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Style and Content, Texture Synthesis
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Collection Style Transfer

Monet Van Gogh

Cezanne Ukiyo-e

Photograph ©Alexei Efros
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Style and Content Separation

Separating Style and Content
[Tenenbaum and Freeman 1996]

Domain Adaptation Paired Image-to-Image Translation Unpaired Image-to-Image Translation

3



Real
Style

Monet Van Gogh Cezanne

Content

Style and Content

Separating Style and Content
[Tenenbaum and Freeman 1996]

Cycle-consistency loss
Ex||F (G(x))− x||1

Adversarial loss
Ex log(1−DY (G(x)))+Ey logDY (y)

change styleG : p(x) → p(y) Bidirectional: preserve content
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Style and Content

Real (1) or fake (0)?G D
Input image Output image DiscriminatorGenerator

x G(x)

Adversarial loss (change style)
Ex log(1−DY (G(x)))+Ey logDY (y)

−| |Ex||G(x)− x||1

G(x)𝑥L1 loss (preserve content in pixel space)

SimGAN [Shrivastava et al., 2017]



Style and Content

Real (1) or fake (0)?G D

Input image Output image
DiscriminatorGenerator

x G(x)

Adversarial loss (change style)
Ex log(1−DY (G(x)))+Ey logDY (y)

Ex||F (G(x))− F (x)||
Feature loss (Preserve content in feature space)

DTN [Taigman et al., 2017]
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X2
<latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit>

X1
<latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit>

Z
<latexit sha1_base64="v0PRquneriYkyyOHlYwQSIZ5wOo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNV0IWLghuXFewDp0PJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53S2vrG5lZ5u7Kzu7d/UD086hiVasraVAmleyExTHDJ2sBBsF6iGYlDwbrh5Db3u09MG67kA0wTFsRkJHnEKQEr+f2YwJgSkT3OBtWaW3fnwKvEK0gNFWgNql/9oaJpzCRQQYzxPTeBICMaOBVsVumnhiWETsiI+ZZKEjMTZPPIM3xmlSGOlLZPAp6rvzcyEhszjUM7mUc0y14u/uf5KUTXQcZlkgKTdPFRlAoMCuf34yHXjIKYWkKo5jYrpmOiCQXbUsWW4C2fvEo6jbp3UW/cX9aaN0UdZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzsditOQUO8foD5zPH5XLkW4=</latexit>

E1
<latexit sha1_base64="lfGWpwA4ofcUDhMnpwFAwnHQhW4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEerBQ0EEjxXtB7ShbLaTdulmE3Y3Qgn9CV48KOLVX+TNf+O2zUFbX1h4eGeGnXmDRHBtXPfbKaytb2xuFbdLO7t7+wflw6OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsY3s3r7CZXmsXw0kwT9iA4lDzmjxloPt32vX664VXcusgpeDhXI1eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5qtOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/yMyyQ1KNniozAVxMRkdjcZcIXMiIkFyhS3uxI2oooyY9Mp2RC85ZNXoXVR9SzfX1bq13kcRTiBUzgHD2pQhztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/kfP4AvCONZw==</latexit><latexit sha1_base64="lfGWpwA4ofcUDhMnpwFAwnHQhW4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEerBQ0EEjxXtB7ShbLaTdulmE3Y3Qgn9CV48KOLVX+TNf+O2zUFbX1h4eGeGnXmDRHBtXPfbKaytb2xuFbdLO7t7+wflw6OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsY3s3r7CZXmsXw0kwT9iA4lDzmjxloPt32vX664VXcusgpeDhXI1eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5qtOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/yMyyQ1KNniozAVxMRkdjcZcIXMiIkFyhS3uxI2oooyY9Mp2RC85ZNXoXVR9SzfX1bq13kcRTiBUzgHD2pQhztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/kfP4AvCONZw==</latexit><latexit sha1_base64="lfGWpwA4ofcUDhMnpwFAwnHQhW4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEerBQ0EEjxXtB7ShbLaTdulmE3Y3Qgn9CV48KOLVX+TNf+O2zUFbX1h4eGeGnXmDRHBtXPfbKaytb2xuFbdLO7t7+wflw6OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsY3s3r7CZXmsXw0kwT9iA4lDzmjxloPt32vX664VXcusgpeDhXI1eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5qtOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/yMyyQ1KNniozAVxMRkdjcZcIXMiIkFyhS3uxI2oooyY9Mp2RC85ZNXoXVR9SzfX1bq13kcRTiBUzgHD2pQhztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/kfP4AvCONZw==</latexit><latexit sha1_base64="lfGWpwA4ofcUDhMnpwFAwnHQhW4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEerBQ0EEjxXtB7ShbLaTdulmE3Y3Qgn9CV48KOLVX+TNf+O2zUFbX1h4eGeGnXmDRHBtXPfbKaytb2xuFbdLO7t7+wflw6OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsY3s3r7CZXmsXw0kwT9iA4lDzmjxloPt32vX664VXcusgpeDhXI1eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5qtOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/yMyyQ1KNniozAVxMRkdjcZcIXMiIkFyhS3uxI2oooyY9Mp2RC85ZNXoXVR9SzfX1bq13kcRTiBUzgHD2pQhztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/kfP4AvCONZw==</latexit>

