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About me
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• Postdoc working with Prof. Alec Jacobson 

• Completed my PhD program at UBC 

• Worked on Vector sketch generation and processing 

• Working on: Text-to-image generation + Vector 
graphics

Contact: 
chenxil.liu@utoronto.ca

mailto:chenxil.liu@utoronto.ca


Announcement
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Assignment 9 is out. 
Deadline: November 29 

Access to our private HuggingFace 
space for the duration of the 
assignment.





What is Text-to-Image Generation?
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A task where the goal is to generate an image that corresponds 
to a given textual description. 

[A quick demo…]



What is Text-to-Image Generation?
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A task where the goal is to generate an image that corresponds 
to a given textual description. 

[A quick demo…]



Timeline of Text-to-Image Generation
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2007 2020-2021GANs Diffusion Models 
Commercial Text-to-Image Tools

2016
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A Handwavy Introduction to 
Diffusion Model

Partially based on Yang Song’s blog and talk



Dog Image Distribution

Image Distribution
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Generation via Likelihood-Based Models
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Sampling Process

Model Distribution



Fitting Likelihood-Based Models
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Model Distribution

…
<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x



Fitting Likelihood-Based Models
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Model Distribution

…

Machine Learning Model
<latexit sha1_base64="tmEvmksfb9cWDAa5xB1ckWUhUbQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVx71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH6v2NBw==</latexit>y

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x



Fitting Likelihood-Based Models
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Model Distribution

…

Machine Learning Model
<latexit sha1_base64="tmEvmksfb9cWDAa5xB1ckWUhUbQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVx71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH6v2NBw==</latexit>y

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x
<latexit sha1_base64="s7Otw4Q2XyqRMH8DtdkzZWrn8M8=">AAACInicbVDLSsNAFJ34rPEVdelmsAh1UxLxuRCKblxWsA9oQplMJ+3QySTOTMQS+i1u/BU3LhR1JfgxTtqAtvXAwJlz7uXee/yYUals+8uYm19YXFourJira+sbm9bWdl1GicCkhiMWiaaPJGGUk5qiipFmLAgKfUYafv8q8xv3REga8Vs1iIkXoi6nAcVIaaltncclN0Sq5wfpw/AAul1yB23XNV3KFZz0Or8feAGdtlW0y/YIcJY4OSmCHNW29eF2IpyEhCvMkJQtx46VlyKhKGZkaLqJJDHCfdQlLU05Con00tGJQ7ivlQ4MIqGf3myk/u1IUSjlIPR1ZbalnPYy8T+vlajgzEspjxNFOB4PChIGVQSzvGCHCoIVG2iCsKB6V4h7SCCsdKqmDsGZPnmW1A/Lzkn5+OaoWLnM4yiAXbAHSsABp6ACrkEV1AAGj+AZvII348l4Md6Nz3HpnJH37IAJGN8/Vsqi7w==</latexit>

p(x) � 0
Z

p(x)dx = 1



Fitting Likelihood-Based Models
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Model Distribution

…

Machine Learning Model
<latexit sha1_base64="tmEvmksfb9cWDAa5xB1ckWUhUbQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVx71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH6v2NBw==</latexit>y

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x
<latexit sha1_base64="s7Otw4Q2XyqRMH8DtdkzZWrn8M8=">AAACInicbVDLSsNAFJ34rPEVdelmsAh1UxLxuRCKblxWsA9oQplMJ+3QySTOTMQS+i1u/BU3LhR1JfgxTtqAtvXAwJlz7uXee/yYUals+8uYm19YXFourJira+sbm9bWdl1GicCkhiMWiaaPJGGUk5qiipFmLAgKfUYafv8q8xv3REga8Vs1iIkXoi6nAcVIaaltncclN0Sq5wfpw/AAul1yB23XNV3KFZz0Or8feAGdtlW0y/YIcJY4OSmCHNW29eF2IpyEhCvMkJQtx46VlyKhKGZkaLqJJDHCfdQlLU05Con00tGJQ7ivlQ4MIqGf3myk/u1IUSjlIPR1ZbalnPYy8T+vlajgzEspjxNFOB4PChIGVQSzvGCHCoIVG2iCsKB6V4h7SCCsdKqmDsGZPnmW1A/Lzkn5+OaoWLnM4yiAXbAHSsABp6ACrkEV1AAGj+AZvII348l4Md6Nz3HpnJH37IAJGN8/Vsqi7w==</latexit>

p(x) � 0
Z

p(x)dx = 1

<latexit sha1_base64="Ho3QA7O4Bq3oTLUZhedJU+g4J1s=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJ+NoIRTcuK9gHNqFMJpN26OTBzEQssQt/xY0LRdz6G+78GydtFlo9MHA4517m3OMlnEllWV9GaW5+YXGpvFxZWV1b3zA3t1oyTgWhTRLzWHQ8LClnEW0qpjjtJILi0OO07Q0vc799R4VkcXSjRgl1Q9yPWMAIVlrqmTu36Bw5LFJohHwnxGrgBdn9uGdWrZo1AfpL7IJUoUCjZ346fkzSkEaKcCxl17YS5WZYKEY4HVecVNIEkyHu066mEQ6pdLNJ/jHa14qPgljop5NM1J8bGQ6lHIWenswTylkvF//zuqkKztyMRUmqaESmHwUpRypGeRnIZ4ISxfXpDBPBdFZEBlhgonRlFV2CPXvyX9I6rNkntePro2r9oqijDLuwBwdgwynU4Qoa0AQCD/AEL/BqPBrPxpvxPh0tGcXONvyC8fEN4yqVag==</latexit>

Z =

Z
ydx



Fitting Likelihood-Based Models
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Model Distribution

…

Machine Learning Model
<latexit sha1_base64="tmEvmksfb9cWDAa5xB1ckWUhUbQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVx71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH6v2NBw==</latexit>y

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x
<latexit sha1_base64="s7Otw4Q2XyqRMH8DtdkzZWrn8M8=">AAACInicbVDLSsNAFJ34rPEVdelmsAh1UxLxuRCKblxWsA9oQplMJ+3QySTOTMQS+i1u/BU3LhR1JfgxTtqAtvXAwJlz7uXee/yYUals+8uYm19YXFourJira+sbm9bWdl1GicCkhiMWiaaPJGGUk5qiipFmLAgKfUYafv8q8xv3REga8Vs1iIkXoi6nAcVIaaltncclN0Sq5wfpw/AAul1yB23XNV3KFZz0Or8feAGdtlW0y/YIcJY4OSmCHNW29eF2IpyEhCvMkJQtx46VlyKhKGZkaLqJJDHCfdQlLU05Con00tGJQ7ivlQ4MIqGf3myk/u1IUSjlIPR1ZbalnPYy8T+vlajgzEspjxNFOB4PChIGVQSzvGCHCoIVG2iCsKB6V4h7SCCsdKqmDsGZPnmW1A/Lzkn5+OaoWLnM4yiAXbAHSsABp6ACrkEV1AAGj+AZvII348l4Md6Nz3HpnJH37IAJGN8/Vsqi7w==</latexit>

p(x) � 0
Z

p(x)dx = 1

<latexit sha1_base64="4KxjhK5rZkj5N0JRntqOVH7qqhI=">AAACBXicbVDLSsNAFJ34rPUVdamLwSLUTUnE10YounFZwT6wCWUynbRDJ5MwMxFDyMaNv+LGhSJu/Qd3/o2TNgttPXDhcM693HuPFzEqlWV9G3PzC4tLy6WV8ura+samubXdkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3usr99j0Rkob8ViURcQM04NSnGCkt9cy9qOoESA09P33IDuEFdHyBcJpk6V0Ge2bFqlljwFliF6QCCjR65pfTD3EcEK4wQ1J2bStSboqEopiRrOzEkkQIj9CAdDXlKCDSTcdfZPBAK33oh0IXV3Cs/p5IUSBlEni6M79YTnu5+J/XjZV/7qaUR7EiHE8W+TGDKoR5JLBPBcGKJZogLKi+FeIh0jEoHVxZh2BPvzxLWkc1+7R2cnNcqV8WcZTALtgHVWCDM1AH16ABmgCDR/AMXsGb8WS8GO/Gx6R1zihmdsAfGJ8/yuqYJA==</latexit>

p(x) =
y

Z



Fitting Likelihood-Based Models

13

Model Distribution

…

Machine Learning Model
<latexit sha1_base64="tmEvmksfb9cWDAa5xB1ckWUhUbQ=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVx71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH6v2NBw==</latexit>y

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x
<latexit sha1_base64="s7Otw4Q2XyqRMH8DtdkzZWrn8M8=">AAACInicbVDLSsNAFJ34rPEVdelmsAh1UxLxuRCKblxWsA9oQplMJ+3QySTOTMQS+i1u/BU3LhR1JfgxTtqAtvXAwJlz7uXee/yYUals+8uYm19YXFourJira+sbm9bWdl1GicCkhiMWiaaPJGGUk5qiipFmLAgKfUYafv8q8xv3REga8Vs1iIkXoi6nAcVIaaltncclN0Sq5wfpw/AAul1yB23XNV3KFZz0Or8feAGdtlW0y/YIcJY4OSmCHNW29eF2IpyEhCvMkJQtx46VlyKhKGZkaLqJJDHCfdQlLU05Con00tGJQ7ivlQ4MIqGf3myk/u1IUSjlIPR1ZbalnPYy8T+vlajgzEspjxNFOB4PChIGVQSzvGCHCoIVG2iCsKB6V4h7SCCsdKqmDsGZPnmW1A/Lzkn5+OaoWLnM4yiAXbAHSsABp6ACrkEV1AAGj+AZvII348l4Md6Nz3HpnJH37IAJGN8/Vsqi7w==</latexit>

p(x) � 0
Z

p(x)dx = 1

<latexit sha1_base64="4KxjhK5rZkj5N0JRntqOVH7qqhI=">AAACBXicbVDLSsNAFJ34rPUVdamLwSLUTUnE10YounFZwT6wCWUynbRDJ5MwMxFDyMaNv+LGhSJu/Qd3/o2TNgttPXDhcM693HuPFzEqlWV9G3PzC4tLy6WV8ura+samubXdkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3usr99j0Rkob8ViURcQM04NSnGCkt9cy9qOoESA09P33IDuEFdHyBcJpk6V0Ge2bFqlljwFliF6QCCjR65pfTD3EcEK4wQ1J2bStSboqEopiRrOzEkkQIj9CAdDXlKCDSTcdfZPBAK33oh0IXV3Cs/p5IUSBlEni6M79YTnu5+J/XjZV/7qaUR7EiHE8W+TGDKoR5JLBPBcGKJZogLKi+FeIh0jEoHVxZh2BPvzxLWkc1+7R2cnNcqV8WcZTALtgHVWCDM1AH16ABmgCDR/AMXsGb8WS8GO/Gx6R1zihmdsAfGJ8/yuqYJA==</latexit>

p(x) =
y

ZIntractable!
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<latexit sha1_base64="4KxjhK5rZkj5N0JRntqOVH7qqhI=">AAACBXicbVDLSsNAFJ34rPUVdamLwSLUTUnE10YounFZwT6wCWUynbRDJ5MwMxFDyMaNv+LGhSJu/Qd3/o2TNgttPXDhcM693HuPFzEqlWV9G3PzC4tLy6WV8ura+samubXdkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3usr99j0Rkob8ViURcQM04NSnGCkt9cy9qOoESA09P33IDuEFdHyBcJpk6V0Ge2bFqlljwFliF6QCCjR65pfTD3EcEK4wQ1J2bStSboqEopiRrOzEkkQIj9CAdDXlKCDSTcdfZPBAK33oh0IXV3Cs/p5IUSBlEni6M79YTnu5+J/XjZV/7qaUR7EiHE8W+TGDKoR5JLBPBcGKJZogLKi+FeIh0jEoHVxZh2BPvzxLWkc1+7R2cnNcqV8WcZTALtgHVWCDM1AH16ABmgCDR/AMXsGb8WS8GO/Gx6R1zihmdsAfGJ8/yuqYJA==</latexit>

p(x) =
y

Z
<latexit sha1_base64="eQ1Q+r5hUdLtRtWDxF397tZmaP8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQykCVIG4LUgULY5HoRTRR5bhOa9VxIttBRFFegYVXYWEAIVY2Nt4GJ+0AhV+y9Ok/58jn/F7EqFSW9WWU5uYXFpfKy5WV1bX1DXNzqy3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb3yZ1zt3REga8huVRMQN0JBTn2KktNU3aw4Lh2lUcwKkRp6f3mf7GTyHhZtk8GBCtxnsm1WrbhWCf8GeQhVM1eybn84gxHFAuMIMSdmzrUi5KRKKYkayihNLEiE8RkPS08hRQKSbFhdlcE87A+iHQj+uYOH+nEhRIGUSeLozX1zO1nLzv1ovVv6Zm1IexYpwPPnIjxlUIczjgQMqCFYs0YCwoHpXiEdIIKx0iBUdgj178l9oH9btk/rx9VG1cTGNowx2wC6oARucgga4Ak3QAhg8gCfwAl6NR+PZeDPeJ60lYzqzDX7J+PgGodic4w==</latexit>

log p(x) = log y � logZ

<latexit sha1_base64="F4XspmaD68aGcAUjlTqzACJo2XA=">AAACS3icdVBLS8NAGNxUq7W+qh69LBahHiyJ+LoIRS8eK9gHNqVstpt26WYTdjdiCPl/Xrx480948aCIBzdpQW3rwMIwMx/ft+MEjEplmi9GbmExv7RcWCmurq1vbJa2tpvSDwUmDewzX7QdJAmjnDQUVYy0A0GQ5zDSckZXqd+6J0JSn9+qKCBdDw04dSlGSku9kmNz5DDUi20PqaHjxg9JAm3mD+Kg8iMdJPACzklmwSiBh/+adwnslcpm1cwAZ4k1IWUwQb1Xerb7Pg49whVmSMqOZQaqGyOhKGYkKdqhJAHCIzQgHU058ojsxlkXCdzXSh+6vtCPK5ipvydi5EkZeY5OpqfKaS8V53mdULnn3ZjyIFSE4/EiN2RQ+TAtFvapIFixSBOEBdW3QjxEAmGl6y/qEqzpL8+S5lHVOq2e3ByXa5eTOgpgF+yBCrDAGaiBa1AHDYDBI3gF7+DDeDLejE/jaxzNGZOZHfAHufw3jHi2FQ==</latexit>

rx log p(x) = rx log y �rx logZ
0!

