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Using deep learning as priors in generative 
models for medical image computing
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§ Basics
§ Examples without deep learning
§ Unsupervised deep learning models
§ Three ways to use DL models as priors
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Outline
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Generative modeling

y : Observation
<latexit sha1_base64="lQtWlsNu3krriOySgfLaQlsTnJo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAhWYVcEo1XAxs4IrgkkIcxO7iZDZh/M3A2GJa2Nv2JjoWLrJ9j5N06SLTTxwMDhnHOZe4+fSKHRcb6tpeWV1bX1wkZxc2t7Z9fe27/Xcao4eDyWsWr4TIMUEXgoUEIjUcBCX0LdH1xN/PoQlBZxdIejBNoh60UiEJyhkTo2bYUM+36QjcaXtIXwgCrMbnwNajhNjDt2ySk7U9BF4uakRHLUOvZXqxvzNIQIuWRaN10nwXbGFAouYVxspRoSxgesB01DIxaCbmfTS8b02ChdGsTKvAjpVP09kbFQ61Hom+Rkbz3vTcT/vGaKQaWdiShJESI++yhIJcWYTmqhXaGAoxwZwrgSZlfK+0wxjqa8oinBnT95kXin5Yuye3tWqlbyNgrkkByRE+KSc1Il16RGPMLJI3kmr+TNerJerHfrYxZdsvKZA/IH1ucPLDea0g==</latexit><latexit sha1_base64="lQtWlsNu3krriOySgfLaQlsTnJo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAhWYVcEo1XAxs4IrgkkIcxO7iZDZh/M3A2GJa2Nv2JjoWLrJ9j5N06SLTTxwMDhnHOZe4+fSKHRcb6tpeWV1bX1wkZxc2t7Z9fe27/Xcao4eDyWsWr4TIMUEXgoUEIjUcBCX0LdH1xN/PoQlBZxdIejBNoh60UiEJyhkTo2bYUM+36QjcaXtIXwgCrMbnwNajhNjDt2ySk7U9BF4uakRHLUOvZXqxvzNIQIuWRaN10nwXbGFAouYVxspRoSxgesB01DIxaCbmfTS8b02ChdGsTKvAjpVP09kbFQ61Hom+Rkbz3vTcT/vGaKQaWdiShJESI++yhIJcWYTmqhXaGAoxwZwrgSZlfK+0wxjqa8oinBnT95kXin5Yuye3tWqlbyNgrkkByRE+KSc1Il16RGPMLJI3kmr+TNerJerHfrYxZdsvKZA/IH1ucPLDea0g==</latexit><latexit sha1_base64="lQtWlsNu3krriOySgfLaQlsTnJo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAhWYVcEo1XAxs4IrgkkIcxO7iZDZh/M3A2GJa2Nv2JjoWLrJ9j5N06SLTTxwMDhnHOZe4+fSKHRcb6tpeWV1bX1wkZxc2t7Z9fe27/Xcao4eDyWsWr4TIMUEXgoUEIjUcBCX0LdH1xN/PoQlBZxdIejBNoh60UiEJyhkTo2bYUM+36QjcaXtIXwgCrMbnwNajhNjDt2ySk7U9BF4uakRHLUOvZXqxvzNIQIuWRaN10nwXbGFAouYVxspRoSxgesB01DIxaCbmfTS8b02ChdGsTKvAjpVP09kbFQ61Hom+Rkbz3vTcT/vGaKQaWdiShJESI++yhIJcWYTmqhXaGAoxwZwrgSZlfK+0wxjqa8oinBnT95kXin5Yuye3tWqlbyNgrkkByRE+KSc1Il16RGPMLJI3kmr+TNerJerHfrYxZdsvKZA/IH1ucPLDea0g==</latexit><latexit sha1_base64="lQtWlsNu3krriOySgfLaQlsTnJo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAhWYVcEo1XAxs4IrgkkIcxO7iZDZh/M3A2GJa2Nv2JjoWLrJ9j5N06SLTTxwMDhnHOZe4+fSKHRcb6tpeWV1bX1wkZxc2t7Z9fe27/Xcao4eDyWsWr4TIMUEXgoUEIjUcBCX0LdH1xN/PoQlBZxdIejBNoh60UiEJyhkTo2bYUM+36QjcaXtIXwgCrMbnwNajhNjDt2ySk7U9BF4uakRHLUOvZXqxvzNIQIuWRaN10nwXbGFAouYVxspRoSxgesB01DIxaCbmfTS8b02ChdGsTKvAjpVP09kbFQ61Hom+Rkbz3vTcT/vGaKQaWdiShJESI++yhIJcWYTmqhXaGAoxwZwrgSZlfK+0wxjqa8oinBnT95kXin5Yuye3tWqlbyNgrkkByRE+KSc1Il16RGPMLJI3kmr+TNerJerHfrYxZdsvKZA/IH1ucPLDea0g==</latexit>

y 2 RN
<latexit sha1_base64="kM0sBy2BQ1Fyu1dkOTkU4tWMR10=">AAACAnicbVDLSsNAFL3xWesr6k43g0VwVRIRrLuCG1dSxdhCE8tkOmmHTiZhZiKUEHDjr7hxoeLWr3Dn3zh9LLT1wMCZc+7l3nvClDOlHefbWlhcWl5ZLa2V1zc2t7btnd07lWSSUI8kPJGtECvKmaCeZprTViopjkNOm+HgYuQ3H6hULBG3epjSIMY9wSJGsDZSx973Y6z7YZQPC5+JySfMb4r7K9SxK07VGQPNE3dKKjBFo2N/+d2EZDEVmnCsVNt1Uh3kWGpGOC3KfqZoiskA92jbUIFjqoJ8fEOBjozSRVEizRMajdXfHTmOlRrGoakcLalmvZH4n9fOdFQLcibSTFNBJoOijCOdoFEgqMskJZoPDcFEMrMrIn0sMdEmtrIJwZ09eZ54J9Xzqnt9WqnXpmmU4AAO4RhcOIM6XEIDPCDwCM/wCm/Wk/VivVsfk9IFa9qzB39gff4A0tmXyw==</latexit><latexit sha1_base64="kM0sBy2BQ1Fyu1dkOTkU4tWMR10=">AAACAnicbVDLSsNAFL3xWesr6k43g0VwVRIRrLuCG1dSxdhCE8tkOmmHTiZhZiKUEHDjr7hxoeLWr3Dn3zh9LLT1wMCZc+7l3nvClDOlHefbWlhcWl5ZLa2V1zc2t7btnd07lWSSUI8kPJGtECvKmaCeZprTViopjkNOm+HgYuQ3H6hULBG3epjSIMY9wSJGsDZSx973Y6z7YZQPC5+JySfMb4r7K9SxK07VGQPNE3dKKjBFo2N/+d2EZDEVmnCsVNt1Uh3kWGpGOC3KfqZoiskA92jbUIFjqoJ8fEOBjozSRVEizRMajdXfHTmOlRrGoakcLalmvZH4n9fOdFQLcibSTFNBJoOijCOdoFEgqMskJZoPDcFEMrMrIn0sMdEmtrIJwZ09eZ54J9Xzqnt9WqnXpmmU4AAO4RhcOIM6XEIDPCDwCM/wCm/Wk/VivVsfk9IFa9qzB39gff4A0tmXyw==</latexit><latexit sha1_base64="kM0sBy2BQ1Fyu1dkOTkU4tWMR10=">AAACAnicbVDLSsNAFL3xWesr6k43g0VwVRIRrLuCG1dSxdhCE8tkOmmHTiZhZiKUEHDjr7hxoeLWr3Dn3zh9LLT1wMCZc+7l3nvClDOlHefbWlhcWl5ZLa2V1zc2t7btnd07lWSSUI8kPJGtECvKmaCeZprTViopjkNOm+HgYuQ3H6hULBG3epjSIMY9wSJGsDZSx973Y6z7YZQPC5+JySfMb4r7K9SxK07VGQPNE3dKKjBFo2N/+d2EZDEVmnCsVNt1Uh3kWGpGOC3KfqZoiskA92jbUIFjqoJ8fEOBjozSRVEizRMajdXfHTmOlRrGoakcLalmvZH4n9fOdFQLcibSTFNBJoOijCOdoFEgqMskJZoPDcFEMrMrIn0sMdEmtrIJwZ09eZ54J9Xzqnt9WqnXpmmU4AAO4RhcOIM6XEIDPCDwCM/wCm/Wk/VivVsfk9IFa9qzB39gff4A0tmXyw==</latexit><latexit sha1_base64="kM0sBy2BQ1Fyu1dkOTkU4tWMR10=">AAACAnicbVDLSsNAFL3xWesr6k43g0VwVRIRrLuCG1dSxdhCE8tkOmmHTiZhZiKUEHDjr7hxoeLWr3Dn3zh9LLT1wMCZc+7l3nvClDOlHefbWlhcWl5ZLa2V1zc2t7btnd07lWSSUI8kPJGtECvKmaCeZprTViopjkNOm+HgYuQ3H6hULBG3epjSIMY9wSJGsDZSx973Y6z7YZQPC5+JySfMb4r7K9SxK07VGQPNE3dKKjBFo2N/+d2EZDEVmnCsVNt1Uh3kWGpGOC3KfqZoiskA92jbUIFjqoJ8fEOBjozSRVEizRMajdXfHTmOlRrGoakcLalmvZH4n9fOdFQLcibSTFNBJoOijCOdoFEgqMskJZoPDcFEMrMrIn0sMdEmtrIJwZ09eZ54J9Xzqnt9WqnXpmmU4AAO4RhcOIM6XEIDPCDwCM/wCm/Wk/VivVsfk9IFa9qzB39gff4A0tmXyw==</latexit>

y 2 CN
<latexit sha1_base64="n2qRq5+ls2s2x5FMtXkcDUhoQ2s=">AAACAnicbVBNS8NAEJ34WetX1JteFovgqSQiWG+FXjxJBWMLbSyb7aZdutmE3Y0QQsGLf8WLBxWv/gpv/hs3bQ/a+mDh7XszzMwLEs6Udpxva2l5ZXVtvbRR3tza3tm19/bvVJxKQj0S81i2A6woZ4J6mmlO24mkOAo4bQWjRuG3HqhULBa3OkuoH+GBYCEjWBupZx92I6yHQZhn4y4T00+QN8b316hnV5yqMwFaJO6MVGCGZs/+6vZjkkZUaMKxUh3XSbSfY6kZ4XRc7qaKJpiM8IB2DBU4osrPJzeM0YlR+iiMpXlCo4n6uyPHkVJZFJjKYkk17xXif14n1WHNz5lIUk0FmQ4KU450jIpAUJ9JSjTPDMFEMrMrIkMsMdEmtrIJwZ0/eZF4Z9XLqntzXqnXZmmU4AiO4RRcuIA6XEETPCDwCM/wCm/Wk/VivVsf09Ila9ZzAH9gff4Au/CXvA==</latexit><latexit sha1_base64="n2qRq5+ls2s2x5FMtXkcDUhoQ2s=">AAACAnicbVBNS8NAEJ34WetX1JteFovgqSQiWG+FXjxJBWMLbSyb7aZdutmE3Y0QQsGLf8WLBxWv/gpv/hs3bQ/a+mDh7XszzMwLEs6Udpxva2l5ZXVtvbRR3tza3tm19/bvVJxKQj0S81i2A6woZ4J6mmlO24mkOAo4bQWjRuG3HqhULBa3OkuoH+GBYCEjWBupZx92I6yHQZhn4y4T00+QN8b316hnV5yqMwFaJO6MVGCGZs/+6vZjkkZUaMKxUh3XSbSfY6kZ4XRc7qaKJpiM8IB2DBU4osrPJzeM0YlR+iiMpXlCo4n6uyPHkVJZFJjKYkk17xXif14n1WHNz5lIUk0FmQ4KU450jIpAUJ9JSjTPDMFEMrMrIkMsMdEmtrIJwZ0/eZF4Z9XLqntzXqnXZmmU4AiO4RRcuIA6XEETPCDwCM/wCm/Wk/VivVsf09Ila9ZzAH9gff4Au/CXvA==</latexit><latexit sha1_base64="n2qRq5+ls2s2x5FMtXkcDUhoQ2s=">AAACAnicbVBNS8NAEJ34WetX1JteFovgqSQiWG+FXjxJBWMLbSyb7aZdutmE3Y0QQsGLf8WLBxWv/gpv/hs3bQ/a+mDh7XszzMwLEs6Udpxva2l5ZXVtvbRR3tza3tm19/bvVJxKQj0S81i2A6woZ4J6mmlO24mkOAo4bQWjRuG3HqhULBa3OkuoH+GBYCEjWBupZx92I6yHQZhn4y4T00+QN8b316hnV5yqMwFaJO6MVGCGZs/+6vZjkkZUaMKxUh3XSbSfY6kZ4XRc7qaKJpiM8IB2DBU4osrPJzeM0YlR+iiMpXlCo4n6uyPHkVJZFJjKYkk17xXif14n1WHNz5lIUk0FmQ4KU450jIpAUJ9JSjTPDMFEMrMrIkMsMdEmtrIJwZ0/eZF4Z9XLqntzXqnXZmmU4AiO4RRcuIA6XEETPCDwCM/wCm/Wk/VivVsf09Ila9ZzAH9gff4Au/CXvA==</latexit><latexit sha1_base64="n2qRq5+ls2s2x5FMtXkcDUhoQ2s=">AAACAnicbVBNS8NAEJ34WetX1JteFovgqSQiWG+FXjxJBWMLbSyb7aZdutmE3Y0QQsGLf8WLBxWv/gpv/hs3bQ/a+mDh7XszzMwLEs6Udpxva2l5ZXVtvbRR3tza3tm19/bvVJxKQj0S81i2A6woZ4J6mmlO24mkOAo4bQWjRuG3HqhULBa3OkuoH+GBYCEjWBupZx92I6yHQZhn4y4T00+QN8b316hnV5yqMwFaJO6MVGCGZs/+6vZjkkZUaMKxUh3XSbSfY6kZ4XRc7qaKJpiM8IB2DBU4osrPJzeM0YlR+iiMpXlCo4n6uyPHkVJZFJjKYkk17xXif14n1WHNz5lIUk0FmQ4KU450jIpAUJ9JSjTPDMFEMrMrIkMsMdEmtrIJwZ0/eZF4Z9XLqntzXqnXZmmU4AiO4RRcuIA6XEETPCDwCM/wCm/Wk/VivVsf09Ila9ZzAH9gff4Au/CXvA==</latexit>

y 2 {0, 1, . . . , L}N
<latexit sha1_base64="CrX1WtZlgheHIBgOG3ymNANGTAE=">AAACB3icbVDNSsNAGNz4W+tf1KMHF4vgoZREBOut4MWDSAVjC00sm+2mXbrZhN2NEEKOXnwVLx5UvPoK3nwbN20O2jqwMMx8w37f+DGjUlnWt7GwuLS8slpZq65vbG5tmzu7dzJKBCYOjlgkuj6ShFFOHEUVI91YEBT6jHT88UXhdx6IkDTityqNiReiIacBxUhpqW8euCFSIz/I0tyl3M2sul13B5GS9Ss3v7+GfbNmNawJ4DyxS1IDJdp980vHcRISrjBDUvZsK1ZehoSimJG86iaSxAiP0ZD0NOUoJNLLJofk8EgrAxhEQj+u4ET9nchQKGUa+nqyWFvOeoX4n9dLVND0MsrjRBGOpx8FCYMqgkUrcEAFwYqlmiAsqN4V4hESCCvdXVWXYM+ePE+ck8Z5w745rbWaZRsVsA8OwTGwwRlogUvQBg7A4BE8g1fwZjwZL8a78TEdXTDKzB74A+PzBxDImOA=</latexit><latexit sha1_base64="CrX1WtZlgheHIBgOG3ymNANGTAE=">AAACB3icbVDNSsNAGNz4W+tf1KMHF4vgoZREBOut4MWDSAVjC00sm+2mXbrZhN2NEEKOXnwVLx5UvPoK3nwbN20O2jqwMMx8w37f+DGjUlnWt7GwuLS8slpZq65vbG5tmzu7dzJKBCYOjlgkuj6ShFFOHEUVI91YEBT6jHT88UXhdx6IkDTityqNiReiIacBxUhpqW8euCFSIz/I0tyl3M2sul13B5GS9Ss3v7+GfbNmNawJ4DyxS1IDJdp980vHcRISrjBDUvZsK1ZehoSimJG86iaSxAiP0ZD0NOUoJNLLJofk8EgrAxhEQj+u4ET9nchQKGUa+nqyWFvOeoX4n9dLVND0MsrjRBGOpx8FCYMqgkUrcEAFwYqlmiAsqN4V4hESCCvdXVWXYM+ePE+ck8Z5w745rbWaZRsVsA8OwTGwwRlogUvQBg7A4BE8g1fwZjwZL8a78TEdXTDKzB74A+PzBxDImOA=</latexit><latexit sha1_base64="CrX1WtZlgheHIBgOG3ymNANGTAE=">AAACB3icbVDNSsNAGNz4W+tf1KMHF4vgoZREBOut4MWDSAVjC00sm+2mXbrZhN2NEEKOXnwVLx5UvPoK3nwbN20O2jqwMMx8w37f+DGjUlnWt7GwuLS8slpZq65vbG5tmzu7dzJKBCYOjlgkuj6ShFFOHEUVI91YEBT6jHT88UXhdx6IkDTityqNiReiIacBxUhpqW8euCFSIz/I0tyl3M2sul13B5GS9Ss3v7+GfbNmNawJ4DyxS1IDJdp980vHcRISrjBDUvZsK1ZehoSimJG86iaSxAiP0ZD0NOUoJNLLJofk8EgrAxhEQj+u4ET9nchQKGUa+nqyWFvOeoX4n9dLVND0MsrjRBGOpx8FCYMqgkUrcEAFwYqlmiAsqN4V4hESCCvdXVWXYM+ePE+ck8Z5w745rbWaZRsVsA8OwTGwwRlogUvQBg7A4BE8g1fwZjwZL8a78TEdXTDKzB74A+PzBxDImOA=</latexit><latexit sha1_base64="CrX1WtZlgheHIBgOG3ymNANGTAE=">AAACB3icbVDNSsNAGNz4W+tf1KMHF4vgoZREBOut4MWDSAVjC00sm+2mXbrZhN2NEEKOXnwVLx5UvPoK3nwbN20O2jqwMMx8w37f+DGjUlnWt7GwuLS8slpZq65vbG5tmzu7dzJKBCYOjlgkuj6ShFFOHEUVI91YEBT6jHT88UXhdx6IkDTityqNiReiIacBxUhpqW8euCFSIz/I0tyl3M2sul13B5GS9Ss3v7+GfbNmNawJ4DyxS1IDJdp980vHcRISrjBDUvZsK1ZehoSimJG86iaSxAiP0ZD0NOUoJNLLJofk8EgrAxhEQj+u4ET9nchQKGUa+nqyWFvOeoX4n9dLVND0MsrjRBGOpx8FCYMqgkUrcEAFwYqlmiAsqN4V4hESCCvdXVWXYM+ePE+ck8Z5w745rbWaZRsVsA8OwTGwwRlogUvQBg7A4BE8g1fwZjwZL8a78TEdXTDKzB74A+PzBxDImOA=</latexit>

p (y,m)| {z }
Joint distribution

= p (y|m)| {z }
Observation model

p (m)| {z }
Prior

<latexit sha1_base64="VmfNIzCcgYHrmc7FpY+5RncFfaQ="></latexit><latexit sha1_base64="VmfNIzCcgYHrmc7FpY+5RncFfaQ="></latexit><latexit sha1_base64="VmfNIzCcgYHrmc7FpY+5RncFfaQ="></latexit><latexit sha1_base64="VmfNIzCcgYHrmc7FpY+5RncFfaQ="></latexit>

m : Identity of interest
<latexit sha1_base64="95eNEj2gfJLuUVYgXWkhHwgIYoQ=">AAACD3icbVA9SwNBEN3zM8avU0ubxSBahTsRjFYBG+0iGBNIQtjbzCVL9vaO3TkxHPkJNv4VGwsVW1s7/42bj0ITHyw83puZnXlBIoVBz/t2FhaXlldWc2v59Y3NrW13Z/fOxKnmUOWxjHU9YAakUFBFgRLqiQYWBRJqQf9y5NfuQRsRq1scJNCKWFeJUHCGVmq7R82IYS8Is2h4QZsID5hdd0DZSQMah1QoBA0Gh2234BW9Meg88aekQKaotN2vZifmaWRnccmMafhegq2MaRRcwjDfTA0kjPdZFxqWKhaBaWXjg4b00CodGsbaPoV0rP7uyFhkzCAKbOVofTPrjcT/vEaKYamVCZWkCIpPPgpTSTGmo3RoR2jgKAeWMK6F3ZXyHtOM2xhM3obgz548T6onxfOif3NaKJemaeTIPjkgx8QnZ6RMrkiFVAknj+SZvJI358l5cd6dj0npgjPt2SN/4Hz+ABU5nW4=</latexit><latexit sha1_base64="95eNEj2gfJLuUVYgXWkhHwgIYoQ=">AAACD3icbVA9SwNBEN3zM8avU0ubxSBahTsRjFYBG+0iGBNIQtjbzCVL9vaO3TkxHPkJNv4VGwsVW1s7/42bj0ITHyw83puZnXlBIoVBz/t2FhaXlldWc2v59Y3NrW13Z/fOxKnmUOWxjHU9YAakUFBFgRLqiQYWBRJqQf9y5NfuQRsRq1scJNCKWFeJUHCGVmq7R82IYS8Is2h4QZsID5hdd0DZSQMah1QoBA0Gh2234BW9Meg88aekQKaotN2vZifmaWRnccmMafhegq2MaRRcwjDfTA0kjPdZFxqWKhaBaWXjg4b00CodGsbaPoV0rP7uyFhkzCAKbOVofTPrjcT/vEaKYamVCZWkCIpPPgpTSTGmo3RoR2jgKAeWMK6F3ZXyHtOM2xhM3obgz548T6onxfOif3NaKJemaeTIPjkgx8QnZ6RMrkiFVAknj+SZvJI358l5cd6dj0npgjPt2SN/4Hz+ABU5nW4=</latexit><latexit sha1_base64="95eNEj2gfJLuUVYgXWkhHwgIYoQ=">AAACD3icbVA9SwNBEN3zM8avU0ubxSBahTsRjFYBG+0iGBNIQtjbzCVL9vaO3TkxHPkJNv4VGwsVW1s7/42bj0ITHyw83puZnXlBIoVBz/t2FhaXlldWc2v59Y3NrW13Z/fOxKnmUOWxjHU9YAakUFBFgRLqiQYWBRJqQf9y5NfuQRsRq1scJNCKWFeJUHCGVmq7R82IYS8Is2h4QZsID5hdd0DZSQMah1QoBA0Gh2234BW9Meg88aekQKaotN2vZifmaWRnccmMafhegq2MaRRcwjDfTA0kjPdZFxqWKhaBaWXjg4b00CodGsbaPoV0rP7uyFhkzCAKbOVofTPrjcT/vEaKYamVCZWkCIpPPgpTSTGmo3RoR2jgKAeWMK6F3ZXyHtOM2xhM3obgz548T6onxfOif3NaKJemaeTIPjkgx8QnZ6RMrkiFVAknj+SZvJI358l5cd6dj0npgjPt2SN/4Hz+ABU5nW4=</latexit><latexit sha1_base64="95eNEj2gfJLuUVYgXWkhHwgIYoQ=">AAACD3icbVA9SwNBEN3zM8avU0ubxSBahTsRjFYBG+0iGBNIQtjbzCVL9vaO3TkxHPkJNv4VGwsVW1s7/42bj0ITHyw83puZnXlBIoVBz/t2FhaXlldWc2v59Y3NrW13Z/fOxKnmUOWxjHU9YAakUFBFgRLqiQYWBRJqQf9y5NfuQRsRq1scJNCKWFeJUHCGVmq7R82IYS8Is2h4QZsID5hdd0DZSQMah1QoBA0Gh2234BW9Meg88aekQKaotN2vZifmaWRnccmMafhegq2MaRRcwjDfTA0kjPdZFxqWKhaBaWXjg4b00CodGsbaPoV0rP7uyFhkzCAKbOVofTPrjcT/vEaKYamVCZWkCIpPPgpTSTGmo3RoR2jgKAeWMK6F3ZXyHtOM2xhM3obgz548T6onxfOif3NaKJemaeTIPjkgx8QnZ6RMrkiFVAknj+SZvJI358l5cd6dj0npgjPt2SN/4Hz+ABU5nW4=</latexit>

• Image
• K-space data from MRI
• Initial segmentation
• Measurements

• Image
• Segmentation 
• Class assignment
• Phenotypic information
• Demographic information

p(m)
<latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="zE/ISSYzyhh0h7YWOWxu6LKhtdk=">AAAB6HicbVBNSwMxFHzrZ61Vq1cvwSLUS9n1ot4ELx4ruLbQLiWbvm1Dk+yaZAtl6e/w4kHFX+TNf2P6cdDWgcAw8x5vMnEmuLG+/+1tbG5t7+yW9sr7lYPDo+px5cmkuWYYslSkuh1Tg4IrDC23AtuZRipjga14dDfzW2PUhqfq0U4yjCQdKJ5wRq2ToqzeldQO46SQ04teteY3/DnIOgmWpAZLNHvVr24/ZblEZZmgxnQCP7NRQbXlTOC03M0NZpSN6AA7jioq0UTFPPSUnDulT5JUu6csmau/NwoqjZnI2E3OIppVbyb+53Vym1xHBVdZblGxxaEkF8SmZNYA6XONzIqJI5Rp7rISNqSaMut6KrsSgtUvr5PwsnHTCB58KMEpnEEdAriCW7iHJoTA4Ble4A3evbH36n0s2trwlrWdwB94nz+t+JBm</latexit><latexit sha1_base64="zE/ISSYzyhh0h7YWOWxu6LKhtdk=">AAAB6HicbVBNSwMxFHzrZ61Vq1cvwSLUS9n1ot4ELx4ruLbQLiWbvm1Dk+yaZAtl6e/w4kHFX+TNf2P6cdDWgcAw8x5vMnEmuLG+/+1tbG5t7+yW9sr7lYPDo+px5cmkuWYYslSkuh1Tg4IrDC23AtuZRipjga14dDfzW2PUhqfq0U4yjCQdKJ5wRq2ToqzeldQO46SQ04teteY3/DnIOgmWpAZLNHvVr24/ZblEZZmgxnQCP7NRQbXlTOC03M0NZpSN6AA7jioq0UTFPPSUnDulT5JUu6csmau/NwoqjZnI2E3OIppVbyb+53Vym1xHBVdZblGxxaEkF8SmZNYA6XONzIqJI5Rp7rISNqSaMut6KrsSgtUvr5PwsnHTCB58KMEpnEEdAriCW7iHJoTA4Ble4A3evbH36n0s2trwlrWdwB94nz+t+JBm</latexit><latexit sha1_base64="nYU9024GObHh+qYQyvmAa6wycos=">AAAB83icbVBNTwIxFHyLX4hfqEcvjcQEL2TXi3gj8eIRE1dIYEO6pQsNbXdtuyRkw+/w4kGNV/+MN/+NXdiDgpM0mcy8lzedMOFMG9f9dkobm1vbO+Xdyt7+weFR9fjkUcepItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+Z0qVZrF8MLOEBgKPJIsYwcZKQVLvC2zGYZSJ+eWgWnMb7gJonXgFqUGB9qD61R/GJBVUGsKx1j3PTUyQYWUY4XRe6aeaJphM8Ij2LJVYUB1ki9BzdGGVIYpiZZ80aKH+3siw0HomQjuZR9SrXi7+5/VSEzWDjMkkNVSS5aEo5cjEKG8ADZmixPCZJZgoZrMiMsYKE2N7qtgSvNUvrxP/qnHT8O7dWqtZtFGGMziHOnhwDS24gzb4QOAJnuEV3pyp8+K8Ox/L0ZJT7JzCHzifP/DEkbY=</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit>

Initial belief what m can be

p(y|m)
<latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="FVAm7K1qYJ6peGl93dfqx/0ZycY=">AAAB9XicbZBPS8MwGMbfzn9zTq2eBC/FIczLaL2oN8GLxwnWDbYy0izdwpK0JKlQar34Vbx4UPGrePPbmG4TdPOBwI/nScj7PmHCqNKu+2VVVlbX1jeqm7Wt+vbOrr1Xv1NxKjHxccxi2Q2RIowK4muqGekmkiAeMtIJJ1dl3rknUtFY3OosIQFHI0EjipE21sA+SJp9jvQ4jPKsePhBXpwM7IbbcqdylsGbQwPmag/sz/4wxiknQmOGlOp5bqKDHElNMSNFrZ8qkiA8QSPSMygQJyrIpxsUzrFxhk4US3OEdqbu7xc54kplPDQ3yxHVYlaa/2W9VEfnQU5Fkmoi8OyjKGWOjp2yDmdIJcGaZQYQltTM6uAxkghrU1rNlOAtrrwM/mnrouXduFCFQziCJnhwBpdwDW3wAcMjPMMrvFlP1ov1PmurYs1r24c/sj6+Af2QlbM=</latexit><latexit sha1_base64="FVAm7K1qYJ6peGl93dfqx/0ZycY=">AAAB9XicbZBPS8MwGMbfzn9zTq2eBC/FIczLaL2oN8GLxwnWDbYy0izdwpK0JKlQar34Vbx4UPGrePPbmG4TdPOBwI/nScj7PmHCqNKu+2VVVlbX1jeqm7Wt+vbOrr1Xv1NxKjHxccxi2Q2RIowK4muqGekmkiAeMtIJJ1dl3rknUtFY3OosIQFHI0EjipE21sA+SJp9jvQ4jPKsePhBXpwM7IbbcqdylsGbQwPmag/sz/4wxiknQmOGlOp5bqKDHElNMSNFrZ8qkiA8QSPSMygQJyrIpxsUzrFxhk4US3OEdqbu7xc54kplPDQ3yxHVYlaa/2W9VEfnQU5Fkmoi8OyjKGWOjp2yDmdIJcGaZQYQltTM6uAxkghrU1rNlOAtrrwM/mnrouXduFCFQziCJnhwBpdwDW3wAcMjPMMrvFlP1ov1PmurYs1r24c/sj6+Af2QlbM=</latexit><latexit sha1_base64="XaZNBVfHemr6zWWaCiIWpR+kB+4=">AAACAHicbZBPS8MwGMZT/875r+pF8BIcwryM1ovzNvDicYJ1g62MNEu3sCQtSSqUWi9+FS8eVLz6Mbz5bUy3Crr5QODH874ved8niBlV2nG+rKXlldW19cpGdXNre2fX3tu/VVEiMfFwxCLZDZAijAriaaoZ6caSIB4w0gkml0W9c0ekopG40WlMfI5GgoYUI22sgX0Y1/sc6XEQZml+/4M8Px3YNafhTAUXwS2hBkq1B/ZnfxjhhBOhMUNK9Vwn1n6GpKaYkbzaTxSJEZ6gEekZFIgT5WfTC3J4YpwhDCNpntBw6v6eyBBXKuWB6SxWVPO1wvyv1kt02PQzKuJEE4FnH4UJgzqCRRxwSCXBmqUGEJbU7ArxGEmEtQmtakJw509eBO+scdFwr51aq1mmUQFH4BjUgQvOQQtcgTbwAAYP4Am8gFfr0Xq23qz3WeuSVc4cgD+yPr4BePOXEA==</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit>

Generation process
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Examples: Segmentation

m : Segmentation
<latexit sha1_base64="yjLCWGBoKvJCxem+ZhXqozUdI8Q=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5EMFoFbCwjeiaQhLC3mUuW7H2wOyeGI6WNf8XGQsXWv2Dnv3EvSaGJDxYeb97Mzjw/kUKj43xbC4tLyyurhbXi+sbm1ra9s3un41Rx8HgsY9XwmQYpIvBQoIRGooCFvoS6P7jM6/V7UFrE0S0OE2iHrBeJQHCGRurYB62QYd8PsnB0QVsID5jdQC+ECMeGUccuOWVnDDpP3CkpkSlqHfur1Y15mk/gkmnddJ0E2xlTKLiEUbGVakgYH7AeNA2NWAi6nY0PGdEjo3RpECvzIqRj9XdHxkKth6FvnPnaeraWi//VmikGlXYmoiRFiPjkoyCVFGOap0K7QgFHOTSEcSXMrpT3mWIcTXZFE4I7e/I88U7K52X3+rRUrUzTKJB9ckiOiUvOSJVckRrxCCeP5Jm8kjfryXqx3q2PiXXBmvbskT+wPn8AKW2aPw==</latexit><latexit sha1_base64="yjLCWGBoKvJCxem+ZhXqozUdI8Q=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5EMFoFbCwjeiaQhLC3mUuW7H2wOyeGI6WNf8XGQsXWv2Dnv3EvSaGJDxYeb97Mzjw/kUKj43xbC4tLyyurhbXi+sbm1ra9s3un41Rx8HgsY9XwmQYpIvBQoIRGooCFvoS6P7jM6/V7UFrE0S0OE2iHrBeJQHCGRurYB62QYd8PsnB0QVsID5jdQC+ECMeGUccuOWVnDDpP3CkpkSlqHfur1Y15mk/gkmnddJ0E2xlTKLiEUbGVakgYH7AeNA2NWAi6nY0PGdEjo3RpECvzIqRj9XdHxkKth6FvnPnaeraWi//VmikGlXYmoiRFiPjkoyCVFGOap0K7QgFHOTSEcSXMrpT3mWIcTXZFE4I7e/I88U7K52X3+rRUrUzTKJB9ckiOiUvOSJVckRrxCCeP5Jm8kjfryXqx3q2PiXXBmvbskT+wPn8AKW2aPw==</latexit><latexit sha1_base64="yjLCWGBoKvJCxem+ZhXqozUdI8Q=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5EMFoFbCwjeiaQhLC3mUuW7H2wOyeGI6WNf8XGQsXWv2Dnv3EvSaGJDxYeb97Mzjw/kUKj43xbC4tLyyurhbXi+sbm1ra9s3un41Rx8HgsY9XwmQYpIvBQoIRGooCFvoS6P7jM6/V7UFrE0S0OE2iHrBeJQHCGRurYB62QYd8PsnB0QVsID5jdQC+ECMeGUccuOWVnDDpP3CkpkSlqHfur1Y15mk/gkmnddJ0E2xlTKLiEUbGVakgYH7AeNA2NWAi6nY0PGdEjo3RpECvzIqRj9XdHxkKth6FvnPnaeraWi//VmikGlXYmoiRFiPjkoyCVFGOap0K7QgFHOTSEcSXMrpT3mWIcTXZFE4I7e/I88U7K52X3+rRUrUzTKJB9ckiOiUvOSJVckRrxCCeP5Jm8kjfryXqx3q2PiXXBmvbskT+wPn8AKW2aPw==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="8sLEj71RCt3txbEZ05HJohmY6EM=">AAAB/HicbVA9TwJBEJ3zExEVbS3cSEysyJ2NH5WJjSVGERIgZG+Zgw17H9mdM5ILpY1/xcZCjb/Dzn/jHlAo+JJJXt6b2Z15fqKkIdf9dpaWV1bX1gsbxc3S1vZOebd0b+JUC6yLWMW66XODSkZYJ0kKm4lGHvoKG/7wKvcbD6iNjKM7GiXYCXk/koEUnKzULR+0Q04DP8jC8QVrEz5Sdov9ECOaNIy75YpbdSdgi8SbkQrMUOuWv9q9WKT5C0JxY1qem1An45qkUDgutlODCRdD3seWpREP0XSyySFjdmSVHgtibSsiNlF/T2Q8NGYU+rYzX9vMe7n4n9dKKTjrZDJKUsJITD8KUsUoZnkqrCc1ClIjS7jQ0u7KxIBrLshmV7QhePMnL5L6SfW86t24UIB9OIRj8OAULuEaalAHAU/wAm/w7jw7r87HNK0lZxbbHvyB8/kDizOY1w==</latexit><latexit sha1_base64="8sLEj71RCt3txbEZ05HJohmY6EM=">AAAB/HicbVA9TwJBEJ3zExEVbS3cSEysyJ2NH5WJjSVGERIgZG+Zgw17H9mdM5ILpY1/xcZCjb/Dzn/jHlAo+JJJXt6b2Z15fqKkIdf9dpaWV1bX1gsbxc3S1vZOebd0b+JUC6yLWMW66XODSkZYJ0kKm4lGHvoKG/7wKvcbD6iNjKM7GiXYCXk/koEUnKzULR+0Q04DP8jC8QVrEz5Sdov9ECOaNIy75YpbdSdgi8SbkQrMUOuWv9q9WKT5C0JxY1qem1An45qkUDgutlODCRdD3seWpREP0XSyySFjdmSVHgtibSsiNlF/T2Q8NGYU+rYzX9vMe7n4n9dKKTjrZDJKUsJITD8KUsUoZnkqrCc1ClIjS7jQ0u7KxIBrLshmV7QhePMnL5L6SfW86t24UIB9OIRj8OAULuEaalAHAU/wAm/w7jw7r87HNK0lZxbbHvyB8/kDizOY1w==</latexit><latexit sha1_base64="HbBpHIZvPOS6LFLUs3LMgSRDB3c=">AAACB3icbVA9TwJBEN3DL8Qv1NLCjcTEitzZiFYkNpYYRUiAkL1lDjbsfWR3zkguV9r4V2ws1Nj6F+z8N+7BFQq+ZJOXN29mZ54bSaHRtr+twtLyyupacb20sbm1vVPe3bvTYaw4NHkoQ9V2mQYpAmiiQAntSAHzXQktd3yZ1Vv3oLQIg1ucRNDz2TAQnuAMjdQvH3Z9hiPXS/z0gnYRHjC5gaEPAU4Nab9csav2FHSRODmpkByNfvmrOwh5nE3gkmndcewIewlTKLiEtNSNNUSMj9kQOoYGzAfdS6aHpPTYKAPqhcq8AOlU/d2RMF/rie8aZ7a2nq9l4n+1ToxerZeIIIoRAj77yIslxZBmqdCBUMBRTgxhXAmzK+UjphhHk13JhODMn7xImqfV86pzbVfqtTyNIjkgR+SEOOSM1MkVaZAm4eSRPJNX8mY9WS/Wu/UxsxasvGef/IH1+QMoLZo7</latexit><latexit sha1_base64="yjLCWGBoKvJCxem+ZhXqozUdI8Q=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5EMFoFbCwjeiaQhLC3mUuW7H2wOyeGI6WNf8XGQsXWv2Dnv3EvSaGJDxYeb97Mzjw/kUKj43xbC4tLyyurhbXi+sbm1ra9s3un41Rx8HgsY9XwmQYpIvBQoIRGooCFvoS6P7jM6/V7UFrE0S0OE2iHrBeJQHCGRurYB62QYd8PsnB0QVsID5jdQC+ECMeGUccuOWVnDDpP3CkpkSlqHfur1Y15mk/gkmnddJ0E2xlTKLiEUbGVakgYH7AeNA2NWAi6nY0PGdEjo3RpECvzIqRj9XdHxkKth6FvnPnaeraWi//VmikGlXYmoiRFiPjkoyCVFGOap0K7QgFHOTSEcSXMrpT3mWIcTXZFE4I7e/I88U7K52X3+rRUrUzTKJB9ckiOiUvOSJVckRrxCCeP5Jm8kjfryXqx3q2PiXXBmvbskT+wPn8AKW2aPw==</latexit><latexit sha1_base64="yjLCWGBoKvJCxem+ZhXqozUdI8Q=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5EMFoFbCwjeiaQhLC3mUuW7H2wOyeGI6WNf8XGQsXWv2Dnv3EvSaGJDxYeb97Mzjw/kUKj43xbC4tLyyurhbXi+sbm1ra9s3un41Rx8HgsY9XwmQYpIvBQoIRGooCFvoS6P7jM6/V7UFrE0S0OE2iHrBeJQHCGRurYB62QYd8PsnB0QVsID5jdQC+ECMeGUccuOWVnDDpP3CkpkSlqHfur1Y15mk/gkmnddJ0E2xlTKLiEUbGVakgYH7AeNA2NWAi6nY0PGdEjo3RpECvzIqRj9XdHxkKth6FvnPnaeraWi//VmikGlXYmoiRFiPjkoyCVFGOap0K7QgFHOTSEcSXMrpT3mWIcTXZFE4I7e/I88U7K52X3+rRUrUzTKJB9ckiOiUvOSJVckRrxCCeP5Jm8kjfryXqx3q2PiXXBmvbskT+wPn8AKW2aPw==</latexit><latexit sha1_base64="yjLCWGBoKvJCxem+ZhXqozUdI8Q=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5EMFoFbCwjeiaQhLC3mUuW7H2wOyeGI6WNf8XGQsXWv2Dnv3EvSaGJDxYeb97Mzjw/kUKj43xbC4tLyyurhbXi+sbm1ra9s3un41Rx8HgsY9XwmQYpIvBQoIRGooCFvoS6P7jM6/V7UFrE0S0OE2iHrBeJQHCGRurYB62QYd8PsnB0QVsID5jdQC+ECMeGUccuOWVnDDpP3CkpkSlqHfur1Y15mk/gkmnddJ0E2xlTKLiEUbGVakgYH7AeNA2NWAi6nY0PGdEjo3RpECvzIqRj9XdHxkKth6FvnPnaeraWi//VmikGlXYmoiRFiPjkoyCVFGOap0K7QgFHOTSEcSXMrpT3mWIcTXZFE4I7e/I88U7K52X3+rRUrUzTKJB9ckiOiUvOSJVckRrxCCeP5Jm8kjfryXqx3q2PiXXBmvbskT+wPn8AKW2aPw==</latexit><latexit sha1_base64="yjLCWGBoKvJCxem+ZhXqozUdI8Q=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5EMFoFbCwjeiaQhLC3mUuW7H2wOyeGI6WNf8XGQsXWv2Dnv3EvSaGJDxYeb97Mzjw/kUKj43xbC4tLyyurhbXi+sbm1ra9s3un41Rx8HgsY9XwmQYpIvBQoIRGooCFvoS6P7jM6/V7UFrE0S0OE2iHrBeJQHCGRurYB62QYd8PsnB0QVsID5jdQC+ECMeGUccuOWVnDDpP3CkpkSlqHfur1Y15mk/gkmnddJ0E2xlTKLiEUbGVakgYH7AeNA2NWAi6nY0PGdEjo3RpECvzIqRj9XdHxkKth6FvnPnaeraWi//VmikGlXYmoiRFiPjkoyCVFGOap0K7QgFHOTSEcSXMrpT3mWIcTXZFE4I7e/I88U7K52X3+rRUrUzTKJB9ckiOiUvOSJVckRrxCCeP5Jm8kjfryXqx3q2PiXXBmvbskT+wPn8AKW2aPw==</latexit><latexit sha1_base64="yjLCWGBoKvJCxem+ZhXqozUdI8Q=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5EMFoFbCwjeiaQhLC3mUuW7H2wOyeGI6WNf8XGQsXWv2Dnv3EvSaGJDxYeb97Mzjw/kUKj43xbC4tLyyurhbXi+sbm1ra9s3un41Rx8HgsY9XwmQYpIvBQoIRGooCFvoS6P7jM6/V7UFrE0S0OE2iHrBeJQHCGRurYB62QYd8PsnB0QVsID5jdQC+ECMeGUccuOWVnDDpP3CkpkSlqHfur1Y15mk/gkmnddJ0E2xlTKLiEUbGVakgYH7AeNA2NWAi6nY0PGdEjo3RpECvzIqRj9XdHxkKth6FvnPnaeraWi//VmikGlXYmoiRFiPjkoyCVFGOap0K7QgFHOTSEcSXMrpT3mWIcTXZFE4I7e/I88U7K52X3+rRUrUzTKJB9ckiOiUvOSJVckRrxCCeP5Jm8kjfryXqx3q2PiXXBmvbskT+wPn8AKW2aPw==</latexit><latexit sha1_base64="yjLCWGBoKvJCxem+ZhXqozUdI8Q=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5EMFoFbCwjeiaQhLC3mUuW7H2wOyeGI6WNf8XGQsXWv2Dnv3EvSaGJDxYeb97Mzjw/kUKj43xbC4tLyyurhbXi+sbm1ra9s3un41Rx8HgsY9XwmQYpIvBQoIRGooCFvoS6P7jM6/V7UFrE0S0OE2iHrBeJQHCGRurYB62QYd8PsnB0QVsID5jdQC+ECMeGUccuOWVnDDpP3CkpkSlqHfur1Y15mk/gkmnddJ0E2xlTKLiEUbGVakgYH7AeNA2NWAi6nY0PGdEjo3RpECvzIqRj9XdHxkKth6FvnPnaeraWi//VmikGlXYmoiRFiPjkoyCVFGOap0K7QgFHOTSEcSXMrpT3mWIcTXZFE4I7e/I88U7K52X3+rRUrUzTKJB9ckiOiUvOSJVckRrxCCeP5Jm8kjfryXqx3q2PiXXBmvbskT+wPn8AKW2aPw==</latexit>

