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Deep generative models III

• Structured prediction

• Image-to-image

• Text-to-text

• Image-to-text

• Text-to-Image

• Unpaired translation
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Data prediction problems (“structured prediction”)

Semantic segmentation

[Long et al. 2015, …]

Automatic speech recognition

[Glass 2007, …]

computers that talk

[Reed et al. 2014, …]

Text-to-photo

“this small bird has a pink 
breast and crown…”

Protein folding

[AlphaFold, Jumper et al. 2021, …]© Long et al., Glass, Reed et al., AlphaFold, Jumper 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/ 3



Structured prediction

In deep learning this is usually what we are interested in

Model joint distribution of high-dimensional data P (X|Y = y)
<latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit><latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit><latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit><latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit>

X is high-dimensional

Unstructured: 
Y

i

p(Xi|Y = y)
<latexit sha1_base64="68L592ImtcPfKYXJsdPKLiiDef0=">AAACEXicbVBNS8MwGE79nPOr6tFLcAjzMloR9CIMvXic4D5kLSVN0y0sbUOSCqXuL3jxr3jxoIhXb978N6ZbEd18IOHJ87wved/H54xKZVlfxsLi0vLKamWtur6xubVt7ux2ZJIKTNo4YYno+UgSRmPSVlQx0uOCoMhnpOuPLgu/e0eEpEl8ozJO3AgNYhpSjJSWPLPucJEEHoW83tP3PXQipIZ+mN+O4fnPIxsfeWbNalgTwHlil6QGSrQ889MJEpxGJFaYISn7tsWVmyOhKGZkXHVSSTjCIzQgfU1jFBHp5pONxvBQKwEME6FPrOBE/d2Ro0jKLPJ1ZTGinPUK8T+vn6rwzM1pzFNFYjz9KEwZVAks4oEBFQQrlmmCsKB6VoiHSCCsdIhVHYI9u/I86Rw3bKthX5/UmhdlHBWwDw5AHdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPi1dMMqePfAHxsc3Sz+crA==</latexit><latexit sha1_base64="68L592ImtcPfKYXJsdPKLiiDef0=">AAACEXicbVBNS8MwGE79nPOr6tFLcAjzMloR9CIMvXic4D5kLSVN0y0sbUOSCqXuL3jxr3jxoIhXb978N6ZbEd18IOHJ87wved/H54xKZVlfxsLi0vLKamWtur6xubVt7ux2ZJIKTNo4YYno+UgSRmPSVlQx0uOCoMhnpOuPLgu/e0eEpEl8ozJO3AgNYhpSjJSWPLPucJEEHoW83tP3PXQipIZ+mN+O4fnPIxsfeWbNalgTwHlil6QGSrQ889MJEpxGJFaYISn7tsWVmyOhKGZkXHVSSTjCIzQgfU1jFBHp5pONxvBQKwEME6FPrOBE/d2Ro0jKLPJ1ZTGinPUK8T+vn6rwzM1pzFNFYjz9KEwZVAks4oEBFQQrlmmCsKB6VoiHSCCsdIhVHYI9u/I86Rw3bKthX5/UmhdlHBWwDw5AHdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPi1dMMqePfAHxsc3Sz+crA==</latexit><latexit sha1_base64="68L592ImtcPfKYXJsdPKLiiDef0=">AAACEXicbVBNS8MwGE79nPOr6tFLcAjzMloR9CIMvXic4D5kLSVN0y0sbUOSCqXuL3jxr3jxoIhXb978N6ZbEd18IOHJ87wved/H54xKZVlfxsLi0vLKamWtur6xubVt7ux2ZJIKTNo4YYno+UgSRmPSVlQx0uOCoMhnpOuPLgu/e0eEpEl8ozJO3AgNYhpSjJSWPLPucJEEHoW83tP3PXQipIZ+mN+O4fnPIxsfeWbNalgTwHlil6QGSrQ889MJEpxGJFaYISn7tsWVmyOhKGZkXHVSSTjCIzQgfU1jFBHp5pONxvBQKwEME6FPrOBE/d2Ro0jKLPJ1ZTGinPUK8T+vn6rwzM1pzFNFYjz9KEwZVAks4oEBFQQrlmmCsKB6VoiHSCCsdIhVHYI9u/I86Rw3bKthX5/UmhdlHBWwDw5AHdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPi1dMMqePfAHxsc3Sz+crA==</latexit><latexit sha1_base64="68L592ImtcPfKYXJsdPKLiiDef0=">AAACEXicbVBNS8MwGE79nPOr6tFLcAjzMloR9CIMvXic4D5kLSVN0y0sbUOSCqXuL3jxr3jxoIhXb978N6ZbEd18IOHJ87wved/H54xKZVlfxsLi0vLKamWtur6xubVt7ux2ZJIKTNo4YYno+UgSRmPSVlQx0uOCoMhnpOuPLgu/e0eEpEl8ozJO3AgNYhpSjJSWPLPucJEEHoW83tP3PXQipIZ+mN+O4fnPIxsfeWbNalgTwHlil6QGSrQ889MJEpxGJFaYISn7tsWVmyOhKGZkXHVSSTjCIzQgfU1jFBHp5pONxvBQKwEME6FPrOBE/d2Ro0jKLPJ1ZTGinPUK8T+vn6rwzM1pzFNFYjz9KEwZVAks4oEBFQQrlmmCsKB6VoiHSCCsdIhVHYI9u/I86Rw3bKthX5/UmhdlHBWwDw5AHdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPi1dMMqePfAHxsc3Sz+crA==</latexit>
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a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit>

pdata(A = a|l)
<latexit sha1_base64="FY6GegqA6+mXE6G0PF5/fgTFllk=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxCbMKdCNoIURvLCOYDkiPMbTbJkr0PdufEcKax8a/YWChi63+w89+4Sa7QxAcDj/dmmJnnRVJotO1vK7OwuLS8kl3Nra1vbG7lt3dqOowV41UWylA1PNBcioBXUaDkjUhx8D3J697gauzX77jSIgxucRhx14deILqCARqpnd+P2kkL+T0iJh1AGI2KF/ScAn2g8qidL9glewI6T5yUFEiKSjv/1eqELPZ5gEyC1k3HjtBNQKFgko9yrVjzCNgAerxpaAA+124y+WJED43Sod1QmQqQTtTfEwn4Wg99z3T6gH09643F/7xmjN0zNxFBFCMP2HRRN5YUQzqOhHaE4gzl0BBgSphbKeuDAoYmuJwJwZl9eZ7UjkuOXXJuTgrlyzSOLNkjB6RIHHJKyuSaVEiVMPJInskrebOerBfr3fqYtmasdGaX/IH1+QNHwZe9</latexit><latexit sha1_base64="DUTKTthPFpve6hmpAr8UvUfAQwY=">AAACKnicjVC7SgNBFJ2NrxhfUUstBoMQm7ArgjZC1MZSwTwgWcLdySQZMvtg5q4Y1jR+jYWNv5JGgq0f4iTZQhMLDwwczjmXO/d4kRQabXtsZZaWV1bXsuu5jc2t7Z387l5Vh7FivMJCGaq6B5pLEfAKCpS8HikOvid5zevfTPzaI1dahMEDDiLu+tANREcwQCO18odRK2kif0LEpA0Iw2Hxil5SoM9UnrTyBbtkT0EXiZOSAknxv3grP2q2Qxb7PEAmQeuGY0foJqBQMMmHuWaseQSsD13eMDQAn2s3mZ46pMdGadNOqMwLkE7VnxMJ+FoPfM8kfcCenvcm4l9eI8bOhZuIIIqRB2y2qBNLiiGd9EbbQnGGcmAIMCXMXynrgQKGpt2cOd2ZP3SRVE9Ljl1y7s8K5eu0syw5IEekSBxyTsrkltyRCmHkhbySd/JhvVkja2x9zqIZK53ZJ79gfX0DFsifNg==</latexit><latexit sha1_base64="DUTKTthPFpve6hmpAr8UvUfAQwY=">AAACKnicjVC7SgNBFJ2NrxhfUUstBoMQm7ArgjZC1MZSwTwgWcLdySQZMvtg5q4Y1jR+jYWNv5JGgq0f4iTZQhMLDwwczjmXO/d4kRQabXtsZZaWV1bXsuu5jc2t7Z387l5Vh7FivMJCGaq6B5pLEfAKCpS8HikOvid5zevfTPzaI1dahMEDDiLu+tANREcwQCO18odRK2kif0LEpA0Iw2Hxil5SoM9UnrTyBbtkT0EXiZOSAknxv3grP2q2Qxb7PEAmQeuGY0foJqBQMMmHuWaseQSsD13eMDQAn2s3mZ46pMdGadNOqMwLkE7VnxMJ+FoPfM8kfcCenvcm4l9eI8bOhZuIIIqRB2y2qBNLiiGd9EbbQnGGcmAIMCXMXynrgQKGpt2cOd2ZP3SRVE9Ljl1y7s8K5eu0syw5IEekSBxyTsrkltyRCmHkhbySd/JhvVkja2x9zqIZK53ZJ79gfX0DFsifNg==</latexit><latexit sha1_base64="DUTKTthPFpve6hmpAr8UvUfAQwY=">AAACKnicjVC7SgNBFJ2NrxhfUUstBoMQm7ArgjZC1MZSwTwgWcLdySQZMvtg5q4Y1jR+jYWNv5JGgq0f4iTZQhMLDwwczjmXO/d4kRQabXtsZZaWV1bXsuu5jc2t7Z387l5Vh7FivMJCGaq6B5pLEfAKCpS8HikOvid5zevfTPzaI1dahMEDDiLu+tANREcwQCO18odRK2kif0LEpA0Iw2Hxil5SoM9UnrTyBbtkT0EXiZOSAknxv3grP2q2Qxb7PEAmQeuGY0foJqBQMMmHuWaseQSsD13eMDQAn2s3mZ46pMdGadNOqMwLkE7VnxMJ+FoPfM8kfcCenvcm4l9eI8bOhZuIIIqRB2y2qBNLiiGd9EbbQnGGcmAIMCXMXynrgQKGpt2cOd2ZP3SRVE9Ljl1y7s8K5eu0syw5IEekSBxyTsrkltyRCmHkhbySd/JhvVkja2x9zqIZK53ZJ79gfX0DFsifNg==</latexit>

