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<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

p✓ : X ! [0,1)
<latexit sha1_base64="CIYRDoEZEUhPscSIt5GKA6BIzJk=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBAUJOyKoHgKevEYwTwgG0LvZDYZMju7zPQqYclfePFXvHhQxKve/Bsnj4MmFjQUVd10dwWJFAZd99tZWFxaXlnNreXXNza3tgs7uzUTp5rxKotlrBsBGC6F4lUUKHkj0RyiQPJ60L8e+fV7ro2I1R0OEt6KoKtEKBigldqFUtLOfOxxhOEl9SPAHgOZNYbU16LbQ9A6fqBN98QXKsTBcbtQdEvuGHSeeFNSJFNU2oUvvxOzNOIKmQRjmp6bYCsDjYJJPsz7qeEJsD50edNSBRE3rWz815AeWqVDw1jbUkjH6u+JDCJjBlFgO0eXm1lvJP7nNVMML1qZUEmKXLHJojCVFGM6Col2hOYM5cASYFrYWynrgQaGNsq8DcGbfXme1E5Lnlvybs+K5atpHDmyTw7IEfHIOSmTG1IhVcLII3kmr+TNeXJenHfnY9K64Exn9sgfOJ8/Hmmf2w==</latexit><latexit sha1_base64="djlVgY/EFpJ0yz+pino7qqfpqI4=">AAACPHicjVC7SgNBFJ31GeMramkzGAQFCbsiKFZBG0sF84BsCHcns8mQ2dll5q4SlvyFX2Nh4x/Y2duI2Fo7eRSaWHhg4HDOvdw5J0ikMOi6r87c/MLi0nJuJb+6tr6xWdjarpo41YxXWCxjXQ/AcCkUr6BAyeuJ5hAFkteC3uXQr91xbUSsbrGf8GYEHSVCwQCt1CqUklbmY5cjDM6pHwF2GcisPqC+Fp0ugtbxPW24R75QIfYPW4WiW3JHoLPEm5AimeB/463Ci9+OWRpxhUyCMQ3PTbCZgUbBJB/k/dTwBFgPOrxhqYKIm2Y2Cj+g+1Zp0zDW9imkI/XnRgaRMf0osJPDeGbaG4p/eY0Uw7NmJlSSIldsfChMJcWYDpukbaE5Q9m3BJgW9q+UdUEDQ9t33kb3poPOkupxyXNL3s1JsXwx6SxHdskeOSAeOSVlckWuSYUw8kAeyTN5d56cN+fD+RyPzjmTnR3yC87XNwJrp1Q=</latexit><latexit sha1_base64="djlVgY/EFpJ0yz+pino7qqfpqI4=">AAACPHicjVC7SgNBFJ31GeMramkzGAQFCbsiKFZBG0sF84BsCHcns8mQ2dll5q4SlvyFX2Nh4x/Y2duI2Fo7eRSaWHhg4HDOvdw5J0ikMOi6r87c/MLi0nJuJb+6tr6xWdjarpo41YxXWCxjXQ/AcCkUr6BAyeuJ5hAFkteC3uXQr91xbUSsbrGf8GYEHSVCwQCt1CqUklbmY5cjDM6pHwF2GcisPqC+Fp0ugtbxPW24R75QIfYPW4WiW3JHoLPEm5AimeB/463Ci9+OWRpxhUyCMQ3PTbCZgUbBJB/k/dTwBFgPOrxhqYKIm2Y2Cj+g+1Zp0zDW9imkI/XnRgaRMf0osJPDeGbaG4p/eY0Uw7NmJlSSIldsfChMJcWYDpukbaE5Q9m3BJgW9q+UdUEDQ9t33kb3poPOkupxyXNL3s1JsXwx6SxHdskeOSAeOSVlckWuSYUw8kAeyTN5d56cN+fD+RyPzjmTnR3yC87XNwJrp1Q=</latexit><latexit sha1_base64="djlVgY/EFpJ0yz+pino7qqfpqI4=">AAACPHicjVC7SgNBFJ31GeMramkzGAQFCbsiKFZBG0sF84BsCHcns8mQ2dll5q4SlvyFX2Nh4x/Y2duI2Fo7eRSaWHhg4HDOvdw5J0ikMOi6r87c/MLi0nJuJb+6tr6xWdjarpo41YxXWCxjXQ/AcCkUr6BAyeuJ5hAFkteC3uXQr91xbUSsbrGf8GYEHSVCwQCt1CqUklbmY5cjDM6pHwF2GcisPqC+Fp0ugtbxPW24R75QIfYPW4WiW3JHoLPEm5AimeB/463Ci9+OWRpxhUyCMQ3PTbCZgUbBJB/k/dTwBFgPOrxhqYKIm2Y2Cj+g+1Zp0zDW9imkI/XnRgaRMf0osJPDeGbaG4p/eY0Uw7NmJlSSIldsfChMJcWYDpukbaE5Q9m3BJgW9q+UdUEDQ9t33kb3poPOkupxyXNL3s1JsXwx6SxHdskeOSAeOSVlckWuSYUw8kAeyTN5d56cN+fD+RyPzjmTnR3yC87XNwJrp1Q=</latexit>