Machine Learning Model

Fit this instead



Fitting Likelihood-Based Models
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Model Distribution

<latexit sha1_base64="F4XspmaD68aGcAUjlTqzACJo2XA=">AAACS3icdVBLS8NAGNxUq7W+qh69LBahHiyJ+LoIRS8eK9gHNqVstpt26WYTdjdiCPl/Xrx480948aCIBzdpQW3rwMIwMx/ft+MEjEplmi9GbmExv7RcWCmurq1vbJa2tpvSDwUmDewzX7QdJAmjnDQUVYy0A0GQ5zDSckZXqd+6J0JSn9+qKCBdDw04dSlGSku9kmNz5DDUi20PqaHjxg9JAm3mD+Kg8iMdJPACzklmwSiBh/+adwnslcpm1cwAZ4k1IWUwQb1Xerb7Pg49whVmSMqOZQaqGyOhKGYkKdqhJAHCIzQgHU058ojsxlkXCdzXSh+6vtCPK5ipvydi5EkZeY5OpqfKaS8V53mdULnn3ZjyIFSE4/EiN2RQ+TAtFvapIFixSBOEBdW3QjxEAmGl6y/qEqzpL8+S5lHVOq2e3ByXa5eTOgpgF+yBCrDAGaiBa1AHDYDBI3gF7+DDeDLejE/jaxzNGZOZHfAHufw3jHi2FQ==</latexit>

rx log p(x) = rx log y �rx logZ



16

Why is this called diffusion model?



1. Sample a random noise image 

Forward Diffusion Process
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<latexit sha1_base64="xxk+9BqJlll6L0C9dXVAzXBAib4=">AAACGnicbZDLSsNAFIYnXmu9RV26GSxCBSmJeFsW3ehGKtgLNKFMppN26GQSZiZCCXkON76KGxeKuBM3vo2TNIK2/jDw8Z9zmHN+L2JUKsv6MubmFxaXlksr5dW19Y1Nc2u7JcNYYNLEIQtFx0OSMMpJU1HFSCcSBAUeI21vdJnV2/dESBryOzWOiBugAac+xUhpq2faDokkZSGHjqQBdAKkhhix5Cat5uz5iZUewh++Tg96ZsWqWbngLNgFVEChRs/8cPohjgPCFWZIyq5tRcpNkFAUM5KWnViSCOERGpCuRo4CIt0kPy2F+9rpQz8U+nEFc/f3RIICKceBpzuzFeV0LTP/q3Vj5Z+7CeVRrAjHk4/8mEEVwiwn2KeCYMXGGhAWVO8K8RAJhJVOs6xDsKdPnoXWUc0+rZ3cHlfqF0UcJbAL9kAV2OAM1MEVaIAmwOABPIEX8Go8Gs/Gm/E+aZ0zipkd8EfG5zczWKD4</latexit>

✏ ⇠ N (0, I)

2. Add noise by blending. [This is a designed procedure/a schedule] 

<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏
<latexit sha1_base64="32IEt8pk6fcBTkitGkCx7+2YVAk=">AAAB9HicbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFIfUltqBzXaa06TrCdiirKd7AwgBArH8PG3+C0GaDlSJaOzrlX9/h4EWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXvj28xvT6hULBQNPY2oG+ChYD4jWBvJ7QVYjzw/eUofGqhfrthVewa0TJycVCBHvV/+6g1CEgdUaMKxUl3HjrSbYKkZ4TQt9WJFI0zGeEi7hgocUOUms9ApOjHKAPmhNE9oNFN/byQ4UGoaeGYyC6kWvUz8z+vG2r92EyaiWFNB5of8mCMdoqwBNGCSEs2nhmAimcmKyAhLTLTpqWRKcBa/vExaZ1Xnsnpxf16p3eR1FOEIjuEUHLiCGtxBHZpA4BGe4RXerIn1Yr1bH/PRgpXvHMIfWJ8/u5GSFg==</latexit>

xT
<latexit sha1_base64="I3aT978UXVwCsuApmqYrngB9vQs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJJMxDLKG/4caFIm79GXf+jZM2C209MHA4517umROmnCntut/O0vLK6tp6aaO8ubW9s1vZ22+pxEhCmyThieyEWFHOBG1qpjntpJLiOOS0HY5ucr/9SKViibjX45QGMR4IFjGCtZV8P8Z6GEbZ0+TB7VWqbs2dAi0SryBVKNDoVb78fkJMTIUmHCvV9dxUBxmWmhFOJ2XfKJpiMsID2rVU4JiqIJtmnqBjq/RRlEj7hEZT9fdGhmOlxnFoJ/OMat7Lxf+8rtHRVZAxkRpNBZkdigxHOkF5AajPJCWajy3BRDKbFZEhlphoW1PZluDNf3mRtE5r3kXt/O6sWr8u6ijBIRzBCXhwCXW4hQY0gUAKz/AKb45xXpx352M2uuQUOwfwB87nDyqXkcg=</latexit>

x0



1. Sample a random noise image 

Reverse Diffusion Process
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<latexit sha1_base64="YPyuobvY23U731p4MP2ND7BQcgY=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARKkhJxKrLohvdSIXeoKllMp20QycXZiZiCXkSN76KGxeKCK70bZykKWjrgYGP/z+HOee3A0aFNIxvLbewuLS8kl8trK1vbG7p2ztN4Ycckwb2mc/bNhKEUY80JJWMtANOkGsz0rJHl4nfuidcUN+ry3FAui4aeNShGEkl9fSK5SI5tJ3oIb6rQ0tQF6YKRiy6iUtT14iP4JSv48OeXjTKRlpwHswMiiCrWk//tPo+Dl3iScyQEB3TCGQ3QlxSzEhcsEJBAoRHaEA6Cj3kEtGN0vNieKCUPnR8rp4nYar+noiQK8TYtVVnsqKY9RLxP68TSue8G1EvCCXx8OQjJ2RQ+jDJCvYpJ1iysQKEOVW7QjxEHGGpEi2oEMzZk+eheVw2T8uV25Ni9SKLIw/2wD4oAROcgSq4AjXQABg8gmfwCt60J+1Fe9c+Jq05LZvZBX9K+/oBh9yiug==</latexit>

xT ⇠ N (0, I)

How do we get this clean image?

<latexit sha1_base64="32IEt8pk6fcBTkitGkCx7+2YVAk=">AAAB9HicbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFIfUltqBzXaa06TrCdiirKd7AwgBArH8PG3+C0GaDlSJaOzrlX9/h4EWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXvj28xvT6hULBQNPY2oG+ChYD4jWBvJ7QVYjzw/eUofGqhfrthVewa0TJycVCBHvV/+6g1CEgdUaMKxUl3HjrSbYKkZ4TQt9WJFI0zGeEi7hgocUOUms9ApOjHKAPmhNE9oNFN/byQ4UGoaeGYyC6kWvUz8z+vG2r92EyaiWFNB5of8mCMdoqwBNGCSEs2nhmAimcmKyAhLTLTpqWRKcBa/vExaZ1Xnsnpxf16p3eR1FOEIjuEUHLiCGtxBHZpA4BGe4RXerIn1Yr1bH/PRgpXvHMIfWJ8/u5GSFg==</latexit>

xT
<latexit sha1_base64="I3aT978UXVwCsuApmqYrngB9vQs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJJMxDLKG/4caFIm79GXf+jZM2C209MHA4517umROmnCntut/O0vLK6tp6aaO8ubW9s1vZ22+pxEhCmyThieyEWFHOBG1qpjntpJLiOOS0HY5ucr/9SKViibjX45QGMR4IFjGCtZV8P8Z6GEbZ0+TB7VWqbs2dAi0SryBVKNDoVb78fkJMTIUmHCvV9dxUBxmWmhFOJ2XfKJpiMsID2rVU4JiqIJtmnqBjq/RRlEj7hEZT9fdGhmOlxnFoJ/OMat7Lxf+8rtHRVZAxkRpNBZkdigxHOkF5AajPJCWajy3BRDKbFZEhlphoW1PZluDNf3mRtE5r3kXt/O6sWr8u6ijBIRzBCXhwCXW4hQY0gUAKz/AKb45xXpx352M2uuQUOwfwB87nDyqXkcg=</latexit>

x0



1. Sample a random noise image 

Reverse Diffusion Process
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<latexit sha1_base64="YPyuobvY23U731p4MP2ND7BQcgY=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARKkhJxKrLohvdSIXeoKllMp20QycXZiZiCXkSN76KGxeKCK70bZykKWjrgYGP/z+HOee3A0aFNIxvLbewuLS8kl8trK1vbG7p2ztN4Ycckwb2mc/bNhKEUY80JJWMtANOkGsz0rJHl4nfuidcUN+ry3FAui4aeNShGEkl9fSK5SI5tJ3oIb6rQ0tQF6YKRiy6iUtT14iP4JSv48OeXjTKRlpwHswMiiCrWk//tPo+Dl3iScyQEB3TCGQ3QlxSzEhcsEJBAoRHaEA6Cj3kEtGN0vNieKCUPnR8rp4nYar+noiQK8TYtVVnsqKY9RLxP68TSue8G1EvCCXx8OQjJ2RQ+jDJCvYpJ1iysQKEOVW7QjxEHGGpEi2oEMzZk+eheVw2T8uV25Ni9SKLIw/2wD4oAROcgSq4AjXQABg8gmfwCt60J+1Fe9c+Jq05LZvZBX9K+/oBh9yiug==</latexit>

xT ⇠ N (0, I)

How do we get this clean image?

<latexit sha1_base64="32IEt8pk6fcBTkitGkCx7+2YVAk=">AAAB9HicbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFIfUltqBzXaa06TrCdiirKd7AwgBArH8PG3+C0GaDlSJaOzrlX9/h4EWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXvj28xvT6hULBQNPY2oG+ChYD4jWBvJ7QVYjzw/eUofGqhfrthVewa0TJycVCBHvV/+6g1CEgdUaMKxUl3HjrSbYKkZ4TQt9WJFI0zGeEi7hgocUOUms9ApOjHKAPmhNE9oNFN/byQ4UGoaeGYyC6kWvUz8z+vG2r92EyaiWFNB5of8mCMdoqwBNGCSEs2nhmAimcmKyAhLTLTpqWRKcBa/vExaZ1Xnsnpxf16p3eR1FOEIjuEUHLiCGtxBHZpA4BGe4RXerIn1Yr1bH/PRgpXvHMIfWJ8/u5GSFg==</latexit>

xT
<latexit sha1_base64="I3aT978UXVwCsuApmqYrngB9vQs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJJMxDLKG/4caFIm79GXf+jZM2C209MHA4517umROmnCntut/O0vLK6tp6aaO8ubW9s1vZ22+pxEhCmyThieyEWFHOBG1qpjntpJLiOOS0HY5ucr/9SKViibjX45QGMR4IFjGCtZV8P8Z6GEbZ0+TB7VWqbs2dAi0SryBVKNDoVb78fkJMTIUmHCvV9dxUBxmWmhFOJ2XfKJpiMsID2rVU4JiqIJtmnqBjq/RRlEj7hEZT9fdGhmOlxnFoJ/OMat7Lxf+8rtHRVZAxkRpNBZkdigxHOkF5AajPJCWajy3BRDKbFZEhlphoW1PZluDNf3mRtE5r3kXt/O6sWr8u6ijBIRzBCXhwCXW4hQY0gUAKz/AKb45xXpx352M2uuQUOwfwB87nDyqXkcg=</latexit>

x0

Machine Learning Model

<latexit sha1_base64="bK3JOfs6QutPXwJA66ZGXt7E+1E=">AAACC3icbZDJSgNBEIZ74h63qEcvTYIQQcKMuB1FLx4jZINMDD2dmqRJz0J3jRiG3L34Kl48KOLVF/Dm29hZDpr4Q8PHX1V01e/FUmi07W8rs7C4tLyyupZd39jc2s7t7NZ0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+P6vV7UFpEYQUHMbQC1g2FLzhDY7VzeRdiLaTB1MUeIBsW3YBhz/PTh+Fd5YhWDtu5gl2yx6Lz4EyhQKYqt3NfbifiSQAhcsm0bjp2jK2UKRRcwjDrJhpixvusC02DIQtAt9LxLUN6YJwO9SNlXoh07P6eSFmg9SDwTOdoTz1bG5n/1ZoJ+hetVIRxghDyyUd+IilGdBQM7QgFHOXAAONKmF0p7zHFOJr4siYEZ/bkeagdl5yz0untSeHyahrHKtkneVIkDjknl+SGlEmVcPJInskrebOerBfr3fqYtGas6cwe+SPr8wcMWJsJ</latexit>

✏✓(x
T , T )
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<latexit sha1_base64="YPyuobvY23U731p4MP2ND7BQcgY=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARKkhJxKrLohvdSIXeoKllMp20QycXZiZiCXkSN76KGxeKCK70bZykKWjrgYGP/z+HOee3A0aFNIxvLbewuLS8kl8trK1vbG7p2ztN4Ycckwb2mc/bNhKEUY80JJWMtANOkGsz0rJHl4nfuidcUN+ry3FAui4aeNShGEkl9fSK5SI5tJ3oIb6rQ0tQF6YKRiy6iUtT14iP4JSv48OeXjTKRlpwHswMiiCrWk//tPo+Dl3iScyQEB3TCGQ3QlxSzEhcsEJBAoRHaEA6Cj3kEtGN0vNieKCUPnR8rp4nYar+noiQK8TYtVVnsqKY9RLxP68TSue8G1EvCCXx8OQjJ2RQ+jDJCvYpJ1iysQKEOVW7QjxEHGGpEi2oEMzZk+eheVw2T8uV25Ni9SKLIw/2wD4oAROcgSq4AjXQABg8gmfwCt60J+1Fe9c+Jq05LZvZBX9K+/oBh9yiug==</latexit>

xT ⇠ N (0, I)

How do we get this clean image?