y : CT images
<latexit sha1_base64="v/Z1mXWmRiUSRksQx5neHXkdIbg=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIVleFblxWaGyhCWUyndihkwczN2II2bjxV9y4UHHrR7jzb5y0XWjrgYHDuefeuff4ieAKLOvbWFpeWV1br2xUN7e2d3bNvf1bFaeSMofGIpY9nygmeMQc4CBYL5GMhL5gXX/cKuvdeyYVj6MOZAnzQnIX8YBTAloamEduSGDkB3lWXGEX2APkrQ7m2sVUMTBrVt2aAC8Se0ZqaIb2wPxyhzFNQxYBFUSpvm0l4OVEAqeCFVU3VSwhdKyn9zWNSMiUl0+uKPCJVoY4iKV+EeCJ+rsjJ6FSWehrZ7mzmq+V4n+1fgpBw8t5lKTAIjr9KEgFhhiXkeAhl4yCyDQhVHK9K6YjIgkFHVxVh2DPn7xInLP6Zd2+Oa81G7M0KugQHaNTZKML1ETXqI0cRNEjekav6M14Ml6Md+Njal0yZj0H6A+Mzx//gZhs</latexit><latexit sha1_base64="v/Z1mXWmRiUSRksQx5neHXkdIbg=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIVleFblxWaGyhCWUyndihkwczN2II2bjxV9y4UHHrR7jzb5y0XWjrgYHDuefeuff4ieAKLOvbWFpeWV1br2xUN7e2d3bNvf1bFaeSMofGIpY9nygmeMQc4CBYL5GMhL5gXX/cKuvdeyYVj6MOZAnzQnIX8YBTAloamEduSGDkB3lWXGEX2APkrQ7m2sVUMTBrVt2aAC8Se0ZqaIb2wPxyhzFNQxYBFUSpvm0l4OVEAqeCFVU3VSwhdKyn9zWNSMiUl0+uKPCJVoY4iKV+EeCJ+rsjJ6FSWehrZ7mzmq+V4n+1fgpBw8t5lKTAIjr9KEgFhhiXkeAhl4yCyDQhVHK9K6YjIgkFHVxVh2DPn7xInLP6Zd2+Oa81G7M0KugQHaNTZKML1ETXqI0cRNEjekav6M14Ml6Md+Njal0yZj0H6A+Mzx//gZhs</latexit><latexit sha1_base64="v/Z1mXWmRiUSRksQx5neHXkdIbg=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIVleFblxWaGyhCWUyndihkwczN2II2bjxV9y4UHHrR7jzb5y0XWjrgYHDuefeuff4ieAKLOvbWFpeWV1br2xUN7e2d3bNvf1bFaeSMofGIpY9nygmeMQc4CBYL5GMhL5gXX/cKuvdeyYVj6MOZAnzQnIX8YBTAloamEduSGDkB3lWXGEX2APkrQ7m2sVUMTBrVt2aAC8Se0ZqaIb2wPxyhzFNQxYBFUSpvm0l4OVEAqeCFVU3VSwhdKyn9zWNSMiUl0+uKPCJVoY4iKV+EeCJ+rsjJ6FSWehrZ7mzmq+V4n+1fgpBw8t5lKTAIjr9KEgFhhiXkeAhl4yCyDQhVHK9K6YjIgkFHVxVh2DPn7xInLP6Zd2+Oa81G7M0KugQHaNTZKML1ETXqI0cRNEjekav6M14Ml6Md+Njal0yZj0H6A+Mzx//gZhs</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="KvZbXk+kLyNssLXn6GGuH6c23Lo=">AAAB+XicbVA9T8MwEL2Ur1IKFFYYLCokpiph4WNC6sJYpJYiNVXluA616jiRfUFUURYW/goLAyD+CBv/BqftAC1POunpvTv77gWJFAZd99sprayurW+UNytb1e2d3dpe9dbEqWa8w2IZ67uAGi6F4h0UKPldojmNAsm7wbhZ+N0Hro2IVRsnCe9H9F6JUDCKVhrUDv2I4igIs0l+SXzkj5g120TYLm7yQa3uNtwpyDLx5qQOc7QGtS9/GLM04gqZpMb0PDfBfkY1CiZ5XvFTwxPKxvb1nqWKRtz0s+kVOTm2ypCEsbalkEzV3xMZjYyZRIHtLHY2i14h/uf1UgzP+5lQSYpcsdlHYSoJxqSIhAyF5gzlxBLKtLC7EjaimjK0wVVsCN7iycukc9q4aHg3LpThAI7gBDw4gyu4hhZ0gMETvMAbvDvPzqvzMUur5Mxj24c/cD5/AHTdlwc=</latexit><latexit sha1_base64="KvZbXk+kLyNssLXn6GGuH6c23Lo=">AAAB+XicbVA9T8MwEL2Ur1IKFFYYLCokpiph4WNC6sJYpJYiNVXluA616jiRfUFUURYW/goLAyD+CBv/BqftAC1POunpvTv77gWJFAZd99sprayurW+UNytb1e2d3dpe9dbEqWa8w2IZ67uAGi6F4h0UKPldojmNAsm7wbhZ+N0Hro2IVRsnCe9H9F6JUDCKVhrUDv2I4igIs0l+SXzkj5g120TYLm7yQa3uNtwpyDLx5qQOc7QGtS9/GLM04gqZpMb0PDfBfkY1CiZ5XvFTwxPKxvb1nqWKRtz0s+kVOTm2ypCEsbalkEzV3xMZjYyZRIHtLHY2i14h/uf1UgzP+5lQSYpcsdlHYSoJxqSIhAyF5gzlxBLKtLC7EjaimjK0wVVsCN7iycukc9q4aHg3LpThAI7gBDw4gyu4hhZ0gMETvMAbvDvPzqvzMUur5Mxj24c/cD5/AHTdlwc=</latexit><latexit sha1_base64="fZNgoiPGg/lq/ylFKCbf98IP6sI=">AAACBHicbVC7TsMwFHXKq5RXgBEGiwqJqUpYKEyVujAWqaGVmqhyXIdadR6ybxBR1IWFX2FhAMTKR7DxNzhtBmg5kqWjc8+9vvf4ieAKLOvbqKysrq1vVDdrW9s7u3vm/sGtilNJmUNjEcu+TxQTPGIOcBCsn0hGQl+wnj9pF/XePZOKx1EXsoR5IbmLeMApAS0NzWM3JDD2gzybXmEX2APk7S7m2sXUdGjWrYY1A14mdknqqERnaH65o5imIYuACqLUwLYS8HIigVPBpjU3VSwhdKKnDzSNSMiUl8+umOJTrYxwEEv9IsAz9XdHTkKlstDXzmJntVgrxP9qgxSCppfzKEmBRXT+UZAKDDEuIsEjLhkFkWlCqOR6V0zHRBIKOriaDsFePHmZOOeNy4Z9Y9VbzTKNKjpCJ+gM2egCtdA16iAHUfSIntErejOejBfj3fiYWytG2XOI/sD4/AH+QZho</latexit><latexit sha1_base64="v/Z1mXWmRiUSRksQx5neHXkdIbg=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIVleFblxWaGyhCWUyndihkwczN2II2bjxV9y4UHHrR7jzb5y0XWjrgYHDuefeuff4ieAKLOvbWFpeWV1br2xUN7e2d3bNvf1bFaeSMofGIpY9nygmeMQc4CBYL5GMhL5gXX/cKuvdeyYVj6MOZAnzQnIX8YBTAloamEduSGDkB3lWXGEX2APkrQ7m2sVUMTBrVt2aAC8Se0ZqaIb2wPxyhzFNQxYBFUSpvm0l4OVEAqeCFVU3VSwhdKyn9zWNSMiUl0+uKPCJVoY4iKV+EeCJ+rsjJ6FSWehrZ7mzmq+V4n+1fgpBw8t5lKTAIjr9KEgFhhiXkeAhl4yCyDQhVHK9K6YjIgkFHVxVh2DPn7xInLP6Zd2+Oa81G7M0KugQHaNTZKML1ETXqI0cRNEjekav6M14Ml6Md+Njal0yZj0H6A+Mzx//gZhs</latexit><latexit sha1_base64="v/Z1mXWmRiUSRksQx5neHXkdIbg=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIVleFblxWaGyhCWUyndihkwczN2II2bjxV9y4UHHrR7jzb5y0XWjrgYHDuefeuff4ieAKLOvbWFpeWV1br2xUN7e2d3bNvf1bFaeSMofGIpY9nygmeMQc4CBYL5GMhL5gXX/cKuvdeyYVj6MOZAnzQnIX8YBTAloamEduSGDkB3lWXGEX2APkrQ7m2sVUMTBrVt2aAC8Se0ZqaIb2wPxyhzFNQxYBFUSpvm0l4OVEAqeCFVU3VSwhdKyn9zWNSMiUl0+uKPCJVoY4iKV+EeCJ+rsjJ6FSWehrZ7mzmq+V4n+1fgpBw8t5lKTAIjr9KEgFhhiXkeAhl4yCyDQhVHK9K6YjIgkFHVxVh2DPn7xInLP6Zd2+Oa81G7M0KugQHaNTZKML1ETXqI0cRNEjekav6M14Ml6Md+Njal0yZj0H6A+Mzx//gZhs</latexit><latexit sha1_base64="v/Z1mXWmRiUSRksQx5neHXkdIbg=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIVleFblxWaGyhCWUyndihkwczN2II2bjxV9y4UHHrR7jzb5y0XWjrgYHDuefeuff4ieAKLOvbWFpeWV1br2xUN7e2d3bNvf1bFaeSMofGIpY9nygmeMQc4CBYL5GMhL5gXX/cKuvdeyYVj6MOZAnzQnIX8YBTAloamEduSGDkB3lWXGEX2APkrQ7m2sVUMTBrVt2aAC8Se0ZqaIb2wPxyhzFNQxYBFUSpvm0l4OVEAqeCFVU3VSwhdKyn9zWNSMiUl0+uKPCJVoY4iKV+EeCJ+rsjJ6FSWehrZ7mzmq+V4n+1fgpBw8t5lKTAIjr9KEgFhhiXkeAhl4yCyDQhVHK9K6YjIgkFHVxVh2DPn7xInLP6Zd2+Oa81G7M0KugQHaNTZKML1ETXqI0cRNEjekav6M14Ml6Md+Njal0yZj0H6A+Mzx//gZhs</latexit><latexit sha1_base64="v/Z1mXWmRiUSRksQx5neHXkdIbg=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIVleFblxWaGyhCWUyndihkwczN2II2bjxV9y4UHHrR7jzb5y0XWjrgYHDuefeuff4ieAKLOvbWFpeWV1br2xUN7e2d3bNvf1bFaeSMofGIpY9nygmeMQc4CBYL5GMhL5gXX/cKuvdeyYVj6MOZAnzQnIX8YBTAloamEduSGDkB3lWXGEX2APkrQ7m2sVUMTBrVt2aAC8Se0ZqaIb2wPxyhzFNQxYBFUSpvm0l4OVEAqeCFVU3VSwhdKyn9zWNSMiUl0+uKPCJVoY4iKV+EeCJ+rsjJ6FSWehrZ7mzmq+V4n+1fgpBw8t5lKTAIjr9KEgFhhiXkeAhl4yCyDQhVHK9K6YjIgkFHVxVh2DPn7xInLP6Zd2+Oa81G7M0KugQHaNTZKML1ETXqI0cRNEjekav6M14Ml6Md+Njal0yZj0H6A+Mzx//gZhs</latexit><latexit sha1_base64="v/Z1mXWmRiUSRksQx5neHXkdIbg=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIVleFblxWaGyhCWUyndihkwczN2II2bjxV9y4UHHrR7jzb5y0XWjrgYHDuefeuff4ieAKLOvbWFpeWV1br2xUN7e2d3bNvf1bFaeSMofGIpY9nygmeMQc4CBYL5GMhL5gXX/cKuvdeyYVj6MOZAnzQnIX8YBTAloamEduSGDkB3lWXGEX2APkrQ7m2sVUMTBrVt2aAC8Se0ZqaIb2wPxyhzFNQxYBFUSpvm0l4OVEAqeCFVU3VSwhdKyn9zWNSMiUl0+uKPCJVoY4iKV+EeCJ+rsjJ6FSWehrZ7mzmq+V4n+1fgpBw8t5lKTAIjr9KEgFhhiXkeAhl4yCyDQhVHK9K6YjIgkFHVxVh2DPn7xInLP6Zd2+Oa81G7M0KugQHaNTZKML1ETXqI0cRNEjekav6M14Ml6Md+Njal0yZj0H6A+Mzx//gZhs</latexit><latexit sha1_base64="v/Z1mXWmRiUSRksQx5neHXkdIbg=">AAACBHicbVDLSsNAFJ34rPUVdamLwSK4KokIVleFblxWaGyhCWUyndihkwczN2II2bjxV9y4UHHrR7jzb5y0XWjrgYHDuefeuff4ieAKLOvbWFpeWV1br2xUN7e2d3bNvf1bFaeSMofGIpY9nygmeMQc4CBYL5GMhL5gXX/cKuvdeyYVj6MOZAnzQnIX8YBTAloamEduSGDkB3lWXGEX2APkrQ7m2sVUMTBrVt2aAC8Se0ZqaIb2wPxyhzFNQxYBFUSpvm0l4OVEAqeCFVU3VSwhdKyn9zWNSMiUl0+uKPCJVoY4iKV+EeCJ+rsjJ6FSWehrZ7mzmq+V4n+1fgpBw8t5lKTAIjr9KEgFhhiXkeAhl4yCyDQhVHK9K6YjIgkFHVxVh2DPn7xInLP6Zd2+Oa81G7M0KugQHaNTZKML1ETXqI0cRNEjekav6M14Ml6Md+Njal0yZj0H6A+Mzx//gZhs</latexit>

p(y|m)
<latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit>

p(m)
<latexit sha1_base64="bJlh5/jix/D9Sde1knJtkOu4fyM=">AAAB9HicbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VqyabYNTbJLklXK0v/hxYOKV3+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnB4r+NUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Or3O//UiVZrG8M5OEBgIPJYsYwcZKD0mtJ7AZhVEmpmeoX6m6dXcGtEy8glShQKtf+eoNYpIKKg3hWOuu5yYmyLAyjHA6LfdSTRNMxnhIu5ZKLKgOslnqKTq1ygBFsbJPGjRTf29kWGg9EaGdzDPqRS8X//O6qYkaQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxRZVtCd7il5eJf16/qnu3F9Vmo2ijBMdwAjXw4BKacAMt8IGAgmd4hTfnyXlx3p2P+eiKU+wcwR84nz9MYpHk</latexit><latexit sha1_base64="bJlh5/jix/D9Sde1knJtkOu4fyM=">AAAB9HicbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VqyabYNTbJLklXK0v/hxYOKV3+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnB4r+NUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Or3O//UiVZrG8M5OEBgIPJYsYwcZKD0mtJ7AZhVEmpmeoX6m6dXcGtEy8glShQKtf+eoNYpIKKg3hWOuu5yYmyLAyjHA6LfdSTRNMxnhIu5ZKLKgOslnqKTq1ygBFsbJPGjRTf29kWGg9EaGdzDPqRS8X//O6qYkaQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxRZVtCd7il5eJf16/qnu3F9Vmo2ijBMdwAjXw4BKacAMt8IGAgmd4hTfnyXlx3p2P+eiKU+wcwR84nz9MYpHk</latexit><latexit sha1_base64="bJlh5/jix/D9Sde1knJtkOu4fyM=">AAAB9HicbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VqyabYNTbJLklXK0v/hxYOKV3+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnB4r+NUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Or3O//UiVZrG8M5OEBgIPJYsYwcZKD0mtJ7AZhVEmpmeoX6m6dXcGtEy8glShQKtf+eoNYpIKKg3hWOuu5yYmyLAyjHA6LfdSTRNMxnhIu5ZKLKgOslnqKTq1ygBFsbJPGjRTf29kWGg9EaGdzDPqRS8X//O6qYkaQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxRZVtCd7il5eJf16/qnu3F9Vmo2ijBMdwAjXw4BKacAMt8IGAgmd4hTfnyXlx3p2P+eiKU+wcwR84nz9MYpHk</latexit><latexit sha1_base64="bJlh5/jix/D9Sde1knJtkOu4fyM=">AAAB9HicbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VqyabYNTbJLklXK0v/hxYOKV3+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnB4r+NUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Or3O//UiVZrG8M5OEBgIPJYsYwcZKD0mtJ7AZhVEmpmeoX6m6dXcGtEy8glShQKtf+eoNYpIKKg3hWOuu5yYmyLAyjHA6LfdSTRNMxnhIu5ZKLKgOslnqKTq1ygBFsbJPGjRTf29kWGg9EaGdzDPqRS8X//O6qYkaQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxRZVtCd7il5eJf16/qnu3F9Vmo2ijBMdwAjXw4BKacAMt8IGAgmd4hTfnyXlx3p2P+eiKU+wcwR84nz9MYpHk</latexit>

How do thorax and abdominal structures 
look like? 

Generating an image from its 
segmentation, e.g. texture synthesis



|| 8/2/18Ender Konukoglu 6

Examples: Image enhancement

p(y|m)
<latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit>

p(m)
<latexit sha1_base64="bJlh5/jix/D9Sde1knJtkOu4fyM=">AAAB9HicbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VqyabYNTbJLklXK0v/hxYOKV3+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnB4r+NUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Or3O//UiVZrG8M5OEBgIPJYsYwcZKD0mtJ7AZhVEmpmeoX6m6dXcGtEy8glShQKtf+eoNYpIKKg3hWOuu5yYmyLAyjHA6LfdSTRNMxnhIu5ZKLKgOslnqKTq1ygBFsbJPGjRTf29kWGg9EaGdzDPqRS8X//O6qYkaQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxRZVtCd7il5eJf16/qnu3F9Vmo2ijBMdwAjXw4BKacAMt8IGAgmd4hTfnyXlx3p2P+eiKU+wcwR84nz9MYpHk</latexit><latexit sha1_base64="bJlh5/jix/D9Sde1knJtkOu4fyM=">AAAB9HicbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VqyabYNTbJLklXK0v/hxYOKV3+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnB4r+NUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Or3O//UiVZrG8M5OEBgIPJYsYwcZKD0mtJ7AZhVEmpmeoX6m6dXcGtEy8glShQKtf+eoNYpIKKg3hWOuu5yYmyLAyjHA6LfdSTRNMxnhIu5ZKLKgOslnqKTq1ygBFsbJPGjRTf29kWGg9EaGdzDPqRS8X//O6qYkaQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxRZVtCd7il5eJf16/qnu3F9Vmo2ijBMdwAjXw4BKacAMt8IGAgmd4hTfnyXlx3p2P+eiKU+wcwR84nz9MYpHk</latexit><latexit sha1_base64="bJlh5/jix/D9Sde1knJtkOu4fyM=">AAAB9HicbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VqyabYNTbJLklXK0v/hxYOKV3+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnB4r+NUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Or3O//UiVZrG8M5OEBgIPJYsYwcZKD0mtJ7AZhVEmpmeoX6m6dXcGtEy8glShQKtf+eoNYpIKKg3hWOuu5yYmyLAyjHA6LfdSTRNMxnhIu5ZKLKgOslnqKTq1ygBFsbJPGjRTf29kWGg9EaGdzDPqRS8X//O6qYkaQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxRZVtCd7il5eJf16/qnu3F9Vmo2ijBMdwAjXw4BKacAMt8IGAgmd4hTfnyXlx3p2P+eiKU+wcwR84nz9MYpHk</latexit><latexit sha1_base64="bJlh5/jix/D9Sde1knJtkOu4fyM=">AAAB9HicbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VqyabYNTbJLklXK0v/hxYOKV3+MN/+N2XYP2joQGGbe400mTDjTxnW/nZXVtfWNzdJWeXtnd2+/cnB4r+NUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Or3O//UiVZrG8M5OEBgIPJYsYwcZKD0mtJ7AZhVEmpmeoX6m6dXcGtEy8glShQKtf+eoNYpIKKg3hWOuu5yYmyLAyjHA6LfdSTRNMxnhIu5ZKLKgOslnqKTq1ygBFsbJPGjRTf29kWGg9EaGdzDPqRS8X//O6qYkaQcZkkhoqyfxQlHJkYpRXgAZMUWL4xBJMFLNZERlhhYmxRZVtCd7il5eJf16/qnu3F9Vmo2ijBMdwAjXw4BKacAMt8IGAgmd4hTfnyXlx3p2P+eiKU+wcwR84nz9MYpHk</latexit>

y : Low SNR MRI
<latexit sha1_base64="6XOMCPRwSUm0gCTo+9Imb5Jmjc4=">AAACB3icbVA9SwNBEN2LXzF+RS0tXAyCVbgTwWgVsFFQidEzgSSEvc1esmTvg905NRxX2vhXbCxUbP0Ldv4b95IUmvhg4PHeDDPznFBwBab5bWRmZufmF7KLuaXlldW1/PrGrQoiSZlNAxHIukMUE9xnNnAQrB5KRjxHsJrTP0n92h2Tigf+DQxC1vJI1+cupwS01M5vNz0CPceNBwk+xk1gDxCfB/f4+rKKL6pnSTtfMIvmEHiaWGNSQGNU2vmvZiegkcd8oIIo1bDMEFoxkcCpYEmuGSkWEtonXdbQ1CceU614+EiCd7XSwW4gdfmAh+rviZh4Sg08R3emZ6tJLxX/8xoRuKVWzP0wAubT0SI3EhgCnKaCO1wyCmKgCaGS61sx7RFJKOjscjoEa/LlaWLvF4+K1tVBoVwap5FFW2gH7SELHaIyOkUVZCOKHtEzekVvxpPxYrwbH6PWjDGe2UR/YHz+AOuPmMo=</latexit><latexit sha1_base64="6XOMCPRwSUm0gCTo+9Imb5Jmjc4=">AAACB3icbVA9SwNBEN2LXzF+RS0tXAyCVbgTwWgVsFFQidEzgSSEvc1esmTvg905NRxX2vhXbCxUbP0Ldv4b95IUmvhg4PHeDDPznFBwBab5bWRmZufmF7KLuaXlldW1/PrGrQoiSZlNAxHIukMUE9xnNnAQrB5KRjxHsJrTP0n92h2Tigf+DQxC1vJI1+cupwS01M5vNz0CPceNBwk+xk1gDxCfB/f4+rKKL6pnSTtfMIvmEHiaWGNSQGNU2vmvZiegkcd8oIIo1bDMEFoxkcCpYEmuGSkWEtonXdbQ1CceU614+EiCd7XSwW4gdfmAh+rviZh4Sg08R3emZ6tJLxX/8xoRuKVWzP0wAubT0SI3EhgCnKaCO1wyCmKgCaGS61sx7RFJKOjscjoEa/LlaWLvF4+K1tVBoVwap5FFW2gH7SELHaIyOkUVZCOKHtEzekVvxpPxYrwbH6PWjDGe2UR/YHz+AOuPmMo=</latexit><latexit sha1_base64="6XOMCPRwSUm0gCTo+9Imb5Jmjc4=">AAACB3icbVA9SwNBEN2LXzF+RS0tXAyCVbgTwWgVsFFQidEzgSSEvc1esmTvg905NRxX2vhXbCxUbP0Ldv4b95IUmvhg4PHeDDPznFBwBab5bWRmZufmF7KLuaXlldW1/PrGrQoiSZlNAxHIukMUE9xnNnAQrB5KRjxHsJrTP0n92h2Tigf+DQxC1vJI1+cupwS01M5vNz0CPceNBwk+xk1gDxCfB/f4+rKKL6pnSTtfMIvmEHiaWGNSQGNU2vmvZiegkcd8oIIo1bDMEFoxkcCpYEmuGSkWEtonXdbQ1CceU614+EiCd7XSwW4gdfmAh+rviZh4Sg08R3emZ6tJLxX/8xoRuKVWzP0wAubT0SI3EhgCnKaCO1wyCmKgCaGS61sx7RFJKOjscjoEa/LlaWLvF4+K1tVBoVwap5FFW2gH7SELHaIyOkUVZCOKHtEzekVvxpPxYrwbH6PWjDGe2UR/YHz+AOuPmMo=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="roKPN5n9xjAFGzPmc2OE/Sup+BQ=">AAAB/HicbZBLSwMxFIXv1FetVatbFwaL4KrMuPGxEtwoqNRqbaEtJZNm2tDMg+SOOgxduvGvuHGh4u9w578xfSy09UDg45yE3HvcSAqNtv1tZebmFxaXssu5lfzq2nphI3+nw1gxXmWhDFXdpZpLEfAqCpS8HilOfVfymts/Hea1e660CINbTCLe8mk3EJ5gFI3VLmw3fYo910uTATkmTeSPmF6ED+TmqkIuK+eDdqFol+yRyCw4EyjCROV24avZCVns8wCZpFo3HDvCVkoVCib5INeMNY8o69MubxgMqM91Kx0tMiC7xukQL1TmBEhG7u8XKfW1TnzX3ByOraezoflf1ojRO2ylIohi5AEbf+TFkmBIhq2QjlCcoUwMUKaEmZWwHlWUoekuZ0pwpleehep+6ajkXNuQhS3YgT1w4ABO4AzKUAUGT/ACb/BuPVuv1se4rYw1qW0T/sj6/AFda5di</latexit><latexit sha1_base64="roKPN5n9xjAFGzPmc2OE/Sup+BQ=">AAAB/HicbZBLSwMxFIXv1FetVatbFwaL4KrMuPGxEtwoqNRqbaEtJZNm2tDMg+SOOgxduvGvuHGh4u9w578xfSy09UDg45yE3HvcSAqNtv1tZebmFxaXssu5lfzq2nphI3+nw1gxXmWhDFXdpZpLEfAqCpS8HilOfVfymts/Hea1e660CINbTCLe8mk3EJ5gFI3VLmw3fYo910uTATkmTeSPmF6ED+TmqkIuK+eDdqFol+yRyCw4EyjCROV24avZCVns8wCZpFo3HDvCVkoVCib5INeMNY8o69MubxgMqM91Kx0tMiC7xukQL1TmBEhG7u8XKfW1TnzX3ByOraezoflf1ojRO2ylIohi5AEbf+TFkmBIhq2QjlCcoUwMUKaEmZWwHlWUoekuZ0pwpleehep+6ajkXNuQhS3YgT1w4ABO4AzKUAUGT/ACb/BuPVuv1se4rYw1qW0T/sj6/AFda5di</latexit><latexit sha1_base64="CE2aDZz0zDp4nz3o+eWlcvLP/8A=">AAACB3icbVA9SwNBEN3zM8avU0sLF4NgFe5sjFYBGwWVGI0JJCHsbfaSJXsf7M6px3GljX/FxkLF1r9g579xL0mhiQ8GHu/NMDPPCQVXYFnfxszs3PzCYm4pv7yyurZubmzeqiCSlNVoIALZcIhigvusBhwEa4SSEc8RrO4MTjK/fsek4oF/A3HI2h7p+dzllICWOuZOyyPQd9wkTvExbgF7gOQ8uMfXl1V8UT1LO2bBKlpD4Glij0kBjVHpmF+tbkAjj/lABVGqaVshtBMigVPB0nwrUiwkdEB6rKmpTzym2snwkRTvaaWL3UDq8gEP1d8TCfGUij1Hd2Znq0kvE//zmhG4pXbC/TAC5tPRIjcSGAKcpYK7XDIKItaEUMn1rZj2iSQUdHZ5HYI9+fI0qR0Uj4r2lVUol8Zp5NA22kX7yEaHqIxOUQXVEEWP6Bm9ojfjyXgx3o2PUeuMMZ7ZQn9gfP4A6k+Yxg==</latexit><latexit sha1_base64="6XOMCPRwSUm0gCTo+9Imb5Jmjc4=">AAACB3icbVA9SwNBEN2LXzF+RS0tXAyCVbgTwWgVsFFQidEzgSSEvc1esmTvg905NRxX2vhXbCxUbP0Ldv4b95IUmvhg4PHeDDPznFBwBab5bWRmZufmF7KLuaXlldW1/PrGrQoiSZlNAxHIukMUE9xnNnAQrB5KRjxHsJrTP0n92h2Tigf+DQxC1vJI1+cupwS01M5vNz0CPceNBwk+xk1gDxCfB/f4+rKKL6pnSTtfMIvmEHiaWGNSQGNU2vmvZiegkcd8oIIo1bDMEFoxkcCpYEmuGSkWEtonXdbQ1CceU614+EiCd7XSwW4gdfmAh+rviZh4Sg08R3emZ6tJLxX/8xoRuKVWzP0wAubT0SI3EhgCnKaCO1wyCmKgCaGS61sx7RFJKOjscjoEa/LlaWLvF4+K1tVBoVwap5FFW2gH7SELHaIyOkUVZCOKHtEzekVvxpPxYrwbH6PWjDGe2UR/YHz+AOuPmMo=</latexit><latexit sha1_base64="6XOMCPRwSUm0gCTo+9Imb5Jmjc4=">AAACB3icbVA9SwNBEN2LXzF+RS0tXAyCVbgTwWgVsFFQidEzgSSEvc1esmTvg905NRxX2vhXbCxUbP0Ldv4b95IUmvhg4PHeDDPznFBwBab5bWRmZufmF7KLuaXlldW1/PrGrQoiSZlNAxHIukMUE9xnNnAQrB5KRjxHsJrTP0n92h2Tigf+DQxC1vJI1+cupwS01M5vNz0CPceNBwk+xk1gDxCfB/f4+rKKL6pnSTtfMIvmEHiaWGNSQGNU2vmvZiegkcd8oIIo1bDMEFoxkcCpYEmuGSkWEtonXdbQ1CceU614+EiCd7XSwW4gdfmAh+rviZh4Sg08R3emZ6tJLxX/8xoRuKVWzP0wAubT0SI3EhgCnKaCO1wyCmKgCaGS61sx7RFJKOjscjoEa/LlaWLvF4+K1tVBoVwap5FFW2gH7SELHaIyOkUVZCOKHtEzekVvxpPxYrwbH6PWjDGe2UR/YHz+AOuPmMo=</latexit><latexit sha1_base64="6XOMCPRwSUm0gCTo+9Imb5Jmjc4=">AAACB3icbVA9SwNBEN2LXzF+RS0tXAyCVbgTwWgVsFFQidEzgSSEvc1esmTvg905NRxX2vhXbCxUbP0Ldv4b95IUmvhg4PHeDDPznFBwBab5bWRmZufmF7KLuaXlldW1/PrGrQoiSZlNAxHIukMUE9xnNnAQrB5KRjxHsJrTP0n92h2Tigf+DQxC1vJI1+cupwS01M5vNz0CPceNBwk+xk1gDxCfB/f4+rKKL6pnSTtfMIvmEHiaWGNSQGNU2vmvZiegkcd8oIIo1bDMEFoxkcCpYEmuGSkWEtonXdbQ1CceU614+EiCd7XSwW4gdfmAh+rviZh4Sg08R3emZ6tJLxX/8xoRuKVWzP0wAubT0SI3EhgCnKaCO1wyCmKgCaGS61sx7RFJKOjscjoEa/LlaWLvF4+K1tVBoVwap5FFW2gH7SELHaIyOkUVZCOKHtEzekVvxpPxYrwbH6PWjDGe2UR/YHz+AOuPmMo=</latexit><latexit sha1_base64="6XOMCPRwSUm0gCTo+9Imb5Jmjc4=">AAACB3icbVA9SwNBEN2LXzF+RS0tXAyCVbgTwWgVsFFQidEzgSSEvc1esmTvg905NRxX2vhXbCxUbP0Ldv4b95IUmvhg4PHeDDPznFBwBab5bWRmZufmF7KLuaXlldW1/PrGrQoiSZlNAxHIukMUE9xnNnAQrB5KRjxHsJrTP0n92h2Tigf+DQxC1vJI1+cupwS01M5vNz0CPceNBwk+xk1gDxCfB/f4+rKKL6pnSTtfMIvmEHiaWGNSQGNU2vmvZiegkcd8oIIo1bDMEFoxkcCpYEmuGSkWEtonXdbQ1CceU614+EiCd7XSwW4gdfmAh+rviZh4Sg08R3emZ6tJLxX/8xoRuKVWzP0wAubT0SI3EhgCnKaCO1wyCmKgCaGS61sx7RFJKOjscjoEa/LlaWLvF4+K1tVBoVwap5FFW2gH7SELHaIyOkUVZCOKHtEzekVvxpPxYrwbH6PWjDGe2UR/YHz+AOuPmMo=</latexit><latexit sha1_base64="6XOMCPRwSUm0gCTo+9Imb5Jmjc4=">AAACB3icbVA9SwNBEN2LXzF+RS0tXAyCVbgTwWgVsFFQidEzgSSEvc1esmTvg905NRxX2vhXbCxUbP0Ldv4b95IUmvhg4PHeDDPznFBwBab5bWRmZufmF7KLuaXlldW1/PrGrQoiSZlNAxHIukMUE9xnNnAQrB5KRjxHsJrTP0n92h2Tigf+DQxC1vJI1+cupwS01M5vNz0CPceNBwk+xk1gDxCfB/f4+rKKL6pnSTtfMIvmEHiaWGNSQGNU2vmvZiegkcd8oIIo1bDMEFoxkcCpYEmuGSkWEtonXdbQ1CceU614+EiCd7XSwW4gdfmAh+rviZh4Sg08R3emZ6tJLxX/8xoRuKVWzP0wAubT0SI3EhgCnKaCO1wyCmKgCaGS61sx7RFJKOjscjoEa/LlaWLvF4+K1tVBoVwap5FFW2gH7SELHaIyOkUVZCOKHtEzekVvxpPxYrwbH6PWjDGe2UR/YHz+AOuPmMo=</latexit><latexit sha1_base64="6XOMCPRwSUm0gCTo+9Imb5Jmjc4=">AAACB3icbVA9SwNBEN2LXzF+RS0tXAyCVbgTwWgVsFFQidEzgSSEvc1esmTvg905NRxX2vhXbCxUbP0Ldv4b95IUmvhg4PHeDDPznFBwBab5bWRmZufmF7KLuaXlldW1/PrGrQoiSZlNAxHIukMUE9xnNnAQrB5KRjxHsJrTP0n92h2Tigf+DQxC1vJI1+cupwS01M5vNz0CPceNBwk+xk1gDxCfB/f4+rKKL6pnSTtfMIvmEHiaWGNSQGNU2vmvZiegkcd8oIIo1bDMEFoxkcCpYEmuGSkWEtonXdbQ1CceU614+EiCd7XSwW4gdfmAh+rviZh4Sg08R3emZ6tJLxX/8xoRuKVWzP0wAubT0SI3EhgCnKaCO1wyCmKgCaGS61sx7RFJKOjscjoEa/LlaWLvF4+K1tVBoVwap5FFW2gH7SELHaIyOkUVZCOKHtEzekVvxpPxYrwbH6PWjDGe2UR/YHz+AOuPmMo=</latexit>

m : High SNR MRI
<latexit sha1_base64="+ozXHeEaoWUjf0u+OF96wqmWngs=">AAACB3icbVA9TwJBEN3zE/ELtbRwIzGxInfGRLQiscFCgyhCwhGyt+zBhr29y+6ckVwobfwrNhZqbP0Ldv4bF7hCwZdM8vLeTGbmeZHgGmz725qbX1hcWs6sZFfX1jc2c1vbdzqMFWU1GopQNTyimeCS1YCDYI1IMRJ4gtW9/vnIr98zpXkob2EQsVZAupL7nBIwUju35wYEep6fBMMz7AJ7gKTMuz18c1XFl9WLYTuXtwv2GHiWOCnJoxSVdu7L7YQ0DpgEKojWTceOoJUQBZwKNsy6sWYRoX3SZU1DJQmYbiXjR4b4wCgd7IfKlAQ8Vn9PJCTQehB4pnN0tp72RuJ/XjMGv9hKuIxiYJJOFvmxwBDiUSq4wxWjIAaGEKq4uRXTHlGEgskua0Jwpl+eJbWjwmnBuT7Ol4ppGhm0i/bRIXLQCSqhMqqgGqLoET2jV/RmPVkv1rv1MWmds9KZHfQH1ucPIjqY7A==</latexit><latexit sha1_base64="+ozXHeEaoWUjf0u+OF96wqmWngs=">AAACB3icbVA9TwJBEN3zE/ELtbRwIzGxInfGRLQiscFCgyhCwhGyt+zBhr29y+6ckVwobfwrNhZqbP0Ldv4bF7hCwZdM8vLeTGbmeZHgGmz725qbX1hcWs6sZFfX1jc2c1vbdzqMFWU1GopQNTyimeCS1YCDYI1IMRJ4gtW9/vnIr98zpXkob2EQsVZAupL7nBIwUju35wYEep6fBMMz7AJ7gKTMuz18c1XFl9WLYTuXtwv2GHiWOCnJoxSVdu7L7YQ0DpgEKojWTceOoJUQBZwKNsy6sWYRoX3SZU1DJQmYbiXjR4b4wCgd7IfKlAQ8Vn9PJCTQehB4pnN0tp72RuJ/XjMGv9hKuIxiYJJOFvmxwBDiUSq4wxWjIAaGEKq4uRXTHlGEgskua0Jwpl+eJbWjwmnBuT7Ol4ppGhm0i/bRIXLQCSqhMqqgGqLoET2jV/RmPVkv1rv1MWmds9KZHfQH1ucPIjqY7A==</latexit><latexit sha1_base64="+ozXHeEaoWUjf0u+OF96wqmWngs=">AAACB3icbVA9TwJBEN3zE/ELtbRwIzGxInfGRLQiscFCgyhCwhGyt+zBhr29y+6ckVwobfwrNhZqbP0Ldv4bF7hCwZdM8vLeTGbmeZHgGmz725qbX1hcWs6sZFfX1jc2c1vbdzqMFWU1GopQNTyimeCS1YCDYI1IMRJ4gtW9/vnIr98zpXkob2EQsVZAupL7nBIwUju35wYEep6fBMMz7AJ7gKTMuz18c1XFl9WLYTuXtwv2GHiWOCnJoxSVdu7L7YQ0DpgEKojWTceOoJUQBZwKNsy6sWYRoX3SZU1DJQmYbiXjR4b4wCgd7IfKlAQ8Vn9PJCTQehB4pnN0tp72RuJ/XjMGv9hKuIxiYJJOFvmxwBDiUSq4wxWjIAaGEKq4uRXTHlGEgskua0Jwpl+eJbWjwmnBuT7Ol4ppGhm0i/bRIXLQCSqhMqqgGqLoET2jV/RmPVkv1rv1MWmds9KZHfQH1ucPIjqY7A==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="oS8GS3WAgytscceCnOuF8cvO6jY=">AAAB/HicbZA7SwNBFIXvxleMUVdbCweDYBV2bXxUgk0slBiNCWRDmJ3MJkNmH8zcFcOS0sa/YmOh4u+w8984eRQaPTDwcc4Mc+/xEyk0Os6XlVtYXFpeya8W1orrG5v2VvFOx6livM5iGaumTzWXIuJ1FCh5M1Gchr7kDX9wPs4b91xpEUe3OEx4O6S9SASCUTRWx971Qop9P8jC0SnxkD9gVhG9Prm5qpHL2sWoY5ecsjMR+QvuDEowU7Vjf3rdmKUhj5BJqnXLdRJsZ1ShYJKPCl6qeULZgPZ4y2BEQ67b2WSREdk3TpcEsTInQjJxf77IaKj1MPTNzfHYej4bm/9lrRSD43YmoiRFHrHpR0EqCcZk3ArpCsUZyqEBypQwsxLWp4oyNN0VTAnu/Mp/oX5YPim71w7kYQf24ABcOIIzqEAV6sDgEZ7hFd6sJ+vFep+2lbNmtW3DL1kf35KRl4Q=</latexit><latexit sha1_base64="oS8GS3WAgytscceCnOuF8cvO6jY=">AAAB/HicbZA7SwNBFIXvxleMUVdbCweDYBV2bXxUgk0slBiNCWRDmJ3MJkNmH8zcFcOS0sa/YmOh4u+w8984eRQaPTDwcc4Mc+/xEyk0Os6XlVtYXFpeya8W1orrG5v2VvFOx6livM5iGaumTzWXIuJ1FCh5M1Gchr7kDX9wPs4b91xpEUe3OEx4O6S9SASCUTRWx971Qop9P8jC0SnxkD9gVhG9Prm5qpHL2sWoY5ecsjMR+QvuDEowU7Vjf3rdmKUhj5BJqnXLdRJsZ1ShYJKPCl6qeULZgPZ4y2BEQ67b2WSREdk3TpcEsTInQjJxf77IaKj1MPTNzfHYej4bm/9lrRSD43YmoiRFHrHpR0EqCcZk3ArpCsUZyqEBypQwsxLWp4oyNN0VTAnu/Mp/oX5YPim71w7kYQf24ABcOIIzqEAV6sDgEZ7hFd6sJ+vFep+2lbNmtW3DL1kf35KRl4Q=</latexit><latexit sha1_base64="bHXu5fWBPH+DHDqtxueabKSS42o=">AAACB3icbVA9TwJBEN3DL8Qv1NLCjcTEitzZiFYkNlhoEEVIuAvZW/Zgw97eZXfOSC6UNv4VGws1tv4FO/+Ny0eh4EsmeXlvJjPz/FhwDbb9bWUWFpeWV7KrubX1jc2t/PbOnY4SRVmdRiJSTZ9oJrhkdeAgWDNWjIS+YA2/fz7yG/dMaR7JWxjEzAtJV/KAUwJGauf33ZBAzw/ScHiGXWAPkFZ4t4dvrmr4snYxbOcLdtEeA88TZ0oKaIpqO//ldiKahEwCFUTrlmPH4KVEAaeCDXNuollMaJ90WctQSUKmvXT8yBAfGqWDg0iZkoDH6u+JlIRaD0LfdI7O1rPeSPzPayUQlLyUyzgBJulkUZAIDBEepYI7XDEKYmAIoYqbWzHtEUUomOxyJgRn9uV5Uj8unhada7tQLk3TyKI9dICOkINOUBlVUBXVEUWP6Bm9ojfryXqx3q2PSWvGms7soj+wPn8AIPqY6A==</latexit><latexit sha1_base64="+ozXHeEaoWUjf0u+OF96wqmWngs=">AAACB3icbVA9TwJBEN3zE/ELtbRwIzGxInfGRLQiscFCgyhCwhGyt+zBhr29y+6ckVwobfwrNhZqbP0Ldv4bF7hCwZdM8vLeTGbmeZHgGmz725qbX1hcWs6sZFfX1jc2c1vbdzqMFWU1GopQNTyimeCS1YCDYI1IMRJ4gtW9/vnIr98zpXkob2EQsVZAupL7nBIwUju35wYEep6fBMMz7AJ7gKTMuz18c1XFl9WLYTuXtwv2GHiWOCnJoxSVdu7L7YQ0DpgEKojWTceOoJUQBZwKNsy6sWYRoX3SZU1DJQmYbiXjR4b4wCgd7IfKlAQ8Vn9PJCTQehB4pnN0tp72RuJ/XjMGv9hKuIxiYJJOFvmxwBDiUSq4wxWjIAaGEKq4uRXTHlGEgskua0Jwpl+eJbWjwmnBuT7Ol4ppGhm0i/bRIXLQCSqhMqqgGqLoET2jV/RmPVkv1rv1MWmds9KZHfQH1ucPIjqY7A==</latexit><latexit sha1_base64="+ozXHeEaoWUjf0u+OF96wqmWngs=">AAACB3icbVA9TwJBEN3zE/ELtbRwIzGxInfGRLQiscFCgyhCwhGyt+zBhr29y+6ckVwobfwrNhZqbP0Ldv4bF7hCwZdM8vLeTGbmeZHgGmz725qbX1hcWs6sZFfX1jc2c1vbdzqMFWU1GopQNTyimeCS1YCDYI1IMRJ4gtW9/vnIr98zpXkob2EQsVZAupL7nBIwUju35wYEep6fBMMz7AJ7gKTMuz18c1XFl9WLYTuXtwv2GHiWOCnJoxSVdu7L7YQ0DpgEKojWTceOoJUQBZwKNsy6sWYRoX3SZU1DJQmYbiXjR4b4wCgd7IfKlAQ8Vn9PJCTQehB4pnN0tp72RuJ/XjMGv9hKuIxiYJJOFvmxwBDiUSq4wxWjIAaGEKq4uRXTHlGEgskua0Jwpl+eJbWjwmnBuT7Ol4ppGhm0i/bRIXLQCSqhMqqgGqLoET2jV/RmPVkv1rv1MWmds9KZHfQH1ucPIjqY7A==</latexit><latexit sha1_base64="+ozXHeEaoWUjf0u+OF96wqmWngs=">AAACB3icbVA9TwJBEN3zE/ELtbRwIzGxInfGRLQiscFCgyhCwhGyt+zBhr29y+6ckVwobfwrNhZqbP0Ldv4bF7hCwZdM8vLeTGbmeZHgGmz725qbX1hcWs6sZFfX1jc2c1vbdzqMFWU1GopQNTyimeCS1YCDYI1IMRJ4gtW9/vnIr98zpXkob2EQsVZAupL7nBIwUju35wYEep6fBMMz7AJ7gKTMuz18c1XFl9WLYTuXtwv2GHiWOCnJoxSVdu7L7YQ0DpgEKojWTceOoJUQBZwKNsy6sWYRoX3SZU1DJQmYbiXjR4b4wCgd7IfKlAQ8Vn9PJCTQehB4pnN0tp72RuJ/XjMGv9hKuIxiYJJOFvmxwBDiUSq4wxWjIAaGEKq4uRXTHlGEgskua0Jwpl+eJbWjwmnBuT7Ol4ppGhm0i/bRIXLQCSqhMqqgGqLoET2jV/RmPVkv1rv1MWmds9KZHfQH1ucPIjqY7A==</latexit><latexit sha1_base64="+ozXHeEaoWUjf0u+OF96wqmWngs=">AAACB3icbVA9TwJBEN3zE/ELtbRwIzGxInfGRLQiscFCgyhCwhGyt+zBhr29y+6ckVwobfwrNhZqbP0Ldv4bF7hCwZdM8vLeTGbmeZHgGmz725qbX1hcWs6sZFfX1jc2c1vbdzqMFWU1GopQNTyimeCS1YCDYI1IMRJ4gtW9/vnIr98zpXkob2EQsVZAupL7nBIwUju35wYEep6fBMMz7AJ7gKTMuz18c1XFl9WLYTuXtwv2GHiWOCnJoxSVdu7L7YQ0DpgEKojWTceOoJUQBZwKNsy6sWYRoX3SZU1DJQmYbiXjR4b4wCgd7IfKlAQ8Vn9PJCTQehB4pnN0tp72RuJ/XjMGv9hKuIxiYJJOFvmxwBDiUSq4wxWjIAaGEKq4uRXTHlGEgskua0Jwpl+eJbWjwmnBuT7Ol4ppGhm0i/bRIXLQCSqhMqqgGqLoET2jV/RmPVkv1rv1MWmds9KZHfQH1ucPIjqY7A==</latexit><latexit sha1_base64="+ozXHeEaoWUjf0u+OF96wqmWngs=">AAACB3icbVA9TwJBEN3zE/ELtbRwIzGxInfGRLQiscFCgyhCwhGyt+zBhr29y+6ckVwobfwrNhZqbP0Ldv4bF7hCwZdM8vLeTGbmeZHgGmz725qbX1hcWs6sZFfX1jc2c1vbdzqMFWU1GopQNTyimeCS1YCDYI1IMRJ4gtW9/vnIr98zpXkob2EQsVZAupL7nBIwUju35wYEep6fBMMz7AJ7gKTMuz18c1XFl9WLYTuXtwv2GHiWOCnJoxSVdu7L7YQ0DpgEKojWTceOoJUQBZwKNsy6sWYRoX3SZU1DJQmYbiXjR4b4wCgd7IfKlAQ8Vn9PJCTQehB4pnN0tp72RuJ/XjMGv9hKuIxiYJJOFvmxwBDiUSq4wxWjIAaGEKq4uRXTHlGEgskua0Jwpl+eJbWjwmnBuT7Ol4ppGhm0i/bRIXLQCSqhMqqgGqLoET2jV/RmPVkv1rv1MWmds9KZHfQH1ucPIjqY7A==</latexit><latexit sha1_base64="+ozXHeEaoWUjf0u+OF96wqmWngs=">AAACB3icbVA9TwJBEN3zE/ELtbRwIzGxInfGRLQiscFCgyhCwhGyt+zBhr29y+6ckVwobfwrNhZqbP0Ldv4bF7hCwZdM8vLeTGbmeZHgGmz725qbX1hcWs6sZFfX1jc2c1vbdzqMFWU1GopQNTyimeCS1YCDYI1IMRJ4gtW9/vnIr98zpXkob2EQsVZAupL7nBIwUju35wYEep6fBMMz7AJ7gKTMuz18c1XFl9WLYTuXtwv2GHiWOCnJoxSVdu7L7YQ0DpgEKojWTceOoJUQBZwKNsy6sWYRoX3SZU1DJQmYbiXjR4b4wCgd7IfKlAQ8Vn9PJCTQehB4pnN0tp72RuJ/XjMGv9hKuIxiYJJOFvmxwBDiUSq4wxWjIAaGEKq4uRXTHlGEgskua0Jwpl+eJbWjwmnBuT7Ol4ppGhm0i/bRIXLQCSqhMqqgGqLoET2jV/RmPVkv1rv1MWmds9KZHfQH1ucPIjqY7A==</latexit>

