicbVDJSgNBFHwTtxi3qEdBGoMQQcKMC3oMePGYiFkgCUNPp5M06Vno7lHiMLn5A178lVw8KOJV8OY3+BN2FkETCxqKqvfoV+UEnEllmp9GYm5+YXEpuZxaWV1b30hvbpWlHwpCS8Tnvqg6WFLOPFpSTHFaDQTFrsNpxeleDP3KDRWS+d616gW04eK2x1qMYKUlO31Yd7HqCDeiHvGbNEZ1hO7sY9T/0W+Z6sT9IKvFAzudMXPmCGiWWBOSyUPx6353cFWw0x/1pk9Cl3qKcCxlzTID1YiwUIxwGqfqoaQBJl3cpjVNPexS2YhGqWK0r5UmavlCP0+hkfp7I8KulD3X0ZPDW+W0NxT/82qhap03IuYFodKpxx+1Qo6Uj4YVoSYTlCje0wQTwfStiHSwwETpIlO6BGs68iwpH+Wsk9xpUbeBYIwk7MAeZMGCM8jDJRSgBAQeYADP8GI8Gk/Gq/E2Hk0Yk51t+APj/RupcqID</latexit>

(b) BB‐AIS‐BitSwap
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Bits‐Back Sequential Monte Carlo

Bits‐Back Sequential Monte Carlo (BB‐SMC) and its coupled variant
(BB‐CSMC) for reducing initial bit cost

<latexit sha1_base64="YoqYz7JI8EMI/BJLetEWNLZOkLQ="></latexit>

Decode all extended latents {AT�1,ZT , j} with Q distribution

T

<latexit sha1_base64="VKv5eec8npVsvkyQKCQat944wCE=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JpANkiH0dGqSNj0L3T1CHPIEXjwo4lU8+zDePPomdpaDRn9o+Pj/KrqqvFhwpW3708osLC4tr2RXc2vrG5tb+e2duooSybDGIhHJpkcVCh5iTXMtsBlLpIEnsOENLsd54xal4lFY1cMY3YD2Qu5zRrWxKtVOvmAX7YnIX3BmULh4u/u6et9Ly538R7sbsSTAUDNBlWo5dqzdlErNmcBRrp0ojCkb0B62DIY0QOWmk0FH5NA4XeJH0rxQk4n7syOlgVLDwDOVAdV9NZ+Nzf+yVqL9czflYZxoDNn0Iz8RREdkvDXpcolMi6EByiQ3sxLWp5IybW6TM0dw5lf+C/XjonNSPK3YhRKBqbKwDwdwBA6cQQmuoQw1YIBwD4/wZN1YD9az9TItzViznl34Jev1G7Y4kHw=</latexit>

T � 1

<latexit sha1_base64="fbVe4iCQIFPyRxIYA+yykuuEu+4=">AAAB6nicbZC7SgNBFIbPqNEYb1FLm8Eg2Bh2RdHOgI1lxNwgWcLsZDYZMju7zMwKYUlrZ2OhiJaWPo2dL+Ab2Du5FJr4w8DH/5/DnHP8WHBtHOcTLSwuZZZXsqu5tfWNza389k5NR4mirEojEamGTzQTXLKq4UawRqwYCX3B6n7/cpTXb5nSPJIVM4iZF5Ku5AGnxFjrpnLktvMFp+iMhefBnULh4uv1W77fZcrt/EerE9EkZNJQQbRuuk5svJQow6lgw1wr0SwmtE+6rGlRkpBpLx2POsQH1ungIFL2SYPH7u+OlIRaD0LfVobE9PRsNjL/y5qJCc69lMs4MUzSyUdBIrCJ8Ghv3OGKUSMGFghV3M6KaY8oQo29Ts4ewZ1deR5qx0X3pHh67RRKGCbKwh7swyG4cAYluIIyVIFCF+7hEZ6QQA/oGb1MShfQtGcX/gi9/QBeo5GH</latexit>

N

<latexit sha1_base64="3k0tPua0/9zIDZp1SpSlJDIc0Yo=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9SQJmgWQIPZ2apLVnobtHiEOewIsHRbyKZx/Gm0ffxM5y0MQfGj7+v4quKi8WXGnb/rIyc/MLi0vZ5dzK6tr6Rn5zq6aiRDKsskhEsuFRhYKHWNVcC2zEEmngCax7t+fDvH6HUvEovNb9GN2AdkPuc0a1sSpX7XzBLtojkVlwJlA4e7//vvjYScvt/GerE7EkwFAzQZVqOnas3ZRKzZnAQa6VKIwpu6VdbBoMaYDKTUeDDsi+cTrEj6R5oSYj93dHSgOl+oFnKgOqe2o6G5r/Zc1E+6duysM40Riy8Ud+IoiOyHBr0uESmRZ9A5RJbmYlrEclZdrcJmeO4EyvPAu1w6JzVDyu2IUSgbGysAt7cAAOnEAJLqEMVWCA8ABP8GzdWI/Wi/U6Ls1Yk55t+CPr7QetIJB2</latexit>