{x(i)}Ni=1
<latexit sha1_base64="V283vv79d4Y3pnFzvqPB2n0U368=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQTdC0Y0rqWAf0KRhMp20QyeTMDMRQ4i/4saFIm79EHf+jdM2C209cOFwzr3ce48fMyqVZX0bpZXVtfWN8mZla3tnd8/cP+jIKBGYtHHEItHzkSSMctJWVDHSiwVBoc9I159cT/3uAxGSRvxepTFxQzTiNKAYKS15ZtXJHgdZnZ7kTu5l9NLOB7eeWbMa1gxwmdgFqYECLc/8coYRTkLCFWZIyr5txcrNkFAUM5JXnESSGOEJGpG+phyFRLrZ7PgcHmtlCINI6OIKztTfExkKpUxDX3eGSI3lojcV//P6iQou3IzyOFGE4/miIGFQRXCaBBxSQbBiqSYIC6pvhXiMBMJK51XRIdiLLy+TzmnDthr23VmteVXEUQaH4AjUgQ3OQRPcgBZoAwxS8AxewZvxZLwY78bHvLVkFDNV8AfG5w87YZR7</latexit><latexit sha1_base64="lSQZI4T656rOb1aR+T3hwXtCf4M=">AAACIXicjVDLSsNAFJ3UV62vaJduBotQNyURQTdC0Y0rUbAPaNIwmU7aoZNJmJmIIeRbXLjxV9yIdCf+jNM2C21deGDgcM653LnHjxmVyrI+jdLK6tr6RnmzsrW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPr6d+55EISSP+oNKYuCEachpQjJSWPLPqZE/9rE5Pcif3Mnpp5/1bz6xZDWsGuEzsgtRAgf/FPXPiDCKchIQrzJCUPduKlZshoShmJK84iSQxwmM0JD1NOQqJdLPZhTk81soABpHQjys4U39OZCiUMg19nQyRGslFbyr+5fUSFVy4GeVxogjH80VBwqCK4LQuOKCCYMVSTRAWVP8V4hESCCtdakWfbi8eukzapw3batj3Z7XmVdFZGRyCI1AHNjgHTXAD7kALYJCCZ/AK3o0X4834MCbzaMkoZqrgF4yvb52Em/Q=</latexit><latexit sha1_base64="lSQZI4T656rOb1aR+T3hwXtCf4M=">AAACIXicjVDLSsNAFJ3UV62vaJduBotQNyURQTdC0Y0rUbAPaNIwmU7aoZNJmJmIIeRbXLjxV9yIdCf+jNM2C21deGDgcM653LnHjxmVyrI+jdLK6tr6RnmzsrW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPr6d+55EISSP+oNKYuCEachpQjJSWPLPqZE/9rE5Pcif3Mnpp5/1bz6xZDWsGuEzsgtRAgf/FPXPiDCKchIQrzJCUPduKlZshoShmJK84iSQxwmM0JD1NOQqJdLPZhTk81soABpHQjys4U39OZCiUMg19nQyRGslFbyr+5fUSFVy4GeVxogjH80VBwqCK4LQuOKCCYMVSTRAWVP8V4hESCCtdakWfbi8eukzapw3batj3Z7XmVdFZGRyCI1AHNjgHTXAD7kALYJCCZ/AK3o0X4834MCbzaMkoZqrgF4yvb52Em/Q=</latexit><latexit sha1_base64="lSQZI4T656rOb1aR+T3hwXtCf4M=">AAACIXicjVDLSsNAFJ3UV62vaJduBotQNyURQTdC0Y0rUbAPaNIwmU7aoZNJmJmIIeRbXLjxV9yIdCf+jNM2C21deGDgcM653LnHjxmVyrI+jdLK6tr6RnmzsrW9s7tn7h+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPr6d+55EISSP+oNKYuCEachpQjJSWPLPqZE/9rE5Pcif3Mnpp5/1bz6xZDWsGuEzsgtRAgf/FPXPiDCKchIQrzJCUPduKlZshoShmJK84iSQxwmM0JD1NOQqJdLPZhTk81soABpHQjys4U39OZCiUMg19nQyRGslFbyr+5fUSFVy4GeVxogjH80VBwqCK4LQuOKCCYMVSTRAWVP8V4hESCCtdakWfbi8eukzapw3batj3Z7XmVdFZGRyCI1AHNjgHTXAD7kALYJCCZ/AK3o0X4834MCbzaMkoZqrgF4yvb52Em/Q=</latexit> (