How do high SNR MRI look like? Generating a low SNR MRI from 
a high high SNR one, e.g. adding noise
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Posterior distribution

p (m|y) = p (y|m) p(m)

p(y)
<latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="PEUspiQgdiF5Lvq0I0qu+vWHimI=">AAACUnicbVHPS8MwGE2rzrlNrV69BIewXUbrRT0IghePE5wbrGWkWbqFJW1Jvgql9p/0Jl78U8x+4ObmB4H33vc+8uUlTAXX4Lqflr23f1A5rB7V6o3jk1PnrPGqk0xR1qOJSNQgJJoJHrMecBBskCpGZChYP5w9zvv9N6Y0T+IXyFMWSDKJecQpASONnCz1BYughX1JYBpGhSzx+y/JS+wrPplCG99jP1KEFtv+fNMv1/60tRbbZbGmuaEjp+l23EXhXeCtQBOtqjtyPvxxQjPJYqCCaD303BSCgijgVLCy5meapYTOyIQNDYyJZDooFvGU+MooYxwlypwY8ELdnCiI1DqXoXHOd9Tbvbn4X2+YQXQbFDxOM2AxXV4UZQJDgudZ4zFXjILIDSBUcbMrplNiUgTzIzUTgrf95F3Qu+7cdbxnF1XRBbpELeShG/SAnlAX9RBFX5Zl1ay69W1X7MYyLdtaxXaO/pR98gNiVbUo</latexit><latexit sha1_base64="PEUspiQgdiF5Lvq0I0qu+vWHimI=">AAACUnicbVHPS8MwGE2rzrlNrV69BIewXUbrRT0IghePE5wbrGWkWbqFJW1Jvgql9p/0Jl78U8x+4ObmB4H33vc+8uUlTAXX4Lqflr23f1A5rB7V6o3jk1PnrPGqk0xR1qOJSNQgJJoJHrMecBBskCpGZChYP5w9zvv9N6Y0T+IXyFMWSDKJecQpASONnCz1BYughX1JYBpGhSzx+y/JS+wrPplCG99jP1KEFtv+fNMv1/60tRbbZbGmuaEjp+l23EXhXeCtQBOtqjtyPvxxQjPJYqCCaD303BSCgijgVLCy5meapYTOyIQNDYyJZDooFvGU+MooYxwlypwY8ELdnCiI1DqXoXHOd9Tbvbn4X2+YQXQbFDxOM2AxXV4UZQJDgudZ4zFXjILIDSBUcbMrplNiUgTzIzUTgrf95F3Qu+7cdbxnF1XRBbpELeShG/SAnlAX9RBFX5Zl1ay69W1X7MYyLdtaxXaO/pR98gNiVbUo</latexit><latexit sha1_base64="wZTgFAIdIdTjqwqrvEEzHXuT2k8="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit>

Prediction is computed as posterior distribution
in generative modeling

p(y|m)
<latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit>

p(m|y)
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Given the low SNR
image what can the

high SNR image be? 

p(m|y)
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Discriminative models directly estimate the mapping from observation
to “label”. They can also estimate output probabilities
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Maximum A Posteriori (MAP) estimation

p (m|y) = p (y|m) p(m)

p(y)
<latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="PEUspiQgdiF5Lvq0I0qu+vWHimI=">AAACUnicbVHPS8MwGE2rzrlNrV69BIewXUbrRT0IghePE5wbrGWkWbqFJW1Jvgql9p/0Jl78U8x+4ObmB4H33vc+8uUlTAXX4Lqflr23f1A5rB7V6o3jk1PnrPGqk0xR1qOJSNQgJJoJHrMecBBskCpGZChYP5w9zvv9N6Y0T+IXyFMWSDKJecQpASONnCz1BYughX1JYBpGhSzx+y/JS+wrPplCG99jP1KEFtv+fNMv1/60tRbbZbGmuaEjp+l23EXhXeCtQBOtqjtyPvxxQjPJYqCCaD303BSCgijgVLCy5meapYTOyIQNDYyJZDooFvGU+MooYxwlypwY8ELdnCiI1DqXoXHOd9Tbvbn4X2+YQXQbFDxOM2AxXV4UZQJDgudZ4zFXjILIDSBUcbMrplNiUgTzIzUTgrf95F3Qu+7cdbxnF1XRBbpELeShG/SAnlAX9RBFX5Zl1ay69W1X7MYyLdtaxXaO/pR98gNiVbUo</latexit><latexit sha1_base64="PEUspiQgdiF5Lvq0I0qu+vWHimI=">AAACUnicbVHPS8MwGE2rzrlNrV69BIewXUbrRT0IghePE5wbrGWkWbqFJW1Jvgql9p/0Jl78U8x+4ObmB4H33vc+8uUlTAXX4Lqflr23f1A5rB7V6o3jk1PnrPGqk0xR1qOJSNQgJJoJHrMecBBskCpGZChYP5w9zvv9N6Y0T+IXyFMWSDKJecQpASONnCz1BYughX1JYBpGhSzx+y/JS+wrPplCG99jP1KEFtv+fNMv1/60tRbbZbGmuaEjp+l23EXhXeCtQBOtqjtyPvxxQjPJYqCCaD303BSCgijgVLCy5meapYTOyIQNDYyJZDooFvGU+MooYxwlypwY8ELdnCiI1DqXoXHOd9Tbvbn4X2+YQXQbFDxOM2AxXV4UZQJDgudZ4zFXjILIDSBUcbMrplNiUgTzIzUTgrf95F3Qu+7cdbxnF1XRBbpELeShG/SAnlAX9RBFX5Zl1ay69W1X7MYyLdtaxXaO/pR98gNiVbUo</latexit><latexit sha1_base64="wZTgFAIdIdTjqwqrvEEzHXuT2k8="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit><latexit sha1_base64="uwPUMFNgmWs+KY3fyyNzY91H7mo="></latexit>

Posterior is a distribution and can be difficult to compute for high dimensional m
Mode of the distribution is often easier to compute computationally

m⇤ = argmax
m

p(m|y)

= argmax
m

p(y|m)p(m)

= argmax
m

ln p(y|m) + ln p(m)
<latexit sha1_base64="heWTK1hmeUDFcQaBHoWhEv6TRYE="></latexit><latexit sha1_base64="heWTK1hmeUDFcQaBHoWhEv6TRYE="></latexit><latexit sha1_base64="heWTK1hmeUDFcQaBHoWhEv6TRYE="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="AbUPOMCBsC16c5MmBaZTGkzKlmQ="></latexit><latexit sha1_base64="AbUPOMCBsC16c5MmBaZTGkzKlmQ="></latexit><latexit sha1_base64="Zt3yg0BKUP/wkIUyt7x9zo1V1OY="></latexit><latexit sha1_base64="heWTK1hmeUDFcQaBHoWhEv6TRYE="></latexit><latexit sha1_base64="heWTK1hmeUDFcQaBHoWhEv6TRYE="></latexit><latexit sha1_base64="heWTK1hmeUDFcQaBHoWhEv6TRYE="></latexit><latexit sha1_base64="heWTK1hmeUDFcQaBHoWhEv6TRYE="></latexit><latexit sha1_base64="heWTK1hmeUDFcQaBHoWhEv6TRYE="></latexit><latexit sha1_base64="heWTK1hmeUDFcQaBHoWhEv6TRYE="></latexit>

m⇤ = argmax
m

ln p(y|m)| {z }
Data term

+ ln p(m)| {z }
Regularization

<latexit sha1_base64="pfoWftYmiJoHxALjLkjpH9aVfGI="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="l9zK0C2IbpQpH2PEwetOF6Vw6cE="></latexit><latexit sha1_base64="l9zK0C2IbpQpH2PEwetOF6Vw6cE="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit>

From the optimization perspective, prior is a regularization term

Ridge regression example: kXw � tk22 + kwk22
<latexit sha1_base64="r6R4OnH7OpyOfbrf+QxapBmQeXk="></latexit><latexit sha1_base64="jE94d0p+h2I89hsy47WDqTto2OU="></latexit><latexit sha1_base64="jE94d0p+h2I89hsy47WDqTto2OU="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="ZjHrVefYSSi9dXhh3cshEdRFrgY="></latexit><latexit sha1_base64="ZjHrVefYSSi9dXhh3cshEdRFrgY="></latexit><latexit sha1_base64="KI/wawZqQOWqUSXFGFEWIwmJA4A="></latexit><latexit sha1_base64="KI/wawZqQOWqUSXFGFEWIwmJA4A="></latexit><latexit sha1_base64="jE94d0p+h2I89hsy47WDqTto2OU="></latexit><latexit sha1_base64="jE94d0p+h2I89hsy47WDqTto2OU="></latexit><latexit sha1_base64="jE94d0p+h2I89hsy47WDqTto2OU="></latexit><latexit sha1_base64="jE94d0p+h2I89hsy47WDqTto2OU="></latexit><latexit sha1_base64="KI/wawZqQOWqUSXFGFEWIwmJA4A="></latexit>
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An intuitive look at MAP

p(y|m)
<latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit><latexit sha1_base64="zmrUn6rtdAlCZMpFsf0E2tyy7eg=">AAACAHicbZBPS8MwGMbT+W/Of1UvgpfgEOZltCI4bwMvHidYN9jKSLN0C0vSkqRCqfPiV/HiQcWrH8Ob38Z0q6CbDwR+PO/7kvd9gphRpR3nyyotLa+srpXXKxubW9s79u7erYoSiYmHIxbJToAUYVQQT1PNSCeWBPGAkXYwvszr7TsiFY3EjU5j4nM0FDSkGGlj9e2DuNbjSI+CMEsn9z/IJyd9u+rUnangIrgFVEGhVt/+7A0inHAiNGZIqa7rxNrPkNQUMzKp9BJFYoTHaEi6BgXiRPnZ9IIJPDbOAIaRNE9oOHV/T2SIK5XywHTmK6r5Wm7+V+smOmz4GRVxoonAs4/ChEEdwTwOOKCSYM1SAwhLanaFeIQkwtqEVjEhuPMnL4J3Wr+ou9dn1WajSKMMDsERqAEXnIMmuAIt4AEMHsATeAGv1qP1bL1Z77PWklXM7IM/sj6+AXozlxQ=</latexit>

p(m|y)
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p (m|y) = p (y|m) p(m)
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m⇤ = argmax
m

ln p(y|m) + ln p(m)
<latexit sha1_base64="raSg6wKI/35v6yNuo9+x7YSyYHE="></latexit><latexit sha1_base64="BP/sTTnmJfT1BziEIUWwHdZWvlo="></latexit><latexit sha1_base64="BP/sTTnmJfT1BziEIUWwHdZWvlo="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="iZxqu+g1MRhh4GXQR+FligBdZiA=">AAACNHicbZDNSgMxFIXv1L9aq45u3QSLUBXKjBt1IQhuXFawttCpJZNm2tBMZkgyYhnn0dz4CO5cu3Gh4iOY/ki19UDg8J0bcnP8mDOlHefFyi0sLi2v5FcLa8X1jU17q3ijokQSWiMRj2TDx4pyJmhNM81pI5YUhz6ndb9/Mczrd1QqFolrPYhpK8RdwQJGsDaobde9EOueH6RhdnuAzpCHZdeg+3Y6DTLkcYHi8g8ZZOgBTeN9dDgzYFjbLjkVZyQ0b9yJKcFE1bb97HUikoRUaMKxUk3XiXUrxVIzwmlW8BJFY0z6uEubxgocUtVKRwVkaM+QDgoiaY7QaER/30hxqNQg9M3kcEU1mw3hf1kz0cFJK2UiTjQVZPxQkHCkIzRsE3WYpETzgTGYSGZ2RaSHJSbadF4wJbizX543taPKacW9ciAPO7ALZXDhGM7hEqpQAwKP8Arv8GE9WW/W57itnDWpbRv+yPr6BhJerk8=</latexit><latexit sha1_base64="iZxqu+g1MRhh4GXQR+FligBdZiA=">AAACNHicbZDNSgMxFIXv1L9aq45u3QSLUBXKjBt1IQhuXFawttCpJZNm2tBMZkgyYhnn0dz4CO5cu3Gh4iOY/ki19UDg8J0bcnP8mDOlHefFyi0sLi2v5FcLa8X1jU17q3ijokQSWiMRj2TDx4pyJmhNM81pI5YUhz6ndb9/Mczrd1QqFolrPYhpK8RdwQJGsDaobde9EOueH6RhdnuAzpCHZdeg+3Y6DTLkcYHi8g8ZZOgBTeN9dDgzYFjbLjkVZyQ0b9yJKcFE1bb97HUikoRUaMKxUk3XiXUrxVIzwmlW8BJFY0z6uEubxgocUtVKRwVkaM+QDgoiaY7QaER/30hxqNQg9M3kcEU1mw3hf1kz0cFJK2UiTjQVZPxQkHCkIzRsE3WYpETzgTGYSGZ2RaSHJSbadF4wJbizX543taPKacW9ciAPO7ALZXDhGM7hEqpQAwKP8Arv8GE9WW/W57itnDWpbRv+yPr6BhJerk8=</latexit><latexit sha1_base64="pu53DHuX+5n5UDqEOwENricXefk="></latexit><latexit sha1_base64="pu53DHuX+5n5UDqEOwENricXefk="></latexit><latexit sha1_base64="BP/sTTnmJfT1BziEIUWwHdZWvlo="></latexit><latexit sha1_base64="BP/sTTnmJfT1BziEIUWwHdZWvlo="></latexit><latexit sha1_base64="BP/sTTnmJfT1BziEIUWwHdZWvlo="></latexit><latexit sha1_base64="BP/sTTnmJfT1BziEIUWwHdZWvlo="></latexit><latexit sha1_base64="pu53DHuX+5n5UDqEOwENricXefk="></latexit>

For simplicity assume y and m are image patches
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Cartoon representation*

Plausible images: p(m)

Images that satisfies observations:
p(y|m)

*Artistic illustration
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Samples

“Normal” Patches Noise Patches
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Cartoon representation*

Plausible images: p(m)

Images that satisfies observations:
p(y|m)

*Artistic illustration
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Samples

“Normal” Patches Noisy* Patches

* Patches from an image under-sampled in k-space
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Cartoon representation*

Plausible images: p(m)

Images that satisfies observations:
p(y|m)

*Artistic illustration

m⇤
<latexit sha1_base64="CfS1s4TDXvZs8o2n0BKKilq85lQ=">AAAB8nicbVC7TsMwFL0pr1JeBUYWiwoJMVQJC2WiEgtjQYRWakPluE5r1XYi20Gqov4GCwMgVj6AiY9g429w2g7QciRLR+fcq3t8woQzbVz32yksLa+srhXXSxubW9s75d29Ox2nilCfxDxWrRBrypmkvmGG01aiKBYhp81weJn7zQeqNIvlrRklNBC4L1nECDZW6nQENoMwysT4/qRbrrhVdwK0SLwZqVx8ftyARaNb/ur0YpIKKg3hWOu25yYmyLAyjHA6LnVSTRNMhrhP25ZKLKgOsknmMTqySg9FsbJPGjRRf29kWGg9EqGdzDPqeS8X//PaqYlqQcZkkhoqyfRQlHJkYpQXgHpMUWL4yBJMFLNZERlghYmxNZVsCd78lxeJf1o9r3rXbqVegymKcACHcAwenEEdrqABPhBI4BGe4cVJnSfn1Xmbjhac2c4+/IHz/gMvv5N6</latexit><latexit sha1_base64="cVx3qm1YF+7EzTPoNfZRAJ1IGuw=">AAAB8nicbVC7SgNBFL0bXzG+opaCDAZBLMKujbEyYGOZgGsC2RhmJ7PJkJndZWZWCEtKf8HGQsXWD0jlR9j5Df6Es0kKTTwwcDjnXu6Z48ecKW3bX1ZuaXlldS2/XtjY3NreKe7u3aookYS6JOKRbPpYUc5C6mqmOW3GkmLhc9rwB1eZ37inUrEovNHDmLYF7oUsYARrI3mewLrvB6kY3Z12iiW7bE+AFokzI6XLj3H9++FwXOsUP71uRBJBQ004Vqrl2LFup1hqRjgdFbxE0RiTAe7RlqEhFlS100nmETo2ShcFkTQv1Gii/t5IsVBqKHwzmWVU814m/ue1Eh1U2ikL40TTkEwPBQlHOkJZAajLJCWaDw3BRDKTFZE+lphoU1PBlODMf3mRuGfli7JTt0vVCkyRhwM4ghNw4ByqcA01cIFADI/wDC9WYj1Zr9bbdDRnzXb24Q+s9x83dZW/</latexit><latexit sha1_base64="cVx3qm1YF+7EzTPoNfZRAJ1IGuw=">AAAB8nicbVC7SgNBFL0bXzG+opaCDAZBLMKujbEyYGOZgGsC2RhmJ7PJkJndZWZWCEtKf8HGQsXWD0jlR9j5Df6Es0kKTTwwcDjnXu6Z48ecKW3bX1ZuaXlldS2/XtjY3NreKe7u3aookYS6JOKRbPpYUc5C6mqmOW3GkmLhc9rwB1eZ37inUrEovNHDmLYF7oUsYARrI3mewLrvB6kY3Z12iiW7bE+AFokzI6XLj3H9++FwXOsUP71uRBJBQ004Vqrl2LFup1hqRjgdFbxE0RiTAe7RlqEhFlS100nmETo2ShcFkTQv1Gii/t5IsVBqKHwzmWVU814m/ue1Eh1U2ikL40TTkEwPBQlHOkJZAajLJCWaDw3BRDKTFZE+lphoU1PBlODMf3mRuGfli7JTt0vVCkyRhwM4ghNw4ByqcA01cIFADI/wDC9WYj1Zr9bbdDRnzXb24Q+s9x83dZW/</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="cvYC+itKGdXV/H7KrJzKlD5r09A=">AAAB53icbVBNSwMxFHzrZ61Vq1cvwSKIh7LrRb0JXjxWcG2hW0s2fduGJtklyQpl6d/w4kHFf+TNf2O27UFbBwLDzHu8ycSZ4Mb6/re3tr6xubVd2anu1vb2D+qHtUeT5pphyFKR6k5MDQquMLTcCuxkGqmMBbbj8W3pt59RG56qBzvJsCfpUPGEM2qdFEWS2lGcFHL6dN6vN/ymPwNZJcGCNGCBVr/+FQ1SlktUlglqTDfwM9srqLacCZxWo9xgRtmYDrHrqKISTa+YZZ6SU6cMSJJq95QlM/X3RkGlMRMZu8kyo1n2SvE/r5vb5KpXcJXlFhWbH0pyQWxKygLIgGtkVkwcoUxzl5WwEdWUWVdT1ZUQLH95lYQXzetmcO9DBY7hBM4ggEu4gTtoQQgMMniBN3j3cu/V+5i3teYtajuCP/A+fwAzIJAk</latexit><latexit sha1_base64="cvYC+itKGdXV/H7KrJzKlD5r09A=">AAAB53icbVBNSwMxFHzrZ61Vq1cvwSKIh7LrRb0JXjxWcG2hW0s2fduGJtklyQpl6d/w4kHFf+TNf2O27UFbBwLDzHu8ycSZ4Mb6/re3tr6xubVd2anu1vb2D+qHtUeT5pphyFKR6k5MDQquMLTcCuxkGqmMBbbj8W3pt59RG56qBzvJsCfpUPGEM2qdFEWS2lGcFHL6dN6vN/ymPwNZJcGCNGCBVr/+FQ1SlktUlglqTDfwM9srqLacCZxWo9xgRtmYDrHrqKISTa+YZZ6SU6cMSJJq95QlM/X3RkGlMRMZu8kyo1n2SvE/r5vb5KpXcJXlFhWbH0pyQWxKygLIgGtkVkwcoUxzl5WwEdWUWVdT1ZUQLH95lYQXzetmcO9DBY7hBM4ggEu4gTtoQQgMMniBN3j3cu/V+5i3teYtajuCP/A+fwAzIJAk</latexit><latexit sha1_base64="r6A85Pi2Vn2hndX8ByBmzC+Tlf0=">AAAB8nicbVA9T8MwFHwpX6V8FRhZLCokxFAlLJStEgtjkQit1ITKcZ3Wqu1EtoNURf0bLAyAWPk1bPwbnDYDtJxk6XT3nt75opQzbVz326msrW9sblW3azu7e/sH9cOjB51kilCfJDxRvQhrypmkvmGG016qKBYRp91oclP43SeqNEvkvZmmNBR4JFnMCDZWCgKBzTiKczF7vBjUG27TnQOtEq8kDSjRGdS/gmFCMkGlIRxr3ffc1IQ5VoYRTme1INM0xWSCR7RvqcSC6jCfZ56hM6sMUZwo+6RBc/X3Ro6F1lMR2ckio172CvE/r5+ZuBXmTKaZoZIsDsUZRyZBRQFoyBQlhk8twUQxmxWRMVaYGFtTzZbgLX95lfiXzeumd+c22q2yjSqcwCmcgwdX0IZb6IAPBFJ4hld4czLnxXl3PhajFafcOYY/cD5/AHM5kXM=</latexit><latexit sha1_base64="r6A85Pi2Vn2hndX8ByBmzC+Tlf0=">AAAB8nicbVA9T8MwFHwpX6V8FRhZLCokxFAlLJStEgtjkQit1ITKcZ3Wqu1EtoNURf0bLAyAWPk1bPwbnDYDtJxk6XT3nt75opQzbVz326msrW9sblW3azu7e/sH9cOjB51kilCfJDxRvQhrypmkvmGG016qKBYRp91oclP43SeqNEvkvZmmNBR4JFnMCDZWCgKBzTiKczF7vBjUG27TnQOtEq8kDSjRGdS/gmFCMkGlIRxr3ffc1IQ5VoYRTme1INM0xWSCR7RvqcSC6jCfZ56hM6sMUZwo+6RBc/X3Ro6F1lMR2ckio172CvE/r5+ZuBXmTKaZoZIsDsUZRyZBRQFoyBQlhk8twUQxmxWRMVaYGFtTzZbgLX95lfiXzeumd+c22q2yjSqcwCmcgwdX0IZb6IAPBFJ4hld4czLnxXl3PhajFafcOYY/cD5/AHM5kXM=</latexit><latexit sha1_base64="cVx3qm1YF+7EzTPoNfZRAJ1IGuw=">AAAB8nicbVC7SgNBFL0bXzG+opaCDAZBLMKujbEyYGOZgGsC2RhmJ7PJkJndZWZWCEtKf8HGQsXWD0jlR9j5Df6Es0kKTTwwcDjnXu6Z48ecKW3bX1ZuaXlldS2/XtjY3NreKe7u3aookYS6JOKRbPpYUc5C6mqmOW3GkmLhc9rwB1eZ37inUrEovNHDmLYF7oUsYARrI3mewLrvB6kY3Z12iiW7bE+AFokzI6XLj3H9++FwXOsUP71uRBJBQ004Vqrl2LFup1hqRjgdFbxE0RiTAe7RlqEhFlS100nmETo2ShcFkTQv1Gii/t5IsVBqKHwzmWVU814m/ue1Eh1U2ikL40TTkEwPBQlHOkJZAajLJCWaDw3BRDKTFZE+lphoU1PBlODMf3mRuGfli7JTt0vVCkyRhwM4ghNw4ByqcA01cIFADI/wDC9WYj1Zr9bbdDRnzXb24Q+s9x83dZW/</latexit><latexit sha1_base64="cVx3qm1YF+7EzTPoNfZRAJ1IGuw=">AAAB8nicbVC7SgNBFL0bXzG+opaCDAZBLMKujbEyYGOZgGsC2RhmJ7PJkJndZWZWCEtKf8HGQsXWD0jlR9j5Df6Es0kKTTwwcDjnXu6Z48ecKW3bX1ZuaXlldS2/XtjY3NreKe7u3aookYS6JOKRbPpYUc5C6mqmOW3GkmLhc9rwB1eZ37inUrEovNHDmLYF7oUsYARrI3mewLrvB6kY3Z12iiW7bE+AFokzI6XLj3H9++FwXOsUP71uRBJBQ004Vqrl2LFup1hqRjgdFbxE0RiTAe7RlqEhFlS100nmETo2ShcFkTQv1Gii/t5IsVBqKHwzmWVU814m/ue1Eh1U2ikL40TTkEwPBQlHOkJZAajLJCWaDw3BRDKTFZE+lphoU1PBlODMf3mRuGfli7JTt0vVCkyRhwM4ghNw4ByqcA01cIFADI/wDC9WYj1Zr9bbdDRnzXb24Q+s9x83dZW/</latexit><latexit sha1_base64="cVx3qm1YF+7EzTPoNfZRAJ1IGuw=">AAAB8nicbVC7SgNBFL0bXzG+opaCDAZBLMKujbEyYGOZgGsC2RhmJ7PJkJndZWZWCEtKf8HGQsXWD0jlR9j5Df6Es0kKTTwwcDjnXu6Z48ecKW3bX1ZuaXlldS2/XtjY3NreKe7u3aookYS6JOKRbPpYUc5C6mqmOW3GkmLhc9rwB1eZ37inUrEovNHDmLYF7oUsYARrI3mewLrvB6kY3Z12iiW7bE+AFokzI6XLj3H9++FwXOsUP71uRBJBQ004Vqrl2LFup1hqRjgdFbxE0RiTAe7RlqEhFlS100nmETo2ShcFkTQv1Gii/t5IsVBqKHwzmWVU814m/ue1Eh1U2ikL40TTkEwPBQlHOkJZAajLJCWaDw3BRDKTFZE+lphoU1PBlODMf3mRuGfli7JTt0vVCkyRhwM4ghNw4ByqcA01cIFADI/wDC9WYj1Zr9bbdDRnzXb24Q+s9x83dZW/</latexit><latexit sha1_base64="cVx3qm1YF+7EzTPoNfZRAJ1IGuw=">AAAB8nicbVC7SgNBFL0bXzG+opaCDAZBLMKujbEyYGOZgGsC2RhmJ7PJkJndZWZWCEtKf8HGQsXWD0jlR9j5Df6Es0kKTTwwcDjnXu6Z48ecKW3bX1ZuaXlldS2/XtjY3NreKe7u3aookYS6JOKRbPpYUc5C6mqmOW3GkmLhc9rwB1eZ37inUrEovNHDmLYF7oUsYARrI3mewLrvB6kY3Z12iiW7bE+AFokzI6XLj3H9++FwXOsUP71uRBJBQ004Vqrl2LFup1hqRjgdFbxE0RiTAe7RlqEhFlS100nmETo2ShcFkTQv1Gii/t5IsVBqKHwzmWVU814m/ue1Eh1U2ikL40TTkEwPBQlHOkJZAajLJCWaDw3BRDKTFZE+lphoU1PBlODMf3mRuGfli7JTt0vVCkyRhwM4ghNw4ByqcA01cIFADI/wDC9WYj1Zr9bbdDRnzXb24Q+s9x83dZW/</latexit><latexit sha1_base64="r6A85Pi2Vn2hndX8ByBmzC+Tlf0=">AAAB8nicbVA9T8MwFHwpX6V8FRhZLCokxFAlLJStEgtjkQit1ITKcZ3Wqu1EtoNURf0bLAyAWPk1bPwbnDYDtJxk6XT3nt75opQzbVz326msrW9sblW3azu7e/sH9cOjB51kilCfJDxRvQhrypmkvmGG016qKBYRp91oclP43SeqNEvkvZmmNBR4JFnMCDZWCgKBzTiKczF7vBjUG27TnQOtEq8kDSjRGdS/gmFCMkGlIRxr3ffc1IQ5VoYRTme1INM0xWSCR7RvqcSC6jCfZ56hM6sMUZwo+6RBc/X3Ro6F1lMR2ckio172CvE/r5+ZuBXmTKaZoZIsDsUZRyZBRQFoyBQlhk8twUQxmxWRMVaYGFtTzZbgLX95lfiXzeumd+c22q2yjSqcwCmcgwdX0IZb6IAPBFJ4hld4czLnxXl3PhajFafcOYY/cD5/AHM5kXM=</latexit>

would be the point with the highest probability in the same area

p(m|y)
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would lie in the area shown in red
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An intuitive look at MAP

Real image
Ground truth

Observed Image Reconstructed
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p(m)
<latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit><latexit sha1_base64="0tT7pBkAAuJV3hHjeNXkcMeIlz8=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrgvVW8OKxgmsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O2vrG5tb26Wd8u7e/sFh5ej4UcepItQnMY9VJ8Saciapb5jhtJMoikXIaTsc3+Z+e0KVZrF8MNOEBgIPJYsYwcZKQVLrCWxGYZSJ2UW/UnXr7hxolXgFqUKBVr/y1RvEJBVUGsKx1l3PTUyQYWUY4XRW7qWaJpiM8ZB2LZVYUB1k89AzdG6VAYpiZZ80aK7+3siw0HoqQjuZR9TLXi7+53VTEzWCjMkkNVSSxaEo5cjEKG8ADZiixPCpJZgoZrMiMsIKE2N7KtsSvOUvrxL/sn5T9+6vqs1G0UYJTuEMauDBNTThDlrgA4EneIZXeHMmzovz7nwsRtecYucE/sD5/AHyBJG6</latexit>

m⇤
<latexit sha1_base64="ji2qQBjtuLZZcE5JzNxXNsc0O/g=">AAAB8nicbVBNSwMxFHzrZ61fVY9egkUQD2VXBOut4MVjBdcWumvJptk2NMkuSVYoS/+GFw8qXv013vw3Zts9aOtAYJh5jzeZKOVMG9f9dlZW19Y3Nitb1e2d3b392sHhg04yRahPEp6oboQ15UxS3zDDaTdVFIuI0040vin8zhNVmiXy3kxSGgo8lCxmBBsrBYHAZhTFuZg+nvdrdbfhzoCWiVeSOpRo92tfwSAhmaDSEI617nluasIcK8MIp9NqkGmaYjLGQ9qzVGJBdZjPMk/RqVUGKE6UfdKgmfp7I8dC64mI7GSRUS96hfif18tM3AxzJtPMUEnmh+KMI5OgogA0YIoSwyeWYKKYzYrICCtMjK2pakvwFr+8TPyLxnXDu7ust5plGxU4hhM4Aw+uoAW30AYfCKTwDK/w5mTOi/PufMxHV5xy5wj+wPn8AXR5kXc=</latexit><latexit sha1_base64="ji2qQBjtuLZZcE5JzNxXNsc0O/g=">AAAB8nicbVBNSwMxFHzrZ61fVY9egkUQD2VXBOut4MVjBdcWumvJptk2NMkuSVYoS/+GFw8qXv013vw3Zts9aOtAYJh5jzeZKOVMG9f9dlZW19Y3Nitb1e2d3b392sHhg04yRahPEp6oboQ15UxS3zDDaTdVFIuI0040vin8zhNVmiXy3kxSGgo8lCxmBBsrBYHAZhTFuZg+nvdrdbfhzoCWiVeSOpRo92tfwSAhmaDSEI617nluasIcK8MIp9NqkGmaYjLGQ9qzVGJBdZjPMk/RqVUGKE6UfdKgmfp7I8dC64mI7GSRUS96hfif18tM3AxzJtPMUEnmh+KMI5OgogA0YIoSwyeWYKKYzYrICCtMjK2pakvwFr+8TPyLxnXDu7ust5plGxU4hhM4Aw+uoAW30AYfCKTwDK/w5mTOi/PufMxHV5xy5wj+wPn8AXR5kXc=</latexit><latexit sha1_base64="ji2qQBjtuLZZcE5JzNxXNsc0O/g=">AAAB8nicbVBNSwMxFHzrZ61fVY9egkUQD2VXBOut4MVjBdcWumvJptk2NMkuSVYoS/+GFw8qXv013vw3Zts9aOtAYJh5jzeZKOVMG9f9dlZW19Y3Nitb1e2d3b392sHhg04yRahPEp6oboQ15UxS3zDDaTdVFIuI0040vin8zhNVmiXy3kxSGgo8lCxmBBsrBYHAZhTFuZg+nvdrdbfhzoCWiVeSOpRo92tfwSAhmaDSEI617nluasIcK8MIp9NqkGmaYjLGQ9qzVGJBdZjPMk/RqVUGKE6UfdKgmfp7I8dC64mI7GSRUS96hfif18tM3AxzJtPMUEnmh+KMI5OgogA0YIoSwyeWYKKYzYrICCtMjK2pakvwFr+8TPyLxnXDu7ust5plGxU4hhM4Aw+uoAW30AYfCKTwDK/w5mTOi/PufMxHV5xy5wj+wPn8AXR5kXc=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="cvYC+itKGdXV/H7KrJzKlD5r09A=">AAAB53icbVBNSwMxFHzrZ61Vq1cvwSKIh7LrRb0JXjxWcG2hW0s2fduGJtklyQpl6d/w4kHFf+TNf2O27UFbBwLDzHu8ycSZ4Mb6/re3tr6xubVd2anu1vb2D+qHtUeT5pphyFKR6k5MDQquMLTcCuxkGqmMBbbj8W3pt59RG56qBzvJsCfpUPGEM2qdFEWS2lGcFHL6dN6vN/ymPwNZJcGCNGCBVr/+FQ1SlktUlglqTDfwM9srqLacCZxWo9xgRtmYDrHrqKISTa+YZZ6SU6cMSJJq95QlM/X3RkGlMRMZu8kyo1n2SvE/r5vb5KpXcJXlFhWbH0pyQWxKygLIgGtkVkwcoUxzl5WwEdWUWVdT1ZUQLH95lYQXzetmcO9DBY7hBM4ggEu4gTtoQQgMMniBN3j3cu/V+5i3teYtajuCP/A+fwAzIJAk</latexit><latexit sha1_base64="cvYC+itKGdXV/H7KrJzKlD5r09A=">AAAB53icbVBNSwMxFHzrZ61Vq1cvwSKIh7LrRb0JXjxWcG2hW0s2fduGJtklyQpl6d/w4kHFf+TNf2O27UFbBwLDzHu8ycSZ4Mb6/re3tr6xubVd2anu1vb2D+qHtUeT5pphyFKR6k5MDQquMLTcCuxkGqmMBbbj8W3pt59RG56qBzvJsCfpUPGEM2qdFEWS2lGcFHL6dN6vN/ymPwNZJcGCNGCBVr/+FQ1SlktUlglqTDfwM9srqLacCZxWo9xgRtmYDrHrqKISTa+YZZ6SU6cMSJJq95QlM/X3RkGlMRMZu8kyo1n2SvE/r5vb5KpXcJXlFhWbH0pyQWxKygLIgGtkVkwcoUxzl5WwEdWUWVdT1ZUQLH95lYQXzetmcO9DBY7hBM4ggEu4gTtoQQgMMniBN3j3cu/V+5i3teYtajuCP/A+fwAzIJAk</latexit><latexit sha1_base64="r6A85Pi2Vn2hndX8ByBmzC+Tlf0=">AAAB8nicbVA9T8MwFHwpX6V8FRhZLCokxFAlLJStEgtjkQit1ITKcZ3Wqu1EtoNURf0bLAyAWPk1bPwbnDYDtJxk6XT3nt75opQzbVz326msrW9sblW3azu7e/sH9cOjB51kilCfJDxRvQhrypmkvmGG016qKBYRp91oclP43SeqNEvkvZmmNBR4JFnMCDZWCgKBzTiKczF7vBjUG27TnQOtEq8kDSjRGdS/gmFCMkGlIRxr3ffc1IQ5VoYRTme1INM0xWSCR7RvqcSC6jCfZ56hM6sMUZwo+6RBc/X3Ro6F1lMR2ckio172CvE/r5+ZuBXmTKaZoZIsDsUZRyZBRQFoyBQlhk8twUQxmxWRMVaYGFtTzZbgLX95lfiXzeumd+c22q2yjSqcwCmcgwdX0IZb6IAPBFJ4hld4czLnxXl3PhajFafcOYY/cD5/AHM5kXM=</latexit><latexit sha1_base64="ji2qQBjtuLZZcE5JzNxXNsc0O/g=">AAAB8nicbVBNSwMxFHzrZ61fVY9egkUQD2VXBOut4MVjBdcWumvJptk2NMkuSVYoS/+GFw8qXv013vw3Zts9aOtAYJh5jzeZKOVMG9f9dlZW19Y3Nitb1e2d3b392sHhg04yRahPEp6oboQ15UxS3zDDaTdVFIuI0040vin8zhNVmiXy3kxSGgo8lCxmBBsrBYHAZhTFuZg+nvdrdbfhzoCWiVeSOpRo92tfwSAhmaDSEI617nluasIcK8MIp9NqkGmaYjLGQ9qzVGJBdZjPMk/RqVUGKE6UfdKgmfp7I8dC64mI7GSRUS96hfif18tM3AxzJtPMUEnmh+KMI5OgogA0YIoSwyeWYKKYzYrICCtMjK2pakvwFr+8TPyLxnXDu7ust5plGxU4hhM4Aw+uoAW30AYfCKTwDK/w5mTOi/PufMxHV5xy5wj+wPn8AXR5kXc=</latexit><latexit sha1_base64="ji2qQBjtuLZZcE5JzNxXNsc0O/g=">AAAB8nicbVBNSwMxFHzrZ61fVY9egkUQD2VXBOut4MVjBdcWumvJptk2NMkuSVYoS/+GFw8qXv013vw3Zts9aOtAYJh5jzeZKOVMG9f9dlZW19Y3Nitb1e2d3b392sHhg04yRahPEp6oboQ15UxS3zDDaTdVFIuI0040vin8zhNVmiXy3kxSGgo8lCxmBBsrBYHAZhTFuZg+nvdrdbfhzoCWiVeSOpRo92tfwSAhmaDSEI617nluasIcK8MIp9NqkGmaYjLGQ9qzVGJBdZjPMk/RqVUGKE6UfdKgmfp7I8dC64mI7GSRUS96hfif18tM3AxzJtPMUEnmh+KMI5OgogA0YIoSwyeWYKKYzYrICCtMjK2pakvwFr+8TPyLxnXDu7ust5plGxU4hhM4Aw+uoAW30AYfCKTwDK/w5mTOi/PufMxHV5xy5wj+wPn8AXR5kXc=</latexit><latexit sha1_base64="ji2qQBjtuLZZcE5JzNxXNsc0O/g=">AAAB8nicbVBNSwMxFHzrZ61fVY9egkUQD2VXBOut4MVjBdcWumvJptk2NMkuSVYoS/+GFw8qXv013vw3Zts9aOtAYJh5jzeZKOVMG9f9dlZW19Y3Nitb1e2d3b392sHhg04yRahPEp6oboQ15UxS3zDDaTdVFIuI0040vin8zhNVmiXy3kxSGgo8lCxmBBsrBYHAZhTFuZg+nvdrdbfhzoCWiVeSOpRo92tfwSAhmaDSEI617nluasIcK8MIp9NqkGmaYjLGQ9qzVGJBdZjPMk/RqVUGKE6UfdKgmfp7I8dC64mI7GSRUS96hfif18tM3AxzJtPMUEnmh+KMI5OgogA0YIoSwyeWYKKYzYrICCtMjK2pakvwFr+8TPyLxnXDu7ust5plGxU4hhM4Aw+uoAW30AYfCKTwDK/w5mTOi/PufMxHV5xy5wj+wPn8AXR5kXc=</latexit><latexit sha1_base64="ji2qQBjtuLZZcE5JzNxXNsc0O/g=">AAAB8nicbVBNSwMxFHzrZ61fVY9egkUQD2VXBOut4MVjBdcWumvJptk2NMkuSVYoS/+GFw8qXv013vw3Zts9aOtAYJh5jzeZKOVMG9f9dlZW19Y3Nitb1e2d3b392sHhg04yRahPEp6oboQ15UxS3zDDaTdVFIuI0040vin8zhNVmiXy3kxSGgo8lCxmBBsrBYHAZhTFuZg+nvdrdbfhzoCWiVeSOpRo92tfwSAhmaDSEI617nluasIcK8MIp9NqkGmaYjLGQ9qzVGJBdZjPMk/RqVUGKE6UfdKgmfp7I8dC64mI7GSRUS96hfif18tM3AxzJtPMUEnmh+KMI5OgogA0YIoSwyeWYKKYzYrICCtMjK2pakvwFr+8TPyLxnXDu7ust5plGxU4hhM4Aw+uoAW30AYfCKTwDK/w5mTOi/PufMxHV5xy5wj+wPn8AXR5kXc=</latexit><latexit sha1_base64="ji2qQBjtuLZZcE5JzNxXNsc0O/g=">AAAB8nicbVBNSwMxFHzrZ61fVY9egkUQD2VXBOut4MVjBdcWumvJptk2NMkuSVYoS/+GFw8qXv013vw3Zts9aOtAYJh5jzeZKOVMG9f9dlZW19Y3Nitb1e2d3b392sHhg04yRahPEp6oboQ15UxS3zDDaTdVFIuI0040vin8zhNVmiXy3kxSGgo8lCxmBBsrBYHAZhTFuZg+nvdrdbfhzoCWiVeSOpRo92tfwSAhmaDSEI617nluasIcK8MIp9NqkGmaYjLGQ9qzVGJBdZjPMk/RqVUGKE6UfdKgmfp7I8dC64mI7GSRUS96hfif18tM3AxzJtPMUEnmh+KMI5OgogA0YIoSwyeWYKKYzYrICCtMjK2pakvwFr+8TPyLxnXDu7ust5plGxU4hhM4Aw+uoAW30AYfCKTwDK/w5mTOi/PufMxHV5xy5wj+wPn8AXR5kXc=</latexit><latexit sha1_base64="ji2qQBjtuLZZcE5JzNxXNsc0O/g=">AAAB8nicbVBNSwMxFHzrZ61fVY9egkUQD2VXBOut4MVjBdcWumvJptk2NMkuSVYoS/+GFw8qXv013vw3Zts9aOtAYJh5jzeZKOVMG9f9dlZW19Y3Nitb1e2d3b392sHhg04yRahPEp6oboQ15UxS3zDDaTdVFIuI0040vin8zhNVmiXy3kxSGgo8lCxmBBsrBYHAZhTFuZg+nvdrdbfhzoCWiVeSOpRo92tfwSAhmaDSEI617nluasIcK8MIp9NqkGmaYjLGQ9qzVGJBdZjPMk/RqVUGKE6UfdKgmfp7I8dC64mI7GSRUS96hfif18tM3AxzJtPMUEnmh+KMI5OgogA0YIoSwyeWYKKYzYrICCtMjK2pakvwFr+8TPyLxnXDu7ust5plGxU4hhM4Aw+uoAW30AYfCKTwDK/w5mTOi/PufMxHV5xy5wj+wPn8AXR5kXc=</latexit>

