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Transfer Learning II

• Transferring knowledge about the inputs

• Generative models as data++

• Meta-learning

2



Transfer Learning

1. Knowledge about the mapping

2. Knowledge about the outputs

3. Knowledge about the inputs

z

zOutputs

Inputs
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Generative 
modeling

data++

“This release is the culmination of many hours of collective effort to create a single file that 

compresses the visual information of humanity into a few gigabytes.”  

Emad Mostaque [https://stability.ai/blog/stable-diffusion-public-release]

Dataset Model

data
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Data++: making data a first class object

Interpolation:  

Manipulation:  

Composition: 

Optimization: 

↵X1 + (1� ↵)X2 ! X3
<latexit sha1_base64="gTQDahx3pXA4ByNFxL0RpirzQ80=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoiGVSBV0WRXBZwT6gU8qdNG1DMw+SjFKGfpEbf0UXgoq49TPMtF3U1gOBwzn3kHuPFwmutOO8W5ml5ZXVtex6bmNza3vH3t2rqTCWlFVpKELZ8EAxwQNW1VwL1ogkA98TrO4NrlO//sCk4mFwr4cRa/nQC3iXU9BGats3LoioD9j1Qfc9L2mM2gSf4AI5nRjHM0YJu5L3+hqkDB9nE2dtO+8UnTHwIiFTkkdTVNr2q9sJaeyzQFMBSjWJE+lWAlJzKtgo58aKRUAH0GNNQwPwmWol43NH+MgoHdwNpXmBxmN1NpGAr9TQ98xkuqOa91LxP68Z6+5lK+FBFGsW0MlH3VhgHeK0O9zhklEthoYAldzsimkfJFBtGs6ZEsj8yYukVioSp0juzvPlq2kdWXSADlEBEXSByugWVVAVUfSEXtAH+rSerTfry/qejGasaWYf/YH18wuEU6hB</latexit><latexit sha1_base64="gTQDahx3pXA4ByNFxL0RpirzQ80=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoiGVSBV0WRXBZwT6gU8qdNG1DMw+SjFKGfpEbf0UXgoq49TPMtF3U1gOBwzn3kHuPFwmutOO8W5ml5ZXVtex6bmNza3vH3t2rqTCWlFVpKELZ8EAxwQNW1VwL1ogkA98TrO4NrlO//sCk4mFwr4cRa/nQC3iXU9BGats3LoioD9j1Qfc9L2mM2gSf4AI5nRjHM0YJu5L3+hqkDB9nE2dtO+8UnTHwIiFTkkdTVNr2q9sJaeyzQFMBSjWJE+lWAlJzKtgo58aKRUAH0GNNQwPwmWol43NH+MgoHdwNpXmBxmN1NpGAr9TQ98xkuqOa91LxP68Z6+5lK+FBFGsW0MlH3VhgHeK0O9zhklEthoYAldzsimkfJFBtGs6ZEsj8yYukVioSp0juzvPlq2kdWXSADlEBEXSByugWVVAVUfSEXtAH+rSerTfry/qejGasaWYf/YH18wuEU6hB</latexit><latexit sha1_base64="gTQDahx3pXA4ByNFxL0RpirzQ80=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoiGVSBV0WRXBZwT6gU8qdNG1DMw+SjFKGfpEbf0UXgoq49TPMtF3U1gOBwzn3kHuPFwmutOO8W5ml5ZXVtex6bmNza3vH3t2rqTCWlFVpKELZ8EAxwQNW1VwL1ogkA98TrO4NrlO//sCk4mFwr4cRa/nQC3iXU9BGats3LoioD9j1Qfc9L2mM2gSf4AI5nRjHM0YJu5L3+hqkDB9nE2dtO+8UnTHwIiFTkkdTVNr2q9sJaeyzQFMBSjWJE+lWAlJzKtgo58aKRUAH0GNNQwPwmWol43NH+MgoHdwNpXmBxmN1NpGAr9TQ98xkuqOa91LxP68Z6+5lK+FBFGsW0MlH3VhgHeK0O9zhklEthoYAldzsimkfJFBtGs6ZEsj8yYukVioSp0juzvPlq2kdWXSADlEBEXSByugWVVAVUfSEXtAH+rSerTfry/qejGasaWYf/YH18wuEU6hB</latexit><latexit sha1_base64="gTQDahx3pXA4ByNFxL0RpirzQ80=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoiGVSBV0WRXBZwT6gU8qdNG1DMw+SjFKGfpEbf0UXgoq49TPMtF3U1gOBwzn3kHuPFwmutOO8W5ml5ZXVtex6bmNza3vH3t2rqTCWlFVpKELZ8EAxwQNW1VwL1ogkA98TrO4NrlO//sCk4mFwr4cRa/nQC3iXU9BGats3LoioD9j1Qfc9L2mM2gSf4AI5nRjHM0YJu5L3+hqkDB9nE2dtO+8UnTHwIiFTkkdTVNr2q9sJaeyzQFMBSjWJE+lWAlJzKtgo58aKRUAH0GNNQwPwmWol43NH+MgoHdwNpXmBxmN1NpGAr9TQ98xkuqOa91LxP68Z6+5lK+FBFGsW0MlH3VhgHeK0O9zhklEthoYAldzsimkfJFBtGs6ZEsj8yYukVioSp0juzvPlq2kdWXSADlEBEXSByugWVVAVUfSEXtAH+rSerTfry/qejGasaWYf/YH18wuEU6hB</latexit>

X1 + w ! X2
<latexit sha1_base64="4s49wLK0M9jyHbZqoJhEqsoDgp4=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKEkRdBl0Y3LCvYCTQiT6aQdOpkJMxOlhD6DG1/FjQtF3Lpy59s4aQNq64GBj/8/hznnDxNGlXacL6u0tLyyulZer2xsbm3v2Lt7bSVSiUkLCyZkN0SKMMpJS1PNSDeRBMUhI51wdJX7nTsiFRX8Vo8T4sdowGlEMdJGCuwTL0Z6GIZZdxK48BTeQ0/SwVAjKYXhH7Me2FWn5kwLLoJbQBUU1QzsT68vcBoTrjFDSvVcJ9F+hqSmmJFJxUsVSRAeoQHpGeQoJsrPpidN4JFR+jAS0jyu4VT9PZGhWKlxHJrOfEc17+Xif14v1dGFn1GepJpwPPsoShnUAub5wD6VBGs2NoCwpGZXiIdIIqxNihUTgjt/8iK06zXXqbk3Z9XGZRFHGRyAQ3AMXHAOGuAaNEELYPAAnsALeLUerWfrzXqftZasYmYf/Cnr4xuH8Z1h</latexit><latexit sha1_base64="4s49wLK0M9jyHbZqoJhEqsoDgp4=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKEkRdBl0Y3LCvYCTQiT6aQdOpkJMxOlhD6DG1/FjQtF3Lpy59s4aQNq64GBj/8/hznnDxNGlXacL6u0tLyyulZer2xsbm3v2Lt7bSVSiUkLCyZkN0SKMMpJS1PNSDeRBMUhI51wdJX7nTsiFRX8Vo8T4sdowGlEMdJGCuwTL0Z6GIZZdxK48BTeQ0/SwVAjKYXhH7Me2FWn5kwLLoJbQBUU1QzsT68vcBoTrjFDSvVcJ9F+hqSmmJFJxUsVSRAeoQHpGeQoJsrPpidN4JFR+jAS0jyu4VT9PZGhWKlxHJrOfEc17+Xif14v1dGFn1GepJpwPPsoShnUAub5wD6VBGs2NoCwpGZXiIdIIqxNihUTgjt/8iK06zXXqbk3Z9XGZRFHGRyAQ3AMXHAOGuAaNEELYPAAnsALeLUerWfrzXqftZasYmYf/Cnr4xuH8Z1h</latexit><latexit sha1_base64="4s49wLK0M9jyHbZqoJhEqsoDgp4=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKEkRdBl0Y3LCvYCTQiT6aQdOpkJMxOlhD6DG1/FjQtF3Lpy59s4aQNq64GBj/8/hznnDxNGlXacL6u0tLyyulZer2xsbm3v2Lt7bSVSiUkLCyZkN0SKMMpJS1PNSDeRBMUhI51wdJX7nTsiFRX8Vo8T4sdowGlEMdJGCuwTL0Z6GIZZdxK48BTeQ0/SwVAjKYXhH7Me2FWn5kwLLoJbQBUU1QzsT68vcBoTrjFDSvVcJ9F+hqSmmJFJxUsVSRAeoQHpGeQoJsrPpidN4JFR+jAS0jyu4VT9PZGhWKlxHJrOfEc17+Xif14v1dGFn1GepJpwPPsoShnUAub5wD6VBGs2NoCwpGZXiIdIIqxNihUTgjt/8iK06zXXqbk3Z9XGZRFHGRyAQ3AMXHAOGuAaNEELYPAAnsALeLUerWfrzXqftZasYmYf/Cnr4xuH8Z1h</latexit><latexit sha1_base64="4s49wLK0M9jyHbZqoJhEqsoDgp4=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKEkRdBl0Y3LCvYCTQiT6aQdOpkJMxOlhD6DG1/FjQtF3Lpy59s4aQNq64GBj/8/hznnDxNGlXacL6u0tLyyulZer2xsbm3v2Lt7bSVSiUkLCyZkN0SKMMpJS1PNSDeRBMUhI51wdJX7nTsiFRX8Vo8T4sdowGlEMdJGCuwTL0Z6GIZZdxK48BTeQ0/SwVAjKYXhH7Me2FWn5kwLLoJbQBUU1QzsT68vcBoTrjFDSvVcJ9F+hqSmmJFJxUsVSRAeoQHpGeQoJsrPpidN4JFR+jAS0jyu4VT9PZGhWKlxHJrOfEc17+Xif14v1dGFn1GepJpwPPsoShnUAub5wD6VBGs2NoCwpGZXiIdIIqxNihUTgjt/8iK06zXXqbk3Z9XGZRFHGRyAQ3AMXHAOGuAaNEELYPAAnsALeLUerWfrzXqftZasYmYf/Cnr4xuH8Z1h</latexit>

X1[m] + X2[1�m] ! X3
<latexit sha1_base64="omhRuPytao9IntlBDRSJnmyzeOs=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARBLEkVdCFi6IblxXsBZIQJtNJO3SSCTMTpYS+jBtfxY0LiwiufBUnbRa19cDAz/efw5zzBwmjUlnWt1FaWV1b3yhvVra2d3b3zP2DtuSpwKSFOeOiGyBJGI1JS1HFSDcRBEUBI51geJf7nSciJOXxoxolxItQP6YhxUhp5Js3boTUIAiy7ti3nciDZ3CO1B37XDNX0P5AISH487x74ZtVq2ZNCy4LuxBVUFTTNyduj+M0IrHCDEnp2FaivAwJRTEj44qbSpIgPER94mgZo4hIL5teOYYnmvRgyIV+sYJTOj+RoUjKURToznxHuejl8D/PSVV47WU0TlJFYjz7KEwZVBzmkcEeFQQrNtICYUH1rhAPkEBY6WArOgR78eRl0a7XbKtmP1xWG7dFHGVwBI7BKbDBFWiAe9AELYDBC3gDH2BivBrvxqfxNWstGcXMIfhTxs8vDc2k/A==</latexit><latexit sha1_base64="omhRuPytao9IntlBDRSJnmyzeOs=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARBLEkVdCFi6IblxXsBZIQJtNJO3SSCTMTpYS+jBtfxY0LiwiufBUnbRa19cDAz/efw5zzBwmjUlnWt1FaWV1b3yhvVra2d3b3zP2DtuSpwKSFOeOiGyBJGI1JS1HFSDcRBEUBI51geJf7nSciJOXxoxolxItQP6YhxUhp5Js3boTUIAiy7ti3nciDZ3CO1B37XDNX0P5AISH487x74ZtVq2ZNCy4LuxBVUFTTNyduj+M0IrHCDEnp2FaivAwJRTEj44qbSpIgPER94mgZo4hIL5teOYYnmvRgyIV+sYJTOj+RoUjKURToznxHuejl8D/PSVV47WU0TlJFYjz7KEwZVBzmkcEeFQQrNtICYUH1rhAPkEBY6WArOgR78eRl0a7XbKtmP1xWG7dFHGVwBI7BKbDBFWiAe9AELYDBC3gDH2BivBrvxqfxNWstGcXMIfhTxs8vDc2k/A==</latexit><latexit sha1_base64="omhRuPytao9IntlBDRSJnmyzeOs=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARBLEkVdCFi6IblxXsBZIQJtNJO3SSCTMTpYS+jBtfxY0LiwiufBUnbRa19cDAz/efw5zzBwmjUlnWt1FaWV1b3yhvVra2d3b3zP2DtuSpwKSFOeOiGyBJGI1JS1HFSDcRBEUBI51geJf7nSciJOXxoxolxItQP6YhxUhp5Js3boTUIAiy7ti3nciDZ3CO1B37XDNX0P5AISH487x74ZtVq2ZNCy4LuxBVUFTTNyduj+M0IrHCDEnp2FaivAwJRTEj44qbSpIgPER94mgZo4hIL5teOYYnmvRgyIV+sYJTOj+RoUjKURToznxHuejl8D/PSVV47WU0TlJFYjz7KEwZVBzmkcEeFQQrNtICYUH1rhAPkEBY6WArOgR78eRl0a7XbKtmP1xWG7dFHGVwBI7BKbDBFWiAe9AELYDBC3gDH2BivBrvxqfxNWstGcXMIfhTxs8vDc2k/A==</latexit><latexit sha1_base64="omhRuPytao9IntlBDRSJnmyzeOs=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARBLEkVdCFi6IblxXsBZIQJtNJO3SSCTMTpYS+jBtfxY0LiwiufBUnbRa19cDAz/efw5zzBwmjUlnWt1FaWV1b3yhvVra2d3b3zP2DtuSpwKSFOeOiGyBJGI1JS1HFSDcRBEUBI51geJf7nSciJOXxoxolxItQP6YhxUhp5Js3boTUIAiy7ti3nciDZ3CO1B37XDNX0P5AISH487x74ZtVq2ZNCy4LuxBVUFTTNyduj+M0IrHCDEnp2FaivAwJRTEj44qbSpIgPER94mgZo4hIL5teOYYnmvRgyIV+sYJTOj+RoUjKURToznxHuejl8D/PSVV47WU0TlJFYjz7KEwZVBzmkcEeFQQrNtICYUH1rhAPkEBY6WArOgR78eRl0a7XbKtmP1xWG7dFHGVwBI7BKbDBFWiAe9AELYDBC3gDH2BivBrvxqfxNWstGcXMIfhTxs8vDc2k/A==</latexit>