<latexit sha1_base64="32IEt8pk6fcBTkitGkCx7+2YVAk=">AAAB9HicbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFIfUltqBzXaa06TrCdiirKd7AwgBArH8PG3+C0GaDlSJaOzrlX9/h4EWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXvj28xvT6hULBQNPY2oG+ChYD4jWBvJ7QVYjzw/eUofGqhfrthVewa0TJycVCBHvV/+6g1CEgdUaMKxUl3HjrSbYKkZ4TQt9WJFI0zGeEi7hgocUOUms9ApOjHKAPmhNE9oNFN/byQ4UGoaeGYyC6kWvUz8z+vG2r92EyaiWFNB5of8mCMdoqwBNGCSEs2nhmAimcmKyAhLTLTpqWRKcBa/vExaZ1Xnsnpxf16p3eR1FOEIjuEUHLiCGtxBHZpA4BGe4RXerIn1Yr1bH/PRgpXvHMIfWJ8/u5GSFg==</latexit>

xT

Machine Learning Model

<latexit sha1_base64="bK3JOfs6QutPXwJA66ZGXt7E+1E=">AAACC3icbZDJSgNBEIZ74h63qEcvTYIQQcKMuB1FLx4jZINMDD2dmqRJz0J3jRiG3L34Kl48KOLVF/Dm29hZDpr4Q8PHX1V01e/FUmi07W8rs7C4tLyyupZd39jc2s7t7NZ0lCgOVR7JSDU8pkGKEKooUEIjVsACT0Ld61+P6vV7UFpEYQUHMbQC1g2FLzhDY7VzeRdiLaTB1MUeIBsW3YBhz/PTh+Fd5YhWDtu5gl2yx6Lz4EyhQKYqt3NfbifiSQAhcsm0bjp2jK2UKRRcwjDrJhpixvusC02DIQtAt9LxLUN6YJwO9SNlXoh07P6eSFmg9SDwTOdoTz1bG5n/1ZoJ+hetVIRxghDyyUd+IilGdBQM7QgFHOXAAONKmF0p7zHFOJr4siYEZ/bkeagdl5yz0untSeHyahrHKtkneVIkDjknl+SGlEmVcPJInskrebOerBfr3fqYtGas6cwe+SPr8wcMWJsJ</latexit>

✏✓(x
T , T )

<latexit sha1_base64="zPOmgidoudkCxf6H5DLRuFmQIeE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsKfUEby2Q6aYdOJmFmUiwhf+LGhSJu/RN3/o2TtgttPTBwOOde7pnjx5wp7TjfVmFldW19o7hZ2tre2d2z9w+aKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJHd7nfGlOpWCTqehJTL8QDwQJGsDZSz7a7IdZDP0ifsse0fuZmPbvsVJwp0DJx56QMc9R69le3H5EkpEITjpXquE6svRRLzQinWambKBpjMsID2jFU4JAqL50mz9CJUfooiKR5QqOp+nsjxaFSk9A3k3lOtejl4n9eJ9HBjZcyESeaCjI7FCQc6QjlNaA+k5RoPjEEE8lMVkSGWGKiTVklU4K7+OVl0jyvuFeVy4eLcvV2XkcRjuAYTsGFa6jCPdSgAQTG8Ayv8Gal1ov1bn3MRgvWfOcQ/sD6/AGJV5Ob</latexit>

xT�1

— =

* Note there are extra weighting terms

<latexit sha1_base64="3CpJrAm2Gc9LCZZcEvVVEPCUpAE=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIr2XRjcsK9gFNCJPppB06mcSZG6GGfokbF4q49VPc+TdO2yy09cCFwzn3cu89YSq4Bsf5tkorq2vrG+XNytb2zm7V3ttv6yRTlLVoIhLVDYlmgkvWAg6CdVPFSBwK1glHN1O/88iU5om8h3HK/JgMJI84JWCkwK56+kFB7hGRDkkAk8CuOXVnBrxM3ILUUIFmYH95/YRmMZNABdG65zop+DlRwKlgk4qXaZYSOiID1jNUkphpP58dPsHHRunjKFGmJOCZ+nsiJ7HW4zg0nTGBoV70puJ/Xi+D6MrPuUwzYJLOF0WZwJDgaQq4zxWjIMaGEKq4uRXTIVGEgsmqYkJwF19eJu3TuntRP787qzWuizjK6BAdoRPkokvUQLeoiVqIogw9o1f0Zj1ZL9a79TFvLVnFzAH6A+vzB3Mck54=</latexit>p
↵t

<latexit sha1_base64="+jGuiLr50B7t5+YBd15R/uW9B4Q=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgxpKIr2XRjcsK9gFNCJPptB06mcSZG6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89YSK4Bsf5tgpLyyura8X10sbm1vaOXd5t6jhVlDVoLGLVDolmgkvWAA6CtRPFSBQK1gqH1xO/9cCU5rG8g1HC/Ij0Je9xSsBIgV329L2CzD32iEgGJIBxYFecqjMFXiRuTiooRz2wv7xuTNOISaCCaN1xnQT8jCjgVLBxyUs1Swgdkj7rGCpJxLSfTU8f40OjdHEvVqYk4Kn6eyIjkdajKDSdEYGBnvcm4n9eJ4XepZ9xmaTAJJ0t6qUCQ4wnOeAuV4yCGBlCqOLmVkwHRBEKJq2SCcGdf3mRNE+q7nn17Pa0UrvK4yiifXSAjpCLLlAN3aA6aiCKHtEzekVv1pP1Yr1bH7PWgpXP7KE/sD5/AFSklBA=</latexit>p
1� ↵t
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<latexit sha1_base64="YPyuobvY23U731p4MP2ND7BQcgY=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARKkhJxKrLohvdSIXeoKllMp20QycXZiZiCXkSN76KGxeKCK70bZykKWjrgYGP/z+HOee3A0aFNIxvLbewuLS8kl8trK1vbG7p2ztN4Ycckwb2mc/bNhKEUY80JJWMtANOkGsz0rJHl4nfuidcUN+ry3FAui4aeNShGEkl9fSK5SI5tJ3oIb6rQ0tQF6YKRiy6iUtT14iP4JSv48OeXjTKRlpwHswMiiCrWk//tPo+Dl3iScyQEB3TCGQ3QlxSzEhcsEJBAoRHaEA6Cj3kEtGN0vNieKCUPnR8rp4nYar+noiQK8TYtVVnsqKY9RLxP68TSue8G1EvCCXx8OQjJ2RQ+jDJCvYpJ1iysQKEOVW7QjxEHGGpEi2oEMzZk+eheVw2T8uV25Ni9SKLIw/2wD4oAROcgSq4AjXQABg8gmfwCt60J+1Fe9c+Jq05LZvZBX9K+/oBh9yiug==</latexit>

xT ⇠ N (0, I)

2. Denoise

<latexit sha1_base64="32IEt8pk6fcBTkitGkCx7+2YVAk=">AAAB9HicbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFIfUltqBzXaa06TrCdiirKd7AwgBArH8PG3+C0GaDlSJaOzrlX9/h4EWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXvj28xvT6hULBQNPY2oG+ChYD4jWBvJ7QVYjzw/eUofGqhfrthVewa0TJycVCBHvV/+6g1CEgdUaMKxUl3HjrSbYKkZ4TQt9WJFI0zGeEi7hgocUOUms9ApOjHKAPmhNE9oNFN/byQ4UGoaeGYyC6kWvUz8z+vG2r92EyaiWFNB5of8mCMdoqwBNGCSEs2nhmAimcmKyAhLTLTpqWRKcBa/vExaZ1Xnsnpxf16p3eR1FOEIjuEUHLiCGtxBHZpA4BGe4RXerIn1Yr1bH/PRgpXvHMIfWJ8/u5GSFg==</latexit>

xT
<latexit sha1_base64="zPOmgidoudkCxf6H5DLRuFmQIeE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsKfUEby2Q6aYdOJmFmUiwhf+LGhSJu/RN3/o2TtgttPTBwOOde7pnjx5wp7TjfVmFldW19o7hZ2tre2d2z9w+aKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJHd7nfGlOpWCTqehJTL8QDwQJGsDZSz7a7IdZDP0ifsse0fuZmPbvsVJwp0DJx56QMc9R69le3H5EkpEITjpXquE6svRRLzQinWambKBpjMsID2jFU4JAqL50mz9CJUfooiKR5QqOp+nsjxaFSk9A3k3lOtejl4n9eJ9HBjZcyESeaCjI7FCQc6QjlNaA+k5RoPjEEE8lMVkSGWGKiTVklU4K7+OVl0jyvuFeVy4eLcvV2XkcRjuAYTsGFa6jCPdSgAQTG8Ayv8Gal1ov1bn3MRgvWfOcQ/sD6/AGJV5Ob</latexit>

xT�1
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<latexit sha1_base64="YPyuobvY23U731p4MP2ND7BQcgY=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARKkhJxKrLohvdSIXeoKllMp20QycXZiZiCXkSN76KGxeKCK70bZykKWjrgYGP/z+HOee3A0aFNIxvLbewuLS8kl8trK1vbG7p2ztN4Ycckwb2mc/bNhKEUY80JJWMtANOkGsz0rJHl4nfuidcUN+ry3FAui4aeNShGEkl9fSK5SI5tJ3oIb6rQ0tQF6YKRiy6iUtT14iP4JSv48OeXjTKRlpwHswMiiCrWk//tPo+Dl3iScyQEB3TCGQ3QlxSzEhcsEJBAoRHaEA6Cj3kEtGN0vNieKCUPnR8rp4nYar+noiQK8TYtVVnsqKY9RLxP68TSue8G1EvCCXx8OQjJ2RQ+jDJCvYpJ1iysQKEOVW7QjxEHGGpEi2oEMzZk+eheVw2T8uV25Ni9SKLIw/2wD4oAROcgSq4AjXQABg8gmfwCt60J+1Fe9c+Jq05LZvZBX9K+/oBh9yiug==</latexit>

xT ⇠ N (0, I)

<latexit sha1_base64="zPOmgidoudkCxf6H5DLRuFmQIeE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsKfUEby2Q6aYdOJmFmUiwhf+LGhSJu/RN3/o2TtgttPTBwOOde7pnjx5wp7TjfVmFldW19o7hZ2tre2d2z9w+aKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJHd7nfGlOpWCTqehJTL8QDwQJGsDZSz7a7IdZDP0ifsse0fuZmPbvsVJwp0DJx56QMc9R69le3H5EkpEITjpXquE6svRRLzQinWambKBpjMsID2jFU4JAqL50mz9CJUfooiKR5QqOp+nsjxaFSk9A3k3lOtejl4n9eJ9HBjZcyESeaCjI7FCQc6QjlNaA+k5RoPjEEE8lMVkSGWGKiTVklU4K7+OVl0jyvuFeVy4eLcvV2XkcRjuAYTsGFa6jCPdSgAQTG8Ayv8Gal1ov1bn3MRgvWfOcQ/sD6/AGJV5Ob</latexit>

xT�1
<latexit sha1_base64="aCWM849O2YWHcI5yFdDi2DtbTYQ=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWJLia1l047JCX9DGMplO2qGTSZiZFEvon7hxoYhb/8Sdf+OkzUJbDwwczrmXe+b4MWdKO863tbK6tr6xWdgqbu/s7u3bB4dNFSWS0AaJeCTbPlaUM0EbmmlO27GkOPQ5bfmju8xvjalULBJ1PYmpF+KBYAEjWBupZ9vdEOuhH6RP08e0fl6Z9uySU3ZmQMvEzUkJctR69le3H5EkpEITjpXquE6svRRLzQin02I3UTTGZIQHtGOowCFVXjpLPkWnRumjIJLmCY1m6u+NFIdKTULfTGY51aKXif95nUQHN17KRJxoKsj8UJBwpCOU1YD6TFKi+cQQTCQzWREZYomJNmUVTQnu4peXSbNSdq/Klw8XpeptXkcBjuEEzsCFa6jCPdSgAQTG8Ayv8Gal1ov1bn3MR1esfOcI/sD6/AGK3JOc</latexit>

xT�2

2. Denoise
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<latexit sha1_base64="YPyuobvY23U731p4MP2ND7BQcgY=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARKkhJxKrLohvdSIXeoKllMp20QycXZiZiCXkSN76KGxeKCK70bZykKWjrgYGP/z+HOee3A0aFNIxvLbewuLS8kl8trK1vbG7p2ztN4Ycckwb2mc/bNhKEUY80JJWMtANOkGsz0rJHl4nfuidcUN+ry3FAui4aeNShGEkl9fSK5SI5tJ3oIb6rQ0tQF6YKRiy6iUtT14iP4JSv48OeXjTKRlpwHswMiiCrWk//tPo+Dl3iScyQEB3TCGQ3QlxSzEhcsEJBAoRHaEA6Cj3kEtGN0vNieKCUPnR8rp4nYar+noiQK8TYtVVnsqKY9RLxP68TSue8G1EvCCXx8OQjJ2RQ+jDJCvYpJ1iysQKEOVW7QjxEHGGpEi2oEMzZk+eheVw2T8uV25Ni9SKLIw/2wD4oAROcgSq4AjXQABg8gmfwCt60J+1Fe9c+Jq05LZvZBX9K+/oBh9yiug==</latexit>

xT ⇠ N (0, I)

<latexit sha1_base64="I3aT978UXVwCsuApmqYrngB9vQs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJJMxDLKG/4caFIm79GXf+jZM2C209MHA4517umROmnCntut/O0vLK6tp6aaO8ubW9s1vZ22+pxEhCmyThieyEWFHOBG1qpjntpJLiOOS0HY5ucr/9SKViibjX45QGMR4IFjGCtZV8P8Z6GEbZ0+TB7VWqbs2dAi0SryBVKNDoVb78fkJMTIUmHCvV9dxUBxmWmhFOJ2XfKJpiMsID2rVU4JiqIJtmnqBjq/RRlEj7hEZT9fdGhmOlxnFoJ/OMat7Lxf+8rtHRVZAxkRpNBZkdigxHOkF5AajPJCWajy3BRDKbFZEhlphoW1PZluDNf3mRtE5r3kXt/O6sWr8u6ijBIRzBCXhwCXW4hQY0gUAKz/AKb45xXpx352M2uuQUOwfwB87nDyqXkcg=</latexit>

x0
<latexit sha1_base64="aCWM849O2YWHcI5yFdDi2DtbTYQ=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWJLia1l047JCX9DGMplO2qGTSZiZFEvon7hxoYhb/8Sdf+OkzUJbDwwczrmXe+b4MWdKO863tbK6tr6xWdgqbu/s7u3bB4dNFSWS0AaJeCTbPlaUM0EbmmlO27GkOPQ5bfmju8xvjalULBJ1PYmpF+KBYAEjWBupZ9vdEOuhH6RP08e0fl6Z9uySU3ZmQMvEzUkJctR69le3H5EkpEITjpXquE6svRRLzQin02I3UTTGZIQHtGOowCFVXjpLPkWnRumjIJLmCY1m6u+NFIdKTULfTGY51aKXif95nUQHN17KRJxoKsj8UJBwpCOU1YD6TFKi+cQQTCQzWREZYomJNmUVTQnu4peXSbNSdq/Klw8XpeptXkcBjuEEzsCFa6jCPdSgAQTG8Ayv8Gal1ov1bn3MR1esfOcI/sD6/AGK3JOc</latexit>

xT�2

2. Denoise
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Machine Learning Model?

<latexit sha1_base64="32IEt8pk6fcBTkitGkCx7+2YVAk=">AAAB9HicbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFIfUltqBzXaa06TrCdiirKd7AwgBArH8PG3+C0GaDlSJaOzrlX9/h4EWdK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXvj28xvT6hULBQNPY2oG+ChYD4jWBvJ7QVYjzw/eUofGqhfrthVewa0TJycVCBHvV/+6g1CEgdUaMKxUl3HjrSbYKkZ4TQt9WJFI0zGeEi7hgocUOUms9ApOjHKAPmhNE9oNFN/byQ4UGoaeGYyC6kWvUz8z+vG2r92EyaiWFNB5of8mCMdoqwBNGCSEs2nhmAimcmKyAhLTLTpqWRKcBa/vExaZ1Xnsnpxf16p3eR1FOEIjuEUHLiCGtxBHZpA4BGe4RXerIn1Yr1bH/PRgpXvHMIfWJ8/u5GSFg==</latexit>

xT
<latexit sha1_base64="I3aT978UXVwCsuApmqYrngB9vQs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJJMxDLKG/4caFIm79GXf+jZM2C209MHA4517umROmnCntut/O0vLK6tp6aaO8ubW9s1vZ22+pxEhCmyThieyEWFHOBG1qpjntpJLiOOS0HY5ucr/9SKViibjX45QGMR4IFjGCtZV8P8Z6GEbZ0+TB7VWqbs2dAi0SryBVKNDoVb78fkJMTIUmHCvV9dxUBxmWmhFOJ2XfKJpiMsID2rVU4JiqIJtmnqBjq/RRlEj7hEZT9fdGhmOlxnFoJ/OMat7Lxf+8rtHRVZAxkRpNBZkdigxHOkF5AajPJCWajy3BRDKbFZEhlphoW1PZluDNf3mRtE5r3kXt/O6sWr8u6ijBIRzBCXhwCXW4hQY0gUAKz/AKb45xXpx352M2uuQUOwfwB87nDyqXkcg=</latexit>

x0
<latexit sha1_base64="TiunfhzdNARBSysZ2a0a3HeyOmI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVZqdzHRXMSyV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgIeIZXeHMenRfn3fmYtxacfOYQ/sD5/AFQEZAq</latexit>✏