A sample from the
perfect prior
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Cartoon representation*

Plausible images: p(m)

Images that satisfies observations:
p(y|m)

*Artistic illustration

m⇤
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would be the point with the highest probability in the same area

p(m|y)
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would lie in the area shown in red



||

§ Improving robustness with prior knowledge

§ General algorithms due to decoupling of
prior and observation model 
Going beyond only labeled dataset

§ Potentially low number of labeled examples
§ Prior anatomical/physiological knowledge in medical image 

computing
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Why use generative models for analyzing images? 

m⇤ = argmax
m

ln p(y|m)| {z }
Data term

+ ln p(m)| {z }
Regularization

<latexit sha1_base64="pfoWftYmiJoHxALjLkjpH9aVfGI="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="l9zK0C2IbpQpH2PEwetOF6Vw6cE="></latexit><latexit sha1_base64="l9zK0C2IbpQpH2PEwetOF6Vw6cE="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit>

m⇤ = f✓(y)
<latexit sha1_base64="jKnDJNt3j1m736X/pdd3ztPtkRk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6VQXZRExMdCKLhxWcHYQlvDZDpph04ezNwIJeQL3PgrblyouHXvzr9x0lbQ1gMXDufcy733eLHgCizryygsLC4trxRXS2vrG5tb5vbOrYoSSZlDIxHJlkcUEzxkDnAQrBVLRgJPsKY3vMz95j2TikfhDYxi1g1IP+Q+pwS05JqVTkBg4PlpkN0d4gvsu2kHBgxIVv1xRtmBa5atmjUGnif2lJTRFA3X/Oz0IpoELAQqiFJt24qhmxIJnAqWlTqJYjGhQ9JnbU1DEjDVTcfvZLiilR72I6krBDxWf0+kJFBqFHi6Mz9RzXq5+J/XTsA/66Y8jBNgIZ0s8hOBIcJ5NrjHJaMgRpoQKrm+FdMBkYSCTrCkQ7BnX54nzlHtvGZfH5frJ9M0imgP7aMqstEpqqMr1EAOougBPaEX9Go8Gs/Gm/E+aS0Y05ld9AfGxzdh5Zvc</latexit><latexit sha1_base64="jKnDJNt3j1m736X/pdd3ztPtkRk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6VQXZRExMdCKLhxWcHYQlvDZDpph04ezNwIJeQL3PgrblyouHXvzr9x0lbQ1gMXDufcy733eLHgCizryygsLC4trxRXS2vrG5tb5vbOrYoSSZlDIxHJlkcUEzxkDnAQrBVLRgJPsKY3vMz95j2TikfhDYxi1g1IP+Q+pwS05JqVTkBg4PlpkN0d4gvsu2kHBgxIVv1xRtmBa5atmjUGnif2lJTRFA3X/Oz0IpoELAQqiFJt24qhmxIJnAqWlTqJYjGhQ9JnbU1DEjDVTcfvZLiilR72I6krBDxWf0+kJFBqFHi6Mz9RzXq5+J/XTsA/66Y8jBNgIZ0s8hOBIcJ5NrjHJaMgRpoQKrm+FdMBkYSCTrCkQ7BnX54nzlHtvGZfH5frJ9M0imgP7aMqstEpqqMr1EAOougBPaEX9Go8Gs/Gm/E+aS0Y05ld9AfGxzdh5Zvc</latexit><latexit sha1_base64="jKnDJNt3j1m736X/pdd3ztPtkRk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6VQXZRExMdCKLhxWcHYQlvDZDpph04ezNwIJeQL3PgrblyouHXvzr9x0lbQ1gMXDufcy733eLHgCizryygsLC4trxRXS2vrG5tb5vbOrYoSSZlDIxHJlkcUEzxkDnAQrBVLRgJPsKY3vMz95j2TikfhDYxi1g1IP+Q+pwS05JqVTkBg4PlpkN0d4gvsu2kHBgxIVv1xRtmBa5atmjUGnif2lJTRFA3X/Oz0IpoELAQqiFJt24qhmxIJnAqWlTqJYjGhQ9JnbU1DEjDVTcfvZLiilR72I6krBDxWf0+kJFBqFHi6Mz9RzXq5+J/XTsA/66Y8jBNgIZ0s8hOBIcJ5NrjHJaMgRpoQKrm+FdMBkYSCTrCkQ7BnX54nzlHtvGZfH5frJ9M0imgP7aMqstEpqqMr1EAOougBPaEX9Go8Gs/Gm/E+aS0Y05ld9AfGxzdh5Zvc</latexit><latexit sha1_base64="jKnDJNt3j1m736X/pdd3ztPtkRk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6VQXZRExMdCKLhxWcHYQlvDZDpph04ezNwIJeQL3PgrblyouHXvzr9x0lbQ1gMXDufcy733eLHgCizryygsLC4trxRXS2vrG5tb5vbOrYoSSZlDIxHJlkcUEzxkDnAQrBVLRgJPsKY3vMz95j2TikfhDYxi1g1IP+Q+pwS05JqVTkBg4PlpkN0d4gvsu2kHBgxIVv1xRtmBa5atmjUGnif2lJTRFA3X/Oz0IpoELAQqiFJt24qhmxIJnAqWlTqJYjGhQ9JnbU1DEjDVTcfvZLiilR72I6krBDxWf0+kJFBqFHi6Mz9RzXq5+J/XTsA/66Y8jBNgIZ0s8hOBIcJ5NrjHJaMgRpoQKrm+FdMBkYSCTrCkQ7BnX54nzlHtvGZfH5frJ9M0imgP7aMqstEpqqMr1EAOougBPaEX9Go8Gs/Gm/E+aS0Y05ld9AfGxzdh5Zvc</latexit>

vs



||

§ Basics
§ Examples without deep learning

§ Atlas-based segmentation
§ Shape models
§ Image enhancement

§ Unsupervised deep learning models
§ Three ways to use DL models as priors
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Outline
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Atlas-based segmentation

Atlases

Image
Registration

New Image Candidates

Label
Fusion

Label
Propagation

Segmentation

[Leemput et al., TMI 1999]
[Ashburner & Friston, Neuroimage 2005]
[Pohl et al. MedIA 2007]
[Leemput et al. Hippocampus 2009]
[Sabuncu et al. TMI 2010]
[Simpson et al. MICCAI 2013]
[Iglesias et al. MedIA 2015]
…..
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Atlas-based segmentation – simplest model

Atlases

Image
Registration

New Image Candidates

Label
Fusion

Label
Propagation

Segmentation

m : segmentation
<latexit sha1_base64="vXX86F8YOK2R6LrIB4qAmGhXblA=">AAACCHicbVC7SgNBFJ31GeMramkzGASrsCviqwrYWEZwTSAJYXZyNxky+2DmrhiWbW38FRsLFVs/wc6/cXaTQhMPDBzOPffOvceLpdBo29/WwuLS8spqaa28vrG5tV3Z2b3TUaI4uDySkWp5TIMUIbgoUEIrVsACT0LTG13l9eY9KC2i8BbHMXQDNgiFLzhDI/UqtBMwHHp+GmT0knYQHjDVMAggxMKR9SpVu2YXoPPEmZIqmaLRq3x1+hFP8glcMq3bjh1jN2UKBZeQlTuJhpjxERtA29CQBaC7aXFJRg+N0qd+pMwLkRbq746UBVqPA8848731bC0X/6u1E/TPu6kI4wQh5JOP/ERSjGgeC+0LBRzl2BDGlTC7Uj5kinE04ZVNCM7syfPEPa5d1Jybk2r9dJpGieyTA3JEHHJG6uSaNIhLOHkkz+SVvFlP1ov1bn1MrAvWtGeP/IH1+QO3JJqH</latexit><latexit sha1_base64="vXX86F8YOK2R6LrIB4qAmGhXblA=">AAACCHicbVC7SgNBFJ31GeMramkzGASrsCviqwrYWEZwTSAJYXZyNxky+2DmrhiWbW38FRsLFVs/wc6/cXaTQhMPDBzOPffOvceLpdBo29/WwuLS8spqaa28vrG5tV3Z2b3TUaI4uDySkWp5TIMUIbgoUEIrVsACT0LTG13l9eY9KC2i8BbHMXQDNgiFLzhDI/UqtBMwHHp+GmT0knYQHjDVMAggxMKR9SpVu2YXoPPEmZIqmaLRq3x1+hFP8glcMq3bjh1jN2UKBZeQlTuJhpjxERtA29CQBaC7aXFJRg+N0qd+pMwLkRbq746UBVqPA8848731bC0X/6u1E/TPu6kI4wQh5JOP/ERSjGgeC+0LBRzl2BDGlTC7Uj5kinE04ZVNCM7syfPEPa5d1Jybk2r9dJpGieyTA3JEHHJG6uSaNIhLOHkkz+SVvFlP1ov1bn1MrAvWtGeP/IH1+QO3JJqH</latexit><latexit sha1_base64="vXX86F8YOK2R6LrIB4qAmGhXblA=">AAACCHicbVC7SgNBFJ31GeMramkzGASrsCviqwrYWEZwTSAJYXZyNxky+2DmrhiWbW38FRsLFVs/wc6/cXaTQhMPDBzOPffOvceLpdBo29/WwuLS8spqaa28vrG5tV3Z2b3TUaI4uDySkWp5TIMUIbgoUEIrVsACT0LTG13l9eY9KC2i8BbHMXQDNgiFLzhDI/UqtBMwHHp+GmT0knYQHjDVMAggxMKR9SpVu2YXoPPEmZIqmaLRq3x1+hFP8glcMq3bjh1jN2UKBZeQlTuJhpjxERtA29CQBaC7aXFJRg+N0qd+pMwLkRbq746UBVqPA8848731bC0X/6u1E/TPu6kI4wQh5JOP/ERSjGgeC+0LBRzl2BDGlTC7Uj5kinE04ZVNCM7syfPEPa5d1Jybk2r9dJpGieyTA3JEHHJG6uSaNIhLOHkkz+SVvFlP1ov1bn1MrAvWtGeP/IH1+QO3JJqH</latexit><latexit sha1_base64="vXX86F8YOK2R6LrIB4qAmGhXblA=">AAACCHicbVC7SgNBFJ31GeMramkzGASrsCviqwrYWEZwTSAJYXZyNxky+2DmrhiWbW38FRsLFVs/wc6/cXaTQhMPDBzOPffOvceLpdBo29/WwuLS8spqaa28vrG5tV3Z2b3TUaI4uDySkWp5TIMUIbgoUEIrVsACT0LTG13l9eY9KC2i8BbHMXQDNgiFLzhDI/UqtBMwHHp+GmT0knYQHjDVMAggxMKR9SpVu2YXoPPEmZIqmaLRq3x1+hFP8glcMq3bjh1jN2UKBZeQlTuJhpjxERtA29CQBaC7aXFJRg+N0qd+pMwLkRbq746UBVqPA8848731bC0X/6u1E/TPu6kI4wQh5JOP/ERSjGgeC+0LBRzl2BDGlTC7Uj5kinE04ZVNCM7syfPEPa5d1Jybk2r9dJpGieyTA3JEHHJG6uSaNIhLOHkkz+SVvFlP1ov1bn1MrAvWtGeP/IH1+QO3JJqH</latexit>

y : (MRI) image
<latexit sha1_base64="xbXZdbK0/vC583MvwGEijT7TsRc=">AAACB3icbVC7SgNBFJ2NrxhfUUsLB4MQm7Ar4qsK2GghRDEmkA1hdjJrhszOLjN3xWVJaeOv2Fio2PoLdv6Nk2QLTTwwcDj33Dv3Hi8SXINtf1u5mdm5+YX8YmFpeWV1rbi+cavDWFFWp6EIVdMjmgkuWR04CNaMFCOBJ1jD658N6417pjQP5Q0kEWsH5E5yn1MCRuoUt92AQM/z02SAT7EL7AHS8uX1xR7mxskGnWLJrtgj4GniZKSEMtQ6xS+3G9I4YBKoIFq3HDuCdkoUcCrYoODGmkWE9s3wlqGSBEy309EhA7xrlC72Q2WeBDxSf3ekJNA6CTzjHK6tJ2tD8b9aKwb/uJ1yGcXAJB1/5McCQ4iHqeAuV4yCSAwhVHGzK6Y9oggFk13BhOBMnjxN6vuVk4pzdVCqHmZp5NEW2kFl5KAjVEXnqIbqiKJH9Ixe0Zv1ZL1Y79bH2Jqzsp5N9AfW5w/+rJjX</latexit><latexit sha1_base64="xbXZdbK0/vC583MvwGEijT7TsRc=">AAACB3icbVC7SgNBFJ2NrxhfUUsLB4MQm7Ar4qsK2GghRDEmkA1hdjJrhszOLjN3xWVJaeOv2Fio2PoLdv6Nk2QLTTwwcDj33Dv3Hi8SXINtf1u5mdm5+YX8YmFpeWV1rbi+cavDWFFWp6EIVdMjmgkuWR04CNaMFCOBJ1jD658N6417pjQP5Q0kEWsH5E5yn1MCRuoUt92AQM/z02SAT7EL7AHS8uX1xR7mxskGnWLJrtgj4GniZKSEMtQ6xS+3G9I4YBKoIFq3HDuCdkoUcCrYoODGmkWE9s3wlqGSBEy309EhA7xrlC72Q2WeBDxSf3ekJNA6CTzjHK6tJ2tD8b9aKwb/uJ1yGcXAJB1/5McCQ4iHqeAuV4yCSAwhVHGzK6Y9oggFk13BhOBMnjxN6vuVk4pzdVCqHmZp5NEW2kFl5KAjVEXnqIbqiKJH9Ixe0Zv1ZL1Y79bH2Jqzsp5N9AfW5w/+rJjX</latexit><latexit sha1_base64="xbXZdbK0/vC583MvwGEijT7TsRc=">AAACB3icbVC7SgNBFJ2NrxhfUUsLB4MQm7Ar4qsK2GghRDEmkA1hdjJrhszOLjN3xWVJaeOv2Fio2PoLdv6Nk2QLTTwwcDj33Dv3Hi8SXINtf1u5mdm5+YX8YmFpeWV1rbi+cavDWFFWp6EIVdMjmgkuWR04CNaMFCOBJ1jD658N6417pjQP5Q0kEWsH5E5yn1MCRuoUt92AQM/z02SAT7EL7AHS8uX1xR7mxskGnWLJrtgj4GniZKSEMtQ6xS+3G9I4YBKoIFq3HDuCdkoUcCrYoODGmkWE9s3wlqGSBEy309EhA7xrlC72Q2WeBDxSf3ekJNA6CTzjHK6tJ2tD8b9aKwb/uJ1yGcXAJB1/5McCQ4iHqeAuV4yCSAwhVHGzK6Y9oggFk13BhOBMnjxN6vuVk4pzdVCqHmZp5NEW2kFl5KAjVEXnqIbqiKJH9Ixe0Zv1ZL1Y79bH2Jqzsp5N9AfW5w/+rJjX</latexit><latexit sha1_base64="xbXZdbK0/vC583MvwGEijT7TsRc=">AAACB3icbVC7SgNBFJ2NrxhfUUsLB4MQm7Ar4qsK2GghRDEmkA1hdjJrhszOLjN3xWVJaeOv2Fio2PoLdv6Nk2QLTTwwcDj33Dv3Hi8SXINtf1u5mdm5+YX8YmFpeWV1rbi+cavDWFFWp6EIVdMjmgkuWR04CNaMFCOBJ1jD658N6417pjQP5Q0kEWsH5E5yn1MCRuoUt92AQM/z02SAT7EL7AHS8uX1xR7mxskGnWLJrtgj4GniZKSEMtQ6xS+3G9I4YBKoIFq3HDuCdkoUcCrYoODGmkWE9s3wlqGSBEy309EhA7xrlC72Q2WeBDxSf3ekJNA6CTzjHK6tJ2tD8b9aKwb/uJ1yGcXAJB1/5McCQ4iHqeAuV4yCSAwhVHGzK6Y9oggFk13BhOBMnjxN6vuVk4pzdVCqHmZp5NEW2kFl5KAjVEXnqIbqiKJH9Ixe0Zv1ZL1Y79bH2Jqzsp5N9AfW5w/+rJjX</latexit>

p(m)
<latexit sha1_base64="xTdClKY10D4rmhgm4Azh4dN44Y0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHqpsyI+NgV3Lis4NhCO5ZMmmlDk8yQZJQy9D/cuFBx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O0vLK6tr66WN8ubW9s5uZW//XsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXed+65EqzWJ5Z8YJDQQeSBYxgo2VHpJaV2AzDKNMTE5Qr1J16+4UaJF4BalCgWav8tXtxyQVVBrCsdYdz01MkGFlGOF0Uu6mmiaYjPCAdiyVWFAdZNPUE3RslT6KYmWfNGiq/t7IsNB6LEI7mWfU814u/ud1UhNdBhmTSWqoJLNDUcqRiVFeAeozRYnhY0swUcxmRWSIFSbGFlW2JXjzX14k/mn9qu7dnlUb50UbJTiEI6iBBxfQgBtogg8EFDzDK7w5T86L8+58zEaXnGLnAP7A+fwBS8iR4g==</latexit><latexit sha1_base64="xTdClKY10D4rmhgm4Azh4dN44Y0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHqpsyI+NgV3Lis4NhCO5ZMmmlDk8yQZJQy9D/cuFBx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O0vLK6tr66WN8ubW9s5uZW//XsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXed+65EqzWJ5Z8YJDQQeSBYxgo2VHpJaV2AzDKNMTE5Qr1J16+4UaJF4BalCgWav8tXtxyQVVBrCsdYdz01MkGFlGOF0Uu6mmiaYjPCAdiyVWFAdZNPUE3RslT6KYmWfNGiq/t7IsNB6LEI7mWfU814u/ud1UhNdBhmTSWqoJLNDUcqRiVFeAeozRYnhY0swUcxmRWSIFSbGFlW2JXjzX14k/mn9qu7dnlUb50UbJTiEI6iBBxfQgBtogg8EFDzDK7w5T86L8+58zEaXnGLnAP7A+fwBS8iR4g==</latexit><latexit sha1_base64="xTdClKY10D4rmhgm4Azh4dN44Y0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHqpsyI+NgV3Lis4NhCO5ZMmmlDk8yQZJQy9D/cuFBx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O0vLK6tr66WN8ubW9s5uZW//XsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXed+65EqzWJ5Z8YJDQQeSBYxgo2VHpJaV2AzDKNMTE5Qr1J16+4UaJF4BalCgWav8tXtxyQVVBrCsdYdz01MkGFlGOF0Uu6mmiaYjPCAdiyVWFAdZNPUE3RslT6KYmWfNGiq/t7IsNB6LEI7mWfU814u/ud1UhNdBhmTSWqoJLNDUcqRiVFeAeozRYnhY0swUcxmRWSIFSbGFlW2JXjzX14k/mn9qu7dnlUb50UbJTiEI6iBBxfQgBtogg8EFDzDK7w5T86L8+58zEaXnGLnAP7A+fwBS8iR4g==</latexit><latexit sha1_base64="xTdClKY10D4rmhgm4Azh4dN44Y0=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHqpsyI+NgV3Lis4NhCO5ZMmmlDk8yQZJQy9D/cuFBx68e482/MtLPQ1gOBwzn3ck9OmHCmjet+O0vLK6tr66WN8ubW9s5uZW//XsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXed+65EqzWJ5Z8YJDQQeSBYxgo2VHpJaV2AzDKNMTE5Qr1J16+4UaJF4BalCgWav8tXtxyQVVBrCsdYdz01MkGFlGOF0Uu6mmiaYjPCAdiyVWFAdZNPUE3RslT6KYmWfNGiq/t7IsNB6LEI7mWfU814u/ud1UhNdBhmTSWqoJLNDUcqRiVFeAeozRYnhY0swUcxmRWSIFSbGFlW2JXjzX14k/mn9qu7dnlUb50UbJTiEI6iBBxfQgBtogg8EFDzDK7w5T86L8+58zEaXnGLnAP7A+fwBS8iR4g==</latexit>

Pixel-wise prior model based on
aligned examples “atlases”
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Fig. 10. Shape instances generated using the 3-D two-chambermodel and the statistic registration measure from 14 cardiac data sets. The instances are generated
by varying a single shape parameter, fixing all others at zero standard deviations from the mean shape. This two-chamber model consists of 679 LV endocardial
nodes, 1352 LV epicardial nodes, and 1841 RV endocardial nodes.

Table III reports on the interobserver variability for manual
landmarking in subject space and that of the landmarks manu-
ally placed in the atlas and then propagated into subject space.
The latter variability measures the effective uncertainty in the
position of the automatic landmarks when considering that they
have been obtained from the propagation of already uncertain
(manual) landmarks.
Finally, it is interesting to compute an estimate of the average

distance (error) between the landmarks placed manually in sub-
ject space and those propagated to subject space from the atlas.
To this end, the average position of the landmarks of all ob-
servers and all sessions has been used as the “gold standard”
[textured bullet in Fig. 14(b)]. Table IV gives the average dis-

tance in subject space between the gold-standard landmarks in
subject space and in atlas space after being mapped into subject
coordinates. From these experiments, it is possible to state that
the error in the automatic landmark placement is, on average,
2.2 mm. This is about two pixels with the current in-place

image resolution and only moderately worse than the interob-
server variability in manual landmarking.

VI. DISCUSSION AND CONCLUSION

This paper has presented amethod for the automatic construc-
tion of 3-D statistical shape models. The technique is based on
the automatic extraction of a dense mesh of landmarks in an

[Image from Frangi et al. TMI 2002]

Principal Component Analysis Model
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Fig. 5. 3-D AAM matching process. (a) The initial position of the model in the volumetric data set. (b), (c) Stages during the iterative model matching process.
(d) The final match. Note the color coding of all frames and the coordinate axes. The color-coded straight lines show position of frames in the other two cutting
planes.

of the model matching process, starting with the initial model
position and ending with the final fit. The leave-one-out valida-
tion yielded 56 fully automatically detected 3-D segmentation
results depicting endocardial and epicardial surfaces—with all
testing surfaces being fully disjoint from the training sets. In 53
out of 56 cases, the matching procedure resulted in an accept-
able match. In three cases (two patients and one normal subject),
the matching diverged from a plausible solution because it was
attracted by a neighboring structure. These three cases were ex-
cluded from further quantitative analyses.
In the 53 volumetric MR images, manually identified con-

tours were available in 391 MR slices. As mentioned above, the
3-D model sometimes does not fully deploy in the longitudinal
direction to cover the apical or basal slices. In 28 of 53 data
sets, computer-determined contours were present in all slices
for which manual contours were available. In 18 data sets, com-
puter-determined contours were missing in oneMR slice (apical
or basal), and in seven data sets, two MR slices with missing
contours were present. Overall, the 3-D AAM identified con-
tours in 359 of 391 MR slices, or in 96.2% of all cases in which
manual contours were deemed identifiable. The 359 slices were
used for quantitative validation.
Mean signed endo- and epicardial surface positioning errors

were 0.46 1.33 mm and 0.29 1.16 mm, respectively,

showing a slightly negative border detection bias. The mean
unsigned positioning errors were 2.75 0.86 mm for the
endocardial contours and 2.63 0.76 mm for the epicardium,
demonstrating small absolute differences from the independent
standard (voxel sizes ranged from 1.56 1.56 8 mm to
1.76 1.76 11 mm). Fig. 6 shows a very good correlation of
the manually identified and 3-D AAM-determined LV endo-
and epicardial volumes as well as correlation of computer-de-
termined LV wall mass with the independent standard.

B. Echocardiography

The 3-D AAM segmentation was also applied to endocar-
dial border detection in echocardiographic ultrasound image
sequences. In these temporal sequences, the third dimension
represents time. Spatial 2-D coordinates were converted from
pixels into millimeters by applying the image calibration
factor. A consistent 3-D set is formed by converting the time
dimension (s) into a spatial dimension (mm) using a fixed ratio
(“speed” of 40 mm/s). This ratio was chosen to obtain similar
sizes of the 3-D object in all three dimensions. A consistent
3-D voxel space is obtained in which the shape and appearance
of the heart over a full cardiac cycle can be modeled as a
3-D object. A 3-D AAM for this object was applied to image

Matching to imaging data
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(a) (b) (c) (d)

Fig. 1. (a) Mean images of our appearance model for T3 and L3. (b) Visualization
of Gaussian densities for offset probabilities in our shape model. Ellipses illustrate
one standard deviation w.r.t. covariance matrices. (c) Output of the regression forest
for a test image (red) with an overlay of expert annotation (yellow) and prediction
distribution for L4. (d) Result after refinement via HMM. Besides accurate predictions
for vertebrae within the image, our method yields reasonable predictions outside.

Gaussians to model the node predictor functions:N (µ,Σ|D) with µ ∈ R3n where
D={{di}j} is the set of offsets obtained from all training points arriving at that
node. The training objective function is defined as ξ(TL, TR) = tr(ΣL) + tr(ΣR).
Node training aims at minimizing ξ which, in turn, minimizes the diagonal en-
tries of the covariance matrices. This produces child subsets TL,R with lower
uncertainty and higher confidence in the prediction of vertebrae location.

Forest Testing.Given a previously unseen CT scan, image points cast a (proba-
bilistic) vote on the position of all vertebrae. In fact, each point is pushed through
all trained trees. Each split node then sends the point to its left or right child
depending on its feature vector, recursively until the point reaches a leaf node.
The corresponding predictor function (i.e. Gaussian in this case) is read out
and used for making one prediction for all vertebrae positions relative to the
image point location. Aggregating all predictions over all trees and test points
yields a distribution over all vertebrae positions (see Fig.1(c)). For robustness, we
approximate the maximum a-posteriori estimate Ĉ of this distribution through
mean-shift (initialized with the maximum response of a low-resolution histogram
over predictions with bin size 4mm). The output vertebrae locations obtained
here are then used as input for our refinement step, described next.

2.2 Stage 2: Hidden Markov Model

The second stage of our approach aims at refining the localization of all centroids
of vertebrae visible in the image. To this end, we employ a joint prior model of
vertebra appearance and spinal shape. The model parameters are optimized
using the same data set employed to train the forest.

Vertebra Appearance Model. The appearance model consists of pairs of
mean and variance images A={(Mi, Vi)}n1 , one pair per vertebrae. These pairs

[Image from Mitchell et al. TMI 2002]

[Image from Glocker et al. Miccai 2012]

Hidden Markov Models

m : Shapes as point distributions
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Image enhancement with theoretical priors

m⇤ = argmax
m

ln p(y|m)| {z }
Data term

+ ln p(m)| {z }
Regularization

<latexit sha1_base64="pfoWftYmiJoHxALjLkjpH9aVfGI="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="l9zK0C2IbpQpH2PEwetOF6Vw6cE="></latexit><latexit sha1_base64="l9zK0C2IbpQpH2PEwetOF6Vw6cE="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit>

y
<latexit sha1_base64="oi/AW20IujYOL/JXiNy9AsWlT0s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDM8mQZIRh6F+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQctUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknN4XfeaJKMynuTZbQIMYjwSJGsLHSYz/GZhxGeTYd1Btu050BLROvJA0o0R7Uv/pDSdKYCkM41rrnuYkJcqwMI5xOa/1U0wSTCR7RnqUCx1QH+SzxFJ1YZYgiqewTBs3U3xs5jrXO4tBOFgn1oleI/3m91ERXQc5EkhoqyPyjKOXISFScj4ZMUWJ4ZgkmitmsiIyxwsTYkmq2BG/x5GXinzWvm97deaN1UbZRhSM4hlPw4BJacAtt8IGAgGd4hTdHOy/Ou/MxH6045c4h/IHz+QNluJDl</latexit><latexit sha1_base64="oi/AW20IujYOL/JXiNy9AsWlT0s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDM8mQZIRh6F+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQctUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknN4XfeaJKMynuTZbQIMYjwSJGsLHSYz/GZhxGeTYd1Btu050BLROvJA0o0R7Uv/pDSdKYCkM41rrnuYkJcqwMI5xOa/1U0wSTCR7RnqUCx1QH+SzxFJ1YZYgiqewTBs3U3xs5jrXO4tBOFgn1oleI/3m91ERXQc5EkhoqyPyjKOXISFScj4ZMUWJ4ZgkmitmsiIyxwsTYkmq2BG/x5GXinzWvm97deaN1UbZRhSM4hlPw4BJacAtt8IGAgGd4hTdHOy/Ou/MxH6045c4h/IHz+QNluJDl</latexit><latexit sha1_base64="oi/AW20IujYOL/JXiNy9AsWlT0s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDM8mQZIRh6F+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQctUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknN4XfeaJKMynuTZbQIMYjwSJGsLHSYz/GZhxGeTYd1Btu050BLROvJA0o0R7Uv/pDSdKYCkM41rrnuYkJcqwMI5xOa/1U0wSTCR7RnqUCx1QH+SzxFJ1YZYgiqewTBs3U3xs5jrXO4tBOFgn1oleI/3m91ERXQc5EkhoqyPyjKOXISFScj4ZMUWJ4ZgkmitmsiIyxwsTYkmq2BG/x5GXinzWvm97deaN1UbZRhSM4hlPw4BJacAtt8IGAgGd4hTdHOy/Ou/MxH6045c4h/IHz+QNluJDl</latexit><latexit sha1_base64="oi/AW20IujYOL/JXiNy9AsWlT0s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDM8mQZIRh6F+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQctUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknN4XfeaJKMynuTZbQIMYjwSJGsLHSYz/GZhxGeTYd1Btu050BLROvJA0o0R7Uv/pDSdKYCkM41rrnuYkJcqwMI5xOa/1U0wSTCR7RnqUCx1QH+SzxFJ1YZYgiqewTBs3U3xs5jrXO4tBOFgn1oleI/3m91ERXQc5EkhoqyPyjKOXISFScj4ZMUWJ4ZgkmitmsiIyxwsTYkmq2BG/x5GXinzWvm97deaN1UbZRhSM4hlPw4BJacAtt8IGAgGd4hTdHOy/Ou/MxH6045c4h/IHz+QNluJDl</latexit>

m
<latexit sha1_base64="WO/9bMgT4F9HnP0pbFGu/A45ZZ4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDk8yQZIQyzF+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQcepItQnMY9VN8Saciapb5jhtJsoikXIaSec3BR+54kqzWJ5b6YJDQQeSRYxgo2VHvsCm3EYZSIf1Btu050BLROvJA0o0R7Uv/rDmKSCSkM41rrnuYkJMqwMI5zmtX6qaYLJBI9oz1KJBdVBNkucoxOrDFEUK/ukQTP190aGhdZTEdrJIqFe9ArxP6+XmugqyJhMUkMlmX8UpRyZGBXnoyFTlBg+tQQTxWxWRMZYYWJsSTVbgrd48jLxz5rXTe/uvNG6KNuowhEcwyl4cAktuIU2+EBAwjO8wpujnRfn3fmYj1accucQ/sD5/AFTiJDZ</latexit><latexit sha1_base64="WO/9bMgT4F9HnP0pbFGu/A45ZZ4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDk8yQZIQyzF+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQcepItQnMY9VN8Saciapb5jhtJsoikXIaSec3BR+54kqzWJ5b6YJDQQeSRYxgo2VHvsCm3EYZSIf1Btu050BLROvJA0o0R7Uv/rDmKSCSkM41rrnuYkJMqwMI5zmtX6qaYLJBI9oz1KJBdVBNkucoxOrDFEUK/ukQTP190aGhdZTEdrJIqFe9ArxP6+XmugqyJhMUkMlmX8UpRyZGBXnoyFTlBg+tQQTxWxWRMZYYWJsSTVbgrd48jLxz5rXTe/uvNG6KNuowhEcwyl4cAktuIU2+EBAwjO8wpujnRfn3fmYj1accucQ/sD5/AFTiJDZ</latexit><latexit sha1_base64="WO/9bMgT4F9HnP0pbFGu/A45ZZ4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDk8yQZIQyzF+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQcepItQnMY9VN8Saciapb5jhtJsoikXIaSec3BR+54kqzWJ5b6YJDQQeSRYxgo2VHvsCm3EYZSIf1Btu050BLROvJA0o0R7Uv/rDmKSCSkM41rrnuYkJMqwMI5zmtX6qaYLJBI9oz1KJBdVBNkucoxOrDFEUK/ukQTP190aGhdZTEdrJIqFe9ArxP6+XmugqyJhMUkMlmX8UpRyZGBXnoyFTlBg+tQQTxWxWRMZYYWJsSTVbgrd48jLxz5rXTe/uvNG6KNuowhEcwyl4cAktuIU2+EBAwjO8wpujnRfn3fmYj1accucQ/sD5/AFTiJDZ</latexit><latexit sha1_base64="WO/9bMgT4F9HnP0pbFGu/A45ZZ4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDk8yQZIQyzF+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQcepItQnMY9VN8Saciapb5jhtJsoikXIaSec3BR+54kqzWJ5b6YJDQQeSRYxgo2VHvsCm3EYZSIf1Btu050BLROvJA0o0R7Uv/rDmKSCSkM41rrnuYkJMqwMI5zmtX6qaYLJBI9oz1KJBdVBNkucoxOrDFEUK/ukQTP190aGhdZTEdrJIqFe9ArxP6+XmugqyJhMUkMlmX8UpRyZGBXnoyFTlBg+tQQTxWxWRMZYYWJsSTVbgrd48jLxz5rXTe/uvNG6KNuowhEcwyl4cAktuIU2+EBAwjO8wpujnRfn3fmYj1accucQ/sD5/AFTiJDZ</latexit>

m⇤ = argmin
kEm� yk22

�2
� ln p(m)
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E: any image encoding operation, e.g. subsampling

[Rudin et al., Physica D 1992]
[Lustig et al. MRM 2007]
[Elad and Aharon IEEE TIP 2006]
[Ravishankar and Bressler TMI 2011]
[Babacan et al. TIP 2010]
…

Simple ridge regression
µ = 0, = I, p = 2
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µ = 0, = r, p = 1
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<latexit sha1_base64="PtZtmVMMIrJYQV4NtUPwstM8IeQ=">AAACLHicbVDLSgMxFM34rPVVdekmWIS6sMyI+NgVdOGygtVCM5RMmmmDyUxIMmKZzg+58VdEcFHFrd9h2o6grQcCJ+fcy733BJIzbVx36MzNLywuLRdWiqtr6xubpa3tWx0nitAGiXmsmgHWlLOINgwznDalolgEnN4F9xcj/+6BKs3i6Mb0JfUF7kYsZAQbK7VLl7KCBDa9IExFdgCRVLE0MUT0UaL0EA1QXbNfFfAQ/nyQSLIDNGhLlLVLZbfqjgFniZeTMshRb5deUScmiaCRIRxr3fJcafwUK8MIp1kRJZpKTO5xl7YsjbCg2k/H12Zw3yodGMbKvsjAsfq7I8VC674IbOVoVT3tjcT/vFZiwjM/ZZFMDI3IZFCYcGjzGEUHO0xRYnjfEkwUs7tC0sMKE2MDLtoQvOmTZ0njqHpe9a6Py7WTPI0C2AV7oAI8cApq4ArUQQMQ8ARewBC8O8/Om/PhfE5K55y8Zwf8gfP1DQmAqNE=</latexit><latexit sha1_base64="PtZtmVMMIrJYQV4NtUPwstM8IeQ=">AAACLHicbVDLSgMxFM34rPVVdekmWIS6sMyI+NgVdOGygtVCM5RMmmmDyUxIMmKZzg+58VdEcFHFrd9h2o6grQcCJ+fcy733BJIzbVx36MzNLywuLRdWiqtr6xubpa3tWx0nitAGiXmsmgHWlLOINgwznDalolgEnN4F9xcj/+6BKs3i6Mb0JfUF7kYsZAQbK7VLl7KCBDa9IExFdgCRVLE0MUT0UaL0EA1QXbNfFfAQ/nyQSLIDNGhLlLVLZbfqjgFniZeTMshRb5deUScmiaCRIRxr3fJcafwUK8MIp1kRJZpKTO5xl7YsjbCg2k/H12Zw3yodGMbKvsjAsfq7I8VC674IbOVoVT3tjcT/vFZiwjM/ZZFMDI3IZFCYcGjzGEUHO0xRYnjfEkwUs7tC0sMKE2MDLtoQvOmTZ0njqHpe9a6Py7WTPI0C2AV7oAI8cApq4ArUQQMQ8ARewBC8O8/Om/PhfE5K55y8Zwf8gfP1DQmAqNE=</latexit><latexit sha1_base64="PtZtmVMMIrJYQV4NtUPwstM8IeQ=">AAACLHicbVDLSgMxFM34rPVVdekmWIS6sMyI+NgVdOGygtVCM5RMmmmDyUxIMmKZzg+58VdEcFHFrd9h2o6grQcCJ+fcy733BJIzbVx36MzNLywuLRdWiqtr6xubpa3tWx0nitAGiXmsmgHWlLOINgwznDalolgEnN4F9xcj/+6BKs3i6Mb0JfUF7kYsZAQbK7VLl7KCBDa9IExFdgCRVLE0MUT0UaL0EA1QXbNfFfAQ/nyQSLIDNGhLlLVLZbfqjgFniZeTMshRb5deUScmiaCRIRxr3fJcafwUK8MIp1kRJZpKTO5xl7YsjbCg2k/H12Zw3yodGMbKvsjAsfq7I8VC674IbOVoVT3tjcT/vFZiwjM/ZZFMDI3IZFCYcGjzGEUHO0xRYnjfEkwUs7tC0sMKE2MDLtoQvOmTZ0njqHpe9a6Py7WTPI0C2AV7oAI8cApq4ArUQQMQ8ARewBC8O8/Om/PhfE5K55y8Zwf8gfP1DQmAqNE=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="un7hl+m2RRzS7AQ6oVVIYP8Ba3Q=">AAACIXicbZDNSgMxFIXv+Ftr1erWTVCEdtEy40bdCbpwWcGq0JSSSTNtMJkJSUYs03khN76KCC6q+C6mP0KtHgicnHtD7v1CJbixvj/ylpZXVtfWCxvFzdLW9k55t3RrklRT1qSJSPR9SAwTPGZNy61g90ozIkPB7sKHi3H97pFpw5P4xg4Ua0vSi3nEKbEu6pQvVQVLYvthlMm8irDSibIJwuxJ4ayGh7hh+FwHqqGfC5ZpXsXDjsJ5p3zo1/2J0F8TzMwhzNTolN9wN6GpZLGlghjTCnxl2xnRllPB8iJODVOEPpAeazkbE8lMO5tsm6Mjl3RRlGh3Yosm6fyLjEhjBjJ0neNRzWJtHP5Xa6U2Om1nPFapZTGdfhSlAjkeY3SoyzWjVgycIVRzNyuifaIJtQ5w0UEIFlf+a5rH9bN6cO1DAfbhACoQwAmcwxU0oAkUnuEVRvDhvXjv3ueU1pI3w7YHv+R9fQPSG6dG</latexit><latexit sha1_base64="un7hl+m2RRzS7AQ6oVVIYP8Ba3Q=">AAACIXicbZDNSgMxFIXv+Ftr1erWTVCEdtEy40bdCbpwWcGq0JSSSTNtMJkJSUYs03khN76KCC6q+C6mP0KtHgicnHtD7v1CJbixvj/ylpZXVtfWCxvFzdLW9k55t3RrklRT1qSJSPR9SAwTPGZNy61g90ozIkPB7sKHi3H97pFpw5P4xg4Ua0vSi3nEKbEu6pQvVQVLYvthlMm8irDSibIJwuxJ4ayGh7hh+FwHqqGfC5ZpXsXDjsJ5p3zo1/2J0F8TzMwhzNTolN9wN6GpZLGlghjTCnxl2xnRllPB8iJODVOEPpAeazkbE8lMO5tsm6Mjl3RRlGh3Yosm6fyLjEhjBjJ0neNRzWJtHP5Xa6U2Om1nPFapZTGdfhSlAjkeY3SoyzWjVgycIVRzNyuifaIJtQ5w0UEIFlf+a5rH9bN6cO1DAfbhACoQwAmcwxU0oAkUnuEVRvDhvXjv3ueU1pI3w7YHv+R9fQPSG6dG</latexit><latexit sha1_base64="OihKRC9m3drS87hLS/2zZlArlpg=">AAACLHicbVDLSgMxFM34rPVVdekmWIR20TLjwseuoAuXFawtNKVk0kwbmsyEJCOW6fyQG39FBBdV3Podpg+hth4InJxzL/fe40vOtHHdkbOyura+sZnZym7v7O7t5w4OH3QUK0JrJOKRavhYU85CWjPMcNqQimLhc1r3+9djv/5IlWZReG8GkrYE7oYsYAQbK7VzN7KABDY9P0hEWoRIqkiaCCL6JFFSQkNU1WyuApbg7weJOC2iYVuitJ3Lu2V3ArhMvBnJgxmq7dwb6kQkFjQ0hGOtm54rTSvByjDCaZpFsaYSkz7u0qalIRZUt5LJtSk8tUoHBpGyLzRwos53JFhoPRC+rRyvqhe9sfif14xNcNlKWChjQ0MyHRTEHNo8xtHBDlOUGD6wBBPF7K6Q9LDCxNiAszYEb/HkZVI7K1+VvTs3XzmfpZEBx+AEFIAHLkAF3IIqqAECnsErGIEP58V5dz6dr2npijPrOQJ/4Hz/AAhAqM0=</latexit><latexit sha1_base64="PtZtmVMMIrJYQV4NtUPwstM8IeQ=">AAACLHicbVDLSgMxFM34rPVVdekmWIS6sMyI+NgVdOGygtVCM5RMmmmDyUxIMmKZzg+58VdEcFHFrd9h2o6grQcCJ+fcy733BJIzbVx36MzNLywuLRdWiqtr6xubpa3tWx0nitAGiXmsmgHWlLOINgwznDalolgEnN4F9xcj/+6BKs3i6Mb0JfUF7kYsZAQbK7VLl7KCBDa9IExFdgCRVLE0MUT0UaL0EA1QXbNfFfAQ/nyQSLIDNGhLlLVLZbfqjgFniZeTMshRb5deUScmiaCRIRxr3fJcafwUK8MIp1kRJZpKTO5xl7YsjbCg2k/H12Zw3yodGMbKvsjAsfq7I8VC674IbOVoVT3tjcT/vFZiwjM/ZZFMDI3IZFCYcGjzGEUHO0xRYnjfEkwUs7tC0sMKE2MDLtoQvOmTZ0njqHpe9a6Py7WTPI0C2AV7oAI8cApq4ArUQQMQ8ARewBC8O8/Om/PhfE5K55y8Zwf8gfP1DQmAqNE=</latexit><latexit sha1_base64="PtZtmVMMIrJYQV4NtUPwstM8IeQ=">AAACLHicbVDLSgMxFM34rPVVdekmWIS6sMyI+NgVdOGygtVCM5RMmmmDyUxIMmKZzg+58VdEcFHFrd9h2o6grQcCJ+fcy733BJIzbVx36MzNLywuLRdWiqtr6xubpa3tWx0nitAGiXmsmgHWlLOINgwznDalolgEnN4F9xcj/+6BKs3i6Mb0JfUF7kYsZAQbK7VLl7KCBDa9IExFdgCRVLE0MUT0UaL0EA1QXbNfFfAQ/nyQSLIDNGhLlLVLZbfqjgFniZeTMshRb5deUScmiaCRIRxr3fJcafwUK8MIp1kRJZpKTO5xl7YsjbCg2k/H12Zw3yodGMbKvsjAsfq7I8VC674IbOVoVT3tjcT/vFZiwjM/ZZFMDI3IZFCYcGjzGEUHO0xRYnjfEkwUs7tC0sMKE2MDLtoQvOmTZ0njqHpe9a6Py7WTPI0C2AV7oAI8cApq4ArUQQMQ8ARewBC8O8/Om/PhfE5K55y8Zwf8gfP1DQmAqNE=</latexit><latexit sha1_base64="PtZtmVMMIrJYQV4NtUPwstM8IeQ=">AAACLHicbVDLSgMxFM34rPVVdekmWIS6sMyI+NgVdOGygtVCM5RMmmmDyUxIMmKZzg+58VdEcFHFrd9h2o6grQcCJ+fcy733BJIzbVx36MzNLywuLRdWiqtr6xubpa3tWx0nitAGiXmsmgHWlLOINgwznDalolgEnN4F9xcj/+6BKs3i6Mb0JfUF7kYsZAQbK7VLl7KCBDa9IExFdgCRVLE0MUT0UaL0EA1QXbNfFfAQ/nyQSLIDNGhLlLVLZbfqjgFniZeTMshRb5deUScmiaCRIRxr3fJcafwUK8MIp1kRJZpKTO5xl7YsjbCg2k/H12Zw3yodGMbKvsjAsfq7I8VC674IbOVoVT3tjcT/vFZiwjM/ZZFMDI3IZFCYcGjzGEUHO0xRYnjfEkwUs7tC0sMKE2MDLtoQvOmTZ0njqHpe9a6Py7WTPI0C2AV7oAI8cApq4ArUQQMQ8ARewBC8O8/Om/PhfE5K55y8Zwf8gfP1DQmAqNE=</latexit><latexit sha1_base64="PtZtmVMMIrJYQV4NtUPwstM8IeQ=">AAACLHicbVDLSgMxFM34rPVVdekmWIS6sMyI+NgVdOGygtVCM5RMmmmDyUxIMmKZzg+58VdEcFHFrd9h2o6grQcCJ+fcy733BJIzbVx36MzNLywuLRdWiqtr6xubpa3tWx0nitAGiXmsmgHWlLOINgwznDalolgEnN4F9xcj/+6BKs3i6Mb0JfUF7kYsZAQbK7VLl7KCBDa9IExFdgCRVLE0MUT0UaL0EA1QXbNfFfAQ/nyQSLIDNGhLlLVLZbfqjgFniZeTMshRb5deUScmiaCRIRxr3fJcafwUK8MIp1kRJZpKTO5xl7YsjbCg2k/H12Zw3yodGMbKvsjAsfq7I8VC674IbOVoVT3tjcT/vFZiwjM/ZZFMDI3IZFCYcGjzGEUHO0xRYnjfEkwUs7tC0sMKE2MDLtoQvOmTZ0njqHpe9a6Py7WTPI0C2AV7oAI8cApq4ArUQQMQ8ARewBC8O8/Om/PhfE5K55y8Zwf8gfP1DQmAqNE=</latexit><latexit sha1_base64="PtZtmVMMIrJYQV4NtUPwstM8IeQ=">AAACLHicbVDLSgMxFM34rPVVdekmWIS6sMyI+NgVdOGygtVCM5RMmmmDyUxIMmKZzg+58VdEcFHFrd9h2o6grQcCJ+fcy733BJIzbVx36MzNLywuLRdWiqtr6xubpa3tWx0nitAGiXmsmgHWlLOINgwznDalolgEnN4F9xcj/+6BKs3i6Mb0JfUF7kYsZAQbK7VLl7KCBDa9IExFdgCRVLE0MUT0UaL0EA1QXbNfFfAQ/nyQSLIDNGhLlLVLZbfqjgFniZeTMshRb5deUScmiaCRIRxr3fJcafwUK8MIp1kRJZpKTO5xl7YsjbCg2k/H12Zw3yodGMbKvsjAsfq7I8VC674IbOVoVT3tjcT/vFZiwjM/ZZFMDI3IZFCYcGjzGEUHO0xRYnjfEkwUs7tC0sMKE2MDLtoQvOmTZ0njqHpe9a6Py7WTPI0C2AV7oAI8cApq4ArUQQMQ8ARewBC8O8/Om/PhfE5K55y8Zwf8gfP1DQmAqNE=</latexit><latexit sha1_base64="PtZtmVMMIrJYQV4NtUPwstM8IeQ=">AAACLHicbVDLSgMxFM34rPVVdekmWIS6sMyI+NgVdOGygtVCM5RMmmmDyUxIMmKZzg+58VdEcFHFrd9h2o6grQcCJ+fcy733BJIzbVx36MzNLywuLRdWiqtr6xubpa3tWx0nitAGiXmsmgHWlLOINgwznDalolgEnN4F9xcj/+6BKs3i6Mb0JfUF7kYsZAQbK7VLl7KCBDa9IExFdgCRVLE0MUT0UaL0EA1QXbNfFfAQ/nyQSLIDNGhLlLVLZbfqjgFniZeTMshRb5deUScmiaCRIRxr3fJcafwUK8MIp1kRJZpKTO5xl7YsjbCg2k/H12Zw3yodGMbKvsjAsfq7I8VC674IbOVoVT3tjcT/vFZiwjM/ZZFMDI3IZFCYcGjzGEUHO0xRYnjfEkwUs7tC0sMKE2MDLtoQvOmTZ0njqHpe9a6Py7WTPI0C2AV7oAI8cApq4ArUQQMQ8ARewBC8O8/Om/PhfE5K55y8Zwf8gfP1DQmAqNE=</latexit>