j

<latexit sha1_base64="kyf7UpMrYg7h6iYdJwQRpGwQCIY=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIFhLuRNHOgI1lAuYByRH2NnPJJnsPdveEcKS2sLFQxNY/yc7e0n/Azs2j0MQPFn583ww7M14suNK2/WFllpZXVtey67mNza3tnfzuXk1FiWRYZZGIZMOjCgUPsaq5FtiIJdLAE1j3BtfjvH6HUvEovNXDGN2AdkPuc0a1sSr9dr5gF+2JyCI4Myhcfd/zr5NPLLfz761OxJIAQ80EVarp2LF2Uyo1ZwJHuVaiMKZsQLvYNBjSAJWbTgYdkSPjdIgfSfNCTSbu746UBkoNA89UBlT31Hw2Nv/Lmon2L92Uh3GiMWTTj/xEEB2R8dakwyUyLYYGKJPczEpYj0rKtLlNzhzBmV95EWqnReeseF6xCyUCU2XhAA7hGBy4gBLcQBmqwADhAZ7g2epbj9aL9TotzViznn34I+vtB+LMkVk=</latexit>

ZT

<latexit sha1_base64="xWnEPMoNQTuB8z5zYWnAadlQh8U=">AAAB+XicbVBLSwMxGMzWV62vVW96CRbBU9kVRW8W9OCxQl/YLks2m7ah2WRJsoWy9J948aCIV4/+Cw+Cv0O9m2170NaBkGHm+8hkgphRpR3nw8otLC4tr+RXC2vrG5tb9vZOXYlEYlLDggnZDJAijHJS01Qz0owlQVHASCPoX2Z+Y0CkooJX9TAmXoS6nHYoRtpIvm23A8FCNYzMld6O/KpvF52SMwacJ+6UFC8+37+vXve+Kr791g4FTiLCNWZIqZbrxNpLkdQUMzIqtBNFYoT7qEtahnIUEeWl4+QjeGiUEHaENIdrOFZ/b6QoUlk4Mxkh3VOzXib+57US3Tn3UsrjRBOOJw91Ega1gFkNMKSSYM2GhiAsqckKcQ9JhLUpq2BKcGe/PE/qxyX3pHR64xTLEEyQB/vgABwBF5yBMrgGFVADGAzAHXgAj1Zq3VtP1vNkNGdNd3bBH1gvP8KumM8=</latexit>

xT

<latexit sha1_base64="qhkw1o4bW6dL5E13bR/5ksuMHq4=">AAAB+XicbVBLSwMxGMzWV62vVW96CRbBU9kVRW8W9OCxQl/QliWbzbah2WRJssWy9J948aCIV4/+Cw+Cv0O9m2170NaBkGHm+8hk/JhRpR3nw8otLC4tr+RXC2vrG5tb9vZOXYlEYlLDggnZ9JEijHJS01Qz0owlQZHPSMPvX2Z+Y0CkooJX9TAmnQh1OQ0pRtpInm23fcECNYzMld6OvKpnF52SMwacJ+6UFC8+37+vXve+Kp791g4ETiLCNWZIqZbrxLqTIqkpZmRUaCeKxAj3UZe0DOUoIqqTjpOP4KFRAhgKaQ7XcKz+3khRpLJwZjJCuqdmvUz8z2slOjzvpJTHiSYcTx4KEwa1gFkNMKCSYM2GhiAsqckKcQ9JhLUpq2BKcGe/PE/qxyX3pHR64xTLEEyQB/vgABwBF5yBMrgGFVADGAzAHXgAj1Zq3VtP1vNkNGdNd3bBH1gvP/CAmO0=</latexit>

<latexit sha1_base64="Gd432vyCDbn3lehNf70/LbO3z/g=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgxdF6UPHixIvHCfuCrZQ0TbewNC1JKsxSxP/Ei6AiXvXv8Obdv0NMtx1080HI473fj7w8L2ZUKsv6NGZm5+YXFgtLxeWV1bV1c2OzIaNEYFLHEYtEy0OSMMpJXVHFSCsWBIUeI02vf5H7zWsiJI14TQ1i4oSoy2lAMVJacs3tjhcxXw5CfaXnmZvWDuzMNUtW2RoCThN7TEpn33fvwdfpY9U1Pzp+hJOQcIUZkrJtW7FyUiQUxYxkxU4iSYxwH3VJW1OOQiKddJg+g3ta8WEQCX24gkP190aKQpkH1JMhUj056eXif147UcGJk1IeJ4pwPHooSBhUEcyrgD4VBCs20ARhQXVWiHtIIKx0YUVdgj355WnSOCzbR2XryipVIBihAHbALtgHNjgGFXAJqqAOMLgB9+AJPBu3xoPxYryORmeM8c4W+APj7QfGp5nJ</latexit>