G1
<latexit sha1_base64="1SjdOeRIiuT/NzAM6B2BziYFV74=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYMeKxhbaEPZbCft0s0m7G6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+be93Jv0qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ8dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD4VG4K3+PIy8c/qV3X3/rzWuC7SKMMRHMMpeHABDbiDJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB8BqOSA==</latexit><latexit sha1_base64="1SjdOeRIiuT/NzAM6B2BziYFV74=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYMeKxhbaEPZbCft0s0m7G6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+be93Jv0qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ8dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD4VG4K3+PIy8c/qV3X3/rzWuC7SKMMRHMMpeHABDbiDJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB8BqOSA==</latexit><latexit sha1_base64="1SjdOeRIiuT/NzAM6B2BziYFV74=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYMeKxhbaEPZbCft0s0m7G6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+be93Jv0qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ8dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD4VG4K3+PIy8c/qV3X3/rzWuC7SKMMRHMMpeHABDbiDJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB8BqOSA==</latexit>

G2
<latexit sha1_base64="M+Sacc1EQroqBJQsD4xkbQOHUWo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ8KDHCsYW2lA220m7dLMJuxuhhP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMC1PBtXHdb2dldW19Y7O0Vd7e2d3brxwcPuokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3Uz91hMqzRP5YMYpBjEdSB5xRo2V/NteXp/0KlW35s5AlolXkCoUaPYqX91+wrIYpWGCat3x3NQEOVWGM4GTcjfTmFI2ogPsWCppjDrIZ8dOyKlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD5lG4K3+PIy8eu1q5p7f15tXBdplOAYTuAMPLiABtxBE3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwB8Z6OSQ==</latexit><latexit sha1_base64="M+Sacc1EQroqBJQsD4xkbQOHUWo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ8KDHCsYW2lA220m7dLMJuxuhhP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMC1PBtXHdb2dldW19Y7O0Vd7e2d3brxwcPuokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3Uz91hMqzRP5YMYpBjEdSB5xRo2V/NteXp/0KlW35s5AlolXkCoUaPYqX91+wrIYpWGCat3x3NQEOVWGM4GTcjfTmFI2ogPsWCppjDrIZ8dOyKlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD5lG4K3+PIy8eu1q5p7f15tXBdplOAYTuAMPLiABtxBE3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwB8Z6OSQ==</latexit><latexit sha1_base64="M+Sacc1EQroqBJQsD4xkbQOHUWo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ8KDHCsYW2lA220m7dLMJuxuhhP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMC1PBtXHdb2dldW19Y7O0Vd7e2d3brxwcPuokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3Uz91hMqzRP5YMYpBjEdSB5xRo2V/NteXp/0KlW35s5AlolXkCoUaPYqX91+wrIYpWGCat3x3NQEOVWGM4GTcjfTmFI2ogPsWCppjDrIZ8dOyKlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD5lG4K3+PIy8eu1q5p7f15tXBdplOAYTuAMPLiABtxBE3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwB8Z6OSQ==</latexit>

E2
<latexit sha1_base64="cFTtg8jUfrKGqvbM8ynaO9dQ2/c=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQEMFjBWMLbSib7aRdutmE3Y1QQn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnaKm/v7O7tVw4OH3WSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/m0vr096lapbc2cgy8QrSBUKNHuVr24/YVmM0jBBte54bmqCnCrDmcBJuZtpTCkb0QF2LJU0Rh3ks2Mn5NQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZkgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+yDcFbfHmZ+PXaVc29P682ros0SnAMJ3AGHlxAA+6gCT4w4PAMr/DmSOfFeXc+5q0rTjFzBH/gfP4A7pCORw==</latexit><latexit sha1_base64="cFTtg8jUfrKGqvbM8ynaO9dQ2/c=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQEMFjBWMLbSib7aRdutmE3Y1QQn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnaKm/v7O7tVw4OH3WSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/m0vr096lapbc2cgy8QrSBUKNHuVr24/YVmM0jBBte54bmqCnCrDmcBJuZtpTCkb0QF2LJU0Rh3ks2Mn5NQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZkgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+yDcFbfHmZ+PXaVc29P682ros0SnAMJ3AGHlxAA+6gCT4w4PAMr/DmSOfFeXc+5q0rTjFzBH/gfP4A7pCORw==</latexit><latexit sha1_base64="cFTtg8jUfrKGqvbM8ynaO9dQ2/c=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQEMFjBWMLbSib7aRdutmE3Y1QQn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnaKm/v7O7tVw4OH3WSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/m0vr096lapbc2cgy8QrSBUKNHuVr24/YVmM0jBBte54bmqCnCrDmcBJuZtpTCkb0QF2LJU0Rh3ks2Mn5NQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZkgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+yDcFbfHmZ+PXaVc29P682ros0SnAMJ3AGHlxAA+6gCT4w4PAMr/DmSOfFeXc+5q0rTjFzBH/gfP4A7pCORw==</latexit>

CycleGAN and UNIT
• CycleGAN (cycle consistency)

•UNIT (shared latent space) [Liu et al. 2017] 