a) true data distribution

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit>

p✓(A = a|l)
<latexit sha1_base64="eD8ei59ROSmyYf2WjxLFw3CtqjI=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFqHrxWMF+QBvCZrtpl242YXcilFjwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2CkvLK6trxfXSxubW9o69u9fUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQxvJn7rgSnNY3kPo4R5EelLHnJKwEi+fZD4WRcGDMi4coUvMcGPWJz4dtmpOlPgReLmpIxy1H37q9uLaRoxCVQQrTuuk4CXEQWcCjYudVPNEkKHpM86hkoSMe1l0/PH+NgoPRzGypQEPFV/T2Qk0noUBaYzIjDQ895E/M/rpBBeeBmXSQpM0tmiMBUYYjzJAve4YhTEyBBCFTe3YjogilAwiZVMCO78y4ukeVp1nap7d1auXedxFNEhOkIV5KJzVEO3qI4aiKIMPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wcur5RO</latexit><latexit sha1_base64="NVxQsdNE/2suZQMSPx8/RyAtYsA=">AAACI3icjVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRqm5cKtgHtCFMppN26GQSZm6EEvsxLtz4K26kuHHhvzhts9DWhQcGDuecy517gkRwDY7zaRWWlldW14rrpY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3Ez85iNTmsfyAYYJ8yLSkzzklICRfPsg8bMO9BmQUeUKX2KCn7A48e2yU3WmwIvEzUkZ5fhf3LfHnW5M04hJoIJo3XadBLyMKOBUsFGpk2qWEDogPdY2VJKIaS+b3jjCx0bp4jBW5knAU/XnREYirYdRYJIRgb6e9ybiX147hfDCy7hMUmCSzhaFqcAQ40lhuMsVoyCGhhCquPkrpn2iCAVTa8mc7s4fukgap1XXqbr3Z+Xadd5ZER2iI1RBLjpHNXSL7lAdUZShZ/SK3q0X680aWx+zaMHKZ/bRL1hf34e3m8c=</latexit><latexit sha1_base64="NVxQsdNE/2suZQMSPx8/RyAtYsA=">AAACI3icjVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRqm5cKtgHtCFMppN26GQSZm6EEvsxLtz4K26kuHHhvzhts9DWhQcGDuecy517gkRwDY7zaRWWlldW14rrpY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3Ez85iNTmsfyAYYJ8yLSkzzklICRfPsg8bMO9BmQUeUKX2KCn7A48e2yU3WmwIvEzUkZ5fhf3LfHnW5M04hJoIJo3XadBLyMKOBUsFGpk2qWEDogPdY2VJKIaS+b3jjCx0bp4jBW5knAU/XnREYirYdRYJIRgb6e9ybiX147hfDCy7hMUmCSzhaFqcAQ40lhuMsVoyCGhhCquPkrpn2iCAVTa8mc7s4fukgap1XXqbr3Z+Xadd5ZER2iI1RBLjpHNXSL7lAdUZShZ/SK3q0X680aWx+zaMHKZ/bRL1hf34e3m8c=</latexit><latexit sha1_base64="NVxQsdNE/2suZQMSPx8/RyAtYsA=">AAACI3icjVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRqm5cKtgHtCFMppN26GQSZm6EEvsxLtz4K26kuHHhvzhts9DWhQcGDuecy517gkRwDY7zaRWWlldW14rrpY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3Ez85iNTmsfyAYYJ8yLSkzzklICRfPsg8bMO9BmQUeUKX2KCn7A48e2yU3WmwIvEzUkZ5fhf3LfHnW5M04hJoIJo3XadBLyMKOBUsFGpk2qWEDogPdY2VJKIaS+b3jjCx0bp4jBW5knAU/XnREYirYdRYJIRgb6e9ybiX147hfDCy7hMUmCSzhaFqcAQ40lhuMsVoyCGhhCquPkrpn2iCAVTa8mc7s4fukgap1XXqbr3Z+Xadd5ZER2iI1RBLjpHNXSL7lAdUZShZ/SK3q0X680aWx+zaMHKZ/bRL1hf34e3m8c=</latexit>

b) point prediction (aka regression)

observation

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit>

c) softmax distribution (aka classification)

p✓(A = a|l)
<latexit sha1_base64="eD8ei59ROSmyYf2WjxLFw3CtqjI=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFqHrxWMF+QBvCZrtpl242YXcilFjwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2CkvLK6trxfXSxubW9o69u9fUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQxvJn7rgSnNY3kPo4R5EelLHnJKwEi+fZD4WRcGDMi4coUvMcGPWJz4dtmpOlPgReLmpIxy1H37q9uLaRoxCVQQrTuuk4CXEQWcCjYudVPNEkKHpM86hkoSMe1l0/PH+NgoPRzGypQEPFV/T2Qk0noUBaYzIjDQ895E/M/rpBBeeBmXSQpM0tmiMBUYYjzJAve4YhTEyBBCFTe3YjogilAwiZVMCO78y4ukeVp1nap7d1auXedxFNEhOkIV5KJzVEO3qI4aiKIMPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wcur5RO</latexit><latexit sha1_base64="NVxQsdNE/2suZQMSPx8/RyAtYsA=">AAACI3icjVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRqm5cKtgHtCFMppN26GQSZm6EEvsxLtz4K26kuHHhvzhts9DWhQcGDuecy517gkRwDY7zaRWWlldW14rrpY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3Ez85iNTmsfyAYYJ8yLSkzzklICRfPsg8bMO9BmQUeUKX2KCn7A48e2yU3WmwIvEzUkZ5fhf3LfHnW5M04hJoIJo3XadBLyMKOBUsFGpk2qWEDogPdY2VJKIaS+b3jjCx0bp4jBW5knAU/XnREYirYdRYJIRgb6e9ybiX147hfDCy7hMUmCSzhaFqcAQ40lhuMsVoyCGhhCquPkrpn2iCAVTa8mc7s4fukgap1XXqbr3Z+Xadd5ZER2iI1RBLjpHNXSL7lAdUZShZ/SK3q0X680aWx+zaMHKZ/bRL1hf34e3m8c=</latexit><latexit sha1_base64="NVxQsdNE/2suZQMSPx8/RyAtYsA=">AAACI3icjVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRqm5cKtgHtCFMppN26GQSZm6EEvsxLtz4K26kuHHhvzhts9DWhQcGDuecy517gkRwDY7zaRWWlldW14rrpY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3Ez85iNTmsfyAYYJ8yLSkzzklICRfPsg8bMO9BmQUeUKX2KCn7A48e2yU3WmwIvEzUkZ5fhf3LfHnW5M04hJoIJo3XadBLyMKOBUsFGpk2qWEDogPdY2VJKIaS+b3jjCx0bp4jBW5knAU/XnREYirYdRYJIRgb6e9ybiX147hfDCy7hMUmCSzhaFqcAQ40lhuMsVoyCGhhCquPkrpn2iCAVTa8mc7s4fukgap1XXqbr3Z+Xadd5ZER2iI1RBLjpHNXSL7lAdUZShZ/SK3q0X680aWx+zaMHKZ/bRL1hf34e3m8c=</latexit><latexit sha1_base64="NVxQsdNE/2suZQMSPx8/RyAtYsA=">AAACI3icjVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRqm5cKtgHtCFMppN26GQSZm6EEvsxLtz4K26kuHHhvzhts9DWhQcGDuecy517gkRwDY7zaRWWlldW14rrpY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3Ez85iNTmsfyAYYJ8yLSkzzklICRfPsg8bMO9BmQUeUKX2KCn7A48e2yU3WmwIvEzUkZ5fhf3LfHnW5M04hJoIJo3XadBLyMKOBUsFGpk2qWEDogPdY2VJKIaS+b3jjCx0bp4jBW5knAU/XnREYirYdRYJIRgb6e9ybiX147hfDCy7hMUmCSzhaFqcAQ40lhuMsVoyCGhhCquPkrpn2iCAVTa8mc7s4fukgap1XXqbr3Z+Xadd5ZER2iI1RBLjpHNXSL7lAdUZShZ/SK3q0X680aWx+zaMHKZ/bRL1hf34e3m8c=</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit>

d) Gaussian predictive distribution

p✓(A = a|l)
<latexit sha1_base64="eD8ei59ROSmyYf2WjxLFw3CtqjI=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFqHrxWMF+QBvCZrtpl242YXcilFjwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2CkvLK6trxfXSxubW9o69u9fUcaooa9BYxKodEM0El6wBHARrJ4qRKBCsFQxvJn7rgSnNY3kPo4R5EelLHnJKwEi+fZD4WRcGDMi4coUvMcGPWJz4dtmpOlPgReLmpIxy1H37q9uLaRoxCVQQrTuuk4CXEQWcCjYudVPNEkKHpM86hkoSMe1l0/PH+NgoPRzGypQEPFV/T2Qk0noUBaYzIjDQ895E/M/rpBBeeBmXSQpM0tmiMBUYYjzJAve4YhTEyBBCFTe3YjogilAwiZVMCO78y4ukeVp1nap7d1auXedxFNEhOkIV5KJzVEO3qI4aiKIMPaNX9GY9WS/Wu/Uxay1Y+cw++gPr8wcur5RO</latexit><latexit sha1_base64="NVxQsdNE/2suZQMSPx8/RyAtYsA=">AAACI3icjVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRqm5cKtgHtCFMppN26GQSZm6EEvsxLtz4K26kuHHhvzhts9DWhQcGDuecy517gkRwDY7zaRWWlldW14rrpY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3Ez85iNTmsfyAYYJ8yLSkzzklICRfPsg8bMO9BmQUeUKX2KCn7A48e2yU3WmwIvEzUkZ5fhf3LfHnW5M04hJoIJo3XadBLyMKOBUsFGpk2qWEDogPdY2VJKIaS+b3jjCx0bp4jBW5knAU/XnREYirYdRYJIRgb6e9ybiX147hfDCy7hMUmCSzhaFqcAQ40lhuMsVoyCGhhCquPkrpn2iCAVTa8mc7s4fukgap1XXqbr3Z+Xadd5ZER2iI1RBLjpHNXSL7lAdUZShZ/SK3q0X680aWx+zaMHKZ/bRL1hf34e3m8c=</latexit><latexit sha1_base64="NVxQsdNE/2suZQMSPx8/RyAtYsA=">AAACI3icjVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRqm5cKtgHtCFMppN26GQSZm6EEvsxLtz4K26kuHHhvzhts9DWhQcGDuecy517gkRwDY7zaRWWlldW14rrpY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3Ez85iNTmsfyAYYJ8yLSkzzklICRfPsg8bMO9BmQUeUKX2KCn7A48e2yU3WmwIvEzUkZ5fhf3LfHnW5M04hJoIJo3XadBLyMKOBUsFGpk2qWEDogPdY2VJKIaS+b3jjCx0bp4jBW5knAU/XnREYirYdRYJIRgb6e9ybiX147hfDCy7hMUmCSzhaFqcAQ40lhuMsVoyCGhhCquPkrpn2iCAVTa8mc7s4fukgap1XXqbr3Z+Xadd5ZER2iI1RBLjpHNXSL7lAdUZShZ/SK3q0X680aWx+zaMHKZ/bRL1hf34e3m8c=</latexit><latexit sha1_base64="NVxQsdNE/2suZQMSPx8/RyAtYsA=">AAACI3icjVDLSsNAFJ3UV62vqLhyM1iEuimJCLoRqm5cKtgHtCFMppN26GQSZm6EEvsxLtz4K26kuHHhvzhts9DWhQcGDuecy517gkRwDY7zaRWWlldW14rrpY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3Ez85iNTmsfyAYYJ8yLSkzzklICRfPsg8bMO9BmQUeUKX2KCn7A48e2yU3WmwIvEzUkZ5fhf3LfHnW5M04hJoIJo3XadBLyMKOBUsFGpk2qWEDogPdY2VJKIaS+b3jjCx0bp4jBW5knAU/XnREYirYdRYJIRgb6e9ybiX147hfDCy7hMUmCSzhaFqcAQ40lhuMsVoyCGhhCquPkrpn2iCAVTa8mc7s4fukgap1XXqbr3Z+Xadd5ZER2iI1RBLjpHNXSL7lAdUZShZ/SK3q0X680aWx+zaMHKZ/bRL1hf34e3m8c=</latexit>