X = {x, z,G,G�1}
<latexit sha1_base64="0N+Z3LitFDuBX50IOL3gAkhrjEk=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFc1JKIoBuh6EKXFewDmlgm02k7dPJgZiLWkK0bf8WNC0Xc+gfu/BsnbRbaepiBwzn3cu89XsSZVJb1bczNLywuLRdWiqtr6xub5tZ2Q4axILROQh6Klocl5SygdcUUp61IUOx7nDa94UXmN++okCwMbtQooq6P+wHrMYKVljomcnysBp6XtFJ0hpzkvoweyuhSv9vk0E6dtGOWrIo1Bpoldk5KkKPWMb+cbkhinwaKcCxl27Yi5SZYKEY4TYtOLGmEyRD3aVvTAPtUusn4khTta6WLeqHQP1BorP7uSLAv5cj3dGW2t5z2MvE/rx2r3qmbsCCKFQ3IZFAv5kiFKIsFdZmgRPGRJpgIpndFZIAFJkqHV9Qh2NMnz5LGUcW2Kvb1cal6nsdRgF3YgwOw4QSqcAU1qAOBR3iGV3gznowX4934mJTOGXnPDvyB8fkDhy2YSg==</latexit><latexit sha1_base64="0N+Z3LitFDuBX50IOL3gAkhrjEk=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFc1JKIoBuh6EKXFewDmlgm02k7dPJgZiLWkK0bf8WNC0Xc+gfu/BsnbRbaepiBwzn3cu89XsSZVJb1bczNLywuLRdWiqtr6xub5tZ2Q4axILROQh6Klocl5SygdcUUp61IUOx7nDa94UXmN++okCwMbtQooq6P+wHrMYKVljomcnysBp6XtFJ0hpzkvoweyuhSv9vk0E6dtGOWrIo1Bpoldk5KkKPWMb+cbkhinwaKcCxl27Yi5SZYKEY4TYtOLGmEyRD3aVvTAPtUusn4khTta6WLeqHQP1BorP7uSLAv5cj3dGW2t5z2MvE/rx2r3qmbsCCKFQ3IZFAv5kiFKIsFdZmgRPGRJpgIpndFZIAFJkqHV9Qh2NMnz5LGUcW2Kvb1cal6nsdRgF3YgwOw4QSqcAU1qAOBR3iGV3gznowX4934mJTOGXnPDvyB8fkDhy2YSg==</latexit><latexit sha1_base64="0N+Z3LitFDuBX50IOL3gAkhrjEk=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFc1JKIoBuh6EKXFewDmlgm02k7dPJgZiLWkK0bf8WNC0Xc+gfu/BsnbRbaepiBwzn3cu89XsSZVJb1bczNLywuLRdWiqtr6xub5tZ2Q4axILROQh6Klocl5SygdcUUp61IUOx7nDa94UXmN++okCwMbtQooq6P+wHrMYKVljomcnysBp6XtFJ0hpzkvoweyuhSv9vk0E6dtGOWrIo1Bpoldk5KkKPWMb+cbkhinwaKcCxl27Yi5SZYKEY4TYtOLGmEyRD3aVvTAPtUusn4khTta6WLeqHQP1BorP7uSLAv5cj3dGW2t5z2MvE/rx2r3qmbsCCKFQ3IZFAv5kiFKIsFdZmgRPGRJpgIpndFZIAFJkqHV9Qh2NMnz5LGUcW2Kvb1cal6nsdRgF3YgwOw4QSqcAU1qAOBR3iGV3gznowX4934mJTOGXnPDvyB8fkDhy2YSg==</latexit><latexit sha1_base64="0N+Z3LitFDuBX50IOL3gAkhrjEk=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFc1JKIoBuh6EKXFewDmlgm02k7dPJgZiLWkK0bf8WNC0Xc+gfu/BsnbRbaepiBwzn3cu89XsSZVJb1bczNLywuLRdWiqtr6xub5tZ2Q4axILROQh6Klocl5SygdcUUp61IUOx7nDa94UXmN++okCwMbtQooq6P+wHrMYKVljomcnysBp6XtFJ0hpzkvoweyuhSv9vk0E6dtGOWrIo1Bpoldk5KkKPWMb+cbkhinwaKcCxl27Yi5SZYKEY4TYtOLGmEyRD3aVvTAPtUusn4khTta6WLeqHQP1BorP7uSLAv5cj3dGW2t5z2MvE/rx2r3qmbsCCKFQ3IZFAv5kiFKIsFdZmgRPGRJpgIpndFZIAFJkqHV9Qh2NMnz5LGUcW2Kvb1cal6nsdRgF3YgwOw4QSqcAU1qAOBR3iGV3gznowX4934mJTOGXnPDvyB8fkDhy2YSg==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>     Graphics, visualization, data aug, counterfactual reasoning, …

[Jahanian*, Chai*, Isola,  ICLR 2020]

[Chai, Wulff, Isola,  ICLR 2021]

[Goetschalckx*, Andonian*, Oliva, Isola,  ICCV 2019]

[Lin, Florence, Barron, et al. , IROS 2021]argmin
X

f(X)
<latexit sha1_base64="cvwrVe4YtOfv5KzIfGA0+Gx1ESM="></latexit><latexit sha1_base64="FivWCI8jILlnADcN1PzQAIwjby0="></latexit><latexit sha1_base64="FivWCI8jILlnADcN1PzQAIwjby0="></latexit><latexit sha1_base64="FivWCI8jILlnADcN1PzQAIwjby0="></latexit>
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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>

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

Generative Models

Synthesized Image

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>

Latent variables 
(controls)

G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>

Cat photo from "StyleGAN2 — Official TensorFlow Implementation - Analyzing and Improving the Image Quality 
of StyleGAN", by Tero Karras, Samuli Laine, Miika Aittala, Janne Hellsten, Jaakko Lehtinen, Timo Aila 
(https://github.com/NVlabs/stylegan2). Made available under the Nvidia Source Code License-NC 
(https://nvlabs.github.io/stylegan2/license.html).
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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>

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

Generative Models

Synthesized Image

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>

Latent variables 
(controls)

G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>
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Latent variables 
(controls)

u
<latexit sha1_base64="T1uA6W5+3xwxDKD7YaxKkPtWlg0=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhls4G1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QP4qpEZ</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit>

“Bird orientation”
u

<latexit sha1_base64="T1uA6W5+3xwxDKD7YaxKkPtWlg0=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhls4G1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QP4qpEZ</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit>

v
<latexit sha1_base64="hHmc8DnL8weBQ5oJmgGYEz1+IwA=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9iGMplO2qGTSZi5KZTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilZ66kUUR0GYTWb9StWtuXOQVeIVpAoFGv3KV28QszTiCpmkxnQ9N0E/oxoFk3xW7qWGJ5SN6ZB3LVU04sbP5oln5NwqAxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dNMbzxM6GSFLlii4/CVBKMSX4+GQjNGcqpJZRpYbMSNqKaMrQllW0J3vLJq6R1WfPcmvdwVa3fFnWU4BTO4AI8uIY63EMDmsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QP6L5Ea</latexit><latexit sha1_base64="Iuk5GHjTaP+E40HBEZcvFwDhdHo=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3MJkNmZ5eZu4Gw5C8sbPwVGxFbsfNvnE220MTCAwOHc+7lzjl+LIVB1/1yCiura+sbxc3S1vbO7l55/6BhokQzXmeRjHTLp4ZLoXgdBUreijWnoS950x9dZ35zzLURkbrHScy7IR0oEQhG0UoPnZDi0A/S8bRXrrhVdwayTLycVCDH/8Z75c9OP2JJyBUySY1pe26M3ZRqFEzyaamTGB5TNqID3rZU0ZCbbjqLNSUnVumTINL2KSQz9edGSkNjJqFvJ7MYZtHLxL+8doLBZTcVKk6QKzY/FCSSYESyjkhfaM5QTiyhTAv7V8KGVFOGtsmSje4tBl0mjbOq51a9u/NK7SrvrAhHcAyn4MEF1OAGbqEODBQ8wjO8Ok/Oi/PmvM9HC06+cwi/4Hx8A+2cmJM=</latexit><latexit sha1_base64="Iuk5GHjTaP+E40HBEZcvFwDhdHo=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3MJkNmZ5eZu4Gw5C8sbPwVGxFbsfNvnE220MTCAwOHc+7lzjl+LIVB1/1yCiura+sbxc3S1vbO7l55/6BhokQzXmeRjHTLp4ZLoXgdBUreijWnoS950x9dZ35zzLURkbrHScy7IR0oEQhG0UoPnZDi0A/S8bRXrrhVdwayTLycVCDH/8Z75c9OP2JJyBUySY1pe26M3ZRqFEzyaamTGB5TNqID3rZU0ZCbbjqLNSUnVumTINL2KSQz9edGSkNjJqFvJ7MYZtHLxL+8doLBZTcVKk6QKzY/FCSSYESyjkhfaM5QTiyhTAv7V8KGVFOGtsmSje4tBl0mjbOq51a9u/NK7SrvrAhHcAyn4MEF1OAGbqEODBQ8wjO8Ok/Oi/PmvM9HC06+cwi/4Hx8A+2cmJM=</latexit><latexit sha1_base64="Iuk5GHjTaP+E40HBEZcvFwDhdHo=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3MJkNmZ5eZu4Gw5C8sbPwVGxFbsfNvnE220MTCAwOHc+7lzjl+LIVB1/1yCiura+sbxc3S1vbO7l55/6BhokQzXmeRjHTLp4ZLoXgdBUreijWnoS950x9dZ35zzLURkbrHScy7IR0oEQhG0UoPnZDi0A/S8bRXrrhVdwayTLycVCDH/8Z75c9OP2JJyBUySY1pe26M3ZRqFEzyaamTGB5TNqID3rZU0ZCbbjqLNSUnVumTINL2KSQz9edGSkNjJqFvJ7MYZtHLxL+8doLBZTcVKk6QKzY/FCSSYESyjkhfaM5QTiyhTAv7V8KGVFOGtsmSje4tBl0mjbOq51a9u/NK7SrvrAhHcAyn4MEF1OAGbqEODBQ8wjO8Ok/Oi/PmvM9HC06+cwi/4Hx8A+2cmJM=</latexit>
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Latent variables 
(controls)

u
<latexit sha1_base64="T1uA6W5+3xwxDKD7YaxKkPtWlg0=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhls4G1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QP4qpEZ</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit>

“Bird orientation”
u

<latexit sha1_base64="T1uA6W5+3xwxDKD7YaxKkPtWlg0=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhls4G1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QP4qpEZ</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit><latexit sha1_base64="tlN4Ez1bU3dWV3i8wd7BRqSmmCw=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzBLJ71K1a25U5BF4hWkCgX+N96rfHb7MUsjlIYJqnXHcxPjZ1QZzgROyt1UY0LZiA6wY6mkEWo/m8aakGOr9EkYK/ukIVP150ZGI63HUWAn8xh63svFv7xOasILP+MySQ1KNjsUpoKYmOQdkT5XyIwYW0KZ4vavhA2poszYJss2ujcfdJE0T2ueW/Nuz6r1y6KzEhzCEZyAB+dQh2u4gQYwkPAIz/DqPDkvzpvzPhtdcoqdA/gF5+Mb6/KYkg==</latexit>

v
<latexit sha1_base64="hHmc8DnL8weBQ5oJmgGYEz1+IwA=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9iGMplO2qGTSZi5KZTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilZ66kUUR0GYTWb9StWtuXOQVeIVpAoFGv3KV28QszTiCpmkxnQ9N0E/oxoFk3xW7qWGJ5SN6ZB3LVU04sbP5oln5NwqAxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dNMbzxM6GSFLlii4/CVBKMSX4+GQjNGcqpJZRpYbMSNqKaMrQllW0J3vLJq6R1WfPcmvdwVa3fFnWU4BTO4AI8uIY63EMDmsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QP6L5Ea</latexit><latexit sha1_base64="Iuk5GHjTaP+E40HBEZcvFwDhdHo=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3MJkNmZ5eZu4Gw5C8sbPwVGxFbsfNvnE220MTCAwOHc+7lzjl+LIVB1/1yCiura+sbxc3S1vbO7l55/6BhokQzXmeRjHTLp4ZLoXgdBUreijWnoS950x9dZ35zzLURkbrHScy7IR0oEQhG0UoPnZDi0A/S8bRXrrhVdwayTLycVCDH/8Z75c9OP2JJyBUySY1pe26M3ZRqFEzyaamTGB5TNqID3rZU0ZCbbjqLNSUnVumTINL2KSQz9edGSkNjJqFvJ7MYZtHLxL+8doLBZTcVKk6QKzY/FCSSYESyjkhfaM5QTiyhTAv7V8KGVFOGtsmSje4tBl0mjbOq51a9u/NK7SrvrAhHcAyn4MEF1OAGbqEODBQ8wjO8Ok/Oi/PmvM9HC06+cwi/4Hx8A+2cmJM=</latexit><latexit sha1_base64="Iuk5GHjTaP+E40HBEZcvFwDhdHo=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3MJkNmZ5eZu4Gw5C8sbPwVGxFbsfNvnE220MTCAwOHc+7lzjl+LIVB1/1yCiura+sbxc3S1vbO7l55/6BhokQzXmeRjHTLp4ZLoXgdBUreijWnoS950x9dZ35zzLURkbrHScy7IR0oEQhG0UoPnZDi0A/S8bRXrrhVdwayTLycVCDH/8Z75c9OP2JJyBUySY1pe26M3ZRqFEzyaamTGB5TNqID3rZU0ZCbbjqLNSUnVumTINL2KSQz9edGSkNjJqFvJ7MYZtHLxL+8doLBZTcVKk6QKzY/FCSSYESyjkhfaM5QTiyhTAv7V8KGVFOGtsmSje4tBl0mjbOq51a9u/NK7SrvrAhHcAyn4MEF1OAGbqEODBQ8wjO8Ok/Oi/PmvM9HC06+cwi/4Hx8A+2cmJM=</latexit><latexit sha1_base64="Iuk5GHjTaP+E40HBEZcvFwDhdHo=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3MJkNmZ5eZu4Gw5C8sbPwVGxFbsfNvnE220MTCAwOHc+7lzjl+LIVB1/1yCiura+sbxc3S1vbO7l55/6BhokQzXmeRjHTLp4ZLoXgdBUreijWnoS950x9dZ35zzLURkbrHScy7IR0oEQhG0UoPnZDi0A/S8bRXrrhVdwayTLycVCDH/8Z75c9OP2JJyBUySY1pe26M3ZRqFEzyaamTGB5TNqID3rZU0ZCbbjqLNSUnVumTINL2KSQz9edGSkNjJqFvJ7MYZtHLxL+8doLBZTcVKk6QKzY/FCSSYESyjkhfaM5QTiyhTAv7V8KGVFOGtsmSje4tBl0mjbOq51a9u/NK7SrvrAhHcAyn4MEF1OAGbqEODBQ8wjO8Ok/Oi/PmvM9HC06+cwi/4Hx8A+2cmJM=</latexit>