X2
<latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit>

X1
<latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit> F1!2

<latexit sha1_base64="UvIu045kbpDKzAHp4eYtC1HUIi0=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQQUPBUE8VjC20Iaw2W7bpZtN2N2oJeSvePGg4tVf4s1/47bNQVsfDDzem2FmXphwprTjfFulldW19Y3yZmVre2d3z96v3qs4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1dTv/1ApWKxuNOThPoRHgo2YARrIwV29TrI3J5kw5HGUsaPqJEHds2pOzOgZeIWpAYFWoH91evHJI2o0IRjpbquk2g/w1Izwmle6aWKJpiM8ZB2DRU4osrPZrfn6NgofTSIpSmh0Uz9PZHhSKlJFJrOCOuRWvSm4n9eN9WDcz9jIkk1FWS+aJBypGM0DQL1maRE84khmEhmbkVkhCUm2sRVMSG4iy8vE69Rv6g7t6e15mWRRhkO4QhOwIUzaMINtMADAk/wDK/wZuXWi/VufcxbS1YxcwB/YH3+AP8ek/E=</latexit><latexit sha1_base64="UvIu045kbpDKzAHp4eYtC1HUIi0=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQQUPBUE8VjC20Iaw2W7bpZtN2N2oJeSvePGg4tVf4s1/47bNQVsfDDzem2FmXphwprTjfFulldW19Y3yZmVre2d3z96v3qs4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1dTv/1ApWKxuNOThPoRHgo2YARrIwV29TrI3J5kw5HGUsaPqJEHds2pOzOgZeIWpAYFWoH91evHJI2o0IRjpbquk2g/w1Izwmle6aWKJpiM8ZB2DRU4osrPZrfn6NgofTSIpSmh0Uz9PZHhSKlJFJrOCOuRWvSm4n9eN9WDcz9jIkk1FWS+aJBypGM0DQL1maRE84khmEhmbkVkhCUm2sRVMSG4iy8vE69Rv6g7t6e15mWRRhkO4QhOwIUzaMINtMADAk/wDK/wZuXWi/VufcxbS1YxcwB/YH3+AP8ek/E=</latexit><latexit sha1_base64="UvIu045kbpDKzAHp4eYtC1HUIi0=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQQUPBUE8VjC20Iaw2W7bpZtN2N2oJeSvePGg4tVf4s1/47bNQVsfDDzem2FmXphwprTjfFulldW19Y3yZmVre2d3z96v3qs4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1dTv/1ApWKxuNOThPoRHgo2YARrIwV29TrI3J5kw5HGUsaPqJEHds2pOzOgZeIWpAYFWoH91evHJI2o0IRjpbquk2g/w1Izwmle6aWKJpiM8ZB2DRU4osrPZrfn6NgofTSIpSmh0Uz9PZHhSKlJFJrOCOuRWvSm4n9eN9WDcz9jIkk1FWS+aJBypGM0DQL1maRE84khmEhmbkVkhCUm2sRVMSG4iy8vE69Rv6g7t6e15mWRRhkO4QhOwIUzaMINtMADAk/wDK/wZuXWi/VufcxbS1YxcwB/YH3+AP8ek/E=</latexit>

F2!1
<latexit sha1_base64="l/Y0lhXR4iL1ifhirjlSA2bzCQI=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQQUPBUE8VjC20Iaw2W7bpZtN2N2oJeSvePGg4tVf4s1/47bNQVsfDDzem2FmXphwprTjfFulldW19Y3yZmVre2d3z96v3qs4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1dTv/1ApWKxuNOThPoRHgo2YARrIwV29TrIGj3JhiONpYwfkZsHds2pOzOgZeIWpAYFWoH91evHJI2o0IRjpbquk2g/w1Izwmle6aWKJpiM8ZB2DRU4osrPZrfn6NgofTSIpSmh0Uz9PZHhSKlJFJrOCOuRWvSm4n9eN9WDcz9jIkk1FWS+aJBypGM0DQL1maRE84khmEhmbkVkhCUm2sRVMSG4iy8vE69Rv6g7t6e15mWRRhkO4QhOwIUzaMINtMADAk/wDK/wZuXWi/VufcxbS1YxcwB/YH3+AP8rk/E=</latexit><latexit sha1_base64="l/Y0lhXR4iL1ifhirjlSA2bzCQI=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQQUPBUE8VjC20Iaw2W7bpZtN2N2oJeSvePGg4tVf4s1/47bNQVsfDDzem2FmXphwprTjfFulldW19Y3yZmVre2d3z96v3qs4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1dTv/1ApWKxuNOThPoRHgo2YARrIwV29TrIGj3JhiONpYwfkZsHds2pOzOgZeIWpAYFWoH91evHJI2o0IRjpbquk2g/w1Izwmle6aWKJpiM8ZB2DRU4osrPZrfn6NgofTSIpSmh0Uz9PZHhSKlJFJrOCOuRWvSm4n9eN9WDcz9jIkk1FWS+aJBypGM0DQL1maRE84khmEhmbkVkhCUm2sRVMSG4iy8vE69Rv6g7t6e15mWRRhkO4QhOwIUzaMINtMADAk/wDK/wZuXWi/VufcxbS1YxcwB/YH3+AP8rk/E=</latexit><latexit sha1_base64="l/Y0lhXR4iL1ifhirjlSA2bzCQI=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQQUPBUE8VjC20Iaw2W7bpZtN2N2oJeSvePGg4tVf4s1/47bNQVsfDDzem2FmXphwprTjfFulldW19Y3yZmVre2d3z96v3qs4lYR6JOax7IRYUc4E9TTTnHYSSXEUctoOx1dTv/1ApWKxuNOThPoRHgo2YARrIwV29TrIGj3JhiONpYwfkZsHds2pOzOgZeIWpAYFWoH91evHJI2o0IRjpbquk2g/w1Izwmle6aWKJpiM8ZB2DRU4osrPZrfn6NgofTSIpSmh0Uz9PZHhSKlJFJrOCOuRWvSm4n9eN9WDcz9jIkk1FWS+aJBypGM0DQL1maRE84khmEhmbkVkhCUm2sRVMSG4iy8vE69Rv6g7t6e15mWRRhkO4QhOwIUzaMINtMADAk/wDK/wZuXWi/VufcxbS1YxcwB/YH3+AP8rk/E=</latexit>