5



a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit><latexit sha1_base64="8ahI543WcTt/f0okHIOrmLKZ5Vw=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZq0H654lbdOcgq8XJSgRz/i/fLn71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5tdMyZlVBiSMlX3SkLn6cyKjkdaTKLDJiJqRXvZm4l9eNzXhlZ9xmaQGJVssClNBTExm1ZABV8iMmFhCmeL2r4SNqKLM2AJL9nRv+dBV0rqoem7Va1xW6td5Z0U4gVM4Bw9qUIdbuIMmMEB4hGd4dZ6cF+fNeV9EC04+cwy/4Hx8AybWlF4=</latexit>

p ✓
(A

=
a|
l)
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Generative models have two important properties for structured prediction: 
1. They can model a multimodal distribution
2. They can model joint dependences between multidimensional predictions
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Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</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>

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

Deep learning in 2012

Use a hypothesis space that can model complex structure
(e.g., a CNN, nearest-neighbor)
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[Slide credit: Andrew Ng]
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(Colors represent one-hot codes)

Objective function 
(loss)Hypothesis space

argmin
F

Ex,y[L(F(x),y)]

[Photo credit: Fredo Durand]

F

© Fred Durand. 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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!
<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>

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

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Convolutional neural net

Stochastic gradient descent

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

Semantic Segmentation

n o
,

n o
,

…

x y

!
<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>

y 2 RH⇥W⇥K

<latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit><latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit><latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit><latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit>

f
⇤ = argmin

f2F

NX

i=1

H(yi, ŷi)
<latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit>

x 2 RH⇥W⇥3
<latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit>
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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>

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

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Convolutional neural net

Stochastic gradient descent

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

Sat2Map

n o
,

n o
,

…

x y

!
<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>

✓⇤ = argmin
✓

NX

i=1

(f✓(xi)� yi)
2

= argmin
✓

NX

i=1

(✓1xi + ✓0 yi)
2

<latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit>

x 2 RH⇥W⇥3
<latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit>

y 2 RH⇥W⇥3
<latexit sha1_base64="X+JmrSiMn+oXDDOjzKZeLlyRWGw=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiuaqKCLotuuqxiH9DEMplO2qGTSZi5EUrIZ7jxV9y4UMRtd/6N0zaCth4YOHPOvdx7jx8LrsG2v6yl5ZXVtfXCRnFza3tnt7S339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlD28mfuuRKc0jeQ+jmHkh6UsecErASN3SqRsSGPhBOsqwyyWeff30LntIa9gFHjKNWz/kPOuWynbFngIvEicnZZSj3i2N3V5Ek5BJoIJo3XHsGLyUKOBUsKzoJprFhA5Jn3UMlcTM8dLpYRk+NkoPB5EyTwKeqr87UhJqPQp9UznZW897E/E/r5NAcOWlXMYJMElng4JEYIjwJCXc44pRECNDCFXc7IrpgChCwWRZNCE48ycvkuZZxbErzu1FuXqdx1FAh+gInSAHXaIqqqE6aiCKntALekPv1rP1an1Yn7PSJSvvOUB/YI2/AVi+n+s=</latexit><latexit sha1_base64="X+JmrSiMn+oXDDOjzKZeLlyRWGw=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiuaqKCLotuuqxiH9DEMplO2qGTSZi5EUrIZ7jxV9y4UMRtd/6N0zaCth4YOHPOvdx7jx8LrsG2v6yl5ZXVtfXCRnFza3tnt7S339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlD28mfuuRKc0jeQ+jmHkh6UsecErASN3SqRsSGPhBOsqwyyWeff30LntIa9gFHjKNWz/kPOuWynbFngIvEicnZZSj3i2N3V5Ek5BJoIJo3XHsGLyUKOBUsKzoJprFhA5Jn3UMlcTM8dLpYRk+NkoPB5EyTwKeqr87UhJqPQp9UznZW897E/E/r5NAcOWlXMYJMElng4JEYIjwJCXc44pRECNDCFXc7IrpgChCwWRZNCE48ycvkuZZxbErzu1FuXqdx1FAh+gInSAHXaIqqqE6aiCKntALekPv1rP1an1Yn7PSJSvvOUB/YI2/AVi+n+s=</latexit><latexit sha1_base64="X+JmrSiMn+oXDDOjzKZeLlyRWGw=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiuaqKCLotuuqxiH9DEMplO2qGTSZi5EUrIZ7jxV9y4UMRtd/6N0zaCth4YOHPOvdx7jx8LrsG2v6yl5ZXVtfXCRnFza3tnt7S339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlD28mfuuRKc0jeQ+jmHkh6UsecErASN3SqRsSGPhBOsqwyyWeff30LntIa9gFHjKNWz/kPOuWynbFngIvEicnZZSj3i2N3V5Ek5BJoIJo3XHsGLyUKOBUsKzoJprFhA5Jn3UMlcTM8dLpYRk+NkoPB5EyTwKeqr87UhJqPQp9UznZW897E/E/r5NAcOWlXMYJMElng4JEYIjwJCXc44pRECNDCFXc7IrpgChCwWRZNCE48ycvkuZZxbErzu1FuXqdx1FAh+gInSAHXaIqqqE6aiCKntALekPv1rP1an1Yn7PSJSvvOUB/YI2/AVi+n+s=</latexit><latexit sha1_base64="X+JmrSiMn+oXDDOjzKZeLlyRWGw=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiuaqKCLotuuqxiH9DEMplO2qGTSZi5EUrIZ7jxV9y4UMRtd/6N0zaCth4YOHPOvdx7jx8LrsG2v6yl5ZXVtfXCRnFza3tnt7S339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlD28mfuuRKc0jeQ+jmHkh6UsecErASN3SqRsSGPhBOsqwyyWeff30LntIa9gFHjKNWz/kPOuWynbFngIvEicnZZSj3i2N3V5Ek5BJoIJo3XHsGLyUKOBUsKzoJprFhA5Jn3UMlcTM8dLpYRk+NkoPB5EyTwKeqr87UhJqPQp9UznZW897E/E/r5NAcOWlXMYJMElng4JEYIjwJCXc44pRECNDCFXc7IrpgChCwWRZNCE48ycvkuZZxbErzu1FuXqdx1FAh+gInSAHXaIqqqE6aiCKntALekPv1rP1an1Yn7PSJSvvOUB/YI2/AVi+n+s=</latexit>

f✓(x)i
<latexit sha1_base64="A299A3jeMraUKvaIu3FFvjgQ5B0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3bisYB/QhDCZTtqhkwczN2IJceOvuHGhiFv/wp1/46TNQlsPXDiccy/33uMngiuwrG9jaXlldW29slHd3Nre2TX39jsqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uPrwu/eM6l4HN3BJGFuSIYRDzgloCXPPAy8zIERA5LXnZDAyA+yh/zU455ZsxrWFHiR2CWpoRItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5VUnVSwhdEyGrK9pREKm3Gz6QY5PtDLAQSx1RYCn6u+JjIRKTUJfdxZHqnmvEP/z+ikEl27GoyQFFtHZoiAVGGJcxIEHXDIKYqIJoZLrWzEdEUko6NCqOgR7/uVF0jlr2FbDvj2vNa/KOCroCB2jOrLRBWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8f2miXIQ==</latexit><latexit sha1_base64="A299A3jeMraUKvaIu3FFvjgQ5B0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3bisYB/QhDCZTtqhkwczN2IJceOvuHGhiFv/wp1/46TNQlsPXDiccy/33uMngiuwrG9jaXlldW29slHd3Nre2TX39jsqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uPrwu/eM6l4HN3BJGFuSIYRDzgloCXPPAy8zIERA5LXnZDAyA+yh/zU455ZsxrWFHiR2CWpoRItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5VUnVSwhdEyGrK9pREKm3Gz6QY5PtDLAQSx1RYCn6u+JjIRKTUJfdxZHqnmvEP/z+ikEl27GoyQFFtHZoiAVGGJcxIEHXDIKYqIJoZLrWzEdEUko6NCqOgR7/uVF0jlr2FbDvj2vNa/KOCroCB2jOrLRBWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8f2miXIQ==</latexit><latexit sha1_base64="A299A3jeMraUKvaIu3FFvjgQ5B0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3bisYB/QhDCZTtqhkwczN2IJceOvuHGhiFv/wp1/46TNQlsPXDiccy/33uMngiuwrG9jaXlldW29slHd3Nre2TX39jsqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uPrwu/eM6l4HN3BJGFuSIYRDzgloCXPPAy8zIERA5LXnZDAyA+yh/zU455ZsxrWFHiR2CWpoRItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5VUnVSwhdEyGrK9pREKm3Gz6QY5PtDLAQSx1RYCn6u+JjIRKTUJfdxZHqnmvEP/z+ikEl27GoyQFFtHZoiAVGGJcxIEHXDIKYqIJoZLrWzEdEUko6NCqOgR7/uVF0jlr2FbDvj2vNa/KOCroCB2jOrLRBWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8f2miXIQ==</latexit><latexit sha1_base64="A299A3jeMraUKvaIu3FFvjgQ5B0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3bisYB/QhDCZTtqhkwczN2IJceOvuHGhiFv/wp1/46TNQlsPXDiccy/33uMngiuwrG9jaXlldW29slHd3Nre2TX39jsqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uPrwu/eM6l4HN3BJGFuSIYRDzgloCXPPAy8zIERA5LXnZDAyA+yh/zU455ZsxrWFHiR2CWpoRItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5VUnVSwhdEyGrK9pREKm3Gz6QY5PtDLAQSx1RYCn6u+JjIRKTUJfdxZHqnmvEP/z+ikEl27GoyQFFtHZoiAVGGJcxIEHXDIKYqIJoZLrWzEdEUko6NCqOgR7/uVF0jlr2FbDvj2vNa/KOCroCB2jOrLRBWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8f2miXIQ==</latexit>
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Input Deep net output
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Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</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>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</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>