v
<latexit sha1_base64="hHmc8DnL8weBQ5oJmgGYEz1+IwA=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9iGMplO2qGTSZi5KZTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCbcj+hQiVAwilZ66kUUR0GYTWb9StWtuXOQVeIVpAoFGv3KV28QszTiCpmkxnQ9N0E/oxoFk3xW7qWGJ5SN6ZB3LVU04sbP5oln5NwqAxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dNMbzxM6GSFLlii4/CVBKMSX4+GQjNGcqpJZRpYbMSNqKaMrQllW0J3vLJq6R1WfPcmvdwVa3fFnWU4BTO4AI8uIY63EMDmsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QP6L5Ea</latexit><latexit sha1_base64="Iuk5GHjTaP+E40HBEZcvFwDhdHo=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3MJkNmZ5eZu4Gw5C8sbPwVGxFbsfNvnE220MTCAwOHc+7lzjl+LIVB1/1yCiura+sbxc3S1vbO7l55/6BhokQzXmeRjHTLp4ZLoXgdBUreijWnoS950x9dZ35zzLURkbrHScy7IR0oEQhG0UoPnZDi0A/S8bRXrrhVdwayTLycVCDH/8Z75c9OP2JJyBUySY1pe26M3ZRqFEzyaamTGB5TNqID3rZU0ZCbbjqLNSUnVumTINL2KSQz9edGSkNjJqFvJ7MYZtHLxL+8doLBZTcVKk6QKzY/FCSSYESyjkhfaM5QTiyhTAv7V8KGVFOGtsmSje4tBl0mjbOq51a9u/NK7SrvrAhHcAyn4MEF1OAGbqEODBQ8wjO8Ok/Oi/PmvM9HC06+cwi/4Hx8A+2cmJM=</latexit><latexit sha1_base64="Iuk5GHjTaP+E40HBEZcvFwDhdHo=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3MJkNmZ5eZu4Gw5C8sbPwVGxFbsfNvnE220MTCAwOHc+7lzjl+LIVB1/1yCiura+sbxc3S1vbO7l55/6BhokQzXmeRjHTLp4ZLoXgdBUreijWnoS950x9dZ35zzLURkbrHScy7IR0oEQhG0UoPnZDi0A/S8bRXrrhVdwayTLycVCDH/8Z75c9OP2JJyBUySY1pe26M3ZRqFEzyaamTGB5TNqID3rZU0ZCbbjqLNSUnVumTINL2KSQz9edGSkNjJqFvJ7MYZtHLxL+8doLBZTcVKk6QKzY/FCSSYESyjkhfaM5QTiyhTAv7V8KGVFOGtsmSje4tBl0mjbOq51a9u/NK7SrvrAhHcAyn4MEF1OAGbqEODBQ8wjO8Ok/Oi/PmvM9HC06+cwi/4Hx8A+2cmJM=</latexit><latexit sha1_base64="Iuk5GHjTaP+E40HBEZcvFwDhdHo=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3MJkNmZ5eZu4Gw5C8sbPwVGxFbsfNvnE220MTCAwOHc+7lzjl+LIVB1/1yCiura+sbxc3S1vbO7l55/6BhokQzXmeRjHTLp4ZLoXgdBUreijWnoS950x9dZ35zzLURkbrHScy7IR0oEQhG0UoPnZDi0A/S8bRXrrhVdwayTLycVCDH/8Z75c9OP2JJyBUySY1pe26M3ZRqFEzyaamTGB5TNqID3rZU0ZCbbjqLNSUnVumTINL2KSQz9edGSkNjJqFvJ7MYZtHLxL+8doLBZTcVKk6QKzY/FCSSYESyjkhfaM5QTiyhTAv7V8KGVFOGtsmSje4tBl0mjbOq51a9u/NK7SrvrAhHcAyn4MEF1OAGbqEODBQ8wjO8Ok/Oi/PmvM9HC06+cwi/4Hx8A+2cmJM=</latexit>
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Data++ supports counterfactual reasoning
“What would it look like if…”

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</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>

Data2Data++

Cat photo from "StyleGAN2 — Official TensorFlow Implementation - Analyzing and Improving the Image Quality 
of StyleGAN", by Tero Karras, Samuli Laine, Miika Aittala, Janne Hellsten, Jaakko Lehtinen, Timo Aila 
(https://github.com/NVlabs/stylegan2). Made available under the Nvidia Source Code License-NC 
(https://nvlabs.github.io/stylegan2/license.html).
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z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</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>

Data++ supports counterfactual reasoning
“What would it look like if…”

Cat photo from "StyleGAN2 — Official TensorFlow Implementation - Analyzing and Improving the Image Quality 
of StyleGAN", by Tero Karras, Samuli Laine, Miika Aittala, Janne Hellsten, Jaakko Lehtinen, Timo Aila 
(https://github.com/NVlabs/stylegan2). Made available under the Nvidia Source Code License-NC 
(https://nvlabs.github.io/stylegan2/license.html).
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Input Image

⊕

C

GAN Generated Variations

CCC

Improved 
accuracy and 
robustness

Ensembling with Deep Generative Views
Chai, Zhu, Shechtman, Isola, Zhang 
CVPR 2021

© Chai et al. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
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Zoomed out

Zoomed in

Zoom Shift

Brighten Darken

[DCGAN, Radford, Metz, Chintala, 2015]

[word2vec, Mikolov et al., 2013]

© source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/13



Winter to spring

input output

Turning on the lights

input output

Day to night

input output

Color transformation vectors
Volcano!

input output

There is a latent space “vector” for each of these transformations — 
the “spring vector”, the “volcano exploding vector”

© source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/14



StyleGAN

[“StyleGAN”, Karras, 
Laine, Aila, 2018]

Traditional GAN

© Karras et al. All rights reserved. This content is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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Data space 
(Natural image manifold)

X
<latexit sha1_base64="UbyZ6wKmQgv2DiMu6HX/UADe5wk=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfMmZD8</latexit><latexit sha1_base64="UbyZ6wKmQgv2DiMu6HX/UADe5wk=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfMmZD8</latexit><latexit sha1_base64="UbyZ6wKmQgv2DiMu6HX/UADe5wk=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfMmZD8</latexit><latexit sha1_base64="UbyZ6wKmQgv2DiMu6HX/UADe5wk=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfMmZD8</latexit>

Interpolation 
in data space

© Brock et al. All rights reserved. This content is excluded from our Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/
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Latent space 
(Gaussian)

Data space 
(Natural image manifold)

z X
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[BigGAN, Brock et al. 2018]

Interpolation 
in latent space

© Brock et al. All rights reserved. This content is excluded from our Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/

17



q(Z(X=:>::} 
4 '¥" = = = = = - - - - = = = = = = = - - - - - - = = = = - - - - - =   

F.
J 

.. ·.•XI.Z=l) 
4 • = = - = - = - - = = = = - - p- t - - - - -  = = = = - - - - - =   

l 

-4 ··----------, ,----------------------------  4 -------------------, , , .--------,---------
-4  -1  tr 2 4 6 10 12 -4   10 

4 

-4 
-4 10 u 

18



[“StyleGAN”, Karras, Laine, Aila, 2018]
© Karras et al. All rights reserved. This content is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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Different ways to navigate latent space

[“StyleSpace”, Wu, Lischinski, Shechtman, 2020]

W
<latexit sha1_base64="Cx5adT2T5UqhSTIQi0NiyLLB/wc="></latexit><latexit sha1_base64="Cx5adT2T5UqhSTIQi0NiyLLB/wc="></latexit><latexit sha1_base64="Cx5adT2T5UqhSTIQi0NiyLLB/wc="></latexit><latexit sha1_base64="Cx5adT2T5UqhSTIQi0NiyLLB/wc="></latexit>

© Wu et al. All rights reserved. This content is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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Labeling Data++
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Labeling Data++
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Labeling Data++
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[Zhang*, Ling*, Gao, Yin, Lafleche, Barriuso, Torralba, Fidler 2021]

see  also [Tritrong*, Rewatbowornwong*, Suwajanakorn, CVPR 2021] 
[Li, Yang, Kries, Torralba, Fidler, CVPR 2021]

DatasetGAN

© Zhang  et al. All rights reserved. This content is excluded from our Creative Commons license. For 
more information, see https://ocw.mit.edu/help/faq-fair-use/
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[Zhang*, Ling*, Gao, Yin, Lafleche, Barriuso, Torralba, Fidler, CVPR 2021]© Zhang  et al. All rights reserved. This content is excluded from our Creative Commons license. For 
more information, see https://ocw.mit.edu/help/faq-fair-use/ 25



1 labeled GAN image is worth 
~100 labeled regular images!

© Zhang  et al. All rights reserved. This content is excluded from our Creative Commons license. For 
more information, see https://ocw.mit.edu/help/faq-fair-use/
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[Tritrong*, Rewatbowornwong*, Suwajanakorn, CVPR 2021]

[Li, Yang, Kries, Torralba, Fidler, CVPR 2021]

1 manual label 5 manual labels 10 manual labels

Courtesy of Li et al. Used under CC BY.

© Tritrong  et al. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see https://ocw.mit.edu/help/faq-fair-use/
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Explaining in Style: Training a GAN to Explain a Classifier
Oran Lang*, Yossi Gandelsman*, Michal Yarom*, Yoav Wald*, Gal Elidan, Avinatan Hassidim, 
William T. Freeman, Phillip Isola, Amir Globerson, Michal Irani, Inbar Mosseri 
ICCV 2021

Why was this image classified as a cat?C

Cat
© Lang et al. All rights reserved. This content is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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Cat

E
Data2Data++

(

<latexit sha1_base64="SzgOjECc3/G/NjwHBGjVHycPgtA="></latexit><latexit sha1_base64="bPDTkEMP9FXbnEuQC8fXG0O8QIc="></latexit><latexit sha1_base64="bPDTkEMP9FXbnEuQC8fXG0O8QIc="></latexit><latexit sha1_base64="bPDTkEMP9FXbnEuQC8fXG0O8QIc="></latexit>

Data

Data++
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Predicted class

[“StyleSpace”: Wu, Lischinski, Shechtman 2020]
Manipulate latent variables

G

StylEx 
Find top-K StyleSpace directions that most 

affect predicted class

Ca
t
Do
g
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Perceived Age Classifier:

Class-specific explanation

Image of people removed due to copyright restrictions.

32
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Attribute #1 
“Exudates”

Attribute #2  
“Cotton Wool”

Attribute #3  
“Hemorrhages” 

Attribute #4  
“Clustered Exudates” 

Retinal Fundus Classifier:

Class-specific explanation

© source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/33



Dataset Interfaces: Diagnosing Model Failures Using Controllable Counterfactual Generation, Vendrow et al., 2023

Bing ImageNet*

Acquiring images of plates with utensils

ImageNet Stable Diffusion

Original Plates

Figure 1: Acquiring ImageNet counterfactual examples of “plates with utensils” using the Bing search
engine, Stable Diffusion, or our dataset interface ImageNet⇤. The Bing and Stable Diffusion plates are almost
exclusively empty, and thus do not fully match the images in ImageNet (as the latter often contain food). In
contrast, ImageNet⇤ can generate counterfactual examples of “plates with utensils” that match the ImageNet
distribution much more closely.

Currently, practitioners use a few natural methods for generating counterfactual examples. Returning
to our example of “plate with utensils,” one (labor intensive) strategy is to manually take photographs
of ImageNet-style scenes of plates with and without utensils. More scalable approaches include scraping
images of plates with utensils from the internet (e.g., using Google or Bing search engines), or synthetically
generating such images (e.g., using a text-to-image diffusion model such as Stable Diffusion [RBL+22]).
However, images produced using such approaches often reflect additional confounding shifts. For example,
querying the Bing search engine or Stable Diffusion with the prompt “a photo of a plate with utensils”
surfaces plates that are almost exclusively empty, while in ImageNet the plates usually contain food (see
Figure 1). Any observed change in the model’s accuracy on these images might thus well be due to this
confounding shift rather than the shift of interest (i.e., the presence of utensils).

Our Contributions

In this work, we unify approaches to counterfactual generation under a common notion of a dataset interface:
a primitive that, given an input dataset and a user-specified shift, aims to return instances from the input
distribution that exhibit the desired shift. We then study a number of existing strategies for implementing
such an interface and find that — due to an undesirable mismatch between the distribution produced by
the interface and that of the input dataset — these approaches often introduce confounding shifts that can
complicate model evaluation.

