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Discrete Data

There is a lot of discrete structure in data...

...that often is unobserved.

Source: MNIST, NLTK, Wikipedia, LabioTech



Why model discrete structure?

By modeling this unobserved structure, we can for example...

• incorporate problem-specific constraints (Mena et al., 2018)

• improve generalization (Graves et al., 2014)

• increase interpretability (Chen et al., 2018)

As an example, consider...

Pours a slight tangerine orange and straw yellow. The head is nice and bubbly but fades very quickly with a little

lacing. Smells like Wheat and European hops, a little yeast in there too. There is some fruit in there too, but you

have to take a good whiff to get it. The taste is of wheat, a bit of malt, and a little fruit flavour in there too.

Almost feels like drinking Champagne, medium mouthful otherwise. Easy to drink, but not something I’d be trying

every night.

Appearance: 3.5 Aroma: 4.0 Palate: 4.5 Taste: 4.0 Overall: 4.0
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Example: Learning to explain (L2X) aspect ratings

A latent subset variable can be used...

Review
<latexit sha1_base64="Ok2ElGBTSmChfhPIJznhfXEj2N4=">AAACAHicbVC7SgNBFJ31GeNr1cLCZjAIVmE3FloGbCyjmAckS5idvZsMmX0wczcaljT+io2FIrZ+hp1/4+RRaOKBgcM593LnHD+VQqPjfFsrq2vrG5uFreL2zu7evn1w2NBJpjjUeSIT1fKZBiliqKNACa1UAYt8CU1/cD3xm0NQWiTxPY5S8CLWi0UoOEMjde3jDsIj5h0dhiwSckTvYCjgYdy1S07ZmYIuE3dOSmSOWtf+6gQJzyKIkUumddt1UvRyplBwCeNiJ9OQMj5gPWgbGrMItJdPA4zpmVECGibKvBjpVP29kbNI61Hkm8mIYV8vehPxP6+dYXjl5SJOM4SYzw6FmaSY0EkbNBAKOJrYgWBcCfNXyvtMMY6ms6IpwV2MvEwalbJ7Ua7cVkpVZ15HgZyQU3JOXHJJquSG1EidcDImz+SVvFlP1ov1bn3MRles+c4R+QPr8wdzEpbj</latexit>

Review
<latexit sha1_base64="Ok2ElGBTSmChfhPIJznhfXEj2N4=">AAACAHicbVC7SgNBFJ31GeNr1cLCZjAIVmE3FloGbCyjmAckS5idvZsMmX0wczcaljT+io2FIrZ+hp1/4+RRaOKBgcM593LnHD+VQqPjfFsrq2vrG5uFreL2zu7evn1w2NBJpjjUeSIT1fKZBiliqKNACa1UAYt8CU1/cD3xm0NQWiTxPY5S8CLWi0UoOEMjde3jDsIj5h0dhiwSckTvYCjgYdy1S07ZmYIuE3dOSmSOWtf+6gQJzyKIkUumddt1UvRyplBwCeNiJ9OQMj5gPWgbGrMItJdPA4zpmVECGibKvBjpVP29kbNI61Hkm8mIYV8vehPxP6+dYXjl5SJOM4SYzw6FmaSY0EkbNBAKOJrYgWBcCfNXyvtMMY6ms6IpwV2MvEwalbJ7Ua7cVkpVZ15HgZyQU3JOXHJJquSG1EidcDImz+SVvFlP1ov1bn3MRles+c4R+QPr8wdzEpbj</latexit>

Rating
prediction

<latexit sha1_base64="7g+d3o4eMo6nYd64qHemH5Cg4mI="></latexit>

Rating
prediction

<latexit sha1_base64="7g+d3o4eMo6nYd64qHemH5Cg4mI="></latexit>

Decoder
CNN

<latexit sha1_base64="ZfTMPHfVhkHDqI+R/2IC0DrX/Bc=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwVWbqQpeFuhAXpYJ9QKeUTOZOG5rJDElGLEP/yY0/4kIQF4q49R9MH4K2HggczrmHm3v8hDOlHefFyq2srq1v5DcLW9s7u3v2/kFTxamk0KAxj2XbJwo4E9DQTHNoJxJI5HNo+cPqxG/dgVQsFrd6lEA3In3BQkaJNlLPvvZ86DORURAa5Bh7Gu515qkwJBHjI3wJNA6M4XlLVrVWG3sggp9szy46JWcKvEzcOSmiOeo9+8kLYppGJk45UarjOonuZkRqRjmMC16qICF0SPrQMVSQCFQ3m948xidGCXAYS/OExlP1dyIjkVKjyDeTEdEDtehNxP+8TqrDi27GRJJqEHS2KEw51jGeFIgDJoFqc3/ACJXM/BXTAZGEmg5UwZTgLp68TJrlkntWKt+UixVnXkceHaFjdIpcdI4q6ArVUQNR9ICe0Rt6tx6tV+vD+pyN5qx55hD9gfX1DekMrNI=</latexit>

Decoder
CNN

<latexit sha1_base64="ZfTMPHfVhkHDqI+R/2IC0DrX/Bc=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwVWbqQpeFuhAXpYJ9QKeUTOZOG5rJDElGLEP/yY0/4kIQF4q49R9MH4K2HggczrmHm3v8hDOlHefFyq2srq1v5DcLW9s7u3v2/kFTxamk0KAxj2XbJwo4E9DQTHNoJxJI5HNo+cPqxG/dgVQsFrd6lEA3In3BQkaJNlLPvvZ86DORURAa5Bh7Gu515qkwJBHjI3wJNA6M4XlLVrVWG3sggp9szy46JWcKvEzcOSmiOeo9+8kLYppGJk45UarjOonuZkRqRjmMC16qICF0SPrQMVSQCFQ3m948xidGCXAYS/OExlP1dyIjkVKjyDeTEdEDtehNxP+8TqrDi27GRJJqEHS2KEw51jGeFIgDJoFqc3/ACJXM/BXTAZGEmg5UwZTgLp68TJrlkntWKt+UixVnXkceHaFjdIpcdI4q6ArVUQNR9ICe0Rt6tx6tV+vD+pyN5qx55hD9gfX1DekMrNI=</latexit>

Encoder
CNN

<latexit sha1_base64="SCw+HLSDVkN41xcWoNKgV8F3rME=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwVWbqQpeFIoiLUsE+oFNKJnOnDc1khiQjlqH/5MYfcSGIC0Xc+g+mD0FbDwQO59zDzT1+wpnSjvNi5VZW19Y38puFre2d3T17/6Cp4lRSaNCYx7LtEwWcCWhopjm0Ewkk8jm0/GF14rfuQCoWi1s9SqAbkb5gIaNEG6lnX3s+9JnIKAgNcow9Dfc681QYkojxEb4UNA6M4XlLVrVWG3sggp9szy46JWcKvEzcOSmiOeo9+8kLYppGJk45UarjOonuZkRqRjmMC16qICF0SPrQMVSQCFQ3m948xidGCXAYS/OExlP1dyIjkVKjyDeTEdEDtehNxP+8TqrDi27GRJJqEHS2KEw51jGeFIgDJoFqc3/ACJXM/BXTAZGEmg5UwZTgLp68TJrlkntWKt+UixVnXkceHaFjdIpcdI4q6ArVUQNR9ICe0Rt6tx6tV+vD+pyN5qx55hD9gfX1DfnPrNw=</latexit>

Encoder
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Models with structured latent variables

More generally, we can consider encoder-decoder models...

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

...where the latent X is another binary array, for example...
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adj. matrix



Models with structured latent variables

More generally, we can consider encoder-decoder models...

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

...where the latent X is another binary array, for example...
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adj. matrix



Problem: How to backprop through X?

Learning the parameters θ requires backpropagating through X...

This is difficult, because...



Problem: How to backprop through X?

Learning the parameters θ requires backpropagating through X...

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

parameters ✓

<latexit sha1_base64="VCZNrvVFAOGLMX+teHgWPiTLr1A=">AAACDXicbVC7SgNBFJ31GeNr1dJmMBGswm5QtAzYWEYwD0iWMDt7Nxky+2DmrhiW/ICNv2JjoYitvZ1/4+RRaOKBgcM593DnHj+VQqPjfFsrq2vrG5uFreL2zu7evn1w2NRJpjg0eCIT1faZBiliaKBACe1UAYt8CS1/eD3xW/egtEjiOxyl4EWsH4tQcIZG6tnlLsID5l0dhiwSckRTplgEaCJjaswBICv37JJTcaagy8SdkxKZo96zv7pBwrMIYuSSad1xnRS9nCkUXMK42M00pIwPWR86hsZmo/by6TVjemqUgIaJMi9GOlV/J3IWaT2KfDMZMRzoRW8i/ud1MgyvvFzEaYYQ89miMJMUEzqphgZCAUfTQSAYV8L8lfKBqYNP2iiaEtzFk5dJs1pxzysXt9VSzZnXUSDH5IScEZdckhq5IXXSIJw8kmfySt6sJ+vFerc+ZqMr1jxzRP7A+vwB7IacBQ==</latexit>

parameters ✓

<latexit sha1_base64="VCZNrvVFAOGLMX+teHgWPiTLr1A=">AAACDXicbVC7SgNBFJ31GeNr1dJmMBGswm5QtAzYWEYwD0iWMDt7Nxky+2DmrhiW/ICNv2JjoYitvZ1/4+RRaOKBgcM593DnHj+VQqPjfFsrq2vrG5uFreL2zu7evn1w2NRJpjg0eCIT1faZBiliaKBACe1UAYt8CS1/eD3xW/egtEjiOxyl4EWsH4tQcIZG6tnlLsID5l0dhiwSckRTplgEaCJjaswBICv37JJTcaagy8SdkxKZo96zv7pBwrMIYuSSad1xnRS9nCkUXMK42M00pIwPWR86hsZmo/by6TVjemqUgIaJMi9GOlV/J3IWaT2KfDMZMRzoRW8i/ud1MgyvvFzEaYYQ89miMJMUEzqphgZCAUfTQSAYV8L8lfKBqYNP2iiaEtzFk5dJs1pxzysXt9VSzZnXUSDH5IScEZdckhq5IXXSIJw8kmfySt6sJ+vFerc+ZqMr1jxzRP7A+vwB7IacBQ==</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

✔✗ ✔✔

This is difficult, because...

• REINFORCE is high variance.

• No unbiased reparameterization gradient for discrete X.



Problem: How to backprop through X?

Learning the parameters θ requires backpropagating through X...

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

parameters ✓

<latexit sha1_base64="VCZNrvVFAOGLMX+teHgWPiTLr1A=">AAACDXicbVC7SgNBFJ31GeNr1dJmMBGswm5QtAzYWEYwD0iWMDt7Nxky+2DmrhiW/ICNv2JjoYitvZ1/4+RRaOKBgcM593DnHj+VQqPjfFsrq2vrG5uFreL2zu7evn1w2NRJpjg0eCIT1faZBiliaKBACe1UAYt8CS1/eD3xW/egtEjiOxyl4EWsH4tQcIZG6tnlLsID5l0dhiwSckRTplgEaCJjaswBICv37JJTcaagy8SdkxKZo96zv7pBwrMIYuSSad1xnRS9nCkUXMK42M00pIwPWR86hsZmo/by6TVjemqUgIaJMi9GOlV/J3IWaT2KfDMZMRzoRW8i/ud1MgyvvFzEaYYQ89miMJMUEzqphgZCAUfTQSAYV8L8lfKBqYNP2iiaEtzFk5dJs1pxzysXt9VSzZnXUSDH5IScEZdckhq5IXXSIJw8kmfySt6sJ+vFerc+ZqMr1jxzRP7A+vwB7IacBQ==</latexit>

parameters ✓

<latexit sha1_base64="VCZNrvVFAOGLMX+teHgWPiTLr1A=">AAACDXicbVC7SgNBFJ31GeNr1dJmMBGswm5QtAzYWEYwD0iWMDt7Nxky+2DmrhiW/ICNv2JjoYitvZ1/4+RRaOKBgcM593DnHj+VQqPjfFsrq2vrG5uFreL2zu7evn1w2NRJpjg0eCIT1faZBiliaKBACe1UAYt8CS1/eD3xW/egtEjiOxyl4EWsH4tQcIZG6tnlLsID5l0dhiwSckRTplgEaCJjaswBICv37JJTcaagy8SdkxKZo96zv7pBwrMIYuSSad1xnRS9nCkUXMK42M00pIwPWR86hsZmo/by6TVjemqUgIaJMi9GOlV/J3IWaT2KfDMZMRzoRW8i/ud1MgyvvFzEaYYQ89miMJMUEzqphgZCAUfTQSAYV8L8lfKBqYNP2iiaEtzFk5dJs1pxzysXt9VSzZnXUSDH5IScEZdckhq5IXXSIJw8kmfySt6sJ+vFerc+ZqMr1jxzRP7A+vwB7IacBQ==</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

✔✗ ✔✔

This is difficult, because...

• REINFORCE is high variance.

• No unbiased reparameterization gradient for discrete X.



Problem: How to backprop through X?

Learning the parameters θ requires backpropagating through X...

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Decoder

<latexit sha1_base64="IHjgKQsXDvxYeQpdwY1bmLwxaZU=">AAACAXicbVC7SgNBFJ31GeMraiPYDAbBKuwGRcuAFpYRzAOyS5idvZsMmX0wc1cMS2z8FRsLRWz9Czv/xsmj0MQDA4dz7uXOOX4qhUbb/raWlldW19YLG8XNre2d3dLeflMnmeLQ4IlMVNtnGqSIoYECJbRTBSzyJbT8wdXYb92D0iKJ73CYghexXixCwRkaqVs6dBEeMHd1GLJIyCG9Bp4EoEbdUtmu2BPQReLMSJnMUO+Wvtwg4VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv5JMGInhgloGGizIuRTtTfGzmLtB5GvpmMGPb1vDcW//M6GYaXXi7iNEOI+fRQmEmKCR3XQQOhgKPJHQjGlTB/pbzPFONoSiuaEpz5yIukWa04Z5Xz22q5Zs/qKJAjckxOiUMuSI3ckDppEE4eyTN5JW/Wk/VivVsf09Ela7ZzQP7A+vwBCTGXNQ==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Encoder

<latexit sha1_base64="G46IJ1ljQty4b/zdAvMNd/PDjak=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBVZkpii4LIrisYB/QlpLJ3GlDM5khuSOWoW78FTcuFHHrX7jzb0wfC209EDiccy835/iJFAZd99tZWl5ZXVvPbeQ3t7Z3dgt7+3UTp5pDjccy1k2fGZBCQQ0FSmgmGljkS2j4g6ux37gHbUSs7nCYQCdiPSVCwRlaqVs4bCM8YNY2YcgiIYf0WvE4AD3qFopuyZ2ALhJvRopkhmq38NUOYp5GoJBLZkzLcxPsZEyj4BJG+XZqIGF8wHrQslSxCEwnmyQY0ROrBDSMtX0K6UT9vZGxyJhh5NvJiGHfzHtj8T+vlWJ42cmESlIExaeHwlRSjOm4DhoIDRxt7kAwroX9K+V9phlHW1reluDNR14k9XLJOyud35aLFXdWR44ckWNySjxyQSrkhlRJjXDySJ7JK3lznpwX5935mI4uObOdA/IHzucPGJaXPw==</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

Latent X

<latexit sha1_base64="VYQp3s0JAVAT6FUv3gXfAPuEeaY=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQCwViJhYGhSPQhtVHlOE5r1U4i+wZRRR1Y+BUWBhBi5SPY+BvcNgO0HMnS0Tn32j7HTwTX4Djf1srq2vrGZmGruL2zu7dvHxy2dJwqypo0FrHq+EQzwSPWBA6CdRLFiPQFa/ujq6nfvmdK8zi6g3HCPEkGEQ85JWCkvl3qAXuArKfDkEguxviGAItggiudSt8uO1VnBrxM3JyUUY5G3/7qBTFNpbmACqJ113US8DKigFPBJsVeqllC6IgMWNfQiEimvWwWYoJPjBLgMFbmRIBn6u+NjEitx9I3k5LAUC96U/E/r5tCeOllPEpSk4zOHwpTgSHG00ZwwBWjYKIHnFDFzV8xHRJFKJjeiqYEdzHyMmnVqu5Z9fy2Vq47eR0FVELH6BS56ALV0TVqoCai6BE9o1f0Zj1ZL9a79TEfXbHynSP0B9bnD0M9l8U=</latexit>

parameters ✓

<latexit sha1_base64="VCZNrvVFAOGLMX+teHgWPiTLr1A=">AAACDXicbVC7SgNBFJ31GeNr1dJmMBGswm5QtAzYWEYwD0iWMDt7Nxky+2DmrhiW/ICNv2JjoYitvZ1/4+RRaOKBgcM593DnHj+VQqPjfFsrq2vrG5uFreL2zu7evn1w2NRJpjg0eCIT1faZBiliaKBACe1UAYt8CS1/eD3xW/egtEjiOxyl4EWsH4tQcIZG6tnlLsID5l0dhiwSckRTplgEaCJjaswBICv37JJTcaagy8SdkxKZo96zv7pBwrMIYuSSad1xnRS9nCkUXMK42M00pIwPWR86hsZmo/by6TVjemqUgIaJMi9GOlV/J3IWaT2KfDMZMRzoRW8i/ud1MgyvvFzEaYYQ89miMJMUEzqphgZCAUfTQSAYV8L8lfKBqYNP2iiaEtzFk5dJs1pxzysXt9VSzZnXUSDH5IScEZdckhq5IXXSIJw8kmfySt6sJ+vFerc+ZqMr1jxzRP7A+vwB7IacBQ==</latexit>

parameters ✓

<latexit sha1_base64="VCZNrvVFAOGLMX+teHgWPiTLr1A=">AAACDXicbVC7SgNBFJ31GeNr1dJmMBGswm5QtAzYWEYwD0iWMDt7Nxky+2DmrhiW/ICNv2JjoYitvZ1/4+RRaOKBgcM593DnHj+VQqPjfFsrq2vrG5uFreL2zu7evn1w2NRJpjg0eCIT1faZBiliaKBACe1UAYt8CS1/eD3xW/egtEjiOxyl4EWsH4tQcIZG6tnlLsID5l0dhiwSckRTplgEaCJjaswBICv37JJTcaagy8SdkxKZo96zv7pBwrMIYuSSad1xnRS9nCkUXMK42M00pIwPWR86hsZmo/by6TVjemqUgIaJMi9GOlV/J3IWaT2KfDMZMRzoRW8i/ud1MgyvvFzEaYYQ89miMJMUEzqphgZCAUfTQSAYV8L8lfKBqYNP2iiaEtzFk5dJs1pxzysXt9VSzZnXUSDH5IScEZdckhq5IXXSIJw8kmfySt6sJ+vFerc+ZqMr1jxzRP7A+vwB7IacBQ==</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Input

<latexit sha1_base64="sw42GN/6MWc4kXfztKg6KHdl4bs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5IURZcFN7qrYB/QhjKZTNqhk0mYuRFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy9zz/ETwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDo+0UxwyZrAQbBOohiJfMHa/ugq99v3TGkeyzsYJ8yLyEDykFMCRurbhz1gD5D1dBiSiIsxvpFJCpO+XXGqzhR4kbgFqaACjb791QtimkZMAhVE667rJOBlRAGngk3KvVSzhNARGbCuoZJETHvZ9P4JPjFKgMNYmScBT9XfGxmJtB5HvpmMCAz1vJeL/3ndFMJLL+N5JCbp7KMwFRhinJeBA64YBZM64IQqbm7FdEgUoWAqK5sS3PnIi6RVq7pn1fPbWqXuFHWU0BE6RqfIRReojq5RAzURRY/oGb2iN+vJerHerY/Z6JJV7BygP7A+fwCxv5Z7</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

Output

<latexit sha1_base64="T7R7UtpTiWmxb7q98zeGjxvxiBA=">AAACAHicbVDLSsNAFJ3UV62vqgsXbgaL4KokRdFlwY07K9gHNKFMJpN26GQSZm7EErLxV9y4UMStn+HOv3HaZqGtBwYO59zLnXP8RHANtv1tlVZW19Y3ypuVre2d3b3q/kFHx6mirE1jEaueTzQTXLI2cBCslyhGIl+wrj++nvrdB6Y0j+U9TBLmRWQoecgpASMNqkcusEfIXB2GJOJigm9TSFLIB9WaXbdnwMvEKUgNFWgNql9uENM0YhKoIFr3HTsBLyMKOBUsr7ipZgmhYzJkfUMliZj2slmAHJ8aJcBhrMyTgGfq742MRFpPIt9MRgRGetGbiv95/RTCKy/j0kRiks4PhanAEONpGzjgilEwsQNOqOLmr5iOiCIUTGcVU4KzGHmZdBp157x+cdeoNe2ijjI6RifoDDnoEjXRDWqhNqIoR8/oFb1ZT9aL9W59zEdLVrFziP7A+vwBo8CXBg==</latexit>

✔✗ ✔✔

This is difficult, because...

• REINFORCE is high variance.

• No unbiased reparameterization gradient for discrete X.