AT�1

<latexit sha1_base64="vdCwYoHLAXEtQRUGJqXjNUjBzmI="></latexit>

Get the special particle trajectory z⇤
T = TraceBack(ZT ,AT�1, j)

j

<latexit sha1_base64="kyf7UpMrYg7h6iYdJwQRpGwQCIY=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIFhLuRNHOgI1lAuYByRH2NnPJJnsPdveEcKS2sLFQxNY/yc7e0n/Azs2j0MQPFn583ww7M14suNK2/WFllpZXVtey67mNza3tnfzuXk1FiWRYZZGIZMOjCgUPsaq5FtiIJdLAE1j3BtfjvH6HUvEovNXDGN2AdkPuc0a1sSr9dr5gF+2JyCI4Myhcfd/zr5NPLLfz761OxJIAQ80EVarp2LF2Uyo1ZwJHuVaiMKZsQLvYNBjSAJWbTgYdkSPjdIgfSfNCTSbu746UBkoNA89UBlT31Hw2Nv/Lmon2L92Uh3GiMWTTj/xEEB2R8dakwyUyLYYGKJPczEpYj0rKtLlNzhzBmV95EWqnReeseF6xCyUCU2XhAA7hGBy4gBLcQBmqwADhAZ7g2epbj9aL9TotzViznn34I+vtB+LMkVk=</latexit>

ZT

<latexit sha1_base64="xWnEPMoNQTuB8z5zYWnAadlQh8U=">AAAB+XicbVBLSwMxGMzWV62vVW96CRbBU9kVRW8W9OCxQl/YLks2m7ah2WRJsoWy9J948aCIV4/+Cw+Cv0O9m2170NaBkGHm+8hkgphRpR3nw8otLC4tr+RXC2vrG5tb9vZOXYlEYlLDggnZDJAijHJS01Qz0owlQVHASCPoX2Z+Y0CkooJX9TAmXoS6nHYoRtpIvm23A8FCNYzMld6O/KpvF52SMwacJ+6UFC8+37+vXve+Kr791g4FTiLCNWZIqZbrxNpLkdQUMzIqtBNFYoT7qEtahnIUEeWl4+QjeGiUEHaENIdrOFZ/b6QoUlk4Mxkh3VOzXib+57US3Tn3UsrjRBOOJw91Ega1gFkNMKSSYM2GhiAsqckKcQ9JhLUpq2BKcGe/PE/qxyX3pHR64xTLEEyQB/vgABwBF5yBMrgGFVADGAzAHXgAj1Zq3VtP1vNkNGdNd3bBH1gvP8KumM8=</latexit>

xT

<latexit sha1_base64="qhkw1o4bW6dL5E13bR/5ksuMHq4=">AAAB+XicbVBLSwMxGMzWV62vVW96CRbBU9kVRW8W9OCxQl/QliWbzbah2WRJssWy9J948aCIV4/+Cw+Cv0O9m2170NaBkGHm+8hk/JhRpR3nw8otLC4tr+RXC2vrG5tb9vZOXYlEYlLDggnZ9JEijHJS01Qz0owlQZHPSMPvX2Z+Y0CkooJX9TAmnQh1OQ0pRtpInm23fcECNYzMld6OvKpnF52SMwacJ+6UFC8+37+vXve+Kp791g4ETiLCNWZIqZbrxLqTIqkpZmRUaCeKxAj3UZe0DOUoIqqTjpOP4KFRAhgKaQ7XcKz+3khRpLJwZjJCuqdmvUz8z2slOjzvpJTHiSYcTx4KEwa1gFkNMKCSYM2GhiAsqckKcQ9JhLUpq2BKcGe/PE/qxyX3pHR64xTLEEyQB/vgABwBF5yBMrgGFVADGAzAHXgAj1Zq3VtP1vNkNGdNd3bBH1gvP/CAmO0=</latexit>