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>
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Density Models

p✓(x)
<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

Foundations of Computer Vision Torralba, Isola, Freeman 2024

p(x) =
e−fθ(x)

Zθ



Density Models

p✓(x)
<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

Foundations of Computer Vision Torralba, Isola, Freeman 2024

p(x) =
e−fθ(x)

Zθ

Can use to define a continuous 
data distribution by defining 

, a real-valued function.fθ(x)



Density Models

p✓(x)
<latexit sha1_base64="BbR9xePCiM9LpnQYXemlkFJNZ8A=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MkmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup35zTHXRkTqAScx90M6UKIvGEUr+XE37eCQI52Wn867xZJbcecgq8TLSAky1LrFr04vYknIFTJJjWl7box+SjUKJvm00EkMjykb0QFvW6poyI2fzo+ekjOr9Eg/0rYUkrn6eyKloTGTMLCdIcWhWfZm4n9eO8H+tZ8KFSfIFVss6ieSYERmCZCe0JyhnFhCmRb2VsKGVFOGNqeCDcFbfnmVNC4qnlvx7i9L1ZssjjycwCmUwYMrqMId1KAODB7hGV7hzRk7L86787FozTnZzDH8gfP5A6NYkf4=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit><latexit sha1_base64="9eDHjLyLKFq1K+7yvQAnBZHgRK4=">AAACGXicjVC7SgNBFL0bXzG+opY2g0GITdgVQcugjaWCeUCyhNnJJBkyO7vO3BXDku+wsPFXbEQstfJvnCRbaGLhgYHDOedy554glsKg6345uaXlldW1/HphY3Nre6e4u1c3UaIZr7FIRroZUMOlULyGAiVvxprTMJC8EQwvJ37jnmsjInWLo5j7Ie0r0ROMopX8uJO2ccCRjssPx51iya24U5BF4mWkBBn+F+8UP9rdiCUhV8gkNabluTH6KdUomOTjQjsxPKZsSPu8ZamiITd+Or1sTI6s0iW9SNunkEzVnxMpDY0ZhYFNhhQHZt6biH95rQR7534qVJwgV2y2qJdIghGZ1ES6QnOGcmQJZVrYvxI2oJoytGUW7One/KGLpH5S8dyKd3Naql5kneXhAA6hDB6cQRWu4BpqwOAOHuEZXp0n58V5c95n0ZyTzezDLzif37PSmXc=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit><latexit sha1_base64="Jelc4dZavWSWh5fxRSBdMsTIsJU=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sTRgHpAsYXZyNxkyO7vMzIphyRdY2PgrNiK29nb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LOjBP0IzqQPOSMGivVH3rlilt1ZyDLxMtJBXL8L94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m10zISdW6ZMwVvZJQ2bqz4mMRlqPo8AmI2qGetGbin95ndSEl37GZZIalGy+KEwFMTGZVkP6XCEzYmwJZYrbvxI2pIoyYwss2dO9xUOXSfOs6rlVr35eqV3lnRXhCI7hFDy4gBrcwC00gAHCIzzDq/PkvDhvzvs8WnDymUP4BefjG00FlHU=</latexit>

Foundations of Computer Vision Torralba, Isola, Freeman 2024

p(x) =
e−fθ(x)

Zθ

Can use to define a continuous 
data distribution by defining 

, a real-valued function.fθ(x)

 is a normalizing constant 
such that integrates to 1.
Zθ



Score-Based Generative Modeling

An important tool in generative modeling is the score of . For a 
particular datapoint , the score tells you the direction towards higher-

probability regions:

p(x)
x

∇log pθ(x) = − ∇x fθ(x) − ∇xlog Zθ

=0

= − ∇x fθ(x)

p(x) =
e−f(x)

Zθ



Score Functions = Gradients of the log-likelihood



Score Functions = Gradients of the log-likelihood



Score Functions = Gradients of the log-likelihood

Log-likelihood: Score function:



Diffusion Models as 
Score-Based Generative 

Modelers
One of many useful perspectives on diffusion models.
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Diffusion Models

cGenerator
<latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit>

Classifier<latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="Ps134K6hOx15mXWviU088VN0eS8=">AAAB5nicbVBNTwIxEJ31ExEVvXppJCaeyK4XPZpw8YiJfETYkG4ZoKHb3bSzJmTDv/DiQWP8Sd78N3aBg4IvmeT1vWk786JUSUu+/+1tbe/s7u2XDsqHlaPjk+pppW2TzAhsiUQlphtxi0pqbJEkhd3UII8jhZ1o2ij8zjMaKxP9SLMUw5iPtRxJwclJTw3FrXVHNINqza/7C7BNEqxIDVZoDqpf/WEishg1ieKVXuCnFObckBQK5+V+ZjHlYsrH2HNU8xhtmC8mnrNLpwzZKDGuNLGF+vtGzmNrZ3HkOmNOE7vuFeJ/Xi+j0W2YS51mhFosPxplilHCivXZUBoUpGaOcGGkm5WJCTdckAup7EII1lfeJO3reuDXgwcfSnAOF3AFAdzAHdxDE1ogQMMLvMG7Z71X72MZ15a3yu0M/sD7/AFoDY+H</latexit><latexit sha1_base64="BtDRWfK2TRCb+xZbOYH6I648OfA=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKzowlgk+hBtVDnuTWvVcSLbQaqi/gULAwix8jds/A1OmwFajmTp+Jx77XtPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0mfvdJ1Sax/LBzBL0IzqWPOSMGis9NgXV2l5RDas1t+4uQNaJV5AaFGgNq1+DUczSCKVh+St9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bDHxnFxYZUTCWNkjDVmovzsyGmk9iwJbGVEz0ateLv7n9VMT3vgZl0lqULLlR2EqiIlJvj4ZcYXMiJkllCluZyVsQhVlxoZUsSF4qyuvk85V3XPr3r1ba9wWcZThDM7hEjy4hgbcQQvawEDCM7zCm6OdF+fd+ViWlpyi5xT+wPn8AaTCkN8=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit><latexit sha1_base64="vjYq9XQCy1R1jRX5yT/9N7Jlzwk=">AAAB8XicbVC7TsMwFL3hWcqrwMhiUSExVUkXGCu6MBaJPkQbVY5701p1nMh2kKqof8HCAEKs/A0bf4PTZoCWI1k6Pude+94TJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WDazP3uEyrNY/lgZgn6ER1LHnJGjZUem4Jqba+ohpWqW3MXIOvEK0gVCrSGla/BKGZphNKw/JW+5ybGz6gynAmclwepxoSyKR1j31JJI9R+tph4Ti6tMiJhrOyRhizU3x0ZjbSeRYGtjKiZ6FUvF//z+qkJb/yMyyQ1KNnyozAVxMQkX5+MuEJmxMwSyhS3sxI2oYoyY0Mq2xC81ZXXSade89yad1+vNm6LOEpwDhdwBR5cQwPuoAVtYCDhGV7hzdHOi/PufCxLN5yi5wz+wPn8AaVikOE=</latexit>

Noise Images
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Forward diffusion process

… …

Reverse autoregressive sequence
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Diffusion Models

Forward diffusion process

… …

Reverse autoregressive sequence

Diffusion: Just add noise
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……

Reverse autoregressive sequence
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z ⇠ N (0, 1)
<latexit sha1_base64="Q5j0fTVC6MOV4DamGV04zF8qadc=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoIGVGBF0W3biSCvYBnaFk0kwbmmSGJCPUYbZu/BU3LhRx6x+482/MtLPQ1gOBk3Pu5d57gphRpR3n2yotLa+srpXXKxubW9s79u5eW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJX7nXsiFY3EnZ7ExOdoKGhIMdJG6tvQ40iPgjB9yKCnKJ/9MWLpTVZzTtzjvl116s4UcJG4BamCAs2+/eUNIpxwIjRmSKme68TaT5HUFDOSVbxEkRjhMRqSnqECcaL8dHpJBo+MMoBhJM0TGk7V3x0p4kpNeGAq8z3VvJeL/3m9RIcXfkpFnGgi8GxQmDCoI5jHAgdUEqzZxBCEJTW7QjxCEmFtwquYENz5kxdJ+7TuOnX39qzauCziKIMDcAhqwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWnJKnr2wR9Ynz9UDplq</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>
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Diffusion Models
Forward diffusion process

……

Reverse autoregressive sequence

Denoising

z ⇠ N (0, 1)
<latexit sha1_base64="Q5j0fTVC6MOV4DamGV04zF8qadc=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoIGVGBF0W3biSCvYBnaFk0kwbmmSGJCPUYbZu/BU3LhRx6x+482/MtLPQ1gOBk3Pu5d57gphRpR3n2yotLa+srpXXKxubW9s79u5eW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJX7nXsiFY3EnZ7ExOdoKGhIMdJG6tvQ40iPgjB9yKCnKJ/9MWLpTVZzTtzjvl116s4UcJG4BamCAs2+/eUNIpxwIjRmSKme68TaT5HUFDOSVbxEkRjhMRqSnqECcaL8dHpJBo+MMoBhJM0TGk7V3x0p4kpNeGAq8z3VvJeL/3m9RIcXfkpFnGgi8GxQmDCoI5jHAgdUEqzZxBCEJTW7QjxCEmFtwquYENz5kxdJ+7TuOnX39qzauCziKIMDcAhqwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWnJKnr2wR9Ynz9UDplq</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