Solution: Grad. estimation with Stochastic Softmax Tricks

Relax discrete X to continuous Xt to admit biased gradient...

hard X
<latexit sha1_base64="E92fn8LhJftx62zLWI5saG/jbVY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUnqQpcFNy4r2Ac0oUwmk3boZBJmbsQSiht/xY0LRdz6Fe78G6dtFtp6YOBwzr3cOSdIBdfgON/Wyura+sZmaau8vbO7t28fHLZ1kinKWjQRieoGRDPBJWsBB8G6qWIkDgTrBKPrqd+5Z0rzRN7BOGV+TAaSR5wSMFLfPvaAPUDu6SgiMRdjPCQqnOBqt9q3K07NmQEvE7cgFVSg2be/vDChWcwkUEG07rlOCn5OFHAq2KTsZZqlhI7IgPUMlSRm2s9nESb4zCghjhJlngQ8U39v5CTWehwHZjImMNSL3lT8z+tlEF35OZdpBkzS+aEoExgSPO0Dh1wxCiZ4yAlV3PwVU9MBoWBaK5sS3MXIy6Rdr7kXtfptvdKoFnWU0Ak6RefIRZeogW5QE7UQRY/oGb2iN+vJerHerY/56IpV7ByhP7A+fwCvMpbY</latexit>

hard X
<latexit sha1_base64="E92fn8LhJftx62zLWI5saG/jbVY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUnqQpcFNy4r2Ac0oUwmk3boZBJmbsQSiht/xY0LRdz6Fe78G6dtFtp6YOBwzr3cOSdIBdfgON/Wyura+sZmaau8vbO7t28fHLZ1kinKWjQRieoGRDPBJWsBB8G6qWIkDgTrBKPrqd+5Z0rzRN7BOGV+TAaSR5wSMFLfPvaAPUDu6SgiMRdjPCQqnOBqt9q3K07NmQEvE7cgFVSg2be/vDChWcwkUEG07rlOCn5OFHAq2KTsZZqlhI7IgPUMlSRm2s9nESb4zCghjhJlngQ8U39v5CTWehwHZjImMNSL3lT8z+tlEF35OZdpBkzS+aEoExgSPO0Dh1wxCiZ4yAlV3PwVU9MBoWBaK5sS3MXIy6Rdr7kXtfptvdKoFnWU0Ak6RefIRZeogW5QE7UQRY/oGb2iN+vJerHerY/56IpV7ByhP7A+fwCvMpbY</latexit>

soft Xt
<latexit sha1_base64="lnU2XvklmgHDFIfMEjJxkAZheD0=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQMMFZiYSwSfUhNFTmO01q1k8i+QVRRBxZ+hYUBhFj5CDb+BrfNAC1HsnR0zr26PidIBdfgON/W2vrG5tZ2aae8u7d/cGgfHXd0kinK2jQRieoFRDPBY9YGDoL1UsWIDATrBuPrmd+9Z0rzJL6DScoGkgxjHnFKwEi+XfGAPUDu6SgikosJ1kkEeFrr+VDz7apTd+bAq8QtSBUVaPn2lxcmNJMsBiqI1n3XSWGQEwWcCjYte5lmKaFjMmR9Q2MimR7k8xBTfGaUEEeJMi8GPFd/b+REaj2RgZmUBEZ62ZuJ/3n9DKKrQc7jNAMW08WhKBMYEjxrBIdcMQomesgJVdz8FdMRUYSC6a1sSnCXI6+STqPuXtQbt41qs1bUUUIVdIrOkYsuURPdoBZqI4oe0TN6RW/Wk/VivVsfi9E1q9g5QX9gff4AeZ+X3A==</latexit>

soft Xt
<latexit sha1_base64="lnU2XvklmgHDFIfMEjJxkAZheD0=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQMMFZiYSwSfUhNFTmO01q1k8i+QVRRBxZ+hYUBhFj5CDb+BrfNAC1HsnR0zr26PidIBdfgON/W2vrG5tZ2aae8u7d/cGgfHXd0kinK2jQRieoFRDPBY9YGDoL1UsWIDATrBuPrmd+9Z0rzJL6DScoGkgxjHnFKwEi+XfGAPUDu6SgikosJ1kkEeFrr+VDz7apTd+bAq8QtSBUVaPn2lxcmNJMsBiqI1n3XSWGQEwWcCjYte5lmKaFjMmR9Q2MimR7k8xBTfGaUEEeJMi8GPFd/b+REaj2RgZmUBEZ62ZuJ/3n9DKKrQc7jNAMW08WhKBMYEjxrBIdcMQomesgJVdz8FdMRUYSC6a1sSnCXI6+STqPuXtQbt41qs1bUUUIVdIrOkYsuURPdoBZqI4oe0TN6RW/Wk/VivVsfi9E1q9g5QX9gff4AeZ+X3A==</latexit>

Our framework generalizes previous work on relaxations...

...and includes new relaxations and new structured variables.



Solution: Grad. estimation with Stochastic Softmax Tricks

Relax discrete X to continuous Xt to admit biased gradient...

hard X
<latexit sha1_base64="E92fn8LhJftx62zLWI5saG/jbVY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUnqQpcFNy4r2Ac0oUwmk3boZBJmbsQSiht/xY0LRdz6Fe78G6dtFtp6YOBwzr3cOSdIBdfgON/Wyura+sZmaau8vbO7t28fHLZ1kinKWjQRieoGRDPBJWsBB8G6qWIkDgTrBKPrqd+5Z0rzRN7BOGV+TAaSR5wSMFLfPvaAPUDu6SgiMRdjPCQqnOBqt9q3K07NmQEvE7cgFVSg2be/vDChWcwkUEG07rlOCn5OFHAq2KTsZZqlhI7IgPUMlSRm2s9nESb4zCghjhJlngQ8U39v5CTWehwHZjImMNSL3lT8z+tlEF35OZdpBkzS+aEoExgSPO0Dh1wxCiZ4yAlV3PwVU9MBoWBaK5sS3MXIy6Rdr7kXtfptvdKoFnWU0Ak6RefIRZeogW5QE7UQRY/oGb2iN+vJerHerY/56IpV7ByhP7A+fwCvMpbY</latexit>

hard X
<latexit sha1_base64="E92fn8LhJftx62zLWI5saG/jbVY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUnqQpcFNy4r2Ac0oUwmk3boZBJmbsQSiht/xY0LRdz6Fe78G6dtFtp6YOBwzr3cOSdIBdfgON/Wyura+sZmaau8vbO7t28fHLZ1kinKWjQRieoGRDPBJWsBB8G6qWIkDgTrBKPrqd+5Z0rzRN7BOGV+TAaSR5wSMFLfPvaAPUDu6SgiMRdjPCQqnOBqt9q3K07NmQEvE7cgFVSg2be/vDChWcwkUEG07rlOCn5OFHAq2KTsZZqlhI7IgPUMlSRm2s9nESb4zCghjhJlngQ8U39v5CTWehwHZjImMNSL3lT8z+tlEF35OZdpBkzS+aEoExgSPO0Dh1wxCiZ4yAlV3PwVU9MBoWBaK5sS3MXIy6Rdr7kXtfptvdKoFnWU0Ak6RefIRZeogW5QE7UQRY/oGb2iN+vJerHerY/56IpV7ByhP7A+fwCvMpbY</latexit>

soft Xt
<latexit sha1_base64="lnU2XvklmgHDFIfMEjJxkAZheD0=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQMMFZiYSwSfUhNFTmO01q1k8i+QVRRBxZ+hYUBhFj5CDb+BrfNAC1HsnR0zr26PidIBdfgON/W2vrG5tZ2aae8u7d/cGgfHXd0kinK2jQRieoFRDPBY9YGDoL1UsWIDATrBuPrmd+9Z0rzJL6DScoGkgxjHnFKwEi+XfGAPUDu6SgikosJ1kkEeFrr+VDz7apTd+bAq8QtSBUVaPn2lxcmNJMsBiqI1n3XSWGQEwWcCjYte5lmKaFjMmR9Q2MimR7k8xBTfGaUEEeJMi8GPFd/b+REaj2RgZmUBEZ62ZuJ/3n9DKKrQc7jNAMW08WhKBMYEjxrBIdcMQomesgJVdz8FdMRUYSC6a1sSnCXI6+STqPuXtQbt41qs1bUUUIVdIrOkYsuURPdoBZqI4oe0TN6RW/Wk/VivVsfi9E1q9g5QX9gff4AeZ+X3A==</latexit>

soft Xt
<latexit sha1_base64="lnU2XvklmgHDFIfMEjJxkAZheD0=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQMMFZiYSwSfUhNFTmO01q1k8i+QVRRBxZ+hYUBhFj5CDb+BrfNAC1HsnR0zr26PidIBdfgON/W2vrG5tZ2aae8u7d/cGgfHXd0kinK2jQRieoFRDPBY9YGDoL1UsWIDATrBuPrmd+9Z0rzJL6DScoGkgxjHnFKwEi+XfGAPUDu6SgikosJ1kkEeFrr+VDz7apTd+bAq8QtSBUVaPn2lxcmNJMsBiqI1n3XSWGQEwWcCjYte5lmKaFjMmR9Q2MimR7k8xBTfGaUEEeJMi8GPFd/b+REaj2RgZmUBEZ62ZuJ/3n9DKKrQc7jNAMW08WhKBMYEjxrBIdcMQomesgJVdz8FdMRUYSC6a1sSnCXI6+STqPuXtQbt41qs1bUUUIVdIrOkYsuURPdoBZqI4oe0TN6RW/Wk/VivVsfi9E1q9g5QX9gff4AeZ+X3A==</latexit>

Our framework generalizes previous work on relaxations...

...and includes new relaxations and new structured variables.

(Jang et al., 2016)

(Maddison et al., 2017)

(Chen et al., 2018)

(Xie and Ermon, 2019)

(Mena et al., 2018)



Solution: Grad. estimation with Stochastic Softmax Tricks

Relax discrete X to continuous Xt to admit biased gradient...

hard X
<latexit sha1_base64="E92fn8LhJftx62zLWI5saG/jbVY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUnqQpcFNy4r2Ac0oUwmk3boZBJmbsQSiht/xY0LRdz6Fe78G6dtFtp6YOBwzr3cOSdIBdfgON/Wyura+sZmaau8vbO7t28fHLZ1kinKWjQRieoGRDPBJWsBB8G6qWIkDgTrBKPrqd+5Z0rzRN7BOGV+TAaSR5wSMFLfPvaAPUDu6SgiMRdjPCQqnOBqt9q3K07NmQEvE7cgFVSg2be/vDChWcwkUEG07rlOCn5OFHAq2KTsZZqlhI7IgPUMlSRm2s9nESb4zCghjhJlngQ8U39v5CTWehwHZjImMNSL3lT8z+tlEF35OZdpBkzS+aEoExgSPO0Dh1wxCiZ4yAlV3PwVU9MBoWBaK5sS3MXIy6Rdr7kXtfptvdKoFnWU0Ak6RefIRZeogW5QE7UQRY/oGb2iN+vJerHerY/56IpV7ByhP7A+fwCvMpbY</latexit>

hard X
<latexit sha1_base64="E92fn8LhJftx62zLWI5saG/jbVY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUnqQpcFNy4r2Ac0oUwmk3boZBJmbsQSiht/xY0LRdz6Fe78G6dtFtp6YOBwzr3cOSdIBdfgON/Wyura+sZmaau8vbO7t28fHLZ1kinKWjQRieoGRDPBJWsBB8G6qWIkDgTrBKPrqd+5Z0rzRN7BOGV+TAaSR5wSMFLfPvaAPUDu6SgiMRdjPCQqnOBqt9q3K07NmQEvE7cgFVSg2be/vDChWcwkUEG07rlOCn5OFHAq2KTsZZqlhI7IgPUMlSRm2s9nESb4zCghjhJlngQ8U39v5CTWehwHZjImMNSL3lT8z+tlEF35OZdpBkzS+aEoExgSPO0Dh1wxCiZ4yAlV3PwVU9MBoWBaK5sS3MXIy6Rdr7kXtfptvdKoFnWU0Ak6RefIRZeogW5QE7UQRY/oGb2iN+vJerHerY/56IpV7ByhP7A+fwCvMpbY</latexit>

soft Xt
<latexit sha1_base64="lnU2XvklmgHDFIfMEjJxkAZheD0=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQMMFZiYSwSfUhNFTmO01q1k8i+QVRRBxZ+hYUBhFj5CDb+BrfNAC1HsnR0zr26PidIBdfgON/W2vrG5tZ2aae8u7d/cGgfHXd0kinK2jQRieoFRDPBY9YGDoL1UsWIDATrBuPrmd+9Z0rzJL6DScoGkgxjHnFKwEi+XfGAPUDu6SgikosJ1kkEeFrr+VDz7apTd+bAq8QtSBUVaPn2lxcmNJMsBiqI1n3XSWGQEwWcCjYte5lmKaFjMmR9Q2MimR7k8xBTfGaUEEeJMi8GPFd/b+REaj2RgZmUBEZ62ZuJ/3n9DKKrQc7jNAMW08WhKBMYEjxrBIdcMQomesgJVdz8FdMRUYSC6a1sSnCXI6+STqPuXtQbt41qs1bUUUIVdIrOkYsuURPdoBZqI4oe0TN6RW/Wk/VivVsfi9E1q9g5QX9gff4AeZ+X3A==</latexit>

soft Xt
<latexit sha1_base64="lnU2XvklmgHDFIfMEjJxkAZheD0=">AAACBHicbVC7TsMwFHV4lvIKMHaxaJGYqqQMMFZiYSwSfUhNFTmO01q1k8i+QVRRBxZ+hYUBhFj5CDb+BrfNAC1HsnR0zr26PidIBdfgON/W2vrG5tZ2aae8u7d/cGgfHXd0kinK2jQRieoFRDPBY9YGDoL1UsWIDATrBuPrmd+9Z0rzJL6DScoGkgxjHnFKwEi+XfGAPUDu6SgikosJ1kkEeFrr+VDz7apTd+bAq8QtSBUVaPn2lxcmNJMsBiqI1n3XSWGQEwWcCjYte5lmKaFjMmR9Q2MimR7k8xBTfGaUEEeJMi8GPFd/b+REaj2RgZmUBEZ62ZuJ/3n9DKKrQc7jNAMW08WhKBMYEjxrBIdcMQomesgJVdz8FdMRUYSC6a1sSnCXI6+STqPuXtQbt41qs1bUUUIVdIrOkYsuURPdoBZqI4oe0TN6RW/Wk/VivVsfi9E1q9g5QX9gff4AeZ+X3A==</latexit>

Our framework generalizes previous work on relaxations...

...and includes new relaxations and new structured variables.



Stochastic Argmax Tricks (SMTs)

SMTs reparameterize X as solution to a random linear program...

X = argmaxx∈X UTx.

...where the U induces a distribution over X (Hazan et al., 2016).



Stochastic Argmax Tricks (SMTs)

SMTs recover the Gumbel-Max trick in the one-hot case...

argmax

<latexit sha1_base64="RYyjmhrfGBY8MPWw6AFz01Dp7Rs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBSBV2g6JlwMYygkmEJIS7k9lkyMzuMnNXEpY0/oqNhSK2foadf+PkUWjigYHDOfdy55wgkcKg5307ubX1jc2t/HZhZ3dv/8A9PGqYONWM11ksY/0QgOFSRLyOAiV/SDQHFUjeDIY3U7/5yLURcXSP44R3FPQjEQoGaKWue9JGPsKsbcIQlJBjCrqvYDTpukWv7M1AV4m/IEWyQK3rfrV7MUsVj5BJMKblewl2MtAomOSTQjs1PAE2hD5vWRqB4qaTzQJM6LlVejSMtX0R0pn6eyMDZcxYBXZSAQ7MsjcV//NaKYbXnUxESYo8YvNDYSopxnTaBu0JzRna2D0BTAv7V8oGoIGh7axgS/CXI6+SRqXsX5Qv7yrFamlRR56ckjNSIj65IlVyS2qkThiZkGfySt6cJ+fFeXc+5qM5Z7FzTP7A+fwBh5CW7Q==</latexit>

argmax

<latexit sha1_base64="RYyjmhrfGBY8MPWw6AFz01Dp7Rs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBSBV2g6JlwMYygkmEJIS7k9lkyMzuMnNXEpY0/oqNhSK2foadf+PkUWjigYHDOfdy55wgkcKg5307ubX1jc2t/HZhZ3dv/8A9PGqYONWM11ksY/0QgOFSRLyOAiV/SDQHFUjeDIY3U7/5yLURcXSP44R3FPQjEQoGaKWue9JGPsKsbcIQlJBjCrqvYDTpukWv7M1AV4m/IEWyQK3rfrV7MUsVj5BJMKblewl2MtAomOSTQjs1PAE2hD5vWRqB4qaTzQJM6LlVejSMtX0R0pn6eyMDZcxYBXZSAQ7MsjcV//NaKYbXnUxESYo8YvNDYSopxnTaBu0JzRna2D0BTAv7V8oGoIGh7axgS/CXI6+SRqXsX5Qv7yrFamlRR56ckjNSIj65IlVyS2qkThiZkGfySt6cJ+fFeXc+5qM5Z7FzTP7A+fwBh5CW7Q==</latexit>

One-hot X

<latexit sha1_base64="zVy6sU4BGi8yp+En1QxKaH+XCdw=">AAACBXicbVC7SgNBFJ2N7/hatdRiMAo2ht2gaCnY2BnBaCAbwuzkrhkyO7vM3BXDksbGX7GxUMTWf7Dzb5wkW/g6MHA4517unBOmUhj0vE+nNDU9Mzs3v1BeXFpeWXXX1q9MkmkODZ7IRDdDZkAKBQ0UKKGZamBxKOE67J+O/Otb0EYk6hIHKbRjdqNEJDhDK3XcrQDhDvPARBGLhRzQcwX7vQTpcKe503ErXtUbg/4lfkEqpEC9434E3YRnMSjkkhnT8r0U2znTKLiEYTnIDKSM99kNtCxVLAbTzscphnTXKl0aJdo+hXSsft/IWWzMIA7tZMywZ357I/E/r5VhdNzOhUozBMUnh6JMUkzoqBLaFRo42uxdwbgW9q+U95hmHG1xZVuC/zvyX3JVq/oH1cOLWuWkWtQxTzbJNtkjPjkiJ+SM1EmDcHJPHskzeXEenCfn1XmbjJacYmeD/IDz/gW8eJf/</latexit>

One-hot X

<latexit sha1_base64="zVy6sU4BGi8yp+En1QxKaH+XCdw=">AAACBXicbVC7SgNBFJ2N7/hatdRiMAo2ht2gaCnY2BnBaCAbwuzkrhkyO7vM3BXDksbGX7GxUMTWf7Dzb5wkW/g6MHA4517unBOmUhj0vE+nNDU9Mzs3v1BeXFpeWXXX1q9MkmkODZ7IRDdDZkAKBQ0UKKGZamBxKOE67J+O/Otb0EYk6hIHKbRjdqNEJDhDK3XcrQDhDvPARBGLhRzQcwX7vQTpcKe503ErXtUbg/4lfkEqpEC9434E3YRnMSjkkhnT8r0U2znTKLiEYTnIDKSM99kNtCxVLAbTzscphnTXKl0aJdo+hXSsft/IWWzMIA7tZMywZ357I/E/r5VhdNzOhUozBMUnh6JMUkzoqBLaFRo42uxdwbgW9q+U95hmHG1xZVuC/zvyX3JVq/oH1cOLWuWkWtQxTzbJNtkjPjkiJ+SM1EmDcHJPHskzeXEenCfn1XmbjJacYmeD/IDz/gW8eJf/</latexit>

U ⇠ Gumbel(✓)

<latexit sha1_base64="8y+zoeK9TIiZSPCDnCzOqPPCGbA=">AAACEnicbVA9SwNBEN2LXzF+RS1tFhMhacJdULQMWGgZwaiQC2FvM5cs2b07dufEcOQ32PhXbCwUsbWy89+4iSnU+GDg8d4MM/OCRAqDrvvp5BYWl5ZX8quFtfWNza3i9s6ViVPNocVjGeubgBmQIoIWCpRwk2hgKpBwHQxPJ/71LWgj4ugSRwl0FOtHIhScoZW6xWq5RX0jFPUR7jDzTRgyJeSInqUqADkuV3wcALJquVssuTV3CjpPvBkpkRma3eKH34t5qiBCLpkxbc9NsJMxjYJLGBf81EDC+JD1oW1pxBSYTjZ9aUwPrNKjYaxtRUin6s+JjCljRiqwnYrhwPz1JuJ/XjvF8KSTiShJESL+vShMJcWYTvKhPaGBow2gJxjXwt5K+YBpxtGmWLAheH9fnidX9Zp3WDu6qJcatVkcebJH9kmFeOSYNMg5aZIW4eSePJJn8uI8OE/Oq/P23ZpzZjO75Bec9y/k2Jzs</latexit>

U ⇠ Gumbel(✓)

<latexit sha1_base64="8y+zoeK9TIiZSPCDnCzOqPPCGbA=">AAACEnicbVA9SwNBEN2LXzF+RS1tFhMhacJdULQMWGgZwaiQC2FvM5cs2b07dufEcOQ32PhXbCwUsbWy89+4iSnU+GDg8d4MM/OCRAqDrvvp5BYWl5ZX8quFtfWNza3i9s6ViVPNocVjGeubgBmQIoIWCpRwk2hgKpBwHQxPJ/71LWgj4ugSRwl0FOtHIhScoZW6xWq5RX0jFPUR7jDzTRgyJeSInqUqADkuV3wcALJquVssuTV3CjpPvBkpkRma3eKH34t5qiBCLpkxbc9NsJMxjYJLGBf81EDC+JD1oW1pxBSYTjZ9aUwPrNKjYaxtRUin6s+JjCljRiqwnYrhwPz1JuJ/XjvF8KSTiShJESL+vShMJcWYTvKhPaGBow2gJxjXwt5K+YBpxtGmWLAheH9fnidX9Zp3WDu6qJcatVkcebJH9kmFeOSYNMg5aZIW4eSePJJn8uI8OE/Oq/P23ZpzZjO75Bec9y/k2Jzs</latexit>

Gumbel-Max

<latexit sha1_base64="k3KjLqYD5M8VaVAFuCxbgCwJGOY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLuiaClYaCNEMA9IQpid3E2GzOwuM3fFsKSw8VdsLBSx9SPs/Bsnj0ITDwwczrmXO+cEiRQGPe/bWVhcWl5Zza3l1zc2t7bdnd2qiVPNocJjGet6wAxIEUEFBUqoJxqYCiTUgv7lyK/dgzYiju5wkEBLsW4kQsEZWqntFpoID5g1TRgyJeSAXqUqAHl0wx6Gbbfolbwx6Dzxp6RIpii33a9mJ+apggi5ZMY0fC/BVsY0Ci5hmG+mBhLG+6wLDUsjpsC0snGIIT2wSoeGsbYvQjpWf29kTBkzUIGdVAx7ZtYbif95jRTD81YmoiRFiPjkUJhKijEdNUI7QgNHG70jGNfC/pXyHtOMo+0tb0vwZyPPk+pxyT8pnd4eFy9K0zpypED2ySHxyRm5INekTCqEk0fyTF7Jm/PkvDjvzsdkdMGZ7uyRP3A+fwAPBphK</latexit>

Gumbel-Max

<latexit sha1_base64="k3KjLqYD5M8VaVAFuCxbgCwJGOY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLuiaClYaCNEMA9IQpid3E2GzOwuM3fFsKSw8VdsLBSx9SPs/Bsnj0ITDwwczrmXO+cEiRQGPe/bWVhcWl5Zza3l1zc2t7bdnd2qiVPNocJjGet6wAxIEUEFBUqoJxqYCiTUgv7lyK/dgzYiju5wkEBLsW4kQsEZWqntFpoID5g1TRgyJeSAXqUqAHl0wx6Gbbfolbwx6Dzxp6RIpii33a9mJ+apggi5ZMY0fC/BVsY0Ci5hmG+mBhLG+6wLDUsjpsC0snGIIT2wSoeGsbYvQjpWf29kTBkzUIGdVAx7ZtYbif95jRTD81YmoiRFiPjkUJhKijEdNUI7QgNHG70jGNfC/pXyHtOMo+0tb0vwZyPPk+pxyT8pnd4eFy9K0zpypED2ySHxyRm5INekTCqEk0fyTF7Jm/PkvDjvzsdkdMGZ7uyRP3A+fwAPBphK</latexit>

...and generalize it to other structured X...