<latexit sha1_base64="Gd432vyCDbn3lehNf70/LbO3z/g=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgxdF6UPHixIvHCfuCrZQ0TbewNC1JKsxSxP/Ei6AiXvXv8Obdv0NMtx1080HI473fj7w8L2ZUKsv6NGZm5+YXFgtLxeWV1bV1c2OzIaNEYFLHEYtEy0OSMMpJXVHFSCsWBIUeI02vf5H7zWsiJI14TQ1i4oSoy2lAMVJacs3tjhcxXw5CfaXnmZvWDuzMNUtW2RoCThN7TEpn33fvwdfpY9U1Pzp+hJOQcIUZkrJtW7FyUiQUxYxkxU4iSYxwH3VJW1OOQiKddJg+g3ta8WEQCX24gkP190aKQpkH1JMhUj056eXif147UcGJk1IeJ4pwPHooSBhUEcyrgD4VBCs20ARhQXVWiHtIIKx0YUVdgj355WnSOCzbR2XryipVIBihAHbALtgHNjgGFXAJqqAOMLgB9+AJPBu3xoPxYryORmeM8c4W+APj7QfGp5nJ</latexit>

AT�1

T

<latexit sha1_base64="VKv5eec8npVsvkyQKCQat944wCE=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JpANkiH0dGqSNj0L3T1CHPIEXjwo4lU8+zDePPomdpaDRn9o+Pj/KrqqvFhwpW3708osLC4tr2RXc2vrG5tb+e2duooSybDGIhHJpkcVCh5iTXMtsBlLpIEnsOENLsd54xal4lFY1cMY3YD2Qu5zRrWxKtVOvmAX7YnIX3BmULh4u/u6et9Ly538R7sbsSTAUDNBlWo5dqzdlErNmcBRrp0ojCkb0B62DIY0QOWmk0FH5NA4XeJH0rxQk4n7syOlgVLDwDOVAdV9NZ+Nzf+yVqL9czflYZxoDNn0Iz8RREdkvDXpcolMi6EByiQ3sxLWp5IybW6TM0dw5lf+C/XjonNSPK3YhRKBqbKwDwdwBA6cQQmuoQw1YIBwD4/wZN1YD9az9TItzViznl34Jev1G7Y4kHw=</latexit>

T � 1

<latexit sha1_base64="fbVe4iCQIFPyRxIYA+yykuuEu+4=">AAAB6nicbZC7SgNBFIbPqNEYb1FLm8Eg2Bh2RdHOgI1lxNwgWcLsZDYZMju7zMwKYUlrZ2OhiJaWPo2dL+Ab2Du5FJr4w8DH/5/DnHP8WHBtHOcTLSwuZZZXsqu5tfWNza389k5NR4mirEojEamGTzQTXLKq4UawRqwYCX3B6n7/cpTXb5nSPJIVM4iZF5Ku5AGnxFjrpnLktvMFp+iMhefBnULh4uv1W77fZcrt/EerE9EkZNJQQbRuuk5svJQow6lgw1wr0SwmtE+6rGlRkpBpLx2POsQH1ungIFL2SYPH7u+OlIRaD0LfVobE9PRsNjL/y5qJCc69lMs4MUzSyUdBIrCJ8Ghv3OGKUSMGFghV3M6KaY8oQo29Ts4ewZ1deR5qx0X3pHh67RRKGCbKwh7swyG4cAYluIIyVIFCF+7hEZ6QQA/oGb1MShfQtGcX/gi9/QBeo5GH</latexit>

N

<latexit sha1_base64="3k0tPua0/9zIDZp1SpSlJDIc0Yo=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9SQJmgWQIPZ2apLVnobtHiEOewIsHRbyKZx/Gm0ffxM5y0MQfGj7+v4quKi8WXGnb/rIyc/MLi0vZ5dzK6tr6Rn5zq6aiRDKsskhEsuFRhYKHWNVcC2zEEmngCax7t+fDvH6HUvEovNb9GN2AdkPuc0a1sSpX7XzBLtojkVlwJlA4e7//vvjYScvt/GerE7EkwFAzQZVqOnas3ZRKzZnAQa6VKIwpu6VdbBoMaYDKTUeDDsi+cTrEj6R5oSYj93dHSgOl+oFnKgOqe2o6G5r/Zc1E+6duysM40Riy8Ud+IoiOyHBr0uESmRZ9A5RJbmYlrEclZdrcJmeO4EyvPAu1w6JzVDyu2IUSgbGysAt7cAAOnEAJLqEMVWCA8ABP8GzdWI/Wi/U6Ls1Yk55t+CPr7QetIJB2</latexit>