<latexit sha1_base64="O4wUGhM5+3nsnR4gjwGw7afOX3s="></latexit>

Et,x0,✏t ||✏✓(x
t, t)� ✏t||2
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Want to fit                          
with

<latexit sha1_base64="F4XspmaD68aGcAUjlTqzACJo2XA=">AAACS3icdVBLS8NAGNxUq7W+qh69LBahHiyJ+LoIRS8eK9gHNqVstpt26WYTdjdiCPl/Xrx480948aCIBzdpQW3rwMIwMx/ft+MEjEplmi9GbmExv7RcWCmurq1vbJa2tpvSDwUmDewzX7QdJAmjnDQUVYy0A0GQ5zDSckZXqd+6J0JSn9+qKCBdDw04dSlGSku9kmNz5DDUi20PqaHjxg9JAm3mD+Kg8iMdJPACzklmwSiBh/+adwnslcpm1cwAZ4k1IWUwQb1Xerb7Pg49whVmSMqOZQaqGyOhKGYkKdqhJAHCIzQgHU058ojsxlkXCdzXSh+6vtCPK5ipvydi5EkZeY5OpqfKaS8V53mdULnn3ZjyIFSE4/EiN2RQ+TAtFvapIFixSBOEBdW3QjxEAmGl6y/qEqzpL8+S5lHVOq2e3ByXa5eTOgpgF+yBCrDAGaiBa1AHDYDBI3gF7+DDeDLejE/jaxzNGZOZHfAHufw3jHi2FQ==</latexit>

rx log p(x) = rx log y �rx logZ
<latexit sha1_base64="CAm723sm7YAyVjxrr2ouDYwmF9I=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIr2XRjcsK9gFNCJPppB06eTBzI9ZQ/BU3LhRx63+482+ctFlo64GBwzn3cs8cPxFcgWV9GwuLS8srq6W18vrG5ta2ubPbUnEqKWvSWMSy4xPFBI9YEzgI1kkkI6EvWNsfXud++55JxePoDkYJc0PSj3jAKQEteea+8hwYMCBVJyQw8IPsYXzsmRWrZk2A54ldkAoq0PDML6cX0zRkEVBBlOraVgJuRiRwKti47KSKJYQOSZ91NY1IyJSbTdKP8ZFWejiIpX4R4In6eyMjoVKj0NeTeUQ16+Xif143heDSzXiUpMAiOj0UpAJDjPMqcI9LRkGMNCFUcp0V0wGRhIIurKxLsGe/PE9aJzX7vHZ2e1qpXxV1lNABOkRVZKMLVEc3qIGaiKJH9Ixe0ZvxZLwY78bHdHTBKHb20B8Ynz+RopVQ</latexit>

s✓(x)
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<latexit sha1_base64="NbUfGDKj/X/tXOjmjXbNem/WUUU=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQNyURX8uiG5cV7APaUCbTSTt0Mokzk2IJ/Q43LhRx68e482+ctFlo64GBwzn3cs8cP+ZMacf5tgorq2vrG8XN0tb2zu6evX/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/us381phKxSLxoCcx9UI8ECxgBGsjeXGlG2I99IP0aXras8tO1ZkBLRM3J2XIUe/ZX91+RJKQCk04VqrjOrH2Uiw1I5xOS91E0RiTER7QjqECh1R56Sz0FJ0YpY+CSJonNJqpvzdSHCo1CX0zmUVUi14m/ud1Eh1ceykTcaKpIPNDQcKRjlDWAOozSYnmE0MwkcxkRWSIJSba9FQyJbiLX14mzbOqe1m9uD8v127yOopwBMdQAReuoAZ3UIcGEHiEZ3iFN2tsvVjv1sd8tGDlO4fwB9bnD585kgU=</latexit>

p(x) is unknown!

Want to fit                          
with

<latexit sha1_base64="F4XspmaD68aGcAUjlTqzACJo2XA=">AAACS3icdVBLS8NAGNxUq7W+qh69LBahHiyJ+LoIRS8eK9gHNqVstpt26WYTdjdiCPl/Xrx480948aCIBzdpQW3rwMIwMx/ft+MEjEplmi9GbmExv7RcWCmurq1vbJa2tpvSDwUmDewzX7QdJAmjnDQUVYy0A0GQ5zDSckZXqd+6J0JSn9+qKCBdDw04dSlGSku9kmNz5DDUi20PqaHjxg9JAm3mD+Kg8iMdJPACzklmwSiBh/+adwnslcpm1cwAZ4k1IWUwQb1Xerb7Pg49whVmSMqOZQaqGyOhKGYkKdqhJAHCIzQgHU058ojsxlkXCdzXSh+6vtCPK5ipvydi5EkZeY5OpqfKaS8V53mdULnn3ZjyIFSE4/EiN2RQ+TAtFvapIFixSBOEBdW3QjxEAmGl6y/qEqzpL8+S5lHVOq2e3ByXa5eTOgpgF+yBCrDAGaiBa1AHDYDBI3gF7+DDeDLejE/jaxzNGZOZHfAHufw3jHi2FQ==</latexit>

rx log p(x) = rx log y �rx logZ
<latexit sha1_base64="CAm723sm7YAyVjxrr2ouDYwmF9I=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIr2XRjcsK9gFNCJPppB06eTBzI9ZQ/BU3LhRx63+482+ctFlo64GBwzn3cs8cPxFcgWV9GwuLS8srq6W18vrG5ta2ubPbUnEqKWvSWMSy4xPFBI9YEzgI1kkkI6EvWNsfXud++55JxePoDkYJc0PSj3jAKQEteea+8hwYMCBVJyQw8IPsYXzsmRWrZk2A54ldkAoq0PDML6cX0zRkEVBBlOraVgJuRiRwKti47KSKJYQOSZ91NY1IyJSbTdKP8ZFWejiIpX4R4In6eyMjoVKj0NeTeUQ16+Xif143heDSzXiUpMAiOj0UpAJDjPMqcI9LRkGMNCFUcp0V0wGRhIIurKxLsGe/PE9aJzX7vHZ2e1qpXxV1lNABOkRVZKMLVEc3qIGaiKJH9Ixe0ZvxZLwY78bHdHTBKHb20B8Ynz+RopVQ</latexit>

s✓(x)
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<latexit sha1_base64="NbUfGDKj/X/tXOjmjXbNem/WUUU=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQNyURX8uiG5cV7APaUCbTSTt0Mokzk2IJ/Q43LhRx68e482+ctFlo64GBwzn3cs8cP+ZMacf5tgorq2vrG8XN0tb2zu6evX/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/us381phKxSLxoCcx9UI8ECxgBGsjeXGlG2I99IP0aXras8tO1ZkBLRM3J2XIUe/ZX91+RJKQCk04VqrjOrH2Uiw1I5xOS91E0RiTER7QjqECh1R56Sz0FJ0YpY+CSJonNJqpvzdSHCo1CX0zmUVUi14m/ud1Eh1ceykTcaKpIPNDQcKRjlDWAOozSYnmE0MwkcxkRWSIJSba9FQyJbiLX14mzbOqe1m9uD8v127yOopwBMdQAReuoAZ3UIcGEHiEZ3iFN2tsvVjv1sd8tGDlO4fwB9bnD585kgU=</latexit>

p(x) is unknown!

Want to fit                          
with

<latexit sha1_base64="F4XspmaD68aGcAUjlTqzACJo2XA=">AAACS3icdVBLS8NAGNxUq7W+qh69LBahHiyJ+LoIRS8eK9gHNqVstpt26WYTdjdiCPl/Xrx480948aCIBzdpQW3rwMIwMx/ft+MEjEplmi9GbmExv7RcWCmurq1vbJa2tpvSDwUmDewzX7QdJAmjnDQUVYy0A0GQ5zDSckZXqd+6J0JSn9+qKCBdDw04dSlGSku9kmNz5DDUi20PqaHjxg9JAm3mD+Kg8iMdJPACzklmwSiBh/+adwnslcpm1cwAZ4k1IWUwQb1Xerb7Pg49whVmSMqOZQaqGyOhKGYkKdqhJAHCIzQgHU058ojsxlkXCdzXSh+6vtCPK5ipvydi5EkZeY5OpqfKaS8V53mdULnn3ZjyIFSE4/EiN2RQ+TAtFvapIFixSBOEBdW3QjxEAmGl6y/qEqzpL8+S5lHVOq2e3ByXa5eTOgpgF+yBCrDAGaiBa1AHDYDBI3gF7+DDeDLejE/jaxzNGZOZHfAHufw3jHi2FQ==</latexit>

rx log p(x) = rx log y �rx logZ
<latexit sha1_base64="CAm723sm7YAyVjxrr2ouDYwmF9I=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIr2XRjcsK9gFNCJPppB06eTBzI9ZQ/BU3LhRx63+482+ctFlo64GBwzn3cs8cPxFcgWV9GwuLS8srq6W18vrG5ta2ubPbUnEqKWvSWMSy4xPFBI9YEzgI1kkkI6EvWNsfXud++55JxePoDkYJc0PSj3jAKQEteea+8hwYMCBVJyQw8IPsYXzsmRWrZk2A54ldkAoq0PDML6cX0zRkEVBBlOraVgJuRiRwKti47KSKJYQOSZ91NY1IyJSbTdKP8ZFWejiIpX4R4In6eyMjoVKj0NeTeUQ16+Xif143heDSzXiUpMAiOj0UpAJDjPMqcI9LRkGMNCFUcp0V0wGRhIIurKxLsGe/PE9aJzX7vHZ2e1qpXxV1lNABOkRVZKMLVEc3qIGaiKJH9Ixe0ZvxZLwY78bHdHTBKHb20B8Ynz+RopVQ</latexit>

s✓(x)

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x
<latexit sha1_base64="hMDE2pgMov4gwAnHiDrBHOHU5m4=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtpiTia1l047KCfUATwmQyaYdOHs5MpCXmG9z4K25cKOLWlTv/xkkbQVsPXDiccy/33uPGjAppGF/awuLS8spqaa28vrG5ta3v7LZFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIxx1e5n7njnBBo/BGjmNiB6gfUp9iJJXk6LVbxxK0H6CqFSA5cP3UkpR5JB1lGbyHP+Ioqzl6xagbE8B5YhakAgo0Hf3T8iKcBCSUmCEheqYRSztFXFLMSFa2EkFihIeoT3qKhiggwk4nL2XwUCke9COuKpRwov6eSFEgxDhwVWd+opj1cvE/r5dI/9xOaRgnkoR4ushPGJQRzPOBHuUESzZWBGFO1a0QDxBHWKoUyyoEc/bledI+qpun9ZPr40rjooijBPbBAagCE5yBBrgCTdACGDyAJ/ACXrVH7Vl7096nrQtaMbMH/kD7+AZA3Z57</latexit>

q�(x̃|x)
<latexit sha1_base64="pWQbGeRxJaAn9Znn2t8RXKJZgxY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUnE17LoxmUF+4AmlMlk0g6dPJiZSEvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+Z4CWdSWda3UVlb39jcqm7Xdnb39g/Mw3pXxqkgtENiHou+hyXlLKIdxRSn/URQHHqc9rzJXeH3nqiQLI4e1SyhbohHEQsYwUpLQ7PuhFiNvSBzFOM+zaZ5PjQbVtOaA60SuyQNKNEeml+OH5M0pJEiHEs5sK1EuRkWihFO85qTSppgMsEjOtA0wiGVbjbPnqNTrfgoiIV+kUJz9fdGhkMpZ6GnJ4ukctkrxP+8QaqCGzdjUZIqGpHFoSDlSMWoKAL5TFCi+EwTTATTWREZY4GJ0nXVdAn28pdXSfe8aV81Lx8uGq3bso4qHMMJnIEN19CCe2hDBwhM4Rle4c3IjRfj3fhYjFaMcucI/sD4/AHz7ZUN</latexit>

x̃
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<latexit sha1_base64="NbUfGDKj/X/tXOjmjXbNem/WUUU=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQNyURX8uiG5cV7APaUCbTSTt0Mokzk2IJ/Q43LhRx68e482+ctFlo64GBwzn3cs8cP+ZMacf5tgorq2vrG8XN0tb2zu6evX/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/us381phKxSLxoCcx9UI8ECxgBGsjeXGlG2I99IP0aXras8tO1ZkBLRM3J2XIUe/ZX91+RJKQCk04VqrjOrH2Uiw1I5xOS91E0RiTER7QjqECh1R56Sz0FJ0YpY+CSJonNJqpvzdSHCo1CX0zmUVUi14m/ud1Eh1ceykTcaKpIPNDQcKRjlDWAOozSYnmE0MwkcxkRWSIJSba9FQyJbiLX14mzbOqe1m9uD8v127yOopwBMdQAReuoAZ3UIcGEHiEZ3iFN2tsvVjv1sd8tGDlO4fwB9bnD585kgU=</latexit>

p(x) is unknown!