Random edge util. U

<latexit sha1_base64="u4osnk70/n1PaSMxrnk3fPyposQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZjIrVcRcULQUbSxWTCEkIe3tzcXF379idE8ORf2DjX7GxUMTW1s5/4yam0MQHA4/3ZpiZF2VSWAyCL29qemZ2bn5hsbS0vLK6Vl7fqNs0NxxqPJWpuY6YBSk01FCghOvMAFORhEZ0ezrwG3dgrEj1FfYyaCvW1SIRnKGTOuW9FsI9Fi2bJEwJ2aOXTMepohB3geYopE/7O7WdTrkS+MEQdJKEI1IhI5x3yp+tOOW5Ao1cMmubYZBhu2AGBZfQL7VyCxnjt6wLTUc1U2DbxfCfPt11SkyT1LjSSIfq74mCKWt7KnKdiuGNHfcG4n9eM8fkuF0IneUImv8sSnJJMaWDcGgsDHB0KcSCcSPcrZTfMMM4ughLLoRw/OVJUq/64YF/eFGtnPijOBbIFtkm+yQkR+SEnJFzUiOcPJAn8kJevUfv2Xvz3n9ap7zRzCb5A+/jGwPVm+g=</latexit>

Random edge util. U

<latexit sha1_base64="u4osnk70/n1PaSMxrnk3fPyposQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZjIrVcRcULQUbSxWTCEkIe3tzcXF379idE8ORf2DjX7GxUMTW1s5/4yam0MQHA4/3ZpiZF2VSWAyCL29qemZ2bn5hsbS0vLK6Vl7fqNs0NxxqPJWpuY6YBSk01FCghOvMAFORhEZ0ezrwG3dgrEj1FfYyaCvW1SIRnKGTOuW9FsI9Fi2bJEwJ2aOXTMepohB3geYopE/7O7WdTrkS+MEQdJKEI1IhI5x3yp+tOOW5Ao1cMmubYZBhu2AGBZfQL7VyCxnjt6wLTUc1U2DbxfCfPt11SkyT1LjSSIfq74mCKWt7KnKdiuGNHfcG4n9eM8fkuF0IneUImv8sSnJJMaWDcGgsDHB0KcSCcSPcrZTfMMM4ughLLoRw/OVJUq/64YF/eFGtnPijOBbIFtkm+yQkR+SEnJFzUiOcPJAn8kJevUfv2Xvz3n9ap7zRzCb5A+/jGwPVm+g=</latexit>

Spanning tree X

<latexit sha1_base64="RRtob7TKFeDtd07DjJWHvSsd+Ls=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCndB0TJgYxnRfEASwt5mLlmyt3fszonhSG/jX7GxUMTWP2Dnv3HzUWjig4HHezPMzPNjKQy67rezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh1cTv3EP2ohI3eEohk7I+koEgjO0UjeXbyM8YNo2QcBCIUf0NmZKCdWnqAHouNgsdnMFt+ROQZeJNycFMke1m/tq9yKehKCQS2ZMy3Nj7KRMo+ASxtl2YiBmfMj60LJUsRBMJ53+MqYnVunRINK2FNKp+nsiZaExo9C3nSHDgVn0JuJ/XivB4LKTChUnCIrPFgWJpBjRSTC0JzRwtAn0BONa2FspHzDNONr4sjYEb/HlZVIvl7yz0vlNuVApzePIkGOSJ6fEIxekQq5JldQIJ4/kmbySN+fJeXHenY9Z64oznzkif+B8/gCeCpqv</latexit>

Spanning tree X

<latexit sha1_base64="RRtob7TKFeDtd07DjJWHvSsd+Ls=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCndB0TJgYxnRfEASwt5mLlmyt3fszonhSG/jX7GxUMTWP2Dnv3HzUWjig4HHezPMzPNjKQy67rezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh1cTv3EP2ohI3eEohk7I+koEgjO0UjeXbyM8YNo2QcBCIUf0NmZKCdWnqAHouNgsdnMFt+ROQZeJNycFMke1m/tq9yKehKCQS2ZMy3Nj7KRMo+ASxtl2YiBmfMj60LJUsRBMJ53+MqYnVunRINK2FNKp+nsiZaExo9C3nSHDgVn0JuJ/XivB4LKTChUnCIrPFgWJpBjRSTC0JzRwtAn0BONa2FspHzDNONr4sjYEb/HlZVIvl7yz0vlNuVApzePIkGOSJ6fEIxekQq5JldQIJ4/kmbySN+fJeXHenY9Z64oznzkif+B8/gCeCpqv</latexit>

Kruskal’s

<latexit sha1_base64="a1+fvSFUfx8+SUL51DIUIihhyHE=">AAACHXicbZBNSwMxEIZn/az1a9WTegkWoaeyWxQ9FrwIXirYD2iXkk2zbWiyuyRZcVn6R7z4V7x4UMSDF/HfmLZ70NYJGR7emSGZ1485U9pxvq2l5ZXVtfXCRnFza3tn197bb6ookYQ2SMQj2faxopyFtKGZ5rQdS4qFz2nLH11N6q17KhWLwjudxtQTeBCygBGsjRTZR9AFDRQeTM4MKwjMwSCAAYcUENyAhMToI6NydGho3LNLTsWZBloEN4cS5FHv2Z/dfkQSQUNNOFaq4zqx9jIsNSOcjovdRNEYkxEe0I7BEAuqvGy63RidGqWPgkiaG2o0VX9PZFgolQrfdAqsh2q+NhH/q3USHVx6GQvjRNOQzB4KEo50hCZWoT6TlGieGsBEMvNXRIZYYqKNoUVjgju/8iI0qxX3rHJ+Wy3VyrkdBTiGEyiDCxdQg2uoQwMIPMIzvMKb9WS9WO/Wx6x1ycpnDuBPWF8/432ZDg==</latexit>

Kruskal’s

<latexit sha1_base64="a1+fvSFUfx8+SUL51DIUIihhyHE=">AAACHXicbZBNSwMxEIZn/az1a9WTegkWoaeyWxQ9FrwIXirYD2iXkk2zbWiyuyRZcVn6R7z4V7x4UMSDF/HfmLZ70NYJGR7emSGZ1485U9pxvq2l5ZXVtfXCRnFza3tn197bb6ookYQ2SMQj2faxopyFtKGZ5rQdS4qFz2nLH11N6q17KhWLwjudxtQTeBCygBGsjRTZR9AFDRQeTM4MKwjMwSCAAYcUENyAhMToI6NydGho3LNLTsWZBloEN4cS5FHv2Z/dfkQSQUNNOFaq4zqx9jIsNSOcjovdRNEYkxEe0I7BEAuqvGy63RidGqWPgkiaG2o0VX9PZFgolQrfdAqsh2q+NhH/q3USHVx6GQvjRNOQzB4KEo50hCZWoT6TlGieGsBEMvNXRIZYYqKNoUVjgju/8iI0qxX3rHJ+Wy3VyrkdBTiGEyiDCxdQg2uoQwMIPMIzvMKb9WS9WO/Wx6x1ycpnDuBPWF8/432ZDg==</latexit>

algorithm

<latexit sha1_base64="68QKlbNuF3HUUTuMKKFmHjGHKv4=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJ0VZKi6LLgxmUF+4AmlMlk0g6dScLMjVhCwY2/4saFIm79CXf+jdM2C209cOFwzr1czglSwTU4zre1srq2vrFZ2ipv7+zu7dsHh22dZIqyFk1EoroB0UzwmLWAg2DdVDEiA8E6weh66nfumdI8ie9gnDJfkkHMI04JGKlvH3vAHiD3dBQRycUYEzFIFIehnPTtilNzZsDLxC1IBRVo9u0vL0xoJlkMVBCte66Tgp8TBZwKNil7mWYpoSMyYD1DYyKZ9vNZhgk+M0qIo0SZiQHP1N8XOZFaj2VgNiWBoV70puJ/Xi+D6MrPeZxmwGI6fxRlAkOCp4XgkCtGwSQPOaEmOaeYDokiFExtZVOCuxh5mbTrNfe8dnFbrzSqRR0ldIJOURW56BI10A1qohai6BE9o1f0Zj1ZL9a79TFfXbGKmyP0B9bnDwRTmFI=</latexit>

algorithm

<latexit sha1_base64="68QKlbNuF3HUUTuMKKFmHjGHKv4=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJ0VZKi6LLgxmUF+4AmlMlk0g6dScLMjVhCwY2/4saFIm79CXf+jdM2C209cOFwzr1czglSwTU4zre1srq2vrFZ2ipv7+zu7dsHh22dZIqyFk1EoroB0UzwmLWAg2DdVDEiA8E6weh66nfumdI8ie9gnDJfkkHMI04JGKlvH3vAHiD3dBQRycUYEzFIFIehnPTtilNzZsDLxC1IBRVo9u0vL0xoJlkMVBCte66Tgp8TBZwKNil7mWYpoSMyYD1DYyKZ9vNZhgk+M0qIo0SZiQHP1N8XOZFaj2VgNiWBoV70puJ/Xi+D6MrPeZxmwGI6fxRlAkOCp4XgkCtGwSQPOaEmOaeYDokiFExtZVOCuxh5mbTrNfe8dnFbrzSqRR0ldIJOURW56BI10A1qohai6BE9o1f0Zj1ZL9a79TFfXbGKmyP0B9bnDwRTmFI=</latexit>

...for which efficient linear solvers are available.



Stochastic Argmax Tricks (SMTs)

SMTs recover the Gumbel-Max trick in the one-hot case...

argmax

<latexit sha1_base64="RYyjmhrfGBY8MPWw6AFz01Dp7Rs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBSBV2g6JlwMYygkmEJIS7k9lkyMzuMnNXEpY0/oqNhSK2foadf+PkUWjigYHDOfdy55wgkcKg5307ubX1jc2t/HZhZ3dv/8A9PGqYONWM11ksY/0QgOFSRLyOAiV/SDQHFUjeDIY3U7/5yLURcXSP44R3FPQjEQoGaKWue9JGPsKsbcIQlJBjCrqvYDTpukWv7M1AV4m/IEWyQK3rfrV7MUsVj5BJMKblewl2MtAomOSTQjs1PAE2hD5vWRqB4qaTzQJM6LlVejSMtX0R0pn6eyMDZcxYBXZSAQ7MsjcV//NaKYbXnUxESYo8YvNDYSopxnTaBu0JzRna2D0BTAv7V8oGoIGh7axgS/CXI6+SRqXsX5Qv7yrFamlRR56ckjNSIj65IlVyS2qkThiZkGfySt6cJ+fFeXc+5qM5Z7FzTP7A+fwBh5CW7Q==</latexit>

argmax

<latexit sha1_base64="RYyjmhrfGBY8MPWw6AFz01Dp7Rs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBSBV2g6JlwMYygkmEJIS7k9lkyMzuMnNXEpY0/oqNhSK2foadf+PkUWjigYHDOfdy55wgkcKg5307ubX1jc2t/HZhZ3dv/8A9PGqYONWM11ksY/0QgOFSRLyOAiV/SDQHFUjeDIY3U7/5yLURcXSP44R3FPQjEQoGaKWue9JGPsKsbcIQlJBjCrqvYDTpukWv7M1AV4m/IEWyQK3rfrV7MUsVj5BJMKblewl2MtAomOSTQjs1PAE2hD5vWRqB4qaTzQJM6LlVejSMtX0R0pn6eyMDZcxYBXZSAQ7MsjcV//NaKYbXnUxESYo8YvNDYSopxnTaBu0JzRna2D0BTAv7V8oGoIGh7axgS/CXI6+SRqXsX5Qv7yrFamlRR56ckjNSIj65IlVyS2qkThiZkGfySt6cJ+fFeXc+5qM5Z7FzTP7A+fwBh5CW7Q==</latexit>

One-hot X

<latexit sha1_base64="zVy6sU4BGi8yp+En1QxKaH+XCdw=">AAACBXicbVC7SgNBFJ2N7/hatdRiMAo2ht2gaCnY2BnBaCAbwuzkrhkyO7vM3BXDksbGX7GxUMTWf7Dzb5wkW/g6MHA4517unBOmUhj0vE+nNDU9Mzs3v1BeXFpeWXXX1q9MkmkODZ7IRDdDZkAKBQ0UKKGZamBxKOE67J+O/Otb0EYk6hIHKbRjdqNEJDhDK3XcrQDhDvPARBGLhRzQcwX7vQTpcKe503ErXtUbg/4lfkEqpEC9434E3YRnMSjkkhnT8r0U2znTKLiEYTnIDKSM99kNtCxVLAbTzscphnTXKl0aJdo+hXSsft/IWWzMIA7tZMywZ357I/E/r5VhdNzOhUozBMUnh6JMUkzoqBLaFRo42uxdwbgW9q+U95hmHG1xZVuC/zvyX3JVq/oH1cOLWuWkWtQxTzbJNtkjPjkiJ+SM1EmDcHJPHskzeXEenCfn1XmbjJacYmeD/IDz/gW8eJf/</latexit>

One-hot X

<latexit sha1_base64="zVy6sU4BGi8yp+En1QxKaH+XCdw=">AAACBXicbVC7SgNBFJ2N7/hatdRiMAo2ht2gaCnY2BnBaCAbwuzkrhkyO7vM3BXDksbGX7GxUMTWf7Dzb5wkW/g6MHA4517unBOmUhj0vE+nNDU9Mzs3v1BeXFpeWXXX1q9MkmkODZ7IRDdDZkAKBQ0UKKGZamBxKOE67J+O/Otb0EYk6hIHKbRjdqNEJDhDK3XcrQDhDvPARBGLhRzQcwX7vQTpcKe503ErXtUbg/4lfkEqpEC9434E3YRnMSjkkhnT8r0U2znTKLiEYTnIDKSM99kNtCxVLAbTzscphnTXKl0aJdo+hXSsft/IWWzMIA7tZMywZ357I/E/r5VhdNzOhUozBMUnh6JMUkzoqBLaFRo42uxdwbgW9q+U95hmHG1xZVuC/zvyX3JVq/oH1cOLWuWkWtQxTzbJNtkjPjkiJ+SM1EmDcHJPHskzeXEenCfn1XmbjJacYmeD/IDz/gW8eJf/</latexit>

U ⇠ Gumbel(✓)

<latexit sha1_base64="8y+zoeK9TIiZSPCDnCzOqPPCGbA=">AAACEnicbVA9SwNBEN2LXzF+RS1tFhMhacJdULQMWGgZwaiQC2FvM5cs2b07dufEcOQ32PhXbCwUsbWy89+4iSnU+GDg8d4MM/OCRAqDrvvp5BYWl5ZX8quFtfWNza3i9s6ViVPNocVjGeubgBmQIoIWCpRwk2hgKpBwHQxPJ/71LWgj4ugSRwl0FOtHIhScoZW6xWq5RX0jFPUR7jDzTRgyJeSInqUqADkuV3wcALJquVssuTV3CjpPvBkpkRma3eKH34t5qiBCLpkxbc9NsJMxjYJLGBf81EDC+JD1oW1pxBSYTjZ9aUwPrNKjYaxtRUin6s+JjCljRiqwnYrhwPz1JuJ/XjvF8KSTiShJESL+vShMJcWYTvKhPaGBow2gJxjXwt5K+YBpxtGmWLAheH9fnidX9Zp3WDu6qJcatVkcebJH9kmFeOSYNMg5aZIW4eSePJJn8uI8OE/Oq/P23ZpzZjO75Bec9y/k2Jzs</latexit>

U ⇠ Gumbel(✓)

<latexit sha1_base64="8y+zoeK9TIiZSPCDnCzOqPPCGbA=">AAACEnicbVA9SwNBEN2LXzF+RS1tFhMhacJdULQMWGgZwaiQC2FvM5cs2b07dufEcOQ32PhXbCwUsbWy89+4iSnU+GDg8d4MM/OCRAqDrvvp5BYWl5ZX8quFtfWNza3i9s6ViVPNocVjGeubgBmQIoIWCpRwk2hgKpBwHQxPJ/71LWgj4ugSRwl0FOtHIhScoZW6xWq5RX0jFPUR7jDzTRgyJeSInqUqADkuV3wcALJquVssuTV3CjpPvBkpkRma3eKH34t5qiBCLpkxbc9NsJMxjYJLGBf81EDC+JD1oW1pxBSYTjZ9aUwPrNKjYaxtRUin6s+JjCljRiqwnYrhwPz1JuJ/XjvF8KSTiShJESL+vShMJcWYTvKhPaGBow2gJxjXwt5K+YBpxtGmWLAheH9fnidX9Zp3WDu6qJcatVkcebJH9kmFeOSYNMg5aZIW4eSePJJn8uI8OE/Oq/P23ZpzZjO75Bec9y/k2Jzs</latexit>

Gumbel-Max

<latexit sha1_base64="k3KjLqYD5M8VaVAFuCxbgCwJGOY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLuiaClYaCNEMA9IQpid3E2GzOwuM3fFsKSw8VdsLBSx9SPs/Bsnj0ITDwwczrmXO+cEiRQGPe/bWVhcWl5Zza3l1zc2t7bdnd2qiVPNocJjGet6wAxIEUEFBUqoJxqYCiTUgv7lyK/dgzYiju5wkEBLsW4kQsEZWqntFpoID5g1TRgyJeSAXqUqAHl0wx6Gbbfolbwx6Dzxp6RIpii33a9mJ+apggi5ZMY0fC/BVsY0Ci5hmG+mBhLG+6wLDUsjpsC0snGIIT2wSoeGsbYvQjpWf29kTBkzUIGdVAx7ZtYbif95jRTD81YmoiRFiPjkUJhKijEdNUI7QgNHG70jGNfC/pXyHtOMo+0tb0vwZyPPk+pxyT8pnd4eFy9K0zpypED2ySHxyRm5INekTCqEk0fyTF7Jm/PkvDjvzsdkdMGZ7uyRP3A+fwAPBphK</latexit>

Gumbel-Max

<latexit sha1_base64="k3KjLqYD5M8VaVAFuCxbgCwJGOY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLuiaClYaCNEMA9IQpid3E2GzOwuM3fFsKSw8VdsLBSx9SPs/Bsnj0ITDwwczrmXO+cEiRQGPe/bWVhcWl5Zza3l1zc2t7bdnd2qiVPNocJjGet6wAxIEUEFBUqoJxqYCiTUgv7lyK/dgzYiju5wkEBLsW4kQsEZWqntFpoID5g1TRgyJeSAXqUqAHl0wx6Gbbfolbwx6Dzxp6RIpii33a9mJ+apggi5ZMY0fC/BVsY0Ci5hmG+mBhLG+6wLDUsjpsC0snGIIT2wSoeGsbYvQjpWf29kTBkzUIGdVAx7ZtYbif95jRTD81YmoiRFiPjkUJhKijEdNUI7QgNHG70jGNfC/pXyHtOMo+0tb0vwZyPPk+pxyT8pnd4eFy9K0zpypED2ySHxyRm5INekTCqEk0fyTF7Jm/PkvDjvzsdkdMGZ7uyRP3A+fwAPBphK</latexit>

...and generalize it to other structured X...

Random edge util. U

<latexit sha1_base64="u4osnk70/n1PaSMxrnk3fPyposQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZjIrVcRcULQUbSxWTCEkIe3tzcXF379idE8ORf2DjX7GxUMTW1s5/4yam0MQHA4/3ZpiZF2VSWAyCL29qemZ2bn5hsbS0vLK6Vl7fqNs0NxxqPJWpuY6YBSk01FCghOvMAFORhEZ0ezrwG3dgrEj1FfYyaCvW1SIRnKGTOuW9FsI9Fi2bJEwJ2aOXTMepohB3geYopE/7O7WdTrkS+MEQdJKEI1IhI5x3yp+tOOW5Ao1cMmubYZBhu2AGBZfQL7VyCxnjt6wLTUc1U2DbxfCfPt11SkyT1LjSSIfq74mCKWt7KnKdiuGNHfcG4n9eM8fkuF0IneUImv8sSnJJMaWDcGgsDHB0KcSCcSPcrZTfMMM4ughLLoRw/OVJUq/64YF/eFGtnPijOBbIFtkm+yQkR+SEnJFzUiOcPJAn8kJevUfv2Xvz3n9ap7zRzCb5A+/jGwPVm+g=</latexit>

Random edge util. U

<latexit sha1_base64="u4osnk70/n1PaSMxrnk3fPyposQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZjIrVcRcULQUbSxWTCEkIe3tzcXF379idE8ORf2DjX7GxUMTW1s5/4yam0MQHA4/3ZpiZF2VSWAyCL29qemZ2bn5hsbS0vLK6Vl7fqNs0NxxqPJWpuY6YBSk01FCghOvMAFORhEZ0ezrwG3dgrEj1FfYyaCvW1SIRnKGTOuW9FsI9Fi2bJEwJ2aOXTMepohB3geYopE/7O7WdTrkS+MEQdJKEI1IhI5x3yp+tOOW5Ao1cMmubYZBhu2AGBZfQL7VyCxnjt6wLTUc1U2DbxfCfPt11SkyT1LjSSIfq74mCKWt7KnKdiuGNHfcG4n9eM8fkuF0IneUImv8sSnJJMaWDcGgsDHB0KcSCcSPcrZTfMMM4ughLLoRw/OVJUq/64YF/eFGtnPijOBbIFtkm+yQkR+SEnJFzUiOcPJAn8kJevUfv2Xvz3n9ap7zRzCb5A+/jGwPVm+g=</latexit>

Spanning tree X

<latexit sha1_base64="RRtob7TKFeDtd07DjJWHvSsd+Ls=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCndB0TJgYxnRfEASwt5mLlmyt3fszonhSG/jX7GxUMTWP2Dnv3HzUWjig4HHezPMzPNjKQy67rezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh1cTv3EP2ohI3eEohk7I+koEgjO0UjeXbyM8YNo2QcBCIUf0NmZKCdWnqAHouNgsdnMFt+ROQZeJNycFMke1m/tq9yKehKCQS2ZMy3Nj7KRMo+ASxtl2YiBmfMj60LJUsRBMJ53+MqYnVunRINK2FNKp+nsiZaExo9C3nSHDgVn0JuJ/XivB4LKTChUnCIrPFgWJpBjRSTC0JzRwtAn0BONa2FspHzDNONr4sjYEb/HlZVIvl7yz0vlNuVApzePIkGOSJ6fEIxekQq5JldQIJ4/kmbySN+fJeXHenY9Z64oznzkif+B8/gCeCpqv</latexit>

Spanning tree X

<latexit sha1_base64="RRtob7TKFeDtd07DjJWHvSsd+Ls=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCndB0TJgYxnRfEASwt5mLlmyt3fszonhSG/jX7GxUMTWP2Dnv3HzUWjig4HHezPMzPNjKQy67rezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh1cTv3EP2ohI3eEohk7I+koEgjO0UjeXbyM8YNo2QcBCIUf0NmZKCdWnqAHouNgsdnMFt+ROQZeJNycFMke1m/tq9yKehKCQS2ZMy3Nj7KRMo+ASxtl2YiBmfMj60LJUsRBMJ53+MqYnVunRINK2FNKp+nsiZaExo9C3nSHDgVn0JuJ/XivB4LKTChUnCIrPFgWJpBjRSTC0JzRwtAn0BONa2FspHzDNONr4sjYEb/HlZVIvl7yz0vlNuVApzePIkGOSJ6fEIxekQq5JldQIJ4/kmbySN+fJeXHenY9Z64oznzkif+B8/gCeCpqv</latexit>

Kruskal’s

<latexit sha1_base64="a1+fvSFUfx8+SUL51DIUIihhyHE=">AAACHXicbZBNSwMxEIZn/az1a9WTegkWoaeyWxQ9FrwIXirYD2iXkk2zbWiyuyRZcVn6R7z4V7x4UMSDF/HfmLZ70NYJGR7emSGZ1485U9pxvq2l5ZXVtfXCRnFza3tn197bb6ookYQ2SMQj2faxopyFtKGZ5rQdS4qFz2nLH11N6q17KhWLwjudxtQTeBCygBGsjRTZR9AFDRQeTM4MKwjMwSCAAYcUENyAhMToI6NydGho3LNLTsWZBloEN4cS5FHv2Z/dfkQSQUNNOFaq4zqx9jIsNSOcjovdRNEYkxEe0I7BEAuqvGy63RidGqWPgkiaG2o0VX9PZFgolQrfdAqsh2q+NhH/q3USHVx6GQvjRNOQzB4KEo50hCZWoT6TlGieGsBEMvNXRIZYYqKNoUVjgju/8iI0qxX3rHJ+Wy3VyrkdBTiGEyiDCxdQg2uoQwMIPMIzvMKb9WS9WO/Wx6x1ycpnDuBPWF8/432ZDg==</latexit>