Encode the ancestral indices of z⇤
T with uniform distribution

<latexit sha1_base64="LbUTAx5EtkK1v6TSR9QDN3fq794="></latexit>

Encode z⇤
T and xT with the model distribution

<latexit sha1_base64="QJBObYIYkxPBIESznyVvV79YwA4="></latexit>

j

<latexit sha1_base64="kyf7UpMrYg7h6iYdJwQRpGwQCIY=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIFhLuRNHOgI1lAuYByRH2NnPJJnsPdveEcKS2sLFQxNY/yc7e0n/Azs2j0MQPFn583ww7M14suNK2/WFllpZXVtey67mNza3tnfzuXk1FiWRYZZGIZMOjCgUPsaq5FtiIJdLAE1j3BtfjvH6HUvEovNXDGN2AdkPuc0a1sSr9dr5gF+2JyCI4Myhcfd/zr5NPLLfz761OxJIAQ80EVarp2LF2Uyo1ZwJHuVaiMKZsQLvYNBjSAJWbTgYdkSPjdIgfSfNCTSbu746UBkoNA89UBlT31Hw2Nv/Lmon2L92Uh3GiMWTTj/xEEB2R8dakwyUyLYYGKJPczEpYj0rKtLlNzhzBmV95EWqnReeseF6xCyUCU2XhAA7hGBy4gBLcQBmqwADhAZ7g2epbj9aL9TotzViznn34I+vtB+LMkVk=</latexit>

ZT

<latexit sha1_base64="xWnEPMoNQTuB8z5zYWnAadlQh8U=">AAAB+XicbVBLSwMxGMzWV62vVW96CRbBU9kVRW8W9OCxQl/YLks2m7ah2WRJsoWy9J948aCIV4/+Cw+Cv0O9m2170NaBkGHm+8hkgphRpR3nw8otLC4tr+RXC2vrG5tb9vZOXYlEYlLDggnZDJAijHJS01Qz0owlQVHASCPoX2Z+Y0CkooJX9TAmXoS6nHYoRtpIvm23A8FCNYzMld6O/KpvF52SMwacJ+6UFC8+37+vXve+Kr791g4FTiLCNWZIqZbrxNpLkdQUMzIqtBNFYoT7qEtahnIUEeWl4+QjeGiUEHaENIdrOFZ/b6QoUlk4Mxkh3VOzXib+57US3Tn3UsrjRBOOJw91Ega1gFkNMKSSYM2GhiAsqckKcQ9JhLUpq2BKcGe/PE/qxyX3pHR64xTLEEyQB/vgABwBF5yBMrgGFVADGAzAHXgAj1Zq3VtP1vNkNGdNd3bBH1gvP8KumM8=</latexit>

xT

<latexit sha1_base64="qhkw1o4bW6dL5E13bR/5ksuMHq4=">AAAB+XicbVBLSwMxGMzWV62vVW96CRbBU9kVRW8W9OCxQl/QliWbzbah2WRJssWy9J948aCIV4/+Cw+Cv0O9m2170NaBkGHm+8hk/JhRpR3nw8otLC4tr+RXC2vrG5tb9vZOXYlEYlLDggnZ9JEijHJS01Qz0owlQZHPSMPvX2Z+Y0CkooJX9TAmnQh1OQ0pRtpInm23fcECNYzMld6OvKpnF52SMwacJ+6UFC8+37+vXve+Kp791g4ETiLCNWZIqZbrxLqTIqkpZmRUaCeKxAj3UZe0DOUoIqqTjpOP4KFRAhgKaQ7XcKz+3khRpLJwZjJCuqdmvUz8z2slOjzvpJTHiSYcTx4KEwa1gFkNMKCSYM2GhiAsqckKcQ9JhLUpq2BKcGe/PE/qxyX3pHR64xTLEEyQB/vgABwBF5yBMrgGFVADGAzAHXgAj1Zq3VtP1vNkNGdNd3bBH1gvP/CAmO0=</latexit>

<latexit sha1_base64="Gd432vyCDbn3lehNf70/LbO3z/g=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgxdF6UPHixIvHCfuCrZQ0TbewNC1JKsxSxP/Ei6AiXvXv8Obdv0NMtx1080HI473fj7w8L2ZUKsv6NGZm5+YXFgtLxeWV1bV1c2OzIaNEYFLHEYtEy0OSMMpJXVHFSCsWBIUeI02vf5H7zWsiJI14TQ1i4oSoy2lAMVJacs3tjhcxXw5CfaXnmZvWDuzMNUtW2RoCThN7TEpn33fvwdfpY9U1Pzp+hJOQcIUZkrJtW7FyUiQUxYxkxU4iSYxwH3VJW1OOQiKddJg+g3ta8WEQCX24gkP190aKQpkH1JMhUj056eXif147UcGJk1IeJ4pwPHooSBhUEcyrgD4VBCs20ARhQXVWiHtIIKx0YUVdgj355WnSOCzbR2XryipVIBihAHbALtgHNjgGFXAJqqAOMLgB9+AJPBu3xoPxYryORmeM8c4W+APj7QfGp5nJ</latexit>