To mitigate this mismatch, we introduce a new implementation of a dataset interface that leverages Stable
Diffusion together with Textual Inversion [GAA+22]. In particular, this implementation encodes each class
in the input dataset as a token within the text-space of the diffusion model. By integrating these tokens into
natural language prompts, our implementation can then generate counterfactual examples that conform to
the input distribution while still exhibiting the desired shift. Overall, this implementation:

• Is tailored to the input dataset: It can match key aspects of the original dataset, even for objects and
attributes without a clear textual specification. For example, if the input dataset contains a specific
breed of dog, our dataset interface can generate images matching that breed, even if the underlying
diffusion model is unable to associate this breed with any natural language description.

• Provides fine-grained control: It can generate images of a target object with a significant degree
of control over the desired distribution shift. This includes manipulating not only aspects such as
backgrounds (e.g., “on a beach”) and lighting (e.g., “in studio lighting”), but also more fine-grained
adjustments such as co-occurring objects (e.g., “with a person”) and attributes of the objects themselves
(e.g., “lying down”).

2

A photo of a 𝚂plate Acc: 90%

A photo of a plate

empty……in the grass Acc: 6%Acc: 75%

Acc: 5% Acc: 2%Acc: 2% empty……in the grass

ImageNet*

Prompting with 
Class Name

Figure 7: Images of plates generated by our dataset interface ImageNet⇤ (top) and by prompting Stable
Diffusion with the class name “plate” (bottom), alongside the top predicted classes of an ImageNet-trained
ResNet50 on these images. While generating ImageNet⇤ examples “in the grass” causes only a slight drop in
accuracy, prompting Stable Diffusion with “a plate in the grass” degrades the model’s accuracy to 2% due to
the additional confounding factor of emptiness.

Figure 8: Real images of plates, with and without food and either on a table or in the grass. Below each
image is the predicted class by an ImageNet-trained ResNet50.

6 Evaluating Distribution Shift Robustness

Our framework’s scalability enables us to rapidly assess a model’s performance on a wide variety of
distribution shifts. As a result, we can take a shift-centric perspective on robustness; that is, we can evaluate
models on many types of distribution shifts at once, and then categorize variations in these models’ behavior.

A benchmark for distribution shift robustness. Using our dataset interface ImageNet⇤, we generate
images for 23 shifts, including changes in background, weather, lighting, style, attributes, and co-occurrence
(see Figure 9 for examples, and Appendix A.5 for a full list). We then evaluate a variety of image classification
models varying architectures, training regimes, pre-training schemes, and input resolutions.

We can now categorize the behavior of each shift according to two criteria. The first criteria, the shift’s
absolute impact, encapsulates the shift’s overall severity, and can be measured as the average difference

8

© Vendrow et al. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
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Generative Models as a Data Source for 
Multiview Representation Learning

Jahanian, Puig, Tian, Isola 
ICLR 2022

Generative Model

Dataset

Courtesy of Jahanian et al. Under under CC BY.
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Contrastive Learning

c
c

Data space Representation space

Courtesy of Jahanian et al. Under under CC BY.
36



Contrastive learning + Generative modeling

c
c

Data space Representation spaceLatent space

Create positive pairs by transformations in latent space, rather than in data 
space
Courtesy of Jahanian et al. Under under CC BY.
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Contrastive learning + Generative modeling

SimCLR views

Objective: these 
are two views of 
the same thing

Latent views

Objective: these 
are two views of 
the same thing

Courtesy of Jahanian et al. Under under CC BY.
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Contrastive learning + Generative modeling

SimCLR views Latent views

These are all different views of the same thingThese are all different views of the same thing

Courtesy of Jahanian et al. Under under CC BY.
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Contrastive learning + Generative modeling

Contrastive learning from real data (SimCLR, etc)

Dataset

Given:
,

Learn:

35.7%Only

42.6%+

Top-1 Accuracy on 
ImageNet1000 linear 

transfer

43.9%

Contrastive learning from generated data

Generator

c

Given:
,

Learn:

,

Data space Representation space

Encoder

Encoder

Data spaceLatent space

Generator

Representation space
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Contrastive learning + Generative modeling

Deep generative views improve contrastive learning beyond only using 
standard data augmentation. 

When the generative model is high quality, can even outperform learning 
from real data.

41



Data++
z
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Datapoint++

Samples from implicit generative models act like 
decorated data, data++, with extra functionality. 

With special operators, you can interpolate, 
extrapolate, manipulate, compose, optimize, and 
label these datapoints. 

Everything you can do with regular data, you can 
also try with data++. It might work better!

© source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/42



Meta-learning: learning to learn fast
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<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> ✓

<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Parameters
<latexit sha1_base64="CE4O6IRp0WWeTLUkK6hdPnH2YDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmljc2t7p7xb2ds/ODyqHp90TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnFtRKwecJZwP6JjJULBKFrpsUU1jTjahmG15tbdBcg68QpSgwKtYfVrMIpZGnGFTFJj+p6boJ9RjYJJPq8MUsMTyqZ0zPuWKrvH+Nni4jm5sMqIhLG2pZAs1N8TGY2MmUWB7YwoTsyql4v/ef0Uw2s/EypJkSu2XBSmkmBM8vfJSGjOUM4soUwLeythExsCyzOo2BC81ZfXSadR99y6d9+oNW+KOMpwBudwCR5cQRPuoAVtYKDgGV7hzTHOi/PufCxbS04xcwp/4Hz+ALxHkPA=</latexit><latexit sha1_base64="CE4O6IRp0WWeTLUkK6hdPnH2YDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmljc2t7p7xb2ds/ODyqHp90TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnFtRKwecJZwP6JjJULBKFrpsUU1jTjahmG15tbdBcg68QpSgwKtYfVrMIpZGnGFTFJj+p6boJ9RjYJJPq8MUsMTyqZ0zPuWKrvH+Nni4jm5sMqIhLG2pZAs1N8TGY2MmUWB7YwoTsyql4v/ef0Uw2s/EypJkSu2XBSmkmBM8vfJSGjOUM4soUwLeythExsCyzOo2BC81ZfXSadR99y6d9+oNW+KOMpwBudwCR5cQRPuoAVtYKDgGV7hzTHOi/PufCxbS04xcwp/4Hz+ALxHkPA=</latexit><latexit sha1_base64="CE4O6IRp0WWeTLUkK6hdPnH2YDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmljc2t7p7xb2ds/ODyqHp90TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnFtRKwecJZwP6JjJULBKFrpsUU1jTjahmG15tbdBcg68QpSgwKtYfVrMIpZGnGFTFJj+p6boJ9RjYJJPq8MUsMTyqZ0zPuWKrvH+Nni4jm5sMqIhLG2pZAs1N8TGY2MmUWB7YwoTsyql4v/ef0Uw2s/EypJkSu2XBSmkmBM8vfJSGjOUM4soUwLeythExsCyzOo2BC81ZfXSadR99y6d9+oNW+KOMpwBudwCR5cQRPuoAVtYKDgGV7hzTHOi/PufCxbS04xcwp/4Hz+ALxHkPA=</latexit><latexit sha1_base64="CE4O6IRp0WWeTLUkK6hdPnH2YDA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmljc2t7p7xb2ds/ODyqHp90TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnFtRKwecJZwP6JjJULBKFrpsUU1jTjahmG15tbdBcg68QpSgwKtYfVrMIpZGnGFTFJj+p6boJ9RjYJJPq8MUsMTyqZ0zPuWKrvH+Nni4jm5sMqIhLG2pZAs1N8TGY2MmUWB7YwoTsyql4v/ef0Uw2s/EypJkSu2XBSmkmBM8vfJSGjOUM4soUwLeythExsCyzOo2BC81ZfXSadR99y6d9+oNW+KOMpwBudwCR5cQRPuoAVtYKDgGV7hzTHOi/PufCxbS04xcwp/4Hz+ALxHkPA=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Meta-learner
<latexit sha1_base64="q1C2JD1n8C1QHclqlrY60u7ukOk=">AAAB83icbVA9SwNBEN3zM8avqKXNYRBsDHdptAza2AgRzAckR5jbzCVL9vaO3TkhhPwNGwtFbP0zdv4bN8kVmvhg4PHeDDPzwlQKQ5737aytb2xubRd2irt7+weHpaPjpkkyzbHBE5nodggGpVDYIEES26lGiEOJrXB0O/NbT6iNSNQjjVMMYhgoEQkOZKXuPRJcSgStUPdKZa/izeGuEj8nZZaj3it9dfsJz2JUxCUY0/G9lIIJaBJc4rTYzQymwEcwwI6lCmI0wWR+89Q9t0rfjRJtS5E7V39PTCA2ZhyHtjMGGpplbyb+53Uyiq6DiVBpRqj4YlGUSZcSdxaA2xcaOcmxJcC1sLe6fAgaONmYijYEf/nlVdKsVnyv4j9Uy7WbPI4CO2Vn7IL57IrV2B2rswbjLGXP7JW9OZnz4rw7H4vWNSefOWF/4Hz+ANyTkY0=</latexit><latexit sha1_base64="q1C2JD1n8C1QHclqlrY60u7ukOk=">AAAB83icbVA9SwNBEN3zM8avqKXNYRBsDHdptAza2AgRzAckR5jbzCVL9vaO3TkhhPwNGwtFbP0zdv4bN8kVmvhg4PHeDDPzwlQKQ5737aytb2xubRd2irt7+weHpaPjpkkyzbHBE5nodggGpVDYIEES26lGiEOJrXB0O/NbT6iNSNQjjVMMYhgoEQkOZKXuPRJcSgStUPdKZa/izeGuEj8nZZaj3it9dfsJz2JUxCUY0/G9lIIJaBJc4rTYzQymwEcwwI6lCmI0wWR+89Q9t0rfjRJtS5E7V39PTCA2ZhyHtjMGGpplbyb+53Uyiq6DiVBpRqj4YlGUSZcSdxaA2xcaOcmxJcC1sLe6fAgaONmYijYEf/nlVdKsVnyv4j9Uy7WbPI4CO2Vn7IL57IrV2B2rswbjLGXP7JW9OZnz4rw7H4vWNSefOWF/4Hz+ANyTkY0=</latexit><latexit sha1_base64="q1C2JD1n8C1QHclqlrY60u7ukOk=">AAAB83icbVA9SwNBEN3zM8avqKXNYRBsDHdptAza2AgRzAckR5jbzCVL9vaO3TkhhPwNGwtFbP0zdv4bN8kVmvhg4PHeDDPzwlQKQ5737aytb2xubRd2irt7+weHpaPjpkkyzbHBE5nodggGpVDYIEES26lGiEOJrXB0O/NbT6iNSNQjjVMMYhgoEQkOZKXuPRJcSgStUPdKZa/izeGuEj8nZZaj3it9dfsJz2JUxCUY0/G9lIIJaBJc4rTYzQymwEcwwI6lCmI0wWR+89Q9t0rfjRJtS5E7V39PTCA2ZhyHtjMGGpplbyb+53Uyiq6DiVBpRqj4YlGUSZcSdxaA2xcaOcmxJcC1sLe6fAgaONmYijYEf/nlVdKsVnyv4j9Uy7WbPI4CO2Vn7IL57IrV2B2rswbjLGXP7JW9OZnz4rw7H4vWNSefOWF/4Hz+ANyTkY0=</latexit><latexit sha1_base64="q1C2JD1n8C1QHclqlrY60u7ukOk=">AAAB83icbVA9SwNBEN3zM8avqKXNYRBsDHdptAza2AgRzAckR5jbzCVL9vaO3TkhhPwNGwtFbP0zdv4bN8kVmvhg4PHeDDPzwlQKQ5737aytb2xubRd2irt7+weHpaPjpkkyzbHBE5nodggGpVDYIEES26lGiEOJrXB0O/NbT6iNSNQjjVMMYhgoEQkOZKXuPRJcSgStUPdKZa/izeGuEj8nZZaj3it9dfsJz2JUxCUY0/G9lIIJaBJc4rTYzQymwEcwwI6lCmI0wWR+89Q9t0rfjRJtS5E7V39PTCA2ZhyHtjMGGpplbyb+53Uyiq6DiVBpRqj4YlGUSZcSdxaA2xcaOcmxJcC1sLe6fAgaONmYijYEf/nlVdKsVnyv4j9Uy7WbPI4CO2Vn7IL57IrV2B2rswbjLGXP7JW9OZnz4rw7H4vWNSefOWF/4Hz+ANyTkY0=</latexit>