Kruskal’s

<latexit sha1_base64="a1+fvSFUfx8+SUL51DIUIihhyHE=">AAACHXicbZBNSwMxEIZn/az1a9WTegkWoaeyWxQ9FrwIXirYD2iXkk2zbWiyuyRZcVn6R7z4V7x4UMSDF/HfmLZ70NYJGR7emSGZ1485U9pxvq2l5ZXVtfXCRnFza3tn197bb6ookYQ2SMQj2faxopyFtKGZ5rQdS4qFz2nLH11N6q17KhWLwjudxtQTeBCygBGsjRTZR9AFDRQeTM4MKwjMwSCAAYcUENyAhMToI6NydGho3LNLTsWZBloEN4cS5FHv2Z/dfkQSQUNNOFaq4zqx9jIsNSOcjovdRNEYkxEe0I7BEAuqvGy63RidGqWPgkiaG2o0VX9PZFgolQrfdAqsh2q+NhH/q3USHVx6GQvjRNOQzB4KEo50hCZWoT6TlGieGsBEMvNXRIZYYqKNoUVjgju/8iI0qxX3rHJ+Wy3VyrkdBTiGEyiDCxdQg2uoQwMIPMIzvMKb9WS9WO/Wx6x1ycpnDuBPWF8/432ZDg==</latexit>

algorithm

<latexit sha1_base64="68QKlbNuF3HUUTuMKKFmHjGHKv4=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJ0VZKi6LLgxmUF+4AmlMlk0g6dScLMjVhCwY2/4saFIm79CXf+jdM2C209cOFwzr1czglSwTU4zre1srq2vrFZ2ipv7+zu7dsHh22dZIqyFk1EoroB0UzwmLWAg2DdVDEiA8E6weh66nfumdI8ie9gnDJfkkHMI04JGKlvH3vAHiD3dBQRycUYEzFIFIehnPTtilNzZsDLxC1IBRVo9u0vL0xoJlkMVBCte66Tgp8TBZwKNil7mWYpoSMyYD1DYyKZ9vNZhgk+M0qIo0SZiQHP1N8XOZFaj2VgNiWBoV70puJ/Xi+D6MrPeZxmwGI6fxRlAkOCp4XgkCtGwSQPOaEmOaeYDokiFExtZVOCuxh5mbTrNfe8dnFbrzSqRR0ldIJOURW56BI10A1qohai6BE9o1f0Zj1ZL9a79TFfXbGKmyP0B9bnDwRTmFI=</latexit>

algorithm

<latexit sha1_base64="68QKlbNuF3HUUTuMKKFmHjGHKv4=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJ0VZKi6LLgxmUF+4AmlMlk0g6dScLMjVhCwY2/4saFIm79CXf+jdM2C209cOFwzr1czglSwTU4zre1srq2vrFZ2ipv7+zu7dsHh22dZIqyFk1EoroB0UzwmLWAg2DdVDEiA8E6weh66nfumdI8ie9gnDJfkkHMI04JGKlvH3vAHiD3dBQRycUYEzFIFIehnPTtilNzZsDLxC1IBRVo9u0vL0xoJlkMVBCte66Tgp8TBZwKNil7mWYpoSMyYD1DYyKZ9vNZhgk+M0qIo0SZiQHP1N8XOZFaj2VgNiWBoV70puJ/Xi+D6MrPeZxmwGI6fxRlAkOCp4XgkCtGwSQPOaEmOaeYDokiFExtZVOCuxh5mbTrNfe8dnFbrzSqRR0ldIJOURW56BI10A1qohai6BE9o1f0Zj1ZL9a79TFfXbGKmyP0B9bnDwRTmFI=</latexit>

...for which efficient linear solvers are available.



Stochastic Softmax Tricks (SSTs)

SSTs relax a given SMT...

Xt = arg max
x∈conv(X )

UTx− t f(x)︸︷︷︸
strongly convex regularizer

...to relax discrete X to continuous Xt...

... which admits a reparameterization gradient.



Stochastic Softmax Tricks (SSTs)

SSTs relax a given SMT...

Xt = arg max
x∈conv(X )

UTx− t f(x)︸︷︷︸
strongly convex regularizer

...to relax discrete X to continuous Xt...

... which admits a reparameterization gradient.



Stochastic Softmax Tricks (SSTs)

SSTs recover the Gumbel-Softmax in the one-hot case...

argmax

<latexit sha1_base64="RYyjmhrfGBY8MPWw6AFz01Dp7Rs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBSBV2g6JlwMYygkmEJIS7k9lkyMzuMnNXEpY0/oqNhSK2foadf+PkUWjigYHDOfdy55wgkcKg5307ubX1jc2t/HZhZ3dv/8A9PGqYONWM11ksY/0QgOFSRLyOAiV/SDQHFUjeDIY3U7/5yLURcXSP44R3FPQjEQoGaKWue9JGPsKsbcIQlJBjCrqvYDTpukWv7M1AV4m/IEWyQK3rfrV7MUsVj5BJMKblewl2MtAomOSTQjs1PAE2hD5vWRqB4qaTzQJM6LlVejSMtX0R0pn6eyMDZcxYBXZSAQ7MsjcV//NaKYbXnUxESYo8YvNDYSopxnTaBu0JzRna2D0BTAv7V8oGoIGh7axgS/CXI6+SRqXsX5Qv7yrFamlRR56ckjNSIj65IlVyS2qkThiZkGfySt6cJ+fFeXc+5qM5Z7FzTP7A+fwBh5CW7Q==</latexit>

argmax

<latexit sha1_base64="RYyjmhrfGBY8MPWw6AFz01Dp7Rs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBSBV2g6JlwMYygkmEJIS7k9lkyMzuMnNXEpY0/oqNhSK2foadf+PkUWjigYHDOfdy55wgkcKg5307ubX1jc2t/HZhZ3dv/8A9PGqYONWM11ksY/0QgOFSRLyOAiV/SDQHFUjeDIY3U7/5yLURcXSP44R3FPQjEQoGaKWue9JGPsKsbcIQlJBjCrqvYDTpukWv7M1AV4m/IEWyQK3rfrV7MUsVj5BJMKblewl2MtAomOSTQjs1PAE2hD5vWRqB4qaTzQJM6LlVejSMtX0R0pn6eyMDZcxYBXZSAQ7MsjcV//NaKYbXnUxESYo8YvNDYSopxnTaBu0JzRna2D0BTAv7V8oGoIGh7axgS/CXI6+SRqXsX5Qv7yrFamlRR56ckjNSIj65IlVyS2qkThiZkGfySt6cJ+fFeXc+5qM5Z7FzTP7A+fwBh5CW7Q==</latexit>

Soft Xt

<latexit sha1_base64="Zt76M6s+JjJimtT1lE/B5198jy0=">AAACBHicbVDLSsNAFJ34rPUVddnNYCu4CklRdFlw47KifUAbwmQyaYdOHszciCV04cZfceNCEbd+hDv/xmmbhbYeGDiccy93zvFTwRXY9rexsrq2vrFZ2ipv7+zu7ZsHh22VZJKyFk1EIrs+UUzwmLWAg2DdVDIS+YJ1/NHV1O/cM6l4Et/BOGVuRAYxDzkloCXPrPSBPUDeV2FIIi7G+DYJAU9qXQ9qnlm1LXsGvEycglRRgaZnfvWDhGYRi4EKolTPsVNwcyKBU8Em5X6mWEroiAxYT9OYREy5+SzEBJ9oJcBhIvWLAc/U3xs5iZQaR76ejAgM1aI3Ff/zehmEl27O4zQDFtP5oTATGBI8bQQHXDIKOnrACZVc/xXTIZGEgu6trEtwFiMvk3bdcs6s85t6tWEVdZRQBR2jU+SgC9RA16iJWoiiR/SMXtGb8WS8GO/Gx3x0xSh2jtAfGJ8/TCuXyg==</latexit>

Soft Xt

<latexit sha1_base64="Zt76M6s+JjJimtT1lE/B5198jy0=">AAACBHicbVDLSsNAFJ34rPUVddnNYCu4CklRdFlw47KifUAbwmQyaYdOHszciCV04cZfceNCEbd+hDv/xmmbhbYeGDiccy93zvFTwRXY9rexsrq2vrFZ2ipv7+zu7ZsHh22VZJKyFk1EIrs+UUzwmLWAg2DdVDIS+YJ1/NHV1O/cM6l4Et/BOGVuRAYxDzkloCXPrPSBPUDeV2FIIi7G+DYJAU9qXQ9qnlm1LXsGvEycglRRgaZnfvWDhGYRi4EKolTPsVNwcyKBU8Em5X6mWEroiAxYT9OYREy5+SzEBJ9oJcBhIvWLAc/U3xs5iZQaR76ejAgM1aI3Ff/zehmEl27O4zQDFtP5oTATGBI8bQQHXDIKOnrACZVc/xXTIZGEgu6trEtwFiMvk3bdcs6s85t6tWEVdZRQBR2jU+SgC9RA16iJWoiiR/SMXtGb8WS8GO/Gx3x0xSh2jtAfGJ8/TCuXyg==</latexit>

softmax

<latexit sha1_base64="Hs2nCGe6iNvFg1gtcm1BZqPbeQg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARuipJUXRZcOOygn1AE8pkOmmHziRh5kZaQt34K25cKOLWv3Dn3zhts9DWAwOHc+7lzjlBIrgGx/m2CmvrG5tbxe3Szu7e/oF9eNTScaooa9JYxKoTEM0Ej1gTOAjWSRQjMhCsHYxuZn77gSnN4+geJgnzJRlEPOSUgJF69okHbAyZp8OQSC4mWMchSDKe9uyyU3XmwKvEzUkZ5Wj07C+vH9NUsgioIFp3XScBPyMKOBVsWvJSzRJCR2TAuoZGRDLtZ/MEU3xulD4OY2VeBHiu/t7IiNR6IgMzKQkM9bI3E//zuimE137GoyQFFtHFoTAVGGI8qwP3uWIUTO4+J1Rx81dMh0QRCqa0kinBXY68Slq1qntRvbyrleuVvI4iOkVnqIJcdIXq6BY1UBNR9Iie0St6s56sF+vd+liMFqx85xj9gfX5A3u6l3k=</latexit>

softmax

<latexit sha1_base64="Hs2nCGe6iNvFg1gtcm1BZqPbeQg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARuipJUXRZcOOygn1AE8pkOmmHziRh5kZaQt34K25cKOLWv3Dn3zhts9DWAwOHc+7lzjlBIrgGx/m2CmvrG5tbxe3Szu7e/oF9eNTScaooa9JYxKoTEM0Ej1gTOAjWSRQjMhCsHYxuZn77gSnN4+geJgnzJRlEPOSUgJF69okHbAyZp8OQSC4mWMchSDKe9uyyU3XmwKvEzUkZ5Wj07C+vH9NUsgioIFp3XScBPyMKOBVsWvJSzRJCR2TAuoZGRDLtZ/MEU3xulD4OY2VeBHiu/t7IiNR6IgMzKQkM9bI3E//zuimE137GoyQFFtHFoTAVGGI8qwP3uWIUTO4+J1Rx81dMh0QRCqa0kinBXY68Slq1qntRvbyrleuVvI4iOkVnqIJcdIXq6BY1UBNR9Iie0St6s56sF+vd+liMFqx85xj9gfX5A3u6l3k=</latexit>

One-hot X

<latexit sha1_base64="zVy6sU4BGi8yp+En1QxKaH+XCdw=">AAACBXicbVC7SgNBFJ2N7/hatdRiMAo2ht2gaCnY2BnBaCAbwuzkrhkyO7vM3BXDksbGX7GxUMTWf7Dzb5wkW/g6MHA4517unBOmUhj0vE+nNDU9Mzs3v1BeXFpeWXXX1q9MkmkODZ7IRDdDZkAKBQ0UKKGZamBxKOE67J+O/Otb0EYk6hIHKbRjdqNEJDhDK3XcrQDhDvPARBGLhRzQcwX7vQTpcKe503ErXtUbg/4lfkEqpEC9434E3YRnMSjkkhnT8r0U2znTKLiEYTnIDKSM99kNtCxVLAbTzscphnTXKl0aJdo+hXSsft/IWWzMIA7tZMywZ357I/E/r5VhdNzOhUozBMUnh6JMUkzoqBLaFRo42uxdwbgW9q+U95hmHG1xZVuC/zvyX3JVq/oH1cOLWuWkWtQxTzbJNtkjPjkiJ+SM1EmDcHJPHskzeXEenCfn1XmbjJacYmeD/IDz/gW8eJf/</latexit>

One-hot X

<latexit sha1_base64="zVy6sU4BGi8yp+En1QxKaH+XCdw=">AAACBXicbVC7SgNBFJ2N7/hatdRiMAo2ht2gaCnY2BnBaCAbwuzkrhkyO7vM3BXDksbGX7GxUMTWf7Dzb5wkW/g6MHA4517unBOmUhj0vE+nNDU9Mzs3v1BeXFpeWXXX1q9MkmkODZ7IRDdDZkAKBQ0UKKGZamBxKOE67J+O/Otb0EYk6hIHKbRjdqNEJDhDK3XcrQDhDvPARBGLhRzQcwX7vQTpcKe503ErXtUbg/4lfkEqpEC9434E3YRnMSjkkhnT8r0U2znTKLiEYTnIDKSM99kNtCxVLAbTzscphnTXKl0aJdo+hXSsft/IWWzMIA7tZMywZ357I/E/r5VhdNzOhUozBMUnh6JMUkzoqBLaFRo42uxdwbgW9q+U95hmHG1xZVuC/zvyX3JVq/oH1cOLWuWkWtQxTzbJNtkjPjkiJ+SM1EmDcHJPHskzeXEenCfn1XmbjJacYmeD/IDz/gW8eJf/</latexit>

U ⇠ Gumbel(✓)

<latexit sha1_base64="8y+zoeK9TIiZSPCDnCzOqPPCGbA=">AAACEnicbVA9SwNBEN2LXzF+RS1tFhMhacJdULQMWGgZwaiQC2FvM5cs2b07dufEcOQ32PhXbCwUsbWy89+4iSnU+GDg8d4MM/OCRAqDrvvp5BYWl5ZX8quFtfWNza3i9s6ViVPNocVjGeubgBmQIoIWCpRwk2hgKpBwHQxPJ/71LWgj4ugSRwl0FOtHIhScoZW6xWq5RX0jFPUR7jDzTRgyJeSInqUqADkuV3wcALJquVssuTV3CjpPvBkpkRma3eKH34t5qiBCLpkxbc9NsJMxjYJLGBf81EDC+JD1oW1pxBSYTjZ9aUwPrNKjYaxtRUin6s+JjCljRiqwnYrhwPz1JuJ/XjvF8KSTiShJESL+vShMJcWYTvKhPaGBow2gJxjXwt5K+YBpxtGmWLAheH9fnidX9Zp3WDu6qJcatVkcebJH9kmFeOSYNMg5aZIW4eSePJJn8uI8OE/Oq/P23ZpzZjO75Bec9y/k2Jzs</latexit>

U ⇠ Gumbel(✓)

<latexit sha1_base64="8y+zoeK9TIiZSPCDnCzOqPPCGbA=">AAACEnicbVA9SwNBEN2LXzF+RS1tFhMhacJdULQMWGgZwaiQC2FvM5cs2b07dufEcOQ32PhXbCwUsbWy89+4iSnU+GDg8d4MM/OCRAqDrvvp5BYWl5ZX8quFtfWNza3i9s6ViVPNocVjGeubgBmQIoIWCpRwk2hgKpBwHQxPJ/71LWgj4ugSRwl0FOtHIhScoZW6xWq5RX0jFPUR7jDzTRgyJeSInqUqADkuV3wcALJquVssuTV3CjpPvBkpkRma3eKH34t5qiBCLpkxbc9NsJMxjYJLGBf81EDC+JD1oW1pxBSYTjZ9aUwPrNKjYaxtRUin6s+JjCljRiqwnYrhwPz1JuJ/XjvF8KSTiShJESL+vShMJcWYTvKhPaGBow2gJxjXwt5K+YBpxtGmWLAheH9fnidX9Zp3WDu6qJcatVkcebJH9kmFeOSYNMg5aZIW4eSePJJn8uI8OE/Oq/P23ZpzZjO75Bec9y/k2Jzs</latexit>

t ! 0+

<latexit sha1_base64="Qcg9NTIGgE3QVhZz7/4KAvXUI+U=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFglCSouix4MVjBfsBbSyb7bZdusmG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8JrsFxvq3c2vrG5lZ+u7Czu7d/YB8etbSMFWVNKoVUHZ9oJnjImsBBsE6kGAl8wdr+5Hrmtx+Y0lyGd5BEzAvIKORDTgkYqW8Xy4B7io/GQJSSj9i5Pyv37ZJTdebAq8TNSAllaPTtr95A0jhgIVBBtO66TgReShRwKti00Is1iwidkBHrGhqSgGkvnR8/xadGGeChVKZCwHP190RKAq2TwDedAYGxXvZm4n9eN4bhlZfyMIqBhXSxaBgLDBLPksADrhgFkRhCqOLmVkzHRBEKJq+CCcFdfnmVtGpV97x6cVsr1StZHHl0jE5QBbnoEtXRDWqgJqIoQc/oFb1ZT9aL9W59LFpzVjZTRH9gff4AGRWTrw==</latexit>

t ! 0+

<latexit sha1_base64="Qcg9NTIGgE3QVhZz7/4KAvXUI+U=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFglCSouix4MVjBfsBbSyb7bZdusmG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8JrsFxvq3c2vrG5lZ+u7Czu7d/YB8etbSMFWVNKoVUHZ9oJnjImsBBsE6kGAl8wdr+5Hrmtx+Y0lyGd5BEzAvIKORDTgkYqW8Xy4B7io/GQJSSj9i5Pyv37ZJTdebAq8TNSAllaPTtr95A0jhgIVBBtO66TgReShRwKti00Is1iwidkBHrGhqSgGkvnR8/xadGGeChVKZCwHP190RKAq2TwDedAYGxXvZm4n9eN4bhlZfyMIqBhXSxaBgLDBLPksADrhgFkRhCqOLmVkzHRBEKJq+CCcFdfnmVtGpV97x6cVsr1StZHHl0jE5QBbnoEtXRDWqgJqIoQc/oFb1ZT9aL9W59LFpzVjZTRH9gff4AGRWTrw==</latexit>

Gumbel-Softmax

<latexit sha1_base64="x3kUBDwm0m2Uv/iO4oASfl0hVm4=">AAACCHicbVA9SwNBFNzz2/h1amnhYhBsDHdB0TJgoaWiMYFcCHubd8ni7t2x+04SjpQ2/hUbC0Vs/Ql2/hs3MYUmDiwMM+/xdiZMpTDoeV/OzOzc/MLi0nJhZXVtfcPd3Lo1SaY5VHkiE10PmQEpYqiiQAn1VANToYRaeHc29Gv3oI1I4hvsp9BUrBOLSHCGVmq5uwFCD/PARBFTQvbpeaZCkIfXSYSK9QYtt+iVvBHoNPHHpEjGuGy5n0E74ZmCGLlkxjR8L8VmzjQKLmFQCDIDKeN3rAMNS2OmwDTzUZAB3bdKm0aJti9GOlJ/b+RMGdNXoZ1UDLtm0huK/3mNDKPTZi7iNEOI+c+hKJMUEzpshbaFBo42flswroX9K+VdphlH213BluBPRp4mt+WSf1Q6vioXK6VxHUtkh+yRA+KTE1IhF+SSVAknD+SJvJBX59F5dt6c95/RGWe8s03+wPn4BnIImi4=</latexit>

Gumbel-Softmax

<latexit sha1_base64="x3kUBDwm0m2Uv/iO4oASfl0hVm4=">AAACCHicbVA9SwNBFNzz2/h1amnhYhBsDHdB0TJgoaWiMYFcCHubd8ni7t2x+04SjpQ2/hUbC0Vs/Ql2/hs3MYUmDiwMM+/xdiZMpTDoeV/OzOzc/MLi0nJhZXVtfcPd3Lo1SaY5VHkiE10PmQEpYqiiQAn1VANToYRaeHc29Gv3oI1I4hvsp9BUrBOLSHCGVmq5uwFCD/PARBFTQvbpeaZCkIfXSYSK9QYtt+iVvBHoNPHHpEjGuGy5n0E74ZmCGLlkxjR8L8VmzjQKLmFQCDIDKeN3rAMNS2OmwDTzUZAB3bdKm0aJti9GOlJ/b+RMGdNXoZ1UDLtm0huK/3mNDKPTZi7iNEOI+c+hKJMUEzpshbaFBo42flswroX9K+VdphlH213BluBPRp4mt+WSf1Q6vioXK6VxHUtkh+yRA+KTE1IhF+SSVAknD+SJvJBX59F5dt6c95/RGWe8s03+wPn4BnIImi4=</latexit>

Gumbel-Max

<latexit sha1_base64="k3KjLqYD5M8VaVAFuCxbgCwJGOY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLuiaClYaCNEMA9IQpid3E2GzOwuM3fFsKSw8VdsLBSx9SPs/Bsnj0ITDwwczrmXO+cEiRQGPe/bWVhcWl5Zza3l1zc2t7bdnd2qiVPNocJjGet6wAxIEUEFBUqoJxqYCiTUgv7lyK/dgzYiju5wkEBLsW4kQsEZWqntFpoID5g1TRgyJeSAXqUqAHl0wx6Gbbfolbwx6Dzxp6RIpii33a9mJ+apggi5ZMY0fC/BVsY0Ci5hmG+mBhLG+6wLDUsjpsC0snGIIT2wSoeGsbYvQjpWf29kTBkzUIGdVAx7ZtYbif95jRTD81YmoiRFiPjkUJhKijEdNUI7QgNHG70jGNfC/pXyHtOMo+0tb0vwZyPPk+pxyT8pnd4eFy9K0zpypED2ySHxyRm5INekTCqEk0fyTF7Jm/PkvDjvzsdkdMGZ7uyRP3A+fwAPBphK</latexit>

Gumbel-Max

<latexit sha1_base64="k3KjLqYD5M8VaVAFuCxbgCwJGOY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLuiaClYaCNEMA9IQpid3E2GzOwuM3fFsKSw8VdsLBSx9SPs/Bsnj0ITDwwczrmXO+cEiRQGPe/bWVhcWl5Zza3l1zc2t7bdnd2qiVPNocJjGet6wAxIEUEFBUqoJxqYCiTUgv7lyK/dgzYiju5wkEBLsW4kQsEZWqntFpoID5g1TRgyJeSAXqUqAHl0wx6Gbbfolbwx6Dzxp6RIpii33a9mJ+apggi5ZMY0fC/BVsY0Ci5hmG+mBhLG+6wLDUsjpsC0snGIIT2wSoeGsbYvQjpWf29kTBkzUIGdVAx7ZtYbif95jRTD81YmoiRFiPjkUJhKijEdNUI7QgNHG70jGNfC/pXyHtOMo+0tb0vwZyPPk+pxyT8pnd4eFy9K0zpypED2ySHxyRm5INekTCqEk0fyTF7Jm/PkvDjvzsdkdMGZ7uyRP3A+fwAPBphK</latexit>

...to generalize it to other structured X...