AT�1

T

<latexit sha1_base64="VKv5eec8npVsvkyQKCQat944wCE=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JpANkiH0dGqSNj0L3T1CHPIEXjwo4lU8+zDePPomdpaDRn9o+Pj/KrqqvFhwpW3708osLC4tr2RXc2vrG5tb+e2duooSybDGIhHJpkcVCh5iTXMtsBlLpIEnsOENLsd54xal4lFY1cMY3YD2Qu5zRrWxKtVOvmAX7YnIX3BmULh4u/u6et9Ly538R7sbsSTAUDNBlWo5dqzdlErNmcBRrp0ojCkb0B62DIY0QOWmk0FH5NA4XeJH0rxQk4n7syOlgVLDwDOVAdV9NZ+Nzf+yVqL9czflYZxoDNn0Iz8RREdkvDXpcolMi6EByiQ3sxLWp5IybW6TM0dw5lf+C/XjonNSPK3YhRKBqbKwDwdwBA6cQQmuoQw1YIBwD4/wZN1YD9az9TItzViznl34Jev1G7Y4kHw=</latexit>

T � 1

<latexit sha1_base64="fbVe4iCQIFPyRxIYA+yykuuEu+4=">AAAB6nicbZC7SgNBFIbPqNEYb1FLm8Eg2Bh2RdHOgI1lxNwgWcLsZDYZMju7zMwKYUlrZ2OhiJaWPo2dL+Ab2Du5FJr4w8DH/5/DnHP8WHBtHOcTLSwuZZZXsqu5tfWNza389k5NR4mirEojEamGTzQTXLKq4UawRqwYCX3B6n7/cpTXb5nSPJIVM4iZF5Ku5AGnxFjrpnLktvMFp+iMhefBnULh4uv1W77fZcrt/EerE9EkZNJQQbRuuk5svJQow6lgw1wr0SwmtE+6rGlRkpBpLx2POsQH1ungIFL2SYPH7u+OlIRaD0LfVobE9PRsNjL/y5qJCc69lMs4MUzSyUdBIrCJ8Ghv3OGKUSMGFghV3M6KaY8oQo29Ts4ewZ1deR5qx0X3pHh67RRKGCbKwh7swyG4cAYluIIyVIFCF+7hEZ6QQA/oGb1MShfQtGcX/gi9/QBeo5GH</latexit>

N

<latexit sha1_base64="3k0tPua0/9zIDZp1SpSlJDIc0Yo=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9SQJmgWQIPZ2apLVnobtHiEOewIsHRbyKZx/Gm0ffxM5y0MQfGj7+v4quKi8WXGnb/rIyc/MLi0vZ5dzK6tr6Rn5zq6aiRDKsskhEsuFRhYKHWNVcC2zEEmngCax7t+fDvH6HUvEovNb9GN2AdkPuc0a1sSpX7XzBLtojkVlwJlA4e7//vvjYScvt/GerE7EkwFAzQZVqOnas3ZRKzZnAQa6VKIwpu6VdbBoMaYDKTUeDDsi+cTrEj6R5oSYj93dHSgOl+oFnKgOqe2o6G5r/Zc1E+6duysM40Riy8Ud+IoiOyHBr0uESmRZ9A5RJbmYlrEclZdrcJmeO4EyvPAu1w6JzVDyu2IUSgbGysAt7cAAOnEAJLqEMVWCA8ABP8GzdWI/Wi/U6Ls1Yk55t+CPr7QetIJB2</latexit>

Encode other extended latents with the same distributions as Q

<latexit sha1_base64="cbRp2i2V6/sBSTh3TQFxh5u0iig=">AAACKXicbVBNSwMxEM3W7/pV9ehlsBU8ld2i6LEggscWrC3UUrLZqQ1mN0syq5bi3/HiX/GioKhX/4hp7UGtA4HHezOZeS9MlbTk++9ebmZ2bn5hcSm/vLK6tl7Y2Dy3OjMCG0IrbVoht6hkgg2SpLCVGuRxqLAZXh2P9OY1Git1ckaDFDsxv0xkTwpOjuoWqieJ0BGCpj4awFvCJMIIFHeALNxI6oOTwPIYIXL3GBlmo1EL3EKpXuoWin7ZHxdMg2ACimxStW7h+SLSIovd/0Jxa9uBn1JnyA1JofAuf5FZTLm44pfYdjBxi21nOHZ6B7uOiaCnjXsJwZj9OTHksbWDOHSdMae+/auNyP+0dka9o85QJmnmjIvvRb1MAWkYxeasGxSkBg5wYaS7FUSfGy7IhZt3IQR/LU+D80o52C8f1CvFKkziWGTbbIftsYAdsio7ZTXWYILds0f2wl69B+/Je/M+vltz3mRmi/0q7/MLXd6mjg==</latexit>