Total variation compressed sensing
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Image enhancement with dictionaries

m⇤ = argmax
m

ln p(y|m)| {z }
Data term

+ ln p(m)| {z }
Regularization

<latexit sha1_base64="pfoWftYmiJoHxALjLkjpH9aVfGI="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="l9zK0C2IbpQpH2PEwetOF6Vw6cE="></latexit><latexit sha1_base64="l9zK0C2IbpQpH2PEwetOF6Vw6cE="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="BOvq5v+LmrO1DHecgkaCwAmlOuQ="></latexit><latexit sha1_base64="gkUd1G+RdlZB8uPa8AQDWiyJGQ0="></latexit>

y
<latexit sha1_base64="oi/AW20IujYOL/JXiNy9AsWlT0s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDM8mQZIRh6F+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQctUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknN4XfeaJKMynuTZbQIMYjwSJGsLHSYz/GZhxGeTYd1Btu050BLROvJA0o0R7Uv/pDSdKYCkM41rrnuYkJcqwMI5xOa/1U0wSTCR7RnqUCx1QH+SzxFJ1YZYgiqewTBs3U3xs5jrXO4tBOFgn1oleI/3m91ERXQc5EkhoqyPyjKOXISFScj4ZMUWJ4ZgkmitmsiIyxwsTYkmq2BG/x5GXinzWvm97deaN1UbZRhSM4hlPw4BJacAtt8IGAgGd4hTdHOy/Ou/MxH6045c4h/IHz+QNluJDl</latexit><latexit sha1_base64="oi/AW20IujYOL/JXiNy9AsWlT0s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDM8mQZIRh6F+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQctUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknN4XfeaJKMynuTZbQIMYjwSJGsLHSYz/GZhxGeTYd1Btu050BLROvJA0o0R7Uv/pDSdKYCkM41rrnuYkJcqwMI5xOa/1U0wSTCR7RnqUCx1QH+SzxFJ1YZYgiqewTBs3U3xs5jrXO4tBOFgn1oleI/3m91ERXQc5EkhoqyPyjKOXISFScj4ZMUWJ4ZgkmitmsiIyxwsTYkmq2BG/x5GXinzWvm97deaN1UbZRhSM4hlPw4BJacAtt8IGAgGd4hTdHOy/Ou/MxH6045c4h/IHz+QNluJDl</latexit><latexit sha1_base64="oi/AW20IujYOL/JXiNy9AsWlT0s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDM8mQZIRh6F+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQctUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknN4XfeaJKMynuTZbQIMYjwSJGsLHSYz/GZhxGeTYd1Btu050BLROvJA0o0R7Uv/pDSdKYCkM41rrnuYkJcqwMI5xOa/1U0wSTCR7RnqUCx1QH+SzxFJ1YZYgiqewTBs3U3xs5jrXO4tBOFgn1oleI/3m91ERXQc5EkhoqyPyjKOXISFScj4ZMUWJ4ZgkmitmsiIyxwsTYkmq2BG/x5GXinzWvm97deaN1UbZRhSM4hlPw4BJacAtt8IGAgGd4hTdHOy/Ou/MxH6045c4h/IHz+QNluJDl</latexit><latexit sha1_base64="oi/AW20IujYOL/JXiNy9AsWlT0s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDM8mQZIRh6F+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQctUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknN4XfeaJKMynuTZbQIMYjwSJGsLHSYz/GZhxGeTYd1Btu050BLROvJA0o0R7Uv/pDSdKYCkM41rrnuYkJcqwMI5xOa/1U0wSTCR7RnqUCx1QH+SzxFJ1YZYgiqewTBs3U3xs5jrXO4tBOFgn1oleI/3m91ERXQc5EkhoqyPyjKOXISFScj4ZMUWJ4ZgkmitmsiIyxwsTYkmq2BG/x5GXinzWvm97deaN1UbZRhSM4hlPw4BJacAtt8IGAgGd4hTdHOy/Ou/MxH6045c4h/IHz+QNluJDl</latexit>

m
<latexit sha1_base64="WO/9bMgT4F9HnP0pbFGu/A45ZZ4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDk8yQZIQyzF+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQcepItQnMY9VN8Saciapb5jhtJsoikXIaSec3BR+54kqzWJ5b6YJDQQeSRYxgo2VHvsCm3EYZSIf1Btu050BLROvJA0o0R7Uv/rDmKSCSkM41rrnuYkJMqwMI5zmtX6qaYLJBI9oz1KJBdVBNkucoxOrDFEUK/ukQTP190aGhdZTEdrJIqFe9ArxP6+XmugqyJhMUkMlmX8UpRyZGBXnoyFTlBg+tQQTxWxWRMZYYWJsSTVbgrd48jLxz5rXTe/uvNG6KNuowhEcwyl4cAktuIU2+EBAwjO8wpujnRfn3fmYj1accucQ/sD5/AFTiJDZ</latexit><latexit sha1_base64="WO/9bMgT4F9HnP0pbFGu/A45ZZ4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDk8yQZIQyzF+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQcepItQnMY9VN8Saciapb5jhtJsoikXIaSec3BR+54kqzWJ5b6YJDQQeSRYxgo2VHvsCm3EYZSIf1Btu050BLROvJA0o0R7Uv/rDmKSCSkM41rrnuYkJMqwMI5zmtX6qaYLJBI9oz1KJBdVBNkucoxOrDFEUK/ukQTP190aGhdZTEdrJIqFe9ArxP6+XmugqyJhMUkMlmX8UpRyZGBXnoyFTlBg+tQQTxWxWRMZYYWJsSTVbgrd48jLxz5rXTe/uvNG6KNuowhEcwyl4cAktuIU2+EBAwjO8wpujnRfn3fmYj1accucQ/sD5/AFTiJDZ</latexit><latexit sha1_base64="WO/9bMgT4F9HnP0pbFGu/A45ZZ4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDk8yQZIQyzF+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQcepItQnMY9VN8Saciapb5jhtJsoikXIaSec3BR+54kqzWJ5b6YJDQQeSRYxgo2VHvsCm3EYZSIf1Btu050BLROvJA0o0R7Uv/rDmKSCSkM41rrnuYkJMqwMI5zmtX6qaYLJBI9oz1KJBdVBNkucoxOrDFEUK/ukQTP190aGhdZTEdrJIqFe9ArxP6+XmugqyJhMUkMlmX8UpRyZGBXnoyFTlBg+tQQTxWxWRMZYYWJsSTVbgrd48jLxz5rXTe/uvNG6KNuowhEcwyl4cAktuIU2+EBAwjO8wpujnRfn3fmYj1accucQ/sD5/AFTiJDZ</latexit><latexit sha1_base64="WO/9bMgT4F9HnP0pbFGu/A45ZZ4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI+NgV3Lis4NhiO5RMmmlDk8yQZIQyzF+4caHi1s9x59+YaWehrQcCh3PuJeeeMOFMG9f9diorq2vrG9XN2tb2zu5eff/gQcepItQnMY9VN8Saciapb5jhtJsoikXIaSec3BR+54kqzWJ5b6YJDQQeSRYxgo2VHvsCm3EYZSIf1Btu050BLROvJA0o0R7Uv/rDmKSCSkM41rrnuYkJMqwMI5zmtX6qaYLJBI9oz1KJBdVBNkucoxOrDFEUK/ukQTP190aGhdZTEdrJIqFe9ArxP6+XmugqyJhMUkMlmX8UpRyZGBXnoyFTlBg+tQQTxWxWRMZYYWJsSTVbgrd48jLxz5rXTe/uvNG6KNuowhEcwyl4cAktuIU2+EBAwjO8wpujnRfn3fmYj1accucQ/sD5/AFTiJDZ</latexit>

[Rudin et al., Physica D 1992]
[Lustig et al. MRM 2007]
[Elad and Aharon IEEE TIP 2006]
[Ravishankar and Bressler TMI 2011]
[Babacan et al. TIP 2010]
…

↵⇤ = argmin
↵

kED↵� yk22
�2

+ k↵k1
<latexit sha1_base64="eMkerctZ8mEC9XTAk9tzertV+1o="></latexit><latexit sha1_base64="eMkerctZ8mEC9XTAk9tzertV+1o="></latexit><latexit sha1_base64="eMkerctZ8mEC9XTAk9tzertV+1o="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="1pW3jqu3aUD3r5SYSM6cMQdnT2U="></latexit><latexit sha1_base64="1pW3jqu3aUD3r5SYSM6cMQdnT2U="></latexit><latexit sha1_base64="saFNZWAVZKLkezW4BlHdh/36Row="></latexit><latexit sha1_base64="eMkerctZ8mEC9XTAk9tzertV+1o="></latexit><latexit sha1_base64="eMkerctZ8mEC9XTAk9tzertV+1o="></latexit><latexit sha1_base64="eMkerctZ8mEC9XTAk9tzertV+1o="></latexit><latexit sha1_base64="eMkerctZ8mEC9XTAk9tzertV+1o="></latexit><latexit sha1_base64="eMkerctZ8mEC9XTAk9tzertV+1o="></latexit><latexit sha1_base64="eMkerctZ8mEC9XTAk9tzertV+1o="></latexit>

m⇤ = D↵⇤
<latexit sha1_base64="kxh9rmOfcBj2BFHIHJksC/tVji4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARpIuSiPhYCAVduKxgbKFpy2Q6aYfOTMLMRCihbvwVNy5U3PoZ7vwbJ20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr29c6+iRGLi4YhFshkgRRgVxNNUM9KMJUE8YKQRDK8yv/FApKKRuNOjmLQ56gsaUoy0kbr2ns+RHgRhysedCryE1z5i8QB1Kl277FSdCeA8cXNSBjnqXfvL70U44URozJBSLdeJdTtFUlPMyLjkJ4rECA9Rn7QMFYgT1U4nH4zhoVF6MIykKaHhRP09kSKu1IgHpjO7V816mfif10p0eN5OqYgTTQSeLgoTBnUEszhgj0qCNRsZgrCk5laIB0girE1oJROCO/vyPPGOqxdV9/akXDvN0yiCfXAAjoALzkAN3IA68AAGj+AZvII368l6sd6tj2lrwcpndsEfWJ8/f3mVyQ==</latexit><latexit sha1_base64="kxh9rmOfcBj2BFHIHJksC/tVji4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARpIuSiPhYCAVduKxgbKFpy2Q6aYfOTMLMRCihbvwVNy5U3PoZ7vwbJ20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr29c6+iRGLi4YhFshkgRRgVxNNUM9KMJUE8YKQRDK8yv/FApKKRuNOjmLQ56gsaUoy0kbr2ns+RHgRhysedCryE1z5i8QB1Kl277FSdCeA8cXNSBjnqXfvL70U44URozJBSLdeJdTtFUlPMyLjkJ4rECA9Rn7QMFYgT1U4nH4zhoVF6MIykKaHhRP09kSKu1IgHpjO7V816mfif10p0eN5OqYgTTQSeLgoTBnUEszhgj0qCNRsZgrCk5laIB0girE1oJROCO/vyPPGOqxdV9/akXDvN0yiCfXAAjoALzkAN3IA68AAGj+AZvII368l6sd6tj2lrwcpndsEfWJ8/f3mVyQ==</latexit><latexit sha1_base64="kxh9rmOfcBj2BFHIHJksC/tVji4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARpIuSiPhYCAVduKxgbKFpy2Q6aYfOTMLMRCihbvwVNy5U3PoZ7vwbJ20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr29c6+iRGLi4YhFshkgRRgVxNNUM9KMJUE8YKQRDK8yv/FApKKRuNOjmLQ56gsaUoy0kbr2ns+RHgRhysedCryE1z5i8QB1Kl277FSdCeA8cXNSBjnqXfvL70U44URozJBSLdeJdTtFUlPMyLjkJ4rECA9Rn7QMFYgT1U4nH4zhoVF6MIykKaHhRP09kSKu1IgHpjO7V816mfif10p0eN5OqYgTTQSeLgoTBnUEszhgj0qCNRsZgrCk5laIB0girE1oJROCO/vyPPGOqxdV9/akXDvN0yiCfXAAjoALzkAN3IA68AAGj+AZvII368l6sd6tj2lrwcpndsEfWJ8/f3mVyQ==</latexit><latexit sha1_base64="kxh9rmOfcBj2BFHIHJksC/tVji4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARpIuSiPhYCAVduKxgbKFpy2Q6aYfOTMLMRCihbvwVNy5U3PoZ7vwbJ20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr29c6+iRGLi4YhFshkgRRgVxNNUM9KMJUE8YKQRDK8yv/FApKKRuNOjmLQ56gsaUoy0kbr2ns+RHgRhysedCryE1z5i8QB1Kl277FSdCeA8cXNSBjnqXfvL70U44URozJBSLdeJdTtFUlPMyLjkJ4rECA9Rn7QMFYgT1U4nH4zhoVF6MIykKaHhRP09kSKu1IgHpjO7V816mfif10p0eN5OqYgTTQSeLgoTBnUEszhgj0qCNRsZgrCk5laIB0girE1oJROCO/vyPPGOqxdV9/akXDvN0yiCfXAAjoALzkAN3IA68AAGj+AZvII368l6sd6tj2lrwcpndsEfWJ8/f3mVyQ==</latexit>

D: over-complete dictionary learned
from examples
⍺: sparse code

Sparse dictionaries
[Elad and Aharon IEEE TIP 2006]

↵⇤ = argmin
↵

kED↵� yk22
�2

+ k↵k2
<latexit sha1_base64="FyrBSwF4EKhXr0i12sGFOO69nHU="></latexit><latexit sha1_base64="FyrBSwF4EKhXr0i12sGFOO69nHU="></latexit><latexit sha1_base64="FyrBSwF4EKhXr0i12sGFOO69nHU="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="kltm78P++dDy7WBgfWvN8RxAzDU="></latexit><latexit sha1_base64="kltm78P++dDy7WBgfWvN8RxAzDU="></latexit><latexit sha1_base64="TKjOTGUKRT3v/5qrFaJKKD1tGes="></latexit><latexit sha1_base64="FyrBSwF4EKhXr0i12sGFOO69nHU="></latexit><latexit sha1_base64="FyrBSwF4EKhXr0i12sGFOO69nHU="></latexit><latexit sha1_base64="FyrBSwF4EKhXr0i12sGFOO69nHU="></latexit><latexit sha1_base64="FyrBSwF4EKhXr0i12sGFOO69nHU="></latexit><latexit sha1_base64="FyrBSwF4EKhXr0i12sGFOO69nHU="></latexit><latexit sha1_base64="FyrBSwF4EKhXr0i12sGFOO69nHU="></latexit>

m⇤ = D↵⇤
<latexit sha1_base64="kxh9rmOfcBj2BFHIHJksC/tVji4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARpIuSiPhYCAVduKxgbKFpy2Q6aYfOTMLMRCihbvwVNy5U3PoZ7vwbJ20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr29c6+iRGLi4YhFshkgRRgVxNNUM9KMJUE8YKQRDK8yv/FApKKRuNOjmLQ56gsaUoy0kbr2ns+RHgRhysedCryE1z5i8QB1Kl277FSdCeA8cXNSBjnqXfvL70U44URozJBSLdeJdTtFUlPMyLjkJ4rECA9Rn7QMFYgT1U4nH4zhoVF6MIykKaHhRP09kSKu1IgHpjO7V816mfif10p0eN5OqYgTTQSeLgoTBnUEszhgj0qCNRsZgrCk5laIB0girE1oJROCO/vyPPGOqxdV9/akXDvN0yiCfXAAjoALzkAN3IA68AAGj+AZvII368l6sd6tj2lrwcpndsEfWJ8/f3mVyQ==</latexit><latexit sha1_base64="kxh9rmOfcBj2BFHIHJksC/tVji4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARpIuSiPhYCAVduKxgbKFpy2Q6aYfOTMLMRCihbvwVNy5U3PoZ7vwbJ20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr29c6+iRGLi4YhFshkgRRgVxNNUM9KMJUE8YKQRDK8yv/FApKKRuNOjmLQ56gsaUoy0kbr2ns+RHgRhysedCryE1z5i8QB1Kl277FSdCeA8cXNSBjnqXfvL70U44URozJBSLdeJdTtFUlPMyLjkJ4rECA9Rn7QMFYgT1U4nH4zhoVF6MIykKaHhRP09kSKu1IgHpjO7V816mfif10p0eN5OqYgTTQSeLgoTBnUEszhgj0qCNRsZgrCk5laIB0girE1oJROCO/vyPPGOqxdV9/akXDvN0yiCfXAAjoALzkAN3IA68AAGj+AZvII368l6sd6tj2lrwcpndsEfWJ8/f3mVyQ==</latexit><latexit sha1_base64="kxh9rmOfcBj2BFHIHJksC/tVji4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARpIuSiPhYCAVduKxgbKFpy2Q6aYfOTMLMRCihbvwVNy5U3PoZ7vwbJ20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr29c6+iRGLi4YhFshkgRRgVxNNUM9KMJUE8YKQRDK8yv/FApKKRuNOjmLQ56gsaUoy0kbr2ns+RHgRhysedCryE1z5i8QB1Kl277FSdCeA8cXNSBjnqXfvL70U44URozJBSLdeJdTtFUlPMyLjkJ4rECA9Rn7QMFYgT1U4nH4zhoVF6MIykKaHhRP09kSKu1IgHpjO7V816mfif10p0eN5OqYgTTQSeLgoTBnUEszhgj0qCNRsZgrCk5laIB0girE1oJROCO/vyPPGOqxdV9/akXDvN0yiCfXAAjoALzkAN3IA68AAGj+AZvII368l6sd6tj2lrwcpndsEfWJ8/f3mVyQ==</latexit><latexit sha1_base64="kxh9rmOfcBj2BFHIHJksC/tVji4=">AAACAHicbVDLSsNAFJ3UV62vqBvBzWARpIuSiPhYCAVduKxgbKFpy2Q6aYfOTMLMRCihbvwVNy5U3PoZ7vwbJ20W2nrgwuGce7n3niBmVGnH+bYKC4tLyyvF1dLa+sbmlr29c6+iRGLi4YhFshkgRRgVxNNUM9KMJUE8YKQRDK8yv/FApKKRuNOjmLQ56gsaUoy0kbr2ns+RHgRhysedCryE1z5i8QB1Kl277FSdCeA8cXNSBjnqXfvL70U44URozJBSLdeJdTtFUlPMyLjkJ4rECA9Rn7QMFYgT1U4nH4zhoVF6MIykKaHhRP09kSKu1IgHpjO7V816mfif10p0eN5OqYgTTQSeLgoTBnUEszhgj0qCNRsZgrCk5laIB0girE1oJROCO/vyPPGOqxdV9/akXDvN0yiCfXAAjoALzkAN3IA68AAGj+AZvII368l6sd6tj2lrwcpndsEfWJ8/f3mVyQ==</latexit>

D: PCA matrix
⍺: PCA code

Similar model with probabilistic PCA
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The prior p(m)
<latexit sha1_base64="iV54uzHvRqRiyVplwxBCWLm66EE=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrggoeCl48VnBtoV1KNs22oUl2TbKFsvR3ePGg4tU/481/Y7bdg7YOBIaZ93iTCRPOtHHdb2dldW19Y7O0Vd7e2d3brxwcPuo4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo9vcb42p0iyWD2aS0EDggWQRI9hYKUhqXYHNMIwyMT3rVapu3Z0BLROvIFUo0OxVvrr9mKSCSkM41rrjuYkJMqwMI5xOy91U0wSTER7QjqUSC6qDbBZ6ik6t0kdRrOyTBs3U3xsZFlpPRGgn84h60cvF/7xOaqKrIGMySQ2VZH4oSjkyMcobQH2mKDF8YgkmitmsiAyxwsTYnsq2BG/xy8vEP69f1737i2rjpmijBMdwAjXw4BIacAdN8IHAEzzDK7w5Y+fFeXc+5qMrTrFzBH/gfP4A8ziRvg==</latexit><latexit sha1_base64="iV54uzHvRqRiyVplwxBCWLm66EE=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrggoeCl48VnBtoV1KNs22oUl2TbKFsvR3ePGg4tU/481/Y7bdg7YOBIaZ93iTCRPOtHHdb2dldW19Y7O0Vd7e2d3brxwcPuo4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo9vcb42p0iyWD2aS0EDggWQRI9hYKUhqXYHNMIwyMT3rVapu3Z0BLROvIFUo0OxVvrr9mKSCSkM41rrjuYkJMqwMI5xOy91U0wSTER7QjqUSC6qDbBZ6ik6t0kdRrOyTBs3U3xsZFlpPRGgn84h60cvF/7xOaqKrIGMySQ2VZH4oSjkyMcobQH2mKDF8YgkmitmsiAyxwsTYnsq2BG/xy8vEP69f1737i2rjpmijBMdwAjXw4BIacAdN8IHAEzzDK7w5Y+fFeXc+5qMrTrFzBH/gfP4A8ziRvg==</latexit><latexit sha1_base64="iV54uzHvRqRiyVplwxBCWLm66EE=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrggoeCl48VnBtoV1KNs22oUl2TbKFsvR3ePGg4tU/481/Y7bdg7YOBIaZ93iTCRPOtHHdb2dldW19Y7O0Vd7e2d3brxwcPuo4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo9vcb42p0iyWD2aS0EDggWQRI9hYKUhqXYHNMIwyMT3rVapu3Z0BLROvIFUo0OxVvrr9mKSCSkM41rrjuYkJMqwMI5xOy91U0wSTER7QjqUSC6qDbBZ6ik6t0kdRrOyTBs3U3xsZFlpPRGgn84h60cvF/7xOaqKrIGMySQ2VZH4oSjkyMcobQH2mKDF8YgkmitmsiAyxwsTYnsq2BG/xy8vEP69f1737i2rjpmijBMdwAjXw4BIacAdN8IHAEzzDK7w5Y+fFeXc+5qMrTrFzBH/gfP4A8ziRvg==</latexit><latexit sha1_base64="iV54uzHvRqRiyVplwxBCWLm66EE=">AAAB83icbVBNSwMxFHzrZ61fVY9egkWol7IrggoeCl48VnBtoV1KNs22oUl2TbKFsvR3ePGg4tU/481/Y7bdg7YOBIaZ93iTCRPOtHHdb2dldW19Y7O0Vd7e2d3brxwcPuo4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo9vcb42p0iyWD2aS0EDggWQRI9hYKUhqXYHNMIwyMT3rVapu3Z0BLROvIFUo0OxVvrr9mKSCSkM41rrjuYkJMqwMI5xOy91U0wSTER7QjqUSC6qDbBZ6ik6t0kdRrOyTBs3U3xsZFlpPRGgn84h60cvF/7xOaqKrIGMySQ2VZH4oSjkyMcobQH2mKDF8YgkmitmsiAyxwsTYnsq2BG/xy8vEP69f1737i2rjpmijBMdwAjXw4BIacAdN8IHAEzzDK7w5Y+fFeXc+5qMrTrFzBH/gfP4A8ziRvg==</latexit>

p(m) / exp{�k (m� µ)kp}
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Fig. 10. Shape instances generated using the 3-D two-chambermodel and the statistic registration measure from 14 cardiac data sets. The instances are generated
by varying a single shape parameter, fixing all others at zero standard deviations from the mean shape. This two-chamber model consists of 679 LV endocardial
nodes, 1352 LV epicardial nodes, and 1841 RV endocardial nodes.

Table III reports on the interobserver variability for manual
landmarking in subject space and that of the landmarks manu-
ally placed in the atlas and then propagated into subject space.
The latter variability measures the effective uncertainty in the
position of the automatic landmarks when considering that they
have been obtained from the propagation of already uncertain
(manual) landmarks.
Finally, it is interesting to compute an estimate of the average

distance (error) between the landmarks placed manually in sub-
ject space and those propagated to subject space from the atlas.
To this end, the average position of the landmarks of all ob-
servers and all sessions has been used as the “gold standard”
[textured bullet in Fig. 14(b)]. Table IV gives the average dis-

tance in subject space between the gold-standard landmarks in
subject space and in atlas space after being mapped into subject
coordinates. From these experiments, it is possible to state that
the error in the automatic landmark placement is, on average,
2.2 mm. This is about two pixels with the current in-place

image resolution and only moderately worse than the interob-
server variability in manual landmarking.

VI. DISCUSSION AND CONCLUSION

This paper has presented amethod for the automatic construc-
tion of 3-D statistical shape models. The technique is based on
the automatic extraction of a dense mesh of landmarks in an

mean�3�
<latexit sha1_base64="GhXpdPASaKYDcMQv9UOxL2sB8Vc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyVR8eNW8OKxgrGVNpTNdtMu3d2E3Y1QQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWl5ZXSuvVzY2t7Z33N29B51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDPxm09UaZbIezNKaShwX7KYEWys9Hhyhjqa9QXuulWv5k2BFolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKfjSifTNMVkiPu0banEguownx48RkdW6aE4UbakQVP190SOhdYjEdlOgc1Az3sT8T+vnZn4KsyZTDNDJZktijOOTIIm36MeU5QYPrIEE8XsrYgMsMLE2IwqNgR//uVFEpzWrmv+3Xm1flGkUYYDOIRj8OES6nALDQiAgIBneIU3RzkvzrvzMWstOcXMPvyB8/kDORiPiQ==</latexit><latexit sha1_base64="GhXpdPASaKYDcMQv9UOxL2sB8Vc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyVR8eNW8OKxgrGVNpTNdtMu3d2E3Y1QQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWl5ZXSuvVzY2t7Z33N29B51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDPxm09UaZbIezNKaShwX7KYEWys9Hhyhjqa9QXuulWv5k2BFolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKfjSifTNMVkiPu0banEguownx48RkdW6aE4UbakQVP190SOhdYjEdlOgc1Az3sT8T+vnZn4KsyZTDNDJZktijOOTIIm36MeU5QYPrIEE8XsrYgMsMLE2IwqNgR//uVFEpzWrmv+3Xm1flGkUYYDOIRj8OES6nALDQiAgIBneIU3RzkvzrvzMWstOcXMPvyB8/kDORiPiQ==</latexit><latexit sha1_base64="GhXpdPASaKYDcMQv9UOxL2sB8Vc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyVR8eNW8OKxgrGVNpTNdtMu3d2E3Y1QQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWl5ZXSuvVzY2t7Z33N29B51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDPxm09UaZbIezNKaShwX7KYEWys9Hhyhjqa9QXuulWv5k2BFolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKfjSifTNMVkiPu0banEguownx48RkdW6aE4UbakQVP190SOhdYjEdlOgc1Az3sT8T+vnZn4KsyZTDNDJZktijOOTIIm36MeU5QYPrIEE8XsrYgMsMLE2IwqNgR//uVFEpzWrmv+3Xm1flGkUYYDOIRj8OES6nALDQiAgIBneIU3RzkvzrvzMWstOcXMPvyB8/kDORiPiQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="MVEERoD9AZ/+0k5f1JZjksVbeUM=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcGOZ0YW6E9y4rODYSjuUTHqnDU0yQ5IRytCncONCxWdy59uY/iy09UDg45yE3HviTHBjff/bK62tb2xulbcrO9Xdvf3aQfXRpLlmGLJUpLodU4OCKwwttwLbmUYqY4GteHQ7zVvPqA1P1YMdZxhJOlA84YxaZz2dXZCu4QNJe7W63/BnIqsQLKAOCzV7ta9uP2W5RGWZoMZ0Aj+zUUG15UzgpNLNDWaUjegAOw4VlWiiYjbwhJw4p0+SVLujLJm5v18UVBozlrG7KakdmuVsav6XdXKbXEUFV1luUbH5R0kuiE3JdHvS5xqZFWMHlGnuZiVsSDVl1nVUcSUEyyuvQnjeuG4E9z6U4QiO4RQCuIQbuIMmhMBAwgu8wbunvVfvY95WyVvUdgh/5H3+AAzzjjs=</latexit><latexit sha1_base64="MVEERoD9AZ/+0k5f1JZjksVbeUM=">AAAB5HicbZDNSgMxFIXv1L9aq1a3boJFcGOZ0YW6E9y4rODYSjuUTHqnDU0yQ5IRytCncONCxWdy59uY/iy09UDg45yE3HviTHBjff/bK62tb2xulbcrO9Xdvf3aQfXRpLlmGLJUpLodU4OCKwwttwLbmUYqY4GteHQ7zVvPqA1P1YMdZxhJOlA84YxaZz2dXZCu4QNJe7W63/BnIqsQLKAOCzV7ta9uP2W5RGWZoMZ0Aj+zUUG15UzgpNLNDWaUjegAOw4VlWiiYjbwhJw4p0+SVLujLJm5v18UVBozlrG7KakdmuVsav6XdXKbXEUFV1luUbH5R0kuiE3JdHvS5xqZFWMHlGnuZiVsSDVl1nVUcSUEyyuvQnjeuG4E9z6U4QiO4RQCuIQbuIMmhMBAwgu8wbunvVfvY95WyVvUdgh/5H3+AAzzjjs=</latexit><latexit sha1_base64="XHK+70iNPznOxzrn9WiFI2rctxs=">AAAB73icbVBNSwMxEJ34WetX1aOXYBG8WHYV/LgVvHis4NpKu5Rsmm1Dk+ySZIWy9Fd48aDi1b/jzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTHk/PccfwviTdStWreVPgReIXpAoFGt3KV6eX0EwyZakgxrR9L7VhTrTlVLBxuZMZlhI6JH3WdlQRyUyYTw8e42On9HCcaFfK4qn6eyIn0piRjFynJHZg5r2J+J/Xzmx8FeZcpZllis4WxZnANsGT73GPa0atGDlCqObuVkwHRBNqXUZlF4I///IiCc5q1zX/zqvWL4o0SnAIR3ACPlxCHW6hAQFQkPAMr/CGNHpB7+hj1rqEipkD+AP0+QM32I+F</latexit><latexit sha1_base64="GhXpdPASaKYDcMQv9UOxL2sB8Vc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyVR8eNW8OKxgrGVNpTNdtMu3d2E3Y1QQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWl5ZXSuvVzY2t7Z33N29B51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDPxm09UaZbIezNKaShwX7KYEWys9Hhyhjqa9QXuulWv5k2BFolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKfjSifTNMVkiPu0banEguownx48RkdW6aE4UbakQVP190SOhdYjEdlOgc1Az3sT8T+vnZn4KsyZTDNDJZktijOOTIIm36MeU5QYPrIEE8XsrYgMsMLE2IwqNgR//uVFEpzWrmv+3Xm1flGkUYYDOIRj8OES6nALDQiAgIBneIU3RzkvzrvzMWstOcXMPvyB8/kDORiPiQ==</latexit><latexit sha1_base64="GhXpdPASaKYDcMQv9UOxL2sB8Vc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyVR8eNW8OKxgrGVNpTNdtMu3d2E3Y1QQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWl5ZXSuvVzY2t7Z33N29B51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDPxm09UaZbIezNKaShwX7KYEWys9Hhyhjqa9QXuulWv5k2BFolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKfjSifTNMVkiPu0banEguownx48RkdW6aE4UbakQVP190SOhdYjEdlOgc1Az3sT8T+vnZn4KsyZTDNDJZktijOOTIIm36MeU5QYPrIEE8XsrYgMsMLE2IwqNgR//uVFEpzWrmv+3Xm1flGkUYYDOIRj8OES6nALDQiAgIBneIU3RzkvzrvzMWstOcXMPvyB8/kDORiPiQ==</latexit><latexit sha1_base64="GhXpdPASaKYDcMQv9UOxL2sB8Vc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyVR8eNW8OKxgrGVNpTNdtMu3d2E3Y1QQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWl5ZXSuvVzY2t7Z33N29B51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDPxm09UaZbIezNKaShwX7KYEWys9Hhyhjqa9QXuulWv5k2BFolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKfjSifTNMVkiPu0banEguownx48RkdW6aE4UbakQVP190SOhdYjEdlOgc1Az3sT8T+vnZn4KsyZTDNDJZktijOOTIIm36MeU5QYPrIEE8XsrYgMsMLE2IwqNgR//uVFEpzWrmv+3Xm1flGkUYYDOIRj8OES6nALDQiAgIBneIU3RzkvzrvzMWstOcXMPvyB8/kDORiPiQ==</latexit><latexit sha1_base64="GhXpdPASaKYDcMQv9UOxL2sB8Vc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyVR8eNW8OKxgrGVNpTNdtMu3d2E3Y1QQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWl5ZXSuvVzY2t7Z33N29B51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDPxm09UaZbIezNKaShwX7KYEWys9Hhyhjqa9QXuulWv5k2BFolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKfjSifTNMVkiPu0banEguownx48RkdW6aE4UbakQVP190SOhdYjEdlOgc1Az3sT8T+vnZn4KsyZTDNDJZktijOOTIIm36MeU5QYPrIEE8XsrYgMsMLE2IwqNgR//uVFEpzWrmv+3Xm1flGkUYYDOIRj8OES6nALDQiAgIBneIU3RzkvzrvzMWstOcXMPvyB8/kDORiPiQ==</latexit><latexit sha1_base64="GhXpdPASaKYDcMQv9UOxL2sB8Vc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyVR8eNW8OKxgrGVNpTNdtMu3d2E3Y1QQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWl5ZXSuvVzY2t7Z33N29B51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDPxm09UaZbIezNKaShwX7KYEWys9Hhyhjqa9QXuulWv5k2BFolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKfjSifTNMVkiPu0banEguownx48RkdW6aE4UbakQVP190SOhdYjEdlOgc1Az3sT8T+vnZn4KsyZTDNDJZktijOOTIIm36MeU5QYPrIEE8XsrYgMsMLE2IwqNgR//uVFEpzWrmv+3Xm1flGkUYYDOIRj8OES6nALDQiAgIBneIU3RzkvzrvzMWstOcXMPvyB8/kDORiPiQ==</latexit><latexit sha1_base64="GhXpdPASaKYDcMQv9UOxL2sB8Vc=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyVR8eNW8OKxgrGVNpTNdtMu3d2E3Y1QQn+FFw8qXv073vw3btsctPXBwOO9GWbmRSln2njet1NaWl5ZXSuvVzY2t7Z33N29B51kitCAJDxRrQhrypmkgWGG01aqKBYRp81oeDPxm09UaZbIezNKaShwX7KYEWys9Hhyhjqa9QXuulWv5k2BFolfkCoUaHTdr04vIZmg0hCOtW77XmrCHCvDCKfjSifTNMVkiPu0banEguownx48RkdW6aE4UbakQVP190SOhdYjEdlOgc1Az3sT8T+vnZn4KsyZTDNDJZktijOOTIIm36MeU5QYPrIEE8XsrYgMsMLE2IwqNgR//uVFEpzWrmv+3Xm1flGkUYYDOIRj8OES6nALDQiAgIBneIU3RzkvzrvzMWstOcXMPvyB8/kDORiPiQ==</latexit> 3�

<latexit sha1_base64="urBh1UbdJLjRdFubi1hySeTqnhw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48RXBNIljA7mU2GzGOdmRXCkp/w4kHFq9/jzb9xkuxBEwsaiqpuurvilDNjff/bW1peWV1bL22UN7e2d3Yre/sPRmWa0JAornQrxoZyJmlomeW0lWqKRcxpMx7eTPzmE9WGKXlvRymNBO5LljCCrZNaZ6hjWF/gbqXq1/wp0CIJClKFAo1u5avTUyQTVFrCsTHtwE9tlGNtGeF0XO5khqaYDHGfth2VWFAT5dN7x+jYKT2UKO1KWjRVf0/kWBgzErHrFNgOzLw3Ef/z2plNrqKcyTSzVJLZoiTjyCo0eR71mKbE8pEjmGjmbkVkgDUm1kVUdiEE8y8vkvC0dl0L7s6r9YsijRIcwhGcQACXUIdbaEAIBDg8wyu8eY/ei/fufcxal7xi5gD+wPv8Ac6pj1I=</latexit><latexit sha1_base64="urBh1UbdJLjRdFubi1hySeTqnhw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48RXBNIljA7mU2GzGOdmRXCkp/w4kHFq9/jzb9xkuxBEwsaiqpuurvilDNjff/bW1peWV1bL22UN7e2d3Yre/sPRmWa0JAornQrxoZyJmlomeW0lWqKRcxpMx7eTPzmE9WGKXlvRymNBO5LljCCrZNaZ6hjWF/gbqXq1/wp0CIJClKFAo1u5avTUyQTVFrCsTHtwE9tlGNtGeF0XO5khqaYDHGfth2VWFAT5dN7x+jYKT2UKO1KWjRVf0/kWBgzErHrFNgOzLw3Ef/z2plNrqKcyTSzVJLZoiTjyCo0eR71mKbE8pEjmGjmbkVkgDUm1kVUdiEE8y8vkvC0dl0L7s6r9YsijRIcwhGcQACXUIdbaEAIBDg8wyu8eY/ei/fufcxal7xi5gD+wPv8Ac6pj1I=</latexit><latexit sha1_base64="urBh1UbdJLjRdFubi1hySeTqnhw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48RXBNIljA7mU2GzGOdmRXCkp/w4kHFq9/jzb9xkuxBEwsaiqpuurvilDNjff/bW1peWV1bL22UN7e2d3Yre/sPRmWa0JAornQrxoZyJmlomeW0lWqKRcxpMx7eTPzmE9WGKXlvRymNBO5LljCCrZNaZ6hjWF/gbqXq1/wp0CIJClKFAo1u5avTUyQTVFrCsTHtwE9tlGNtGeF0XO5khqaYDHGfth2VWFAT5dN7x+jYKT2UKO1KWjRVf0/kWBgzErHrFNgOzLw3Ef/z2plNrqKcyTSzVJLZoiTjyCo0eR71mKbE8pEjmGjmbkVkgDUm1kVUdiEE8y8vkvC0dl0L7s6r9YsijRIcwhGcQACXUIdbaEAIBDg8wyu8eY/ei/fufcxal7xi5gD+wPv8Ac6pj1I=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="ecLGwVKM/2VofF/QjH72Rmz1eAc=">AAAB43icbZDNSgMxFIXv1L9aq1a3boJFcFVmdGHdCW5cVnBsoR1KJs20oUlmTO4IZehLuHGh4ju5821MfxbaeiDwcU5C7j1xJoVF3//2ShubW9s75d3KXnX/4LB2VH20aW4YD1kqU9OJqeVSaB6iQMk7meFUxZK34/HtLG8/c2NFqh9wkvFI0aEWiWAUndW5JD0rhor2a3W/4c9F1iFYQh2WavVrX71BynLFNTJJre0GfoZRQQ0KJvm00sstzygb0yHvOtRUcRsV83mn5Mw5A5Kkxh2NZO7+flFQZe1Exe6mojiyq9nM/C/r5pg0o0LoLEeu2eKjJJcEUzJbngyE4QzlxAFlRrhZCRtRQxm6iiquhGB15XUILxrXjeDehzKcwCmcQwBXcAN30IIQGEh4gTd49568V+9j0VbJW9Z2DH/kff4ApLOOBQ==</latexit><latexit sha1_base64="ecLGwVKM/2VofF/QjH72Rmz1eAc=">AAAB43icbZDNSgMxFIXv1L9aq1a3boJFcFVmdGHdCW5cVnBsoR1KJs20oUlmTO4IZehLuHGh4ju5821MfxbaeiDwcU5C7j1xJoVF3//2ShubW9s75d3KXnX/4LB2VH20aW4YD1kqU9OJqeVSaB6iQMk7meFUxZK34/HtLG8/c2NFqh9wkvFI0aEWiWAUndW5JD0rhor2a3W/4c9F1iFYQh2WavVrX71BynLFNTJJre0GfoZRQQ0KJvm00sstzygb0yHvOtRUcRsV83mn5Mw5A5Kkxh2NZO7+flFQZe1Exe6mojiyq9nM/C/r5pg0o0LoLEeu2eKjJJcEUzJbngyE4QzlxAFlRrhZCRtRQxm6iiquhGB15XUILxrXjeDehzKcwCmcQwBXcAN30IIQGEh4gTd49568V+9j0VbJW9Z2DH/kff4ApLOOBQ==</latexit><latexit sha1_base64="7QpfeKXj2EE7ICHsq7raZFlW17M=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewq+LgFvHiM4JpAsoTZyWwyZB7rzKwQlvyEFw8qXv0eb/6Nk2QPmljQUFR1090Vp5wZ6/vfXmlldW19o7xZ2dre2d2r7h88GJVpQkOiuNLtGBvKmaShZZbTdqopFjGnrXh0M/VbT1QbpuS9Hac0EnggWcIItk5qn6OuYQOBe9WaX/dnQMskKEgNCjR71a9uX5FMUGkJx8Z0Aj+1UY61ZYTTSaWbGZpiMsID2nFUYkFNlM/unaATp/RRorQradFM/T2RY2HMWMSuU2A7NIveVPzP62Q2uYpyJtPMUknmi5KMI6vQ9HnUZ5oSy8eOYKKZuxWRIdaYWBdRxYUQLL68TMKz+nU9uPNrjYsijTIcwTGcQgCX0IBbaEIIBDg8wyu8eY/ei/fufcxbS14xcwh/4H3+AM1pj04=</latexit><latexit sha1_base64="urBh1UbdJLjRdFubi1hySeTqnhw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48RXBNIljA7mU2GzGOdmRXCkp/w4kHFq9/jzb9xkuxBEwsaiqpuurvilDNjff/bW1peWV1bL22UN7e2d3Yre/sPRmWa0JAornQrxoZyJmlomeW0lWqKRcxpMx7eTPzmE9WGKXlvRymNBO5LljCCrZNaZ6hjWF/gbqXq1/wp0CIJClKFAo1u5avTUyQTVFrCsTHtwE9tlGNtGeF0XO5khqaYDHGfth2VWFAT5dN7x+jYKT2UKO1KWjRVf0/kWBgzErHrFNgOzLw3Ef/z2plNrqKcyTSzVJLZoiTjyCo0eR71mKbE8pEjmGjmbkVkgDUm1kVUdiEE8y8vkvC0dl0L7s6r9YsijRIcwhGcQACXUIdbaEAIBDg8wyu8eY/ei/fufcxal7xi5gD+wPv8Ac6pj1I=</latexit><latexit sha1_base64="urBh1UbdJLjRdFubi1hySeTqnhw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48RXBNIljA7mU2GzGOdmRXCkp/w4kHFq9/jzb9xkuxBEwsaiqpuurvilDNjff/bW1peWV1bL22UN7e2d3Yre/sPRmWa0JAornQrxoZyJmlomeW0lWqKRcxpMx7eTPzmE9WGKXlvRymNBO5LljCCrZNaZ6hjWF/gbqXq1/wp0CIJClKFAo1u5avTUyQTVFrCsTHtwE9tlGNtGeF0XO5khqaYDHGfth2VWFAT5dN7x+jYKT2UKO1KWjRVf0/kWBgzErHrFNgOzLw3Ef/z2plNrqKcyTSzVJLZoiTjyCo0eR71mKbE8pEjmGjmbkVkgDUm1kVUdiEE8y8vkvC0dl0L7s6r9YsijRIcwhGcQACXUIdbaEAIBDg8wyu8eY/ei/fufcxal7xi5gD+wPv8Ac6pj1I=</latexit><latexit sha1_base64="urBh1UbdJLjRdFubi1hySeTqnhw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48RXBNIljA7mU2GzGOdmRXCkp/w4kHFq9/jzb9xkuxBEwsaiqpuurvilDNjff/bW1peWV1bL22UN7e2d3Yre/sPRmWa0JAornQrxoZyJmlomeW0lWqKRcxpMx7eTPzmE9WGKXlvRymNBO5LljCCrZNaZ6hjWF/gbqXq1/wp0CIJClKFAo1u5avTUyQTVFrCsTHtwE9tlGNtGeF0XO5khqaYDHGfth2VWFAT5dN7x+jYKT2UKO1KWjRVf0/kWBgzErHrFNgOzLw3Ef/z2plNrqKcyTSzVJLZoiTjyCo0eR71mKbE8pEjmGjmbkVkgDUm1kVUdiEE8y8vkvC0dl0L7s6r9YsijRIcwhGcQACXUIdbaEAIBDg8wyu8eY/ei/fufcxal7xi5gD+wPv8Ac6pj1I=</latexit><latexit sha1_base64="urBh1UbdJLjRdFubi1hySeTqnhw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48RXBNIljA7mU2GzGOdmRXCkp/w4kHFq9/jzb9xkuxBEwsaiqpuurvilDNjff/bW1peWV1bL22UN7e2d3Yre/sPRmWa0JAornQrxoZyJmlomeW0lWqKRcxpMx7eTPzmE9WGKXlvRymNBO5LljCCrZNaZ6hjWF/gbqXq1/wp0CIJClKFAo1u5avTUyQTVFrCsTHtwE9tlGNtGeF0XO5khqaYDHGfth2VWFAT5dN7x+jYKT2UKO1KWjRVf0/kWBgzErHrFNgOzLw3Ef/z2plNrqKcyTSzVJLZoiTjyCo0eR71mKbE8pEjmGjmbkVkgDUm1kVUdiEE8y8vkvC0dl0L7s6r9YsijRIcwhGcQACXUIdbaEAIBDg8wyu8eY/ei/fufcxal7xi5gD+wPv8Ac6pj1I=</latexit><latexit sha1_base64="urBh1UbdJLjRdFubi1hySeTqnhw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48RXBNIljA7mU2GzGOdmRXCkp/w4kHFq9/jzb9xkuxBEwsaiqpuurvilDNjff/bW1peWV1bL22UN7e2d3Yre/sPRmWa0JAornQrxoZyJmlomeW0lWqKRcxpMx7eTPzmE9WGKXlvRymNBO5LljCCrZNaZ6hjWF/gbqXq1/wp0CIJClKFAo1u5avTUyQTVFrCsTHtwE9tlGNtGeF0XO5khqaYDHGfth2VWFAT5dN7x+jYKT2UKO1KWjRVf0/kWBgzErHrFNgOzLw3Ef/z2plNrqKcyTSzVJLZoiTjyCo0eR71mKbE8pEjmGjmbkVkgDUm1kVUdiEE8y8vkvC0dl0L7s6r9YsijRIcwhGcQACXUIdbaEAIBDg8wyu8eY/ei/fufcxal7xi5gD+wPv8Ac6pj1I=</latexit><latexit sha1_base64="urBh1UbdJLjRdFubi1hySeTqnhw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VH7eAF48RXBNIljA7mU2GzGOdmRXCkp/w4kHFq9/jzb9xkuxBEwsaiqpuurvilDNjff/bW1peWV1bL22UN7e2d3Yre/sPRmWa0JAornQrxoZyJmlomeW0lWqKRcxpMx7eTPzmE9WGKXlvRymNBO5LljCCrZNaZ6hjWF/gbqXq1/wp0CIJClKFAo1u5avTUyQTVFrCsTHtwE9tlGNtGeF0XO5khqaYDHGfth2VWFAT5dN7x+jYKT2UKO1KWjRVf0/kWBgzErHrFNgOzLw3Ef/z2plNrqKcyTSzVJLZoiTjyCo0eR71mKbE8pEjmGjmbkVkgDUm1kVUdiEE8y8vkvC0dl0L7s6r9YsijRIcwhGcQACXUIdbaEAIBDg8wyu8eY/ei/fufcxal7xi5gD+wPv8Ac6pj1I=</latexit>

1st
m

od
e

2nd
m

od
e

Linear model with PCA

Atlases

Image
Registration

New Image Candidates

Label
Fusion

Label
Propagation

Segmentation

m = D↵
<latexit sha1_base64="ieHbd32tSvxOOxXOsKkNk20gUD0=">AAAB/HicbVDLSsNAFL2pr1pf8bFzM1gEVyUR8bEQCrpwWcHYQlPKZDpph84kYWYi1FD8FTcuVNz6Ie78GydtFtp6YOBwzr3cMydIOFPacb6t0sLi0vJKebWytr6xuWVv79yrOJWEeiTmsWwFWFHOIupppjltJZJiEXDaDIZXud98oFKxOLrTo4R2BO5HLGQEayN17T1fYD0IwkyM0SW69jFPBrhrV52aMwGaJ25BqlCg0bW//F5MUkEjTThWqu06ie5kWGpGOB1X/FTRBJMh7tO2oREWVHWySfoxOjRKD4WxNC/SaKL+3siwUGokAjOZZ1WzXi7+57VTHZ53MhYlqaYRmR4KU450jPIqUI9JSjQfGYKJZCYrIgMsMdGmsIopwZ398jzxjmsXNff2pFo/Ldoowz4cwBG4cAZ1uIEGeEDgEZ7hFd6sJ+vFerc+pqMlq9jZhT+wPn8AMVGUkQ==</latexit><latexit sha1_base64="ieHbd32tSvxOOxXOsKkNk20gUD0=">AAAB/HicbVDLSsNAFL2pr1pf8bFzM1gEVyUR8bEQCrpwWcHYQlPKZDpph84kYWYi1FD8FTcuVNz6Ie78GydtFtp6YOBwzr3cMydIOFPacb6t0sLi0vJKebWytr6xuWVv79yrOJWEeiTmsWwFWFHOIupppjltJZJiEXDaDIZXud98oFKxOLrTo4R2BO5HLGQEayN17T1fYD0IwkyM0SW69jFPBrhrV52aMwGaJ25BqlCg0bW//F5MUkEjTThWqu06ie5kWGpGOB1X/FTRBJMh7tO2oREWVHWySfoxOjRKD4WxNC/SaKL+3siwUGokAjOZZ1WzXi7+57VTHZ53MhYlqaYRmR4KU450jPIqUI9JSjQfGYKJZCYrIgMsMdGmsIopwZ398jzxjmsXNff2pFo/Ldoowz4cwBG4cAZ1uIEGeEDgEZ7hFd6sJ+vFerc+pqMlq9jZhT+wPn8AMVGUkQ==</latexit><latexit sha1_base64="ieHbd32tSvxOOxXOsKkNk20gUD0=">AAAB/HicbVDLSsNAFL2pr1pf8bFzM1gEVyUR8bEQCrpwWcHYQlPKZDpph84kYWYi1FD8FTcuVNz6Ie78GydtFtp6YOBwzr3cMydIOFPacb6t0sLi0vJKebWytr6xuWVv79yrOJWEeiTmsWwFWFHOIupppjltJZJiEXDaDIZXud98oFKxOLrTo4R2BO5HLGQEayN17T1fYD0IwkyM0SW69jFPBrhrV52aMwGaJ25BqlCg0bW//F5MUkEjTThWqu06ie5kWGpGOB1X/FTRBJMh7tO2oREWVHWySfoxOjRKD4WxNC/SaKL+3siwUGokAjOZZ1WzXi7+57VTHZ53MhYlqaYRmR4KU450jPIqUI9JSjQfGYKJZCYrIgMsMdGmsIopwZ398jzxjmsXNff2pFo/Ldoowz4cwBG4cAZ1uIEGeEDgEZ7hFd6sJ+vFerc+pqMlq9jZhT+wPn8AMVGUkQ==</latexit><latexit sha1_base64="ieHbd32tSvxOOxXOsKkNk20gUD0=">AAAB/HicbVDLSsNAFL2pr1pf8bFzM1gEVyUR8bEQCrpwWcHYQlPKZDpph84kYWYi1FD8FTcuVNz6Ie78GydtFtp6YOBwzr3cMydIOFPacb6t0sLi0vJKebWytr6xuWVv79yrOJWEeiTmsWwFWFHOIupppjltJZJiEXDaDIZXud98oFKxOLrTo4R2BO5HLGQEayN17T1fYD0IwkyM0SW69jFPBrhrV52aMwGaJ25BqlCg0bW//F5MUkEjTThWqu06ie5kWGpGOB1X/FTRBJMh7tO2oREWVHWySfoxOjRKD4WxNC/SaKL+3siwUGokAjOZZ1WzXi7+57VTHZ53MhYlqaYRmR4KU450jPIqUI9JSjQfGYKJZCYrIgMsMdGmsIopwZ398jzxjmsXNff2pFo/Ldoowz4cwBG4cAZ1uIEGeEDgEZ7hFd6sJ+vFerc+pqMlq9jZhT+wPn8AMVGUkQ==</latexit>

p(↵) /
Y

exp {�|↵i|}
<latexit sha1_base64="zrFVZS65fSm8MXMyHc7mjPuKbjw=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1AXlhkRrTvBjUsFq0JTSia90wYzMyG5I5Zpf8WNv+LGhYru9GtMHwutHgg5nHMuyT2hVtKi7396U9Mzs3PzC4uFpeWV1bXi+saVTTMjoCZSlZqbkFtQMoEaSlRwow3wOFRwHd6eDvzrOzBWpskldjU0Yt5OZCQFRyc1i1VdZlzpDt+lTJtUYzq8W5TBvWYKImQ53euNMk3Zo8zIdgdZv1ks+RV/CPqXBGNSImOcN4sfrJWKLIYEheLW1gNfYyPnBqVQ0C+wzILm4pa3oe5owmOwjXy4YZ/uOKVFo9S4kyAdqj8nch5b241Dl4w5duykNxD/8+oZRtVGLhOdISRi9FCUKep6GNRFW9KAQNV1hAsj3V+p6HDDBbpSC66EYHLlv6S2XzmuBBcHpZPDcRsLZItskzIJyBE5IWfknNSIIA/kibyQV+/Re/bevPdRdMobz2ySX/C+vgEBdaOg</latexit><latexit sha1_base64="zrFVZS65fSm8MXMyHc7mjPuKbjw=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1AXlhkRrTvBjUsFq0JTSia90wYzMyG5I5Zpf8WNv+LGhYru9GtMHwutHgg5nHMuyT2hVtKi7396U9Mzs3PzC4uFpeWV1bXi+saVTTMjoCZSlZqbkFtQMoEaSlRwow3wOFRwHd6eDvzrOzBWpskldjU0Yt5OZCQFRyc1i1VdZlzpDt+lTJtUYzq8W5TBvWYKImQ53euNMk3Zo8zIdgdZv1ks+RV/CPqXBGNSImOcN4sfrJWKLIYEheLW1gNfYyPnBqVQ0C+wzILm4pa3oe5owmOwjXy4YZ/uOKVFo9S4kyAdqj8nch5b241Dl4w5duykNxD/8+oZRtVGLhOdISRi9FCUKep6GNRFW9KAQNV1hAsj3V+p6HDDBbpSC66EYHLlv6S2XzmuBBcHpZPDcRsLZItskzIJyBE5IWfknNSIIA/kibyQV+/Re/bevPdRdMobz2ySX/C+vgEBdaOg</latexit><latexit sha1_base64="zrFVZS65fSm8MXMyHc7mjPuKbjw=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1AXlhkRrTvBjUsFq0JTSia90wYzMyG5I5Zpf8WNv+LGhYru9GtMHwutHgg5nHMuyT2hVtKi7396U9Mzs3PzC4uFpeWV1bXi+saVTTMjoCZSlZqbkFtQMoEaSlRwow3wOFRwHd6eDvzrOzBWpskldjU0Yt5OZCQFRyc1i1VdZlzpDt+lTJtUYzq8W5TBvWYKImQ53euNMk3Zo8zIdgdZv1ks+RV/CPqXBGNSImOcN4sfrJWKLIYEheLW1gNfYyPnBqVQ0C+wzILm4pa3oe5owmOwjXy4YZ/uOKVFo9S4kyAdqj8nch5b241Dl4w5duykNxD/8+oZRtVGLhOdISRi9FCUKep6GNRFW9KAQNV1hAsj3V+p6HDDBbpSC66EYHLlv6S2XzmuBBcHpZPDcRsLZItskzIJyBE5IWfknNSIIA/kibyQV+/Re/bevPdRdMobz2ySX/C+vgEBdaOg</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="HkNYwCYdo1g8sIOh1mXgjmB0BXg=">AAACFXicbZC7TgMxEEVneRNegZbGAiFBQbRLQ+iQaChBIoAUR5HXmU0svLuWPYuIlvwKDb9CQwEIOv4G51HwGsny1b0zsufERitHYfgZTE3PzM7NLyxWlpZXVteq68uXLi+sxIbMdW6vY+FQqwwbpEjjtbEo0ljjVXxzMsyvbtE6lWcX1DfYSkU3U4mSgrzVrtbNLhfa9MQe48bmhvLR3WEc7wzXmBAv2f79uKet7hm3qtsjPmhXt8NaOCr2V0QTsQ2TOmtXP3gnl0WKGUktnGtGoaFWKSwpqXFQ4YVDI+SN6GLTy0yk6FrlaMMB2/FOhyW59ScjNnK/T5Qida6fxr4zFdRzv7Oh+V/WLCipt0qVmYIwk+OHkkIzz2GIi3WURUm674WQVvm/MtkTVkjyUCseQvR75b+icVA7qkXnISzAJmzBLkRwCMdwCmfQAAkP8AQv8Bo8Bs/B25jWVDDBtgE/Knj/AgESoiE=</latexit><latexit sha1_base64="HkNYwCYdo1g8sIOh1mXgjmB0BXg=">AAACFXicbZC7TgMxEEVneRNegZbGAiFBQbRLQ+iQaChBIoAUR5HXmU0svLuWPYuIlvwKDb9CQwEIOv4G51HwGsny1b0zsufERitHYfgZTE3PzM7NLyxWlpZXVteq68uXLi+sxIbMdW6vY+FQqwwbpEjjtbEo0ljjVXxzMsyvbtE6lWcX1DfYSkU3U4mSgrzVrtbNLhfa9MQe48bmhvLR3WEc7wzXmBAv2f79uKet7hm3qtsjPmhXt8NaOCr2V0QTsQ2TOmtXP3gnl0WKGUktnGtGoaFWKSwpqXFQ4YVDI+SN6GLTy0yk6FrlaMMB2/FOhyW59ScjNnK/T5Qida6fxr4zFdRzv7Oh+V/WLCipt0qVmYIwk+OHkkIzz2GIi3WURUm674WQVvm/MtkTVkjyUCseQvR75b+icVA7qkXnISzAJmzBLkRwCMdwCmfQAAkP8AQv8Bo8Bs/B25jWVDDBtgE/Knj/AgESoiE=</latexit><latexit sha1_base64="35B6S3HQ5Mpu0M1tqAEzIy2t6BQ=">AAACIHicbVDLSgMxFM34tr6qLt0Ei6ALy4wLrbuCG5cKVoWmlEx6pw1mZkJyRyzT/oobf8WNCxXd6deYPhbaeiDkcM65JPeEWkmLvv/lzczOzS8sLi0XVlbX1jeKm1vXNs2MgJpIVWpuQ25ByQRqKFHBrTbA41DBTXh3NvBv7sFYmSZX2NXQiHk7kZEUHJ3ULFb0PuNKd/gBZdqkGtPh3aIMHjRTECHL6WFvlGnKHmVGtjvI+s1iyS/7Q9BpEoxJiYxx0Sx+slYqshgSFIpbWw98jY2cG5RCQb/AMguaizvehrqjCY/BNvLhhn2655QWjVLjToJ0qP6eyHlsbTcOXTLm2LGT3kD8z6tnGFUauUx0hpCI0UNRpqjrYVAXbUkDAlXXES6MdH+losMNF+hKLbgSgsmVp0ntqHxaDi79UvV43MYS2SG7ZJ8E5IRUyTm5IDUiyCN5Jq/kzXvyXrx372MUnfHGM9vkD7zvHwA1o5w=</latexit><latexit sha1_base64="zrFVZS65fSm8MXMyHc7mjPuKbjw=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1AXlhkRrTvBjUsFq0JTSia90wYzMyG5I5Zpf8WNv+LGhYru9GtMHwutHgg5nHMuyT2hVtKi7396U9Mzs3PzC4uFpeWV1bXi+saVTTMjoCZSlZqbkFtQMoEaSlRwow3wOFRwHd6eDvzrOzBWpskldjU0Yt5OZCQFRyc1i1VdZlzpDt+lTJtUYzq8W5TBvWYKImQ53euNMk3Zo8zIdgdZv1ks+RV/CPqXBGNSImOcN4sfrJWKLIYEheLW1gNfYyPnBqVQ0C+wzILm4pa3oe5owmOwjXy4YZ/uOKVFo9S4kyAdqj8nch5b241Dl4w5duykNxD/8+oZRtVGLhOdISRi9FCUKep6GNRFW9KAQNV1hAsj3V+p6HDDBbpSC66EYHLlv6S2XzmuBBcHpZPDcRsLZItskzIJyBE5IWfknNSIIA/kibyQV+/Re/bevPdRdMobz2ySX/C+vgEBdaOg</latexit><latexit sha1_base64="zrFVZS65fSm8MXMyHc7mjPuKbjw=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1AXlhkRrTvBjUsFq0JTSia90wYzMyG5I5Zpf8WNv+LGhYru9GtMHwutHgg5nHMuyT2hVtKi7396U9Mzs3PzC4uFpeWV1bXi+saVTTMjoCZSlZqbkFtQMoEaSlRwow3wOFRwHd6eDvzrOzBWpskldjU0Yt5OZCQFRyc1i1VdZlzpDt+lTJtUYzq8W5TBvWYKImQ53euNMk3Zo8zIdgdZv1ks+RV/CPqXBGNSImOcN4sfrJWKLIYEheLW1gNfYyPnBqVQ0C+wzILm4pa3oe5owmOwjXy4YZ/uOKVFo9S4kyAdqj8nch5b241Dl4w5duykNxD/8+oZRtVGLhOdISRi9FCUKep6GNRFW9KAQNV1hAsj3V+p6HDDBbpSC66EYHLlv6S2XzmuBBcHpZPDcRsLZItskzIJyBE5IWfknNSIIA/kibyQV+/Re/bevPdRdMobz2ySX/C+vgEBdaOg</latexit><latexit sha1_base64="zrFVZS65fSm8MXMyHc7mjPuKbjw=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1AXlhkRrTvBjUsFq0JTSia90wYzMyG5I5Zpf8WNv+LGhYru9GtMHwutHgg5nHMuyT2hVtKi7396U9Mzs3PzC4uFpeWV1bXi+saVTTMjoCZSlZqbkFtQMoEaSlRwow3wOFRwHd6eDvzrOzBWpskldjU0Yt5OZCQFRyc1i1VdZlzpDt+lTJtUYzq8W5TBvWYKImQ53euNMk3Zo8zIdgdZv1ks+RV/CPqXBGNSImOcN4sfrJWKLIYEheLW1gNfYyPnBqVQ0C+wzILm4pa3oe5owmOwjXy4YZ/uOKVFo9S4kyAdqj8nch5b241Dl4w5duykNxD/8+oZRtVGLhOdISRi9FCUKep6GNRFW9KAQNV1hAsj3V+p6HDDBbpSC66EYHLlv6S2XzmuBBcHpZPDcRsLZItskzIJyBE5IWfknNSIIA/kibyQV+/Re/bevPdRdMobz2ySX/C+vgEBdaOg</latexit><latexit sha1_base64="zrFVZS65fSm8MXMyHc7mjPuKbjw=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1AXlhkRrTvBjUsFq0JTSia90wYzMyG5I5Zpf8WNv+LGhYru9GtMHwutHgg5nHMuyT2hVtKi7396U9Mzs3PzC4uFpeWV1bXi+saVTTMjoCZSlZqbkFtQMoEaSlRwow3wOFRwHd6eDvzrOzBWpskldjU0Yt5OZCQFRyc1i1VdZlzpDt+lTJtUYzq8W5TBvWYKImQ53euNMk3Zo8zIdgdZv1ks+RV/CPqXBGNSImOcN4sfrJWKLIYEheLW1gNfYyPnBqVQ0C+wzILm4pa3oe5owmOwjXy4YZ/uOKVFo9S4kyAdqj8nch5b241Dl4w5duykNxD/8+oZRtVGLhOdISRi9FCUKep6GNRFW9KAQNV1hAsj3V+p6HDDBbpSC66EYHLlv6S2XzmuBBcHpZPDcRsLZItskzIJyBE5IWfknNSIIA/kibyQV+/Re/bevPdRdMobz2ySX/C+vgEBdaOg</latexit><latexit sha1_base64="zrFVZS65fSm8MXMyHc7mjPuKbjw=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1AXlhkRrTvBjUsFq0JTSia90wYzMyG5I5Zpf8WNv+LGhYru9GtMHwutHgg5nHMuyT2hVtKi7396U9Mzs3PzC4uFpeWV1bXi+saVTTMjoCZSlZqbkFtQMoEaSlRwow3wOFRwHd6eDvzrOzBWpskldjU0Yt5OZCQFRyc1i1VdZlzpDt+lTJtUYzq8W5TBvWYKImQ53euNMk3Zo8zIdgdZv1ks+RV/CPqXBGNSImOcN4sfrJWKLIYEheLW1gNfYyPnBqVQ0C+wzILm4pa3oe5owmOwjXy4YZ/uOKVFo9S4kyAdqj8nch5b241Dl4w5duykNxD/8+oZRtVGLhOdISRi9FCUKep6GNRFW9KAQNV1hAsj3V+p6HDDBbpSC66EYHLlv6S2XzmuBBcHpZPDcRsLZItskzIJyBE5IWfknNSIIA/kibyQV+/Re/bevPdRdMobz2ySX/C+vgEBdaOg</latexit><latexit sha1_base64="zrFVZS65fSm8MXMyHc7mjPuKbjw=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1AXlhkRrTvBjUsFq0JTSia90wYzMyG5I5Zpf8WNv+LGhYru9GtMHwutHgg5nHMuyT2hVtKi7396U9Mzs3PzC4uFpeWV1bXi+saVTTMjoCZSlZqbkFtQMoEaSlRwow3wOFRwHd6eDvzrOzBWpskldjU0Yt5OZCQFRyc1i1VdZlzpDt+lTJtUYzq8W5TBvWYKImQ53euNMk3Zo8zIdgdZv1ks+RV/CPqXBGNSImOcN4sfrJWKLIYEheLW1gNfYyPnBqVQ0C+wzILm4pa3oe5owmOwjXy4YZ/uOKVFo9S4kyAdqj8nch5b241Dl4w5duykNxD/8+oZRtVGLhOdISRi9FCUKep6GNRFW9KAQNV1hAsj3V+p6HDDBbpSC66EYHLlv6S2XzmuBBcHpZPDcRsLZItskzIJyBE5IWfknNSIIA/kibyQV+/Re/bevPdRdMobz2ySX/C+vgEBdaOg</latexit>

Sparse dictionary
Deep learning has alternatives

Dimensionality of m makes building a prior difficult
There was no good model for image priors
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Latent variable models

z 2 Rd
<latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="KaWGttVUQ3rRKUOAgtStxLTDrUY=">AAAB+HicbVA9T8MwEL3wWUqBwNrFokJiqhIWYENiYSyI0EpNqBzHaa06TmQ7SCXKwMJfYWEAxC9h49/gtB2g5UknPb93J9+9MONMacf5tlZW19Y3Nmtb9e3Gzu6evd+4U2kuCfVIylPZC7GinAnqaaY57WWS4iTktBuOLyu/+0ClYqm41ZOMBgkeChYzgrWRBnbTT7AehXHxWCKfCTR7hsVNeR8N7JbTdqZAy8SdkxbM0RnYX36UkjyhQhOOleq7TqaDAkvNCKdl3c8VzTAZ4yHtGypwQlVQTI8o0ZFRIhSn0pTQaKr+nihwotQkCU1ntaNa9CrxP6+f6/gsKJjIck0FmX0U5xzpFFWJoIhJSjSfGIKJZGZXREZYYqJNbnUTgrt48jLxTtrnbffagRo04RCOwYVTuIAr6IAHBJ7gBd7g3Xq2Xq2PWVor1jy2A/gD6/MHx5GWqA==</latexit><latexit sha1_base64="KaWGttVUQ3rRKUOAgtStxLTDrUY=">AAAB+HicbVA9T8MwEL3wWUqBwNrFokJiqhIWYENiYSyI0EpNqBzHaa06TmQ7SCXKwMJfYWEAxC9h49/gtB2g5UknPb93J9+9MONMacf5tlZW19Y3Nmtb9e3Gzu6evd+4U2kuCfVIylPZC7GinAnqaaY57WWS4iTktBuOLyu/+0ClYqm41ZOMBgkeChYzgrWRBnbTT7AehXHxWCKfCTR7hsVNeR8N7JbTdqZAy8SdkxbM0RnYX36UkjyhQhOOleq7TqaDAkvNCKdl3c8VzTAZ4yHtGypwQlVQTI8o0ZFRIhSn0pTQaKr+nihwotQkCU1ntaNa9CrxP6+f6/gsKJjIck0FmX0U5xzpFFWJoIhJSjSfGIKJZGZXREZYYqJNbnUTgrt48jLxTtrnbffagRo04RCOwYVTuIAr6IAHBJ7gBd7g3Xq2Xq2PWVor1jy2A/gD6/MHx5GWqA==</latexit><latexit sha1_base64="8i51kBlVY/C8ADYykM1Co0tahv0=">AAACA3icbVC7TsMwFL0pr1JeAcYuFhUSU5Uw8NgqsTAWRGiltlSO47RWHSeyHaQSZWDhV1gYALHyE2z8DU7bAVqOZOn4nHt17z1+wpnSjvNtlZaWV1bXyuuVjc2t7R17d+9Wxakk1CMxj2Xbx4pyJqinmea0nUiKI5/Tlj+6KPzWPZWKxeJGjxPai/BAsJARrI3Ut6vdCOuhH2YPOeoygaZfP7vO74K+XXPqzgRokbgzUoMZmn37qxvEJI2o0IRjpTquk+hehqVmhNO80k0VTTAZ4QHtGCpwRFUvmxyRo0OjBCiMpXlCo4n6uyPDkVLjyDeVxY5q3ivE/7xOqsOzXsZEkmoqyHRQmHKkY1QkggImKdF8bAgmkpldERliiYk2uVVMCO78yYvEO66f190rp9Y4maVRhiocwBG4cAoNuIQmeEDgEZ7hFd6sJ+vFerc+pqUla9azD39gff4ATHiYBg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit>

p(m) =

Z
p(m|z)p(z)dz

<latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="dN0YVTsp80WwAAAwi4zbQ6P9hm4=">AAACI3icbZDNSgMxFIXv1L9aq45u3QSLUDdlxo26EARBXFZwbKEzlEwm04ZmfkgyQh37Rm58lW5EVHwVM22l2noh8OWcXHLv8VPOpLKsN6O0srq2vlHerGxVt3d2zb3qvUwyQahDEp6Ito8l5SymjmKK03YqKI58Tlv+4KrwWw9USJbEd2qYUi/CvZiFjGClpa55ndbdCKu+H+bR6BhdIJfFCv0Wn37wUftzQ9+COXfNmtWwJoWWwZ5BDWbV7JpjN0hIFtFYEY6l7NhWqrwcC8UIp6OKm0maYjLAPdrRGOOISi+f7DtCR1oJUJgIffS0E/V3R44jKYeRr18WE8pFrxD/8zqZCs+8nMVppmhMph+FGUcqQUV4KGCCEsWHGjARTM+KSB8LTJSOuKJDsBdXXgbnpHHesG8tKMMBHEIdbDiFS7iBJjhA4BnG8A4fxovxanxO0yoZs9j24U8ZX9+suqhP</latexit><latexit sha1_base64="dN0YVTsp80WwAAAwi4zbQ6P9hm4=">AAACI3icbZDNSgMxFIXv1L9aq45u3QSLUDdlxo26EARBXFZwbKEzlEwm04ZmfkgyQh37Rm58lW5EVHwVM22l2noh8OWcXHLv8VPOpLKsN6O0srq2vlHerGxVt3d2zb3qvUwyQahDEp6Ito8l5SymjmKK03YqKI58Tlv+4KrwWw9USJbEd2qYUi/CvZiFjGClpa55ndbdCKu+H+bR6BhdIJfFCv0Wn37wUftzQ9+COXfNmtWwJoWWwZ5BDWbV7JpjN0hIFtFYEY6l7NhWqrwcC8UIp6OKm0maYjLAPdrRGOOISi+f7DtCR1oJUJgIffS0E/V3R44jKYeRr18WE8pFrxD/8zqZCs+8nMVppmhMph+FGUcqQUV4KGCCEsWHGjARTM+KSB8LTJSOuKJDsBdXXgbnpHHesG8tKMMBHEIdbDiFS7iBJjhA4BnG8A4fxovxanxO0yoZs9j24U8ZX9+suqhP</latexit><latexit sha1_base64="uext7v3BGFBt5CndaBJUYuMEvJ4=">AAACLnicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0Hnw5CANBPE6wbrCVkabpFpamJUmFWfeNvPhVdhFR8erHMN0qm5sPBH75//OQ5/l7MaNSWdabUVhaXlldK66XNja3tnfM3b17GSUCEwdHLBJND0nCKCeOooqRZiwICj1GGl7/KvMbD0RIGvE7NYiJG6IupwHFSGmpY17HlXaIVM8L0nB4DC9hm3IFZ8WnX3zU/tTQN3/KHbNsVa1xwUWwcyiDvOodc9T2I5yEhCvMkJQt24qVmyKhKGZkWGonksQI91GXtDRyFBLppuN9h/BIKz4MIqGPnnasznakKJRyEHr6ZTahnPcy8T+vlajg3E0pjxNFOJ58FCQMqghm4UGfCoIVG2hAWFA9K8Q9JBBWOuKSDsGeX3kRnJPqRdW+tcq10zyNIjgAh6ACbHAGauAG1IEDMHgGI/AOPowX49X4NL4mTwtG3rMP/pTx/QPt7anY</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit>

d << D
<latexit sha1_base64="3nGigFMC/hzkM2SP1/ze95pUFME=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kV8QN6KOjBYwW3LbRLyWbTNjabLElWKEv/gxcPKl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBCszwg2VmpGqFZDt71yxa26M6Bl4uWkAjkavfJXN5IkjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6tEqC+VLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNf2rIGMiSQ0VZL6on3JkJJq+jiKmKDF8bAkmitlbERlihYmxAZVsCN7iy8vEP6teV73780r9Ik+jCEdwDKfgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz9sHI3e</latexit><latexit sha1_base64="3nGigFMC/hzkM2SP1/ze95pUFME=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kV8QN6KOjBYwW3LbRLyWbTNjabLElWKEv/gxcPKl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBCszwg2VmpGqFZDt71yxa26M6Bl4uWkAjkavfJXN5IkjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6tEqC+VLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNf2rIGMiSQ0VZL6on3JkJJq+jiKmKDF8bAkmitlbERlihYmxAZVsCN7iy8vEP6teV73780r9Ik+jCEdwDKfgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz9sHI3e</latexit><latexit sha1_base64="3nGigFMC/hzkM2SP1/ze95pUFME=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kV8QN6KOjBYwW3LbRLyWbTNjabLElWKEv/gxcPKl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBCszwg2VmpGqFZDt71yxa26M6Bl4uWkAjkavfJXN5IkjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6tEqC+VLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNf2rIGMiSQ0VZL6on3JkJJq+jiKmKDF8bAkmitlbERlihYmxAZVsCN7iy8vEP6teV73780r9Ik+jCEdwDKfgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz9sHI3e</latexit><latexit sha1_base64="3nGigFMC/hzkM2SP1/ze95pUFME=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kV8QN6KOjBYwW3LbRLyWbTNjabLElWKEv/gxcPKl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBCszwg2VmpGqFZDt71yxa26M6Bl4uWkAjkavfJXN5IkjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6tEqC+VLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNf2rIGMiSQ0VZL6on3JkJJq+jiKmKDF8bAkmitlbERlihYmxAZVsCN7iy8vEP6teV73780r9Ik+jCEdwDKfgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz9sHI3e</latexit>m 2 RD

<latexit sha1_base64="Sqag18GLeCns9pl9Lajc2N6vUM8=">AAACA3icbVC7TsMwFHV4lvIKMHaxqJCYqgQhHlslGBgLIrRSEyrHdVqrthPZDlIVZWDhV1gYALHyE2z8DU6bAVqOZOn4nHt17z1hwqjSjvNtLSwuLa+sVtaq6xubW9v2zu6dilOJiYdjFstOiBRhVBBPU81IJ5EE8ZCRdji6KPz2A5GKxuJWjxMScDQQNKIYaSP17JrPkR6GUcZz6FMBp98wu8nvL3t23Wk4E8B54pakDkq0evaX349xyonQmCGluq6T6CBDUlPMSF71U0UShEdoQLqGCsSJCrLJETk8MEofRrE0T2g4UX93ZIgrNeahqSx2VLNeIf7ndVMdnQUZFUmqicDTQVHKoI5hkQjsU0mwZmNDEJbU7ArxEEmEtcmtakJwZ0+eJ95R47zhXh/XmydlGhVQA/vgELjgFDTBFWgBD2DwCJ7BK3iznqwX6936mJYuWGXPHvgD6/MHCMeX3Q==</latexit><latexit sha1_base64="Sqag18GLeCns9pl9Lajc2N6vUM8=">AAACA3icbVC7TsMwFHV4lvIKMHaxqJCYqgQhHlslGBgLIrRSEyrHdVqrthPZDlIVZWDhV1gYALHyE2z8DU6bAVqOZOn4nHt17z1hwqjSjvNtLSwuLa+sVtaq6xubW9v2zu6dilOJiYdjFstOiBRhVBBPU81IJ5EE8ZCRdji6KPz2A5GKxuJWjxMScDQQNKIYaSP17JrPkR6GUcZz6FMBp98wu8nvL3t23Wk4E8B54pakDkq0evaX349xyonQmCGluq6T6CBDUlPMSF71U0UShEdoQLqGCsSJCrLJETk8MEofRrE0T2g4UX93ZIgrNeahqSx2VLNeIf7ndVMdnQUZFUmqicDTQVHKoI5hkQjsU0mwZmNDEJbU7ArxEEmEtcmtakJwZ0+eJ95R47zhXh/XmydlGhVQA/vgELjgFDTBFWgBD2DwCJ7BK3iznqwX6936mJYuWGXPHvgD6/MHCMeX3Q==</latexit><latexit sha1_base64="Sqag18GLeCns9pl9Lajc2N6vUM8=">AAACA3icbVC7TsMwFHV4lvIKMHaxqJCYqgQhHlslGBgLIrRSEyrHdVqrthPZDlIVZWDhV1gYALHyE2z8DU6bAVqOZOn4nHt17z1hwqjSjvNtLSwuLa+sVtaq6xubW9v2zu6dilOJiYdjFstOiBRhVBBPU81IJ5EE8ZCRdji6KPz2A5GKxuJWjxMScDQQNKIYaSP17JrPkR6GUcZz6FMBp98wu8nvL3t23Wk4E8B54pakDkq0evaX349xyonQmCGluq6T6CBDUlPMSF71U0UShEdoQLqGCsSJCrLJETk8MEofRrE0T2g4UX93ZIgrNeahqSx2VLNeIf7ndVMdnQUZFUmqicDTQVHKoI5hkQjsU0mwZmNDEJbU7ArxEEmEtcmtakJwZ0+eJ95R47zhXh/XmydlGhVQA/vgELjgFDTBFWgBD2DwCJ7BK3iznqwX6936mJYuWGXPHvgD6/MHCMeX3Q==</latexit><latexit sha1_base64="Sqag18GLeCns9pl9Lajc2N6vUM8=">AAACA3icbVC7TsMwFHV4lvIKMHaxqJCYqgQhHlslGBgLIrRSEyrHdVqrthPZDlIVZWDhV1gYALHyE2z8DU6bAVqOZOn4nHt17z1hwqjSjvNtLSwuLa+sVtaq6xubW9v2zu6dilOJiYdjFstOiBRhVBBPU81IJ5EE8ZCRdji6KPz2A5GKxuJWjxMScDQQNKIYaSP17JrPkR6GUcZz6FMBp98wu8nvL3t23Wk4E8B54pakDkq0evaX349xyonQmCGluq6T6CBDUlPMSF71U0UShEdoQLqGCsSJCrLJETk8MEofRrE0T2g4UX93ZIgrNeahqSx2VLNeIf7ndVMdnQUZFUmqicDTQVHKoI5hkQjsU0mwZmNDEJbU7ArxEEmEtcmtakJwZ0+eJ95R47zhXh/XmydlGhVQA/vgELjgFDTBFWgBD2DwCJ7BK3iznqwX6936mJYuWGXPHvgD6/MHCMeX3Q==</latexit>

z 2 Rd
<latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="KaWGttVUQ3rRKUOAgtStxLTDrUY=">AAAB+HicbVA9T8MwEL3wWUqBwNrFokJiqhIWYENiYSyI0EpNqBzHaa06TmQ7SCXKwMJfYWEAxC9h49/gtB2g5UknPb93J9+9MONMacf5tlZW19Y3Nmtb9e3Gzu6evd+4U2kuCfVIylPZC7GinAnqaaY57WWS4iTktBuOLyu/+0ClYqm41ZOMBgkeChYzgrWRBnbTT7AehXHxWCKfCTR7hsVNeR8N7JbTdqZAy8SdkxbM0RnYX36UkjyhQhOOleq7TqaDAkvNCKdl3c8VzTAZ4yHtGypwQlVQTI8o0ZFRIhSn0pTQaKr+nihwotQkCU1ntaNa9CrxP6+f6/gsKJjIck0FmX0U5xzpFFWJoIhJSjSfGIKJZGZXREZYYqJNbnUTgrt48jLxTtrnbffagRo04RCOwYVTuIAr6IAHBJ7gBd7g3Xq2Xq2PWVor1jy2A/gD6/MHx5GWqA==</latexit><latexit sha1_base64="KaWGttVUQ3rRKUOAgtStxLTDrUY=">AAAB+HicbVA9T8MwEL3wWUqBwNrFokJiqhIWYENiYSyI0EpNqBzHaa06TmQ7SCXKwMJfYWEAxC9h49/gtB2g5UknPb93J9+9MONMacf5tlZW19Y3Nmtb9e3Gzu6evd+4U2kuCfVIylPZC7GinAnqaaY57WWS4iTktBuOLyu/+0ClYqm41ZOMBgkeChYzgrWRBnbTT7AehXHxWCKfCTR7hsVNeR8N7JbTdqZAy8SdkxbM0RnYX36UkjyhQhOOleq7TqaDAkvNCKdl3c8VzTAZ4yHtGypwQlVQTI8o0ZFRIhSn0pTQaKr+nihwotQkCU1ntaNa9CrxP6+f6/gsKJjIck0FmX0U5xzpFFWJoIhJSjSfGIKJZGZXREZYYqJNbnUTgrt48jLxTtrnbffagRo04RCOwYVTuIAr6IAHBJ7gBd7g3Xq2Xq2PWVor1jy2A/gD6/MHx5GWqA==</latexit><latexit sha1_base64="8i51kBlVY/C8ADYykM1Co0tahv0=">AAACA3icbVC7TsMwFL0pr1JeAcYuFhUSU5Uw8NgqsTAWRGiltlSO47RWHSeyHaQSZWDhV1gYALHyE2z8DU7bAVqOZOn4nHt17z1+wpnSjvNtlZaWV1bXyuuVjc2t7R17d+9Wxakk1CMxj2Xbx4pyJqinmea0nUiKI5/Tlj+6KPzWPZWKxeJGjxPai/BAsJARrI3Ut6vdCOuhH2YPOeoygaZfP7vO74K+XXPqzgRokbgzUoMZmn37qxvEJI2o0IRjpTquk+hehqVmhNO80k0VTTAZ4QHtGCpwRFUvmxyRo0OjBCiMpXlCo4n6uyPDkVLjyDeVxY5q3ivE/7xOqsOzXsZEkmoqyHRQmHKkY1QkggImKdF8bAgmkpldERliiYk2uVVMCO78yYvEO66f190rp9Y4maVRhiocwBG4cAoNuIQmeEDgEZ7hFd6sJ+vFerc+pqUla9azD39gff4ATHiYBg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit>

m 2 M ⇢ RD
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latent space image space
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Principal component analysis