Want to fit                          
with

<latexit sha1_base64="F4XspmaD68aGcAUjlTqzACJo2XA=">AAACS3icdVBLS8NAGNxUq7W+qh69LBahHiyJ+LoIRS8eK9gHNqVstpt26WYTdjdiCPl/Xrx480948aCIBzdpQW3rwMIwMx/ft+MEjEplmi9GbmExv7RcWCmurq1vbJa2tpvSDwUmDewzX7QdJAmjnDQUVYy0A0GQ5zDSckZXqd+6J0JSn9+qKCBdDw04dSlGSku9kmNz5DDUi20PqaHjxg9JAm3mD+Kg8iMdJPACzklmwSiBh/+adwnslcpm1cwAZ4k1IWUwQb1Xerb7Pg49whVmSMqOZQaqGyOhKGYkKdqhJAHCIzQgHU058ojsxlkXCdzXSh+6vtCPK5ipvydi5EkZeY5OpqfKaS8V53mdULnn3ZjyIFSE4/EiN2RQ+TAtFvapIFixSBOEBdW3QjxEAmGl6y/qEqzpL8+S5lHVOq2e3ByXa5eTOgpgF+yBCrDAGaiBa1AHDYDBI3gF7+DDeDLejE/jaxzNGZOZHfAHufw3jHi2FQ==</latexit>

rx log p(x) = rx log y �rx logZ
<latexit sha1_base64="CAm723sm7YAyVjxrr2ouDYwmF9I=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIr2XRjcsK9gFNCJPppB06eTBzI9ZQ/BU3LhRx63+482+ctFlo64GBwzn3cs8cPxFcgWV9GwuLS8srq6W18vrG5ta2ubPbUnEqKWvSWMSy4xPFBI9YEzgI1kkkI6EvWNsfXud++55JxePoDkYJc0PSj3jAKQEteea+8hwYMCBVJyQw8IPsYXzsmRWrZk2A54ldkAoq0PDML6cX0zRkEVBBlOraVgJuRiRwKti47KSKJYQOSZ91NY1IyJSbTdKP8ZFWejiIpX4R4In6eyMjoVKj0NeTeUQ16+Xif143heDSzXiUpMAiOj0UpAJDjPMqcI9LRkGMNCFUcp0V0wGRhIIurKxLsGe/PE9aJzX7vHZ2e1qpXxV1lNABOkRVZKMLVEc3qIGaiKJH9Ixe0ZvxZLwY78bHdHTBKHb20B8Ynz+RopVQ</latexit>

s✓(x)

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x
<latexit sha1_base64="hMDE2pgMov4gwAnHiDrBHOHU5m4=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtpiTia1l047KCfUATwmQyaYdOHs5MpCXmG9z4K25cKOLWlTv/xkkbQVsPXDiccy/33uPGjAppGF/awuLS8spqaa28vrG5ta3v7LZFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIxx1e5n7njnBBo/BGjmNiB6gfUp9iJJXk6LVbxxK0H6CqFSA5cP3UkpR5JB1lGbyHP+Ioqzl6xagbE8B5YhakAgo0Hf3T8iKcBCSUmCEheqYRSztFXFLMSFa2EkFihIeoT3qKhiggwk4nL2XwUCke9COuKpRwov6eSFEgxDhwVWd+opj1cvE/r5dI/9xOaRgnkoR4ushPGJQRzPOBHuUESzZWBGFO1a0QDxBHWKoUyyoEc/bledI+qpun9ZPr40rjooijBPbBAagCE5yBBrgCTdACGDyAJ/ACXrVH7Vl7096nrQtaMbMH/kD7+AZA3Z57</latexit>

q�(x̃|x)
<latexit sha1_base64="pWQbGeRxJaAn9Znn2t8RXKJZgxY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUnE17LoxmUF+4AmlMlk0g6dPJiZSEvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+Z4CWdSWda3UVlb39jcqm7Xdnb39g/Mw3pXxqkgtENiHou+hyXlLKIdxRSn/URQHHqc9rzJXeH3nqiQLI4e1SyhbohHEQsYwUpLQ7PuhFiNvSBzFOM+zaZ5PjQbVtOaA60SuyQNKNEeml+OH5M0pJEiHEs5sK1EuRkWihFO85qTSppgMsEjOtA0wiGVbjbPnqNTrfgoiIV+kUJz9fdGhkMpZ6GnJ4ukctkrxP+8QaqCGzdjUZIqGpHFoSDlSMWoKAL5TFCi+EwTTATTWREZY4GJ0nXVdAn28pdXSfe8aV81Lx8uGq3bso4qHMMJnIEN19CCe2hDBwhM4Rle4c3IjRfj3fhYjFaMcucI/sD4/AHz7ZUN</latexit>

x̃

<latexit sha1_base64="/p93PVTdJSqbRkLVR/BSF/2ZAkg="></latexit>

Ex̃,x||s✓(x̃)�rx̃ log q�(x̃ | x)||2
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<latexit sha1_base64="NbUfGDKj/X/tXOjmjXbNem/WUUU=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQNyURX8uiG5cV7APaUCbTSTt0Mokzk2IJ/Q43LhRx68e482+ctFlo64GBwzn3cs8cP+ZMacf5tgorq2vrG8XN0tb2zu6evX/QVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/us381phKxSLxoCcx9UI8ECxgBGsjeXGlG2I99IP0aXras8tO1ZkBLRM3J2XIUe/ZX91+RJKQCk04VqrjOrH2Uiw1I5xOS91E0RiTER7QjqECh1R56Sz0FJ0YpY+CSJonNJqpvzdSHCo1CX0zmUVUi14m/ud1Eh1ceykTcaKpIPNDQcKRjlDWAOozSYnmE0MwkcxkRWSIJSba9FQyJbiLX14mzbOqe1m9uD8v127yOopwBMdQAReuoAZ3UIcGEHiEZ3iFN2tsvVjv1sd8tGDlO4fwB9bnD585kgU=</latexit>

p(x) is unknown!

Want to fit                          
with

<latexit sha1_base64="F4XspmaD68aGcAUjlTqzACJo2XA=">AAACS3icdVBLS8NAGNxUq7W+qh69LBahHiyJ+LoIRS8eK9gHNqVstpt26WYTdjdiCPl/Xrx480948aCIBzdpQW3rwMIwMx/ft+MEjEplmi9GbmExv7RcWCmurq1vbJa2tpvSDwUmDewzX7QdJAmjnDQUVYy0A0GQ5zDSckZXqd+6J0JSn9+qKCBdDw04dSlGSku9kmNz5DDUi20PqaHjxg9JAm3mD+Kg8iMdJPACzklmwSiBh/+adwnslcpm1cwAZ4k1IWUwQb1Xerb7Pg49whVmSMqOZQaqGyOhKGYkKdqhJAHCIzQgHU058ojsxlkXCdzXSh+6vtCPK5ipvydi5EkZeY5OpqfKaS8V53mdULnn3ZjyIFSE4/EiN2RQ+TAtFvapIFixSBOEBdW3QjxEAmGl6y/qEqzpL8+S5lHVOq2e3ByXa5eTOgpgF+yBCrDAGaiBa1AHDYDBI3gF7+DDeDLejE/jaxzNGZOZHfAHufw3jHi2FQ==</latexit>

rx log p(x) = rx log y �rx logZ
<latexit sha1_base64="CAm723sm7YAyVjxrr2ouDYwmF9I=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIr2XRjcsK9gFNCJPppB06eTBzI9ZQ/BU3LhRx63+482+ctFlo64GBwzn3cs8cPxFcgWV9GwuLS8srq6W18vrG5ta2ubPbUnEqKWvSWMSy4xPFBI9YEzgI1kkkI6EvWNsfXud++55JxePoDkYJc0PSj3jAKQEteea+8hwYMCBVJyQw8IPsYXzsmRWrZk2A54ldkAoq0PDML6cX0zRkEVBBlOraVgJuRiRwKti47KSKJYQOSZ91NY1IyJSbTdKP8ZFWejiIpX4R4In6eyMjoVKj0NeTeUQ16+Xif143heDSzXiUpMAiOj0UpAJDjPMqcI9LRkGMNCFUcp0V0wGRhIIurKxLsGe/PE9aJzX7vHZ2e1qpXxV1lNABOkRVZKMLVEc3qIGaiKJH9Ixe0ZvxZLwY78bHdHTBKHb20B8Ynz+RopVQ</latexit>

s✓(x)

<latexit sha1_base64="dasf5QzN237RWZiN+UItoDGYkUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPrAtJZPeaUMzmSHJiGXoX7hxoYhb/8adf2OmnYW2HggczrmXnHv8WHBtXPfbWVpeWV1bL2wUN7e2d3ZLe/sNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9uMr/5iErzSN6bcYzdkA4kDzijxkoPnZCaoR+kT5NeqexW3CnIIvFyUoYctV7pq9OPWBKiNExQrdueG5tuSpXhTOCk2Ek0xpSN6ADblkoaou6m08QTcmyVPgkiZZ80ZKr+3khpqPU49O1kllDPe5n4n9dOTHDVTbmME4OSzT4KEkFMRLLzSZ8rZEaMLaFMcZuVsCFVlBlbUtGW4M2fvEgapxXvonJ+d1auXud1FOAQjuAEPLiEKtxCDerAQMIzvMKbo50X5935mI0uOfnOAfyB8/kDAIiRJg==</latexit>x
<latexit sha1_base64="hMDE2pgMov4gwAnHiDrBHOHU5m4=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtpiTia1l047KCfUATwmQyaYdOHs5MpCXmG9z4K25cKOLWlTv/xkkbQVsPXDiccy/33uPGjAppGF/awuLS8spqaa28vrG5ta3v7LZFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIxx1e5n7njnBBo/BGjmNiB6gfUp9iJJXk6LVbxxK0H6CqFSA5cP3UkpR5JB1lGbyHP+Ioqzl6xagbE8B5YhakAgo0Hf3T8iKcBCSUmCEheqYRSztFXFLMSFa2EkFihIeoT3qKhiggwk4nL2XwUCke9COuKpRwov6eSFEgxDhwVWd+opj1cvE/r5dI/9xOaRgnkoR4ushPGJQRzPOBHuUESzZWBGFO1a0QDxBHWKoUyyoEc/bledI+qpun9ZPr40rjooijBPbBAagCE5yBBrgCTdACGDyAJ/ACXrVH7Vl7096nrQtaMbMH/kD7+AZA3Z57</latexit>

q�(x̃|x)
<latexit sha1_base64="pWQbGeRxJaAn9Znn2t8RXKJZgxY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUnE17LoxmUF+4AmlMlk0g6dPJiZSEvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+Z4CWdSWda3UVlb39jcqm7Xdnb39g/Mw3pXxqkgtENiHou+hyXlLKIdxRSn/URQHHqc9rzJXeH3nqiQLI4e1SyhbohHEQsYwUpLQ7PuhFiNvSBzFOM+zaZ5PjQbVtOaA60SuyQNKNEeml+OH5M0pJEiHEs5sK1EuRkWihFO85qTSppgMsEjOtA0wiGVbjbPnqNTrfgoiIV+kUJz9fdGhkMpZ6GnJ4ukctkrxP+8QaqCGzdjUZIqGpHFoSDlSMWoKAL5TFCi+EwTTATTWREZY4GJ0nXVdAn28pdXSfe8aV81Lx8uGq3bso4qHMMJnIEN19CCe2hDBwhM4Rle4c3IjRfj3fhYjFaMcucI/sD4/AHz7ZUN</latexit>

x̃

<latexit sha1_base64="/p93PVTdJSqbRkLVR/BSF/2ZAkg="></latexit>

Ex̃,x||s✓(x̃)�rx̃ log q�(x̃ | x)||2
<latexit sha1_base64="O4wUGhM5+3nsnR4gjwGw7afOX3s="></latexit>

Et,x0,✏t ||✏✓(x
t, t)� ✏t||2
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• More control for users. 
In contrast, unconditional generative model would need to use random seeds to control the output. 

• Empirically, conditional generative models are easier to train and perform 
better than unconditional ones.

Machine Learning Model

“A photo of a cat perching on a desk”
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<latexit sha1_base64="nQ0sTlxycAg122Q5kHGwsWcvV7g=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiBEkDAjbsegF48RzAKZGHo6NUmTnoXuGjEM+QAv/ooXD4p49QO8+Td2loMmFt3weO8VVfW8WAqNtv1tZRYWl5ZXsqu5tfWNza389k5NR4niUOWRjFTDYxqkCKGKAiU0YgUs8CTUvf7VSK/fg9IiCm9xEEMrYN1Q+IIzNFQ7X3Ah1kIa6GIPkBXdgGHP89OH4R0eUfMGh8Zll+xx0XngTEGBTKvSzn+5nYgnAYTIJdO66dgxtlKmUHAJw5ybaIgZ77MuNA0MWQC6lY6PGdIDw3SoHynzQ6Rj9ndHygKtB4FnnKNV9aw2Iv/Tmgn6F61UhHGCEPLJID+RFCM6SoZ2hAKOcmAA40qYXSnvMcU4mvxyJgRn9uR5UDsuOWel05uTQvlyGkeW7JF9UiQOOSdlck0qpEo4eSTP5JW8WU/Wi/VufUysGWvas0v+lPX5A03amyA=</latexit>

✏✓(x
t, t, y)

Semantic 
 Map

Conditioning 

Text
Repres 

entations

Denoising U-Net

* Modified based on Fig. 3, Rombach et al., “High-
Resolution Image Synthesis with Latent Diffusion Models”

<latexit sha1_base64="b+Jvdo41bM3PgFmmFGp4ygs5uUQ=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJg5kbsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z46fSKHRtr+tpeWV1bX10kZ5c2t7Z7eyt9/ScaoYb7JYxqrjU82liHgTBUreSRSnoS952x/d5H77kSst4ugexwn3QjqIRCAYRSO5bkhx6AfZ0+QBe5WqXbOnIIvEKUgVCjR6lS+3H7M05BEySbXuOnaCXkYVCib5pOymmieUjeiAdw2NaMi1l00zT8ixUfokiJV5EZKp+nsjo6HW49A3k3lGPe/l4n9eN8XgystElKTIIzY7FKSSYEzyAkhfKM5Qjg2hTAmTlbAhVZShqalsSnDmv7xIWqc156J2fndWrV8XdZTgEI7gBBy4hDrcQgOawCCBZ3iFNyu1Xqx362M2umQVOwfwB9bnD5Gnkgw=</latexit>

xt
<latexit sha1_base64="VvXXtDL+nVLIAABFXPgGiBqG1GA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhuLIn4WhbduKxgH9DGMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxY8E1OM63tbS8srq2Xtoob25t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oNvdbY6Y0j+QDTGLmhWQgecApASP1bLsbEhj6QfqUPaZw6mY9u+JUnSnwInELUkEF6j37q9uPaBIyCVQQrTuuE4OXEgWcCpaVu4lmMaEjMmAdQyUJmfbSafIMHxulj4NImScBT9XfGykJtZ6EvpnMc+p5Lxf/8zoJBNdeymWcAJN0dihIBIYI5zXgPleMgpgYQqjiJiumQ6IIBVNW2ZTgzn95kTTPqu5l9eL+vFK7KeoooUN0hE6Qi65QDd2hOmogisboGb2iNyu1Xqx362M2umQVOwfoD6zPH7o3k7s=</latexit>

xt�1
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<latexit sha1_base64="nQ0sTlxycAg122Q5kHGwsWcvV7g=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiBEkDAjbsegF48RzAKZGHo6NUmTnoXuGjEM+QAv/ooXD4p49QO8+Td2loMmFt3weO8VVfW8WAqNtv1tZRYWl5ZXsqu5tfWNza389k5NR4niUOWRjFTDYxqkCKGKAiU0YgUs8CTUvf7VSK/fg9IiCm9xEEMrYN1Q+IIzNFQ7X3Ah1kIa6GIPkBXdgGHP89OH4R0eUfMGh8Zll+xx0XngTEGBTKvSzn+5nYgnAYTIJdO66dgxtlKmUHAJw5ybaIgZ77MuNA0MWQC6lY6PGdIDw3SoHynzQ6Rj9ndHygKtB4FnnKNV9aw2Iv/Tmgn6F61UhHGCEPLJID+RFCM6SoZ2hAKOcmAA40qYXSnvMcU4mvxyJgRn9uR5UDsuOWel05uTQvlyGkeW7JF9UiQOOSdlck0qpEo4eSTP5JW8WU/Wi/VufUysGWvas0v+lPX5A03amyA=</latexit>