j

<latexit sha1_base64="kyf7UpMrYg7h6iYdJwQRpGwQCIY=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIFhLuRNHOgI1lAuYByRH2NnPJJnsPdveEcKS2sLFQxNY/yc7e0n/Azs2j0MQPFn583ww7M14suNK2/WFllpZXVtey67mNza3tnfzuXk1FiWRYZZGIZMOjCgUPsaq5FtiIJdLAE1j3BtfjvH6HUvEovNXDGN2AdkPuc0a1sSr9dr5gF+2JyCI4Myhcfd/zr5NPLLfz761OxJIAQ80EVarp2LF2Uyo1ZwJHuVaiMKZsQLvYNBjSAJWbTgYdkSPjdIgfSfNCTSbu746UBkoNA89UBlT31Hw2Nv/Lmon2L92Uh3GiMWTTj/xEEB2R8dakwyUyLYYGKJPczEpYj0rKtLlNzhzBmV95EWqnReeseF6xCyUCU2XhAA7hGBy4gBLcQBmqwADhAZ7g2epbj9aL9TotzViznn34I+vtB+LMkVk=</latexit>

ZT

<latexit sha1_base64="xWnEPMoNQTuB8z5zYWnAadlQh8U=">AAAB+XicbVBLSwMxGMzWV62vVW96CRbBU9kVRW8W9OCxQl/YLks2m7ah2WRJsoWy9J948aCIV4/+Cw+Cv0O9m2170NaBkGHm+8hkgphRpR3nw8otLC4tr+RXC2vrG5tb9vZOXYlEYlLDggnZDJAijHJS01Qz0owlQVHASCPoX2Z+Y0CkooJX9TAmXoS6nHYoRtpIvm23A8FCNYzMld6O/KpvF52SMwacJ+6UFC8+37+vXve+Kr791g4FTiLCNWZIqZbrxNpLkdQUMzIqtBNFYoT7qEtahnIUEeWl4+QjeGiUEHaENIdrOFZ/b6QoUlk4Mxkh3VOzXib+57US3Tn3UsrjRBOOJw91Ega1gFkNMKSSYM2GhiAsqckKcQ9JhLUpq2BKcGe/PE/qxyX3pHR64xTLEEyQB/vgABwBF5yBMrgGFVADGAzAHXgAj1Zq3VtP1vNkNGdNd3bBH1gvP8KumM8=</latexit>

xT

<latexit sha1_base64="qhkw1o4bW6dL5E13bR/5ksuMHq4=">AAAB+XicbVBLSwMxGMzWV62vVW96CRbBU9kVRW8W9OCxQl/QliWbzbah2WRJssWy9J948aCIV4/+Cw+Cv0O9m2170NaBkGHm+8hk/JhRpR3nw8otLC4tr+RXC2vrG5tb9vZOXYlEYlLDggnZ9JEijHJS01Qz0owlQZHPSMPvX2Z+Y0CkooJX9TAmnQh1OQ0pRtpInm23fcECNYzMld6OvKpnF52SMwacJ+6UFC8+37+vXve+Kp791g4ETiLCNWZIqZbrxLqTIqkpZmRUaCeKxAj3UZe0DOUoIqqTjpOP4KFRAhgKaQ7XcKz+3khRpLJwZjJCuqdmvUz8z2slOjzvpJTHiSYcTx4KEwa1gFkNMKCSYM2GhiAsqckKcQ9JhLUpq2BKcGe/PE/qxyX3pHR64xTLEEyQB/vgABwBF5yBMrgGFVADGAzAHXgAj1Zq3VtP1vNkNGdNd3bBH1gvP/CAmO0=</latexit>

<latexit sha1_base64="Gd432vyCDbn3lehNf70/LbO3z/g=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgxdF6UPHixIvHCfuCrZQ0TbewNC1JKsxSxP/Ei6AiXvXv8Obdv0NMtx1080HI473fj7w8L2ZUKsv6NGZm5+YXFgtLxeWV1bV1c2OzIaNEYFLHEYtEy0OSMMpJXVHFSCsWBIUeI02vf5H7zWsiJI14TQ1i4oSoy2lAMVJacs3tjhcxXw5CfaXnmZvWDuzMNUtW2RoCThN7TEpn33fvwdfpY9U1Pzp+hJOQcIUZkrJtW7FyUiQUxYxkxU4iSYxwH3VJW1OOQiKddJg+g3ta8WEQCX24gkP190aKQpkH1JMhUj056eXif147UcGJk1IeJ4pwPHooSBhUEcyrgD4VBCs20ARhQXVWiHtIIKx0YUVdgj355WnSOCzbR2XryipVIBihAHbALtgHNjgGFXAJqqAOMLgB9+AJPBu3xoPxYryORmeM8c4W+APj7QfGp5nJ</latexit>