Forward diffusion process

……

Reverse autoregressive sequence

Forward diffusion process

……

Reverse autoregressive sequence

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

xt
<latexit sha1_base64="tqp8HINTOCY5HpdD7wQQimie6bw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0GOKjW3Lo7B1klXkFqUKA5qH75w5ilEVfIJDWm57kJ9jOqUTDJZxU/NTyhbEJHvGepohE3/WyeeUbOrDIkYaztU0jm6u+NjEbGTKPATuYZzbKXi/95vRTD634mVJIiV2xxKEwlwZjkBZCh0JyhnFpCmRY2K2FjqilDW1PFluAtf3mVtC/qnlv37i9rjZuijjKcwCmcgwdX0IA7aEILGCTwDK/w5qTOi/PufCxGS06xcwx/4Hz+AI/skgM=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit>

xt�1
<latexit sha1_base64="8zbuOoW9K4MHgyR0X+Kp9MB01ks=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIoMuiG5cV7APaECbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuSv87pRKxWLxqGcJ9SI8EixkBGsj+bY9iLAeB2H2lPuZvnBz3647DWcOtErcktShRMu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ5vvIyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+SzmXDdRruw1W9eVvWUYUTOIVzcOEamnAPLWgDgSk8wyu8WZn1Yr1bH4vRilXuHMMfWJ8/uICTsg==</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit>

Use supervised 
learning to reverse 
the process of 
adding noise

Foundations of Computer Vision Torralba, Isola, Freeman 2024



Diffusion Models

Foundations of Computer Vision Torralba, Isola, Freeman 2024

Forward diffusion process

……

Reverse autoregressive sequence

Denoising

z ⇠ N (0, 1)
<latexit sha1_base64="Q5j0fTVC6MOV4DamGV04zF8qadc=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoIGVGBF0W3biSCvYBnaFk0kwbmmSGJCPUYbZu/BU3LhRx6x+482/MtLPQ1gOBk3Pu5d57gphRpR3n2yotLa+srpXXKxubW9s79u5eW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJX7nXsiFY3EnZ7ExOdoKGhIMdJG6tvQ40iPgjB9yKCnKJ/9MWLpTVZzTtzjvl116s4UcJG4BamCAs2+/eUNIpxwIjRmSKme68TaT5HUFDOSVbxEkRjhMRqSnqECcaL8dHpJBo+MMoBhJM0TGk7V3x0p4kpNeGAq8z3VvJeL/3m9RIcXfkpFnGgi8GxQmDCoI5jHAgdUEqzZxBCEJTW7QjxCEmFtwquYENz5kxdJ+7TuOnX39qzauCziKIMDcAhqwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWnJKnr2wR9Ynz9UDplq</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

Training data

n o
,

n o
,

…

xt
<latexit sha1_base64="tqp8HINTOCY5HpdD7wQQimie6bw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0GOKjW3Lo7B1klXkFqUKA5qH75w5ilEVfIJDWm57kJ9jOqUTDJZxU/NTyhbEJHvGepohE3/WyeeUbOrDIkYaztU0jm6u+NjEbGTKPATuYZzbKXi/95vRTD634mVJIiV2xxKEwlwZjkBZCh0JyhnFpCmRY2K2FjqilDW1PFluAtf3mVtC/qnlv37i9rjZuijjKcwCmcgwdX0IA7aEILGCTwDK/w5qTOi/PufCxGS06xcwx/4Hz+AI/skgM=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit>

xt�1
<latexit sha1_base64="8zbuOoW9K4MHgyR0X+Kp9MB01ks=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIoMuiG5cV7APaECbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuSv87pRKxWLxqGcJ9SI8EixkBGsj+bY9iLAeB2H2lPuZvnBz3647DWcOtErcktShRMu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ5vvIyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+SzmXDdRruw1W9eVvWUYUTOIVzcOEamnAPLWgDgSk8wyu8WZn1Yr1bH4vRilXuHMMfWJ8/uICTsg==</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit>
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Forward diffusion process