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

Structured prediction

Use an objective that can model structure! (e.g., a graphical model, a GAN, etc)
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Image-to-image
with conditional GANs 
with conditional VAEs
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Conditional GAN
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Generator

x

For example: pix2pix [Isola et al. 2017]

<latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)
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g tries to synthesize fake images that fool d 

d tries to identify the fakes

Generator Discriminator

x

real or synthetic?

<latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x) <latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>d�
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x

synthetic (0.9)

real (0.1)

y
<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

<latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x) <latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>d�

<latexit sha1_base64="uQjyvxlAXyhpxlJB4GQ1DLFgWgM="></latexit>

d⇤� = argmax
�

Ex,y[log d�(g✓(x)) + log(1� d�(y))]
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g tries to synthesize fake images that fool d:

real or synthetic?

x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x) <latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>d�

<latexit sha1_base64="YP+mIW7KGY+MZRie9GAzR8ajdHM="></latexit>

g⇤✓ = argmin
✓

Ex,y[log d�(g✓(x))]
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g tries to synthesize fake images that fool the best d:

x

real or synthetic?

<latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x) <latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>d�

<latexit sha1_base64="IsxAas9mEssvFr5SvA+EG7rCvLY="></latexit>

argmin
✓

max
�

Ex,y[log d�(g✓(x)) + log(1� d�(y))]
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Loss Function 

g’s perspective: d is a loss function. 

Rather than being hand-designed, it is learned and 
highly structured.

x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)

<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�
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real or synthetic?

x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x) <latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>d�

<latexit sha1_base64="IsxAas9mEssvFr5SvA+EG7rCvLY="></latexit>

argmin
✓

max
�

Ex,y[log d�(g✓(x)) + log(1� d�(y))]
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real!

x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x) <latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>d�

<latexit sha1_base64="IsxAas9mEssvFr5SvA+EG7rCvLY="></latexit>

argmin
✓

max
�

Ex,y[log d�(g✓(x)) + log(1� d�(y))]
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real or synthetic 
pair ?

x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)

<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

<latexit sha1_base64="IsxAas9mEssvFr5SvA+EG7rCvLY="></latexit>

argmin
✓

max
�

Ex,y[log d�(g✓(x)) + log(1� d�(y))]
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x

real or synthetic 
pair ?

<latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)

<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

<latexit sha1_base64="/aRnVxG8m92BCZTCv2pOCAQ2FHA="></latexit>

argmin
✓

max
�

Ex,y[log d�(x, g✓(x)) + log(1� d�(x,y))]
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x

synthetic pair

<latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)

<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

<latexit sha1_base64="/aRnVxG8m92BCZTCv2pOCAQ2FHA="></latexit>

argmin
✓

max
�

Ex,y[log d�(x, g✓(x)) + log(1� d�(x,y))]
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x

real pair

<latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)

<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

<latexit sha1_base64="/aRnVxG8m92BCZTCv2pOCAQ2FHA="></latexit>

argmin
✓

max
�

Ex,y[log d�(x, g✓(x)) + log(1� d�(x,y))]
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x

real or synthetic 
pair ?

<latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)

<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

<latexit sha1_base64="/aRnVxG8m92BCZTCv2pOCAQ2FHA="></latexit>

argmin
✓

max
�

Ex,y[log d�(x, g✓(x)) + log(1� d�(x,y))]
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Training Details: Loss function

Stable training + fast convergence

[c.f. Pathak et al. CVPR 2016]

x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x) y

-

<latexit sha1_base64="lxVzT1cGiELC1k5xw8Djf7LQbfY="></latexit>

g⇤✓ = argmin
✓

max
�

LcGAN(✓,�) + �LL1(✓)
<latexit sha1_base64="lxVzT1cGiELC1k5xw8Djf7LQbfY="></latexit>

g⇤✓ = argmin
✓

max
�

LcGAN(✓,�) + �LL1(✓)
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Labels → Facades
Input Output Input Output

Data from [Tylecek, 2013]
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16⇥ 16
<latexit sha1_base64="0nR14VzDEQBPn85d9ZbGRls1dqc="></latexit><latexit sha1_base64="+a0YpmXA7kvtx8g1Ou9o5zMxx1Q="></latexit><latexit sha1_base64="+a0YpmXA7kvtx8g1Ou9o5zMxx1Q="></latexit><latexit sha1_base64="+a0YpmXA7kvtx8g1Ou9o5zMxx1Q="></latexit>

70⇥ 70
<latexit sha1_base64="zEqXDpc2do8eP3ExHGjwCHEYOrE="></latexit><latexit sha1_base64="FPHukqxVJYdzBh3Ke3unXcvIXnQ="></latexit><latexit sha1_base64="FPHukqxVJYdzBh3Ke3unXcvIXnQ="></latexit><latexit sha1_base64="FPHukqxVJYdzBh3Ke3unXcvIXnQ="></latexit>

1⇥ 1
<latexit sha1_base64="w7bSsIRyhNx8UMmJind8CTi/V9Y="></latexit><latexit sha1_base64="K7yrfQN27wVddfnjhOluw2RKbGE="></latexit><latexit sha1_base64="K7yrfQN27wVddfnjhOluw2RKbGE="></latexit><latexit sha1_base64="K7yrfQN27wVddfnjhOluw2RKbGE="></latexit>

Output
<latexit sha1_base64="le7do4zyt6hCQmIUSpT0TSg45Lo="></latexit><latexit sha1_base64="G1OLmHYOLqRay594B6XOAYXV1Go="></latexit><latexit sha1_base64="G1OLmHYOLqRay594B6XOAYXV1Go="></latexit><latexit sha1_base64="G1OLmHYOLqRay594B6XOAYXV1Go="></latexit>

Discriminator patch size:
<latexit sha1_base64="Ynt75Wzj5y8HMav8JYKuMtJfl7U="></latexit><latexit sha1_base64="MIhi9dHpYTdW8UC7ty/KASf7zgM="></latexit><latexit sha1_base64="MIhi9dHpYTdW8UC7ty/KASf7zgM="></latexit><latexit sha1_base64="MIhi9dHpYTdW8UC7ty/KASf7zgM="></latexit>

286⇥ 286
<latexit sha1_base64="OBCGPktgKzHrioX2HbpZ9t89XU4="></latexit><latexit sha1_base64="RJ7kYphEZV/PIhdBMFGAJOQrRDc="></latexit><latexit sha1_base64="RJ7kYphEZV/PIhdBMFGAJOQrRDc="></latexit><latexit sha1_base64="RJ7kYphEZV/PIhdBMFGAJOQrRDc="></latexit>
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Patch Discriminator
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[Slide credit: Andrew Ng]
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rfo

rm
an

ce

Amount of data

Why structured objectives 
(cartoon)

Deep learning

Older learning algorithms
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Pe
rfo

rm
an

ce

Amount of data

DL w/ structured objective 
(conditional generative models)

DL w/ unstructured objective 
(e.g., least-squares regression)

Why structured objectives 
(cartoon)

Older learning algorithms
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Input Unstructured prediction (L1)
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Structured Prediction (cGAN)Input
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Conditional VAE
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Input

Possible outputs

??

?

?

?

Modeling multiple possible outputs
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Modeling multiple possible outputs

Gx G(x)

z ⇠ N (~0, 1)

41



see also [Walker et al., ECCV 2016], [Xue*, Wu*, et al., NIPS 2016] 
Example from [Babaeizadeh et al., ICLR 2018]
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z

y
Target Reconstruction

ŷ

x
Observation

see also [Walker et al., ECCV 2016], [Xue*, Wu*, et al., NIPS 2016] 
Example from [Babaeizadeh et al., ICLR 2018]
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z

x

y

Observation

Target Reconstruction
ŷ

see also [Walker et al., ECCV 2016], [Xue*, Wu*, et al., NIPS 2016] 
Example from [Babaeizadeh et al., ICLR 2018]
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z

x

y

Observation

Target Reconstruction
ŷ

z learns to encode the missing information necessary 
to predict y from x, i.e. the direction in which the 

purple box moves

see also [Walker et al., ECCV 2016], [Xue*, Wu*, et al., NIPS 2016] 
Example from [Babaeizadeh et al., ICLR 2018]
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z

x
Observation

Prediction
ŷ

z ⇠ N (~0, 1)

see also [Walker et al., ECCV 2016], [Xue*, Wu*, et al., NIPS 2016] 
Example from [Babaeizadeh et al., ICLR 2018]
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z

x
Observation

Prediction
ŷ

z ⇠ N (~0, 1)

see also [Walker et al., ECCV 2016], [Xue*, Wu*, et al., NIPS 2016] 
Example from [Babaeizadeh et al., ICLR 2018]
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z

x
Observation

Prediction
ŷ

z ⇠ N (~0, 1)

see also [Walker et al., ECCV 2016], [Xue*, Wu*, et al., NIPS 2016] 
Example from [Babaeizadeh et al., ICLR 2018]
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[BiCycleGAN, Zhu et al., NeurIPS 2017] 

Modeling multiple possible outputs
G(x)

Gx

z ⇠ N (~0, 1)
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Concept: You can control your data either via 
explicit inputs or latent variables
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Text-to-text
with autoregressive models 

51



Autoregressive models are conditional generative models

1. Training “Colorless green 
ideas sleep ____”

Language 
model “furiously”

(Predict next characters)
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2. Predicting
[Review] + “The 
sentiment in this 
review is ____”

Language 
model “positive”

(Predict next characters)

Autoregressive models are conditional generative models
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GPT-3 [Brown et al., 2020] https://arxiv.org/pdf/2005.14165.pdf
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Image-to-text
with an autoregressive model 
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i
i

i
i

i
i

i
i

Draft chapter from Foundations of Computer Vision by Torralba, Isola, Freeman 11

almost all domains of human knowledge (we use language to describe pretty everything we
do and everything we know). So, if we can translate images to text then we link imagery to
many other domains of knowledge.