X1
<latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit>

E1
<latexit sha1_base64="lfGWpwA4ofcUDhMnpwFAwnHQhW4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEerBQ0EEjxXtB7ShbLaTdulmE3Y3Qgn9CV48KOLVX+TNf+O2zUFbX1h4eGeGnXmDRHBtXPfbKaytb2xuFbdLO7t7+wflw6OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsY3s3r7CZXmsXw0kwT9iA4lDzmjxloPt32vX664VXcusgpeDhXI1eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5qtOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/yMyyQ1KNniozAVxMRkdjcZcIXMiIkFyhS3uxI2oooyY9Mp2RC85ZNXoXVR9SzfX1bq13kcRTiBUzgHD2pQhztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/kfP4AvCONZw==</latexit><latexit sha1_base64="lfGWpwA4ofcUDhMnpwFAwnHQhW4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEerBQ0EEjxXtB7ShbLaTdulmE3Y3Qgn9CV48KOLVX+TNf+O2zUFbX1h4eGeGnXmDRHBtXPfbKaytb2xuFbdLO7t7+wflw6OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsY3s3r7CZXmsXw0kwT9iA4lDzmjxloPt32vX664VXcusgpeDhXI1eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5qtOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/yMyyQ1KNniozAVxMRkdjcZcIXMiIkFyhS3uxI2oooyY9Mp2RC85ZNXoXVR9SzfX1bq13kcRTiBUzgHD2pQhztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/kfP4AvCONZw==</latexit><latexit sha1_base64="lfGWpwA4ofcUDhMnpwFAwnHQhW4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEerBQ0EEjxXtB7ShbLaTdulmE3Y3Qgn9CV48KOLVX+TNf+O2zUFbX1h4eGeGnXmDRHBtXPfbKaytb2xuFbdLO7t7+wflw6OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsY3s3r7CZXmsXw0kwT9iA4lDzmjxloPt32vX664VXcusgpeDhXI1eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5qtOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/yMyyQ1KNniozAVxMRkdjcZcIXMiIkFyhS3uxI2oooyY9Mp2RC85ZNXoXVR9SzfX1bq13kcRTiBUzgHD2pQhztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/kfP4AvCONZw==</latexit><latexit sha1_base64="lfGWpwA4ofcUDhMnpwFAwnHQhW4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEerBQ0EEjxXtB7ShbLaTdulmE3Y3Qgn9CV48KOLVX+TNf+O2zUFbX1h4eGeGnXmDRHBtXPfbKaytb2xuFbdLO7t7+wflw6OWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsY3s3r7CZXmsXw0kwT9iA4lDzmjxloPt32vX664VXcusgpeDhXI1eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5qtOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/yMyyQ1KNniozAVxMRkdjcZcIXMiIkFyhS3uxI2oooyY9Mp2RC85ZNXoXVR9SzfX1bq13kcRTiBUzgHD2pQhztoQBMYDOEZXuHNEc6L8+58LFoLTj5zDH/kfP4AvCONZw==</latexit>

G1
<latexit sha1_base64="1SjdOeRIiuT/NzAM6B2BziYFV74=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYMeKxhbaEPZbCft0s0m7G6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+be93Jv0qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ8dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD4VG4K3+PIy8c/qV3X3/rzWuC7SKMMRHMMpeHABDbiDJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB8BqOSA==</latexit><latexit sha1_base64="1SjdOeRIiuT/NzAM6B2BziYFV74=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYMeKxhbaEPZbCft0s0m7G6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+be93Jv0qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ8dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD4VG4K3+PIy8c/qV3X3/rzWuC7SKMMRHMMpeHABDbiDJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB8BqOSA==</latexit><latexit sha1_base64="1SjdOeRIiuT/NzAM6B2BziYFV74=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYMeKxhbaEPZbCft0s0m7G6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+be93Jv0qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ8dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD4VG4K3+PIy8c/qV3X3/rzWuC7SKMMRHMMpeHABDbiDJvjAgMMzvMKbI50X5935mLeWnGLmEP7A+fwB8BqOSA==</latexit>

Z1
<latexit sha1_base64="aZCXNNK0qGCWuIaZwPgHNC1kzFA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQRcuCm5cVrAPbIeSSTNtaCYZk0yhDP0ONy4UcevHuPNvzLSz0NYDgcM593JPThBzpo3rfjuFtfWNza3idmlnd2//oHx41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxreZ355QpZkUD2YaUz/CQ8FCRrCxkt+LsBkRzNPHWd/rlytu1Z0DrRIvJxXI0eiXv3oDSZKICkM41rrrubHxU6wMI5zOSr1E0xiTMR7SrqUCR1T76Tz0DJ1ZZYBCqewTBs3V3xspjrSeRoGdzELqZS8T//O6iQmv/ZSJODFUkMWhMOHISJQ1gAZMUWL41BJMFLNZERlhhYmxPZVsCd7yl1dJq1b1Lqq1+8tK/SavowgncArn4MEV1OEOGtAEAk/wDK/w5kycF+fd+ViMFpx85xj+wPn8AcN7khI=</latexit>

X2
<latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit>

G2
<latexit sha1_base64="M+Sacc1EQroqBJQsD4xkbQOHUWo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ8KDHCsYW2lA220m7dLMJuxuhhP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMC1PBtXHdb2dldW19Y7O0Vd7e2d3brxwcPuokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3Uz91hMqzRP5YMYpBjEdSB5xRo2V/NteXp/0KlW35s5AlolXkCoUaPYqX91+wrIYpWGCat3x3NQEOVWGM4GTcjfTmFI2ogPsWCppjDrIZ8dOyKlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD5lG4K3+PIy8eu1q5p7f15tXBdplOAYTuAMPLiABtxBE3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwB8Z6OSQ==</latexit><latexit sha1_base64="M+Sacc1EQroqBJQsD4xkbQOHUWo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ8KDHCsYW2lA220m7dLMJuxuhhP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMC1PBtXHdb2dldW19Y7O0Vd7e2d3brxwcPuokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3Uz91hMqzRP5YMYpBjEdSB5xRo2V/NteXp/0KlW35s5AlolXkCoUaPYqX91+wrIYpWGCat3x3NQEOVWGM4GTcjfTmFI2ogPsWCppjDrIZ8dOyKlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD5lG4K3+PIy8eu1q5p7f15tXBdplOAYTuAMPLiABtxBE3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwB8Z6OSQ==</latexit><latexit sha1_base64="M+Sacc1EQroqBJQsD4xkbQOHUWo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQ8KDHCsYW2lA220m7dLMJuxuhhP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMC1PBtXHdb2dldW19Y7O0Vd7e2d3brxwcPuokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3Uz91hMqzRP5YMYpBjEdSB5xRo2V/NteXp/0KlW35s5AlolXkCoUaPYqX91+wrIYpWGCat3x3NQEOVWGM4GTcjfTmFI2ogPsWCppjDrIZ8dOyKlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmn5M+V8iMGFtCmeL2VsKGVFFmbD5lG4K3+PIy8eu1q5p7f15tXBdplOAYTuAMPLiABtxBE3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwB8Z6OSQ==</latexit>