……

Reverse autoregressive sequence

Denoising

z ⇠ N (0, 1)
<latexit sha1_base64="Q5j0fTVC6MOV4DamGV04zF8qadc=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoIGVGBF0W3biSCvYBnaFk0kwbmmSGJCPUYbZu/BU3LhRx6x+482/MtLPQ1gOBk3Pu5d57gphRpR3n2yotLa+srpXXKxubW9s79u5eW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJX7nXsiFY3EnZ7ExOdoKGhIMdJG6tvQ40iPgjB9yKCnKJ/9MWLpTVZzTtzjvl116s4UcJG4BamCAs2+/eUNIpxwIjRmSKme68TaT5HUFDOSVbxEkRjhMRqSnqECcaL8dHpJBo+MMoBhJM0TGk7V3x0p4kpNeGAq8z3VvJeL/3m9RIcXfkpFnGgi8GxQmDCoI5jHAgdUEqzZxBCEJTW7QjxCEmFtwquYENz5kxdJ+7TuOnX39qzauCziKIMDcAhqwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWnJKnr2wR9Ynz9UDplq</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit><latexit sha1_base64="oAvJaeFcE5DSVt3ioe3nk5Z8hiU=">AAACLnicjVDNS8MwHE3n15xfVY9egkOYIKMVQY9DL55EwX3AWkaapVtYkpYkFWbp1b/Ggxf/EQ+CiHj1zzDdetDNgw8CL+/9fiTvBTGjSjvOm1VaWFxaXimvVtbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6CL323dEKhqJWz2Oic/RQNCQYqSN1LOhx5EeBmF6n0FPUT69Y8TSq6zmHLmHPbvq1J0J4DxxC1IFBf433rNfvH6EE06Exgwp1XWdWPspkppiRrKKlygSIzxCA9I1VCBOlJ9O4mbwwCh9GEbSHKHhRP25kSKu1JgHZjIPo2a9XPzL6yY6PPNTKuJEE4GnD4UJgzqCeXewTyXBmo0NQVhS81eIh0girE3DFRPdnQ06T1rHddepuzcn1cZ50VkZ7IF9UAMuOAUNcAmuQRNg8AAewTN4t56sV+vD+pyOlqxiZxf8gvX1DVvioOM=</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

argmin
f2F

NX

i=1

L(f(xt),xt�1)
<latexit sha1_base64="wC6rnbRLLvDZm9AdoBjp+bvJB/A="></latexit><latexit sha1_base64="c7K9yggEVCYaOAN4KhDUUWW5pp0="></latexit><latexit sha1_base64="c7K9yggEVCYaOAN4KhDUUWW5pp0="></latexit><latexit sha1_base64="c7K9yggEVCYaOAN4KhDUUWW5pp0="></latexit>

Training data

n o
,

n o
,

…

xt
<latexit sha1_base64="tqp8HINTOCY5HpdD7wQQimie6bw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0GOKjW3Lo7B1klXkFqUKA5qH75w5ilEVfIJDWm57kJ9jOqUTDJZxU/NTyhbEJHvGepohE3/WyeeUbOrDIkYaztU0jm6u+NjEbGTKPATuYZzbKXi/95vRTD634mVJIiV2xxKEwlwZjkBZCh0JyhnFpCmRY2K2FjqilDW1PFluAtf3mVtC/qnlv37i9rjZuijjKcwCmcgwdX0IA7aEILGCTwDK/w5qTOi/PufCxGS06xcwx/4Hz+AI/skgM=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit>

xt�1
<latexit sha1_base64="8zbuOoW9K4MHgyR0X+Kp9MB01ks=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIoMuiG5cV7APaECbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuSv87pRKxWLxqGcJ9SI8EixkBGsj+bY9iLAeB2H2lPuZvnBz3647DWcOtErcktShRMu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ5vvIyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+SzmXDdRruw1W9eVvWUYUTOIVzcOEamnAPLWgDgSk8wyu8WZn1Yr1bH4vRilXuHMMfWJ8/uICTsg==</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit>
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z ⇠ N (0, 1)
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Converts generative modeling into a series 
of supervised prediction problems

Training data

n o
,
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,

…

xt
<latexit sha1_base64="tqp8HINTOCY5HpdD7wQQimie6bw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0GOKjW3Lo7B1klXkFqUKA5qH75w5ilEVfIJDWm57kJ9jOqUTDJZxU/NTyhbEJHvGepohE3/WyeeUbOrDIkYaztU0jm6u+NjEbGTKPATuYZzbKXi/95vRTD634mVJIiV2xxKEwlwZjkBZCh0JyhnFpCmRY2K2FjqilDW1PFluAtf3mVtC/qnlv37i9rjZuijjKcwCmcgwdX0IA7aEILGCTwDK/w5qTOi/PufCxGS06xcwx/4Hz+AI/skgM=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit><latexit sha1_base64="fGNYmb6voEyOlKNIeifR8jYBYyI=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L2IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLDXrXm1t0ZyDLxClKDAv8b71Wn3X7M0ogrZJIa0/HcBP2MahRM8kmlmxqeUDaiA96xVNGIGz+bBZuQE6v0SRhr+xSSmfpzI6ORMeMosJN5ELPo5eJfXifF8NLPhEpS5IrND4WpJBiTvCXSF5ozlGNLKNPC/pWwIdWUoe2yYqN7i0GXSeus7rl17+681rgqOivDERzDKXhwAQ24gVtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm36JsmXw=</latexit>