✏✓(x
t, t, y)

Semantic 
 Map

Conditioning 

Text
Repres 

entations

Denoising U-Net

* Modified based on Fig. 3, Rombach et al., “High-
Resolution Image Synthesis with Latent Diffusion Models”

<latexit sha1_base64="b+Jvdo41bM3PgFmmFGp4ygs5uUQ=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJg5kbsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z46fSKHRtr+tpeWV1bX10kZ5c2t7Z7eyt9/ScaoYb7JYxqrjU82liHgTBUreSRSnoS952x/d5H77kSst4ugexwn3QjqIRCAYRSO5bkhx6AfZ0+QBe5WqXbOnIIvEKUgVCjR6lS+3H7M05BEySbXuOnaCXkYVCib5pOymmieUjeiAdw2NaMi1l00zT8ixUfokiJV5EZKp+nsjo6HW49A3k3lGPe/l4n9eN8XgystElKTIIzY7FKSSYEzyAkhfKM5Qjg2hTAmTlbAhVZShqalsSnDmv7xIWqc156J2fndWrV8XdZTgEI7gBBy4hDrcQgOawCCBZ3iFNyu1Xqx362M2umQVOwfwB9bnD5Gnkgw=</latexit>

xt
<latexit sha1_base64="VvXXtDL+nVLIAABFXPgGiBqG1GA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhuLIn4WhbduKxgH9DGMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxY8E1OM63tbS8srq2Xtoob25t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oNvdbY6Y0j+QDTGLmhWQgecApASP1bLsbEhj6QfqUPaZw6mY9u+JUnSnwInELUkEF6j37q9uPaBIyCVQQrTuuE4OXEgWcCpaVu4lmMaEjMmAdQyUJmfbSafIMHxulj4NImScBT9XfGykJtZ6EvpnMc+p5Lxf/8zoJBNdeymWcAJN0dihIBIYI5zXgPleMgpgYQqjiJiumQ6IIBVNW2ZTgzn95kTTPqu5l9eL+vFK7KeoooUN0hE6Qi65QDd2hOmogisboGb2iNyu1Xqx362M2umQVOwfoD6zPH7o3k7s=</latexit>

xt�1

Concatenation
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<latexit sha1_base64="nQ0sTlxycAg122Q5kHGwsWcvV7g=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiBEkDAjbsegF48RzAKZGHo6NUmTnoXuGjEM+QAv/ooXD4p49QO8+Td2loMmFt3weO8VVfW8WAqNtv1tZRYWl5ZXsqu5tfWNza389k5NR4niUOWRjFTDYxqkCKGKAiU0YgUs8CTUvf7VSK/fg9IiCm9xEEMrYN1Q+IIzNFQ7X3Ah1kIa6GIPkBXdgGHP89OH4R0eUfMGh8Zll+xx0XngTEGBTKvSzn+5nYgnAYTIJdO66dgxtlKmUHAJw5ybaIgZ77MuNA0MWQC6lY6PGdIDw3SoHynzQ6Rj9ndHygKtB4FnnKNV9aw2Iv/Tmgn6F61UhHGCEPLJID+RFCM6SoZ2hAKOcmAA40qYXSnvMcU4mvxyJgRn9uR5UDsuOWel05uTQvlyGkeW7JF9UiQOOSdlck0qpEo4eSTP5JW8WU/Wi/VufUysGWvas0v+lPX5A03amyA=</latexit>

✏✓(x
t, t, y)

Semantic 
 Map

Conditioning 

Text
Repres 

entations

Denoising U-Net

* Modified based on Fig. 3, Rombach et al., “High-
Resolution Image Synthesis with Latent Diffusion Models”

<latexit sha1_base64="b+Jvdo41bM3PgFmmFGp4ygs5uUQ=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJg5kbsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z46fSKHRtr+tpeWV1bX10kZ5c2t7Z7eyt9/ScaoYb7JYxqrjU82liHgTBUreSRSnoS952x/d5H77kSst4ugexwn3QjqIRCAYRSO5bkhx6AfZ0+QBe5WqXbOnIIvEKUgVCjR6lS+3H7M05BEySbXuOnaCXkYVCib5pOymmieUjeiAdw2NaMi1l00zT8ixUfokiJV5EZKp+nsjo6HW49A3k3lGPe/l4n9eN8XgystElKTIIzY7FKSSYEzyAkhfKM5Qjg2hTAmTlbAhVZShqalsSnDmv7xIWqc156J2fndWrV8XdZTgEI7gBBy4hDrcQgOawCCBZ3iFNyu1Xqx362M2umQVOwfwB9bnD5Gnkgw=</latexit>

xt
<latexit sha1_base64="VvXXtDL+nVLIAABFXPgGiBqG1GA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhuLIn4WhbduKxgH9DGMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxY8E1OM63tbS8srq2Xtoob25t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oNvdbY6Y0j+QDTGLmhWQgecApASP1bLsbEhj6QfqUPaZw6mY9u+JUnSnwInELUkEF6j37q9uPaBIyCVQQrTuuE4OXEgWcCpaVu4lmMaEjMmAdQyUJmfbSafIMHxulj4NImScBT9XfGykJtZ6EvpnMc+p5Lxf/8zoJBNdeymWcAJN0dihIBIYI5zXgPleMgpgYQqjiJiumQ6IIBVNW2ZTgzn95kTTPqu5l9eL+vFK7KeoooUN0hE6Qi65QDd2hOmogisboGb2iNyu1Xqx362M2umQVOwfoD6zPH7o3k7s=</latexit>

xt�1

Cross-Attention
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Q: Query K: Key V: Value
<latexit sha1_base64="w7cfa3W5TIqPbnx41d4M/m4ZQ5k=">AAACCXicbVC5TsNAEF2HK4TLQEmzIkKhimzEVUbQUAaJHFJskvVmnayyPrQ7RokstzT8Cg0FCNHyB3T8DZujgIQnjfT03oxm5nmx4Aos69vILS2vrK7l1wsbm1vbO+buXl1FiaSsRiMRyaZHFBM8ZDXgIFgzlowEnmANb3A99hsPTCoehXcwipkbkF7IfU4JaKltYgfYENJOJ3MCAn3PT4fZfQrZVC6VsrZZtMrWBHiR2DNSRDNU2+aX041oErAQqCBKtWwrBjclEjgVLCs4iWIxoQPSYy1NQxIw5aaTTzJ8pJUu9iOpKwQ8UX9PpCRQahR4unN8rpr3xuJ/XisB/9JNeRgnwEI6XeQnAkOEx7HgLpeMghhpQqjk+lZM+0QSCjq8gg7Bnn95kdRPyvZ5+ez2tFi5msWRRwfoEB0jG12gCrpBVVRDFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEdUps9</latexit>

“xt”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
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<latexit sha1_base64="AQKRwOKnoRTVZT6WJ2YqesQlVZA=">AAACD3icbVC5TsNAEF1zhnAZKGksIlBoIhtxlRE0SDSJlEuKTbTerJNV1ge7Y5TI8h/Q8Cs0FCBES0vH37BJXEDCk0Z6em9GM/PciDMJpvmtLSwuLa+s5tby6xubW9v6zm5DhrEgtE5CHoqWiyXlLKB1YMBpKxIU+y6nTXdwPfabD1RIFgY1GEXU8XEvYB4jGJTU0Y9soENIZOiBj4dp0fYEJkn19q6WJra8F5B00/S40dELZsmcwJgnVkYKKEOlo3/Z3ZDEPg2AcCxl2zIjcBIsgBFO07wdSxphMsA92lY0wD6VTjL5JzUOldI1vFCoCsCYqL8nEuxLOfJd1elj6MtZbyz+57Vj8C6dhAVRDDQg00VezA0IjXE4RpcJSoCPFMFEMHWrQfpYJQIqwrwKwZp9eZ40TkrWeemselooX2Vx5NA+OkBFZKELVEY3qILqiKBH9Ixe0Zv2pL1o79rHtHVBy2b20B9onz+hPJ2r</latexit>

softmax(
QKT

p
d

)V

Q: Query K: Key V: Value
<latexit sha1_base64="w7cfa3W5TIqPbnx41d4M/m4ZQ5k=">AAACCXicbVC5TsNAEF2HK4TLQEmzIkKhimzEVUbQUAaJHFJskvVmnayyPrQ7RokstzT8Cg0FCNHyB3T8DZujgIQnjfT03oxm5nmx4Aos69vILS2vrK7l1wsbm1vbO+buXl1FiaSsRiMRyaZHFBM8ZDXgIFgzlowEnmANb3A99hsPTCoehXcwipkbkF7IfU4JaKltYgfYENJOJ3MCAn3PT4fZfQrZVC6VsrZZtMrWBHiR2DNSRDNU2+aX041oErAQqCBKtWwrBjclEjgVLCs4iWIxoQPSYy1NQxIw5aaTTzJ8pJUu9iOpKwQ8UX9PpCRQahR4unN8rpr3xuJ/XisB/9JNeRgnwEI6XeQnAkOEx7HgLpeMghhpQqjk+lZM+0QSCjq8gg7Bnn95kdRPyvZ5+ez2tFi5msWRRwfoEB0jG12gCrpBVVRDFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEdUps9</latexit>

“xt”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
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Q: Query K: Key V: Value
<latexit sha1_base64="w7cfa3W5TIqPbnx41d4M/m4ZQ5k=">AAACCXicbVC5TsNAEF2HK4TLQEmzIkKhimzEVUbQUAaJHFJskvVmnayyPrQ7RokstzT8Cg0FCNHyB3T8DZujgIQnjfT03oxm5nmx4Aos69vILS2vrK7l1wsbm1vbO+buXl1FiaSsRiMRyaZHFBM8ZDXgIFgzlowEnmANb3A99hsPTCoehXcwipkbkF7IfU4JaKltYgfYENJOJ3MCAn3PT4fZfQrZVC6VsrZZtMrWBHiR2DNSRDNU2+aX041oErAQqCBKtWwrBjclEjgVLCs4iWIxoQPSYy1NQxIw5aaTTzJ8pJUu9iOpKwQ8UX9PpCRQahR4unN8rpr3xuJ/XisB/9JNeRgnwEI6XeQnAkOEx7HgLpeMghhpQqjk+lZM+0QSCjq8gg7Bnn95kdRPyvZ5+ez2tFi5msWRRwfoEB0jG12gCrpBVVRDFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEdUps9</latexit>

“xt”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”

<latexit sha1_base64="AQKRwOKnoRTVZT6WJ2YqesQlVZA=">AAACD3icbVC5TsNAEF1zhnAZKGksIlBoIhtxlRE0SDSJlEuKTbTerJNV1ge7Y5TI8h/Q8Cs0FCBES0vH37BJXEDCk0Z6em9GM/PciDMJpvmtLSwuLa+s5tby6xubW9v6zm5DhrEgtE5CHoqWiyXlLKB1YMBpKxIU+y6nTXdwPfabD1RIFgY1GEXU8XEvYB4jGJTU0Y9soENIZOiBj4dp0fYEJkn19q6WJra8F5B00/S40dELZsmcwJgnVkYKKEOlo3/Z3ZDEPg2AcCxl2zIjcBIsgBFO07wdSxphMsA92lY0wD6VTjL5JzUOldI1vFCoCsCYqL8nEuxLOfJd1elj6MtZbyz+57Vj8C6dhAVRDDQg00VezA0IjXE4RpcJSoCPFMFEMHWrQfpYJQIqwrwKwZp9eZ40TkrWeemselooX2Vx5NA+OkBFZKELVEY3qILqiKBH9Ixe0Zv2pL1o79rHtHVBy2b20B9onz+hPJ2r</latexit>

softmax(
QKT

p
d

)V

Similarity Score



Cross-Attention

33

<latexit sha1_base64="AQKRwOKnoRTVZT6WJ2YqesQlVZA=">AAACD3icbVC5TsNAEF1zhnAZKGksIlBoIhtxlRE0SDSJlEuKTbTerJNV1ge7Y5TI8h/Q8Cs0FCBES0vH37BJXEDCk0Z6em9GM/PciDMJpvmtLSwuLa+s5tby6xubW9v6zm5DhrEgtE5CHoqWiyXlLKB1YMBpKxIU+y6nTXdwPfabD1RIFgY1GEXU8XEvYB4jGJTU0Y9soENIZOiBj4dp0fYEJkn19q6WJra8F5B00/S40dELZsmcwJgnVkYKKEOlo3/Z3ZDEPg2AcCxl2zIjcBIsgBFO07wdSxphMsA92lY0wD6VTjL5JzUOldI1vFCoCsCYqL8nEuxLOfJd1elj6MtZbyz+57Vj8C6dhAVRDDQg00VezA0IjXE4RpcJSoCPFMFEMHWrQfpYJQIqwrwKwZp9eZ40TkrWeemselooX2Vx5NA+OkBFZKELVEY3qILqiKBH9Ixe0Zv2pL1o79rHtHVBy2b20B9onz+hPJ2r</latexit>

softmax(
QKT

p
d

)V

Normalization

Q: Query K: Key V: Value
<latexit sha1_base64="w7cfa3W5TIqPbnx41d4M/m4ZQ5k=">AAACCXicbVC5TsNAEF2HK4TLQEmzIkKhimzEVUbQUAaJHFJskvVmnayyPrQ7RokstzT8Cg0FCNHyB3T8DZujgIQnjfT03oxm5nmx4Aos69vILS2vrK7l1wsbm1vbO+buXl1FiaSsRiMRyaZHFBM8ZDXgIFgzlowEnmANb3A99hsPTCoehXcwipkbkF7IfU4JaKltYgfYENJOJ3MCAn3PT4fZfQrZVC6VsrZZtMrWBHiR2DNSRDNU2+aX041oErAQqCBKtWwrBjclEjgVLCs4iWIxoQPSYy1NQxIw5aaTTzJ8pJUu9iOpKwQ8UX9PpCRQahR4unN8rpr3xuJ/XisB/9JNeRgnwEI6XeQnAkOEx7HgLpeMghhpQqjk+lZM+0QSCjq8gg7Bnn95kdRPyvZ5+ez2tFi5msWRRwfoEB0jG12gCrpBVVRDFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEdUps9</latexit>

“xt”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
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<latexit sha1_base64="AQKRwOKnoRTVZT6WJ2YqesQlVZA=">AAACD3icbVC5TsNAEF1zhnAZKGksIlBoIhtxlRE0SDSJlEuKTbTerJNV1ge7Y5TI8h/Q8Cs0FCBES0vH37BJXEDCk0Z6em9GM/PciDMJpvmtLSwuLa+s5tby6xubW9v6zm5DhrEgtE5CHoqWiyXlLKB1YMBpKxIU+y6nTXdwPfabD1RIFgY1GEXU8XEvYB4jGJTU0Y9soENIZOiBj4dp0fYEJkn19q6WJra8F5B00/S40dELZsmcwJgnVkYKKEOlo3/Z3ZDEPg2AcCxl2zIjcBIsgBFO07wdSxphMsA92lY0wD6VTjL5JzUOldI1vFCoCsCYqL8nEuxLOfJd1elj6MtZbyz+57Vj8C6dhAVRDDQg00VezA0IjXE4RpcJSoCPFMFEMHWrQfpYJQIqwrwKwZp9eZ40TkrWeemselooX2Vx5NA+OkBFZKELVEY3qILqiKBH9Ixe0Zv2pL1o79rHtHVBy2b20B9onz+hPJ2r</latexit>

softmax(
QKT

p
d

)V

Condition is kept in places where condition and image is 
similar.