AT�1

T

<latexit sha1_base64="VKv5eec8npVsvkyQKCQat944wCE=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozoujNgAc9JpANkiH0dGqSNj0L3T1CHPIEXjwo4lU8+zDePPomdpaDRn9o+Pj/KrqqvFhwpW3708osLC4tr2RXc2vrG5tb+e2duooSybDGIhHJpkcVCh5iTXMtsBlLpIEnsOENLsd54xal4lFY1cMY3YD2Qu5zRrWxKtVOvmAX7YnIX3BmULh4u/u6et9Ly538R7sbsSTAUDNBlWo5dqzdlErNmcBRrp0ojCkb0B62DIY0QOWmk0FH5NA4XeJH0rxQk4n7syOlgVLDwDOVAdV9NZ+Nzf+yVqL9czflYZxoDNn0Iz8RREdkvDXpcolMi6EByiQ3sxLWp5IybW6TM0dw5lf+C/XjonNSPK3YhRKBqbKwDwdwBA6cQQmuoQw1YIBwD4/wZN1YD9az9TItzViznl34Jev1G7Y4kHw=</latexit>
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Experiments



Computational Cost

• McBits coders scale linearly with the number of particles N

• However, particles are amenable to parallelization
• We implemented1 vectorized rANS on the GPU, which allows
McBits coders to scale sublinearly with particles

Total encode + decode times for the binarized MNIST test set
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Toy Mixture Model: Net Bitrate→ Entropy

• We performed experiments on a toy mixture model, where the
data generating distribution is randomly initialized and known

• A uniform approximate posterior was used to ensure a large
mismatch with the true posterior

• As N → ∞, the net bitrate converges to the entropy for most
coders, as expected
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• Observation and latent alphabet sizes were 64 and 256, respectively
• Compression was performed on 5000 symbols
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Toy Mixture Model: Initial Bit Cost

• We quantified the initial bit cost by computing the total bitrate
(the net bitrate plus initial bits per symbol) after the first symbol

• The initial bit cost of naive coders scales linearly with particles,
but coupled and BitSwap [9] variants significantly reduce it
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Toy Hidden Markov Model: Net Bitrate→ Entropy

• We performed experiments on data from a toy Hidden Markov
Model where prior, emission and transition probabilities were
known, and a uniform approximate posterior was used

• As N → ∞, the net bitrates of BB‐IS and BB‐SMC converge to the
entropy, but BB‐SMC converges much faster
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• Observation and latent alphabet sizes were 16 and 32, respectively
• A uniform approximate posterior was used, and other distributions were randomly initialized
• Compression was performed on 5000 sequences with 10 time‐steps each
• The entropy was estimated empirically using the forward algorithm
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EMNIST: Transfer Learning Setting

• We trained a VAE, with Gaussian latents and Bernoulli
observations, on the binarized EMNIST‐Letters and
EMNIST‐MNIST datasets [5]

• Compression performance was evaluated on both tests sets
• BB‐IS achieves greater rate savings than BB‐ELBO in the
out‐of‐distribution setting

Trained on MNIST Letters

Compressing MNIST Letters MNIST Letters

BB‐ELBO 0.236 0.310 0.257 0.250
BB‐IS (N = 5) 0.231 0.289 0.249 0.243
BB‐IS (N = 50) 0.228 0.280 0.244 0.239

Savings 3.4% 9.7% 5.1% 4.4%
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Polyphonic Music Datasets: BB‐SMC for Sequential Data

• We used a chunked version of 4 polyphonic music datasets from
[2] to evaluate the compression performance of BB‐SMC on
sequential datasets

• Models were based on the variational RNN [4], with Gaussian
latents and Bernoulli observations, and trained following [10]

• BB‐SMC achieves the best net bitrates (bits/timestep) on all piano
roll test sets.

Musedata Nott. JSB Piano.

BB‐ELBO 10.66 5.87 12.53 11.43
BB‐IS (N = 4) 10.66 4.86 12.03 11.38
BB‐SMC (N = 4) 9.58 4.76 10.92 11.20

Savings 10.1% 18.9% 12.8% 2.0%
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Conclusion

• McBits are bits‐back coders that exploit the extended space
representations of tighter variational bounds for better bitrates

• The initial bit cost of McBits coders scales linearly with particles,
but can be significantly reduced by coupling the extended latents

• When parallelizing computation over particles, McBits coders can
achieve better bitrates than BB‐ANS with little overhead

• Experiments indicate that BB‐IS enjoys better bitrate savings in
out‐of‐distribution compression settings
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Thank you!
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