E2
<latexit sha1_base64="cFTtg8jUfrKGqvbM8ynaO9dQ2/c=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQEMFjBWMLbSib7aRdutmE3Y1QQn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnaKm/v7O7tVw4OH3WSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/m0vr096lapbc2cgy8QrSBUKNHuVr24/YVmM0jBBte54bmqCnCrDmcBJuZtpTCkb0QF2LJU0Rh3ks2Mn5NQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZkgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+yDcFbfHmZ+PXaVc29P682ros0SnAMJ3AGHlxAA+6gCT4w4PAMr/DmSOfFeXc+5q0rTjFzBH/gfP4A7pCORw==</latexit><latexit sha1_base64="cFTtg8jUfrKGqvbM8ynaO9dQ2/c=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQEMFjBWMLbSib7aRdutmE3Y1QQn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnaKm/v7O7tVw4OH3WSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/m0vr096lapbc2cgy8QrSBUKNHuVr24/YVmM0jBBte54bmqCnCrDmcBJuZtpTCkb0QF2LJU0Rh3ks2Mn5NQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZkgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+yDcFbfHmZ+PXaVc29P682ros0SnAMJ3AGHlxAA+6gCT4w4PAMr/DmSOfFeXc+5q0rTjFzBH/gfP4A7pCORw==</latexit><latexit sha1_base64="cFTtg8jUfrKGqvbM8ynaO9dQ2/c=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRVPBQEMFjBWMLbSib7aRdutmE3Y1QQn+DFw8qXv1D3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnaKm/v7O7tVw4OH3WSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZK/m0vr096lapbc2cgy8QrSBUKNHuVr24/YVmM0jBBte54bmqCnCrDmcBJuZtpTCkb0QF2LJU0Rh3ks2Mn5NQqfRIlypY0ZKb+nshprPU4Dm1nTM1QL3pT8T+vk5noMsi5TDODks0XRZkgJiHTz0mfK2RGjC2hTHF7K2FDqigzNp+yDcFbfHmZ+PXaVc29P682ros0SnAMJ3AGHlxAA+6gCT4w4PAMr/DmSOfFeXc+5q0rTjFzBH/gfP4A7pCORw==</latexit>

Z2
<latexit sha1_base64="+2Qd7Iyo4uHihPj/X7gRbiDtzko=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae2Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIoHM42pH+GhYCEj2FjJ70XYjAjm6eOsX+uXK27VnQOtEi8nFcjR6Je/egNJkogKQzjWuuu5sfFTrAwjnM5KvUTTGJMxHtKupQJHVPvpPPQMnVllgEKp7BMGzdXfGymOtJ5GgZ3MQuplLxP/87qJCa/9lIk4MVSQxaEw4chIlDWABkxRYvjUEkwUs1kRGWGFibE9lWwJ3vKXV0mrVvUuqrX7y0r9Jq+jCCdwCufgwRXU4Q4a0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBxs2SGQ==</latexit>

F1!2 = G2 � E1
<latexit sha1_base64="6ZmZwrKklELZFAOt/nVmwSwUylY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaQKuhGK4mNZwT6gCWEynbRDJzNhZqKU0L0bf8WNC0Xc+gPu/BunbRbaeuDC4Zx7ufeeMGFUacf5thYWl5ZXVgtrxfWNza1te2e3qUQqMWlgwYRsh0gRRjlpaKoZaSeSoDhkpBUOLsZ+655IRQW/08OE+DHqcRpRjLSRArt0FWSuJ2mvr5GU4gFWR/AMXgdV6GEqMbwM3MAuOxVnAjhP3JyUQY56YH95XYHTmHCNGVKq4zqJ9jMkNcWMjIpeqkiC8AD1SMdQjmKi/GzyywgeGKULIyFNcQ0n6u+JDMVKDePQdMZI99WsNxb/8zqpjk79jPIk1YTj6aIoZVALOA4GdqkkWLOhIQhLam6FuI8kwtrEVzQhuLMvz5NmteIeVaq3x+XaeR5HAeyDEjgELjgBNXAD6qABMHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMlYZkv</latexit>

F2!1 = G1 � E2
<latexit sha1_base64="zHR0V0rhAPpOj9DgOA1p6HfrtUo=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclaQKuhGK4mNZwT6gCWEynbRDJzNhZqKU0L0bf8WNC0Xc+gPu/BunbRbaeuDC4Zx7ufeeMGFUacf5thYWl5ZXVgtrxfWNza1te2e3qUQqMWlgwYRsh0gRRjlpaKoZaSeSoDhkpBUOLsZ+655IRQW/08OE+DHqcRpRjLSRArt0FWRVT9JeXyMpxQN0R/AMXgcu9DCVGF4G1cAuOxVnAjhP3JyUQY56YH95XYHTmHCNGVKq4zqJ9jMkNcWMjIpeqkiC8AD1SMdQjmKi/GzyywgeGKULIyFNcQ0n6u+JDMVKDePQdMZI99WsNxb/8zqpjk79jPIk1YTj6aIoZVALOA4GdqkkWLOhIQhLam6FuI8kwtrEVzQhuLMvz5NmteIeVaq3x+XaeR5HAeyDEjgELjgBNXAD6qABMHgEz+AVvFlP1ov1bn1MWxesfGYP/IH1+QMlZJkv</latexit>

shared 
latent 
space

cycle
consistency

shared latent space ⟹ cycle consistency
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Disentangling the Latent Space