Q: Query K: Key V: Value
<latexit sha1_base64="w7cfa3W5TIqPbnx41d4M/m4ZQ5k=">AAACCXicbVC5TsNAEF2HK4TLQEmzIkKhimzEVUbQUAaJHFJskvVmnayyPrQ7RokstzT8Cg0FCNHyB3T8DZujgIQnjfT03oxm5nmx4Aos69vILS2vrK7l1wsbm1vbO+buXl1FiaSsRiMRyaZHFBM8ZDXgIFgzlowEnmANb3A99hsPTCoehXcwipkbkF7IfU4JaKltYgfYENJOJ3MCAn3PT4fZfQrZVC6VsrZZtMrWBHiR2DNSRDNU2+aX041oErAQqCBKtWwrBjclEjgVLCs4iWIxoQPSYy1NQxIw5aaTTzJ8pJUu9iOpKwQ8UX9PpCRQahR4unN8rpr3xuJ/XisB/9JNeRgnwEI6XeQnAkOEx7HgLpeMghhpQqjk+lZM+0QSCjq8gg7Bnn95kdRPyvZ5+ez2tFi5msWRRwfoEB0jG12gCrpBVVRDFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEdUps9</latexit>

“xt”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
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<latexit sha1_base64="AQKRwOKnoRTVZT6WJ2YqesQlVZA=">AAACD3icbVC5TsNAEF1zhnAZKGksIlBoIhtxlRE0SDSJlEuKTbTerJNV1ge7Y5TI8h/Q8Cs0FCBES0vH37BJXEDCk0Z6em9GM/PciDMJpvmtLSwuLa+s5tby6xubW9v6zm5DhrEgtE5CHoqWiyXlLKB1YMBpKxIU+y6nTXdwPfabD1RIFgY1GEXU8XEvYB4jGJTU0Y9soENIZOiBj4dp0fYEJkn19q6WJra8F5B00/S40dELZsmcwJgnVkYKKEOlo3/Z3ZDEPg2AcCxl2zIjcBIsgBFO07wdSxphMsA92lY0wD6VTjL5JzUOldI1vFCoCsCYqL8nEuxLOfJd1elj6MtZbyz+57Vj8C6dhAVRDDQg00VezA0IjXE4RpcJSoCPFMFEMHWrQfpYJQIqwrwKwZp9eZ40TkrWeemselooX2Vx5NA+OkBFZKELVEY3qILqiKBH9Ixe0Zv2pL1o79rHtHVBy2b20B9onz+hPJ2r</latexit>

softmax(
QKT

p
d

)V
<latexit sha1_base64="w7cfa3W5TIqPbnx41d4M/m4ZQ5k=">AAACCXicbVC5TsNAEF2HK4TLQEmzIkKhimzEVUbQUAaJHFJskvVmnayyPrQ7RokstzT8Cg0FCNHyB3T8DZujgIQnjfT03oxm5nmx4Aos69vILS2vrK7l1wsbm1vbO+buXl1FiaSsRiMRyaZHFBM8ZDXgIFgzlowEnmANb3A99hsPTCoehXcwipkbkF7IfU4JaKltYgfYENJOJ3MCAn3PT4fZfQrZVC6VsrZZtMrWBHiR2DNSRDNU2+aX041oErAQqCBKtWwrBjclEjgVLCs4iWIxoQPSYy1NQxIw5aaTTzJ8pJUu9iOpKwQ8UX9PpCRQahR4unN8rpr3xuJ/XisB/9JNeRgnwEI6XeQnAkOEx7HgLpeMghhpQqjk+lZM+0QSCjq8gg7Bnn95kdRPyvZ5+ez2tFi5msWRRwfoEB0jG12gCrpBVVRDFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEdUps9</latexit>

“xt” +

Q: Query K: Key V: Value
<latexit sha1_base64="w7cfa3W5TIqPbnx41d4M/m4ZQ5k=">AAACCXicbVC5TsNAEF2HK4TLQEmzIkKhimzEVUbQUAaJHFJskvVmnayyPrQ7RokstzT8Cg0FCNHyB3T8DZujgIQnjfT03oxm5nmx4Aos69vILS2vrK7l1wsbm1vbO+buXl1FiaSsRiMRyaZHFBM8ZDXgIFgzlowEnmANb3A99hsPTCoehXcwipkbkF7IfU4JaKltYgfYENJOJ3MCAn3PT4fZfQrZVC6VsrZZtMrWBHiR2DNSRDNU2+aX041oErAQqCBKtWwrBjclEjgVLCs4iWIxoQPSYy1NQxIw5aaTTzJ8pJUu9iOpKwQ8UX9PpCRQahR4unN8rpr3xuJ/XisB/9JNeRgnwEI6XeQnAkOEx7HgLpeMghhpQqjk+lZM+0QSCjq8gg7Bnn95kdRPyvZ5+ez2tFi5msWRRwfoEB0jG12gCrpBVVRDFD2iZ/SK3own48V4Nz6mrTljNrOP/sD4/AEdUps9</latexit>

“xt”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
<latexit sha1_base64="yFMk2Qet5Uc177D03jfgzjnoJC0=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2CRuiqJeFsW3bisYC/QhnYynbRDJ5MwcyKGEF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2IMwW2/W0UVlbX1jeKm6Wt7Z3dPXP/oKXCWBLaJCEPZcfDinImaBMYcNqJJMWBx2nbm9xM6+0HKhULxT0kEXUDPBLMZwSDtvpmuQf0EdLBIEvmVK1mfbNi1+yZrGVwcqigXI2++dUbhiQOqADCsVJdx47ATbEERjjNSr1Y0QiTCR7RrkaBA6rcdHZ8Zh1rZ2j5odRPgDVzf0+kOFAqCTzdGWAYq8Xa1Pyv1o3Bv3JTJqIYqCDzRX7MLQitaRLWkElKgCcaMJFM32qRMZaYgM6rpENwFr+8DK3TmnNRO787q9Sv8ziK6BAdoRPkoEtUR7eogZqIoAQ9o1f0ZjwZL8a78TFvLRj5TBn9kfH5A0KflSw=</latexit>

“y”
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Tang et al., “What the DAAM: Interpreting 
Stable Diffusion Using Cross Attention”

Hertz et al., “Prompt-to-Prompt Image 
Editing with Cross-Attention Control”



Text Embedding

37

<latexit sha1_base64="nQ0sTlxycAg122Q5kHGwsWcvV7g=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiBEkDAjbsegF48RzAKZGHo6NUmTnoXuGjEM+QAv/ooXD4p49QO8+Td2loMmFt3weO8VVfW8WAqNtv1tZRYWl5ZXsqu5tfWNza389k5NR4niUOWRjFTDYxqkCKGKAiU0YgUs8CTUvf7VSK/fg9IiCm9xEEMrYN1Q+IIzNFQ7X3Ah1kIa6GIPkBXdgGHP89OH4R0eUfMGh8Zll+xx0XngTEGBTKvSzn+5nYgnAYTIJdO66dgxtlKmUHAJw5ybaIgZ77MuNA0MWQC6lY6PGdIDw3SoHynzQ6Rj9ndHygKtB4FnnKNV9aw2Iv/Tmgn6F61UhHGCEPLJID+RFCM6SoZ2hAKOcmAA40qYXSnvMcU4mvxyJgRn9uR5UDsuOWel05uTQvlyGkeW7JF9UiQOOSdlck0qpEo4eSTP5JW8WU/Wi/VufUysGWvas0v+lPX5A03amyA=</latexit>

✏✓(x
t, t, y)

Semantic 
 Map

Conditioning 

Text
Repres 

entations

Denoising U-Net

* Modified based on Fig. 3, Rombach et al., “High-
Resolution Image Synthesis with Latent Diffusion Models”

<latexit sha1_base64="b+Jvdo41bM3PgFmmFGp4ygs5uUQ=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJg5kbsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z46fSKHRtr+tpeWV1bX10kZ5c2t7Z7eyt9/ScaoYb7JYxqrjU82liHgTBUreSRSnoS952x/d5H77kSst4ugexwn3QjqIRCAYRSO5bkhx6AfZ0+QBe5WqXbOnIIvEKUgVCjR6lS+3H7M05BEySbXuOnaCXkYVCib5pOymmieUjeiAdw2NaMi1l00zT8ixUfokiJV5EZKp+nsjo6HW49A3k3lGPe/l4n9eN8XgystElKTIIzY7FKSSYEzyAkhfKM5Qjg2hTAmTlbAhVZShqalsSnDmv7xIWqc156J2fndWrV8XdZTgEI7gBBy4hDrcQgOawCCBZ3iFNyu1Xqx362M2umQVOwfwB9bnD5Gnkgw=</latexit>

xt
<latexit sha1_base64="VvXXtDL+nVLIAABFXPgGiBqG1GA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhuLIn4WhbduKxgH9DGMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxY8E1OM63tbS8srq2Xtoob25t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oNvdbY6Y0j+QDTGLmhWQgecApASP1bLsbEhj6QfqUPaZw6mY9u+JUnSnwInELUkEF6j37q9uPaBIyCVQQrTuuE4OXEgWcCpaVu4lmMaEjMmAdQyUJmfbSafIMHxulj4NImScBT9XfGykJtZ6EvpnMc+p5Lxf/8zoJBNdeymWcAJN0dihIBIYI5zXgPleMgpgYQqjiJiumQ6IIBVNW2ZTgzn95kTTPqu5l9eL+vFK7KeoooUN0hE6Qi65QDd2hOmogisboGb2iNyu1Xqx362M2umQVOwfoD6zPH7o3k7s=</latexit>

xt�1

Embedding
e.g. CLIP
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<latexit sha1_base64="nQ0sTlxycAg122Q5kHGwsWcvV7g=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiBEkDAjbsegF48RzAKZGHo6NUmTnoXuGjEM+QAv/ooXD4p49QO8+Td2loMmFt3weO8VVfW8WAqNtv1tZRYWl5ZXsqu5tfWNza389k5NR4niUOWRjFTDYxqkCKGKAiU0YgUs8CTUvf7VSK/fg9IiCm9xEEMrYN1Q+IIzNFQ7X3Ah1kIa6GIPkBXdgGHP89OH4R0eUfMGh8Zll+xx0XngTEGBTKvSzn+5nYgnAYTIJdO66dgxtlKmUHAJw5ybaIgZ77MuNA0MWQC6lY6PGdIDw3SoHynzQ6Rj9ndHygKtB4FnnKNV9aw2Iv/Tmgn6F61UhHGCEPLJID+RFCM6SoZ2hAKOcmAA40qYXSnvMcU4mvxyJgRn9uR5UDsuOWel05uTQvlyGkeW7JF9UiQOOSdlck0qpEo4eSTP5JW8WU/Wi/VufUysGWvas0v+lPX5A03amyA=</latexit>

✏✓(x
t, t, y)

Semantic 
 Map

Conditioning 

Text
Repres 

entations

Denoising U-Net

* Modified based on Fig. 3, Rombach et al., “High-
Resolution Image Synthesis with Latent Diffusion Models”

<latexit sha1_base64="b+Jvdo41bM3PgFmmFGp4ygs5uUQ=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJg5kbsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z46fSKHRtr+tpeWV1bX10kZ5c2t7Z7eyt9/ScaoYb7JYxqrjU82liHgTBUreSRSnoS952x/d5H77kSst4ugexwn3QjqIRCAYRSO5bkhx6AfZ0+QBe5WqXbOnIIvEKUgVCjR6lS+3H7M05BEySbXuOnaCXkYVCib5pOymmieUjeiAdw2NaMi1l00zT8ixUfokiJV5EZKp+nsjo6HW49A3k3lGPe/l4n9eN8XgystElKTIIzY7FKSSYEzyAkhfKM5Qjg2hTAmTlbAhVZShqalsSnDmv7xIWqc156J2fndWrV8XdZTgEI7gBBy4hDrcQgOawCCBZ3iFNyu1Xqx362M2umQVOwfwB9bnD5Gnkgw=</latexit>

xt
<latexit sha1_base64="VvXXtDL+nVLIAABFXPgGiBqG1GA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhuLIn4WhbduKxgH9DGMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxY8E1OM63tbS8srq2Xtoob25t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oNvdbY6Y0j+QDTGLmhWQgecApASP1bLsbEhj6QfqUPaZw6mY9u+JUnSnwInELUkEF6j37q9uPaBIyCVQQrTuuE4OXEgWcCpaVu4lmMaEjMmAdQyUJmfbSafIMHxulj4NImScBT9XfGykJtZ6EvpnMc+p5Lxf/8zoJBNdeymWcAJN0dihIBIYI5zXgPleMgpgYQqjiJiumQ6IIBVNW2ZTgzn95kTTPqu5l9eL+vFK7KeoooUN0hE6Qi65QDd2hOmogisboGb2iNyu1Xqx362M2umQVOwfoD6zPH7o3k7s=</latexit>

xt�1

Embedding
e.g. CLIP

* https://medium.com/data-from-the-trenches/leveraging-joint-text-
image-models-to-search-and-classify-images-36c87091ff02
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<latexit sha1_base64="nQ0sTlxycAg122Q5kHGwsWcvV7g=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiBEkDAjbsegF48RzAKZGHo6NUmTnoXuGjEM+QAv/ooXD4p49QO8+Td2loMmFt3weO8VVfW8WAqNtv1tZRYWl5ZXsqu5tfWNza389k5NR4niUOWRjFTDYxqkCKGKAiU0YgUs8CTUvf7VSK/fg9IiCm9xEEMrYN1Q+IIzNFQ7X3Ah1kIa6GIPkBXdgGHP89OH4R0eUfMGh8Zll+xx0XngTEGBTKvSzn+5nYgnAYTIJdO66dgxtlKmUHAJw5ybaIgZ77MuNA0MWQC6lY6PGdIDw3SoHynzQ6Rj9ndHygKtB4FnnKNV9aw2Iv/Tmgn6F61UhHGCEPLJID+RFCM6SoZ2hAKOcmAA40qYXSnvMcU4mvxyJgRn9uR5UDsuOWel05uTQvlyGkeW7JF9UiQOOSdlck0qpEo4eSTP5JW8WU/Wi/VufUysGWvas0v+lPX5A03amyA=</latexit>