xt�1
<latexit sha1_base64="8zbuOoW9K4MHgyR0X+Kp9MB01ks=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIoMuiG5cV7APaECbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3v6BfXjUUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuSv87pRKxWLxqGcJ9SI8EixkBGsj+bY9iLAeB2H2lPuZvnBz3647DWcOtErcktShRMu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ5vvIyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+SzmXDdRruw1W9eVvWUYUTOIVzcOEamnAPLWgDgSk8wyu8WZn1Yr1bH4vRilXuHMMfWJ8/uICTsg==</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit><latexit sha1_base64="8RfInLeg+zC4V0ObxftH5LUHS4o=">AAACHnicjVBNS8NAFNzUr1q/oh69LBbBiyURQY9FLx4VbCu0IWy2m3bpZhN2X4ol5J948OJf8SIieNJ/46bNQVsPDiwMM+/xdiZIBNfgOF9WZWl5ZXWtul7b2Nza3rF399o6ThVlLRqLWN0HRDPBJWsBB8HuE8VIFAjWCUZXhd8ZM6V5LO9gkjAvIgPJQ04JGMm37V5EYBiE2UPuZ3Di5r5ddxrOFHiRuCWpoxL/G/ftj14/pmnEJFBBtO66TgJeRhRwKlhe66WaJYSOyIB1DZUkYtrLpvFyfGSUPg5jZZ4EPFV/bmQk0noSBWayCKPnvUL8y+umEF54GZdJCkzS2aEwFRhiXHSF+1wxCmJiCKGKm79iOiSKUDCN1kx0dz7oImmfNlyn4d6e1ZuXZWdVdIAO0TFy0Tlqomt0g1qIojF6RM/o1XqyXqw36302WrHKnX30C9bnNwGMmys=</latexit>



Conditional Probability Path

Marginal Probability Path

t=0 t=1



Conditional Probability Path

Marginal Probability Path



Conditional Probability Path

Marginal Probability Path



What is different about diffusion of, say,  
2D points and images?

Different geometry!
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What is different about diffusion of, say,  
2D points and images?

Different geometry!
Let’s bring some of the tools for image processing to bear that we 

have learned about so far!



What is different about diffusion of, say,  
2D points and images?

Let’s look at what happens to these images in frequency space!
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Forward Diffusion in Frequency Space

What do we see? 


Low frequencies get “drowned out” last!
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What do we see? 


Low frequencies get “drowned out” last!

Diffusion



The spectral density of natural images
Illustration from Sander 
Dieleman, “Diffusion is 
spectral autoregression”
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The spectral density of natural images

Illustration from Sander Dieleman, “Diffusion is spectral autoregression”



The spectral density of natural images

Illustration from Sander Dieleman, “Diffusion is spectral autoregression”

Insight: Spectral Power of images follows a “power law”, i.e., it’s 
linear in the log domain. 

Note: this is true on aggregate, it is easy to find images  
that behave differently.



What happens when we add noise?

Illustration from Sander Dieleman, “Diffusion is spectral autoregression”
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Illustration from Sander Dieleman, “Diffusion is spectral autoregression”



What happens when we add noise?

Illustration from Sander Dieleman, “Diffusion is spectral autoregression”



What happens when we add noise?
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What happens when we add noise?

For signals that have a power-law structure in the spectral density, 
adding noise is like low-pass filtering!



What is Diffusion Doing?

• Diffusion models can be seen as 
doing “spectral auto-regression”

• Given lower frequency of image, 
incrementally predict higher 
frequencies!

Generative Modeling with Inverse Heat Dissipation,  
Rissanen et al. 2020





Foundation: Laplacian Pyramid

[Fig adapted from Edify Image, NVIDIA 2024]
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[Fig adapted from Edify Image, NVIDIA 2024]



Foundation: Laplacian Pyramid

[Fig adapted from Edify Image, NVIDIA 2024]

Core idea: Noise higher 
frequencies faster



[Fig adapted from Edify Image, NVIDIA 2024]



[Fig adapted from Edify Image, NVIDIA 2024]

“Frozen”



[Fig adapted from Edify Image, NVIDIA 2024]



[Fig adapted from Edify Image, NVIDIA 2024]

Effect: Fewer denoising steps at high resolution -  
dramatically cheaper. 

Catch: no benchmark in paper, quality unclear.