Hyperparameters
<latexit sha1_base64="DaNQlG1Q2Ybd31yZ6rmFsDJsdv8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyXpRpdFN11WsA9oQ5lMJ+3QySTMQ6ihX+LGhSJu/RR3/o2TNgttPTBwOOdc7p0Tppwp7XnfTmlre2d3r7xfOTg8Oq66J6ddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLZXe73HqlULBEPep7SIMYTwSJGsLbSyK22rChTLHFMtc2N3JpX95ZAm8QvSA0KtEfu13CcEBNToQnHSg18L9VBhqVmhNNFZWgUTTGZ4QkdWCrsHhVky8MX6NIqYxQl0j6h0VL9PZHhWKl5HNpkjPVUrXu5+J83MDq6CTImUqOpIKtFkeFIJyhvAY2ZpETzuSWYSGZvRWRqSyB5BxVbgr/+5U3SbdR9r+7fN2rN26KOMpzDBVyBD9fQhBa0oQMEDDzDK7w5T86L8+58rKIlp5g5gz9wPn8ASwmTew==</latexit><latexit sha1_base64="DaNQlG1Q2Ybd31yZ6rmFsDJsdv8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyXpRpdFN11WsA9oQ5lMJ+3QySTMQ6ihX+LGhSJu/RR3/o2TNgttPTBwOOdc7p0Tppwp7XnfTmlre2d3r7xfOTg8Oq66J6ddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLZXe73HqlULBEPep7SIMYTwSJGsLbSyK22rChTLHFMtc2N3JpX95ZAm8QvSA0KtEfu13CcEBNToQnHSg18L9VBhqVmhNNFZWgUTTGZ4QkdWCrsHhVky8MX6NIqYxQl0j6h0VL9PZHhWKl5HNpkjPVUrXu5+J83MDq6CTImUqOpIKtFkeFIJyhvAY2ZpETzuSWYSGZvRWRqSyB5BxVbgr/+5U3SbdR9r+7fN2rN26KOMpzDBVyBD9fQhBa0oQMEDDzDK7w5T86L8+58rKIlp5g5gz9wPn8ASwmTew==</latexit><latexit sha1_base64="DaNQlG1Q2Ybd31yZ6rmFsDJsdv8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyXpRpdFN11WsA9oQ5lMJ+3QySTMQ6ihX+LGhSJu/RR3/o2TNgttPTBwOOdc7p0Tppwp7XnfTmlre2d3r7xfOTg8Oq66J6ddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLZXe73HqlULBEPep7SIMYTwSJGsLbSyK22rChTLHFMtc2N3JpX95ZAm8QvSA0KtEfu13CcEBNToQnHSg18L9VBhqVmhNNFZWgUTTGZ4QkdWCrsHhVky8MX6NIqYxQl0j6h0VL9PZHhWKl5HNpkjPVUrXu5+J83MDq6CTImUqOpIKtFkeFIJyhvAY2ZpETzuSWYSGZvRWRqSyB5BxVbgr/+5U3SbdR9r+7fN2rN26KOMpzDBVyBD9fQhBa0oQMEDDzDK7w5T86L8+58rKIlp5g5gz9wPn8ASwmTew==</latexit><latexit sha1_base64="DaNQlG1Q2Ybd31yZ6rmFsDJsdv8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyXpRpdFN11WsA9oQ5lMJ+3QySTMQ6ihX+LGhSJu/RR3/o2TNgttPTBwOOdc7p0Tppwp7XnfTmlre2d3r7xfOTg8Oq66J6ddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLZXe73HqlULBEPep7SIMYTwSJGsLbSyK22rChTLHFMtc2N3JpX95ZAm8QvSA0KtEfu13CcEBNToQnHSg18L9VBhqVmhNNFZWgUTTGZ4QkdWCrsHhVky8MX6NIqYxQl0j6h0VL9PZHhWKl5HNpkjPVUrXu5+J83MDq6CTImUqOpIKtFkeFIJyhvAY2ZpETzuSWYSGZvRWRqSyB5BxVbgr/+5U3SbdR9r+7fN2rN26KOMpzDBVyBD9fQhBa0oQMEDDzDK7w5T86L8+58rKIlp5g5gz9wPn8ASwmTew==</latexit>

Data point
<latexit sha1_base64="21e5mqUousAB80Jy6Xg9SamXvD8=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNaWEYwH5gcYW+zlyzZ2z1254QQ8i9sLBSx9d/Y+W/cJFdo4oOBx3szzMyLUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6mfmtJ26s0OoBxykPEzpQIhaMopMebylSkmqhsFcq+xV/DrJKgpyUIUe9V/rq9jXLEq6QSWptJ/BTDCfUoGCST4vdzPKUshEd8I6jiibchpP5xVNy7pQ+ibVxpZDM1d8TE5pYO04i15lQHNplbyb+53UyjK/CiVBphlyxxaI4kwQ1mb1P+sJwhnLsCGVGuFsJG1JDGbqQii6EYPnlVdKsVgK/EtxXy7XrPI4CnMIZXEAAl1CDO6hDAxgoeIZXePOs9+K9ex+L1jUvnzmBP/A+fwBBSZCg</latexit><latexit sha1_base64="21e5mqUousAB80Jy6Xg9SamXvD8=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNaWEYwH5gcYW+zlyzZ2z1254QQ8i9sLBSx9d/Y+W/cJFdo4oOBx3szzMyLUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6mfmtJ26s0OoBxykPEzpQIhaMopMebylSkmqhsFcq+xV/DrJKgpyUIUe9V/rq9jXLEq6QSWptJ/BTDCfUoGCST4vdzPKUshEd8I6jiibchpP5xVNy7pQ+ibVxpZDM1d8TE5pYO04i15lQHNplbyb+53UyjK/CiVBphlyxxaI4kwQ1mb1P+sJwhnLsCGVGuFsJG1JDGbqQii6EYPnlVdKsVgK/EtxXy7XrPI4CnMIZXEAAl1CDO6hDAxgoeIZXePOs9+K9ex+L1jUvnzmBP/A+fwBBSZCg</latexit><latexit sha1_base64="21e5mqUousAB80Jy6Xg9SamXvD8=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNaWEYwH5gcYW+zlyzZ2z1254QQ8i9sLBSx9d/Y+W/cJFdo4oOBx3szzMyLUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6mfmtJ26s0OoBxykPEzpQIhaMopMebylSkmqhsFcq+xV/DrJKgpyUIUe9V/rq9jXLEq6QSWptJ/BTDCfUoGCST4vdzPKUshEd8I6jiibchpP5xVNy7pQ+ibVxpZDM1d8TE5pYO04i15lQHNplbyb+53UyjK/CiVBphlyxxaI4kwQ1mb1P+sJwhnLsCGVGuFsJG1JDGbqQii6EYPnlVdKsVgK/EtxXy7XrPI4CnMIZXEAAl1CDO6hDAxgoeIZXePOs9+K9ex+L1jUvnzmBP/A+fwBBSZCg</latexit><latexit sha1_base64="21e5mqUousAB80Jy6Xg9SamXvD8=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNaWEYwH5gcYW+zlyzZ2z1254QQ8i9sLBSx9d/Y+W/cJFdo4oOBx3szzMyLUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6mfmtJ26s0OoBxykPEzpQIhaMopMebylSkmqhsFcq+xV/DrJKgpyUIUe9V/rq9jXLEq6QSWptJ/BTDCfUoGCST4vdzPKUshEd8I6jiibchpP5xVNy7pQ+ibVxpZDM1d8TE5pYO04i15lQHNplbyb+53UyjK/CiVBphlyxxaI4kwQ1mb1P+sJwhnLsCGVGuFsJG1JDGbqQii6EYPnlVdKsVgK/EtxXy7XrPI4CnMIZXEAAl1CDO6hDAxgoeIZXePOs9+K9ex+L1jUvnzmBP/A+fwBBSZCg</latexit>

Datastets
<latexit sha1_base64="aWX5cnRKHPT1UtuH0mq95K3uops=">AAAB8HicbVA9SwNBEN3zM8avqKXNYhCswl0aLYNaWEYwH5IcYW8zlyzZ3Tt254QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bNskMhwZPZGLaEbMghYYGCpTQTg0wFUloRaObmd96AmNFoh9wnEKo2ECLWHCGTnq8ZcgsAtpeqexX/DnoKglyUiY56r3SV7ef8EyBRi6ZtZ3ATzGcMIOCS5gWu5mFlPERG0DHUc0U2HAyP3hKz53Sp3FiXGmkc/X3xIQpa8cqcp2K4dAuezPxP6+TYXwVToROMwTNF4viTFJM6Ox72hcGOMqxI4wb4W6lfMgM4+gyKroQguWXV0mzWgn8SnBfLdeu8zgK5JSckQsSkEtSI3ekThqEE0WeySt584z34r17H4vWNS+fOSF/4H3+APdpkH8=</latexit><latexit sha1_base64="aWX5cnRKHPT1UtuH0mq95K3uops=">AAAB8HicbVA9SwNBEN3zM8avqKXNYhCswl0aLYNaWEYwH5IcYW8zlyzZ3Tt254QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bNskMhwZPZGLaEbMghYYGCpTQTg0wFUloRaObmd96AmNFoh9wnEKo2ECLWHCGTnq8ZcgsAtpeqexX/DnoKglyUiY56r3SV7ef8EyBRi6ZtZ3ATzGcMIOCS5gWu5mFlPERG0DHUc0U2HAyP3hKz53Sp3FiXGmkc/X3xIQpa8cqcp2K4dAuezPxP6+TYXwVToROMwTNF4viTFJM6Ox72hcGOMqxI4wb4W6lfMgM4+gyKroQguWXV0mzWgn8SnBfLdeu8zgK5JSckQsSkEtSI3ekThqEE0WeySt584z34r17H4vWNS+fOSF/4H3+APdpkH8=</latexit><latexit sha1_base64="aWX5cnRKHPT1UtuH0mq95K3uops=">AAAB8HicbVA9SwNBEN3zM8avqKXNYhCswl0aLYNaWEYwH5IcYW8zlyzZ3Tt254QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bNskMhwZPZGLaEbMghYYGCpTQTg0wFUloRaObmd96AmNFoh9wnEKo2ECLWHCGTnq8ZcgsAtpeqexX/DnoKglyUiY56r3SV7ef8EyBRi6ZtZ3ATzGcMIOCS5gWu5mFlPERG0DHUc0U2HAyP3hKz53Sp3FiXGmkc/X3xIQpa8cqcp2K4dAuezPxP6+TYXwVToROMwTNF4viTFJM6Ox72hcGOMqxI4wb4W6lfMgM4+gyKroQguWXV0mzWgn8SnBfLdeu8zgK5JSckQsSkEtSI3ekThqEE0WeySt584z34r17H4vWNS+fOSF/4H3+APdpkH8=</latexit><latexit sha1_base64="aWX5cnRKHPT1UtuH0mq95K3uops=">AAAB8HicbVA9SwNBEN3zM8avqKXNYhCswl0aLYNaWEYwH5IcYW8zlyzZ3Tt254QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bNskMhwZPZGLaEbMghYYGCpTQTg0wFUloRaObmd96AmNFoh9wnEKo2ECLWHCGTnq8ZcgsAtpeqexX/DnoKglyUiY56r3SV7ef8EyBRi6ZtZ3ATzGcMIOCS5gWu5mFlPERG0DHUc0U2HAyP3hKz53Sp3FiXGmkc/X3xIQpa8cqcp2K4dAuezPxP6+TYXwVToROMwTNF4viTFJM6Ox72hcGOMqxI4wb4W6lfMgM4+gyKroQguWXV0mzWgn8SnBfLdeu8zgK5JSckQsSkEtSI3ekThqEE0WeySt584z34r17H4vWNS+fOSF/4H3+APdpkH8=</latexit>

f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit>

<latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit><latexit sha1_base64="17uENeVNbGzAf0rC1EQQVr4Zn7Q=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOplxjer9b8uj8HWSVBQWpQoNmvfvUGMUslKssENaYb+IkNM6otZwJnlV5qMKFsQkfYdVRRiSbM5rfOyJlTBmQYa1fKkrn6eyKj0pipjFynpHZslr1c/M/rpnZ4HWZcJalFxRaLhqkgNib542TANTIrpo5Qprm7lbAx1ZRZF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFDMbwDK/w5knvxXv3PhatJa+YOYY/8D5/ACQ/jko=</latexit>

Predictions
<latexit sha1_base64="fttJjm6M0DvNpR1PA5hcNRa8A/U=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkrSix6LXjxWsB/QhrLZbNqlm03YnQgl9Gd48aCIV3+NN/+NmzYHbX1h4eGdGXbmDVIpDLrut7OxubW9s1vZq+4fHB4d105OuybJNOMdlshE9wNquBSKd1Cg5P1UcxoHkveC6V1R7z1xbUSiHnGWcj+mYyUiwShaa9DWPBSsQDOq1d2GuxBZB6+EOpRqj2pfwzBhWcwVMkmNGXhuin5ONQom+bw6zAxPKZvSMR9YVDTmxs8XK8/JpXVCEiXaPoVk4f6eyGlszCwObGdMcWJWa4X5X22QYXTj50KlGXLFlh9FmSSYkOJ+EgrNGcqZBcq0sLsSNqGaMrQpVW0I3urJ69BtNjy34T00663bMo4KnMMFXIEH19CCe2hDBxgk8Ayv8Oag8+K8Ox/L1g2nnDmDP3I+fwCPRZFq</latexit><latexit sha1_base64="fttJjm6M0DvNpR1PA5hcNRa8A/U=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkrSix6LXjxWsB/QhrLZbNqlm03YnQgl9Gd48aCIV3+NN/+NmzYHbX1h4eGdGXbmDVIpDLrut7OxubW9s1vZq+4fHB4d105OuybJNOMdlshE9wNquBSKd1Cg5P1UcxoHkveC6V1R7z1xbUSiHnGWcj+mYyUiwShaa9DWPBSsQDOq1d2GuxBZB6+EOpRqj2pfwzBhWcwVMkmNGXhuin5ONQom+bw6zAxPKZvSMR9YVDTmxs8XK8/JpXVCEiXaPoVk4f6eyGlszCwObGdMcWJWa4X5X22QYXTj50KlGXLFlh9FmSSYkOJ+EgrNGcqZBcq0sLsSNqGaMrQpVW0I3urJ69BtNjy34T00663bMo4KnMMFXIEH19CCe2hDBxgk8Ayv8Oag8+K8Ox/L1g2nnDmDP3I+fwCPRZFq</latexit><latexit sha1_base64="fttJjm6M0DvNpR1PA5hcNRa8A/U=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkrSix6LXjxWsB/QhrLZbNqlm03YnQgl9Gd48aCIV3+NN/+NmzYHbX1h4eGdGXbmDVIpDLrut7OxubW9s1vZq+4fHB4d105OuybJNOMdlshE9wNquBSKd1Cg5P1UcxoHkveC6V1R7z1xbUSiHnGWcj+mYyUiwShaa9DWPBSsQDOq1d2GuxBZB6+EOpRqj2pfwzBhWcwVMkmNGXhuin5ONQom+bw6zAxPKZvSMR9YVDTmxs8XK8/JpXVCEiXaPoVk4f6eyGlszCwObGdMcWJWa4X5X22QYXTj50KlGXLFlh9FmSSYkOJ+EgrNGcqZBcq0sLsSNqGaMrQpVW0I3urJ69BtNjy34T00663bMo4KnMMFXIEH19CCe2hDBxgk8Ayv8Oag8+K8Ox/L1g2nnDmDP3I+fwCPRZFq</latexit><latexit sha1_base64="fttJjm6M0DvNpR1PA5hcNRa8A/U=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkrSix6LXjxWsB/QhrLZbNqlm03YnQgl9Gd48aCIV3+NN/+NmzYHbX1h4eGdGXbmDVIpDLrut7OxubW9s1vZq+4fHB4d105OuybJNOMdlshE9wNquBSKd1Cg5P1UcxoHkveC6V1R7z1xbUSiHnGWcj+mYyUiwShaa9DWPBSsQDOq1d2GuxBZB6+EOpRqj2pfwzBhWcwVMkmNGXhuin5ONQom+bw6zAxPKZvSMR9YVDTmxs8XK8/JpXVCEiXaPoVk4f6eyGlszCwObGdMcWJWa4X5X22QYXTj50KlGXLFlh9FmSSYkOJ+EgrNGcqZBcq0sLsSNqGaMrQpVW0I3urJ69BtNjy34T00663bMo4KnMMFXIEH19CCe2hDBxgk8Ayv8Oag8+K8Ox/L1g2nnDmDP3I+fwCPRZFq</latexit>