✏✓(x
t, t, y)

Semantic 
 Map

Conditioning 

Text
Repres 

entations

Denoising U-Net

* Modified based on Fig. 3, Rombach et al., “High-
Resolution Image Synthesis with Latent Diffusion Models”

<latexit sha1_base64="b+Jvdo41bM3PgFmmFGp4ygs5uUQ=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJg5kbsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z46fSKHRtr+tpeWV1bX10kZ5c2t7Z7eyt9/ScaoYb7JYxqrjU82liHgTBUreSRSnoS952x/d5H77kSst4ugexwn3QjqIRCAYRSO5bkhx6AfZ0+QBe5WqXbOnIIvEKUgVCjR6lS+3H7M05BEySbXuOnaCXkYVCib5pOymmieUjeiAdw2NaMi1l00zT8ixUfokiJV5EZKp+nsjo6HW49A3k3lGPe/l4n9eN8XgystElKTIIzY7FKSSYEzyAkhfKM5Qjg2hTAmTlbAhVZShqalsSnDmv7xIWqc156J2fndWrV8XdZTgEI7gBBy4hDrcQgOawCCBZ3iFNyu1Xqx362M2umQVOwfwB9bnD5Gnkgw=</latexit>

xt
<latexit sha1_base64="VvXXtDL+nVLIAABFXPgGiBqG1GA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhuLIn4WhbduKxgH9DGMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxY8E1OM63tbS8srq2Xtoob25t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oNvdbY6Y0j+QDTGLmhWQgecApASP1bLsbEhj6QfqUPaZw6mY9u+JUnSnwInELUkEF6j37q9uPaBIyCVQQrTuuE4OXEgWcCpaVu4lmMaEjMmAdQyUJmfbSafIMHxulj4NImScBT9XfGykJtZ6EvpnMc+p5Lxf/8zoJBNdeymWcAJN0dihIBIYI5zXgPleMgpgYQqjiJiumQ6IIBVNW2ZTgzn95kTTPqu5l9eL+vFK7KeoooUN0hE6Qi65QDd2hOmogisboGb2iNyu1Xqx362M2umQVOwfoD6zPH7o3k7s=</latexit>

xt�1

Embedding
e.g. CLIP

* https://medium.com/data-from-the-trenches/leveraging-joint-text-
image-models-to-search-and-classify-images-36c87091ff02

Tyshchuk et al., “On Isotropy of Multimodal Embeddings”
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Questions?
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Advanced Diffusion-Model-Based 
Editing Tools



Image-to-Image Methods

41

Diffusion Model

Optional Text Prompt

?



Image-to-Image Methods: Image Variances
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Diffusion Model



Image-to-Image Methods: Image Variances
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Optional Text Prompt

Semantic 
 Map

Conditioning 

Text
Repres 

entations

Denoising U-Net
<latexit sha1_base64="b+Jvdo41bM3PgFmmFGp4ygs5uUQ=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUR8LYtuXFawD2himUwn7dDJg5kbsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z46fSKHRtr+tpeWV1bX10kZ5c2t7Z7eyt9/ScaoYb7JYxqrjU82liHgTBUreSRSnoS952x/d5H77kSst4ugexwn3QjqIRCAYRSO5bkhx6AfZ0+QBe5WqXbOnIIvEKUgVCjR6lS+3H7M05BEySbXuOnaCXkYVCib5pOymmieUjeiAdw2NaMi1l00zT8ixUfokiJV5EZKp+nsjo6HW49A3k3lGPe/l4n9eN8XgystElKTIIzY7FKSSYEzyAkhfKM5Qjg2hTAmTlbAhVZShqalsSnDmv7xIWqc156J2fndWrV8XdZTgEI7gBBy4hDrcQgOawCCBZ3iFNyu1Xqx362M2umQVOwfwB9bnD5Gnkgw=</latexit>

xt
<latexit sha1_base64="VvXXtDL+nVLIAABFXPgGiBqG1GA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhuLIn4WhbduKxgH9DGMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxY8E1OM63tbS8srq2Xtoob25t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oNvdbY6Y0j+QDTGLmhWQgecApASP1bLsbEhj6QfqUPaZw6mY9u+JUnSnwInELUkEF6j37q9uPaBIyCVQQrTuuE4OXEgWcCpaVu4lmMaEjMmAdQyUJmfbSafIMHxulj4NImScBT9XfGykJtZ6EvpnMc+p5Lxf/8zoJBNdeymWcAJN0dihIBIYI5zXgPleMgpgYQqjiJiumQ6IIBVNW2ZTgzn95kTTPqu5l9eL+vFK7KeoooUN0hE6Qi65QDd2hOmogisboGb2iNyu1Xqx362M2umQVOwfoD6zPH7o3k7s=</latexit>
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Image-to-Image Methods: ControlNet
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Diffusion Model

cat, Christmas



Image-to-Image Methods: Inpaint/Outpainting
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Diffusion Model

“A dog”

+Mask



Image-to-Image Methods: Identity
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Diffusion Model

“A [V?] dog”

Reference dog photos

* Based on Fig. 1, Ruiz et al., “DreamBooth: Fine Tuning Text-
to-Image Diffusion Models for Subject-Driven Generation”



Image-to-Image Methods: Identity
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Diffusion Model

“A [V] dog…”

* Based on Fig. 1, Ruiz et al., “DreamBooth: Fine Tuning Text-
to-Image Diffusion Models for Subject-Driven Generation”
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Strengths & Weaknesses



What it can do
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1. Quick generation of complex, high-quality realistic and artistic 
images; good for creative exploration

“cats in devo hats”From Aaron Hertzmann's blog



What it can do
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2. Integrating specific styles

"jacob lawrence painting of san 
francisco"From Aaron Hertzmann's blog



2. Integrating specific styles

What it can do
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"frank stella sculpture made of car 
parts"From Aaron Hertzmann's blog



2. Integrating specific styles

What it can do
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"a monk riding a snail, medieval 
illuminated manuscript"



1. Following specific instructions (especially when the scene is complex): 

• Composition

What it can’t do
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"a young dark-haired boy resting in bed, and a grey-haired older woman sitting in a chair 
beside the bed underneath a window with sun streaming through, Pixar style digital art"



1. Following specific instructions (especially when the scene is complex): 
• Composition 
• Generating multiple objects 
• Coloring multiple objects

What it can’t do

54Chefer et al., “Attend-and-Excite: Attention-Based Semantic Guidance for Text-to-Image Diffusion Models” 



2. Being reasonably unbiased

What it can’t do

55“DALL·E 2 Preview - Risks and Limitations” by OpenAI 
“lawyer”, April 6, 2022 



2. Being reasonably unbiased

What it can’t do
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“nurse”, April 6, 2022 
“DALL·E 2 Preview - Risks and Limitations” by OpenAI 



Where is bias from
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The Bias ML Pipeline by Meg 
https://huggingface.co/meg 

https://huggingface.co/meg


How to be better
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Bias can never be fully removed.

Heavily based on “Machine Learning in development: 
Let's talk about bias!” By HuggingFace



How to be better: Addressing Bias
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1. Task definition stage 
• How ML techniques are integrated into the system? Is a ML 

model biased in a given use case? 
• What is the optimization objective?



How to be better: Addressing Bias
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2. Dataset selection and curation stage: A significant source of bias

Cultural bias in AI models: a worked example with Barack Obama by Benjamin Peterson



How to be better: Addressing Bias
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2. Dataset selection and curation stage 
• Where is the data from? How was the dataset curated? What 

is the context? 
• Measure the data. Any harmful associations? 
• Document the dataset. 
• Choose the dataset with least bias related harm. Iteratively 

improve the dataset.



How to be better: Addressing Bias
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3. Model selection and training stage 
• Visualize model outputs. 
• Evaluate against benchmark. 
• Document the model.
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Generative Models &  
Artists

This is a fast evolving topic with many debats and open questions. 
Warning: Contents may no longer be the state-of-art or relevant; and nothing 

presented should be taken as the “fact”.





Existing Artist Workflow: A Case Study
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“An AI artist explains his workflow” 
https://www.youtube.com/watch?v=K0ldxCh3cnI 

Rough Sketch:
Drafting in PhotoShop  

Trying different prompts
Posing with ControlNet

Parameter tweaking
Etc.

Plan

Refinement: 
Inpainting&Outpainting

Tweaking with traditional 
editing and drawing tools

Identify Reconstruction: 
Model training

Tweaking with traditional 
editing and drawing tools

https://www.youtube.com/watch?v=K0ldxCh3cnI


Open Questions: How to protect artists?

66
Fig. 5, Shan et al., “Glaze: Protecting Artists from Style 

Mimicry by Text-to-Image Models”



Open Questions: How to attribute artists?

67A model trained by an artist (DGSpitzer) on own drawings

A significant concern of most 
participants, surprisingly, is not just the 
existence of AI art, but rather scraping of 
existing artworks without permission or 
compensation. 
As one participant stated: “If artists are 
paid to have their pieces be used and 
asked permission, and if people had to 
pay to use that AI software with those 
pieces in it, I would have no problem.”  

— Shan et al., “Glaze: Protecting Artists 
from Style Mimicry by Text-to-Image 
Models”
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Assignment Overview



Grading Policy
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This assignment is graded subjectively.
We will be lenient.

* You can request remarking if you question the mark



Privately-Hosted Generator
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You will receive an 
invitation email by the 
end of today. 

Contact us if: 

1.You don’t receive the 
email; 

2.The queuing becomes 
too bad. 
(We’ll switch to better 
GPU before deadline)



Format
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story.zip



Be Reasonable
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Only use the generator for this assignment.
Only submit images generated by our setup.



Awards
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We’ll pick and frame THREE “open-ended” or “story” images



Awards
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We’ll fund the author of the best image to 
SIGGRAPH next year!
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Thank you! 
Questions?
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Further Readings
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• Zhu, Xiaojin, et al. "A text-to-picture synthesis system for augmenting communication." AAAI. Vol. 7. 2007. 
https://pages.cs.wisc.edu/~jerryzhu/pub/ttp.pdf 

• Mansimov, Elman, et al. "Generating images from captions with attention." arXiv preprint 
arXiv:1511.02793 (2015). 
https://arxiv.org/pdf/1511.02793.pdf 

• Ho, Jonathan, Ajay Jain, and Pieter Abbeel. "Denoising diffusion probabilistic models." Advances in neural 
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https://pages.cs.wisc.edu/~jerryzhu/pub/ttp.pdf
https://arxiv.org/pdf/1511.02793.pdf
https://hojonathanho.github.io/diffusion/
https://arxiv.org/abs/2105.05233
https://proceedings.mlr.press/v48/reed16.pdf


A Handwavy Introduction to Diffusion Model
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• Weng, Lilian. (Jul 2021). What are diffusion models? Lil’Log. 
https://lilianweng.github.io/posts/2021-07-11-diffusion-models/ 

• Song, Yang. (May 2021). Generative Modeling by Estimating 
Gradients of the Data Distribution. Yang Song’s blog. 
https://yang-song.net/blog/2021/score/ 
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https://www.youtube.com/watch?v=wMmqCMwuM2Q

https://lilianweng.github.io/posts/2021-07-11-diffusion-models/
https://yang-song.net/blog/2021/score/
https://www.youtube.com/watch?v=wMmqCMwuM2Q


A Handwavy Introduction to Diffusion Model
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• Vaclav Kosar. Cross-Attention in Transformer Architecture. 
https://vaclavkosar.com/ml/cross-attention-in-transformer-
architecture 

• Tang, Raphael, et al. "What the daam: Interpreting stable diffusion 
using cross attention." arXiv preprint arXiv:2210.04885 (2022). 
https://github.com/castorini/daam 

• Hertz, Amir, et al. "Prompt-to-prompt image editing with cross 
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https://vaclavkosar.com/ml/cross-attention-in-transformer-architecture
https://vaclavkosar.com/ml/cross-attention-in-transformer-architecture
https://github.com/castorini/daam
https://prompt-to-prompt.github.io/


Advanced Diffusion-Model-Based Editing Tools
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• Zhang, Lvmin, Anyi Rao, and Maneesh Agrawala. "Adding 
conditional control to text-to-image diffusion models." Proceedings 
of the IEEE/CVF International Conference on Computer Vision. 
2023. 
https://github.com/lllyasviel/ControlNet 

• Ruiz, Nataniel, et al. "Dreambooth: Fine tuning text-to-image 
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IEEE/CVF Conference on Computer Vision and Pattern 
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https://dreambooth.github.io/

https://github.com/lllyasviel/ControlNet
https://dreambooth.github.io/


Strengths & Weaknesses
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• Aaron Hertzmann's blog. Creative Explorations with DALL-E 2. 
https://aaronhertzmann.com/2022/05/25/dall-e.html 

• Miranda Dixon-Luinenburg. What DALL-E 2 can and cannot do. 
https://www.lesswrong.com/posts/uKp6tBFStnsvrot5t/what-dall-
e-2-can-and-cannot-do 

• Chefer, Hila, et al. "Attend-and-excite: Attention-based semantic 
guidance for text-to-image diffusion models." ACM Transactions 
on Graphics (TOG) 42.4 (2023): 1-10. 
https://github.com/yuval-alaluf/Attend-and-Excite

https://aaronhertzmann.com/2022/05/25/dall-e.html
https://www.lesswrong.com/posts/uKp6tBFStnsvrot5t/what-dall-e-2-can-and-cannot-do
https://www.lesswrong.com/posts/uKp6tBFStnsvrot5t/what-dall-e-2-can-and-cannot-do
https://github.com/yuval-alaluf/Attend-and-Excite


Strengths & Weaknesses
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• OpenAI. (Jul 2022). DALL·E 2 Preview - Risks and Limitations. 
https://github.com/openai/dalle-2-preview/blob/main/system-
card.md#bias-and-representation 

• Jernite, Yacine, et al. (Aug 2023).Hugging Face Ethics and 
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Generative Models & Artists
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