Random edge util. U

<latexit sha1_base64="u4osnk70/n1PaSMxrnk3fPyposQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZjIrVcRcULQUbSxWTCEkIe3tzcXF379idE8ORf2DjX7GxUMTW1s5/4yam0MQHA4/3ZpiZF2VSWAyCL29qemZ2bn5hsbS0vLK6Vl7fqNs0NxxqPJWpuY6YBSk01FCghOvMAFORhEZ0ezrwG3dgrEj1FfYyaCvW1SIRnKGTOuW9FsI9Fi2bJEwJ2aOXTMepohB3geYopE/7O7WdTrkS+MEQdJKEI1IhI5x3yp+tOOW5Ao1cMmubYZBhu2AGBZfQL7VyCxnjt6wLTUc1U2DbxfCfPt11SkyT1LjSSIfq74mCKWt7KnKdiuGNHfcG4n9eM8fkuF0IneUImv8sSnJJMaWDcGgsDHB0KcSCcSPcrZTfMMM4ughLLoRw/OVJUq/64YF/eFGtnPijOBbIFtkm+yQkR+SEnJFzUiOcPJAn8kJevUfv2Xvz3n9ap7zRzCb5A+/jGwPVm+g=</latexit>

Random edge util. U

<latexit sha1_base64="u4osnk70/n1PaSMxrnk3fPyposQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZjIrVcRcULQUbSxWTCEkIe3tzcXF379idE8ORf2DjX7GxUMTW1s5/4yam0MQHA4/3ZpiZF2VSWAyCL29qemZ2bn5hsbS0vLK6Vl7fqNs0NxxqPJWpuY6YBSk01FCghOvMAFORhEZ0ezrwG3dgrEj1FfYyaCvW1SIRnKGTOuW9FsI9Fi2bJEwJ2aOXTMepohB3geYopE/7O7WdTrkS+MEQdJKEI1IhI5x3yp+tOOW5Ao1cMmubYZBhu2AGBZfQL7VyCxnjt6wLTUc1U2DbxfCfPt11SkyT1LjSSIfq74mCKWt7KnKdiuGNHfcG4n9eM8fkuF0IneUImv8sSnJJMaWDcGgsDHB0KcSCcSPcrZTfMMM4ughLLoRw/OVJUq/64YF/eFGtnPijOBbIFtkm+yQkR+SEnJFzUiOcPJAn8kJevUfv2Xvz3n9ap7zRzCb5A+/jGwPVm+g=</latexit>

Soft spanning tree Xt

<latexit sha1_base64="D+q2EFGAcOUKK0bxvODH2m+3tig=">AAACEnicbVA9SwNBEN3zM8avqKXNYiJoE+6ComXAxjKi+YAkhL3NXLJkb+/YnRPDkd9g41+xsVDE1srOf+Pmo9DEBwOP92aYmefHUhh03W9naXlldW09s5Hd3Nre2c3t7ddMlGgOVR7JSDd8ZkAKBVUUKKERa2ChL6HuD67Gfv0etBGRusNhDO2Q9ZQIBGdopU7utIXwgGnLBAELhRzS2yhAamKmlFA9ihqAjgqNDhY6ubxbdCegi8SbkTyZodLJfbW6EU9CUMglM6bpuTG2U6ZRcAmjbCsxEDM+YD1oWqpYCKadTl4a0WOrdGkQaVsK6UT9PZGy0Jhh6NvOkGHfzHtj8T+vmWBw2U6FihMExaeLgkRSjOg4H9oVGjjaILqCcS3srZT3mWYcbYpZG4I3//IiqZWK3lnx/KaULxdncWTIITkiJ8QjF6RMrkmFVAknj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+ABg7naQ=</latexit>

Soft spanning tree Xt

<latexit sha1_base64="D+q2EFGAcOUKK0bxvODH2m+3tig=">AAACEnicbVA9SwNBEN3zM8avqKXNYiJoE+6ComXAxjKi+YAkhL3NXLJkb+/YnRPDkd9g41+xsVDE1srOf+Pmo9DEBwOP92aYmefHUhh03W9naXlldW09s5Hd3Nre2c3t7ddMlGgOVR7JSDd8ZkAKBVUUKKERa2ChL6HuD67Gfv0etBGRusNhDO2Q9ZQIBGdopU7utIXwgGnLBAELhRzS2yhAamKmlFA9ihqAjgqNDhY6ubxbdCegi8SbkTyZodLJfbW6EU9CUMglM6bpuTG2U6ZRcAmjbCsxEDM+YD1oWqpYCKadTl4a0WOrdGkQaVsK6UT9PZGy0Jhh6NvOkGHfzHtj8T+vmWBw2U6FihMExaeLgkRSjOg4H9oVGjjaILqCcS3srZT3mWYcbYpZG4I3//IiqZWK3lnx/KaULxdncWTIITkiJ8QjF6RMrkmFVAknj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+ABg7naQ=</latexit>

Spanning tree X

<latexit sha1_base64="RRtob7TKFeDtd07DjJWHvSsd+Ls=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCndB0TJgYxnRfEASwt5mLlmyt3fszonhSG/jX7GxUMTWP2Dnv3HzUWjig4HHezPMzPNjKQy67rezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh1cTv3EP2ohI3eEohk7I+koEgjO0UjeXbyM8YNo2QcBCIUf0NmZKCdWnqAHouNgsdnMFt+ROQZeJNycFMke1m/tq9yKehKCQS2ZMy3Nj7KRMo+ASxtl2YiBmfMj60LJUsRBMJ53+MqYnVunRINK2FNKp+nsiZaExo9C3nSHDgVn0JuJ/XivB4LKTChUnCIrPFgWJpBjRSTC0JzRwtAn0BONa2FspHzDNONr4sjYEb/HlZVIvl7yz0vlNuVApzePIkGOSJ6fEIxekQq5JldQIJ4/kmbySN+fJeXHenY9Z64oznzkif+B8/gCeCpqv</latexit>

Spanning tree X

<latexit sha1_base64="RRtob7TKFeDtd07DjJWHvSsd+Ls=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCndB0TJgYxnRfEASwt5mLlmyt3fszonhSG/jX7GxUMTWP2Dnv3HzUWjig4HHezPMzPNjKQy67rezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh1cTv3EP2ohI3eEohk7I+koEgjO0UjeXbyM8YNo2QcBCIUf0NmZKCdWnqAHouNgsdnMFt+ROQZeJNycFMke1m/tq9yKehKCQS2ZMy3Nj7KRMo+ASxtl2YiBmfMj60LJUsRBMJ53+MqYnVunRINK2FNKp+nsiZaExo9C3nSHDgVn0JuJ/XivB4LKTChUnCIrPFgWJpBjRSTC0JzRwtAn0BONa2FspHzDNONr4sjYEb/HlZVIvl7yz0vlNuVApzePIkGOSJ6fEIxekQq5JldQIJ4/kmbySN+fJeXHenY9Z64oznzkif+B8/gCeCpqv</latexit>

Kirchho↵’s

<latexit sha1_base64="cUR0td2uuTd/pMufOu9EvTQqFgI=">AAACIXicbVDLSgMxFL3js9bXqCvRRbAIXZWZouiy4EZwU8E+oB1KJs20oZnJkGTEYeivuPFX3LhQpDvxZ0zbWWjrvSQczjmX5B4/5kxpx/myVlbX1jc2C1vF7Z3dvX374LCpRCIJbRDBhWz7WFHOItrQTHPajiXFoc9pyx/dTPXWI5WKiehBpzH1QjyIWMAI1oYS9il0QQOFJ3NnBisITGMIgQGHFBDcGSSBwNC0mKro2LjGPbvkVJxZoWXg5qAEedV79qTbFyQJaaQJx0p1XCfWXoalZoTTcbGbKBpjMsID2jEwwiFVXjbbcIzODdNHgZDmRBrN2N8TGQ6VSkPfOEOsh2pRm5L/aZ1EB9dexqI40TQi84eChCMt0DQu1GeSEs1TAzCRzPwVkSGWmGgTatGE4C6uvAya1Yp7Ubm8r5Zq5TyOApzAGZTBhSuowS3UoWEifoZXeIcP68V6sz6tydy6YuUzR/CnrO8ftDmZ6w==</latexit>

Kirchho↵’s

<latexit sha1_base64="cUR0td2uuTd/pMufOu9EvTQqFgI=">AAACIXicbVDLSgMxFL3js9bXqCvRRbAIXZWZouiy4EZwU8E+oB1KJs20oZnJkGTEYeivuPFX3LhQpDvxZ0zbWWjrvSQczjmX5B4/5kxpx/myVlbX1jc2C1vF7Z3dvX374LCpRCIJbRDBhWz7WFHOItrQTHPajiXFoc9pyx/dTPXWI5WKiehBpzH1QjyIWMAI1oYS9il0QQOFJ3NnBisITGMIgQGHFBDcGSSBwNC0mKro2LjGPbvkVJxZoWXg5qAEedV79qTbFyQJaaQJx0p1XCfWXoalZoTTcbGbKBpjMsID2jEwwiFVXjbbcIzODdNHgZDmRBrN2N8TGQ6VSkPfOEOsh2pRm5L/aZ1EB9dexqI40TQi84eChCMt0DQu1GeSEs1TAzCRzPwVkSGWmGgTatGE4C6uvAya1Yp7Ubm8r5Zq5TyOApzAGZTBhSuowS3UoWEifoZXeIcP68V6sz6tydy6YuUzR/CnrO8ftDmZ6w==</latexit>

marginals

<latexit sha1_base64="cbYKIuVQl72oG/wZ6c+lNo/O6oM=">AAACA3icbVDLSgMxFM34tr6q7nQTLEJXZUYUXRbcuFSwD2iHcieTaYNJZkjuiGUouPFX3LhQxK0/4c6/MX0sfB0IHM65l5tzokwKi77/6c3NLywuLa+sltbWNza3yts7TZvmhvEGS2Vq2hFYLoXmDRQoeTszHFQkeSu6OR/7rVturEj1NQ4zHiroa5EIBuikXnmvi/wOi65NElBCDqkC0xcapB31yhW/5k9A/5JgRipkhste+aMbpyxXXCOTYG0n8DMMCzAomOSjUje3PAN2A33ecVSD4jYsJhlG9NApMU1S455GOlG/bxSgrB2qyE0qwIH97Y3F/7xOjslZWAid5cg1mx5KckkxpeNCaCwMZ+iSxwKYEe6vlA3AAENXW8mVEPyO/Jc0j2rBce3k6qhSr87qWCH75IBUSUBOSZ1ckEvSIIzck0fyTF68B+/Je/XepqNz3mxnl/yA9/4F9o2YSQ==</latexit>

marginals

<latexit sha1_base64="cbYKIuVQl72oG/wZ6c+lNo/O6oM=">AAACA3icbVDLSgMxFM34tr6q7nQTLEJXZUYUXRbcuFSwD2iHcieTaYNJZkjuiGUouPFX3LhQxK0/4c6/MX0sfB0IHM65l5tzokwKi77/6c3NLywuLa+sltbWNza3yts7TZvmhvEGS2Vq2hFYLoXmDRQoeTszHFQkeSu6OR/7rVturEj1NQ4zHiroa5EIBuikXnmvi/wOi65NElBCDqkC0xcapB31yhW/5k9A/5JgRipkhste+aMbpyxXXCOTYG0n8DMMCzAomOSjUje3PAN2A33ecVSD4jYsJhlG9NApMU1S455GOlG/bxSgrB2qyE0qwIH97Y3F/7xOjslZWAid5cg1mx5KckkxpeNCaCwMZ+iSxwKYEe6vlA3AAENXW8mVEPyO/Jc0j2rBce3k6qhSr87qWCH75IBUSUBOSZ1ckEvSIIzck0fyTF68B+/Je/XepqNz3mxnl/yA9/4F9o2YSQ==</latexit>

Kruskal’s

<latexit sha1_base64="a1+fvSFUfx8+SUL51DIUIihhyHE=">AAACHXicbZBNSwMxEIZn/az1a9WTegkWoaeyWxQ9FrwIXirYD2iXkk2zbWiyuyRZcVn6R7z4V7x4UMSDF/HfmLZ70NYJGR7emSGZ1485U9pxvq2l5ZXVtfXCRnFza3tn197bb6ookYQ2SMQj2faxopyFtKGZ5rQdS4qFz2nLH11N6q17KhWLwjudxtQTeBCygBGsjRTZR9AFDRQeTM4MKwjMwSCAAYcUENyAhMToI6NydGho3LNLTsWZBloEN4cS5FHv2Z/dfkQSQUNNOFaq4zqx9jIsNSOcjovdRNEYkxEe0I7BEAuqvGy63RidGqWPgkiaG2o0VX9PZFgolQrfdAqsh2q+NhH/q3USHVx6GQvjRNOQzB4KEo50hCZWoT6TlGieGsBEMvNXRIZYYqKNoUVjgju/8iI0qxX3rHJ+Wy3VyrkdBTiGEyiDCxdQg2uoQwMIPMIzvMKb9WS9WO/Wx6x1ycpnDuBPWF8/432ZDg==</latexit>

Kruskal’s

<latexit sha1_base64="a1+fvSFUfx8+SUL51DIUIihhyHE=">AAACHXicbZBNSwMxEIZn/az1a9WTegkWoaeyWxQ9FrwIXirYD2iXkk2zbWiyuyRZcVn6R7z4V7x4UMSDF/HfmLZ70NYJGR7emSGZ1485U9pxvq2l5ZXVtfXCRnFza3tn197bb6ookYQ2SMQj2faxopyFtKGZ5rQdS4qFz2nLH11N6q17KhWLwjudxtQTeBCygBGsjRTZR9AFDRQeTM4MKwjMwSCAAYcUENyAhMToI6NydGho3LNLTsWZBloEN4cS5FHv2Z/dfkQSQUNNOFaq4zqx9jIsNSOcjovdRNEYkxEe0I7BEAuqvGy63RidGqWPgkiaG2o0VX9PZFgolQrfdAqsh2q+NhH/q3USHVx6GQvjRNOQzB4KEo50hCZWoT6TlGieGsBEMvNXRIZYYqKNoUVjgju/8iI0qxX3rHJ+Wy3VyrkdBTiGEyiDCxdQg2uoQwMIPMIzvMKb9WS9WO/Wx6x1ycpnDuBPWF8/432ZDg==</latexit>

algorithm

<latexit sha1_base64="68QKlbNuF3HUUTuMKKFmHjGHKv4=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJ0VZKi6LLgxmUF+4AmlMlk0g6dScLMjVhCwY2/4saFIm79CXf+jdM2C209cOFwzr1czglSwTU4zre1srq2vrFZ2ipv7+zu7dsHh22dZIqyFk1EoroB0UzwmLWAg2DdVDEiA8E6weh66nfumdI8ie9gnDJfkkHMI04JGKlvH3vAHiD3dBQRycUYEzFIFIehnPTtilNzZsDLxC1IBRVo9u0vL0xoJlkMVBCte66Tgp8TBZwKNil7mWYpoSMyYD1DYyKZ9vNZhgk+M0qIo0SZiQHP1N8XOZFaj2VgNiWBoV70puJ/Xi+D6MrPeZxmwGI6fxRlAkOCp4XgkCtGwSQPOaEmOaeYDokiFExtZVOCuxh5mbTrNfe8dnFbrzSqRR0ldIJOURW56BI10A1qohai6BE9o1f0Zj1ZL9a79TFfXbGKmyP0B9bnDwRTmFI=</latexit>

algorithm

<latexit sha1_base64="68QKlbNuF3HUUTuMKKFmHjGHKv4=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJ0VZKi6LLgxmUF+4AmlMlk0g6dScLMjVhCwY2/4saFIm79CXf+jdM2C209cOFwzr1czglSwTU4zre1srq2vrFZ2ipv7+zu7dsHh22dZIqyFk1EoroB0UzwmLWAg2DdVDEiA8E6weh66nfumdI8ie9gnDJfkkHMI04JGKlvH3vAHiD3dBQRycUYEzFIFIehnPTtilNzZsDLxC1IBRVo9u0vL0xoJlkMVBCte66Tgp8TBZwKNil7mWYpoSMyYD1DYyKZ9vNZhgk+M0qIo0SZiQHP1N8XOZFaj2VgNiWBoV70puJ/Xi+D6MrPeZxmwGI6fxRlAkOCp4XgkCtGwSQPOaEmOaeYDokiFExtZVOCuxh5mbTrNfe8dnFbrzSqRR0ldIJOURW56BI10A1qohai6BE9o1f0Zj1ZL9a79TFfXbGKmyP0B9bnDwRTmFI=</latexit>

t ! 0+

<latexit sha1_base64="Qcg9NTIGgE3QVhZz7/4KAvXUI+U=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFglCSouix4MVjBfsBbSyb7bZdusmG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8JrsFxvq3c2vrG5lZ+u7Czu7d/YB8etbSMFWVNKoVUHZ9oJnjImsBBsE6kGAl8wdr+5Hrmtx+Y0lyGd5BEzAvIKORDTgkYqW8Xy4B7io/GQJSSj9i5Pyv37ZJTdebAq8TNSAllaPTtr95A0jhgIVBBtO66TgReShRwKti00Is1iwidkBHrGhqSgGkvnR8/xadGGeChVKZCwHP190RKAq2TwDedAYGxXvZm4n9eN4bhlZfyMIqBhXSxaBgLDBLPksADrhgFkRhCqOLmVkzHRBEKJq+CCcFdfnmVtGpV97x6cVsr1StZHHl0jE5QBbnoEtXRDWqgJqIoQc/oFb1ZT9aL9W59LFpzVjZTRH9gff4AGRWTrw==</latexit>

t ! 0+

<latexit sha1_base64="Qcg9NTIGgE3QVhZz7/4KAvXUI+U=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFglCSouix4MVjBfsBbSyb7bZdusmG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8JrsFxvq3c2vrG5lZ+u7Czu7d/YB8etbSMFWVNKoVUHZ9oJnjImsBBsE6kGAl8wdr+5Hrmtx+Y0lyGd5BEzAvIKORDTgkYqW8Xy4B7io/GQJSSj9i5Pyv37ZJTdebAq8TNSAllaPTtr95A0jhgIVBBtO66TgReShRwKti00Is1iwidkBHrGhqSgGkvnR8/xadGGeChVKZCwHP190RKAq2TwDedAYGxXvZm4n9eN4bhlZfyMIqBhXSxaBgLDBLPksADrhgFkRhCqOLmVkzHRBEKJq+CCcFdfnmVtGpV97x6cVsr1StZHHl0jE5QBbnoEtXRDWqgJqIoQc/oFb1ZT9aL9W59LFpzVjZTRH9gff4AGRWTrw==</latexit>

...when efficient solvers are available given f and X .



Stochastic Softmax Tricks (SSTs)

SSTs recover the Gumbel-Softmax in the one-hot case...

argmax

<latexit sha1_base64="RYyjmhrfGBY8MPWw6AFz01Dp7Rs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBSBV2g6JlwMYygkmEJIS7k9lkyMzuMnNXEpY0/oqNhSK2foadf+PkUWjigYHDOfdy55wgkcKg5307ubX1jc2t/HZhZ3dv/8A9PGqYONWM11ksY/0QgOFSRLyOAiV/SDQHFUjeDIY3U7/5yLURcXSP44R3FPQjEQoGaKWue9JGPsKsbcIQlJBjCrqvYDTpukWv7M1AV4m/IEWyQK3rfrV7MUsVj5BJMKblewl2MtAomOSTQjs1PAE2hD5vWRqB4qaTzQJM6LlVejSMtX0R0pn6eyMDZcxYBXZSAQ7MsjcV//NaKYbXnUxESYo8YvNDYSopxnTaBu0JzRna2D0BTAv7V8oGoIGh7axgS/CXI6+SRqXsX5Qv7yrFamlRR56ckjNSIj65IlVyS2qkThiZkGfySt6cJ+fFeXc+5qM5Z7FzTP7A+fwBh5CW7Q==</latexit>

argmax

<latexit sha1_base64="RYyjmhrfGBY8MPWw6AFz01Dp7Rs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBSBV2g6JlwMYygkmEJIS7k9lkyMzuMnNXEpY0/oqNhSK2foadf+PkUWjigYHDOfdy55wgkcKg5307ubX1jc2t/HZhZ3dv/8A9PGqYONWM11ksY/0QgOFSRLyOAiV/SDQHFUjeDIY3U7/5yLURcXSP44R3FPQjEQoGaKWue9JGPsKsbcIQlJBjCrqvYDTpukWv7M1AV4m/IEWyQK3rfrV7MUsVj5BJMKblewl2MtAomOSTQjs1PAE2hD5vWRqB4qaTzQJM6LlVejSMtX0R0pn6eyMDZcxYBXZSAQ7MsjcV//NaKYbXnUxESYo8YvNDYSopxnTaBu0JzRna2D0BTAv7V8oGoIGh7axgS/CXI6+SRqXsX5Qv7yrFamlRR56ckjNSIj65IlVyS2qkThiZkGfySt6cJ+fFeXc+5qM5Z7FzTP7A+fwBh5CW7Q==</latexit>

Soft Xt

<latexit sha1_base64="Zt76M6s+JjJimtT1lE/B5198jy0=">AAACBHicbVDLSsNAFJ34rPUVddnNYCu4CklRdFlw47KifUAbwmQyaYdOHszciCV04cZfceNCEbd+hDv/xmmbhbYeGDiccy93zvFTwRXY9rexsrq2vrFZ2ipv7+zu7ZsHh22VZJKyFk1EIrs+UUzwmLWAg2DdVDIS+YJ1/NHV1O/cM6l4Et/BOGVuRAYxDzkloCXPrPSBPUDeV2FIIi7G+DYJAU9qXQ9qnlm1LXsGvEycglRRgaZnfvWDhGYRi4EKolTPsVNwcyKBU8Em5X6mWEroiAxYT9OYREy5+SzEBJ9oJcBhIvWLAc/U3xs5iZQaR76ejAgM1aI3Ff/zehmEl27O4zQDFtP5oTATGBI8bQQHXDIKOnrACZVc/xXTIZGEgu6trEtwFiMvk3bdcs6s85t6tWEVdZRQBR2jU+SgC9RA16iJWoiiR/SMXtGb8WS8GO/Gx3x0xSh2jtAfGJ8/TCuXyg==</latexit>