What can we say about the images 
generated by a diffusion model?
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Diffusion’s Analytical Probability Density

For diffusion models,  is a mixture of Gaussians centered at 
each data point , where the variance depends on the 

timestep!
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For diffusion models,  is a mixture of Gaussians centered at 
each data point , where the variance depends on the 
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Diffusion’s Analytical Probability Density
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For diffusion models,  is a mixture of Gaussians centered at 
each data point , where the variance depends on the 

timestep!
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𝒩(z | ᾱtxi, (1 − ᾱt)I)

Noise schedule, decreases from  
1 at  to  at t = 0 0 t = T

Diffusion’s Analytical Probability Density



Diffusion’s Analytical Probability Score

pt(z) =
1
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𝒩(z | ᾱtxi, (1 − ᾱt)I)



Diffusion’s Analytical Probability Score

This has an analytical score !

pt(z) =
1

|𝒳 | ∑
i

𝒩(z | ᾱtxi, (1 − ᾱt)I)



Diffusion’s Analytical Probability Score
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What happens if we generate samples using this score?
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txiThe optimal denser just generates training samples! 

How can we generate an unseen image?



Where does generalization come from…?



Idea: Introduce Error Into Score via Smoothing

sσ,t(z) =
1

(1 − t)2 ( 1
M

M

∑
m=1

kt(z + σϵm) − z)

∇log p*t (z) =
1

(1 − t)2 (kt(z) − z)



Idea: Introduce Error Into Score via Smoothing

sσ,t(z) =
1

(1 − t)2 ( 1
M

M

∑
m=1

kt(z + σϵm) − z)

∇log p*t (z) =
1

(1 − t)2 (kt(z) − z)

We are averaging the weights  over a few different noise 
perturbations of the current noisy sample .

kt
z
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sσ,t(z) =
1

(1 − t)2 ( 1
M
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m=1

kt(z + σϵm) − z)
In [Closed-form Diffusion Models, Scarvelis et al 2023], the 
authors show that this score points towards barycenters of 

images in the training set.
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Samples from CelebA with Smoothed Diffusion

Not amazing quality, but better than a VAE, new faces, and without a NN altogether!
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Clearly, these images are not just averaging of training images…

What might be missing?
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This kernel is computed over the whole image.
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Transition to different notation…

Time-dependent score function , current latent , images 
in training set , noise schedule , softmax weights 

st(ϕ) ϕ
φ ᾱt Wt



So far: Analytical Score Machine = Weighted 
Sum of Full Training Images

Weighted sum over full-image scores…
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So far: Analytical Score Machine = Weighted 
Sum of Full Training Images

Weighted sum over full-image scores…

…where weights are computed by  
comparing full images.

Can the neural network actually learn to predict this score? 

Let’s look at neural net architectures that are actually used for  
diffusion in practice.



Stable Diffusion: Diffusion U-Nets



U-Nets: A Particular Kind of Fully Convolutional Neural Networks
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[Figure from Multi-Scale Receptive Fields Convolutional Network for Action Recognition, Dong et al. 203]
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Fully Convolutional Neural Networks have a Locality Bias.

A given pixel in the output is a function of only the input pixels 
in its receptive field.
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61

In practice, Effective Receptive Fields are smaller

Sensitivies (=magnitudes of gradients) of output pixel 
wrt input pixels.

Denote effective receptive field as .Ωx
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Idea: Make Score Machine Local

Each patch in the 
diffused image is a 

weighted sum of patches 
in training set!
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Denote: 

Image as  

Pixel coordinate as  

And score for pixel at  
in image  as 

ϕ

x

x
ϕ Mt[ϕ](x)

ϕ
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Idea: Make Score Machine Local

ϕ

x

Pixel at  in image  is pulled towards training 
set pixel values  according to similarities of 

effective receptive fields .

x ϕ
φ(x)

Ωx

What has changed? 
 

The softmax weights can now be different for  
each pixel in the image!
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Idea: Make Local Score Machine  
Shift-Equivariant



Idea: Make Local Score Machine  
Shift-Equivariant

The diffusion model 
doesn’t know where in 
the image the patches 

came from!



In many ways images are worse than the prior ones on CelebA, but impressively, 
they predict the behavior of a trained U-Net Diffusion Model.



Caveats - this only explains “hobbled” UNets

The trained U-Net is a very hobbled U-Net. Adding a few standard 
components (layer norm, more layers, etc) dramatically improves 

performance in ways not explained by the closed-form model.
The model does not account for any kind of compression at all; but clearly, 

the UNet cannot store all the training images for large datasets. 



Caveats - this only explains “hobbled” UNets

The trained U-Net is a very hobbled U-Net. Adding a few standard 
components (layer norm, more layers, etc) dramatically improves 

performance in ways not explained by the closed-form model.
The model does not account for any kind of compression at all; but clearly, 

the UNet cannot store all the training images for large datasets. 

But, core insight: A theory of “creativity” in these models likely exists, 
it is not magic, and I’d be shocked if in 5 years from now,  

someone will not learn about it in this very class ;)