As an example of an image-to-text system, we will use a transformer to map the input
image to a set of tokens, and we will then feed these tokens as input to an autoregressive
text decoder, which is also implemented with a transformer. See [9] for an example of a
system that uses this general approach. Figure 1.11 shows this architecture.

nself-attn

ncross-attn

A
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g

o
causal
self-attn

o causal
self-attn

Im
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e
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Te
xt

D
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od
er

Figure 1.11: Image-
to-text using a small
transformer with cross-
attention. The edges in
gray are cross-attention
edges. Many variations of
this architecture are pos-
sible. For example, each
layer of the text encoder
could cross-attend to the
output image tokens. Or,
the image encoder could
compress all its input
tokens into a single out-
put token that represents
the entire photo; this out-
put token would then get
cross-attended by the text
decoder. This approach
could save memory and
computation time.

There is one special layer to point out, the cross-attention layer (cross-attn). This
layer addresses the question of how to insert image tokens into a text model. The answer is
quite simple: just let the text tokens attend to the image tokens. The image tokens will emit
their value vectors which will be mixed with the text token value vectors according to the
attention weights to produce the next layer of tokens in the text decoder.
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  causal 8}.) self-attn  

>-
cross-attn { 

self-attn ({ m 
t t t 

: \ causal 

i }) 
self-attn

What is this slide showing and how does it relate to the way you 
work, ChatGPT? 

This slide shows a model architecture for a vision-language transformer, often used in image-

captioning models. The components include: 

1. Image Encoder: On the left, where image inputs are processed through self-attention layers.

This encoder extracts features from the image, representing various parts of the visual input.

2. Cross-Attention Layer: The encoder's output interacts with the text decoder through cross-

attention, enalbling the text to attend to image features and guide the generation of

descriptive captions.
Created with ChatGPT.
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Does ChatGPT know how its own brain works?

Created with ChatGPT.
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Text-to-image
with all models combined! 
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X
<latexit sha1_base64="shPikir4b9lwDRI5OepdbFbSsRI="></latexit><latexit sha1_base64="et4/cpo6QC1tVLwjsvPNOk70aIY="></latexit><latexit sha1_base64="et4/cpo6QC1tVLwjsvPNOk70aIY="></latexit><latexit sha1_base64="et4/cpo6QC1tVLwjsvPNOk70aIY="></latexit>

Z
<latexit sha1_base64="d7h4xix8KU7SecN/E3qWf39gNvA="></latexit><latexit sha1_base64="tOz/PZAm9zoTGqozglW+OR9AOEo="></latexit><latexit sha1_base64="tOz/PZAm9zoTGqozglW+OR9AOEo="></latexit><latexit sha1_base64="tOz/PZAm9zoTGqozglW+OR9AOEo="></latexit>

Y
<latexit sha1_base64="hPyPOAlRdiyYzgiHuxyMSA1oy6c="></latexit><latexit sha1_base64="1f7nxa0uwxE86aEVoLr1IipHxyg="></latexit><latexit sha1_base64="1f7nxa0uwxE86aEVoLr1IipHxyg="></latexit><latexit sha1_base64="1f7nxa0uwxE86aEVoLr1IipHxyg="></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="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><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="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit>

Encoder Decoder

Prediction errorz
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit>f

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

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

y
<latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="4cjkMhPjq0N4KN6ii3sil1CC0nU="></latexit><latexit sha1_base64="4cjkMhPjq0N4KN6ii3sil1CC0nU="></latexit><latexit sha1_base64="4cjkMhPjq0N4KN6ii3sil1CC0nU="></latexit>

ŷ
<latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="SwE8Qp0mHsWL5YafRWgtaq7Yxg0="></latexit><latexit sha1_base64="SwE8Qp0mHsWL5YafRWgtaq7Yxg0="></latexit><latexit sha1_base64="SwE8Qp0mHsWL5YafRWgtaq7Yxg0="></latexit>

General strategy for domain translation
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<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit>f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

t
<latexit sha1_base64="TM6Xn28De3vPiI/5YibCvAU/HfM="></latexit><latexit sha1_base64="FwGssmUepH5+SGaxrPxO+l6EwTU="></latexit><latexit sha1_base64="FwGssmUepH5+SGaxrPxO+l6EwTU="></latexit><latexit sha1_base64="FwGssmUepH5+SGaxrPxO+l6EwTU="></latexit>

t̂
<latexit sha1_base64="egYF27JcENLHC9LNgZS72RVQYNc="></latexit><latexit sha1_base64="hv9OVYtpLkOpVAYrc5J4YUoKI6Y="></latexit><latexit sha1_base64="hv9OVYtpLkOpVAYrc5J4YUoKI6Y="></latexit><latexit sha1_base64="hv9OVYtpLkOpVAYrc5J4YUoKI6Y="></latexit>

t̂
<latexit sha1_base64="egYF27JcENLHC9LNgZS72RVQYNc="></latexit><latexit sha1_base64="hv9OVYtpLkOpVAYrc5J4YUoKI6Y="></latexit><latexit sha1_base64="hv9OVYtpLkOpVAYrc5J4YUoKI6Y="></latexit><latexit sha1_base64="hv9OVYtpLkOpVAYrc5J4YUoKI6Y="></latexit>

c

c

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>

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

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>
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<̀latexit sha1_base64="sILSAY0GZzx9gFvV7X2mx/pmWsM="></latexit><latexit sha1_base64="sqvwGEjvHZEDg0bKEs5cbgh1rec="></latexit><latexit sha1_base64="sqvwGEjvHZEDg0bKEs5cbgh1rec="></latexit><latexit sha1_base64="sqvwGEjvHZEDg0bKEs5cbgh1rec="></latexit>

<̀latexit sha1_base64="sILSAY0GZzx9gFvV7X2mx/pmWsM="></latexit><latexit sha1_base64="sqvwGEjvHZEDg0bKEs5cbgh1rec="></latexit><latexit sha1_base64="sqvwGEjvHZEDg0bKEs5cbgh1rec="></latexit><latexit sha1_base64="sqvwGEjvHZEDg0bKEs5cbgh1rec="></latexit>
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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="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit>f

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

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

t
<latexit sha1_base64="TM6Xn28De3vPiI/5YibCvAU/HfM="></latexit><latexit sha1_base64="FwGssmUepH5+SGaxrPxO+l6EwTU="></latexit><latexit sha1_base64="FwGssmUepH5+SGaxrPxO+l6EwTU="></latexit><latexit sha1_base64="FwGssmUepH5+SGaxrPxO+l6EwTU="></latexit>

<̀latexit sha1_base64="sILSAY0GZzx9gFvV7X2mx/pmWsM="></latexit><latexit sha1_base64="sqvwGEjvHZEDg0bKEs5cbgh1rec="></latexit><latexit sha1_base64="sqvwGEjvHZEDg0bKEs5cbgh1rec="></latexit><latexit sha1_base64="sqvwGEjvHZEDg0bKEs5cbgh1rec="></latexit>

ˆ̀
<latexit sha1_base64="3smvH0Qub24l8SAxqmnHxN7h2Sc="></latexit><latexit sha1_base64="ONYZySGIBHBFarLNXCz7Vu0knW4="></latexit><latexit sha1_base64="ONYZySGIBHBFarLNXCz7Vu0knW4="></latexit><latexit sha1_base64="ONYZySGIBHBFarLNXCz7Vu0knW4="></latexit> c

c

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>

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

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

A yellow 
bird sitting 
on a tree 
branch.

ˆ̀
<latexit sha1_base64="3smvH0Qub24l8SAxqmnHxN7h2Sc="></latexit><latexit sha1_base64="ONYZySGIBHBFarLNXCz7Vu0knW4="></latexit><latexit sha1_base64="ONYZySGIBHBFarLNXCz7Vu0knW4="></latexit><latexit sha1_base64="ONYZySGIBHBFarLNXCz7Vu0knW4="></latexit>

t
<latexit sha1_base64="TM6Xn28De3vPiI/5YibCvAU/HfM="></latexit><latexit sha1_base64="FwGssmUepH5+SGaxrPxO+l6EwTU="></latexit><latexit sha1_base64="FwGssmUepH5+SGaxrPxO+l6EwTU="></latexit><latexit sha1_base64="FwGssmUepH5+SGaxrPxO+l6EwTU="></latexit>

Text-to-image
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Text-to-image VAE

For example: DALL-E 1 [Ramesh et al. 2021] 

c c

Observation

Target Prediction
z(i)

<latexit sha1_base64="quBAdZXFJ7mf6+EfORWC0mn0QE4="></latexit><latexit sha1_base64="Z7u97ahozMhweBdQLbzFv4mtvno="></latexit><latexit sha1_base64="Z7u97ahozMhweBdQLbzFv4mtvno="></latexit><latexit sha1_base64="Z7u97ahozMhweBdQLbzFv4mtvno="></latexit>

Image Encoder Image Decoder

A scarlet macaw 
sitting on a 

perch.

Text Encoder

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

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

t(i)
<latexit sha1_base64="qSOy5Wv4RzkeSt/DqZyQVxqSxrg="></latexit><latexit sha1_base64="GJJfxoLaUntX/10zneb/oItJhic="></latexit><latexit sha1_base64="GJJfxoLaUntX/10zneb/oItJhic="></latexit><latexit sha1_base64="GJJfxoLaUntX/10zneb/oItJhic="></latexit>

ˆ̀(i)
<latexit sha1_base64="iA2IEjYgL5FXgYFVz21c7egZm84="></latexit><latexit sha1_base64="AxPOXaAzGUYQIJ/JxIJqjZTJa9o="></latexit><latexit sha1_base64="AxPOXaAzGUYQIJ/JxIJqjZTJa9o="></latexit><latexit sha1_base64="AxPOXaAzGUYQIJ/JxIJqjZTJa9o="></latexit>

`(i)
<latexit sha1_base64="sMk4Gzj5uu2BwEYoJAHCOylk1fA="></latexit><latexit sha1_base64="9EkWkTTS9rIoQEQ2VsMKhBFMSZE="></latexit><latexit sha1_base64="9EkWkTTS9rIoQEQ2VsMKhBFMSZE="></latexit><latexit sha1_base64="9EkWkTTS9rIoQEQ2VsMKhBFMSZE="></latexit>
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Text-to-image VAE

For example: DALL-E 1 [Ramesh et al. 2021] 

c

Image Decoder

Observation

A profile photo 
of a robin, 
facing left.