Soft Xt

<latexit sha1_base64="Zt76M6s+JjJimtT1lE/B5198jy0=">AAACBHicbVDLSsNAFJ34rPUVddnNYCu4CklRdFlw47KifUAbwmQyaYdOHszciCV04cZfceNCEbd+hDv/xmmbhbYeGDiccy93zvFTwRXY9rexsrq2vrFZ2ipv7+zu7ZsHh22VZJKyFk1EIrs+UUzwmLWAg2DdVDIS+YJ1/NHV1O/cM6l4Et/BOGVuRAYxDzkloCXPrPSBPUDeV2FIIi7G+DYJAU9qXQ9qnlm1LXsGvEycglRRgaZnfvWDhGYRi4EKolTPsVNwcyKBU8Em5X6mWEroiAxYT9OYREy5+SzEBJ9oJcBhIvWLAc/U3xs5iZQaR76ejAgM1aI3Ff/zehmEl27O4zQDFtP5oTATGBI8bQQHXDIKOnrACZVc/xXTIZGEgu6trEtwFiMvk3bdcs6s85t6tWEVdZRQBR2jU+SgC9RA16iJWoiiR/SMXtGb8WS8GO/Gx3x0xSh2jtAfGJ8/TCuXyg==</latexit>

softmax

<latexit sha1_base64="Hs2nCGe6iNvFg1gtcm1BZqPbeQg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARuipJUXRZcOOygn1AE8pkOmmHziRh5kZaQt34K25cKOLWv3Dn3zhts9DWAwOHc+7lzjlBIrgGx/m2CmvrG5tbxe3Szu7e/oF9eNTScaooa9JYxKoTEM0Ej1gTOAjWSRQjMhCsHYxuZn77gSnN4+geJgnzJRlEPOSUgJF69okHbAyZp8OQSC4mWMchSDKe9uyyU3XmwKvEzUkZ5Wj07C+vH9NUsgioIFp3XScBPyMKOBVsWvJSzRJCR2TAuoZGRDLtZ/MEU3xulD4OY2VeBHiu/t7IiNR6IgMzKQkM9bI3E//zuimE137GoyQFFtHFoTAVGGI8qwP3uWIUTO4+J1Rx81dMh0QRCqa0kinBXY68Slq1qntRvbyrleuVvI4iOkVnqIJcdIXq6BY1UBNR9Iie0St6s56sF+vd+liMFqx85xj9gfX5A3u6l3k=</latexit>

softmax

<latexit sha1_base64="Hs2nCGe6iNvFg1gtcm1BZqPbeQg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARuipJUXRZcOOygn1AE8pkOmmHziRh5kZaQt34K25cKOLWv3Dn3zhts9DWAwOHc+7lzjlBIrgGx/m2CmvrG5tbxe3Szu7e/oF9eNTScaooa9JYxKoTEM0Ej1gTOAjWSRQjMhCsHYxuZn77gSnN4+geJgnzJRlEPOSUgJF69okHbAyZp8OQSC4mWMchSDKe9uyyU3XmwKvEzUkZ5Wj07C+vH9NUsgioIFp3XScBPyMKOBVsWvJSzRJCR2TAuoZGRDLtZ/MEU3xulD4OY2VeBHiu/t7IiNR6IgMzKQkM9bI3E//zuimE137GoyQFFtHFoTAVGGI8qwP3uWIUTO4+J1Rx81dMh0QRCqa0kinBXY68Slq1qntRvbyrleuVvI4iOkVnqIJcdIXq6BY1UBNR9Iie0St6s56sF+vd+liMFqx85xj9gfX5A3u6l3k=</latexit>

One-hot X

<latexit sha1_base64="zVy6sU4BGi8yp+En1QxKaH+XCdw=">AAACBXicbVC7SgNBFJ2N7/hatdRiMAo2ht2gaCnY2BnBaCAbwuzkrhkyO7vM3BXDksbGX7GxUMTWf7Dzb5wkW/g6MHA4517unBOmUhj0vE+nNDU9Mzs3v1BeXFpeWXXX1q9MkmkODZ7IRDdDZkAKBQ0UKKGZamBxKOE67J+O/Otb0EYk6hIHKbRjdqNEJDhDK3XcrQDhDvPARBGLhRzQcwX7vQTpcKe503ErXtUbg/4lfkEqpEC9434E3YRnMSjkkhnT8r0U2znTKLiEYTnIDKSM99kNtCxVLAbTzscphnTXKl0aJdo+hXSsft/IWWzMIA7tZMywZ357I/E/r5VhdNzOhUozBMUnh6JMUkzoqBLaFRo42uxdwbgW9q+U95hmHG1xZVuC/zvyX3JVq/oH1cOLWuWkWtQxTzbJNtkjPjkiJ+SM1EmDcHJPHskzeXEenCfn1XmbjJacYmeD/IDz/gW8eJf/</latexit>

One-hot X

<latexit sha1_base64="zVy6sU4BGi8yp+En1QxKaH+XCdw=">AAACBXicbVC7SgNBFJ2N7/hatdRiMAo2ht2gaCnY2BnBaCAbwuzkrhkyO7vM3BXDksbGX7GxUMTWf7Dzb5wkW/g6MHA4517unBOmUhj0vE+nNDU9Mzs3v1BeXFpeWXXX1q9MkmkODZ7IRDdDZkAKBQ0UKKGZamBxKOE67J+O/Otb0EYk6hIHKbRjdqNEJDhDK3XcrQDhDvPARBGLhRzQcwX7vQTpcKe503ErXtUbg/4lfkEqpEC9434E3YRnMSjkkhnT8r0U2znTKLiEYTnIDKSM99kNtCxVLAbTzscphnTXKl0aJdo+hXSsft/IWWzMIA7tZMywZ357I/E/r5VhdNzOhUozBMUnh6JMUkzoqBLaFRo42uxdwbgW9q+U95hmHG1xZVuC/zvyX3JVq/oH1cOLWuWkWtQxTzbJNtkjPjkiJ+SM1EmDcHJPHskzeXEenCfn1XmbjJacYmeD/IDz/gW8eJf/</latexit>

U ⇠ Gumbel(✓)

<latexit sha1_base64="8y+zoeK9TIiZSPCDnCzOqPPCGbA=">AAACEnicbVA9SwNBEN2LXzF+RS1tFhMhacJdULQMWGgZwaiQC2FvM5cs2b07dufEcOQ32PhXbCwUsbWy89+4iSnU+GDg8d4MM/OCRAqDrvvp5BYWl5ZX8quFtfWNza3i9s6ViVPNocVjGeubgBmQIoIWCpRwk2hgKpBwHQxPJ/71LWgj4ugSRwl0FOtHIhScoZW6xWq5RX0jFPUR7jDzTRgyJeSInqUqADkuV3wcALJquVssuTV3CjpPvBkpkRma3eKH34t5qiBCLpkxbc9NsJMxjYJLGBf81EDC+JD1oW1pxBSYTjZ9aUwPrNKjYaxtRUin6s+JjCljRiqwnYrhwPz1JuJ/XjvF8KSTiShJESL+vShMJcWYTvKhPaGBow2gJxjXwt5K+YBpxtGmWLAheH9fnidX9Zp3WDu6qJcatVkcebJH9kmFeOSYNMg5aZIW4eSePJJn8uI8OE/Oq/P23ZpzZjO75Bec9y/k2Jzs</latexit>

U ⇠ Gumbel(✓)

<latexit sha1_base64="8y+zoeK9TIiZSPCDnCzOqPPCGbA=">AAACEnicbVA9SwNBEN2LXzF+RS1tFhMhacJdULQMWGgZwaiQC2FvM5cs2b07dufEcOQ32PhXbCwUsbWy89+4iSnU+GDg8d4MM/OCRAqDrvvp5BYWl5ZX8quFtfWNza3i9s6ViVPNocVjGeubgBmQIoIWCpRwk2hgKpBwHQxPJ/71LWgj4ugSRwl0FOtHIhScoZW6xWq5RX0jFPUR7jDzTRgyJeSInqUqADkuV3wcALJquVssuTV3CjpPvBkpkRma3eKH34t5qiBCLpkxbc9NsJMxjYJLGBf81EDC+JD1oW1pxBSYTjZ9aUwPrNKjYaxtRUin6s+JjCljRiqwnYrhwPz1JuJ/XjvF8KSTiShJESL+vShMJcWYTvKhPaGBow2gJxjXwt5K+YBpxtGmWLAheH9fnidX9Zp3WDu6qJcatVkcebJH9kmFeOSYNMg5aZIW4eSePJJn8uI8OE/Oq/P23ZpzZjO75Bec9y/k2Jzs</latexit>

t ! 0+

<latexit sha1_base64="Qcg9NTIGgE3QVhZz7/4KAvXUI+U=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFglCSouix4MVjBfsBbSyb7bZdusmG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8JrsFxvq3c2vrG5lZ+u7Czu7d/YB8etbSMFWVNKoVUHZ9oJnjImsBBsE6kGAl8wdr+5Hrmtx+Y0lyGd5BEzAvIKORDTgkYqW8Xy4B7io/GQJSSj9i5Pyv37ZJTdebAq8TNSAllaPTtr95A0jhgIVBBtO66TgReShRwKti00Is1iwidkBHrGhqSgGkvnR8/xadGGeChVKZCwHP190RKAq2TwDedAYGxXvZm4n9eN4bhlZfyMIqBhXSxaBgLDBLPksADrhgFkRhCqOLmVkzHRBEKJq+CCcFdfnmVtGpV97x6cVsr1StZHHl0jE5QBbnoEtXRDWqgJqIoQc/oFb1ZT9aL9W59LFpzVjZTRH9gff4AGRWTrw==</latexit>

t ! 0+

<latexit sha1_base64="Qcg9NTIGgE3QVhZz7/4KAvXUI+U=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFglCSouix4MVjBfsBbSyb7bZdusmG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8JrsFxvq3c2vrG5lZ+u7Czu7d/YB8etbSMFWVNKoVUHZ9oJnjImsBBsE6kGAl8wdr+5Hrmtx+Y0lyGd5BEzAvIKORDTgkYqW8Xy4B7io/GQJSSj9i5Pyv37ZJTdebAq8TNSAllaPTtr95A0jhgIVBBtO66TgReShRwKti00Is1iwidkBHrGhqSgGkvnR8/xadGGeChVKZCwHP190RKAq2TwDedAYGxXvZm4n9eN4bhlZfyMIqBhXSxaBgLDBLPksADrhgFkRhCqOLmVkzHRBEKJq+CCcFdfnmVtGpV97x6cVsr1StZHHl0jE5QBbnoEtXRDWqgJqIoQc/oFb1ZT9aL9W59LFpzVjZTRH9gff4AGRWTrw==</latexit>

Gumbel-Softmax

<latexit sha1_base64="x3kUBDwm0m2Uv/iO4oASfl0hVm4=">AAACCHicbVA9SwNBFNzz2/h1amnhYhBsDHdB0TJgoaWiMYFcCHubd8ni7t2x+04SjpQ2/hUbC0Vs/Ql2/hs3MYUmDiwMM+/xdiZMpTDoeV/OzOzc/MLi0nJhZXVtfcPd3Lo1SaY5VHkiE10PmQEpYqiiQAn1VANToYRaeHc29Gv3oI1I4hvsp9BUrBOLSHCGVmq5uwFCD/PARBFTQvbpeaZCkIfXSYSK9QYtt+iVvBHoNPHHpEjGuGy5n0E74ZmCGLlkxjR8L8VmzjQKLmFQCDIDKeN3rAMNS2OmwDTzUZAB3bdKm0aJti9GOlJ/b+RMGdNXoZ1UDLtm0huK/3mNDKPTZi7iNEOI+c+hKJMUEzpshbaFBo42flswroX9K+VdphlH213BluBPRp4mt+WSf1Q6vioXK6VxHUtkh+yRA+KTE1IhF+SSVAknD+SJvJBX59F5dt6c95/RGWe8s03+wPn4BnIImi4=</latexit>

Gumbel-Softmax

<latexit sha1_base64="x3kUBDwm0m2Uv/iO4oASfl0hVm4=">AAACCHicbVA9SwNBFNzz2/h1amnhYhBsDHdB0TJgoaWiMYFcCHubd8ni7t2x+04SjpQ2/hUbC0Vs/Ql2/hs3MYUmDiwMM+/xdiZMpTDoeV/OzOzc/MLi0nJhZXVtfcPd3Lo1SaY5VHkiE10PmQEpYqiiQAn1VANToYRaeHc29Gv3oI1I4hvsp9BUrBOLSHCGVmq5uwFCD/PARBFTQvbpeaZCkIfXSYSK9QYtt+iVvBHoNPHHpEjGuGy5n0E74ZmCGLlkxjR8L8VmzjQKLmFQCDIDKeN3rAMNS2OmwDTzUZAB3bdKm0aJti9GOlJ/b+RMGdNXoZ1UDLtm0huK/3mNDKPTZi7iNEOI+c+hKJMUEzpshbaFBo42flswroX9K+VdphlH213BluBPRp4mt+WSf1Q6vioXK6VxHUtkh+yRA+KTE1IhF+SSVAknD+SJvJBX59F5dt6c95/RGWe8s03+wPn4BnIImi4=</latexit>

Gumbel-Max

<latexit sha1_base64="k3KjLqYD5M8VaVAFuCxbgCwJGOY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLuiaClYaCNEMA9IQpid3E2GzOwuM3fFsKSw8VdsLBSx9SPs/Bsnj0ITDwwczrmXO+cEiRQGPe/bWVhcWl5Zza3l1zc2t7bdnd2qiVPNocJjGet6wAxIEUEFBUqoJxqYCiTUgv7lyK/dgzYiju5wkEBLsW4kQsEZWqntFpoID5g1TRgyJeSAXqUqAHl0wx6Gbbfolbwx6Dzxp6RIpii33a9mJ+apggi5ZMY0fC/BVsY0Ci5hmG+mBhLG+6wLDUsjpsC0snGIIT2wSoeGsbYvQjpWf29kTBkzUIGdVAx7ZtYbif95jRTD81YmoiRFiPjkUJhKijEdNUI7QgNHG70jGNfC/pXyHtOMo+0tb0vwZyPPk+pxyT8pnd4eFy9K0zpypED2ySHxyRm5INekTCqEk0fyTF7Jm/PkvDjvzsdkdMGZ7uyRP3A+fwAPBphK</latexit>

Gumbel-Max

<latexit sha1_base64="k3KjLqYD5M8VaVAFuCxbgCwJGOY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBsDLuiaClYaCNEMA9IQpid3E2GzOwuM3fFsKSw8VdsLBSx9SPs/Bsnj0ITDwwczrmXO+cEiRQGPe/bWVhcWl5Zza3l1zc2t7bdnd2qiVPNocJjGet6wAxIEUEFBUqoJxqYCiTUgv7lyK/dgzYiju5wkEBLsW4kQsEZWqntFpoID5g1TRgyJeSAXqUqAHl0wx6Gbbfolbwx6Dzxp6RIpii33a9mJ+apggi5ZMY0fC/BVsY0Ci5hmG+mBhLG+6wLDUsjpsC0snGIIT2wSoeGsbYvQjpWf29kTBkzUIGdVAx7ZtYbif95jRTD81YmoiRFiPjkUJhKijEdNUI7QgNHG70jGNfC/pXyHtOMo+0tb0vwZyPPk+pxyT8pnd4eFy9K0zpypED2ySHxyRm5INekTCqEk0fyTF7Jm/PkvDjvzsdkdMGZ7uyRP3A+fwAPBphK</latexit>

...to generalize it to other structured X...

Random edge util. U

<latexit sha1_base64="u4osnk70/n1PaSMxrnk3fPyposQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZjIrVcRcULQUbSxWTCEkIe3tzcXF379idE8ORf2DjX7GxUMTW1s5/4yam0MQHA4/3ZpiZF2VSWAyCL29qemZ2bn5hsbS0vLK6Vl7fqNs0NxxqPJWpuY6YBSk01FCghOvMAFORhEZ0ezrwG3dgrEj1FfYyaCvW1SIRnKGTOuW9FsI9Fi2bJEwJ2aOXTMepohB3geYopE/7O7WdTrkS+MEQdJKEI1IhI5x3yp+tOOW5Ao1cMmubYZBhu2AGBZfQL7VyCxnjt6wLTUc1U2DbxfCfPt11SkyT1LjSSIfq74mCKWt7KnKdiuGNHfcG4n9eM8fkuF0IneUImv8sSnJJMaWDcGgsDHB0KcSCcSPcrZTfMMM4ughLLoRw/OVJUq/64YF/eFGtnPijOBbIFtkm+yQkR+SEnJFzUiOcPJAn8kJevUfv2Xvz3n9ap7zRzCb5A+/jGwPVm+g=</latexit>

Random edge util. U

<latexit sha1_base64="u4osnk70/n1PaSMxrnk3fPyposQ=">AAACD3icbVA9SwNBEN3z2/gVtbRZjIrVcRcULQUbSxWTCEkIe3tzcXF379idE8ORf2DjX7GxUMTW1s5/4yam0MQHA4/3ZpiZF2VSWAyCL29qemZ2bn5hsbS0vLK6Vl7fqNs0NxxqPJWpuY6YBSk01FCghOvMAFORhEZ0ezrwG3dgrEj1FfYyaCvW1SIRnKGTOuW9FsI9Fi2bJEwJ2aOXTMepohB3geYopE/7O7WdTrkS+MEQdJKEI1IhI5x3yp+tOOW5Ao1cMmubYZBhu2AGBZfQL7VyCxnjt6wLTUc1U2DbxfCfPt11SkyT1LjSSIfq74mCKWt7KnKdiuGNHfcG4n9eM8fkuF0IneUImv8sSnJJMaWDcGgsDHB0KcSCcSPcrZTfMMM4ughLLoRw/OVJUq/64YF/eFGtnPijOBbIFtkm+yQkR+SEnJFzUiOcPJAn8kJevUfv2Xvz3n9ap7zRzCb5A+/jGwPVm+g=</latexit>

Soft spanning tree Xt

<latexit sha1_base64="D+q2EFGAcOUKK0bxvODH2m+3tig=">AAACEnicbVA9SwNBEN3zM8avqKXNYiJoE+6ComXAxjKi+YAkhL3NXLJkb+/YnRPDkd9g41+xsVDE1srOf+Pmo9DEBwOP92aYmefHUhh03W9naXlldW09s5Hd3Nre2c3t7ddMlGgOVR7JSDd8ZkAKBVUUKKERa2ChL6HuD67Gfv0etBGRusNhDO2Q9ZQIBGdopU7utIXwgGnLBAELhRzS2yhAamKmlFA9ihqAjgqNDhY6ubxbdCegi8SbkTyZodLJfbW6EU9CUMglM6bpuTG2U6ZRcAmjbCsxEDM+YD1oWqpYCKadTl4a0WOrdGkQaVsK6UT9PZGy0Jhh6NvOkGHfzHtj8T+vmWBw2U6FihMExaeLgkRSjOg4H9oVGjjaILqCcS3srZT3mWYcbYpZG4I3//IiqZWK3lnx/KaULxdncWTIITkiJ8QjF6RMrkmFVAknj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+ABg7naQ=</latexit>

Soft spanning tree Xt

<latexit sha1_base64="D+q2EFGAcOUKK0bxvODH2m+3tig=">AAACEnicbVA9SwNBEN3zM8avqKXNYiJoE+6ComXAxjKi+YAkhL3NXLJkb+/YnRPDkd9g41+xsVDE1srOf+Pmo9DEBwOP92aYmefHUhh03W9naXlldW09s5Hd3Nre2c3t7ddMlGgOVR7JSDd8ZkAKBVUUKKERa2ChL6HuD67Gfv0etBGRusNhDO2Q9ZQIBGdopU7utIXwgGnLBAELhRzS2yhAamKmlFA9ihqAjgqNDhY6ubxbdCegi8SbkTyZodLJfbW6EU9CUMglM6bpuTG2U6ZRcAmjbCsxEDM+YD1oWqpYCKadTl4a0WOrdGkQaVsK6UT9PZGy0Jhh6NvOkGHfzHtj8T+vmWBw2U6FihMExaeLgkRSjOg4H9oVGjjaILqCcS3srZT3mWYcbYpZG4I3//IiqZWK3lnx/KaULxdncWTIITkiJ8QjF6RMrkmFVAknj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+ABg7naQ=</latexit>

Spanning tree X

<latexit sha1_base64="RRtob7TKFeDtd07DjJWHvSsd+Ls=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCndB0TJgYxnRfEASwt5mLlmyt3fszonhSG/jX7GxUMTWP2Dnv3HzUWjig4HHezPMzPNjKQy67rezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh1cTv3EP2ohI3eEohk7I+koEgjO0UjeXbyM8YNo2QcBCIUf0NmZKCdWnqAHouNgsdnMFt+ROQZeJNycFMke1m/tq9yKehKCQS2ZMy3Nj7KRMo+ASxtl2YiBmfMj60LJUsRBMJ53+MqYnVunRINK2FNKp+nsiZaExo9C3nSHDgVn0JuJ/XivB4LKTChUnCIrPFgWJpBjRSTC0JzRwtAn0BONa2FspHzDNONr4sjYEb/HlZVIvl7yz0vlNuVApzePIkGOSJ6fEIxekQq5JldQIJ4/kmbySN+fJeXHenY9Z64oznzkif+B8/gCeCpqv</latexit>

Spanning tree X

<latexit sha1_base64="RRtob7TKFeDtd07DjJWHvSsd+Ls=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCndB0TJgYxnRfEASwt5mLlmyt3fszonhSG/jX7GxUMTWP2Dnv3HzUWjig4HHezPMzPNjKQy67rezsrq2vrGZ2cpu7+zu7ecODusmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh1cTv3EP2ohI3eEohk7I+koEgjO0UjeXbyM8YNo2QcBCIUf0NmZKCdWnqAHouNgsdnMFt+ROQZeJNycFMke1m/tq9yKehKCQS2ZMy3Nj7KRMo+ASxtl2YiBmfMj60LJUsRBMJ53+MqYnVunRINK2FNKp+nsiZaExo9C3nSHDgVn0JuJ/XivB4LKTChUnCIrPFgWJpBjRSTC0JzRwtAn0BONa2FspHzDNONr4sjYEb/HlZVIvl7yz0vlNuVApzePIkGOSJ6fEIxekQq5JldQIJ4/kmbySN+fJeXHenY9Z64oznzkif+B8/gCeCpqv</latexit>

Kirchho↵’s

<latexit sha1_base64="cUR0td2uuTd/pMufOu9EvTQqFgI=">AAACIXicbVDLSgMxFL3js9bXqCvRRbAIXZWZouiy4EZwU8E+oB1KJs20oZnJkGTEYeivuPFX3LhQpDvxZ0zbWWjrvSQczjmX5B4/5kxpx/myVlbX1jc2C1vF7Z3dvX374LCpRCIJbRDBhWz7WFHOItrQTHPajiXFoc9pyx/dTPXWI5WKiehBpzH1QjyIWMAI1oYS9il0QQOFJ3NnBisITGMIgQGHFBDcGSSBwNC0mKro2LjGPbvkVJxZoWXg5qAEedV79qTbFyQJaaQJx0p1XCfWXoalZoTTcbGbKBpjMsID2jEwwiFVXjbbcIzODdNHgZDmRBrN2N8TGQ6VSkPfOEOsh2pRm5L/aZ1EB9dexqI40TQi84eChCMt0DQu1GeSEs1TAzCRzPwVkSGWmGgTatGE4C6uvAya1Yp7Ubm8r5Zq5TyOApzAGZTBhSuowS3UoWEifoZXeIcP68V6sz6tydy6YuUzR/CnrO8ftDmZ6w==</latexit>