Dataset
<latexit sha1_base64="M8ocJTBI+W13BBdJRFyJvbbh62E=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiTd6LKoC5cV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwzn3MPeeMJXCoOd9O6WNza3tnfJuZW//4PDIPT5pmyTTjLdYIhPdDanhUijeQoGSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2ilzh1FG8aBW/Vq3gJknfgFqUKB5sD96g8TlsVcIZPUmJ7vpRjkVKNgks8q/czwlLIJHfGepYrG3AT5Yt0ZubDKkESJtk8hWai/EzmNjZnGoZ2MKY7NqjcX//N6GUbXQS5UmiFXbPlRlEmCCZnfToZCc4ZyagllWthdCRtTTRnahiq2BH/15HXSrtd8r+Y/1KuNm6KOMpzBOVyCD1fQgHtoQgsYTOAZXuHNSZ0X5935WI6WnCJzCn/gfP4ASU2PhA==</latexit><latexit sha1_base64="M8ocJTBI+W13BBdJRFyJvbbh62E=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiTd6LKoC5cV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwzn3MPeeMJXCoOd9O6WNza3tnfJuZW//4PDIPT5pmyTTjLdYIhPdDanhUijeQoGSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2ilzh1FG8aBW/Vq3gJknfgFqUKB5sD96g8TlsVcIZPUmJ7vpRjkVKNgks8q/czwlLIJHfGepYrG3AT5Yt0ZubDKkESJtk8hWai/EzmNjZnGoZ2MKY7NqjcX//N6GUbXQS5UmiFXbPlRlEmCCZnfToZCc4ZyagllWthdCRtTTRnahiq2BH/15HXSrtd8r+Y/1KuNm6KOMpzBOVyCD1fQgHtoQgsYTOAZXuHNSZ0X5935WI6WnCJzCn/gfP4ASU2PhA==</latexit><latexit sha1_base64="M8ocJTBI+W13BBdJRFyJvbbh62E=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiTd6LKoC5cV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwzn3MPeeMJXCoOd9O6WNza3tnfJuZW//4PDIPT5pmyTTjLdYIhPdDanhUijeQoGSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2ilzh1FG8aBW/Vq3gJknfgFqUKB5sD96g8TlsVcIZPUmJ7vpRjkVKNgks8q/czwlLIJHfGepYrG3AT5Yt0ZubDKkESJtk8hWai/EzmNjZnGoZ2MKY7NqjcX//N6GUbXQS5UmiFXbPlRlEmCCZnfToZCc4ZyagllWthdCRtTTRnahiq2BH/15HXSrtd8r+Y/1KuNm6KOMpzBOVyCD1fQgHtoQgsYTOAZXuHNSZ0X5935WI6WnCJzCn/gfP4ASU2PhA==</latexit><latexit sha1_base64="M8ocJTBI+W13BBdJRFyJvbbh62E=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgqiTd6LKoC5cV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+ctllo64GBwzn3MPeeMJXCoOd9O6WNza3tnfJuZW//4PDIPT5pmyTTjLdYIhPdDanhUijeQoGSd1PNaRxK3gknt3O/88S1EYl6xGnKg5iOlIgEo2ilzh1FG8aBW/Vq3gJknfgFqUKB5sD96g8TlsVcIZPUmJ7vpRjkVKNgks8q/czwlLIJHfGepYrG3AT5Yt0ZubDKkESJtk8hWai/EzmNjZnGoZ2MKY7NqjcX//N6GUbXQS5UmiFXbPlRlEmCCZnfToZCc4ZyagllWthdCRtTTRnahiq2BH/15HXSrtd8r+Y/1KuNm6KOMpzBOVyCD1fQgHtoQgsYTOAZXuHNSZ0X5935WI6WnCJzCn/gfP4ASU2PhA==</latexit>

In
fe
re
n
ce

<latexit sha1_base64="2sM8P4aXjrIdNgFLjrKmqREZ+8Y=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0o7sK9iHtUDLpnTY0yQxJRiilX+HGhSJu/Rx3/o1pOwttPRA4nHMvuedEqeDG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJsk0wwZLRKLbETUouMKG5VZgO9VIZSSwFY1uZn7rCbXhiXqw4xRDSQeKx5xR66THOxWjRsWwVyr7FX8OskqCnJQhR71X+ur2E5ZJVJYJakwn8FMbTqi2nAmcFruZwZSyER1gx1FFJZpwMj94Ss6d0idxot1TlszV3xsTKo0Zy8hNSmqHZtmbif95nczGV+GEqzSzLtXiozgTxCZklp70uUZmxdgRyjR3txI2pJoy6zoquhKC5cirpFmtBH4luK+Wa9d5HQU4hTO4gAAuoQa3UIcGMJDwDK/w5mnvxXv3Phaja16+cwJ/4H3+AMoEkGE=</latexit><latexit sha1_base64="/NqAheNmptZ1rBsxympHetq5sEU=">AAACFXicjVC7SgNBFL0bXzG+opY2i0GwCrtptAzaaKdgHpIsYXZyNxkyM7vMzAphyVdY2PgrNiK2gp1/4yTZQhMLDwwczrmXO+eECWfaeN6XU1hZXVvfKG6WtrZ3dvfK+wdNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCkeXU7/1gEqzWN6ZcYKBIAPJIkaJsdL9tYxQoaTYK1e8qjeDu0z8nFQgx//Ge+XPbj+mqUBpKCdad3wvMUFGlGGU46TUTTUmhI7IADuWSiJQB9ks1cQ9sUrfjWJlnzTuTP25kRGh9ViEdlIQM9SL3lT8y+ukJjoPMiaT1Njo80NRyl0Tu9OK3D5TSA0fW0KoYvavLh0SRaixRZZsdH8x6DJp1qq+V/Vva5X6Rd5ZEY7gGE7BhzOowxXcQAMoCHiEZ3h1npwX5815n48WnHznEH7B+fgGpEuX2g==</latexit><latexit sha1_base64="/NqAheNmptZ1rBsxympHetq5sEU=">AAACFXicjVC7SgNBFL0bXzG+opY2i0GwCrtptAzaaKdgHpIsYXZyNxkyM7vMzAphyVdY2PgrNiK2gp1/4yTZQhMLDwwczrmXO+eECWfaeN6XU1hZXVvfKG6WtrZ3dvfK+wdNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCkeXU7/1gEqzWN6ZcYKBIAPJIkaJsdL9tYxQoaTYK1e8qjeDu0z8nFQgx//Ge+XPbj+mqUBpKCdad3wvMUFGlGGU46TUTTUmhI7IADuWSiJQB9ks1cQ9sUrfjWJlnzTuTP25kRGh9ViEdlIQM9SL3lT8y+ukJjoPMiaT1Njo80NRyl0Tu9OK3D5TSA0fW0KoYvavLh0SRaixRZZsdH8x6DJp1qq+V/Vva5X6Rd5ZEY7gGE7BhzOowxXcQAMoCHiEZ3h1npwX5815n48WnHznEH7B+fgGpEuX2g==</latexit><latexit sha1_base64="/NqAheNmptZ1rBsxympHetq5sEU=">AAACFXicjVC7SgNBFL0bXzG+opY2i0GwCrtptAzaaKdgHpIsYXZyNxkyM7vMzAphyVdY2PgrNiK2gp1/4yTZQhMLDwwczrmXO+eECWfaeN6XU1hZXVvfKG6WtrZ3dvfK+wdNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCkeXU7/1gEqzWN6ZcYKBIAPJIkaJsdL9tYxQoaTYK1e8qjeDu0z8nFQgx//Ge+XPbj+mqUBpKCdad3wvMUFGlGGU46TUTTUmhI7IADuWSiJQB9ks1cQ9sUrfjWJlnzTuTP25kRGh9ViEdlIQM9SL3lT8y+ukJjoPMiaT1Njo80NRyl0Tu9OK3D5TSA0fW0KoYvavLh0SRaixRZZsdH8x6DJp1qq+V/Vva5X6Rd5ZEY7gGE7BhzOowxXcQAMoCHiEZ3h1npwX5815n48WnHznEH7B+fgGpEuX2g==</latexit>

L
ea
rn
in
g

<latexit sha1_base64="5F5Jxnxl72YkRePXc57X58Tp4kE=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sbCIYD4gOcLeZi5Zsrd32d0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LRzNN0I/oUPKQM2qs1LlHqiSXw3654lbdBcg68XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFbqpRoTysZ0iF1LJY1Q+9ni3hm5sMqAhLGyJQ1ZqL8nMhppPY0C2xlRM9Kr3lz8z+umJrz2My6T1KBky0VhKoiJyfx5MuAKmRFTSyhT3N5K2IgqyoyNqGRD8FZfXietWtVzq95DrVK/yeMowhmcwyV4cAV1uIMGNIGBgGd4hTdn4rw4787HsrXg5DOn8AfO5w8R4o/4</latexit><latexit sha1_base64="UWwKf+6+FTmYkHmI6DugvuuN78E=">AAACFHicjVC7SgNBFL0bXzG+opY2g0GwCrtpTBm0sbBQMA9IljA7uZsMmZ1dZmaFsOQnLGz8FRsRWws7/8ZJsoUmFh4YOJxzLnfuCRLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsYX8389gMqzWN5byYJ+hEdSh5yRo2VOjdIleRy2C9X3Ko7B1klXk4qkON/8X75szeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/KgpObPKgISxsk8aMld/TmQ00noSBTYZUTPSy95M/Mvrpias+xmXSWpQssWiMBXExGTWEBlwhcyIiSWUKW7/StiIKsqM7bFkT/eWD10lrVrVc6veXa3SuMw7K8IJnMI5eHABDbiGW2gCAwGP8AyvzpPz4rw574towclnjuEXnI9v3jqXcQ==</latexit><latexit sha1_base64="UWwKf+6+FTmYkHmI6DugvuuN78E=">AAACFHicjVC7SgNBFL0bXzG+opY2g0GwCrtpTBm0sbBQMA9IljA7uZsMmZ1dZmaFsOQnLGz8FRsRWws7/8ZJsoUmFh4YOJxzLnfuCRLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsYX8389gMqzWN5byYJ+hEdSh5yRo2VOjdIleRy2C9X3Ko7B1klXk4qkON/8X75szeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/KgpObPKgISxsk8aMld/TmQ00noSBTYZUTPSy95M/Mvrpias+xmXSWpQssWiMBXExGTWEBlwhcyIiSWUKW7/StiIKsqM7bFkT/eWD10lrVrVc6veXa3SuMw7K8IJnMI5eHABDbiGW2gCAwGP8AyvzpPz4rw574towclnjuEXnI9v3jqXcQ==</latexit><latexit sha1_base64="UWwKf+6+FTmYkHmI6DugvuuN78E=">AAACFHicjVC7SgNBFL0bXzG+opY2g0GwCrtpTBm0sbBQMA9IljA7uZsMmZ1dZmaFsOQnLGz8FRsRWws7/8ZJsoUmFh4YOJxzLnfuCRLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsYX8389gMqzWN5byYJ+hEdSh5yRo2VOjdIleRy2C9X3Ko7B1klXk4qkON/8X75szeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/KgpObPKgISxsk8aMld/TmQ00noSBTYZUTPSy95M/Mvrpias+xmXSWpQssWiMBXExGTWEBlwhcyIiSWUKW7/StiIKsqM7bFkT/eWD10lrVrVc6veXa3SuMw7K8IJnMI5eHABDbiGW2gCAwGP8AyvzpPz4rw574towclnjuEXnI9v3jqXcQ==</latexit>

M
et
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le
ar
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g