Text Encoder

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

t(i)
<latexit sha1_base64="qSOy5Wv4RzkeSt/DqZyQVxqSxrg="></latexit><latexit sha1_base64="GJJfxoLaUntX/10zneb/oItJhic="></latexit><latexit sha1_base64="GJJfxoLaUntX/10zneb/oItJhic="></latexit><latexit sha1_base64="GJJfxoLaUntX/10zneb/oItJhic="></latexit>

z(i) ⇠ N (0, 1)
<latexit sha1_base64="Kv06TgtzG8EkxRZQl37kbnQ5WUY="></latexit><latexit sha1_base64="KLD8qSJEF/MVowDDPZZXQ9hxO6c="></latexit><latexit sha1_base64="KLD8qSJEF/MVowDDPZZXQ9hxO6c="></latexit><latexit sha1_base64="KLD8qSJEF/MVowDDPZZXQ9hxO6c="></latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

Prediction ˆ̀(i)
<latexit sha1_base64="iA2IEjYgL5FXgYFVz21c7egZm84="></latexit><latexit sha1_base64="AxPOXaAzGUYQIJ/JxIJqjZTJa9o="></latexit><latexit sha1_base64="AxPOXaAzGUYQIJ/JxIJqjZTJa9o="></latexit><latexit sha1_base64="AxPOXaAzGUYQIJ/JxIJqjZTJa9o="></latexit>

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

……

Reverse autoregressive sequence

Denoising

Forward diffusion process

……

Reverse autoregressive sequence

Forward diffusion process

……

Reverse autoregressive sequence

A profile photo 
of a robin, 
facing left. ,

h

<latexit sha1_base64="MrU5/bLcY8LIkxOJ91fZrvMY6A8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS32+KUW9Qrbl1dwGyTryC1KBAa1D96g8TlsVcIZPUmJ7nphjkVKNgks8q/czwlLIJHfGepYrG3AT54tgZubDKkESJtqWQLNTfEzmNjZnGoe2MKY7NqjcX//N6GUa3QS5UmiFXbLkoyiTBhMw/J0OhOUM5tYQyLeythI2ppgxtPhUbgrf68jppX9U9t+49XNcazSKOMpzBOVyCBzfQgHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx98NY51</latexit><latexit sha1_base64="KPpGJYQwf88irjvy+vKgajFi0ZA=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWClwiXI+xtXpIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmSgXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiETdR1Sj4BJ9w43A+1QhjSOB7Wh0NfXbD6g0T+SdGacYxnQgeZ8zaqzkd5p8EHSrNbfuzkCWiVeQGhT4X7xb/ez0EpbFKA0TVOvAc1MT5lQZzgROKp1MY0rZiA4wsFTSGHWYzy6akBOr9Eg/UfZJQ2bqz4mcxlqP48gmY2qGetGbin95QWb6l2HOZZoZlGy+qJ8JYhIyrYf0uEJmxNgSyhS3fyVsSBVlxpZYsad7i4cuk9ZZ3XPr3u15rdEsOivDERzDKXhwAQ24hhvwgQGHR3iGV+fJeXHenPd5tOQUM4fwC87HNxRKle4=</latexit><latexit sha1_base64="KPpGJYQwf88irjvy+vKgajFi0ZA=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWClwiXI+xtXpIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmSgXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiETdR1Sj4BJ9w43A+1QhjSOB7Wh0NfXbD6g0T+SdGacYxnQgeZ8zaqzkd5p8EHSrNbfuzkCWiVeQGhT4X7xb/ez0EpbFKA0TVOvAc1MT5lQZzgROKp1MY0rZiA4wsFTSGHWYzy6akBOr9Eg/UfZJQ2bqz4mcxlqP48gmY2qGetGbin95QWb6l2HOZZoZlGy+qJ8JYhIyrYf0uEJmxNgSyhS3fyVsSBVlxpZYsad7i4cuk9ZZ3XPr3u15rdEsOivDERzDKXhwAQ24hhvwgQGHR3iGV+fJeXHenPd5tOQUM4fwC87HNxRKle4=</latexit><latexit sha1_base64="KPpGJYQwf88irjvy+vKgajFi0ZA=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWClwiXI+xtXpIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmSgXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiETdR1Sj4BJ9w43A+1QhjSOB7Wh0NfXbD6g0T+SdGacYxnQgeZ8zaqzkd5p8EHSrNbfuzkCWiVeQGhT4X7xb/ez0EpbFKA0TVOvAc1MT5lQZzgROKp1MY0rZiA4wsFTSGHWYzy6akBOr9Eg/UfZJQ2bqz4mcxlqP48gmY2qGetGbin95QWb6l2HOZZoZlGy+qJ8JYhIyrYf0uEJmxNgSyhS3fyVsSBVlxpZYsad7i4cuk9ZZ3XPr3u15rdEsOivDERzDKXhwAQ24hhvwgQGHR3iGV+fJeXHenPd5tOQUM4fwC87HNxRKle4=</latexit>

i

<latexit sha1_base64="DnJS3wAK+hMTIGIOVNKL7c6g7vA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby+00+CgbVmlt3FyDrxCtIDQq0BtWv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ20r+qeW/cermuNZhFHGc7gHC7BgxtowD20wAcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w9/PY53</latexit><latexit sha1_base64="y1P+U3jc0Qe1rkyKcfxQq14or/U=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWClwjJEfY275Ile3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiETdh1Sj4BJ9w43A+1QhjUOB7XB0NfXbD6g0T+SdGacYxHQgecQZNVbyu00+CHrVmlt3ZyDLxCtIDQr8L96rfnb7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn100ISdW6ZMoUfZJQ2bqz4mcxlqP49AmY2qGetGbin95ncxEl0HOZZoZlGy+KMoEMQmZ1kP6XCEzYmwJZYrbvxI2pIoyY0us2NO9xUOXSeus7rl17/a81mgWnZXhCI7hFDy4gAZcww34wIDDIzzDq/PkvDhvzvs8WnKKmUP4BefjGxeclfA=</latexit><latexit sha1_base64="y1P+U3jc0Qe1rkyKcfxQq14or/U=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWClwjJEfY275Ile3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiETdh1Sj4BJ9w43A+1QhjUOB7XB0NfXbD6g0T+SdGacYxHQgecQZNVbyu00+CHrVmlt3ZyDLxCtIDQr8L96rfnb7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn100ISdW6ZMoUfZJQ2bqz4mcxlqP49AmY2qGetGbin95ncxEl0HOZZoZlGy+KMoEMQmZ1kP6XCEzYmwJZYrbvxI2pIoyY0us2NO9xUOXSeus7rl17/a81mgWnZXhCI7hFDy4gAZcww34wIDDIzzDq/PkvDhvzvs8WnKKmUP4BefjGxeclfA=</latexit><latexit sha1_base64="y1P+U3jc0Qe1rkyKcfxQq14or/U=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWClwjJEfY275Ile3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiETdh1Sj4BJ9w43A+1QhjUOB7XB0NfXbD6g0T+SdGacYxHQgecQZNVbyu00+CHrVmlt3ZyDLxCtIDQr8L96rfnb7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn100ISdW6ZMoUfZJQ2bqz4mcxlqP49AmY2qGetGbin95ncxEl0HOZZoZlGy+KMoEMQmZ1kP6XCEzYmwJZYrbvxI2pIoyY0us2NO9xUOXSeus7rl17/a81mgWnZXhCI7hFDy4gAZcww34wIDDIzzDq/PkvDhvzvs8WnKKmUP4BefjGxeclfA=</latexit>

f✓
<latexit sha1_base64="CaMOCE+J6HDmXCpO5RGSIxIatao="></latexit><latexit sha1_base64="IRxeqD+cJrqyVXQekBOtEGFuIwM="></latexit><latexit sha1_base64="IRxeqD+cJrqyVXQekBOtEGFuIwM="></latexit><latexit sha1_base64="IRxeqD+cJrqyVXQekBOtEGFuIwM="></latexit>

yT
<latexit sha1_base64="mfkXyNpO6+towYybz0lqlPuY7yg="></latexit><latexit sha1_base64="e/Mrza8p1D/Ut6V5tcidiipCn0E="></latexit><latexit sha1_base64="e/Mrza8p1D/Ut6V5tcidiipCn0E="></latexit><latexit sha1_base64="e/Mrza8p1D/Ut6V5tcidiipCn0E="></latexit>

y0
<latexit sha1_base64="nf+4EIChE3Q8KZqey1JBBbYF6qU="></latexit><latexit sha1_base64="YolUCdwn85i5xPFZZJfWMH2yrvI="></latexit><latexit sha1_base64="YolUCdwn85i5xPFZZJfWMH2yrvI="></latexit><latexit sha1_base64="YolUCdwn85i5xPFZZJfWMH2yrvI="></latexit>

x
<latexit sha1_base64="iIx2huooH8yDERKBcKGwOp7TB2c="></latexit><latexit sha1_base64="hYRMdeWIAmwbwyyVH4QLCpT5qMA="></latexit><latexit sha1_base64="hYRMdeWIAmwbwyyVH4QLCpT5qMA="></latexit><latexit sha1_base64="hYRMdeWIAmwbwyyVH4QLCpT5qMA="></latexit>

yt
<latexit sha1_base64="braygaKuDcBxP4myYr9MVANuE3Q="></latexit><latexit sha1_base64="JOWdigJBtx80kC5qdh49S0ReBSI="></latexit><latexit sha1_base64="JOWdigJBtx80kC5qdh49S0ReBSI="></latexit><latexit sha1_base64="JOWdigJBtx80kC5qdh49S0ReBSI="></latexit>

yt�1
<latexit sha1_base64="YSBzT8EBCEZ6OWYC1MletMhqayo="></latexit><latexit sha1_base64="KDkVfwdJhxvjQO6LKn8fftg0z3o="></latexit><latexit sha1_base64="KDkVfwdJhxvjQO6LKn8fftg0z3o="></latexit><latexit sha1_base64="KDkVfwdJhxvjQO6LKn8fftg0z3o="></latexit>

Text-to-image diffusion model

For example: DALL-E 2 [Ramesh et al. 2022], Stable Diffusion [Rombach*, Blattman* et al. 2022] 
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Forwarddiffusionprocess

……

Reverseautoregressivesequence

A robin on a 
yellow background.