Kirchho↵’s

<latexit sha1_base64="cUR0td2uuTd/pMufOu9EvTQqFgI=">AAACIXicbVDLSgMxFL3js9bXqCvRRbAIXZWZouiy4EZwU8E+oB1KJs20oZnJkGTEYeivuPFX3LhQpDvxZ0zbWWjrvSQczjmX5B4/5kxpx/myVlbX1jc2C1vF7Z3dvX374LCpRCIJbRDBhWz7WFHOItrQTHPajiXFoc9pyx/dTPXWI5WKiehBpzH1QjyIWMAI1oYS9il0QQOFJ3NnBisITGMIgQGHFBDcGSSBwNC0mKro2LjGPbvkVJxZoWXg5qAEedV79qTbFyQJaaQJx0p1XCfWXoalZoTTcbGbKBpjMsID2jEwwiFVXjbbcIzODdNHgZDmRBrN2N8TGQ6VSkPfOEOsh2pRm5L/aZ1EB9dexqI40TQi84eChCMt0DQu1GeSEs1TAzCRzPwVkSGWmGgTatGE4C6uvAya1Yp7Ubm8r5Zq5TyOApzAGZTBhSuowS3UoWEifoZXeIcP68V6sz6tydy6YuUzR/CnrO8ftDmZ6w==</latexit>

marginals

<latexit sha1_base64="cbYKIuVQl72oG/wZ6c+lNo/O6oM=">AAACA3icbVDLSgMxFM34tr6q7nQTLEJXZUYUXRbcuFSwD2iHcieTaYNJZkjuiGUouPFX3LhQxK0/4c6/MX0sfB0IHM65l5tzokwKi77/6c3NLywuLa+sltbWNza3yts7TZvmhvEGS2Vq2hFYLoXmDRQoeTszHFQkeSu6OR/7rVturEj1NQ4zHiroa5EIBuikXnmvi/wOi65NElBCDqkC0xcapB31yhW/5k9A/5JgRipkhste+aMbpyxXXCOTYG0n8DMMCzAomOSjUje3PAN2A33ecVSD4jYsJhlG9NApMU1S455GOlG/bxSgrB2qyE0qwIH97Y3F/7xOjslZWAid5cg1mx5KckkxpeNCaCwMZ+iSxwKYEe6vlA3AAENXW8mVEPyO/Jc0j2rBce3k6qhSr87qWCH75IBUSUBOSZ1ckEvSIIzck0fyTF68B+/Je/XepqNz3mxnl/yA9/4F9o2YSQ==</latexit>

marginals

<latexit sha1_base64="cbYKIuVQl72oG/wZ6c+lNo/O6oM=">AAACA3icbVDLSgMxFM34tr6q7nQTLEJXZUYUXRbcuFSwD2iHcieTaYNJZkjuiGUouPFX3LhQxK0/4c6/MX0sfB0IHM65l5tzokwKi77/6c3NLywuLa+sltbWNza3yts7TZvmhvEGS2Vq2hFYLoXmDRQoeTszHFQkeSu6OR/7rVturEj1NQ4zHiroa5EIBuikXnmvi/wOi65NElBCDqkC0xcapB31yhW/5k9A/5JgRipkhste+aMbpyxXXCOTYG0n8DMMCzAomOSjUje3PAN2A33ecVSD4jYsJhlG9NApMU1S455GOlG/bxSgrB2qyE0qwIH97Y3F/7xOjslZWAid5cg1mx5KckkxpeNCaCwMZ+iSxwKYEe6vlA3AAENXW8mVEPyO/Jc0j2rBce3k6qhSr87qWCH75IBUSUBOSZ1ckEvSIIzck0fyTF68B+/Je/XepqNz3mxnl/yA9/4F9o2YSQ==</latexit>

Kruskal’s

<latexit sha1_base64="a1+fvSFUfx8+SUL51DIUIihhyHE=">AAACHXicbZBNSwMxEIZn/az1a9WTegkWoaeyWxQ9FrwIXirYD2iXkk2zbWiyuyRZcVn6R7z4V7x4UMSDF/HfmLZ70NYJGR7emSGZ1485U9pxvq2l5ZXVtfXCRnFza3tn197bb6ookYQ2SMQj2faxopyFtKGZ5rQdS4qFz2nLH11N6q17KhWLwjudxtQTeBCygBGsjRTZR9AFDRQeTM4MKwjMwSCAAYcUENyAhMToI6NydGho3LNLTsWZBloEN4cS5FHv2Z/dfkQSQUNNOFaq4zqx9jIsNSOcjovdRNEYkxEe0I7BEAuqvGy63RidGqWPgkiaG2o0VX9PZFgolQrfdAqsh2q+NhH/q3USHVx6GQvjRNOQzB4KEo50hCZWoT6TlGieGsBEMvNXRIZYYqKNoUVjgju/8iI0qxX3rHJ+Wy3VyrkdBTiGEyiDCxdQg2uoQwMIPMIzvMKb9WS9WO/Wx6x1ycpnDuBPWF8/432ZDg==</latexit>

Kruskal’s

<latexit sha1_base64="a1+fvSFUfx8+SUL51DIUIihhyHE=">AAACHXicbZBNSwMxEIZn/az1a9WTegkWoaeyWxQ9FrwIXirYD2iXkk2zbWiyuyRZcVn6R7z4V7x4UMSDF/HfmLZ70NYJGR7emSGZ1485U9pxvq2l5ZXVtfXCRnFza3tn197bb6ookYQ2SMQj2faxopyFtKGZ5rQdS4qFz2nLH11N6q17KhWLwjudxtQTeBCygBGsjRTZR9AFDRQeTM4MKwjMwSCAAYcUENyAhMToI6NydGho3LNLTsWZBloEN4cS5FHv2Z/dfkQSQUNNOFaq4zqx9jIsNSOcjovdRNEYkxEe0I7BEAuqvGy63RidGqWPgkiaG2o0VX9PZFgolQrfdAqsh2q+NhH/q3USHVx6GQvjRNOQzB4KEo50hCZWoT6TlGieGsBEMvNXRIZYYqKNoUVjgju/8iI0qxX3rHJ+Wy3VyrkdBTiGEyiDCxdQg2uoQwMIPMIzvMKb9WS9WO/Wx6x1ycpnDuBPWF8/432ZDg==</latexit>

algorithm

<latexit sha1_base64="68QKlbNuF3HUUTuMKKFmHjGHKv4=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJ0VZKi6LLgxmUF+4AmlMlk0g6dScLMjVhCwY2/4saFIm79CXf+jdM2C209cOFwzr1czglSwTU4zre1srq2vrFZ2ipv7+zu7dsHh22dZIqyFk1EoroB0UzwmLWAg2DdVDEiA8E6weh66nfumdI8ie9gnDJfkkHMI04JGKlvH3vAHiD3dBQRycUYEzFIFIehnPTtilNzZsDLxC1IBRVo9u0vL0xoJlkMVBCte66Tgp8TBZwKNil7mWYpoSMyYD1DYyKZ9vNZhgk+M0qIo0SZiQHP1N8XOZFaj2VgNiWBoV70puJ/Xi+D6MrPeZxmwGI6fxRlAkOCp4XgkCtGwSQPOaEmOaeYDokiFExtZVOCuxh5mbTrNfe8dnFbrzSqRR0ldIJOURW56BI10A1qohai6BE9o1f0Zj1ZL9a79TFfXbGKmyP0B9bnDwRTmFI=</latexit>

algorithm

<latexit sha1_base64="68QKlbNuF3HUUTuMKKFmHjGHKv4=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJ0VZKi6LLgxmUF+4AmlMlk0g6dScLMjVhCwY2/4saFIm79CXf+jdM2C209cOFwzr1czglSwTU4zre1srq2vrFZ2ipv7+zu7dsHh22dZIqyFk1EoroB0UzwmLWAg2DdVDEiA8E6weh66nfumdI8ie9gnDJfkkHMI04JGKlvH3vAHiD3dBQRycUYEzFIFIehnPTtilNzZsDLxC1IBRVo9u0vL0xoJlkMVBCte66Tgp8TBZwKNil7mWYpoSMyYD1DYyKZ9vNZhgk+M0qIo0SZiQHP1N8XOZFaj2VgNiWBoV70puJ/Xi+D6MrPeZxmwGI6fxRlAkOCp4XgkCtGwSQPOaEmOaeYDokiFExtZVOCuxh5mbTrNfe8dnFbrzSqRR0ldIJOURW56BI10A1qohai6BE9o1f0Zj1ZL9a79TFfXbGKmyP0B9bnDwRTmFI=</latexit>

t ! 0+

<latexit sha1_base64="Qcg9NTIGgE3QVhZz7/4KAvXUI+U=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFglCSouix4MVjBfsBbSyb7bZdusmG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8JrsFxvq3c2vrG5lZ+u7Czu7d/YB8etbSMFWVNKoVUHZ9oJnjImsBBsE6kGAl8wdr+5Hrmtx+Y0lyGd5BEzAvIKORDTgkYqW8Xy4B7io/GQJSSj9i5Pyv37ZJTdebAq8TNSAllaPTtr95A0jhgIVBBtO66TgReShRwKti00Is1iwidkBHrGhqSgGkvnR8/xadGGeChVKZCwHP190RKAq2TwDedAYGxXvZm4n9eN4bhlZfyMIqBhXSxaBgLDBLPksADrhgFkRhCqOLmVkzHRBEKJq+CCcFdfnmVtGpV97x6cVsr1StZHHl0jE5QBbnoEtXRDWqgJqIoQc/oFb1ZT9aL9W59LFpzVjZTRH9gff4AGRWTrw==</latexit>

t ! 0+

<latexit sha1_base64="Qcg9NTIGgE3QVhZz7/4KAvXUI+U=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFglCSouix4MVjBfsBbSyb7bZdusmG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2Fmnh8JrsFxvq3c2vrG5lZ+u7Czu7d/YB8etbSMFWVNKoVUHZ9oJnjImsBBsE6kGAl8wdr+5Hrmtx+Y0lyGd5BEzAvIKORDTgkYqW8Xy4B7io/GQJSSj9i5Pyv37ZJTdebAq8TNSAllaPTtr95A0jhgIVBBtO66TgReShRwKti00Is1iwidkBHrGhqSgGkvnR8/xadGGeChVKZCwHP190RKAq2TwDedAYGxXvZm4n9eN4bhlZfyMIqBhXSxaBgLDBLPksADrhgFkRhCqOLmVkzHRBEKJq+CCcFdfnmVtGpV97x6cVsr1StZHHl0jE5QBbnoEtXRDWqgJqIoQc/oFb1ZT9aL9W59LFpzVjZTRH9gff4AGRWTrw==</latexit>

...when efficient solvers are available given f and X .



Experiments: Overview

We use SSTs to train deep latent variable models over structured

discrete domains...

• NRI (Kipf et al., 2018) for graph layout

• Unsupervised parsing on ListOps (Nangia and Bowman, 2018)

• L2X (Chen et al., 2018) aspect rating
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Experiments: Overview
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discrete domains...

• NRI (Kipf et al., 2018) for graph layout
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Neural Relational Inference (NRI)

NRI is a VAE with a latent graph...

GNN Encoder

<latexit sha1_base64="AugqT3MA8ZI3pdmWJDTEsY/dFvo=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4oahcQ0SpEMImQhDA7e9cMmZ1dZu6KYUlj46/YWChi6z/Y+TdOHoVGDwwczrmXO+f4iRQGXffLmZmdm19YzC3ll1dW19YLG5t1E6eaQ43HMtY3PjMghYIaCpRwk2hgkS+h4ffOhn7jDrQRsbrGfgLtiN0qEQrO0Eqdwk4L4R6zlglDFgnZpxeVCj1XPA5ADzqFoltyR6B/iTchRTJBtVP4bAUxTyNQyCUzpum5CbYzplFwCYN8KzWQMN5jt9C0VLEITDsbpRjQPasENIy1fQrpSP25kbHImH7k28mIYddMe0PxP6+ZYnjSzoRKUgTFx4fCVFKM6bASGggNHG32QDCuhf0r5V2mGUdbXN6W4E1H/kvqByXvsHR0dVAsn07qyJFtskv2iUeOSZlckiqpEU4eyBN5Ia/Oo/PsvDnv49EZZ7KzRX7B+fgGXGiYcw==</latexit>

GNN Encoder

<latexit sha1_base64="AugqT3MA8ZI3pdmWJDTEsY/dFvo=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4oahcQ0SpEMImQhDA7e9cMmZ1dZu6KYUlj46/YWChi6z/Y+TdOHoVGDwwczrmXO+f4iRQGXffLmZmdm19YzC3ll1dW19YLG5t1E6eaQ43HMtY3PjMghYIaCpRwk2hgkS+h4ffOhn7jDrQRsbrGfgLtiN0qEQrO0Eqdwk4L4R6zlglDFgnZpxeVCj1XPA5ADzqFoltyR6B/iTchRTJBtVP4bAUxTyNQyCUzpum5CbYzplFwCYN8KzWQMN5jt9C0VLEITDsbpRjQPasENIy1fQrpSP25kbHImH7k28mIYddMe0PxP6+ZYnjSzoRKUgTFx4fCVFKM6bASGggNHG32QDCuhf0r5V2mGUdbXN6W4E1H/kvqByXvsHR0dVAsn07qyJFtskv2iUeOSZlckiqpEU4eyBN5Ia/Oo/PsvDnv49EZZ7KzRX7B+fgGXGiYcw==</latexit>

Autoregressive
GNN Decoder

<latexit sha1_base64="5SJiSOOM64vm7CIEucOkWwEBHSE="></latexit>

Autoregressive
GNN Decoder

<latexit sha1_base64="5SJiSOOM64vm7CIEucOkWwEBHSE="></latexit>

Obs.

<latexit sha1_base64="q4YrGQW7QrNbqY61jwx9TnfyHYQ=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5IURb0VvHizgv2AJpTNZtMu3WzC7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5ANBNcsiZwEKyTKkbiQLB2MLye+O0HpjRP5D2MUubHpC95xCkBI/XsQw/YI+SejiISczHCt4Gujnt2xak6U+BF4hakggo0evaXFyY0i5kEKojWXddJwc+JAk4FG5e9TLOU0CHps66hksRM+/n0/DE+MUqIo0SZkoCn6u+JnMRaj+LAdMYEBnrem4j/ed0Moks/5zLNgEk6WxRlAkOCJ1ngkCtGwTwdckIVN7diOiCKUDCJlU0I7vzLi6RVq7pn1fO7WqV+VcRRQkfoGJ0iF12gOrpBDdREFOXoGb2iN+vJerHerY9Z65JVzBygP7A+fwBmcpW8</latexit>

Obs.

<latexit sha1_base64="q4YrGQW7QrNbqY61jwx9TnfyHYQ=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5IURb0VvHizgv2AJpTNZtMu3WzC7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5ANBNcsiZwEKyTKkbiQLB2MLye+O0HpjRP5D2MUubHpC95xCkBI/XsQw/YI+SejiISczHCt4Gujnt2xak6U+BF4hakggo0evaXFyY0i5kEKojWXddJwc+JAk4FG5e9TLOU0CHps66hksRM+/n0/DE+MUqIo0SZkoCn6u+JnMRaj+LAdMYEBnrem4j/ed0Moks/5zLNgEk6WxRlAkOCJ1ngkCtGwTwdckIVN7diOiCKUDCJlU0I7vzLi6RVq7pn1fO7WqV+VcRRQkfoGJ0iF12gOrpBDdREFOXoGb2iN+vJerHerY9Z65JVzBygP7A+fwBmcpW8</latexit>

Recon.

<latexit sha1_base64="ckab9DwVf/Dh1/bKBQDXtlr9rww=">AAACAHicbVC7SgNBFJ31GeMramFhMxgEq7AbFLUL2FhGMQ9IQpid3E2GzM4uM3fFsGzjr9hYKGLrZ9j5N04ehSYeGDiccy93zvFjKQy67reztLyyurae28hvbm3v7Bb29usmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh9djv/EA2ohI3eMohk7I+koEgjO0Urdw2EZ4xLRtgoCFQo7oHfBIlbJuoeiW3AnoIvFmpEhmqHYLX+1exJMQFHLJjGl5boydlGkUXEKWbycGYsaHrA8tSxULwXTSSYCMnlilR4NI26eQTtTfGykLjRmFvp0MGQ7MvDcW//NaCQaXnVSoOEFQfHooSCTFiI7boD2hgaON3ROMa2H/SvmAacbRdpa3JXjzkRdJvVzyzkrnt+Vi5WpWR44ckWNySjxyQSrkhlRJjXCSkWfySt6cJ+fFeXc+pqNLzmzngPyB8/kDAeyWow==</latexit>

Recon.

<latexit sha1_base64="ckab9DwVf/Dh1/bKBQDXtlr9rww=">AAACAHicbVC7SgNBFJ31GeMramFhMxgEq7AbFLUL2FhGMQ9IQpid3E2GzM4uM3fFsGzjr9hYKGLrZ9j5N04ehSYeGDiccy93zvFjKQy67reztLyyurae28hvbm3v7Bb29usmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh9djv/EA2ohI3eMohk7I+koEgjO0Urdw2EZ4xLRtgoCFQo7oHfBIlbJuoeiW3AnoIvFmpEhmqHYLX+1exJMQFHLJjGl5boydlGkUXEKWbycGYsaHrA8tSxULwXTSSYCMnlilR4NI26eQTtTfGykLjRmFvp0MGQ7MvDcW//NaCQaXnVSoOEFQfHooSCTFiI7boD2hgaON3ROMa2H/SvmAacbRdpa3JXjzkRdJvVzyzkrnt+Vi5WpWR44ckWNySjxyQSrkhlRJjXCSkWfySt6cJ+fFeXc+pqNLzmzngPyB8/kDAeyWow==</latexit>

Observed dynamics Interaction graphObserved dynamics Interaction graph Observed dynamics Interaction graph

Interaction Graph

<latexit sha1_base64="2Yhp9e8IxLF2EdGr0cA3x3lzgMU=">AAACC3icbZA9SwNBEIb3/Izx69TSZjEIVuEuKGoXsFC7CCYKuRD2NnNmyd7esTsnhiO9jX/FxkIRW/+Anf/GvSSFXwMLL+87w+w8YSqFQc/7dGZm5+YXFktL5eWV1bV1d2OzZZJMc2jyRCb6OmQGpFDQRIESrlMNLA4lXIWDkyK/ugVtRKIucZhCJ2Y3SkSCM7RW190JEO4wD0wUsVjIIT1XCJrxIqWnmqX9UdeteFVvXPSv8KeiQqbV6LofQS/hWQwKuWTGtH0vxU7ONAouYVQOMgMp4wN2A20rFYvBdPLxLSO6a50ejRJtn0I6dr9P5Cw2ZhiHtjNm2De/s8L8L2tnGB11cqHSDEHxyaIokxQTWoChPaGBoyXQE4xrYf9KeZ8VKCy+soXg/z75r2jVqv5+9eCiVqkfT3GUyDbZIXvEJ4ekTs5IgzQJJ/fkkTyTF+fBeXJenbdJ64wzndkiP8p5/wLL35t+</latexit>

Interaction Graph

<latexit sha1_base64="2Yhp9e8IxLF2EdGr0cA3x3lzgMU=">AAACC3icbZA9SwNBEIb3/Izx69TSZjEIVuEuKGoXsFC7CCYKuRD2NnNmyd7esTsnhiO9jX/FxkIRW/+Anf/GvSSFXwMLL+87w+w8YSqFQc/7dGZm5+YXFktL5eWV1bV1d2OzZZJMc2jyRCb6OmQGpFDQRIESrlMNLA4lXIWDkyK/ugVtRKIucZhCJ2Y3SkSCM7RW190JEO4wD0wUsVjIIT1XCJrxIqWnmqX9UdeteFVvXPSv8KeiQqbV6LofQS/hWQwKuWTGtH0vxU7ONAouYVQOMgMp4wN2A20rFYvBdPLxLSO6a50ejRJtn0I6dr9P5Cw2ZhiHtjNm2De/s8L8L2tnGB11cqHSDEHxyaIokxQTWoChPaGBoyXQE4xrYf9KeZ8VKCy+soXg/z75r2jVqv5+9eCiVqkfT3GUyDbZIXvEJ4ekTs5IgzQJJ/fkkTyTF+fBeXJenbdJ64wzndkiP8p5/wLL35t+</latexit>

(Kipf et al., 2018)

...on which we can impose varying degrees of structure...

