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Overview

Latent variable models

• evaluating p(x) is intractable for lossless compression
• jointly encoding (x, z) is wasteful!

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>

Bits-back coding
� applies latent variable models for lossless compression

� achieves a better bitrate = −ELBO

� suffers from a KL gap to the cross-entropy

Monte Carlo bits-back coding
4 removes the KL gap

4 little additional cost

4 better for transfer 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

Background: Bits-Back is Suboptimal

Asymmetric Numeral Systems (ANS)
• stack-like (LIFO) entropy coder
• ANS message 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>

trick: use decode as sample!

Bits-Back with ANS (BB-ANS)
• uses an approximate posterior q(z |x)
• decodes z with q(z |x) from intermediate messages

<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="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

<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

<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

decode z with q(z|x1)

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

encode x1 with p(x1|z)

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

encode z with p(z)

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

decode z0 with q(z0|x2)

<latexit sha1_base64="DiVNjBp1TgTev5CxypMhGg8XJL8=">AAACGHicbZBNL0NBFIbPra+qr4ulRCZEsKl7hbCU2Fi2okjappk791Qn5n6YmYu62p2fYOOXSGwsiNja+Q3+hGlLgnqTSd4855zMOa8XC66047xbmYHBoeGR7GhubHxicsqenjlUUSIZllgkInnsUYWCh1jSXAs8jiXSwBN45J3udupH5ygVj8ID3 YyxGtCTkNc5o9qgmr1WCahuyCD1kUU+tkiFXC2T9je94LrRap+tGHZNLmvrqzV70ck7XZF+436ZxR0oftzM3+8XavZbxY9YEmComaBKlV0n1tWUSs2ZwFaukiiMKTulJ1g2NqQBqmraPaxFlgzxST2S5oWadOnPiZQGSjUDz3R2FlZ/ax34X62c6Pp2NeVhnGgMWe+jeiKIjkgnJeJziUyLpjGUSW52JaxBJWXaZJkzIbh/T+43h+t5dyO/WTRpEOgpC3OwACvgwhbswB4UoAQMbuEBnuDZurMerRfrtdeasb5mZuGXrLdPfAai5w==</latexit>

encode x2 with p(x2|z0)

<latexit sha1_base64="1Vflkt6OH7wbUCgFB9A+ubHAwHQ=">AAACGnicbVBLS0JBGP2uvcxeVssghiSyjdwrRS2FNi018gEqMnccdXDug5m5ld10129o0w9p06ZFEe2iTb+hP9FcNSjtwMDhnO9jvnNsnzOpTPPTiM3Mzs0vxBcTS8srq2vJ9Y2S9AJBaJF43BMVG0vKmUuLiilOK76g2LE5Ldvdk8gvX1Ahmeeeq 55P6w5uu6zFCFZaaiStmoNVRzghdYnXpH1UQ1eNLBr8yJdMdfoD5Kcj9QZd7+03kikzYw6Bpok1JqkcFL5utx/O8o3ke63pkcChriIcS1m1TF/VQywUI5z2E7VAUh+TLm7TqqYudqish8NofbSrlSZqeUI/V6Gh+nsjxI6UPcfWk9HFctKLxP+8aqBax/WQuX6gdPTRR62AI+WhqCfUZIISxXuaYCKYvhWRDhaYKN1mQpdgTUaeJqVsxjrIHBZ0GwhGiMMW7EAaLDiCHJxCHopA4A4e4RlejHvjyXg13kajMWO8swl/YHx8A8dmo4w=</latexit>

encode z0 with p(z0)

<latexit sha1_base64="IzLNlfewioieZFbTo+sDu1l4oNA=">AAACFHicbVDLSgMxFL1TX7W+Rl0KEizSilBmRNFlwY3LVuwD2lIyadqGZh4kGaUd2p0f4MZf0YULRdy6cOc3+BOmD0FbDwQO59xL7jlOwJlUlvVpxObmFxaX4suJldW19Q1zc6so/VAQWiA+90XZwZJy5tGCYorTciAodh1OS07nfOiXrqmQzPeuV DegNRe3PNZkBCst1c3DqotVW7gR9YjfoH1URb0UQoMf+Yapdn+AgnQvdVA3k1bGGgHNEntCklnIf93uPl7m6uZHteGT0KWeIhxLWbGtQNUiLBQjnPYT1VDSAJMObtGKph52qaxFo1B9tK+VBmr6Qj9PoZH6eyPCrpRd19GTw1vltDcU//MqoWqe1SLmBaHSoccfNUOOlI+GDaEGE5Qo3tUEE8H0rYi0scBE6R4TugR7OvIsKR5l7OPMSV63gWCMOOzAHqTBhlPIwgXkoAAE7uABnuHFuDeejFfjbTwaMyY72/AHxvs3XkehQw==</latexit>

� saves − log q(z|x) bits/sym ⇒ net bitrate = −ELBO

� needs − log q(z |x) initial bits for the first symbol

� ELBO may be a loose bound on log p(x) ⇒ KL gap

From Tighter Variational Bounds to Bits-Back Schemes

Given an unbiased Monte Carlo estimator of the marginal likelihood p̂N(x)
• Goal: derive bits-back schemes with a net bitrate = −E[log p̂N(x)]
• Key idea: exploit the extended latent space representations of p̂N(x)

p̂N(x) =
P (x,Z) → target distribution

Q(Z |x) → proposal distribution

where the extended latents Z ∼ Q(Z |x)
4 Derive McBits coders as with BB-ELBO

Instantiations
� BB-IS (Importance Sampling)

� BB-SMC (Sequential Monte Carlo)

� BB-AIS (Annealed Importance Sampling)

Simplest Example: Decode Multiple Particles and Pick One

Importance sampling (IS)
• samples N particles zi ∼ q(zi |x) i.i.d. and averages the importance weights

p̂N(x) =
1

N

N∑
i=1

p(x, zi)

q(zi |x)
• the variational bound (IWAE) converges monotonically to log p(x) as N →∞
BB-IS
4 Z includes N particles {zi}Ni=1 and a particle index j ∈ {1 .. N}

decode {zi}N
i=1 with ⇧N

i=1q(zi|x)

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

decode j with Cat(w̃j)

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

� achieves a net bitrate = −IWAE

� asymptotically reaches the cross-entropy

� requires O(N) initial bits ⇐ O(N) decoded latent variables

Coulping Technique for Reducing Initial Bit Cost

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

4 discrete analog of the inverse CDF trick

4 reparamerize {zi}Ni=1 by a uniform r.v. u1

� decoding a single uniform is enough!

� reduce the initial bit cost to O(logN)
(actually O(1) in practice) <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>

Experiments

Convergence: the net bitrates of McBits coders converge to the entropy on
both toy mixture model (left) and toy hidden markov model (right)
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Additional cost: nearly O(1) initial bit cost achieved by coupling (left);
sublinear computational cost with parallelization over particles (right)
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OOD performance: greater bitrate savings in out-of-distribution compression

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%

More extensive evaluation and analysis are in our paper!