Forwarddiffusionprocess

……

Reverseautoregressivesequence

A robin on a 
pink background.

Forwarddiffusionprocess

……

Reverseautoregressivesequence

Forwarddiffusionprocess

……

Reverseautoregressivesequence

Text provides information as to what the noiseless image should look like
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PredictionImage decoder

Text Encoder

A profile photo 
of a robin, 
facing left.

Forwarddiffusionprocess

……

Reverseautoregressivesequence

Forwarddiffusionprocess

……

Reverseautoregressivesequence

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

Forwarddiffusionprocess

……

Reverseautoregressivesequence

Inputs

Forwarddiffusionprocess

……

Reverseautoregressivesequence

OuputText-to-Image

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit><latexit sha1_base64="h+gMwNGZpoFBJZsuaxyztCcYiPM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqDPvlilt15yCrxMtJBXL8L94vf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m18zJWdWGZAwVvZJQ+bqz4mMRlpPosAmI2pGetmbiX953dSEV37GZZIalGyxKEwFMTGZVUMGXCEzYmIJZYrbvxI2oooyYwss2dO95UNXSeui6rlVr3FZqV/nnRXhBE7hHDyoQR1u4Q6awADhEZ7h1XlyXpw3530RLTj5zDH8gvPxDTDMlGQ=</latexit>

z(i) ⇠ N (0, 1)
<latexit sha1_base64="Kv06TgtzG8EkxRZQl37kbnQ5WUY="></latexit><latexit sha1_base64="KLD8qSJEF/MVowDDPZZXQ9hxO6c="></latexit><latexit sha1_base64="KLD8qSJEF/MVowDDPZZXQ9hxO6c="></latexit><latexit sha1_base64="KLD8qSJEF/MVowDDPZZXQ9hxO6c="></latexit>

ˆ̀(i)
<latexit sha1_base64="iA2IEjYgL5FXgYFVz21c7egZm84="></latexit><latexit sha1_base64="AxPOXaAzGUYQIJ/JxIJqjZTJa9o="></latexit><latexit sha1_base64="AxPOXaAzGUYQIJ/JxIJqjZTJa9o="></latexit><latexit sha1_base64="AxPOXaAzGUYQIJ/JxIJqjZTJa9o="></latexit>

t(i)
<latexit sha1_base64="qSOy5Wv4RzkeSt/DqZyQVxqSxrg="></latexit><latexit sha1_base64="GJJfxoLaUntX/10zneb/oItJhic="></latexit><latexit sha1_base64="GJJfxoLaUntX/10zneb/oItJhic="></latexit><latexit sha1_base64="GJJfxoLaUntX/10zneb/oItJhic="></latexit>

Text-to-image diffusion model

For example: DALL-E 2 [Ramesh et al. 2022], Stable Diffusion [Rombach*, Blattman* et al. 2022] 
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Visual Question Answering (VQA)

cgt
<latexit sha1_base64="avBbhqBf2El3eIbKKmWsXp7uPHI="></latexit><latexit sha1_base64="rBCq87xZO1dmFIi582a9/hd3AgM="></latexit><latexit sha1_base64="rBCq87xZO1dmFIi582a9/hd3AgM="></latexit><latexit sha1_base64="rBCq87xZO1dmFIi582a9/hd3AgM="></latexit>

c
cf`

<latexit sha1_base64="yis+Xaxx8qkPc0vdmFzPnKowTQk="></latexit><latexit sha1_base64="cGUoY+JRm+Hge/OyoEp66ooPMhk="></latexit><latexit sha1_base64="cGUoY+JRm+Hge/OyoEp66ooPMhk="></latexit><latexit sha1_base64="cGUoY+JRm+Hge/OyoEp66ooPMhk="></latexit>

ft
<latexit sha1_base64="+wgNhr0oZRhbDfr1GY/hj7HUc3I="></latexit><latexit sha1_base64="i1/txJufwvQLFY3dgka5xCEWByQ="></latexit><latexit sha1_base64="i1/txJufwvQLFY3dgka5xCEWByQ="></latexit><latexit sha1_base64="i1/txJufwvQLFY3dgka5xCEWByQ="></latexit>

What animal 
is this

Golden palm 
weaver

cgt
<latexit sha1_base64="avBbhqBf2El3eIbKKmWsXp7uPHI="></latexit><latexit sha1_base64="rBCq87xZO1dmFIi582a9/hd3AgM="></latexit><latexit sha1_base64="rBCq87xZO1dmFIi582a9/hd3AgM="></latexit><latexit sha1_base64="rBCq87xZO1dmFIi582a9/hd3AgM="></latexit>

c
cf`

<latexit sha1_base64="yis+Xaxx8qkPc0vdmFzPnKowTQk="></latexit><latexit sha1_base64="cGUoY+JRm+Hge/OyoEp66ooPMhk="></latexit><latexit sha1_base64="cGUoY+JRm+Hge/OyoEp66ooPMhk="></latexit><latexit sha1_base64="cGUoY+JRm+Hge/OyoEp66ooPMhk="></latexit>

ft
<latexit sha1_base64="+wgNhr0oZRhbDfr1GY/hj7HUc3I="></latexit><latexit sha1_base64="i1/txJufwvQLFY3dgka5xCEWByQ="></latexit><latexit sha1_base64="i1/txJufwvQLFY3dgka5xCEWByQ="></latexit><latexit sha1_base64="i1/txJufwvQLFY3dgka5xCEWByQ="></latexit>

What color 
is the bird

yellow

[Antol*, Agrawal* et al., ICCV 2015]
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[“Visual Instruction Tuning”, Liu*, Li*, et al. 2023]

LLaVA
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Mixing ideas from GANs, VAEs, and Autoregressive models

https://arxiv.org/pdf/2012.09841.pdf [“Taming Transformers”, Esser, Rombach, Ommer 2020]
© Esser, 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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Unpaired Translation

[Cartoon: The Computer as a Communication Device, Licklider & Taylor 1968]

[Includes slides from Jun-Yan Zhu, Taesung Park]

Cartoon © Science and Technology. 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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( )

…

,

( )
…

Paired Unpaired

n o
,

n o
,

n o
,

…

X Yx(i)
<latexit sha1_base64="TN78zyB/Q2zUhhXsmKHv204yQDA="></latexit><latexit sha1_base64="vV1lYjayawQx6u7pxTppqIQ4c1w="></latexit><latexit sha1_base64="vV1lYjayawQx6u7pxTppqIQ4c1w="></latexit><latexit sha1_base64="vV1lYjayawQx6u7pxTppqIQ4c1w="></latexit>

y(i)
<latexit sha1_base64="nVmymyufsuuy1EyPegNiho8xRko="></latexit><latexit sha1_base64="4FeqYuiWOtx/rnsEUFfcRO7Q8I4="></latexit><latexit sha1_base64="4FeqYuiWOtx/rnsEUFfcRO7Q8I4="></latexit><latexit sha1_base64="4FeqYuiWOtx/rnsEUFfcRO7Q8I4="></latexit>

© Zhu, 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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x

real or synthetic 
pair ?

<latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)

<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

<latexit sha1_base64="/aRnVxG8m92BCZTCv2pOCAQ2FHA="></latexit>

argmin
✓

max
�

Ex,y[log d�(x, g✓(x)) + log(1� d�(x,y))]

© Zhu, 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/

73



real or synthetic 
pair ?

No input-output training pairs!

argmin
G

max
D

Ex,y[ ]logD(x, G(x)) + log(1�D(x,y))

x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)

<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

© Zhu, 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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real painting  
or synthetic?

Usually loss functions check if output matches a target instance 

GAN loss checks if output is part of an admissible set

x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)
<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

<latexit sha1_base64="IsxAas9mEssvFr5SvA+EG7rCvLY="></latexit>

argmin
✓

max
�

Ex,y[log d�(g✓(x)) + log(1� d�(y))]
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x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)
<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

Real!
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x <latexit sha1_base64="Csth1Jdtj1kAqYK4JIMCxtKZRig=">AAACBnicbVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMl00g6dTMLMjVhC936AW/0Ed+LW3/AL/A2nbRa2euDC4Zx7OZcTJIJrdN0vq7Cyura+Udy0t7Z3dvdK+wdNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoeuq3HpjSPJZ3OE6YH5GB5CGnBI10P+hlXRwyJJNeqexW3Bmcv8TLSRly1Hul724/pmnEJFJBtO54boJ+RhRyKtjE7qaaJYSOyIB1DJUkYtrPZh9PnBOj9J0wVmYkOjP190VGIq3HUWA2I4JDvexNxX+9x3nAYjqGl37GZZIik3QeHqbCwdiZVuL0uWIUxdgQQhU3/zt0SBShaIqzbdOMt9zDX9I8q3jVSvX2vFy7yjsqwhEcwyl4cAE1uIE6NICChGd4gVfryXqz3q2P+WrBym8OYQHW5w8ISpmv</latexit>g✓
<latexit sha1_base64="EMD+3izdoxRW73kmEPHq38JazLc=">AAACFHicbVDLSsNAFJ34rPEVFdy4CRahbkoiUl0W3bisYB/QhDCZTtqhkwczN9IS+xt+gFv9BHfi1r1f4G84abOwrRcuHM65l3M4fsKZBMv61lZW19Y3Nktb+vbO7t6+cXDYknEqCG2SmMei42NJOYtoExhw2kkExaHPadsf3uZ6+5EKyeLoAcYJdUPcj1jACAZFecZx38scGFDAk4oTYhj4QTaanHtG2apa0zGXgV2AMiqm4Rk/Ti8maUgjIBxL2bWtBNwMC2CE04nupJImmAxxn3YVjHBIpZtN80/MM8X0zCAWaiMwp+zfjwyHUo5DX13mEeWilpP/aqOZwbw7BNduxqIkBRqRmXmQchNiMy/I7DFBCfCxApgIpvKbZIAFJqBq1HXVjL3YwzJoXVTtWrV2f1mu3xQdldAJOkUVZKMrVEd3qIGaiKAn9IJe0Zv2rL1rH9rn7HRFK36O0NxoX7/T0p7n</latexit>

g✓(x)
<latexit sha1_base64="Zb0NqVVxdl+b9x1mPijguGR77rI=">AAACBHicbVDLSsNAFL2prxpfVZduBovgqiQi1WXRjcsK9gFtKJPJpB06mYSZiVhCt36AW/0Ed+LW//AL/A2naRa29cCFwzn3ci7HTzhT2nG+rdLa+sbmVnnb3tnd2z+oHB61VZxKQlsk5rHs+lhRzgRtaaY57SaS4sjntOOPb2d+55FKxWLxoCcJ9SI8FCxkBGsjdYNB1k9GbDqoVJ2akwOtErcgVSjQHFR++kFM0ogKTThWquc6ifYyLDUjnE7tfqpogskYD2nPUIEjqrws/3eKzowSoDCWZoRGufr3IsORUpPIN5sR1iO17M3Ef72necBiug6vvYyJJNVUkHl4mHKkYzQrBAVMUqL5xBBMJDP/IzLCEhNtarNt04y73MMqaV/U3Hqtfn9ZbdwUHZXhBE7hHFy4ggbcQRNaQIDDC7zCm/VsvVsf1ud8tWQVN8ewAOvrF13imMM=</latexit>

d�

Real too!