• UNIT 
– A single shared, domain-invariant latent space 𝒵

X2
<latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit>

X1
<latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit>

Z
<latexit sha1_base64="v0PRquneriYkyyOHlYwQSIZ5wOo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNV0IWLghuXFewDp0PJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53S2vrG5lZ5u7Kzu7d/UD086hiVasraVAmleyExTHDJ2sBBsF6iGYlDwbrh5Db3u09MG67kA0wTFsRkJHnEKQEr+f2YwJgSkT3OBtWaW3fnwKvEK0gNFWgNql/9oaJpzCRQQYzxPTeBICMaOBVsVumnhiWETsiI+ZZKEjMTZPPIM3xmlSGOlLZPAp6rvzcyEhszjUM7mUc0y14u/uf5KUTXQcZlkgKTdPFRlAoMCuf34yHXjIKYWkKo5jYrpmOiCQXbUsWW4C2fvEo6jbp3UW/cX9aaN0UdZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzsditOQUO8foD5zPH5XLkW4=</latexit>
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Disentangling the Latent Space
• Multimodal UNIT (MUNIT)

– A content space 𝒞 that is shared, domain-invariant
– Two style spaces 𝒮!, 𝒮" that are unshared, domain-specific

X2
<latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit>

X1
<latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit>

S1
<latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit><latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit><latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit>

S2
<latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit><latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit><latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit>

C
<latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit><latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit><latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit>

X2
<latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit><latexit sha1_base64="Jzrs8t3r/FcOR9bHyVoqgDb/u98=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrtB0MIiYGMZwTwgWcLdySQZMju7zswGwpLvsLFQxNaPsfNvnE220MQDA4dz7uWeOUEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiaKsSSMRqU6AmgkuWdNwI1gnVgzDQLB2MLnL/PaUKc0j+WhmMfNDHEk+5BSNlfxeiGZMUaSdeb/WL1fcqrsAWSdeTiqQo9Evf/UGEU1CJg0VqHXXc2Pjp6gMp4LNS71EsxjpBEesa6nEkGk/XYSekwurDMgwUvZJQxbq740UQ61nYWAns5B61cvE/7xuYoY3fsplnBgm6fLQMBHERCRrgAy4YtSImSVIFbdZCR2jQmpsTyVbgrf65XXSqlU9yx+uKvXbvI4inME5XIIH11CHe2hAEyg8wTO8wpszdV6cd+djOVpw8p1T+APn8wfApZIN</latexit>

X1
<latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit><latexit sha1_base64="PFDCjXShCzNrMhKBsZUMGzwcEZo=">AAAB93icbVBNS8NAFHypX7V+NOrRy2IRPJVEBBU8FLx4rGC00Iaw2W7apZtN2N0INeSXePGg4tW/4s1/46bNQVsHFoaZ93izE6acKe0431ZtZXVtfaO+2dja3tlt2nv79yrJJKEeSXgieyFWlDNBPc00p71UUhyHnD6Ek+vSf3ikUrFE3OlpSv0YjwSLGMHaSIHdHMRYjwnmea8IcrcI7JbTdmZAy8StSAsqdAP7azBMSBZToQnHSvVdJ9V+jqVmhNOiMcgUTTGZ4BHtGypwTJWfz4IX6NgoQxQl0jyh0Uz9vZHjWKlpHJrJMqZa9ErxP6+f6ejCz5lIM00FmR+KMo50gsoW0JBJSjSfGoKJZCYrImMsMdGmq4YpwV388jLxTtuXbef2rNW5qtqowyEcwQm4cA4duIEueEAgg2d4hTfryXqx3q2P+WjNqnYO4A+szx9sDpMc</latexit>

C
<latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit><latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit><latexit sha1_base64="KNrHAeBcmpaWlFwLgPoyTdQSnPo=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKoIKHQi8eK7i2sF1KNs22odlkSd4KZenP8OJBxav/xpv/xmy7B20dCAwz75F5E6WCG3Ddb6eytr6xuVXdru3s7u0f1A+PHo3KNGU+VULpXkQME1wyHzgI1ks1I0kkWDeatAu/+8S04Uo+wDRlYUJGksecErBS0E8IjCkReXs2qDfcpjsHXiVeSRqoRGdQ/+oPFc0SJoEKYkzguSmEOdHAqWCzWj8zLCV0QkYssFSShJkwn0ee4TOrDHGstH0S8Fz9vZGTxJhpEtnJIqJZ9grxPy/IIL4Ocy7TDJiki4/iTGBQuLgfD7lmFMTUEkI1t1kxHRNNKNiWarYEb/nkVeJfNG+a7v1lo3VbtlFFJ+gUnSMPXaEWukMd5COKFHpGr+jNAefFeXc+FqMVp9w5Rn/gfP4A24yRJg==</latexit>