<latexit sha1_base64="Aubt0tTgoMQkGVLUtZ5PmYx/FM4=">AAAB9HicbVA9SwNBEN3zM8avqKXNYhBsDHdptAza2AgRzAckR9jbzCVL9vbO3blAOPI7bCwUsfXH2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O2vrG5tV3YKe7u7R8clo6OmyZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGtzO/NQZtRKwecZKAH7GBEqHgDK3k3wOySwlMK6EGvVLZrbhz0FXi5aRMctR7pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwLXZTAwnjIzaAjqWKRWD8bH70lJ5bpU/DWNtSSOfq74mMRcZMosB2RgyHZtmbif95nRTDaz8TKkkRFF8sClNJMaazBGhfaOAoJ5YwroW9lfIh04yjzaloQ/CWX14lzWrFcyveQ7Vcu8njKJBTckYuiEeuSI3ckTppEE6eyDN5JW/O2Hlx3p2PReuak8+ckD9wPn8AolmR/g==</latexit><latexit sha1_base64="qtWC5EQ9e0GS0Jv/XeXKxPk0iD4=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAg2ht00WgZtbAQF84BkCbOTu8mQ2dl1ZlYIS77DwsZfsRGx1Mq/cZJsoYmFBwYO55zLnXuCRHBtXPfLWVpeWV1bL2wUN7e2d3ZLe/sNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQwvJ37zAZXmsbwzowT9iPYlDzmjxkr+NRp6KpAqyWW/Wyq7FXcKski8nJQhx//i3dJHpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpZWNybJUeCWNlnzRkqv6cyGik9SgKbDKiZqDnvYn4l9dOTXjuZ1wmqUHJZovCVBATk0lNpMcVMiNGllCmuP0rYQOqKDO2zKI93Zs/dJE0qhXPrXi31XLtIu+sAIdwBCfgwRnU4ApuoA4M7uERnuHVeXJenDfnfRZdcvKZA/gF5/Mbsx2Zdw==</latexit><latexit sha1_base64="qtWC5EQ9e0GS0Jv/XeXKxPk0iD4=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAg2ht00WgZtbAQF84BkCbOTu8mQ2dl1ZlYIS77DwsZfsRGx1Mq/cZJsoYmFBwYO55zLnXuCRHBtXPfLWVpeWV1bL2wUN7e2d3ZLe/sNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQwvJ37zAZXmsbwzowT9iPYlDzmjxkr+NRp6KpAqyWW/Wyq7FXcKski8nJQhx//i3dJHpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpZWNybJUeCWNlnzRkqv6cyGik9SgKbDKiZqDnvYn4l9dOTXjuZ1wmqUHJZovCVBATk0lNpMcVMiNGllCmuP0rYQOqKDO2zKI93Zs/dJE0qhXPrXi31XLtIu+sAIdwBCfgwRnU4ApuoA4M7uERnuHVeXJenDfnfRZdcvKZA/gF5/Mbsx2Zdw==</latexit><latexit sha1_base64="qtWC5EQ9e0GS0Jv/XeXKxPk0iD4=">AAACGXicjVC7SgNBFL3rM8ZX1NJmMAg2ht00WgZtbAQF84BkCbOTu8mQ2dl1ZlYIS77DwsZfsRGx1Mq/cZJsoYmFBwYO55zLnXuCRHBtXPfLWVpeWV1bL2wUN7e2d3ZLe/sNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQwvJ37zAZXmsbwzowT9iPYlDzmjxkr+NRp6KpAqyWW/Wyq7FXcKski8nJQhx//i3dJHpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpZWNybJUeCWNlnzRkqv6cyGik9SgKbDKiZqDnvYn4l9dOTXjuZ1wmqUHJZovCVBATk0lNpMcVMiNGllCmuP0rYQOqKDO2zKI93Zs/dJE0qhXPrXi31XLtIu+sAIdwBCfgwRnU4ApuoA4M7uERnuHVeXJenDfnfRZdcvKZA/gF5/Mbsx2Zdw==</latexit>

{x(i), y(i)}Ni=1
<latexit sha1_base64="eHILmmHQMxznU3KkGa2RgKoqxTg=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVJCSiKAboejGlVSwF2jSMJlO2qGTCzMTMYSs3Pgqblwo4tZncOfbOGmz0NYfBj7+cw5nzu9GjAppGN9aaWFxaXmlvFpZW9/Y3NK3d9oijDkmLRyykHddJAijAWlJKhnpRpwg32Wk446v8nrnnnBBw+BOJhGxfTQMqEcxkspy9H0rfeinNXqUHcNkClbmpPTCzPo3FUevGnVjIjgPZgFVUKjp6F/WIMSxTwKJGRKiZxqRtFPEJcWMZBUrFiRCeIyGpKcwQD4Rdjo5I4OHyhlAL+TqBRJO3N8TKfKFSHxXdfpIjsRsLTf/q/Vi6Z3bKQ2iWJIATxd5MYMyhHkmcEA5wZIlChDmVP0V4hHiCEuVXB6COXvyPLRP6qZRN29Pq43LIo4y2AMHoAZMcAYa4Bo0QQtg8AiewSt40560F+1d+5i2lrRiZhf8kfb5A1hyl74=</latexit><latexit sha1_base64="1NdZBon+HyTshwvgxmBBDOeasD0=">AAACK3icjVDLSsNAFJ3UV62vqEsRBotQQUoigm6EohtXomAf0KRhMp20QyeTMDMRQ8jKr3Hhxk/RjYpb/8OkzUJbFx4YOJxzLnfucUNGpTKMd600N7+wuFRerqysrq1v6JtbLRlEApMmDlggOi6ShFFOmooqRjqhIMh3GWm7o4vcb98RIWnAb1UcEttHA049ipHKJEfftZL7XlKjB+khjCfESp2Enplp76ri6FWjbowBZ4lZkCoo8L+4o79Y/QBHPuEKMyRl1zRCZSdIKIoZSStWJEmI8AgNSDejHPlE2sn41hTuZ0ofeoHIHldwrP6cSJAvZey7WdJHaiinvVz8y+tGyju1E8rDSBGOJ4u8iEEVwLw42KeCYMXijCAsaPZXiIdIIKyyevOmzOlDZ0nrqG4adfPmuNo4Lzorgx2wB2rABCegAS7BNWgCDB7AI3gGb9qT9qp9aJ+TaEkrZrbBL2hf3yZRnzc=</latexit><latexit sha1_base64="1NdZBon+HyTshwvgxmBBDOeasD0=">AAACK3icjVDLSsNAFJ3UV62vqEsRBotQQUoigm6EohtXomAf0KRhMp20QyeTMDMRQ8jKr3Hhxk/RjYpb/8OkzUJbFx4YOJxzLnfucUNGpTKMd600N7+wuFRerqysrq1v6JtbLRlEApMmDlggOi6ShFFOmooqRjqhIMh3GWm7o4vcb98RIWnAb1UcEttHA049ipHKJEfftZL7XlKjB+khjCfESp2Enplp76ri6FWjbowBZ4lZkCoo8L+4o79Y/QBHPuEKMyRl1zRCZSdIKIoZSStWJEmI8AgNSDejHPlE2sn41hTuZ0ofeoHIHldwrP6cSJAvZey7WdJHaiinvVz8y+tGyju1E8rDSBGOJ4u8iEEVwLw42KeCYMXijCAsaPZXiIdIIKyyevOmzOlDZ0nrqG4adfPmuNo4Lzorgx2wB2rABCegAS7BNWgCDB7AI3gGb9qT9qp9aJ+TaEkrZrbBL2hf3yZRnzc=</latexit><latexit sha1_base64="1NdZBon+HyTshwvgxmBBDOeasD0=">AAACK3icjVDLSsNAFJ3UV62vqEsRBotQQUoigm6EohtXomAf0KRhMp20QyeTMDMRQ8jKr3Hhxk/RjYpb/8OkzUJbFx4YOJxzLnfucUNGpTKMd600N7+wuFRerqysrq1v6JtbLRlEApMmDlggOi6ShFFOmooqRjqhIMh3GWm7o4vcb98RIWnAb1UcEttHA049ipHKJEfftZL7XlKjB+khjCfESp2Enplp76ri6FWjbowBZ4lZkCoo8L+4o79Y/QBHPuEKMyRl1zRCZSdIKIoZSStWJEmI8AgNSDejHPlE2sn41hTuZ0ofeoHIHldwrP6cSJAvZey7WdJHaiinvVz8y+tGyju1E8rDSBGOJ4u8iEEVwLw42KeCYMXijCAsaPZXiIdIIKyyevOmzOlDZ0nrqG4adfPmuNo4Lzorgx2wB2rABCegAS7BNWgCDB7AI3gGb9qT9qp9aJ+TaEkrZrbBL2hf3yZRnzc=</latexit>

{{x(ij), y(ij)}Nj

i=1}
M
j=1

<latexit sha1_base64="41Ovij34l32FZhMemwCwVHXJkww=">AAACF3icbVDLSgMxFM3UV62vqks3wSJUkDIjgm6Eohs3SgX7gM50yKRpmzbzIMmIJcxfuPFX3LhQxK3u/Bsz7Sy09UDg3HPu5eYeL2JUSNP8NnILi0vLK/nVwtr6xuZWcXunIcKYY1LHIQt5y0OCMBqQuqSSkVbECfI9Rpre6DL1m/eECxoGd3IcEcdH/YD2KEZSS26xYitbPXRUmQ4PkyM4zpiduIqeW0lH3bjDSTVMq2u3WDIr5gRwnlgZKYEMNbf4ZXdDHPskkJghIdqWGUlHIS4pZiQp2LEgEcIj1CdtTQPkE+GoyV0JPNBKF/ZCrl8g4UT9PaGQL8TY93Snj+RAzHqp+J/XjmXvzFE0iGJJAjxd1IsZlCFMQ4JdygmWbKwJwpzqv0I8QBxhqaMs6BCs2ZPnSeO4YpkV6/akVL3I4siDPbAPysACp6AKrkAN1AEGj+AZvII348l4Md6Nj2lrzshmdsEfGJ8/fPGffQ==</latexit><latexit sha1_base64="9q4ayhucDQWJJAFxk59ifaQzhHM=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBEkLArgjZC0MZGUTAPyG6W2ckkmWT2wcysGIb9C7/GwsY/sLO3EbG1djbZQhMLLwyce8653DnXixgV0jRfjdzc/MLiUn65sLK6tr5R3NyqizDmmNRwyELe9JAgjAakJqlkpBlxgnyPkYY3PE/1xh3hgobBrRxFxPFRL6BdipHUlFus2MpW921VpoP95ACOMmQnrqKnVtJWV+5g3A3S7tItlsyKOS44C6wMlEBW/7O7xRe7E+LYJ4HEDAnRssxIOgpxSTEjScGOBYkQHqIeaWkYIJ8IR43DJ3BPMx3YDbl+gYRj9ueEQr4QI9/TTh/JvpjWUvIvrRXL7omjaBDFkgR4sqgbMyhDmF4SdignWLKRBghzqv8KcR9xhKW+d0FHt6aDzoL6YcUyK9bNUal6lt0sD3bALigDCxyDKrgA16AGMHgAj+AZvBtPxpvxYXxOrDkjm9kGv8r4+gZTXab2</latexit><latexit sha1_base64="9q4ayhucDQWJJAFxk59ifaQzhHM=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBEkLArgjZC0MZGUTAPyG6W2ckkmWT2wcysGIb9C7/GwsY/sLO3EbG1djbZQhMLLwyce8653DnXixgV0jRfjdzc/MLiUn65sLK6tr5R3NyqizDmmNRwyELe9JAgjAakJqlkpBlxgnyPkYY3PE/1xh3hgobBrRxFxPFRL6BdipHUlFus2MpW921VpoP95ACOMmQnrqKnVtJWV+5g3A3S7tItlsyKOS44C6wMlEBW/7O7xRe7E+LYJ4HEDAnRssxIOgpxSTEjScGOBYkQHqIeaWkYIJ8IR43DJ3BPMx3YDbl+gYRj9ueEQr4QI9/TTh/JvpjWUvIvrRXL7omjaBDFkgR4sqgbMyhDmF4SdignWLKRBghzqv8KcR9xhKW+d0FHt6aDzoL6YcUyK9bNUal6lt0sD3bALigDCxyDKrgA16AGMHgAj+AZvBtPxpvxYXxOrDkjm9kGv8r4+gZTXab2</latexit><latexit sha1_base64="9q4ayhucDQWJJAFxk59ifaQzhHM=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBEkLArgjZC0MZGUTAPyG6W2ckkmWT2wcysGIb9C7/GwsY/sLO3EbG1djbZQhMLLwyce8653DnXixgV0jRfjdzc/MLiUn65sLK6tr5R3NyqizDmmNRwyELe9JAgjAakJqlkpBlxgnyPkYY3PE/1xh3hgobBrRxFxPFRL6BdipHUlFus2MpW921VpoP95ACOMmQnrqKnVtJWV+5g3A3S7tItlsyKOS44C6wMlEBW/7O7xRe7E+LYJ4HEDAnRssxIOgpxSTEjScGOBYkQHqIeaWkYIJ8IR43DJ3BPMx3YDbl+gYRj9ueEQr4QI9/TTh/JvpjWUvIvrRXL7omjaBDFkgR4sqgbMyhDmF4SdignWLKRBghzqv8KcR9xhKW+d0FHt6aDzoL6YcUyK9bNUal6lt0sD3bALigDCxyDKrgA16AGMHgAj+AZvBtPxpvxYXxOrDkjm9kGv8r4+gZTXab2</latexit>
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• So far we saw transfer learning as: given some prior model/representation,
how can we quickly adapt it?

• Could we learn to do transfer learning?

• Consider finetuning: given an init, update it with SGD

• MAML: learn an init such just a few steps of SGD will update it very effectively

MAML: Model-Agnostic Meta-Learning
[Finn, Abbeel, Levine 2017]
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MAML: Model-Agnostic Meta-Learning
[Finn, Abbeel, Levine 2017]

1. Starting with init, run a few steps of SGD on task i
2. Compute loss after these steps

init <— backprop through 
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MAML: Model-Agnostic Meta-Learning
[Finn, Abbeel, Levine 2017]

init <— backprop through 

How to backprop through      ?

= forward(x, backward(forward(x, θ)) + θ) 

1 step SGD:

= forward(x, backward(forward(x, backward(forward(x, θ)) + θ), θ) + θ) 

2 steps SGD:
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forward(x, backward(forward(x, backward(forward(x, θ)) + θ), θ) + θ) 

You can backprop through backward!

160 CHAPTER 13. BACKPROPAGATION

L2 loss layer
forward and backward

J = kŷ � yk2
2

gin = ŷ � y

ŷ,y

gin 1

J

13.4.4 Putting it all together: backprop through an MLP

Let’s see what happens when we put all these operations together in an MLP. We will start
with the MLP in Figure 13.1. For simplicity, we will omit biases. Let x be 4-dimensional
and z and h be 3-dimensional, and ŷ be 2-dimensional. Then the forward pass looks like
this:

linear relu linear L2 lossx z h ŷ J

z
=

W1 x ŷ
=

W2 h

For the backward pass, we will here make a slight change in convention, which will
clarify an interesting connection between the forward and backward directions. Rather than
representing gradients g as row vectors, we will transpose them and treat them as column
vectors. The backward operation for transposed vectors follows from the matrix identity
that (AB)T = BT AT :

gT

in = (goutW)T = WT gT

out (13.35)

Now we will write the backward pass using these transposed g’s:

linear relu linear L2 lossgT

4 gT

3 gT

2 gT

1 1
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4
=

WT

1 gT
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=

H0T gT
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a 0 0
0 b 0
0 0 c
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2
=
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2g
T

1

This reveals an interesting connection between forward and backward for linear layers:
backward for a linear layer is the same operation as foward, just with the weights transposed!
We have omitted the bias terms here, but recall from Equation 13.17 that the backward pass
to the activations ignores biases anyway.