z 2 Rd
<latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="KaWGttVUQ3rRKUOAgtStxLTDrUY=">AAAB+HicbVA9T8MwEL3wWUqBwNrFokJiqhIWYENiYSyI0EpNqBzHaa06TmQ7SCXKwMJfYWEAxC9h49/gtB2g5UknPb93J9+9MONMacf5tlZW19Y3Nmtb9e3Gzu6evd+4U2kuCfVIylPZC7GinAnqaaY57WWS4iTktBuOLyu/+0ClYqm41ZOMBgkeChYzgrWRBnbTT7AehXHxWCKfCTR7hsVNeR8N7JbTdqZAy8SdkxbM0RnYX36UkjyhQhOOleq7TqaDAkvNCKdl3c8VzTAZ4yHtGypwQlVQTI8o0ZFRIhSn0pTQaKr+nihwotQkCU1ntaNa9CrxP6+f6/gsKJjIck0FmX0U5xzpFFWJoIhJSjSfGIKJZGZXREZYYqJNbnUTgrt48jLxTtrnbffagRo04RCOwYVTuIAr6IAHBJ7gBd7g3Xq2Xq2PWVor1jy2A/gD6/MHx5GWqA==</latexit><latexit sha1_base64="KaWGttVUQ3rRKUOAgtStxLTDrUY=">AAAB+HicbVA9T8MwEL3wWUqBwNrFokJiqhIWYENiYSyI0EpNqBzHaa06TmQ7SCXKwMJfYWEAxC9h49/gtB2g5UknPb93J9+9MONMacf5tlZW19Y3Nmtb9e3Gzu6evd+4U2kuCfVIylPZC7GinAnqaaY57WWS4iTktBuOLyu/+0ClYqm41ZOMBgkeChYzgrWRBnbTT7AehXHxWCKfCTR7hsVNeR8N7JbTdqZAy8SdkxbM0RnYX36UkjyhQhOOleq7TqaDAkvNCKdl3c8VzTAZ4yHtGypwQlVQTI8o0ZFRIhSn0pTQaKr+nihwotQkCU1ntaNa9CrxP6+f6/gsKJjIck0FmX0U5xzpFFWJoIhJSjSfGIKJZGZXREZYYqJNbnUTgrt48jLxTtrnbffagRo04RCOwYVTuIAr6IAHBJ7gBd7g3Xq2Xq2PWVor1jy2A/gD6/MHx5GWqA==</latexit><latexit sha1_base64="8i51kBlVY/C8ADYykM1Co0tahv0=">AAACA3icbVC7TsMwFL0pr1JeAcYuFhUSU5Uw8NgqsTAWRGiltlSO47RWHSeyHaQSZWDhV1gYALHyE2z8DU7bAVqOZOn4nHt17z1+wpnSjvNtlZaWV1bXyuuVjc2t7R17d+9Wxakk1CMxj2Xbx4pyJqinmea0nUiKI5/Tlj+6KPzWPZWKxeJGjxPai/BAsJARrI3Ut6vdCOuhH2YPOeoygaZfP7vO74K+XXPqzgRokbgzUoMZmn37qxvEJI2o0IRjpTquk+hehqVmhNO80k0VTTAZ4QHtGCpwRFUvmxyRo0OjBCiMpXlCo4n6uyPDkVLjyDeVxY5q3ivE/7xOqsOzXsZEkmoqyHRQmHKkY1QkggImKdF8bAgmkpldERliiYk2uVVMCO78yYvEO66f190rp9Y4maVRhiocwBG4cAoNuIQmeEDgEZ7hFd6sJ+vFerc+pqUla9azD39gff4ATHiYBg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit>

p(m) =

Z
p(m|z)p(z)dz

<latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="dN0YVTsp80WwAAAwi4zbQ6P9hm4=">AAACI3icbZDNSgMxFIXv1L9aq45u3QSLUDdlxo26EARBXFZwbKEzlEwm04ZmfkgyQh37Rm58lW5EVHwVM22l2noh8OWcXHLv8VPOpLKsN6O0srq2vlHerGxVt3d2zb3qvUwyQahDEp6Ito8l5SymjmKK03YqKI58Tlv+4KrwWw9USJbEd2qYUi/CvZiFjGClpa55ndbdCKu+H+bR6BhdIJfFCv0Wn37wUftzQ9+COXfNmtWwJoWWwZ5BDWbV7JpjN0hIFtFYEY6l7NhWqrwcC8UIp6OKm0maYjLAPdrRGOOISi+f7DtCR1oJUJgIffS0E/V3R44jKYeRr18WE8pFrxD/8zqZCs+8nMVppmhMph+FGUcqQUV4KGCCEsWHGjARTM+KSB8LTJSOuKJDsBdXXgbnpHHesG8tKMMBHEIdbDiFS7iBJjhA4BnG8A4fxovxanxO0yoZs9j24U8ZX9+suqhP</latexit><latexit sha1_base64="dN0YVTsp80WwAAAwi4zbQ6P9hm4=">AAACI3icbZDNSgMxFIXv1L9aq45u3QSLUDdlxo26EARBXFZwbKEzlEwm04ZmfkgyQh37Rm58lW5EVHwVM22l2noh8OWcXHLv8VPOpLKsN6O0srq2vlHerGxVt3d2zb3qvUwyQahDEp6Ito8l5SymjmKK03YqKI58Tlv+4KrwWw9USJbEd2qYUi/CvZiFjGClpa55ndbdCKu+H+bR6BhdIJfFCv0Wn37wUftzQ9+COXfNmtWwJoWWwZ5BDWbV7JpjN0hIFtFYEY6l7NhWqrwcC8UIp6OKm0maYjLAPdrRGOOISi+f7DtCR1oJUJgIffS0E/V3R44jKYeRr18WE8pFrxD/8zqZCs+8nMVppmhMph+FGUcqQUV4KGCCEsWHGjARTM+KSB8LTJSOuKJDsBdXXgbnpHHesG8tKMMBHEIdbDiFS7iBJjhA4BnG8A4fxovxanxO0yoZs9j24U8ZX9+suqhP</latexit><latexit sha1_base64="uext7v3BGFBt5CndaBJUYuMEvJ4=">AAACLnicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0Hnw5CANBPE6wbrCVkabpFpamJUmFWfeNvPhVdhFR8erHMN0qm5sPBH75//OQ5/l7MaNSWdabUVhaXlldK66XNja3tnfM3b17GSUCEwdHLBJND0nCKCeOooqRZiwICj1GGl7/KvMbD0RIGvE7NYiJG6IupwHFSGmpY17HlXaIVM8L0nB4DC9hm3IFZ8WnX3zU/tTQN3/KHbNsVa1xwUWwcyiDvOodc9T2I5yEhCvMkJQt24qVmyKhKGZkWGonksQI91GXtDRyFBLppuN9h/BIKz4MIqGPnnasznakKJRyEHr6ZTahnPcy8T+vlajg3E0pjxNFOJ58FCQMqghm4UGfCoIVG2hAWFA9K8Q9JBBWOuKSDsGeX3kRnJPqRdW+tcq10zyNIjgAh6ACbHAGauAG1IEDMHgGI/AOPowX49X4NL4mTwtG3rMP/pTx/QPt7anY</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit><latexit sha1_base64="FdNr83CMiOcDiY98eOuFsm73iaQ=">AAACLnicbZBdS8MwFIZTP+f8qnrpTXAI82a0In5cCANBvJzg3GAtI03TLSxNS5IKs+4feeNf2Y2Iirf+DNOtsrl5IPDkfXPIOa8XMyqVZb0ZC4tLyyurhbXi+sbm1ra5s3svo0RgUscRi0TTQ5IwykldUcVIMxYEhR4jDa93lfmNByIkjfid6sfEDVGH04BipLTUNq/jshMi1fWCNBwcwUvoUK7gtPj0i4/anxj65k+4bZasijUqOA92DiWQV61tDh0/wklIuMIMSdmyrVi5KRKKYkYGRSeRJEa4hzqkpZGjkEg3He07gIda8WEQCX30tCN1uiNFoZT90NMvswnlrJeJ/3mtRAXnbkp5nCjC8fijIGFQRTALD/pUEKxYXwPCgupZIe4igbDSERd1CPbsyvNQP65cVOzbk1L1NE+jAPbBASgDG5yBKrgBNVAHGDyDIXgHH8aL8Wp8Gl/jpwtG3rMH/pTx/QPvLanc</latexit>

d << D
<latexit sha1_base64="3nGigFMC/hzkM2SP1/ze95pUFME=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kV8QN6KOjBYwW3LbRLyWbTNjabLElWKEv/gxcPKl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBCszwg2VmpGqFZDt71yxa26M6Bl4uWkAjkavfJXN5IkjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6tEqC+VLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNf2rIGMiSQ0VZL6on3JkJJq+jiKmKDF8bAkmitlbERlihYmxAZVsCN7iy8vEP6teV73780r9Ik+jCEdwDKfgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz9sHI3e</latexit><latexit sha1_base64="3nGigFMC/hzkM2SP1/ze95pUFME=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kV8QN6KOjBYwW3LbRLyWbTNjabLElWKEv/gxcPKl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBCszwg2VmpGqFZDt71yxa26M6Bl4uWkAjkavfJXN5IkjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6tEqC+VLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNf2rIGMiSQ0VZL6on3JkJJq+jiKmKDF8bAkmitlbERlihYmxAZVsCN7iy8vEP6teV73780r9Ik+jCEdwDKfgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz9sHI3e</latexit><latexit sha1_base64="3nGigFMC/hzkM2SP1/ze95pUFME=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kV8QN6KOjBYwW3LbRLyWbTNjabLElWKEv/gxcPKl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBCszwg2VmpGqFZDt71yxa26M6Bl4uWkAjkavfJXN5IkjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6tEqC+VLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNf2rIGMiSQ0VZL6on3JkJJq+jiKmKDF8bAkmitlbERlihYmxAZVsCN7iy8vEP6teV73780r9Ik+jCEdwDKfgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz9sHI3e</latexit><latexit sha1_base64="3nGigFMC/hzkM2SP1/ze95pUFME=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kV8QN6KOjBYwW3LbRLyWbTNjabLElWKEv/gxcPKl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBCszwg2VmpGqFZDt71yxa26M6Bl4uWkAjkavfJXN5IkjakwhGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6tEqC+VLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNf2rIGMiSQ0VZL6on3JkJJq+jiKmKDF8bAkmitlbERlihYmxAZVsCN7iy8vEP6teV73780r9Ik+jCEdwDKfgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz9sHI3e</latexit>m 2 RD

<latexit sha1_base64="Sqag18GLeCns9pl9Lajc2N6vUM8=">AAACA3icbVC7TsMwFHV4lvIKMHaxqJCYqgQhHlslGBgLIrRSEyrHdVqrthPZDlIVZWDhV1gYALHyE2z8DU6bAVqOZOn4nHt17z1hwqjSjvNtLSwuLa+sVtaq6xubW9v2zu6dilOJiYdjFstOiBRhVBBPU81IJ5EE8ZCRdji6KPz2A5GKxuJWjxMScDQQNKIYaSP17JrPkR6GUcZz6FMBp98wu8nvL3t23Wk4E8B54pakDkq0evaX349xyonQmCGluq6T6CBDUlPMSF71U0UShEdoQLqGCsSJCrLJETk8MEofRrE0T2g4UX93ZIgrNeahqSx2VLNeIf7ndVMdnQUZFUmqicDTQVHKoI5hkQjsU0mwZmNDEJbU7ArxEEmEtcmtakJwZ0+eJ95R47zhXh/XmydlGhVQA/vgELjgFDTBFWgBD2DwCJ7BK3iznqwX6936mJYuWGXPHvgD6/MHCMeX3Q==</latexit><latexit sha1_base64="Sqag18GLeCns9pl9Lajc2N6vUM8=">AAACA3icbVC7TsMwFHV4lvIKMHaxqJCYqgQhHlslGBgLIrRSEyrHdVqrthPZDlIVZWDhV1gYALHyE2z8DU6bAVqOZOn4nHt17z1hwqjSjvNtLSwuLa+sVtaq6xubW9v2zu6dilOJiYdjFstOiBRhVBBPU81IJ5EE8ZCRdji6KPz2A5GKxuJWjxMScDQQNKIYaSP17JrPkR6GUcZz6FMBp98wu8nvL3t23Wk4E8B54pakDkq0evaX349xyonQmCGluq6T6CBDUlPMSF71U0UShEdoQLqGCsSJCrLJETk8MEofRrE0T2g4UX93ZIgrNeahqSx2VLNeIf7ndVMdnQUZFUmqicDTQVHKoI5hkQjsU0mwZmNDEJbU7ArxEEmEtcmtakJwZ0+eJ95R47zhXh/XmydlGhVQA/vgELjgFDTBFWgBD2DwCJ7BK3iznqwX6936mJYuWGXPHvgD6/MHCMeX3Q==</latexit><latexit sha1_base64="Sqag18GLeCns9pl9Lajc2N6vUM8=">AAACA3icbVC7TsMwFHV4lvIKMHaxqJCYqgQhHlslGBgLIrRSEyrHdVqrthPZDlIVZWDhV1gYALHyE2z8DU6bAVqOZOn4nHt17z1hwqjSjvNtLSwuLa+sVtaq6xubW9v2zu6dilOJiYdjFstOiBRhVBBPU81IJ5EE8ZCRdji6KPz2A5GKxuJWjxMScDQQNKIYaSP17JrPkR6GUcZz6FMBp98wu8nvL3t23Wk4E8B54pakDkq0evaX349xyonQmCGluq6T6CBDUlPMSF71U0UShEdoQLqGCsSJCrLJETk8MEofRrE0T2g4UX93ZIgrNeahqSx2VLNeIf7ndVMdnQUZFUmqicDTQVHKoI5hkQjsU0mwZmNDEJbU7ArxEEmEtcmtakJwZ0+eJ95R47zhXh/XmydlGhVQA/vgELjgFDTBFWgBD2DwCJ7BK3iznqwX6936mJYuWGXPHvgD6/MHCMeX3Q==</latexit><latexit sha1_base64="Sqag18GLeCns9pl9Lajc2N6vUM8=">AAACA3icbVC7TsMwFHV4lvIKMHaxqJCYqgQhHlslGBgLIrRSEyrHdVqrthPZDlIVZWDhV1gYALHyE2z8DU6bAVqOZOn4nHt17z1hwqjSjvNtLSwuLa+sVtaq6xubW9v2zu6dilOJiYdjFstOiBRhVBBPU81IJ5EE8ZCRdji6KPz2A5GKxuJWjxMScDQQNKIYaSP17JrPkR6GUcZz6FMBp98wu8nvL3t23Wk4E8B54pakDkq0evaX349xyonQmCGluq6T6CBDUlPMSF71U0UShEdoQLqGCsSJCrLJETk8MEofRrE0T2g4UX93ZIgrNeahqSx2VLNeIf7ndVMdnQUZFUmqicDTQVHKoI5hkQjsU0mwZmNDEJbU7ArxEEmEtcmtakJwZ0+eJ95R47zhXh/XmydlGhVQA/vgELjgFDTBFWgBD2DwCJ7BK3iznqwX6936mJYuWGXPHvgD6/MHCMeX3Q==</latexit>

z 2 Rd
<latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="KaWGttVUQ3rRKUOAgtStxLTDrUY=">AAAB+HicbVA9T8MwEL3wWUqBwNrFokJiqhIWYENiYSyI0EpNqBzHaa06TmQ7SCXKwMJfYWEAxC9h49/gtB2g5UknPb93J9+9MONMacf5tlZW19Y3Nmtb9e3Gzu6evd+4U2kuCfVIylPZC7GinAnqaaY57WWS4iTktBuOLyu/+0ClYqm41ZOMBgkeChYzgrWRBnbTT7AehXHxWCKfCTR7hsVNeR8N7JbTdqZAy8SdkxbM0RnYX36UkjyhQhOOleq7TqaDAkvNCKdl3c8VzTAZ4yHtGypwQlVQTI8o0ZFRIhSn0pTQaKr+nihwotQkCU1ntaNa9CrxP6+f6/gsKJjIck0FmX0U5xzpFFWJoIhJSjSfGIKJZGZXREZYYqJNbnUTgrt48jLxTtrnbffagRo04RCOwYVTuIAr6IAHBJ7gBd7g3Xq2Xq2PWVor1jy2A/gD6/MHx5GWqA==</latexit><latexit sha1_base64="KaWGttVUQ3rRKUOAgtStxLTDrUY=">AAAB+HicbVA9T8MwEL3wWUqBwNrFokJiqhIWYENiYSyI0EpNqBzHaa06TmQ7SCXKwMJfYWEAxC9h49/gtB2g5UknPb93J9+9MONMacf5tlZW19Y3Nmtb9e3Gzu6evd+4U2kuCfVIylPZC7GinAnqaaY57WWS4iTktBuOLyu/+0ClYqm41ZOMBgkeChYzgrWRBnbTT7AehXHxWCKfCTR7hsVNeR8N7JbTdqZAy8SdkxbM0RnYX36UkjyhQhOOleq7TqaDAkvNCKdl3c8VzTAZ4yHtGypwQlVQTI8o0ZFRIhSn0pTQaKr+nihwotQkCU1ntaNa9CrxP6+f6/gsKJjIck0FmX0U5xzpFFWJoIhJSjSfGIKJZGZXREZYYqJNbnUTgrt48jLxTtrnbffagRo04RCOwYVTuIAr6IAHBJ7gBd7g3Xq2Xq2PWVor1jy2A/gD6/MHx5GWqA==</latexit><latexit sha1_base64="8i51kBlVY/C8ADYykM1Co0tahv0=">AAACA3icbVC7TsMwFL0pr1JeAcYuFhUSU5Uw8NgqsTAWRGiltlSO47RWHSeyHaQSZWDhV1gYALHyE2z8DU7bAVqOZOn4nHt17z1+wpnSjvNtlZaWV1bXyuuVjc2t7R17d+9Wxakk1CMxj2Xbx4pyJqinmea0nUiKI5/Tlj+6KPzWPZWKxeJGjxPai/BAsJARrI3Ut6vdCOuhH2YPOeoygaZfP7vO74K+XXPqzgRokbgzUoMZmn37qxvEJI2o0IRjpTquk+hehqVmhNO80k0VTTAZ4QHtGCpwRFUvmxyRo0OjBCiMpXlCo4n6uyPDkVLjyDeVxY5q3ivE/7xOqsOzXsZEkmoqyHRQmHKkY1QkggImKdF8bAgmkpldERliiYk2uVVMCO78yYvEO66f190rp9Y4maVRhiocwBG4cAoNuIQmeEDgEZ7hFd6sJ+vFerc+pqUla9azD39gff4ATHiYBg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit><latexit sha1_base64="tp2sZEEdPh1PbMoBitwK3wfWCe0=">AAACA3icbVC7TsMwFL3hWcqrwNjFokJiqhKEeGyVWBgLIrRSGyrHcVqrjhPZDlKJOrDwKywMgFj5CTb+BqfNAC1HsnR8zr269x4/4Uxp2/62FhaXlldWS2vl9Y3Nre3Kzu6tilNJqEtiHsu2jxXlTFBXM81pO5EURz6nLX94kfuteyoVi8WNHiXUi3BfsJARrI3Uq1S7EdYDP8wexqjLBJp+/ex6fBf0KjW7bk+A5olTkBoUaPYqX90gJmlEhSYcK9Vx7ER7GZaaEU7H5W6qaILJEPdpx1CBI6q8bHLEGB0YJUBhLM0TGk3U3x0ZjpQaRb6pzHdUs14u/ud1Uh2eeRkTSaqpINNBYcqRjlGeCAqYpETzkSGYSGZ2RWSAJSba5FY2ITizJ88T96h+XneujmuNkyKNElRhHw7BgVNowCU0wQUCj/AMr/BmPVkv1rv1MS1dsIqePfgD6/MHTbiYCg==</latexit>

m 2 M ⇢ RD
<latexit sha1_base64="uQJBwIpUzbve81itD6XtX8viMWs=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWdEfOwKunAjVLG20NaSpJk2NMkMSUYow3yGG3/FjQsVt7rzb8xMu9DWA4Fzz7mX3HtwxJk2nvftFObmFxaXisulldW19Q13c+tOh7EitE5CHqomRppyJmndMMNpM1IUCcxpAw/PM7/xQJVmobw1o4h2BOpLFjCCjJW67kFbIDPAQSJS2GYS5iVBPLmytY6xpmasYZzcpPcXXbfsVbwccJb4E1IGE9S67le7F5JYUGkIR1q3fC8ynQQpwwinaakdaxohMkR92rJUIkF1J8kPS+GeVXowCJV90sBc/T2RIKH1SGDbme2op71M/M9rxSY47SRMRrGhkow/CmIOTQizlGCPKUoMH1mCiGJ2V0gGSCFibJYlG4I/ffIsqR9Wzir+9VG5ejxJowh2wC7YBz44AVVwCWqgDgh4BM/gFbw5T86L8+58jFsLzmRmG/yB8/kDpfOgUg==</latexit><latexit sha1_base64="uQJBwIpUzbve81itD6XtX8viMWs=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWdEfOwKunAjVLG20NaSpJk2NMkMSUYow3yGG3/FjQsVt7rzb8xMu9DWA4Fzz7mX3HtwxJk2nvftFObmFxaXisulldW19Q13c+tOh7EitE5CHqomRppyJmndMMNpM1IUCcxpAw/PM7/xQJVmobw1o4h2BOpLFjCCjJW67kFbIDPAQSJS2GYS5iVBPLmytY6xpmasYZzcpPcXXbfsVbwccJb4E1IGE9S67le7F5JYUGkIR1q3fC8ynQQpwwinaakdaxohMkR92rJUIkF1J8kPS+GeVXowCJV90sBc/T2RIKH1SGDbme2op71M/M9rxSY47SRMRrGhkow/CmIOTQizlGCPKUoMH1mCiGJ2V0gGSCFibJYlG4I/ffIsqR9Wzir+9VG5ejxJowh2wC7YBz44AVVwCWqgDgh4BM/gFbw5T86L8+58jFsLzmRmG/yB8/kDpfOgUg==</latexit><latexit sha1_base64="uQJBwIpUzbve81itD6XtX8viMWs=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWdEfOwKunAjVLG20NaSpJk2NMkMSUYow3yGG3/FjQsVt7rzb8xMu9DWA4Fzz7mX3HtwxJk2nvftFObmFxaXisulldW19Q13c+tOh7EitE5CHqomRppyJmndMMNpM1IUCcxpAw/PM7/xQJVmobw1o4h2BOpLFjCCjJW67kFbIDPAQSJS2GYS5iVBPLmytY6xpmasYZzcpPcXXbfsVbwccJb4E1IGE9S67le7F5JYUGkIR1q3fC8ynQQpwwinaakdaxohMkR92rJUIkF1J8kPS+GeVXowCJV90sBc/T2RIKH1SGDbme2op71M/M9rxSY47SRMRrGhkow/CmIOTQizlGCPKUoMH1mCiGJ2V0gGSCFibJYlG4I/ffIsqR9Wzir+9VG5ejxJowh2wC7YBz44AVVwCWqgDgh4BM/gFbw5T86L8+58jFsLzmRmG/yB8/kDpfOgUg==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="CvljEkRRQypap31BV9al+eE671E=">AAACDHicbVA9T8MwEL2Ur1IKFFYWiwqJqSQswIYEAwtSQYRWakplu05r1XEi20Gqov4MFv4KCwMgZjb+DU7aAVqedNK7987y3SOJ4Nq47rdTWlpeWV0rr1c2qptb27Wd6r2OU0WZT2MRqzbBmgkumW+4EaydKIYjIliLjC5yv/XIlOaxvDPjhHUjPJA85BQbK/VqR0GEzZCEWTRBAZeoaCkW2bXtdUo0M1ONkOx28nDZq9XdhlsALRJvRuowQ7NX+wr6MU0jJg0VWOuO5yamm2FlOBVsUglSzRJMR3jAOpZKHDHdzYrDJujAKn0UxsqWNKhQf7/IcKT1OCJ2Mt9Rz3u5+J/XSU142s24TFLDJJ1+FKYCmRjlKaE+V4waMbYEU8XtrogOscLU2CwrNgRv/uRF4h83zhrejQtl2IN9OAQPTuAcrqAJPlB4ghd4g3fn2Xl1PqZplZxZbLvwB87nD8hMntw=</latexit><latexit sha1_base64="CvljEkRRQypap31BV9al+eE671E=">AAACDHicbVA9T8MwEL2Ur1IKFFYWiwqJqSQswIYEAwtSQYRWakplu05r1XEi20Gqov4MFv4KCwMgZjb+DU7aAVqedNK7987y3SOJ4Nq47rdTWlpeWV0rr1c2qptb27Wd6r2OU0WZT2MRqzbBmgkumW+4EaydKIYjIliLjC5yv/XIlOaxvDPjhHUjPJA85BQbK/VqR0GEzZCEWTRBAZeoaCkW2bXtdUo0M1ONkOx28nDZq9XdhlsALRJvRuowQ7NX+wr6MU0jJg0VWOuO5yamm2FlOBVsUglSzRJMR3jAOpZKHDHdzYrDJujAKn0UxsqWNKhQf7/IcKT1OCJ2Mt9Rz3u5+J/XSU142s24TFLDJJ1+FKYCmRjlKaE+V4waMbYEU8XtrogOscLU2CwrNgRv/uRF4h83zhrejQtl2IN9OAQPTuAcrqAJPlB4ghd4g3fn2Xl1PqZplZxZbLvwB87nD8hMntw=</latexit><latexit sha1_base64="5CY7K+Sn3MAuhlcRU31IiglGV+c=">AAACF3icbVC7TsMwFHXKq5RXgJHFokJiKgkDj60SDCxIBRFaqQmV7TqtVceJbAepivIZLPwKCwMgVtj4G5y0AxSOZOncc+6V7z044Uxpx/myKnPzC4tL1eXayura+oa9uXWr4lQS6pGYx7KDkaKcCepppjntJJKiCHPaxqOzwm/fU6lYLG70OKFBhAaChYwgbaSefeBHSA9xmEU59JmAZUkQzy5NrVKsqJ5oGGfX+d15z647DacE/EvcKamDKVo9+9PvxySNqNCEI6W6rpPoIENSM8JpXvNTRRNERmhAu4YKFFEVZOVhOdwzSh+GsTRPaFiqPycyFCk1jrDpLHZUs14h/ud1Ux2eBBkTSaqpIJOPwpRDHcMiJdhnkhLNx4YgIpnZFZIhkohok2XNhODOnvyXeIeN04Z75dSbR9M0qmAH7IJ94IJj0AQXoAU8QMADeAIv4NV6tJ6tN+t90lqxpjPb4Besj2+ks6BO</latexit><latexit sha1_base64="uQJBwIpUzbve81itD6XtX8viMWs=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWdEfOwKunAjVLG20NaSpJk2NMkMSUYow3yGG3/FjQsVt7rzb8xMu9DWA4Fzz7mX3HtwxJk2nvftFObmFxaXisulldW19Q13c+tOh7EitE5CHqomRppyJmndMMNpM1IUCcxpAw/PM7/xQJVmobw1o4h2BOpLFjCCjJW67kFbIDPAQSJS2GYS5iVBPLmytY6xpmasYZzcpPcXXbfsVbwccJb4E1IGE9S67le7F5JYUGkIR1q3fC8ynQQpwwinaakdaxohMkR92rJUIkF1J8kPS+GeVXowCJV90sBc/T2RIKH1SGDbme2op71M/M9rxSY47SRMRrGhkow/CmIOTQizlGCPKUoMH1mCiGJ2V0gGSCFibJYlG4I/ffIsqR9Wzir+9VG5ejxJowh2wC7YBz44AVVwCWqgDgh4BM/gFbw5T86L8+58jFsLzmRmG/yB8/kDpfOgUg==</latexit><latexit sha1_base64="uQJBwIpUzbve81itD6XtX8viMWs=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWdEfOwKunAjVLG20NaSpJk2NMkMSUYow3yGG3/FjQsVt7rzb8xMu9DWA4Fzz7mX3HtwxJk2nvftFObmFxaXisulldW19Q13c+tOh7EitE5CHqomRppyJmndMMNpM1IUCcxpAw/PM7/xQJVmobw1o4h2BOpLFjCCjJW67kFbIDPAQSJS2GYS5iVBPLmytY6xpmasYZzcpPcXXbfsVbwccJb4E1IGE9S67le7F5JYUGkIR1q3fC8ynQQpwwinaakdaxohMkR92rJUIkF1J8kPS+GeVXowCJV90sBc/T2RIKH1SGDbme2op71M/M9rxSY47SRMRrGhkow/CmIOTQizlGCPKUoMH1mCiGJ2V0gGSCFibJYlG4I/ffIsqR9Wzir+9VG5ejxJowh2wC7YBz44AVVwCWqgDgh4BM/gFbw5T86L8+58jFsLzmRmG/yB8/kDpfOgUg==</latexit><latexit sha1_base64="uQJBwIpUzbve81itD6XtX8viMWs=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWdEfOwKunAjVLG20NaSpJk2NMkMSUYow3yGG3/FjQsVt7rzb8xMu9DWA4Fzz7mX3HtwxJk2nvftFObmFxaXisulldW19Q13c+tOh7EitE5CHqomRppyJmndMMNpM1IUCcxpAw/PM7/xQJVmobw1o4h2BOpLFjCCjJW67kFbIDPAQSJS2GYS5iVBPLmytY6xpmasYZzcpPcXXbfsVbwccJb4E1IGE9S67le7F5JYUGkIR1q3fC8ynQQpwwinaakdaxohMkR92rJUIkF1J8kPS+GeVXowCJV90sBc/T2RIKH1SGDbme2op71M/M9rxSY47SRMRrGhkow/CmIOTQizlGCPKUoMH1mCiGJ2V0gGSCFibJYlG4I/ffIsqR9Wzir+9VG5ejxJowh2wC7YBz44AVVwCWqgDgh4BM/gFbw5T86L8+58jFsLzmRmG/yB8/kDpfOgUg==</latexit><latexit sha1_base64="uQJBwIpUzbve81itD6XtX8viMWs=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWdEfOwKunAjVLG20NaSpJk2NMkMSUYow3yGG3/FjQsVt7rzb8xMu9DWA4Fzz7mX3HtwxJk2nvftFObmFxaXisulldW19Q13c+tOh7EitE5CHqomRppyJmndMMNpM1IUCcxpAw/PM7/xQJVmobw1o4h2BOpLFjCCjJW67kFbIDPAQSJS2GYS5iVBPLmytY6xpmasYZzcpPcXXbfsVbwccJb4E1IGE9S67le7F5JYUGkIR1q3fC8ynQQpwwinaakdaxohMkR92rJUIkF1J8kPS+GeVXowCJV90sBc/T2RIKH1SGDbme2op71M/M9rxSY47SRMRrGhkow/CmIOTQizlGCPKUoMH1mCiGJ2V0gGSCFibJYlG4I/ffIsqR9Wzir+9VG5ejxJowh2wC7YBz44AVVwCWqgDgh4BM/gFbw5T86L8+58jFsLzmRmG/yB8/kDpfOgUg==</latexit><latexit sha1_base64="uQJBwIpUzbve81itD6XtX8viMWs=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWdEfOwKunAjVLG20NaSpJk2NMkMSUYow3yGG3/FjQsVt7rzb8xMu9DWA4Fzz7mX3HtwxJk2nvftFObmFxaXisulldW19Q13c+tOh7EitE5CHqomRppyJmndMMNpM1IUCcxpAw/PM7/xQJVmobw1o4h2BOpLFjCCjJW67kFbIDPAQSJS2GYS5iVBPLmytY6xpmasYZzcpPcXXbfsVbwccJb4E1IGE9S67le7F5JYUGkIR1q3fC8ynQQpwwinaakdaxohMkR92rJUIkF1J8kPS+GeVXowCJV90sBc/T2RIKH1SGDbme2op71M/M9rxSY47SRMRrGhkow/CmIOTQizlGCPKUoMH1mCiGJ2V0gGSCFibJYlG4I/ffIsqR9Wzir+9VG5ejxJowh2wC7YBz44AVVwCWqgDgh4BM/gFbw5T86L8+58jFsLzmRmG/yB8/kDpfOgUg==</latexit><latexit sha1_base64="uQJBwIpUzbve81itD6XtX8viMWs=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWdEfOwKunAjVLG20NaSpJk2NMkMSUYow3yGG3/FjQsVt7rzb8xMu9DWA4Fzz7mX3HtwxJk2nvftFObmFxaXisulldW19Q13c+tOh7EitE5CHqomRppyJmndMMNpM1IUCcxpAw/PM7/xQJVmobw1o4h2BOpLFjCCjJW67kFbIDPAQSJS2GYS5iVBPLmytY6xpmasYZzcpPcXXbfsVbwccJb4E1IGE9S67le7F5JYUGkIR1q3fC8ynQQpwwinaakdaxohMkR92rJUIkF1J8kPS+GeVXowCJV90sBc/T2RIKH1SGDbme2op71M/M9rxSY47SRMRrGhkow/CmIOTQizlGCPKUoMH1mCiGJ2V0gGSCFibJYlG4I/ffIsqR9Wzir+9VG5ejxJowh2wC7YBz44AVVwCWqgDgh4BM/gFbw5T86L8+58jFsLzmRmG/yB8/kDpfOgUg==</latexit>

p(m|z)
<latexit sha1_base64="EiBp82n/01e3jL9cwQnVfnHyqlg=">AAACAHicbZDLSsNAFIYnXmu9Rd0IbgaLUDclEfGyK7hxWcHYQhvKZDpph85MwsxEqDFufBU3LlTc+hjufBsnbQRt/WHg4z/nMOf8Qcyo0o7zZc3NLywuLZdWyqtr6xub9tb2jYoSiYmHIxbJVoAUYVQQT1PNSCuWBPGAkWYwvMjrzVsiFY3EtR7FxOeoL2hIMdLG6tq7cbXDkR4EYcqz+x+8yw67dsWpOWPBWXALqIBCja792elFOOFEaMyQUm3XibWfIqkpZiQrdxJFYoSHqE/aBgXiRPnp+IIMHhinB8NImic0HLu/J1LElRrxwHTmK6rpWm7+V2snOjzzUyriRBOBJx+FCYM6gnkcsEclwZqNDCAsqdkV4gGSCGsTWtmE4E6fPAveUe285l4dV+onRRolsAf2QRW44BTUwSVoAA9g8ACewAt4tR6tZ+vNep+0zlnFzA74I+vjG3qalxM=</latexit><latexit sha1_base64="EiBp82n/01e3jL9cwQnVfnHyqlg=">AAACAHicbZDLSsNAFIYnXmu9Rd0IbgaLUDclEfGyK7hxWcHYQhvKZDpph85MwsxEqDFufBU3LlTc+hjufBsnbQRt/WHg4z/nMOf8Qcyo0o7zZc3NLywuLZdWyqtr6xub9tb2jYoSiYmHIxbJVoAUYVQQT1PNSCuWBPGAkWYwvMjrzVsiFY3EtR7FxOeoL2hIMdLG6tq7cbXDkR4EYcqz+x+8yw67dsWpOWPBWXALqIBCja792elFOOFEaMyQUm3XibWfIqkpZiQrdxJFYoSHqE/aBgXiRPnp+IIMHhinB8NImic0HLu/J1LElRrxwHTmK6rpWm7+V2snOjzzUyriRBOBJx+FCYM6gnkcsEclwZqNDCAsqdkV4gGSCGsTWtmE4E6fPAveUe285l4dV+onRRolsAf2QRW44BTUwSVoAA9g8ACewAt4tR6tZ+vNep+0zlnFzA74I+vjG3qalxM=</latexit><latexit sha1_base64="EiBp82n/01e3jL9cwQnVfnHyqlg=">AAACAHicbZDLSsNAFIYnXmu9Rd0IbgaLUDclEfGyK7hxWcHYQhvKZDpph85MwsxEqDFufBU3LlTc+hjufBsnbQRt/WHg4z/nMOf8Qcyo0o7zZc3NLywuLZdWyqtr6xub9tb2jYoSiYmHIxbJVoAUYVQQT1PNSCuWBPGAkWYwvMjrzVsiFY3EtR7FxOeoL2hIMdLG6tq7cbXDkR4EYcqz+x+8yw67dsWpOWPBWXALqIBCja792elFOOFEaMyQUm3XibWfIqkpZiQrdxJFYoSHqE/aBgXiRPnp+IIMHhinB8NImic0HLu/J1LElRrxwHTmK6rpWm7+V2snOjzzUyriRBOBJx+FCYM6gnkcsEclwZqNDCAsqdkV4gGSCGsTWtmE4E6fPAveUe285l4dV+onRRolsAf2QRW44BTUwSVoAA9g8ACewAt4tR6tZ+vNep+0zlnFzA74I+vjG3qalxM=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="FBR+VRM8BlX6vG5746ds6bJ8Oxk=">AAAB9XicbZBPS8MwGMbf+nfOqdWT4CU4hHkZrRf1JnjxOMG6wTZGmqVbWJKWJBVmrRe/ihcPKn4Vb34b022Cbj4Q+PE8CXnfJ0w408bzvpyl5ZXVtfXSRnmzsrW94+5WbnWcKkIDEvNYtUKsKWeSBoYZTluJoliEnDbD0WWRN++o0iyWN2ac0K7AA8kiRrCxVs/dT2odgc0wjDKRP/zgfX7cc6te3ZsILYI/gyrM1Oi5n51+TFJBpSEca932vcR0M6wMI5zm5U6qaYLJCA9o26LEgupuNtkgR0fW6aMoVvZIgybu7xcZFlqPRWhvFiPq+aww/8vaqYnOuhmTSWqoJNOPopQjE6OiDtRnihLDxxYwUczOisgQK0yMLa1sS/DnV16E4KR+XvevPSjBARxCDXw4hQu4ggYEQOARnuEV3pwn58V5n7a15Mxq24M/cj6+Af6GlbQ=</latexit><latexit sha1_base64="FBR+VRM8BlX6vG5746ds6bJ8Oxk=">AAAB9XicbZBPS8MwGMbf+nfOqdWT4CU4hHkZrRf1JnjxOMG6wTZGmqVbWJKWJBVmrRe/ihcPKn4Vb34b022Cbj4Q+PE8CXnfJ0w408bzvpyl5ZXVtfXSRnmzsrW94+5WbnWcKkIDEvNYtUKsKWeSBoYZTluJoliEnDbD0WWRN++o0iyWN2ac0K7AA8kiRrCxVs/dT2odgc0wjDKRP/zgfX7cc6te3ZsILYI/gyrM1Oi5n51+TFJBpSEca932vcR0M6wMI5zm5U6qaYLJCA9o26LEgupuNtkgR0fW6aMoVvZIgybu7xcZFlqPRWhvFiPq+aww/8vaqYnOuhmTSWqoJNOPopQjE6OiDtRnihLDxxYwUczOisgQK0yMLa1sS/DnV16E4KR+XvevPSjBARxCDXw4hQu4ggYEQOARnuEV3pwn58V5n7a15Mxq24M/cj6+Af6GlbQ=</latexit><latexit sha1_base64="bmpxqBTfLb3uGw24WdoJLTW5eHY=">AAACAHicbZDLSsNAFIYn9VbrLepGcDNYhLopiQsvu4IblxWMLbShTKaTdujMJMxMhBrjxldx40LFrY/hzrdx0kbQ1h8GPv5zDnPOH8SMKu04X1ZpYXFpeaW8Wllb39jcsrd3blSUSEw8HLFItgOkCKOCeJpqRtqxJIgHjLSC0UVeb90SqWgkrvU4Jj5HA0FDipE2Vs/ei2tdjvQwCFOe3f/gXXbUs6tO3ZkIzoNbQBUUavbsz24/wgknQmOGlOq4Tqz9FElNMSNZpZsoEiM8QgPSMSgQJ8pPJxdk8NA4fRhG0jyh4cT9PZEirtSYB6YzX1HN1nLzv1on0eGZn1IRJ5oIPP0oTBjUEczjgH0qCdZsbABhSc2uEA+RRFib0ComBHf25HnwjuvndffKqTZOijTKYB8cgBpwwSlogEvQBB7A4AE8gRfwaj1az9ab9T5tLVnFzC74I+vjG3lalw8=</latexit><latexit sha1_base64="EiBp82n/01e3jL9cwQnVfnHyqlg=">AAACAHicbZDLSsNAFIYnXmu9Rd0IbgaLUDclEfGyK7hxWcHYQhvKZDpph85MwsxEqDFufBU3LlTc+hjufBsnbQRt/WHg4z/nMOf8Qcyo0o7zZc3NLywuLZdWyqtr6xub9tb2jYoSiYmHIxbJVoAUYVQQT1PNSCuWBPGAkWYwvMjrzVsiFY3EtR7FxOeoL2hIMdLG6tq7cbXDkR4EYcqz+x+8yw67dsWpOWPBWXALqIBCja792elFOOFEaMyQUm3XibWfIqkpZiQrdxJFYoSHqE/aBgXiRPnp+IIMHhinB8NImic0HLu/J1LElRrxwHTmK6rpWm7+V2snOjzzUyriRBOBJx+FCYM6gnkcsEclwZqNDCAsqdkV4gGSCGsTWtmE4E6fPAveUe285l4dV+onRRolsAf2QRW44BTUwSVoAA9g8ACewAt4tR6tZ+vNep+0zlnFzA74I+vjG3qalxM=</latexit><latexit sha1_base64="EiBp82n/01e3jL9cwQnVfnHyqlg=">AAACAHicbZDLSsNAFIYnXmu9Rd0IbgaLUDclEfGyK7hxWcHYQhvKZDpph85MwsxEqDFufBU3LlTc+hjufBsnbQRt/WHg4z/nMOf8Qcyo0o7zZc3NLywuLZdWyqtr6xub9tb2jYoSiYmHIxbJVoAUYVQQT1PNSCuWBPGAkWYwvMjrzVsiFY3EtR7FxOeoL2hIMdLG6tq7cbXDkR4EYcqz+x+8yw67dsWpOWPBWXALqIBCja792elFOOFEaMyQUm3XibWfIqkpZiQrdxJFYoSHqE/aBgXiRPnp+IIMHhinB8NImic0HLu/J1LElRrxwHTmK6rpWm7+V2snOjzzUyriRBOBJx+FCYM6gnkcsEclwZqNDCAsqdkV4gGSCGsTWtmE4E6fPAveUe285l4dV+onRRolsAf2QRW44BTUwSVoAA9g8ACewAt4tR6tZ+vNep+0zlnFzA74I+vjG3qalxM=</latexit><latexit sha1_base64="EiBp82n/01e3jL9cwQnVfnHyqlg=">AAACAHicbZDLSsNAFIYnXmu9Rd0IbgaLUDclEfGyK7hxWcHYQhvKZDpph85MwsxEqDFufBU3LlTc+hjufBsnbQRt/WHg4z/nMOf8Qcyo0o7zZc3NLywuLZdWyqtr6xub9tb2jYoSiYmHIxbJVoAUYVQQT1PNSCuWBPGAkWYwvMjrzVsiFY3EtR7FxOeoL2hIMdLG6tq7cbXDkR4EYcqz+x+8yw67dsWpOWPBWXALqIBCja792elFOOFEaMyQUm3XibWfIqkpZiQrdxJFYoSHqE/aBgXiRPnp+IIMHhinB8NImic0HLu/J1LElRrxwHTmK6rpWm7+V2snOjzzUyriRBOBJx+FCYM6gnkcsEclwZqNDCAsqdkV4gGSCGsTWtmE4E6fPAveUe285l4dV+onRRolsAf2QRW44BTUwSVoAA9g8ACewAt4tR6tZ+vNep+0zlnFzA74I+vjG3qalxM=</latexit><latexit sha1_base64="EiBp82n/01e3jL9cwQnVfnHyqlg=">AAACAHicbZDLSsNAFIYnXmu9Rd0IbgaLUDclEfGyK7hxWcHYQhvKZDpph85MwsxEqDFufBU3LlTc+hjufBsnbQRt/WHg4z/nMOf8Qcyo0o7zZc3NLywuLZdWyqtr6xub9tb2jYoSiYmHIxbJVoAUYVQQT1PNSCuWBPGAkWYwvMjrzVsiFY3EtR7FxOeoL2hIMdLG6tq7cbXDkR4EYcqz+x+8yw67dsWpOWPBWXALqIBCja792elFOOFEaMyQUm3XibWfIqkpZiQrdxJFYoSHqE/aBgXiRPnp+IIMHhinB8NImic0HLu/J1LElRrxwHTmK6rpWm7+V2snOjzzUyriRBOBJx+FCYM6gnkcsEclwZqNDCAsqdkV4gGSCGsTWtmE4E6fPAveUe285l4dV+onRRolsAf2QRW44BTUwSVoAA9g8ACewAt4tR6tZ+vNep+0zlnFzA74I+vjG3qalxM=</latexit><latexit sha1_base64="EiBp82n/01e3jL9cwQnVfnHyqlg=">AAACAHicbZDLSsNAFIYnXmu9Rd0IbgaLUDclEfGyK7hxWcHYQhvKZDpph85MwsxEqDFufBU3LlTc+hjufBsnbQRt/WHg4z/nMOf8Qcyo0o7zZc3NLywuLZdWyqtr6xub9tb2jYoSiYmHIxbJVoAUYVQQT1PNSCuWBPGAkWYwvMjrzVsiFY3EtR7FxOeoL2hIMdLG6tq7cbXDkR4EYcqz+x+8yw67dsWpOWPBWXALqIBCja792elFOOFEaMyQUm3XibWfIqkpZiQrdxJFYoSHqE/aBgXiRPnp+IIMHhinB8NImic0HLu/J1LElRrxwHTmK6rpWm7+V2snOjzzUyriRBOBJx+FCYM6gnkcsEclwZqNDCAsqdkV4gGSCGsTWtmE4E6fPAveUe285l4dV+onRRolsAf2QRW44BTUwSVoAA9g8ACewAt4tR6tZ+vNep+0zlnFzA74I+vjG3qalxM=</latexit><latexit sha1_base64="EiBp82n/01e3jL9cwQnVfnHyqlg=">AAACAHicbZDLSsNAFIYnXmu9Rd0IbgaLUDclEfGyK7hxWcHYQhvKZDpph85MwsxEqDFufBU3LlTc+hjufBsnbQRt/WHg4z/nMOf8Qcyo0o7zZc3NLywuLZdWyqtr6xub9tb2jYoSiYmHIxbJVoAUYVQQT1PNSCuWBPGAkWYwvMjrzVsiFY3EtR7FxOeoL2hIMdLG6tq7cbXDkR4EYcqz+x+8yw67dsWpOWPBWXALqIBCja792elFOOFEaMyQUm3XibWfIqkpZiQrdxJFYoSHqE/aBgXiRPnp+IIMHhinB8NImic0HLu/J1LElRrxwHTmK6rpWm7+V2snOjzzUyriRBOBJx+FCYM6gnkcsEclwZqNDCAsqdkV4gGSCGsTWtmE4E6fPAveUe285l4dV+onRRolsAf2QRW44BTUwSVoAA9g8ACewAt4tR6tZ+vNep+0zlnFzA74I+vjG3qalxM=</latexit>