Observed dynamics Interaction graph

Spanning tree X
<latexit sha1_base64="hRBKwa8FK+R+YkNUUjC84AyecIQ=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCnexULuAjWVE8wFJCHubuWTJ3t6xOyeGI72Nf8XGQhFb/4Cd/8bNR6GJDwYe780wM8+PpTDout/Oyura+sZmZiu7vbO7t587OKybKNEcajySkW76zIAUCmooUEIz1sBCX0LDH15N/MY9aCMidYejGDoh6ysRCM7QSt1cvthGeMC0bYKAhUKO6G3MlBKqT1ED0HGz2M0V3JI7BV0m3pwUyBzVbu6r3Yt4EoJCLpkxLc+NsZMyjYJLGGfbiYGY8SHrQ8tSxUIwnXT6y5ieWKVHg0jbUkin6u+JlIXGjELfdoYMB2bRm4j/ea0Eg4tOKlScICg+WxQkkmJEJ8HQntDA0QbQE4xrYW+lfMA042jjy9oQvMWXl0m9XPLOSuWbcqFyOY8jQ45JnpwSj5yTCrkmVVIjnDySZ/JK3pwn58V5dz5mrSvOfOaI/IHz+QOYTZq2</latexit>

Spanning tree X
<latexit sha1_base64="hRBKwa8FK+R+YkNUUjC84AyecIQ=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCnexULuAjWVE8wFJCHubuWTJ3t6xOyeGI72Nf8XGQhFb/4Cd/8bNR6GJDwYe780wM8+PpTDout/Oyura+sZmZiu7vbO7t587OKybKNEcajySkW76zIAUCmooUEIz1sBCX0LDH15N/MY9aCMidYejGDoh6ysRCM7QSt1cvthGeMC0bYKAhUKO6G3MlBKqT1ED0HGz2M0V3JI7BV0m3pwUyBzVbu6r3Yt4EoJCLpkxLc+NsZMyjYJLGGfbiYGY8SHrQ8tSxUIwnXT6y5ieWKVHg0jbUkin6u+JlIXGjELfdoYMB2bRm4j/ea0Eg4tOKlScICg+WxQkkmJEJ8HQntDA0QbQE4xrYW+lfMA042jjy9oQvMWXl0m9XPLOSuWbcqFyOY8jQ45JnpwSj5yTCrkmVVIjnDySZ/JK3pwn58V5dz5mrSvOfOaI/IHz+QOYTZq2</latexit>

|V | � 1 edges X
<latexit sha1_base64="ZdASRgNL/fZfgAlFANVyQJ/5z9k=">AAACC3icbVC7TgJBFJ31ifhCLW0mgImNZBcLtSOxscREHgkQMjt7FybMPjJz10gWeht/xcZCY2z9ATv/xuFRKHiSSU7OuTd3znFjKTTa9re1srq2vrGZ2cpu7+zu7ecODus6ShSHGo9kpJou0yBFCDUUKKEZK2CBK6HhDq4nfuMelBZReIfDGDoB64XCF5yhkbq5fHFUH9Ez6rQRHjClbe37LBBySMHrgabjZrGbK9glewq6TJw5KZA5qt3cV9uLeBJAiFwyrVuOHWMnZQoFlzDOthMNMeMD1oOWoSELQHfSaZYxPTGKR/1ImRcinaq/N1IWaD0MXDMZMOzrRW8i/ue1EvQvO6kI4wQh5LNDfiIpRnRSDPWEAo4muCcYV8L8lfI+U4yjqS9rSnAWIy+TernknJfKt+VC5WpeR4Yckzw5JQ65IBVyQ6qkRjh5JM/klbxZT9aL9W59zEZXrPnOEfkD6/MHAYaZvA==</latexit>

|V | � 1 edges X
<latexit sha1_base64="ZdASRgNL/fZfgAlFANVyQJ/5z9k=">AAACC3icbVC7TgJBFJ31ifhCLW0mgImNZBcLtSOxscREHgkQMjt7FybMPjJz10gWeht/xcZCY2z9ATv/xuFRKHiSSU7OuTd3znFjKTTa9re1srq2vrGZ2cpu7+zu7ecODus6ShSHGo9kpJou0yBFCDUUKKEZK2CBK6HhDq4nfuMelBZReIfDGDoB64XCF5yhkbq5fHFUH9Ez6rQRHjClbe37LBBySMHrgabjZrGbK9glewq6TJw5KZA5qt3cV9uLeBJAiFwyrVuOHWMnZQoFlzDOthMNMeMD1oOWoSELQHfSaZYxPTGKR/1ImRcinaq/N1IWaD0MXDMZMOzrRW8i/ue1EvQvO6kI4wQh5LNDfiIpRnRSDPWEAo4muCcYV8L8lfI+U4yjqS9rSnAWIy+TernknJfKt+VC5WpeR4Yckzw5JQ65IBVyQ6qkRjh5JM/klbxZT9aL9W59zEZXrPnOEfkD6/MHAYaZvA==</latexit>

Indep. edges X
<latexit sha1_base64="5Dx0I2IsT4nkIAgyTp7MfBcUIFE=">AAACCnicbVA9T8MwFHT4LOWrwMhiaJGYqqQMwFaJBbYiUajUVpXjvLRWHSeyXxBV1JmFv8LCAEKs/AI2/g1uyQCUkyyd7t7T852fSGHQdT+dufmFxaXlwkpxdW19Y7O0tX1t4lRzaPJYxrrlMwNSKGiiQAmtRAOLfAk3/vBs4t/cgjYiVlc4SqAbsb4SoeAMrdQr7VU6CHeYdUwYskjIEb1QASRVCkEfDB23Kr1S2a26U9BZ4uWkTHI0eqWPThDzNAKFXDJj2p6bYDdjGgWXMC52UgMJ40PWh7alikVgutk0ypgeWCWgYaztU0in6s+NjEXGjCLfTkYMB+avNxH/89ophifdTKgkRVD8+1CYSooxnfRCA6GBo80fCMa1sH+lfMA042jbK9oSvL+RZ8l1reodVWuXtXL9NK+jQHbJPjkkHjkmdXJOGqRJOLknj+SZvDgPzpPz6rx9j845+c4O+QXn/Qsyj5nk</latexit>

Indep. edges X
<latexit sha1_base64="5Dx0I2IsT4nkIAgyTp7MfBcUIFE=">AAACCnicbVA9T8MwFHT4LOWrwMhiaJGYqqQMwFaJBbYiUajUVpXjvLRWHSeyXxBV1JmFv8LCAEKs/AI2/g1uyQCUkyyd7t7T852fSGHQdT+dufmFxaXlwkpxdW19Y7O0tX1t4lRzaPJYxrrlMwNSKGiiQAmtRAOLfAk3/vBs4t/cgjYiVlc4SqAbsb4SoeAMrdQr7VU6CHeYdUwYskjIEb1QASRVCkEfDB23Kr1S2a26U9BZ4uWkTHI0eqWPThDzNAKFXDJj2p6bYDdjGgWXMC52UgMJ40PWh7alikVgutk0ypgeWCWgYaztU0in6s+NjEXGjCLfTkYMB+avNxH/89ophifdTKgkRVD8+1CYSooxnfRCA6GBo80fCMa1sH+lfMA042jbK9oSvL+RZ8l1reodVWuXtXL9NK+jQHbJPjkkHjkmdXJOGqRJOLknj+SZvDgPzpPz6rx9j845+c4O+QXn/Qsyj5nk</latexit>



Neural Relational Inference (NRI)

NRI is a VAE with a latent graph...

GNN Encoder

<latexit sha1_base64="AugqT3MA8ZI3pdmWJDTEsY/dFvo=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4oahcQ0SpEMImQhDA7e9cMmZ1dZu6KYUlj46/YWChi6z/Y+TdOHoVGDwwczrmXO+f4iRQGXffLmZmdm19YzC3ll1dW19YLG5t1E6eaQ43HMtY3PjMghYIaCpRwk2hgkS+h4ffOhn7jDrQRsbrGfgLtiN0qEQrO0Eqdwk4L4R6zlglDFgnZpxeVCj1XPA5ADzqFoltyR6B/iTchRTJBtVP4bAUxTyNQyCUzpum5CbYzplFwCYN8KzWQMN5jt9C0VLEITDsbpRjQPasENIy1fQrpSP25kbHImH7k28mIYddMe0PxP6+ZYnjSzoRKUgTFx4fCVFKM6bASGggNHG32QDCuhf0r5V2mGUdbXN6W4E1H/kvqByXvsHR0dVAsn07qyJFtskv2iUeOSZlckiqpEU4eyBN5Ia/Oo/PsvDnv49EZZ7KzRX7B+fgGXGiYcw==</latexit>

GNN Encoder

<latexit sha1_base64="AugqT3MA8ZI3pdmWJDTEsY/dFvo=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4oahcQ0SpEMImQhDA7e9cMmZ1dZu6KYUlj46/YWChi6z/Y+TdOHoVGDwwczrmXO+f4iRQGXffLmZmdm19YzC3ll1dW19YLG5t1E6eaQ43HMtY3PjMghYIaCpRwk2hgkS+h4ffOhn7jDrQRsbrGfgLtiN0qEQrO0Eqdwk4L4R6zlglDFgnZpxeVCj1XPA5ADzqFoltyR6B/iTchRTJBtVP4bAUxTyNQyCUzpum5CbYzplFwCYN8KzWQMN5jt9C0VLEITDsbpRjQPasENIy1fQrpSP25kbHImH7k28mIYddMe0PxP6+ZYnjSzoRKUgTFx4fCVFKM6bASGggNHG32QDCuhf0r5V2mGUdbXN6W4E1H/kvqByXvsHR0dVAsn07qyJFtskv2iUeOSZlckiqpEU4eyBN5Ia/Oo/PsvDnv49EZZ7KzRX7B+fgGXGiYcw==</latexit>

Autoregressive
GNN Decoder

<latexit sha1_base64="5SJiSOOM64vm7CIEucOkWwEBHSE="></latexit>

Autoregressive
GNN Decoder

<latexit sha1_base64="5SJiSOOM64vm7CIEucOkWwEBHSE="></latexit>

Obs.

<latexit sha1_base64="q4YrGQW7QrNbqY61jwx9TnfyHYQ=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5IURb0VvHizgv2AJpTNZtMu3WzC7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5ANBNcsiZwEKyTKkbiQLB2MLye+O0HpjRP5D2MUubHpC95xCkBI/XsQw/YI+SejiISczHCt4Gujnt2xak6U+BF4hakggo0evaXFyY0i5kEKojWXddJwc+JAk4FG5e9TLOU0CHps66hksRM+/n0/DE+MUqIo0SZkoCn6u+JnMRaj+LAdMYEBnrem4j/ed0Moks/5zLNgEk6WxRlAkOCJ1ngkCtGwTwdckIVN7diOiCKUDCJlU0I7vzLi6RVq7pn1fO7WqV+VcRRQkfoGJ0iF12gOrpBDdREFOXoGb2iN+vJerHerY9Z65JVzBygP7A+fwBmcpW8</latexit>

Obs.

<latexit sha1_base64="q4YrGQW7QrNbqY61jwx9TnfyHYQ=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5IURb0VvHizgv2AJpTNZtMu3WzC7kQsoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5ANBNcsiZwEKyTKkbiQLB2MLye+O0HpjRP5D2MUubHpC95xCkBI/XsQw/YI+SejiISczHCt4Gujnt2xak6U+BF4hakggo0evaXFyY0i5kEKojWXddJwc+JAk4FG5e9TLOU0CHps66hksRM+/n0/DE+MUqIo0SZkoCn6u+JnMRaj+LAdMYEBnrem4j/ed0Moks/5zLNgEk6WxRlAkOCJ1ngkCtGwTwdckIVN7diOiCKUDCJlU0I7vzLi6RVq7pn1fO7WqV+VcRRQkfoGJ0iF12gOrpBDdREFOXoGb2iN+vJerHerY9Z65JVzBygP7A+fwBmcpW8</latexit>

Recon.

<latexit sha1_base64="ckab9DwVf/Dh1/bKBQDXtlr9rww=">AAACAHicbVC7SgNBFJ31GeMramFhMxgEq7AbFLUL2FhGMQ9IQpid3E2GzM4uM3fFsGzjr9hYKGLrZ9j5N04ehSYeGDiccy93zvFjKQy67reztLyyurae28hvbm3v7Bb29usmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh9djv/EA2ohI3eMohk7I+koEgjO0Urdw2EZ4xLRtgoCFQo7oHfBIlbJuoeiW3AnoIvFmpEhmqHYLX+1exJMQFHLJjGl5boydlGkUXEKWbycGYsaHrA8tSxULwXTSSYCMnlilR4NI26eQTtTfGykLjRmFvp0MGQ7MvDcW//NaCQaXnVSoOEFQfHooSCTFiI7boD2hgaON3ROMa2H/SvmAacbRdpa3JXjzkRdJvVzyzkrnt+Vi5WpWR44ckWNySjxyQSrkhlRJjXCSkWfySt6cJ+fFeXc+pqNLzmzngPyB8/kDAeyWow==</latexit>

Recon.

<latexit sha1_base64="ckab9DwVf/Dh1/bKBQDXtlr9rww=">AAACAHicbVC7SgNBFJ31GeMramFhMxgEq7AbFLUL2FhGMQ9IQpid3E2GzM4uM3fFsGzjr9hYKGLrZ9j5N04ehSYeGDiccy93zvFjKQy67reztLyyurae28hvbm3v7Bb29usmSjSHGo9kpJs+MyCFghoKlNCMNbDQl9Dwh9djv/EA2ohI3eMohk7I+koEgjO0Urdw2EZ4xLRtgoCFQo7oHfBIlbJuoeiW3AnoIvFmpEhmqHYLX+1exJMQFHLJjGl5boydlGkUXEKWbycGYsaHrA8tSxULwXTSSYCMnlilR4NI26eQTtTfGykLjRmFvp0MGQ7MvDcW//NaCQaXnVSoOEFQfHooSCTFiI7boD2hgaON3ROMa2H/SvmAacbRdpa3JXjzkRdJvVzyzkrnt+Vi5WpWR44ckWNySjxyQSrkhlRJjXCSkWfySt6cJ+fFeXc+pqNLzmzngPyB8/kDAeyWow==</latexit>

Observed dynamics Interaction graphObserved dynamics Interaction graph Observed dynamics Interaction graph

Interaction Graph

<latexit sha1_base64="2Yhp9e8IxLF2EdGr0cA3x3lzgMU=">AAACC3icbZA9SwNBEIb3/Izx69TSZjEIVuEuKGoXsFC7CCYKuRD2NnNmyd7esTsnhiO9jX/FxkIRW/+Anf/GvSSFXwMLL+87w+w8YSqFQc/7dGZm5+YXFktL5eWV1bV1d2OzZZJMc2jyRCb6OmQGpFDQRIESrlMNLA4lXIWDkyK/ugVtRKIucZhCJ2Y3SkSCM7RW190JEO4wD0wUsVjIIT1XCJrxIqWnmqX9UdeteFVvXPSv8KeiQqbV6LofQS/hWQwKuWTGtH0vxU7ONAouYVQOMgMp4wN2A20rFYvBdPLxLSO6a50ejRJtn0I6dr9P5Cw2ZhiHtjNm2De/s8L8L2tnGB11cqHSDEHxyaIokxQTWoChPaGBoyXQE4xrYf9KeZ8VKCy+soXg/z75r2jVqv5+9eCiVqkfT3GUyDbZIXvEJ4ekTs5IgzQJJ/fkkTyTF+fBeXJenbdJ64wzndkiP8p5/wLL35t+</latexit>

Interaction Graph

<latexit sha1_base64="2Yhp9e8IxLF2EdGr0cA3x3lzgMU=">AAACC3icbZA9SwNBEIb3/Izx69TSZjEIVuEuKGoXsFC7CCYKuRD2NnNmyd7esTsnhiO9jX/FxkIRW/+Anf/GvSSFXwMLL+87w+w8YSqFQc/7dGZm5+YXFktL5eWV1bV1d2OzZZJMc2jyRCb6OmQGpFDQRIESrlMNLA4lXIWDkyK/ugVtRKIucZhCJ2Y3SkSCM7RW190JEO4wD0wUsVjIIT1XCJrxIqWnmqX9UdeteFVvXPSv8KeiQqbV6LofQS/hWQwKuWTGtH0vxU7ONAouYVQOMgMp4wN2A20rFYvBdPLxLSO6a50ejRJtn0I6dr9P5Cw2ZhiHtjNm2De/s8L8L2tnGB11cqHSDEHxyaIokxQTWoChPaGBoyXQE4xrYf9KeZ8VKCy+soXg/z75r2jVqv5+9eCiVqkfT3GUyDbZIXvEJ4ekTs5IgzQJJ/fkkTyTF+fBeXJenbdJ64wzndkiP8p5/wLL35t+</latexit>

(Kipf et al., 2018)

...on which we can impose varying degrees of structure...

Observed dynamics Interaction graph

Spanning tree X
<latexit sha1_base64="hRBKwa8FK+R+YkNUUjC84AyecIQ=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCnexULuAjWVE8wFJCHubuWTJ3t6xOyeGI72Nf8XGQhFb/4Cd/8bNR6GJDwYe780wM8+PpTDout/Oyura+sZmZiu7vbO7t587OKybKNEcajySkW76zIAUCmooUEIz1sBCX0LDH15N/MY9aCMidYejGDoh6ysRCM7QSt1cvthGeMC0bYKAhUKO6G3MlBKqT1ED0HGz2M0V3JI7BV0m3pwUyBzVbu6r3Yt4EoJCLpkxLc+NsZMyjYJLGGfbiYGY8SHrQ8tSxUIwnXT6y5ieWKVHg0jbUkin6u+JlIXGjELfdoYMB2bRm4j/ea0Eg4tOKlScICg+WxQkkmJEJ8HQntDA0QbQE4xrYW+lfMA042jjy9oQvMWXl0m9XPLOSuWbcqFyOY8jQ45JnpwSj5yTCrkmVVIjnDySZ/JK3pwn58V5dz5mrSvOfOaI/IHz+QOYTZq2</latexit>

Spanning tree X
<latexit sha1_base64="hRBKwa8FK+R+YkNUUjC84AyecIQ=">AAACC3icbVA9SwNBEN3zM8avqKXNkkSwCnexULuAjWVE8wFJCHubuWTJ3t6xOyeGI72Nf8XGQhFb/4Cd/8bNR6GJDwYe780wM8+PpTDout/Oyura+sZmZiu7vbO7t587OKybKNEcajySkW76zIAUCmooUEIz1sBCX0LDH15N/MY9aCMidYejGDoh6ysRCM7QSt1cvthGeMC0bYKAhUKO6G3MlBKqT1ED0HGz2M0V3JI7BV0m3pwUyBzVbu6r3Yt4EoJCLpkxLc+NsZMyjYJLGGfbiYGY8SHrQ8tSxUIwnXT6y5ieWKVHg0jbUkin6u+JlIXGjELfdoYMB2bRm4j/ea0Eg4tOKlScICg+WxQkkmJEJ8HQntDA0QbQE4xrYW+lfMA042jjy9oQvMWXl0m9XPLOSuWbcqFyOY8jQ45JnpwSj5yTCrkmVVIjnDySZ/JK3pwn58V5dz5mrSvOfOaI/IHz+QOYTZq2</latexit>

|V | � 1 edges X
<latexit sha1_base64="ZdASRgNL/fZfgAlFANVyQJ/5z9k=">AAACC3icbVC7TgJBFJ31ifhCLW0mgImNZBcLtSOxscREHgkQMjt7FybMPjJz10gWeht/xcZCY2z9ATv/xuFRKHiSSU7OuTd3znFjKTTa9re1srq2vrGZ2cpu7+zu7ecODus6ShSHGo9kpJou0yBFCDUUKKEZK2CBK6HhDq4nfuMelBZReIfDGDoB64XCF5yhkbq5fHFUH9Ez6rQRHjClbe37LBBySMHrgabjZrGbK9glewq6TJw5KZA5qt3cV9uLeBJAiFwyrVuOHWMnZQoFlzDOthMNMeMD1oOWoSELQHfSaZYxPTGKR/1ImRcinaq/N1IWaD0MXDMZMOzrRW8i/ue1EvQvO6kI4wQh5LNDfiIpRnRSDPWEAo4muCcYV8L8lfI+U4yjqS9rSnAWIy+TernknJfKt+VC5WpeR4Yckzw5JQ65IBVyQ6qkRjh5JM/klbxZT9aL9W59zEZXrPnOEfkD6/MHAYaZvA==</latexit>

|V | � 1 edges X
<latexit sha1_base64="ZdASRgNL/fZfgAlFANVyQJ/5z9k=">AAACC3icbVC7TgJBFJ31ifhCLW0mgImNZBcLtSOxscREHgkQMjt7FybMPjJz10gWeht/xcZCY2z9ATv/xuFRKHiSSU7OuTd3znFjKTTa9re1srq2vrGZ2cpu7+zu7ecODus6ShSHGo9kpJou0yBFCDUUKKEZK2CBK6HhDq4nfuMelBZReIfDGDoB64XCF5yhkbq5fHFUH9Ez6rQRHjClbe37LBBySMHrgabjZrGbK9glewq6TJw5KZA5qt3cV9uLeBJAiFwyrVuOHWMnZQoFlzDOthMNMeMD1oOWoSELQHfSaZYxPTGKR/1ImRcinaq/N1IWaD0MXDMZMOzrRW8i/ue1EvQvO6kI4wQh5LNDfiIpRnRSDPWEAo4muCcYV8L8lfI+U4yjqS9rSnAWIy+TernknJfKt+VC5WpeR4Yckzw5JQ65IBVyQ6qkRjh5JM/klbxZT9aL9W59zEZXrPnOEfkD6/MHAYaZvA==</latexit>

Indep. edges X
<latexit sha1_base64="5Dx0I2IsT4nkIAgyTp7MfBcUIFE=">AAACCnicbVA9T8MwFHT4LOWrwMhiaJGYqqQMwFaJBbYiUajUVpXjvLRWHSeyXxBV1JmFv8LCAEKs/AI2/g1uyQCUkyyd7t7T852fSGHQdT+dufmFxaXlwkpxdW19Y7O0tX1t4lRzaPJYxrrlMwNSKGiiQAmtRAOLfAk3/vBs4t/cgjYiVlc4SqAbsb4SoeAMrdQr7VU6CHeYdUwYskjIEb1QASRVCkEfDB23Kr1S2a26U9BZ4uWkTHI0eqWPThDzNAKFXDJj2p6bYDdjGgWXMC52UgMJ40PWh7alikVgutk0ypgeWCWgYaztU0in6s+NjEXGjCLfTkYMB+avNxH/89ophifdTKgkRVD8+1CYSooxnfRCA6GBo80fCMa1sH+lfMA042jbK9oSvL+RZ8l1reodVWuXtXL9NK+jQHbJPjkkHjkmdXJOGqRJOLknj+SZvDgPzpPz6rx9j845+c4O+QXn/Qsyj5nk</latexit>

Indep. edges X
<latexit sha1_base64="5Dx0I2IsT4nkIAgyTp7MfBcUIFE=">AAACCnicbVA9T8MwFHT4LOWrwMhiaJGYqqQMwFaJBbYiUajUVpXjvLRWHSeyXxBV1JmFv8LCAEKs/AI2/g1uyQCUkyyd7t7T852fSGHQdT+dufmFxaXlwkpxdW19Y7O0tX1t4lRzaPJYxrrlMwNSKGiiQAmtRAOLfAk3/vBs4t/cgjYiVlc4SqAbsb4SoeAMrdQr7VU6CHeYdUwYskjIEb1QASRVCkEfDB23Kr1S2a26U9BZ4uWkTHI0eqWPThDzNAKFXDJj2p6bYDdjGgWXMC52UgMJ40PWh7alikVgutk0ypgeWCWgYaztU0in6s+NjEXGjCLfTkYMB+avNxH/89ophifdTKgkRVD8+1CYSooxnfRCA6GBo80fCMa1sH+lfMA042jbK9oSvL+RZ8l1reodVWuXtXL9NK+jQHbJPjkkHjkmdXJOGqRJOLknj+SZvDgPzpPz6rx9j845+c4O+QXn/Qsyj5nk</latexit>



NRI: Data

Consider particle trajectories from a force-directed algorithm...

...where the latent graph is a spanning tree.



NRI: Results

More structured models improve structure recovery...

Ground Truth Indep. Edges |V | − 1 Edges Spanning Tree

...and performance on the task...

Edge Distribution ELBO Edge Prec. Edge Rec.

Indep. Edges −1370± 20 48± 2 93± 1

|V | − 1 edges −2100± 20 41± 1 41± 1

Spanning Tree −1080± 110 91± 3 91± 3
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Indep. Edges −1370± 20 48± 2 93± 1

|V | − 1 edges −2100± 20 41± 1 41± 1
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L2X: Results

More structured models select contiguous phrases...

Pours a slight tangerine orange and straw yellow. The head is nice and bubbly but fades very quickly with a little

lacing. Smells like Wheat and European hops , a little yeast in there too. There is some fruit in there too, but you

have to take a good whiff to get it. The taste is of wheat, a bit of malt, and a little fruit flavour in there too.

Almost feels like drinking Champagne , medium mouthful otherwise. Easy to drink, but not something I’d be trying

every night.

Appearance: 3.5 Aroma: 4.0 Palate: 4.5 Taste: 4.0 Overall: 4.0

...and select more relevant words to improve performance...

k = 5 k = 10 k = 15

Relaxation MSE Subs. Prec. MSE Subs. Prec. MSE Subs. Prec.

L2X (Chen et al., 2018) 3.6± 0.1 28.3± 1.7 3.0± 0.1 25.5± 1.2 2.6± 0.1 25.5± 0.4

SoftSub (Xie and Ermon, 2019) 3.6± 0.1 27.2± 0.7 3.0± 0.1 26.1± 1.1 2.6± 0.1 25.1± 1.0

E.F. Ent. Top k 3.5± 0.1 28.8± 1.7 2.7± 0.1 32.8± 0.5 2.5± 0.1 29.2± 0.8

Corr. Top k 2.9± 0.1 63.1± 5.3 2.5± 0.1 53.1± 0.9 2.4± 0.1 45.5± 2.7
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Conclusion

Gradient estimation with stochastic softmax tricks...

• ...generalizes the Gumbel-Softmax to structured spaces.

• ...admits novel relaxation for new combinatorial objects.

• ...gives a unified perspective on existing reparameterizations

and relaxations.
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