In contrast, the relu layer is not a relu on the backward pass. Instead, it becomes a
sort of “gating” matrix, parameterized by functions of the activations from the forward pass
(a, b, and c). This matrix is all zeros except for ones on the diagonal where the activation
was non-negative. This layer acts to mask out gradients for variables on the negative side of
the relu. Notice that this operation is a matrix multiply – in fact, all backward operations
are matrix multiplies, no matter what the forward operation might be, as you can observe
in Algorithm 13.

13.5 Backprop through DAGs: branch and merge

So far we have only seen chain-like graphs, –[]–[]–[]!. Can backprop handle other graphs? It
turns out the answer is yes. Presently we will consider directed acyclic graphs, or DAGs.

160 CHAPTER 13. BACKPROPAGATION

L2 loss layer
forward and backward

J = kŷ � yk2
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13.4.4 Putting it all together: backprop through an MLP

Let’s see what happens when we put all these operations together in an MLP. We will start
with the MLP in Figure 13.1. For simplicity, we will omit biases. Let x be 4-dimensional
and z and h be 3-dimensional, and ŷ be 2-dimensional. Then the forward pass looks like
this:

linear relu linear L2 lossx z h ŷ J

z
=

W1 x ŷ
=

W2 h

For the backward pass, we will here make a slight change in convention, which will
clarify an interesting connection between the forward and backward directions. Rather than
representing gradients g as row vectors, we will transpose them and treat them as column
vectors. The backward operation for transposed vectors follows from the matrix identity
that (AB)T = BT AT :

gT

in = (goutW)T = WT gT

out (13.35)

Now we will write the backward pass using these transposed g’s:

linear relu linear L2 lossgT
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This reveals an interesting connection between forward and backward for linear layers:
backward for a linear layer is the same operation as foward, just with the weights transposed!
We have omitted the bias terms here, but recall from Equation 13.17 that the backward pass
to the activations ignores biases anyway.

In contrast, the relu layer is not a relu on the backward pass. Instead, it becomes a
sort of “gating” matrix, parameterized by functions of the activations from the forward pass
(a, b, and c). This matrix is all zeros except for ones on the diagonal where the activation
was non-negative. This layer acts to mask out gradients for variables on the negative side of
the relu. Notice that this operation is a matrix multiply – in fact, all backward operations
are matrix multiplies, no matter what the forward operation might be, as you can observe
in Algorithm 13.

13.5 Backprop through DAGs: branch and merge

So far we have only seen chain-like graphs, –[]–[]–[]!. Can backprop handle other graphs? It
turns out the answer is yes. Presently we will consider directed acyclic graphs, or DAGs.

Example forward and backward through a simple net:
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forward(x, backward(forward(x, backward(forward(x, θ)) + θ), θ) + θ) 

You can backprop through backward!
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13.4.4 Putting it all together: backprop through an MLP

Let’s see what happens when we put all these operations together in an MLP. We will start
with the MLP in Figure 13.1. For simplicity, we will omit biases. Let x be 4-dimensional
and z and h be 3-dimensional, and ŷ be 2-dimensional. Then the forward pass looks like
this:

linear relu linear L2 lossx z h ŷ J

z
=

W1 x ŷ
=

W2 h

For the backward pass, we will here make a slight change in convention, which will
clarify an interesting connection between the forward and backward directions. Rather than
representing gradients g as row vectors, we will transpose them and treat them as column
vectors. The backward operation for transposed vectors follows from the matrix identity
that (AB)T = BT AT :
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This reveals an interesting connection between forward and backward for linear layers:
backward for a linear layer is the same operation as foward, just with the weights transposed!
We have omitted the bias terms here, but recall from Equation 13.17 that the backward pass
to the activations ignores biases anyway.

In contrast, the relu layer is not a relu on the backward pass. Instead, it becomes a
sort of “gating” matrix, parameterized by functions of the activations from the forward pass
(a, b, and c). This matrix is all zeros except for ones on the diagonal where the activation
was non-negative. This layer acts to mask out gradients for variables on the negative side of
the relu. Notice that this operation is a matrix multiply – in fact, all backward operations
are matrix multiplies, no matter what the forward operation might be, as you can observe
in Algorithm 13.

13.5 Backprop through DAGs: branch and merge

So far we have only seen chain-like graphs, –[]–[]–[]!. Can backprop handle other graphs? It
turns out the answer is yes. Presently we will consider directed acyclic graphs, or DAGs.
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13.4.4Puttingitalltogether:backpropthroughanMLP

Let’sseewhathappenswhenweputalltheseoperationstogetherinanMLP.Wewillstart
withtheMLPinFigure13.1.Forsimplicity,wewillomitbiases.Letxbe4-dimensional
andzandhbe3-dimensional,andŷbe2-dimensional.Thentheforwardpasslookslike
this:

linearrelulinearL2loss xzhŷJ

z
=

W1xŷ
=

W2h

Forthebackwardpass,wewillheremakeaslightchangeinconvention,whichwill
clarifyaninterestingconnectionbetweentheforwardandbackwarddirections.Ratherthan
representinggradientsgasrowvectors,wewilltransposethemandtreatthemascolumn
vectors.Thebackwardoperationfortransposedvectorsfollowsfromthematrixidentity
that(AB)T=BTAT:
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in=(goutW)T=WTgT

out(13.35)

Nowwewillwritethebackwardpassusingthesetransposedg’s:
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Thisrevealsaninterestingconnectionbetweenforwardandbackwardforlinearlayers:
backwardforalinearlayeristhesameoperationasfoward,justwiththeweightstransposed!
Wehaveomittedthebiastermshere,butrecallfromEquation13.17thatthebackwardpass
totheactivationsignoresbiasesanyway.

Incontrast,therelulayerisnotareluonthebackwardpass.Instead,itbecomesa
sortof“gating”matrix,parameterizedbyfunctionsoftheactivationsfromtheforwardpass
(a,b,andc).Thismatrixisallzerosexceptforonesonthediagonalwheretheactivation
wasnon-negative.Thislayeractstomaskoutgradientsforvariablesonthenegativesideof
therelu.Noticethatthisoperationisamatrixmultiply–infact,allbackwardoperations
arematrixmultiplies,nomatterwhattheforwardoperationmightbe,asyoucanobserve
inAlgorithm13.

13.5BackpropthroughDAGs:branchandmerge

Sofarwehaveonlyseenchain-likegraphs,–[]–[]–[]!.Canbackprophandleothergraphs?It
turnsouttheanswerisyes.Presentlywewillconsiderdirectedacyclicgraphs,orDAGs.

Example forward and backward through a simple net:
…

meta backward
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Task-Informed MAML for Agriculture
Task-Informed Meta-Learning for Agriculture

(a) Kenya: Maize vs. Rest

(b) Togo: Crop vs. Non Crop

Figure 3. Results of TIML and the benchmark models when trained
on a subset of the evaluation training datasets for the Crop Type
Classification Task. Specifically, we plot results for (Figure 3a) the
Kenya Maize vs. rest evaluation task and (Figure 3b) Togo Crop
vs. Non Crop evaluation task. All results are averaged from 10
runs, and reported with standard error bars. For both tasks, the
subset is balanced so that it contains an equal number of positive
and negative samples. TIML is the best performing model in
Kenya, and - alongside the crop vs. non crop pretrained model - is
among the best performining models in Togo for all subset sizes,
indicating TIML’s ability to learn from limited datast sizes. We
highlight that for the smallest training sample size, consisting of
20 samples, TIML is the best performing algorithm.

instead of passing the final hidden vectors to a Gaussian pro-
cess). We note that this implementation of Deep Gaussian
Processes differs from Damianou & Lawrence (2013).

As noted in Section 4.2.1, the MODIS datasets have been
updated since the original Deep Gaussian Process models
were run. We therefore retrain them to obtain our baseline re-
sults. We use the same hyperparameters as You et al. (2017),
with the addition of early stopping when training. You et al.
(2017)’s original results are included for comparison.

Additional implementation details for the crop classification
and yield estimation datasets are available in Appendix A.

6. Results & Discussion

6.1. Crop Type Classification

We show the model results for TIML, its ablations and all
baseline models when trained on the CropHarvest dataset
in Table 1. Like Tseng et al. (2021b), we report the AUC
ROC score and the F1 score calculated using a threshold
of 0.5. Overall, TIML is the best performing algorithm
on the CropHarvest dataset, achieving the highest F1 and
AUC ROC scores when averaged across all tasks. TIML
is consistently the best performing algorithm on every task.
In particular, TIML is the only transfer learning model that
outperforms a randomly-initialized model in the challenging
Brazil task, where there are only 26 positive datapoints.

6.1.1. EFFECTS OF TRANSFER LEARNING

Standard transfer learning from the global dataset is not
guaranteed to confer advantages to the model. For example,
first training using MAML or crop pre-training results in
lower performance on the Brazil task compared to an LSTM
initialized with random weights. We hypothesize this may
be due to the difference in distribution of the Brazil task data
relative to the other tasks the models are trained on. TIML
is the only model to see significant improvements in per-
formance compared to the randomly initialized model, sug-
gesting conditioning the model with prior, domain-specific
information about the tasks can help to model the diversity
of samples in the CropHarvest dataset.

6.1.2. FORGETFULNESS

Forgetfulness – when coupled with task information – im-
proves model performance in more challenging tasks with-
out penalizing performance elsewhere. Training TIML with
forgetfulness significantly boosts performance in the Brazil
task without substantially impacting performance on the
other tasks, and yields significantly higher mean F1 and
AUC ROC scores when measured across all tasks. How-
ever, training TIML forgetfully without the task information
(TIML with no task information or encoder) yields compa-
rable results to the baseline MAML model trained without
forgetfulness. We therefore hypothesize that task informa-
tion provides useful context around which tasks are being
kept and forgotten during training, allowing TIML to learn
from more difficult tasks in the “forgetful” regime without
forgetting easier tasks it has already learned.

6.1.3. EFFECT OF TASK INFORMATION

Including task information in the model improves perfor-
mance, both when it is concatenated to the input data and
when it is passed to the model through TIML. However,
there are significant differences in performance depending
on how this information is passed to the model: passing the

Task-Informed Meta-Learning for Agriculture
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Figure 3. Results of TIML and the benchmark models when trained
on a subset of the evaluation training datasets for the Crop Type
Classification Task. Specifically, we plot results for (Figure 3a) the
Kenya Maize vs. rest evaluation task and (Figure 3b) Togo Crop
vs. Non Crop evaluation task. All results are averaged from 10
runs, and reported with standard error bars. For both tasks, the
subset is balanced so that it contains an equal number of positive
and negative samples. TIML is the best performing model in
Kenya, and - alongside the crop vs. non crop pretrained model - is
among the best performining models in Togo for all subset sizes,
indicating TIML’s ability to learn from limited datast sizes. We
highlight that for the smallest training sample size, consisting of
20 samples, TIML is the best performing algorithm.

instead of passing the final hidden vectors to a Gaussian pro-
cess). We note that this implementation of Deep Gaussian
Processes differs from Damianou & Lawrence (2013).

As noted in Section 4.2.1, the MODIS datasets have been
updated since the original Deep Gaussian Process models
were run. We therefore retrain them to obtain our baseline re-
sults. We use the same hyperparameters as You et al. (2017),
with the addition of early stopping when training. You et al.
(2017)’s original results are included for comparison.

Additional implementation details for the crop classification
and yield estimation datasets are available in Appendix A.

6. Results & Discussion

6.1. Crop Type Classification

We show the model results for TIML, its ablations and all
baseline models when trained on the CropHarvest dataset
in Table 1. Like Tseng et al. (2021b), we report the AUC
ROC score and the F1 score calculated using a threshold
of 0.5. Overall, TIML is the best performing algorithm
on the CropHarvest dataset, achieving the highest F1 and
AUC ROC scores when averaged across all tasks. TIML
is consistently the best performing algorithm on every task.
In particular, TIML is the only transfer learning model that
outperforms a randomly-initialized model in the challenging
Brazil task, where there are only 26 positive datapoints.

6.1.1. EFFECTS OF TRANSFER LEARNING

Standard transfer learning from the global dataset is not
guaranteed to confer advantages to the model. For example,
first training using MAML or crop pre-training results in
lower performance on the Brazil task compared to an LSTM
initialized with random weights. We hypothesize this may
be due to the difference in distribution of the Brazil task data
relative to the other tasks the models are trained on. TIML
is the only model to see significant improvements in per-
formance compared to the randomly initialized model, sug-
gesting conditioning the model with prior, domain-specific
information about the tasks can help to model the diversity
of samples in the CropHarvest dataset.

6.1.2. FORGETFULNESS

Forgetfulness – when coupled with task information – im-
proves model performance in more challenging tasks with-
out penalizing performance elsewhere. Training TIML with
forgetfulness significantly boosts performance in the Brazil
task without substantially impacting performance on the
other tasks, and yields significantly higher mean F1 and
AUC ROC scores when measured across all tasks. How-
ever, training TIML forgetfully without the task information
(TIML with no task information or encoder) yields compa-
rable results to the baseline MAML model trained without
forgetfulness. We therefore hypothesize that task informa-
tion provides useful context around which tasks are being
kept and forgotten during training, allowing TIML to learn
from more difficult tasks in the “forgetful” regime without
forgetting easier tasks it has already learned.

6.1.3. EFFECT OF TASK INFORMATION

Including task information in the model improves perfor-
mance, both when it is concatenated to the input data and
when it is passed to the model through TIML. However,
there are significant differences in performance depending
on how this information is passed to the model: passing the

• In practice, the gains of this method are not
often worth the additional computational cost
at training time (worse than just pretraining?)

• Tseng et al. introduce a geospatial
embedding that encodes task-specific context
into meta-learning, and helps performance

TIML: Task-Informed Meta-Learning for Agriculture, Tseng et al., 2022
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Meta-learning by sequence modeling

• Definition of learning:

• input: a sequence x0, y0, x1, y1, x2, y2, …

• output:  a function f: x—> y

• x0, y0, x1, y1, x2, y2, x3, ?

• RNN state + params is f, apply that f to x3
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Transfer Learning II

• Transferring knowledge about the inputs

• Generative models as data++

• Meta-learning
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