S1
<latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit><latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit><latexit sha1_base64="kckIGnVHlP7ZBs/R3Wtr7IuQ6Hs=">AAAB93icbVBNS8NAFHypX7V+tOrRy2IRPJVEBBU8FLx4rGhsoQ1hs920SzebsLsRasgv8eJBxat/xZv/xk2bg7YOLAwz7/FmJ0g4U9q2v63Kyura+kZ1s7a1vbNbb+ztP6g4lYS6JOax7AVYUc4EdTXTnPYSSXEUcNoNJteF332kUrFY3OtpQr0IjwQLGcHaSH6jPoiwHhPMs7vcz5zcbzTtlj0DWiZOSZpQouM3vgbDmKQRFZpwrFTfsRPtZVhqRjjNa4NU0QSTCR7RvqECR1R52Sx4jo6NMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqZEpzFLy8T97R12bJvz5rtq7KNKhzCEZyAA+fQhhvogAsEUniGV3iznqwX6936mI9WrHLnAP7A+vwBZGaTFw==</latexit>

S2
<latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit><latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit><latexit sha1_base64="zsZna1JzOzOpxLLAHR/SYoHVReE=">AAAB93icbVBNS8NAFHzxs9aPVj16WSyCp5IUQQUPBS8eKxpbaEPYbDft0s0m7G6EGvJLvHhQ8epf8ea/cdPmoK0DC8PMe7zZCRLOlLbtb2tldW19Y7OyVd3e2d2r1fcPHlScSkJdEvNY9gKsKGeCupppTnuJpDgKOO0Gk+vC7z5SqVgs7vU0oV6ER4KFjGBtJL9eG0RYjwnm2V3uZ63crzfspj0DWiZOSRpQouPXvwbDmKQRFZpwrFTfsRPtZVhqRjjNq4NU0QSTCR7RvqECR1R52Sx4jk6MMkRhLM0TGs3U3xsZjpSaRoGZLGKqRa8Q//P6qQ4vvIyJJNVUkPmhMOVIx6hoAQ2ZpETzqSGYSGayIjLGEhNtuqqaEpzFLy8Tt9W8bNq3Z432VdlGBY7gGE7BgXNoww10wAUCKTzDK7xZT9aL9W59zEdXrHLnEP7A+vwBZeqTGA==</latexit> 9



Image-to-Image Translation
with Diffusion Models



Guided Image Synthesis
SDEdit (https://arxiv.org/abs/2108.01073) recipe: diffuse → denoise

Add Noise Remove Noise

https://arxiv.org/abs/2108.01073


Guided Image Synthesis
input



“a fantasy landscape, watercolor painting”

“a fantasy landscape, trending on artstation”

“a fantasy landscape, by Simon Stalenhag”



“Upgrade” your child’s artwork



abstract art from photos

original post by u/Pereulkov: 
https://www.reddit.com/r/StableDiffusion/comments/xhhyad/i_made_abstract_art_from_my_photos/

https://www.reddit.com/user/Pereulkov/
https://www.reddit.com/r/StableDiffusion/comments/xhhyad/i_made_abstract_art_from_my_photos/


ControlNet: Adding Conditional Control to Text-to-Image 
Diffusion Models

Slide credit: Lvmin Zhang, Maneesh Agrawala



ControlNet

Slide credit: Lvmin Zhang, Maneesh Agrawala



Architecture of ControlNet

• Using external model to process control 
signals. 

• Re-using pretrained weights as the 
backbone of control model.

• Connecting with zero-initialized layers to 
reduce initial noise.

Slide credit: Lvmin Zhang, Maneesh Agrawala



Using external model to process control signals

Finetuning diffusion 
model weights

Training external 
control model

v.s.

• Compossible control (multiple 
conditions)

• Minimal influence to the base model 
(the base model can be changed)

• Reduced overfitting risk (training with 
small dataset becomes easier)

Slide credit: Lvmin Zhang, Maneesh Agrawala
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Using external model to process control signals

• Compossible control (multiple 
conditions)

• Minimal influence to the base model 
(the base model can be changed)

• Reduce overfitting (training with small 
dataset becomes easier)

Slide credit: Lvmin Zhang, Maneesh Agrawala



Using zero-initialized layers to reduce initial noise

Zero-initialized connection layers
• Reduce initial harmful noise
• Protect the trainable copy

Slide credit: Lvmin Zhang, Maneesh Agrawala



Applications



Applications



Conditional Diffusion Models

26T2IAdapter [Mou et al., 2023]



Conditional Diffusion Models

27T2IAdapter [Mou et al., 2023]

• Lightweight
• The backbone model weight is frozen. 

• Composable
• use multiple controls (adapters) together (e.g., depth+pose)

• Generalizable and reusable
• Can work with other backbone models
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16-726, Spring 2025 

Style and Content, Texture Synthesis

28
photo © [Gatys et al., 2016]Many slides are borrowed from Alyosha Efros and Bill Freeman 



Texture
• Texture depicts spatially repeating patterns
• Many natural phenomena are textures

radishes rocks yogurt



Texture Synthesis
• Goal: create new samples of a given texture
• Applications: virtual environments, 

inpainting, texturing surfaces 



Non-parametric Texture Synthesis

31



The Challenge
• Need to model the whole 

spectrum: from repeated to 
stochastic texture repeated

stochastic

Both?



Efros & Leung Algorithm

• Assuming Markov property, compute P(p|N(p))
– Building explicit probability tables infeasible 

p

Synthesizing a pixel

non-parametric
sampling

Input image

– Instead, we search the input image for all similar 
neighbourhoods — that’s our pdf for p

– To sample from this pdf, just pick one match at 
random

PixelCNN



Some Details
• Growing is in “onion skin” order

– Within each “layer”, pixels with most neighbors are 
synthesized first

– If no close match can be found, the pixel is not synthesized 
until the end

• Using Gaussian-weighted SSD is very important
– to make sure the new pixel agrees with its closest neighbors
– Approximates reduction to a smaller neighborhood window if 

data is too sparse



Neighborhood Window

input



Varying Window Size

Increasing window size



Synthesis Results
french canvas rafia weave



More Results
white bread brick wall



Homage to Shannon



Hole Filling



Extrapolation



Summary
• The Efros & Leung algorithm

+ Very simple
+ Surprisingly good results
+ Synthesis is easier than analysis!
-…but very slow



p

Image Quilting [Efros & Freeman]

• Observation: neighbor pixels are highly correlated

Input image

non-parametric
sampling

B

Idea: unit of synthesis = block
• Exactly the same but now we want P(B|N(B))

• Much faster: synthesize all pixels in a block at once

• Not the same as multi-scale!