Nothing to force output to correspond to input
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X Y

<latexit sha1_base64="lJh/b9UH5lCgKZ9ga/rMeAJnsic=">AAACCHicbVBLTsMwFHTKr4RfgSUbiwqJVZUgVFhWsGFZJPpBTagcx2mtOo5lO4gqygU4AFs4AjvElltwAq6B22ZBW0Z60mjmPc3TBIJRpR3n2yqtrK6tb5Q37a3tnd29yv5BWyWpxKSFE5bIboAUYZSTlqaaka6QBMUBI51gdD3xO49EKprwOz0WxI/RgNOIYqSN5IUP2X3ezzwxpHm/UnVqzhRwmbgFqYICzX7lxwsTnMaEa8yQUj3XEdrPkNQUM5LbXqqIQHiEBqRnKEcxUX42/TmHJ0YJYZRIM1zDqfr3IkOxUuM4MJsx0kO16E3Ef72nWcB8uo4u/YxykWrC8Sw8ShnUCZyUAkMqCdZsbAjCkpr/IR4iibA21dm2acZd7GGZtM9qbr1Wvz2vNq6KjsrgCByDU+CCC9AAN6AJWgADAV7AK3iznq1368P6nK2WrOLmEMzB+voFspCamg==</latexit>

dY�

[Zhu*, Park* et al. 2017], [Yi et al. 2017], [Kim et al. 2017]

CycleGAN, or there and back aGAN( )

…

( )
…

X Y
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X Y

<latexit sha1_base64="lJh/b9UH5lCgKZ9ga/rMeAJnsic=">AAACCHicbVBLTsMwFHTKr4RfgSUbiwqJVZUgVFhWsGFZJPpBTagcx2mtOo5lO4gqygU4AFs4AjvElltwAq6B22ZBW0Z60mjmPc3TBIJRpR3n2yqtrK6tb5Q37a3tnd29yv5BWyWpxKSFE5bIboAUYZSTlqaaka6QBMUBI51gdD3xO49EKprwOz0WxI/RgNOIYqSN5IUP2X3ezzwxpHm/UnVqzhRwmbgFqYICzX7lxwsTnMaEa8yQUj3XEdrPkNQUM5LbXqqIQHiEBqRnKEcxUX42/TmHJ0YJYZRIM1zDqfr3IkOxUuM4MJsx0kO16E3Ef72nWcB8uo4u/YxykWrC8Sw8ShnUCZyUAkMqCdZsbAjCkpr/IR4iibA21dm2acZd7GGZtM9qbr1Wvz2vNq6KjsrgCByDU+CCC9AAN6AJWgADAV7AK3iznq1368P6nK2WrOLmEMzB+voFspCamg==</latexit>

dY�

[Zhu*, Park* et al. 2017], [Yi et al. 2017], [Kim et al. 2017]

CycleGAN, or there and back aGAN( )

…

( )
…

X Y

<latexit sha1_base64="oYxV02IZsd9IOZ4ag1dW5xC8di8=">AAACCHicbVDLSsNAFL3xWeur6tLNYBFclUSkuiy6cVnBPqCJZTKZtEMnkzAzEUvID/gBbvUT3Ilb/8Iv8DectlnY1gMXDufcy7kcP+FMadv+tlZW19Y3Nktb5e2d3b39ysFhW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv+6Gbidx6pVCwW93qcUC/CA8FCRrA2khs8ZN28n7nJkOX9StWu2VOgZeIUpAoFmv3KjxvEJI2o0IRjpXqOnWgvw1IzwmledlNFE0xGeEB7hgocUeVl059zdGqUAIWxNCM0mqp/LzIcKTWOfLMZYT1Ui95E/Nd7mgXMp+vwysuYSFJNBZmFhylHOkaTUlDAJCWajw3BRDLzPyJDLDHRprpy2TTjLPawTNrnNadeq99dVBvXRUclOIYTOAMHLqEBt9CEFhBI4AVe4c16tt6tD+tztrpiFTdHMAfr6xew75qZ</latexit>

dX�
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Cycle Consistency Loss

( (

cycle-consistency
loss

cycle-consistency
loss

x
<latexit sha1_base64="iIx2huooH8yDERKBcKGwOp7TB2c="></latexit><latexit sha1_base64="hYRMdeWIAmwbwyyVH4QLCpT5qMA="></latexit><latexit sha1_base64="hYRMdeWIAmwbwyyVH4QLCpT5qMA="></latexit><latexit sha1_base64="hYRMdeWIAmwbwyyVH4QLCpT5qMA="></latexit>

y
<latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="4cjkMhPjq0N4KN6ii3sil1CC0nU="></latexit><latexit sha1_base64="4cjkMhPjq0N4KN6ii3sil1CC0nU="></latexit><latexit sha1_base64="4cjkMhPjq0N4KN6ii3sil1CC0nU="></latexit>

ŷ
<latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="SwE8Qp0mHsWL5YafRWgtaq7Yxg0="></latexit><latexit sha1_base64="SwE8Qp0mHsWL5YafRWgtaq7Yxg0="></latexit><latexit sha1_base64="SwE8Qp0mHsWL5YafRWgtaq7Yxg0="></latexit>

x̂
<latexit sha1_base64="tUnQEzKoOuusH1p2Lfj8ZDjCp8E="></latexit><latexit sha1_base64="GKBdzVGiwIqm1vETulG+fsd525w="></latexit><latexit sha1_base64="GKBdzVGiwIqm1vETulG+fsd525w="></latexit><latexit sha1_base64="GKBdzVGiwIqm1vETulG+fsd525w="></latexit>

x̂
<latexit sha1_base64="tUnQEzKoOuusH1p2Lfj8ZDjCp8E="></latexit><latexit sha1_base64="GKBdzVGiwIqm1vETulG+fsd525w="></latexit><latexit sha1_base64="GKBdzVGiwIqm1vETulG+fsd525w="></latexit><latexit sha1_base64="GKBdzVGiwIqm1vETulG+fsd525w="></latexit>

ŷ
<latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="SwE8Qp0mHsWL5YafRWgtaq7Yxg0="></latexit><latexit sha1_base64="SwE8Qp0mHsWL5YafRWgtaq7Yxg0="></latexit><latexit sha1_base64="SwE8Qp0mHsWL5YafRWgtaq7Yxg0="></latexit>

X YX Y

g✓
<latexit sha1_base64="ZziFQ0p0vRw6JefFi3qUWvJ9sao="></latexit><latexit sha1_base64="ffNPMsW0Ju3J94Jgk/KWgp6PYiw="></latexit><latexit sha1_base64="ffNPMsW0Ju3J94Jgk/KWgp6PYiw="></latexit><latexit sha1_base64="ffNPMsW0Ju3J94Jgk/KWgp6PYiw="></latexit>

f
<latexit sha1_base64="r0EH8/Wtm/VuRlkqBbkVYZ7wld8="></latexit><latexit sha1_base64="l/hn/bwzUOgN2C+QUUx43uFvqaQ="></latexit><latexit sha1_base64="l/hn/bwzUOgN2C+QUUx43uFvqaQ="></latexit><latexit sha1_base64="l/hn/bwzUOgN2C+QUUx43uFvqaQ="></latexit>

dX�
<latexit sha1_base64="nQx9/1xYtNbc21zGH0G/9cXx59A="></latexit><latexit sha1_base64="69Cgkeh683eery2b9jd5Godbrh8="></latexit><latexit sha1_base64="69Cgkeh683eery2b9jd5Godbrh8="></latexit><latexit sha1_base64="69Cgkeh683eery2b9jd5Godbrh8="></latexit>

dY�
<latexit sha1_base64="xRU4W4i1qkm+f01+7pwfoSk0TSM="></latexit><latexit sha1_base64="L79XUwJ5bxKPpo5iiV6vt3pGGmI="></latexit><latexit sha1_base64="L79XUwJ5bxKPpo5iiV6vt3pGGmI="></latexit><latexit sha1_base64="L79XUwJ5bxKPpo5iiV6vt3pGGmI="></latexit>

f
<latexit sha1_base64="r0EH8/Wtm/VuRlkqBbkVYZ7wld8="></latexit><latexit sha1_base64="l/hn/bwzUOgN2C+QUUx43uFvqaQ="></latexit><latexit sha1_base64="l/hn/bwzUOgN2C+QUUx43uFvqaQ="></latexit><latexit sha1_base64="l/hn/bwzUOgN2C+QUUx43uFvqaQ="></latexit>

g✓
<latexit sha1_base64="ZziFQ0p0vRw6JefFi3qUWvJ9sao="></latexit><latexit sha1_base64="ffNPMsW0Ju3J94Jgk/KWgp6PYiw="></latexit><latexit sha1_base64="ffNPMsW0Ju3J94Jgk/KWgp6PYiw="></latexit><latexit sha1_base64="ffNPMsW0Ju3J94Jgk/KWgp6PYiw="></latexit>
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Unique solution?

[Galanti, Wolf, Benaim, ICLR 2018]
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[“Phrase-Based & Neural Unsupervised Machine Translation”, Lample et al. 2018]

Unpaired translation in language

© Lample, 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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Concept: paired data is not always necessary for 
grounding (finding a unique mapping between two domains)
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