Synthesizing a block

VQ-VAE2



Input texture

B1 B2

Random placement 
of blocks 

block

B1 B2

Neighboring blocks
constrained by overlap

B1 B2

Minimal error
boundary cut



min. error boundary

Minimal error boundary
overlapping blocks vertical boundary

_ =
2

overlap error



Our Philosophy
• The “Corrupt Professor’s Algorithm”:
– Plagiarize as much of the source image as you 

can
– Then try to cover up the evidence

• Rationale:  
– Texture blocks are by definition correct 

samples of texture so problem only 
connecting them together















Failures
(Chernobyl
Harvest)



input image

Portilla & Simoncelli

Wei & Levoy Efros and Freeman

Xu, Guo & Shum



Portilla & Simoncelli

Wei & Levoy

Xu, Guo & Shum

input image

Efros and Freeman



Portilla & Simoncelli

Wei & Levoy

input image

Xu, Guo & Shum

Efros and Freeman



+ =

Application: Texture Transfer
• Try to explain one object with bits 

and pieces of another object:



Texture Transfer 
Constraint

Texture sample



• Take the texture from one image 
and “paint” it onto another 
object

Same as texture synthesis, except an additional 
constraint:
1. Consistency of texture 
2. Similarity to the image being “explained”

Texture Transfer 



=+
Texture Transfer 



Texture Transfer 



Image Analogies

Aaron Hertzmann1,2

Chuck Jacobs2

Nuria Oliver2

Brian Curless3

David Salesin2,3

1New York University
2Microsoft Research
3University of Washington



Edge Filter



A A’

B B’

Artistic Filters



Texture-by-numbers

A A’

B B’



Parametric Texture Synthesis

66



input image

Portilla & Simoncelli

Wei & Levoy Efros and Freeman

Xu, Guo & Shum



input image

Portilla & Simoncelli

Wei & Levoy Efros and Freeman

Xu, Guo & Shum



Parametric Texture Synthesis

A Parametric Texture Model Based on Joint Statistics of Complex Wavelet Coefficients
Portilla and Simoncelli, IJCV 1999

Histogram and cross-channel correlation using wavelet basis 

Wavelet features

Statistics E(φj(y)) ≈ E(φj(ŷ))



Parametric Texture Synthesis

A Parametric Texture Model Based on Joint Statistics of Complex Wavelet Coefficients
Portilla and Simoncelli, IJCV 1999

Original Outputy ŷ

ŷ∗ = argmin
ŷ

||E(φj(ŷ))− E(φj(y))||

Objective function
Given input texture      , feature descriptor     , 
and statistics summary function
We aim to optimize the output image

y

ŷ

φ

E



Deep Learning Version

71

Gram matrix: 
- Cross Correlation of CNN features
- Invariant to the feature locations

[Gatys et al. 2015]

h, w:        pixel locations index
c:              channel index 
H, W:      height and width of feature map 
C:             the number of total channels

Gij = ⟨vi, vj⟩

V = [v1, v2, · · · , vn]

G = V
⊤
V

Gram(j)(x)



Style Loss

!𝑦

optimized output

)− Gram(|Gram( )|
style image

y

Style Reconstruction (Style Loss)

Gram = Gram Matrix of a deep network’s features  (e.g., ImageNet classifier)

weight (j)-th layer

72

argmin
ŷ

M∑

j

λj||Gram(j)(ŷ)−Gram(j)(y)||2



73



74

Number of parameters

Different layers

The same network architecture with random weights



Neural Style Transfer

+ =

content image style image output result

[Gatys et al. 2016]



Content Loss

!𝑦

optimized output

)− F(|F( )|
content image

𝑥

Content Reconstruction (Perceptual Loss)

F is a deep network (e.g., ImageNet classifier)

weight (i)-th layer

76

arg min
ŷ

N∑

i

λi||F
(i)(ŷ)− F (i)(x)||1



Content Reconstruction (Perceptual Loss)

Conv2_2Conv1_2 Conv3_2 Conv4_2 Conv5_2



Neural Style Transfer

78

!𝑦

optimized output

)− Gram(|Gram( )|
style image

y

!𝑦

optimized output

)− F(|F( )|
content image

𝑥

+

arg min
ŷ

Lstyle(ŷ, y) + λLcontent(ŷ, x)
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Different Initializations

80



Fast Neural Style Transfer
• Optimization-based method

• Feedforward network

81

arg min
ŷ

Lstyle(ŷ, y) + λLcontent(ŷ, x)

arg min
G

Ex Lstyle(G(x), y)+λLcontent(G(x), x)

[Johnson et al. 2016]



Arbitrary Style Transfer with AdaIN
• Feedforward network with any style

82Huang et al. 2017

argmin
G

Ex,y Lstyle(G(x, y), y)+λLcontent(G(x, y), x)



Arbitrary Style Transfer with AdaIN

83Huang et al. 2017



Neural Style Transfer
vs. 

Image-to-Image Translation

84



Input Style Image I CycleGANStyle image II Entire collection

Photo → Van Gogh 

horse  → zebra

Input Style image I CycleGANStyle image II Entire collection



Photo Style Transfer

86



Deep Photo Style Transfer

87

Local color transfer? (hard to transfer texture)

[Luan et al., 2017]