latent space image space

p(m|z) = N
�
Uz,�2I

�
<latexit sha1_base64="xV1Ydouq7ybYaloeiJptpKgIbMU="></latexit><latexit sha1_base64="xV1Ydouq7ybYaloeiJptpKgIbMU="></latexit><latexit sha1_base64="xV1Ydouq7ybYaloeiJptpKgIbMU="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="lQHSHV1476MY5GWWDJuASf3KPRk="></latexit><latexit sha1_base64="lQHSHV1476MY5GWWDJuASf3KPRk="></latexit><latexit sha1_base64="DG/8H2LLS9e3gjzprCleqGJbaGc="></latexit><latexit sha1_base64="xV1Ydouq7ybYaloeiJptpKgIbMU="></latexit><latexit sha1_base64="xV1Ydouq7ybYaloeiJptpKgIbMU="></latexit><latexit sha1_base64="xV1Ydouq7ybYaloeiJptpKgIbMU="></latexit><latexit sha1_base64="xV1Ydouq7ybYaloeiJptpKgIbMU="></latexit><latexit sha1_base64="xV1Ydouq7ybYaloeiJptpKgIbMU="></latexit><latexit sha1_base64="xV1Ydouq7ybYaloeiJptpKgIbMU="></latexit>

p(z) = N (0, I)
<latexit sha1_base64="aSGPofIRX1qUg9zDayYtYPEEoz8=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpMxI8bEQCm50IxUcW+iUkkkzbWjmQXJHqMP8iBt/xY0LFTcuBP/GdFpBWw8ETs65l3vvcSPBFZjmlzE3v7C4tJxbya+urW9sFra2b1UYS8psGopQNl2imOABs4GDYM1IMuK7gjXcwfnIb9wxqXgY3MAwYm2f9ALucUpAS51CNSo5PoG+6yX3aRmf4exHiUiuUkcwD0rmwU/BZepI3utDuVMomhUzA54l1oQU0QT1TuHD6YY09lkAVBClWpYZQTshEjgVLM07sWIRoQPSYy1NA+Iz1U6y61K8r5Uu9kKpXwA4U393JMRXaui7unK0qJr2RuJ/XisG76Sd8CCKgQV0PMiLBYYQj6LCXS4ZBTHUhFDJ9a6Y9okkFHSgeR2CNX3yLLEPK6cV67parB1N0sihXbSHSshCx6iGLlAd2YiiB/SEXtCr8Wg8G2/G+7h0zpj07KA/MD6/AW6nobI=</latexit><latexit sha1_base64="aSGPofIRX1qUg9zDayYtYPEEoz8=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpMxI8bEQCm50IxUcW+iUkkkzbWjmQXJHqMP8iBt/xY0LFTcuBP/GdFpBWw8ETs65l3vvcSPBFZjmlzE3v7C4tJxbya+urW9sFra2b1UYS8psGopQNl2imOABs4GDYM1IMuK7gjXcwfnIb9wxqXgY3MAwYm2f9ALucUpAS51CNSo5PoG+6yX3aRmf4exHiUiuUkcwD0rmwU/BZepI3utDuVMomhUzA54l1oQU0QT1TuHD6YY09lkAVBClWpYZQTshEjgVLM07sWIRoQPSYy1NA+Iz1U6y61K8r5Uu9kKpXwA4U393JMRXaui7unK0qJr2RuJ/XisG76Sd8CCKgQV0PMiLBYYQj6LCXS4ZBTHUhFDJ9a6Y9okkFHSgeR2CNX3yLLEPK6cV67parB1N0sihXbSHSshCx6iGLlAd2YiiB/SEXtCr8Wg8G2/G+7h0zpj07KA/MD6/AW6nobI=</latexit><latexit sha1_base64="aSGPofIRX1qUg9zDayYtYPEEoz8=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpMxI8bEQCm50IxUcW+iUkkkzbWjmQXJHqMP8iBt/xY0LFTcuBP/GdFpBWw8ETs65l3vvcSPBFZjmlzE3v7C4tJxbya+urW9sFra2b1UYS8psGopQNl2imOABs4GDYM1IMuK7gjXcwfnIb9wxqXgY3MAwYm2f9ALucUpAS51CNSo5PoG+6yX3aRmf4exHiUiuUkcwD0rmwU/BZepI3utDuVMomhUzA54l1oQU0QT1TuHD6YY09lkAVBClWpYZQTshEjgVLM07sWIRoQPSYy1NA+Iz1U6y61K8r5Uu9kKpXwA4U393JMRXaui7unK0qJr2RuJ/XisG76Sd8CCKgQV0PMiLBYYQj6LCXS4ZBTHUhFDJ9a6Y9okkFHSgeR2CNX3yLLEPK6cV67parB1N0sihXbSHSshCx6iGLlAd2YiiB/SEXtCr8Wg8G2/G+7h0zpj07KA/MD6/AW6nobI=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="otZ3OZ5qXzM2uZqfxB5KUkyqdFA=">AAACEXicbVDLSgNBEOz1GWPU6NXLYBASkLArgnoQBC96kQjGBLIhzE5mkyGzD2Z6hbjsj3jxV7x4UPHizb9x8hA0saChuqqH6S4vlkKjbX9ZC4tLyyurubX8emFjc6u4XbjTUaIYr7NIRqrpUc2lCHkdBUrejBWngSd5wxtcjPzGPVdaROEtDmPeDmgvFL5gFI3UKR7FZTeg2Pf89CGrkDMy7hiV6XXmSu5j2T74GbjKXCV6fax0iiW7ao9B5okzJSWYotYpfrrdiCUBD5FJqnXLsWNsp1ShYJJneTfRPKZsQHu8ZWhIA67b6fi6jOwbpUv8SJkKkYzV3y9SGmg9DDwzOVpUz3oj8T+vlaB/0k5FGCfIQzb5yE8kwYiMoiJdoThDOTSEMiXMroT1qaIMTaB5E4Ize/I8qR9WT6vOjQ052IU9KIMDx3AOl1CDOjB4hGd4hTfryXqx3idpLVjT2HbgD6yPb4LGoDc=</latexit><latexit sha1_base64="otZ3OZ5qXzM2uZqfxB5KUkyqdFA=">AAACEXicbVDLSgNBEOz1GWPU6NXLYBASkLArgnoQBC96kQjGBLIhzE5mkyGzD2Z6hbjsj3jxV7x4UPHizb9x8hA0saChuqqH6S4vlkKjbX9ZC4tLyyurubX8emFjc6u4XbjTUaIYr7NIRqrpUc2lCHkdBUrejBWngSd5wxtcjPzGPVdaROEtDmPeDmgvFL5gFI3UKR7FZTeg2Pf89CGrkDMy7hiV6XXmSu5j2T74GbjKXCV6fax0iiW7ao9B5okzJSWYotYpfrrdiCUBD5FJqnXLsWNsp1ShYJJneTfRPKZsQHu8ZWhIA67b6fi6jOwbpUv8SJkKkYzV3y9SGmg9DDwzOVpUz3oj8T+vlaB/0k5FGCfIQzb5yE8kwYiMoiJdoThDOTSEMiXMroT1qaIMTaB5E4Ize/I8qR9WT6vOjQ052IU9KIMDx3AOl1CDOjB4hGd4hTfryXqx3idpLVjT2HbgD6yPb4LGoDc=</latexit><latexit sha1_base64="peLLA6fDYzWQgI8WvWWrVBjhclI=">AAACHHicbVDLSgMxFM3UV62vqks3wSK0IGVGxMdCKLjRjVSwttApJZNm2tDMg+SOUIf5ETf+ihsXKm5cCP6N6XQEbT0QODnnXu69xwkFV2CaX0Zubn5hcSm/XFhZXVvfKG5u3aogkpQ1aCAC2XKIYoL7rAEcBGuFkhHPEazpDM/HfvOOScUD/wZGIet4pO9zl1MCWuoWD8Oy7REYOG58n1TwGU5/lIj4KrEFc6Fs7v8UXCa25P0BVLrFklk1U+BZYmWkhDLUu8UPuxfQyGM+UEGUaltmCJ2YSOBUsKRgR4qFhA5Jn7U19YnHVCdOr0vwnlZ62A2kfj7gVP3dERNPqZHn6MrxomraG4v/ee0I3JNOzP0wAubTySA3EhgCPI4K97hkFMRIE0Il17tiOiCSUNCBFnQI1vTJs6RxUD2tWtdmqXaUpZFHO2gXlZGFjlENXaA6aiCKHtATekGvxqPxbLwZ75PSnJH1bKM/MD6/AW1noa4=</latexit><latexit sha1_base64="aSGPofIRX1qUg9zDayYtYPEEoz8=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpMxI8bEQCm50IxUcW+iUkkkzbWjmQXJHqMP8iBt/xY0LFTcuBP/GdFpBWw8ETs65l3vvcSPBFZjmlzE3v7C4tJxbya+urW9sFra2b1UYS8psGopQNl2imOABs4GDYM1IMuK7gjXcwfnIb9wxqXgY3MAwYm2f9ALucUpAS51CNSo5PoG+6yX3aRmf4exHiUiuUkcwD0rmwU/BZepI3utDuVMomhUzA54l1oQU0QT1TuHD6YY09lkAVBClWpYZQTshEjgVLM07sWIRoQPSYy1NA+Iz1U6y61K8r5Uu9kKpXwA4U393JMRXaui7unK0qJr2RuJ/XisG76Sd8CCKgQV0PMiLBYYQj6LCXS4ZBTHUhFDJ9a6Y9okkFHSgeR2CNX3yLLEPK6cV67parB1N0sihXbSHSshCx6iGLlAd2YiiB/SEXtCr8Wg8G2/G+7h0zpj07KA/MD6/AW6nobI=</latexit><latexit sha1_base64="aSGPofIRX1qUg9zDayYtYPEEoz8=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpMxI8bEQCm50IxUcW+iUkkkzbWjmQXJHqMP8iBt/xY0LFTcuBP/GdFpBWw8ETs65l3vvcSPBFZjmlzE3v7C4tJxbya+urW9sFra2b1UYS8psGopQNl2imOABs4GDYM1IMuK7gjXcwfnIb9wxqXgY3MAwYm2f9ALucUpAS51CNSo5PoG+6yX3aRmf4exHiUiuUkcwD0rmwU/BZepI3utDuVMomhUzA54l1oQU0QT1TuHD6YY09lkAVBClWpYZQTshEjgVLM07sWIRoQPSYy1NA+Iz1U6y61K8r5Uu9kKpXwA4U393JMRXaui7unK0qJr2RuJ/XisG76Sd8CCKgQV0PMiLBYYQj6LCXS4ZBTHUhFDJ9a6Y9okkFHSgeR2CNX3yLLEPK6cV67parB1N0sihXbSHSshCx6iGLlAd2YiiB/SEXtCr8Wg8G2/G+7h0zpj07KA/MD6/AW6nobI=</latexit><latexit sha1_base64="aSGPofIRX1qUg9zDayYtYPEEoz8=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpMxI8bEQCm50IxUcW+iUkkkzbWjmQXJHqMP8iBt/xY0LFTcuBP/GdFpBWw8ETs65l3vvcSPBFZjmlzE3v7C4tJxbya+urW9sFra2b1UYS8psGopQNl2imOABs4GDYM1IMuK7gjXcwfnIb9wxqXgY3MAwYm2f9ALucUpAS51CNSo5PoG+6yX3aRmf4exHiUiuUkcwD0rmwU/BZepI3utDuVMomhUzA54l1oQU0QT1TuHD6YY09lkAVBClWpYZQTshEjgVLM07sWIRoQPSYy1NA+Iz1U6y61K8r5Uu9kKpXwA4U393JMRXaui7unK0qJr2RuJ/XisG76Sd8CCKgQV0PMiLBYYQj6LCXS4ZBTHUhFDJ9a6Y9okkFHSgeR2CNX3yLLEPK6cV67parB1N0sihXbSHSshCx6iGLlAd2YiiB/SEXtCr8Wg8G2/G+7h0zpj07KA/MD6/AW6nobI=</latexit><latexit sha1_base64="aSGPofIRX1qUg9zDayYtYPEEoz8=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpMxI8bEQCm50IxUcW+iUkkkzbWjmQXJHqMP8iBt/xY0LFTcuBP/GdFpBWw8ETs65l3vvcSPBFZjmlzE3v7C4tJxbya+urW9sFra2b1UYS8psGopQNl2imOABs4GDYM1IMuK7gjXcwfnIb9wxqXgY3MAwYm2f9ALucUpAS51CNSo5PoG+6yX3aRmf4exHiUiuUkcwD0rmwU/BZepI3utDuVMomhUzA54l1oQU0QT1TuHD6YY09lkAVBClWpYZQTshEjgVLM07sWIRoQPSYy1NA+Iz1U6y61K8r5Uu9kKpXwA4U393JMRXaui7unK0qJr2RuJ/XisG76Sd8CCKgQV0PMiLBYYQj6LCXS4ZBTHUhFDJ9a6Y9okkFHSgeR2CNX3yLLEPK6cV67parB1N0sihXbSHSshCx6iGLlAd2YiiB/SEXtCr8Wg8G2/G+7h0zpj07KA/MD6/AW6nobI=</latexit><latexit sha1_base64="aSGPofIRX1qUg9zDayYtYPEEoz8=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpMxI8bEQCm50IxUcW+iUkkkzbWjmQXJHqMP8iBt/xY0LFTcuBP/GdFpBWw8ETs65l3vvcSPBFZjmlzE3v7C4tJxbya+urW9sFra2b1UYS8psGopQNl2imOABs4GDYM1IMuK7gjXcwfnIb9wxqXgY3MAwYm2f9ALucUpAS51CNSo5PoG+6yX3aRmf4exHiUiuUkcwD0rmwU/BZepI3utDuVMomhUzA54l1oQU0QT1TuHD6YY09lkAVBClWpYZQTshEjgVLM07sWIRoQPSYy1NA+Iz1U6y61K8r5Uu9kKpXwA4U393JMRXaui7unK0qJr2RuJ/XisG76Sd8CCKgQV0PMiLBYYQj6LCXS4ZBTHUhFDJ9a6Y9okkFHSgeR2CNX3yLLEPK6cV67parB1N0sihXbSHSshCx6iGLlAd2YiiB/SEXtCr8Wg8G2/G+7h0zpj07KA/MD6/AW6nobI=</latexit><latexit sha1_base64="aSGPofIRX1qUg9zDayYtYPEEoz8=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpMxI8bEQCm50IxUcW+iUkkkzbWjmQXJHqMP8iBt/xY0LFTcuBP/GdFpBWw8ETs65l3vvcSPBFZjmlzE3v7C4tJxbya+urW9sFra2b1UYS8psGopQNl2imOABs4GDYM1IMuK7gjXcwfnIb9wxqXgY3MAwYm2f9ALucUpAS51CNSo5PoG+6yX3aRmf4exHiUiuUkcwD0rmwU/BZepI3utDuVMomhUzA54l1oQU0QT1TuHD6YY09lkAVBClWpYZQTshEjgVLM07sWIRoQPSYy1NA+Iz1U6y61K8r5Uu9kKpXwA4U393JMRXaui7unK0qJr2RuJ/XisG76Sd8CCKgQV0PMiLBYYQj6LCXS4ZBTHUhFDJ9a6Y9okkFHSgeR2CNX3yLLEPK6cV67parB1N0sihXbSHSshCx6iGLlAd2YiiB/SEXtCr8Wg8G2/G+7h0zpj07KA/MD6/AW6nobI=</latexit>



|| 8/2/18Ender Konukoglu 28

Density networks
[MacKay, Nucl. Inst. Met. In Physics Research 1995]

p(m|z)
<latexit sha1_base64="ylQ/kqEoeEWPCKjVW6YkIir/Puk=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkR8bEruHFZwbGFdiiZNNOGJpkhyQh1HHDjr7hxoeLWr3Dn35hpR9DWA4GTc+7l3nuCmFGlHefLmptfWFxaLq2UV9fWNzbtre0bFSUSEw9HLJKtACnCqCCeppqRViwJ4gEjzWB4kfvNWyIVjcS1HsXE56gvaEgx0kbq2rtxtcORHgRhyjN4D38+d9lh1644NWcMOEvcglRAgUbX/uz0IpxwIjRmSKm268TaT5HUFDOSlTuJIjHCQ9QnbUMF4kT56fiGDB4YpQfDSJonNByrvztSxJUa8cBU5iuqaS8X//PaiQ7P/JSKONFE4MmgMGFQRzAPBPaoJFizkSEIS2p2hXiAJMLaxFY2IbjTJ88S76h2XnOvjiv1kyKNEtgD+6AKXHAK6uASNIAHMHgAT+AFvFqP1rP1Zr1PSuesomcH/IH18Q0y3Zdn</latexit><latexit sha1_base64="ylQ/kqEoeEWPCKjVW6YkIir/Puk=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkR8bEruHFZwbGFdiiZNNOGJpkhyQh1HHDjr7hxoeLWr3Dn35hpR9DWA4GTc+7l3nuCmFGlHefLmptfWFxaLq2UV9fWNzbtre0bFSUSEw9HLJKtACnCqCCeppqRViwJ4gEjzWB4kfvNWyIVjcS1HsXE56gvaEgx0kbq2rtxtcORHgRhyjN4D38+d9lh1644NWcMOEvcglRAgUbX/uz0IpxwIjRmSKm268TaT5HUFDOSlTuJIjHCQ9QnbUMF4kT56fiGDB4YpQfDSJonNByrvztSxJUa8cBU5iuqaS8X//PaiQ7P/JSKONFE4MmgMGFQRzAPBPaoJFizkSEIS2p2hXiAJMLaxFY2IbjTJ88S76h2XnOvjiv1kyKNEtgD+6AKXHAK6uASNIAHMHgAT+AFvFqP1rP1Zr1PSuesomcH/IH18Q0y3Zdn</latexit><latexit sha1_base64="ylQ/kqEoeEWPCKjVW6YkIir/Puk=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkR8bEruHFZwbGFdiiZNNOGJpkhyQh1HHDjr7hxoeLWr3Dn35hpR9DWA4GTc+7l3nuCmFGlHefLmptfWFxaLq2UV9fWNzbtre0bFSUSEw9HLJKtACnCqCCeppqRViwJ4gEjzWB4kfvNWyIVjcS1HsXE56gvaEgx0kbq2rtxtcORHgRhyjN4D38+d9lh1644NWcMOEvcglRAgUbX/uz0IpxwIjRmSKm268TaT5HUFDOSlTuJIjHCQ9QnbUMF4kT56fiGDB4YpQfDSJonNByrvztSxJUa8cBU5iuqaS8X//PaiQ7P/JSKONFE4MmgMGFQRzAPBPaoJFizkSEIS2p2hXiAJMLaxFY2IbjTJ88S76h2XnOvjiv1kyKNEtgD+6AKXHAK6uASNIAHMHgAT+AFvFqP1rP1Zr1PSuesomcH/IH18Q0y3Zdn</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="Dzdp3vdp8qkdeg1g0Ns2KOtcFgY=">AAAB93icbVBNSwMxEJ31s9aqq0e9BItQL2XXi3oTvHis4NpCW0o2zbahSXZJskJdF7z4V7x4UPGfePPfmG0raOuDgZf3ZsjMCxPOtPG8L2dpeWV1bb20Ud6sbG3vuLuVWx2nitCAxDxWrRBrypmkgWGG01aiKBYhp81wdFn4zTuqNIvljRkntCvwQLKIEWys1HP3k1pHYDMMo0zk6AH9PO7z455b9ereBGiR+DNShRkaPfez049JKqg0hGOt276XmG6GlWGE07zcSTVNMBnhAW1bKrGguptNbsjRkVX6KIqVLWnQRP09kWGh9ViEtrNYUc97hfif105NdNbNmExSQyWZfhSlHJkYFYGgPlOUGD62BBPF7K6IDLHCxNjYyjYEf/7kRRKc1M/r/rUHJTiAQ6iBD6dwAVfQgAAIPMIzvMKb8+S8OO/TtJacWWx78AfOxzeziZYG</latexit><latexit sha1_base64="Dzdp3vdp8qkdeg1g0Ns2KOtcFgY=">AAAB93icbVBNSwMxEJ31s9aqq0e9BItQL2XXi3oTvHis4NpCW0o2zbahSXZJskJdF7z4V7x4UPGfePPfmG0raOuDgZf3ZsjMCxPOtPG8L2dpeWV1bb20Ud6sbG3vuLuVWx2nitCAxDxWrRBrypmkgWGG01aiKBYhp81wdFn4zTuqNIvljRkntCvwQLKIEWys1HP3k1pHYDMMo0zk6AH9PO7z455b9ereBGiR+DNShRkaPfez049JKqg0hGOt276XmG6GlWGE07zcSTVNMBnhAW1bKrGguptNbsjRkVX6KIqVLWnQRP09kWGh9ViEtrNYUc97hfif105NdNbNmExSQyWZfhSlHJkYFYGgPlOUGD62BBPF7K6IDLHCxNjYyjYEf/7kRRKc1M/r/rUHJTiAQ6iBD6dwAVfQgAAIPMIzvMKb8+S8OO/TtJacWWx78AfOxzeziZYG</latexit><latexit sha1_base64="zAKOcTwphTtGHVvSYxsGh4J63Wk=">AAACAnicbVC7TsMwFHXKq5RXgA0WiwqpLFXCwGOrxMJYJEIrtVHluE5r1XYi20EqIRILv8LCAIiVr2Djb3DaIEHLkSwdn3Ov7r0niBlV2nG+rNLC4tLySnm1sra+sbllb+/cqCiRmHg4YpFsB0gRRgXxNNWMtGNJEA8YaQWji9xv3RKpaCSu9TgmPkcDQUOKkTZSz96La12O9DAIU57Be/jzucuOenbVqTsTwHniFqQKCjR79me3H+GEE6ExQ0p1XCfWfoqkppiRrNJNFIkRHqEB6RgqECfKTyc3ZPDQKH0YRtI8oeFE/d2RIq7UmAemMl9RzXq5+J/XSXR45qdUxIkmAk8HhQmDOoJ5ILBPJcGajQ1BWFKzK8RDJBHWJraKCcGdPXmeeMf187p75VQbJ0UaZbAPDkANuOAUNMAlaAIPYPAAnsALeLUerWfrzXqflpasomcX/IH18Q0xnZdj</latexit><latexit sha1_base64="ylQ/kqEoeEWPCKjVW6YkIir/Puk=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkR8bEruHFZwbGFdiiZNNOGJpkhyQh1HHDjr7hxoeLWr3Dn35hpR9DWA4GTc+7l3nuCmFGlHefLmptfWFxaLq2UV9fWNzbtre0bFSUSEw9HLJKtACnCqCCeppqRViwJ4gEjzWB4kfvNWyIVjcS1HsXE56gvaEgx0kbq2rtxtcORHgRhyjN4D38+d9lh1644NWcMOEvcglRAgUbX/uz0IpxwIjRmSKm268TaT5HUFDOSlTuJIjHCQ9QnbUMF4kT56fiGDB4YpQfDSJonNByrvztSxJUa8cBU5iuqaS8X//PaiQ7P/JSKONFE4MmgMGFQRzAPBPaoJFizkSEIS2p2hXiAJMLaxFY2IbjTJ88S76h2XnOvjiv1kyKNEtgD+6AKXHAK6uASNIAHMHgAT+AFvFqP1rP1Zr1PSuesomcH/IH18Q0y3Zdn</latexit><latexit sha1_base64="ylQ/kqEoeEWPCKjVW6YkIir/Puk=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkR8bEruHFZwbGFdiiZNNOGJpkhyQh1HHDjr7hxoeLWr3Dn35hpR9DWA4GTc+7l3nuCmFGlHefLmptfWFxaLq2UV9fWNzbtre0bFSUSEw9HLJKtACnCqCCeppqRViwJ4gEjzWB4kfvNWyIVjcS1HsXE56gvaEgx0kbq2rtxtcORHgRhyjN4D38+d9lh1644NWcMOEvcglRAgUbX/uz0IpxwIjRmSKm268TaT5HUFDOSlTuJIjHCQ9QnbUMF4kT56fiGDB4YpQfDSJonNByrvztSxJUa8cBU5iuqaS8X//PaiQ7P/JSKONFE4MmgMGFQRzAPBPaoJFizkSEIS2p2hXiAJMLaxFY2IbjTJ88S76h2XnOvjiv1kyKNEtgD+6AKXHAK6uASNIAHMHgAT+AFvFqP1rP1Zr1PSuesomcH/IH18Q0y3Zdn</latexit><latexit sha1_base64="ylQ/kqEoeEWPCKjVW6YkIir/Puk=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkR8bEruHFZwbGFdiiZNNOGJpkhyQh1HHDjr7hxoeLWr3Dn35hpR9DWA4GTc+7l3nuCmFGlHefLmptfWFxaLq2UV9fWNzbtre0bFSUSEw9HLJKtACnCqCCeppqRViwJ4gEjzWB4kfvNWyIVjcS1HsXE56gvaEgx0kbq2rtxtcORHgRhyjN4D38+d9lh1644NWcMOEvcglRAgUbX/uz0IpxwIjRmSKm268TaT5HUFDOSlTuJIjHCQ9QnbUMF4kT56fiGDB4YpQfDSJonNByrvztSxJUa8cBU5iuqaS8X//PaiQ7P/JSKONFE4MmgMGFQRzAPBPaoJFizkSEIS2p2hXiAJMLaxFY2IbjTJ88S76h2XnOvjiv1kyKNEtgD+6AKXHAK6uASNIAHMHgAT+AFvFqP1rP1Zr1PSuesomcH/IH18Q0y3Zdn</latexit><latexit sha1_base64="ylQ/kqEoeEWPCKjVW6YkIir/Puk=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkR8bEruHFZwbGFdiiZNNOGJpkhyQh1HHDjr7hxoeLWr3Dn35hpR9DWA4GTc+7l3nuCmFGlHefLmptfWFxaLq2UV9fWNzbtre0bFSUSEw9HLJKtACnCqCCeppqRViwJ4gEjzWB4kfvNWyIVjcS1HsXE56gvaEgx0kbq2rtxtcORHgRhyjN4D38+d9lh1644NWcMOEvcglRAgUbX/uz0IpxwIjRmSKm268TaT5HUFDOSlTuJIjHCQ9QnbUMF4kT56fiGDB4YpQfDSJonNByrvztSxJUa8cBU5iuqaS8X//PaiQ7P/JSKONFE4MmgMGFQRzAPBPaoJFizkSEIS2p2hXiAJMLaxFY2IbjTJ88S76h2XnOvjiv1kyKNEtgD+6AKXHAK6uASNIAHMHgAT+AFvFqP1rP1Zr1PSuesomcH/IH18Q0y3Zdn</latexit><latexit sha1_base64="ylQ/kqEoeEWPCKjVW6YkIir/Puk=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkR8bEruHFZwbGFdiiZNNOGJpkhyQh1HHDjr7hxoeLWr3Dn35hpR9DWA4GTc+7l3nuCmFGlHefLmptfWFxaLq2UV9fWNzbtre0bFSUSEw9HLJKtACnCqCCeppqRViwJ4gEjzWB4kfvNWyIVjcS1HsXE56gvaEgx0kbq2rtxtcORHgRhyjN4D38+d9lh1644NWcMOEvcglRAgUbX/uz0IpxwIjRmSKm268TaT5HUFDOSlTuJIjHCQ9QnbUMF4kT56fiGDB4YpQfDSJonNByrvztSxJUa8cBU5iuqaS8X//PaiQ7P/JSKONFE4MmgMGFQRzAPBPaoJFizkSEIS2p2hXiAJMLaxFY2IbjTJ88S76h2XnOvjiv1kyKNEtgD+6AKXHAK6uASNIAHMHgAT+AFvFqP1rP1Zr1PSuesomcH/IH18Q0y3Zdn</latexit><latexit sha1_base64="ylQ/kqEoeEWPCKjVW6YkIir/Puk=">AAACAnicbVDLSgMxFM34rPU16k43wSLUTZkR8bEruHFZwbGFdiiZNNOGJpkhyQh1HHDjr7hxoeLWr3Dn35hpR9DWA4GTc+7l3nuCmFGlHefLmptfWFxaLq2UV9fWNzbtre0bFSUSEw9HLJKtACnCqCCeppqRViwJ4gEjzWB4kfvNWyIVjcS1HsXE56gvaEgx0kbq2rtxtcORHgRhyjN4D38+d9lh1644NWcMOEvcglRAgUbX/uz0IpxwIjRmSKm268TaT5HUFDOSlTuJIjHCQ9QnbUMF4kT56fiGDB4YpQfDSJonNByrvztSxJUa8cBU5iuqaS8X//PaiQ7P/JSKONFE4MmgMGFQRzAPBPaoJFizkSEIS2p2hXiAJMLaxFY2IbjTJ88S76h2XnOvjiv1kyKNEtgD+6AKXHAK6uASNIAHMHgAT+AFvFqP1rP1Zr1PSuesomcH/IH18Q0y3Zdn</latexit>

: Parameterize with a network with parameters w

p(m|w) =

Z
p(m|z,w)p(z)dz

<latexit sha1_base64="iKJVaok1pFaKyyiqUdp+EwsdkwU=">AAACRHicbZDNS8MwGMZTP+f8qnr0EhzCBjJaET8OwsCLxwnWDdYx0izdwtIPklTZav85L969+R948aDiVUy3yua2FwI/nucJefM4IaNCGsartrC4tLyymlvLr29sbm3rO7t3Iog4JhYOWMDrDhKEUZ9YkkpG6iEnyHMYqTm9q9Sv3RMuaODfyn5Imh7q+NSlGEkltXQ7LNoekl3Hjb3k8Q8fkhK8hDb1JZzrD5Kjyeg4M0hK7TG39IJRNoYDZ8HMoACyqbb0F7sd4MgjvsQMCdEwjVA2Y8QlxYwkeTsSJES4hzqkodBHHhHNeNhCAg+V0oZuwNVRiw/VyRsx8oToe45KphuKaS8V53mNSLrnzZj6YSSJj0cPuRGDMoBppbBNOcGS9RUgzKnaFeIu4ghLVXxelWBOf3kWrOPyRdm8OSlUTrM2cmAfHIAiMMEZqIBrUAUWwOAJvIEP8Kk9a+/al/Y9ii5o2Z098G+0n1/K/rPa</latexit><latexit sha1_base64="iKJVaok1pFaKyyiqUdp+EwsdkwU=">AAACRHicbZDNS8MwGMZTP+f8qnr0EhzCBjJaET8OwsCLxwnWDdYx0izdwtIPklTZav85L969+R948aDiVUy3yua2FwI/nucJefM4IaNCGsartrC4tLyymlvLr29sbm3rO7t3Iog4JhYOWMDrDhKEUZ9YkkpG6iEnyHMYqTm9q9Sv3RMuaODfyn5Imh7q+NSlGEkltXQ7LNoekl3Hjb3k8Q8fkhK8hDb1JZzrD5Kjyeg4M0hK7TG39IJRNoYDZ8HMoACyqbb0F7sd4MgjvsQMCdEwjVA2Y8QlxYwkeTsSJES4hzqkodBHHhHNeNhCAg+V0oZuwNVRiw/VyRsx8oToe45KphuKaS8V53mNSLrnzZj6YSSJj0cPuRGDMoBppbBNOcGS9RUgzKnaFeIu4ghLVXxelWBOf3kWrOPyRdm8OSlUTrM2cmAfHIAiMMEZqIBrUAUWwOAJvIEP8Kk9a+/al/Y9ii5o2Z098G+0n1/K/rPa</latexit><latexit sha1_base64="iKJVaok1pFaKyyiqUdp+EwsdkwU=">AAACRHicbZDNS8MwGMZTP+f8qnr0EhzCBjJaET8OwsCLxwnWDdYx0izdwtIPklTZav85L969+R948aDiVUy3yua2FwI/nucJefM4IaNCGsartrC4tLyymlvLr29sbm3rO7t3Iog4JhYOWMDrDhKEUZ9YkkpG6iEnyHMYqTm9q9Sv3RMuaODfyn5Imh7q+NSlGEkltXQ7LNoekl3Hjb3k8Q8fkhK8hDb1JZzrD5Kjyeg4M0hK7TG39IJRNoYDZ8HMoACyqbb0F7sd4MgjvsQMCdEwjVA2Y8QlxYwkeTsSJES4hzqkodBHHhHNeNhCAg+V0oZuwNVRiw/VyRsx8oToe45KphuKaS8V53mNSLrnzZj6YSSJj0cPuRGDMoBppbBNOcGS9RUgzKnaFeIu4ghLVXxelWBOf3kWrOPyRdm8OSlUTrM2cmAfHIAiMMEZqIBrUAUWwOAJvIEP8Kk9a+/al/Y9ii5o2Z098G+0n1/K/rPa</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="CWxWfR611i4OyMPb+ilfCrGpJUI=">AAACOXicbZDNSwJBGMbf7dPMyrp2GZJAIWS3S3UIgi4dDTIFV2R2dlYHZz+YmS1023+uS/du/QddOlR0b1YNTX1h4MfzvMM88zgRZ1KZ5puxsrq2vrGZ28pvF3Z294r7hXsZxoLQOgl5KJoOlpSzgNYVU5w2I0Gx73DacPrXmd94oEKyMLhTg4i2fdwNmMcIVlrqFO2obPtY9Rwv8dOnP3xMK+gS2SxQaKk/TE9mV6c7w7TiTrlTLJlVczRoEawJlGAytU7x1XZDEvs0UIRjKVuWGal2goVihNM0b8eSRpj0cZe2NAbYp7KdjFpI0bFWXOSFQh8dfKTO3kiwL+XAd/RmllDOe5m4zGvFyjtvJyyIYkUDMn7IizlSIcoqRS4TlCg+0ICJYDorIj0sMFG6+LwuwZr/8iLUT6sXVevWhBwcwhGUwYIzuIIbqEEdCDzDO3zCl/FifBjf47ZWjEltB/BvjJ9fHpWyNw==</latexit><latexit sha1_base64="CWxWfR611i4OyMPb+ilfCrGpJUI=">AAACOXicbZDNSwJBGMbf7dPMyrp2GZJAIWS3S3UIgi4dDTIFV2R2dlYHZz+YmS1023+uS/du/QddOlR0b1YNTX1h4MfzvMM88zgRZ1KZ5puxsrq2vrGZ28pvF3Z294r7hXsZxoLQOgl5KJoOlpSzgNYVU5w2I0Gx73DacPrXmd94oEKyMLhTg4i2fdwNmMcIVlrqFO2obPtY9Rwv8dOnP3xMK+gS2SxQaKk/TE9mV6c7w7TiTrlTLJlVczRoEawJlGAytU7x1XZDEvs0UIRjKVuWGal2goVihNM0b8eSRpj0cZe2NAbYp7KdjFpI0bFWXOSFQh8dfKTO3kiwL+XAd/RmllDOe5m4zGvFyjtvJyyIYkUDMn7IizlSIcoqRS4TlCg+0ICJYDorIj0sMFG6+LwuwZr/8iLUT6sXVevWhBwcwhGUwYIzuIIbqEEdCDzDO3zCl/FifBjf47ZWjEltB/BvjJ9fHpWyNw==</latexit><latexit sha1_base64="WA6jJd/KyR4pK4qHfOGX0DLMILw=">AAACRHicbZDNS8MwGMbT+TXn19Sjl+AQNpDRevDjIAy8eJzg3GAtI83SLSxpS5IqW+0/58W7N/8DLx5UvIrZVtnc9kLgx/M8IW8eN2RUKtN8NTJLyyura9n13Mbm1vZOfnfvTgaRwKSGAxaIhoskYdQnNUUVI41QEMRdRupu72ro1++JkDTwb1U/JA5HHZ96FCOlpVbeDos2R6rrejFPHv/wISnBS2hTX8GF/iA5no5OMoOk1J5wK18wy+Zo4DxYKRRAOtVW/sVuBzjixFeYISmblhkqJ0ZCUcxIkrMjSUKEe6hDmhp9xIl04lELCTzSSht6gdBHLz5Sp2/EiEvZ565ODjeUs95QXOQ1I+WdOzH1w0gRH48f8iIGVQCHlcI2FQQr1teAsKB6V4i7SCCsdPE5XYI1++V5qJ2UL8rWjVmonKZtZMEBOARFYIEzUAHXoApqAIMn8AY+wKfxbLwbX8b3OJox0jv74N8YP7/JvrPW</latexit><latexit sha1_base64="iKJVaok1pFaKyyiqUdp+EwsdkwU=">AAACRHicbZDNS8MwGMZTP+f8qnr0EhzCBjJaET8OwsCLxwnWDdYx0izdwtIPklTZav85L969+R948aDiVUy3yua2FwI/nucJefM4IaNCGsartrC4tLyymlvLr29sbm3rO7t3Iog4JhYOWMDrDhKEUZ9YkkpG6iEnyHMYqTm9q9Sv3RMuaODfyn5Imh7q+NSlGEkltXQ7LNoekl3Hjb3k8Q8fkhK8hDb1JZzrD5Kjyeg4M0hK7TG39IJRNoYDZ8HMoACyqbb0F7sd4MgjvsQMCdEwjVA2Y8QlxYwkeTsSJES4hzqkodBHHhHNeNhCAg+V0oZuwNVRiw/VyRsx8oToe45KphuKaS8V53mNSLrnzZj6YSSJj0cPuRGDMoBppbBNOcGS9RUgzKnaFeIu4ghLVXxelWBOf3kWrOPyRdm8OSlUTrM2cmAfHIAiMMEZqIBrUAUWwOAJvIEP8Kk9a+/al/Y9ii5o2Z098G+0n1/K/rPa</latexit><latexit sha1_base64="iKJVaok1pFaKyyiqUdp+EwsdkwU=">AAACRHicbZDNS8MwGMZTP+f8qnr0EhzCBjJaET8OwsCLxwnWDdYx0izdwtIPklTZav85L969+R948aDiVUy3yua2FwI/nucJefM4IaNCGsartrC4tLyymlvLr29sbm3rO7t3Iog4JhYOWMDrDhKEUZ9YkkpG6iEnyHMYqTm9q9Sv3RMuaODfyn5Imh7q+NSlGEkltXQ7LNoekl3Hjb3k8Q8fkhK8hDb1JZzrD5Kjyeg4M0hK7TG39IJRNoYDZ8HMoACyqbb0F7sd4MgjvsQMCdEwjVA2Y8QlxYwkeTsSJES4hzqkodBHHhHNeNhCAg+V0oZuwNVRiw/VyRsx8oToe45KphuKaS8V53mNSLrnzZj6YSSJj0cPuRGDMoBppbBNOcGS9RUgzKnaFeIu4ghLVXxelWBOf3kWrOPyRdm8OSlUTrM2cmAfHIAiMMEZqIBrUAUWwOAJvIEP8Kk9a+/al/Y9ii5o2Z098G+0n1/K/rPa</latexit><latexit sha1_base64="iKJVaok1pFaKyyiqUdp+EwsdkwU=">AAACRHicbZDNS8MwGMZTP+f8qnr0EhzCBjJaET8OwsCLxwnWDdYx0izdwtIPklTZav85L969+R948aDiVUy3yua2FwI/nucJefM4IaNCGsartrC4tLyymlvLr29sbm3rO7t3Iog4JhYOWMDrDhKEUZ9YkkpG6iEnyHMYqTm9q9Sv3RMuaODfyn5Imh7q+NSlGEkltXQ7LNoekl3Hjb3k8Q8fkhK8hDb1JZzrD5Kjyeg4M0hK7TG39IJRNoYDZ8HMoACyqbb0F7sd4MgjvsQMCdEwjVA2Y8QlxYwkeTsSJES4hzqkodBHHhHNeNhCAg+V0oZuwNVRiw/VyRsx8oToe45KphuKaS8V53mNSLrnzZj6YSSJj0cPuRGDMoBppbBNOcGS9RUgzKnaFeIu4ghLVXxelWBOf3kWrOPyRdm8OSlUTrM2cmAfHIAiMMEZqIBrUAUWwOAJvIEP8Kk9a+/al/Y9ii5o2Z098G+0n1/K/rPa</latexit><latexit sha1_base64="iKJVaok1pFaKyyiqUdp+EwsdkwU=">AAACRHicbZDNS8MwGMZTP+f8qnr0EhzCBjJaET8OwsCLxwnWDdYx0izdwtIPklTZav85L969+R948aDiVUy3yua2FwI/nucJefM4IaNCGsartrC4tLyymlvLr29sbm3rO7t3Iog4JhYOWMDrDhKEUZ9YkkpG6iEnyHMYqTm9q9Sv3RMuaODfyn5Imh7q+NSlGEkltXQ7LNoekl3Hjb3k8Q8fkhK8hDb1JZzrD5Kjyeg4M0hK7TG39IJRNoYDZ8HMoACyqbb0F7sd4MgjvsQMCdEwjVA2Y8QlxYwkeTsSJES4hzqkodBHHhHNeNhCAg+V0oZuwNVRiw/VyRsx8oToe45KphuKaS8V53mNSLrnzZj6YSSJj0cPuRGDMoBppbBNOcGS9RUgzKnaFeIu4ghLVXxelWBOf3kWrOPyRdm8OSlUTrM2cmAfHIAiMMEZqIBrUAUWwOAJvIEP8Kk9a+/al/Y9ii5o2Z098G+0n1/K/rPa</latexit><latexit sha1_base64="iKJVaok1pFaKyyiqUdp+EwsdkwU=">AAACRHicbZDNS8MwGMZTP+f8qnr0EhzCBjJaET8OwsCLxwnWDdYx0izdwtIPklTZav85L969+R948aDiVUy3yua2FwI/nucJefM4IaNCGsartrC4tLyymlvLr29sbm3rO7t3Iog4JhYOWMDrDhKEUZ9YkkpG6iEnyHMYqTm9q9Sv3RMuaODfyn5Imh7q+NSlGEkltXQ7LNoekl3Hjb3k8Q8fkhK8hDb1JZzrD5Kjyeg4M0hK7TG39IJRNoYDZ8HMoACyqbb0F7sd4MgjvsQMCdEwjVA2Y8QlxYwkeTsSJES4hzqkodBHHhHNeNhCAg+V0oZuwNVRiw/VyRsx8oToe45KphuKaS8V53mNSLrnzZj6YSSJj0cPuRGDMoBppbBNOcGS9RUgzKnaFeIu4ghLVXxelWBOf3kWrOPyRdm8OSlUTrM2cmAfHIAiMMEZqIBrUAUWwOAJvIEP8Kk9a+/al/Y9ii5o2Z098G+0n1/K/rPa</latexit><latexit sha1_base64="iKJVaok1pFaKyyiqUdp+EwsdkwU=">AAACRHicbZDNS8MwGMZTP+f8qnr0EhzCBjJaET8OwsCLxwnWDdYx0izdwtIPklTZav85L969+R948aDiVUy3yua2FwI/nucJefM4IaNCGsartrC4tLyymlvLr29sbm3rO7t3Iog4JhYOWMDrDhKEUZ9YkkpG6iEnyHMYqTm9q9Sv3RMuaODfyn5Imh7q+NSlGEkltXQ7LNoekl3Hjb3k8Q8fkhK8hDb1JZzrD5Kjyeg4M0hK7TG39IJRNoYDZ8HMoACyqbb0F7sd4MgjvsQMCdEwjVA2Y8QlxYwkeTsSJES4hzqkodBHHhHNeNhCAg+V0oZuwNVRiw/VyRsx8oToe45KphuKaS8V53mNSLrnzZj6YSSJj0cPuRGDMoBppbBNOcGS9RUgzKnaFeIu4ghLVXxelWBOf3kWrOPyRdm8OSlUTrM2cmAfHIAiMMEZqIBrUAUWwOAJvIEP8Kk9a+/al/Y9ii5o2Z098G+0n1/K/rPa</latexit>

Y

n

p(m(n)|w)

=
Y

n

Z
p(m(n)|z(n),w)p(z(n))dz(n)

<latexit sha1_base64="kVZa+L5KCe+rcQmFFFzK1noZWGk="></latexit><latexit sha1_base64="kVZa+L5KCe+rcQmFFFzK1noZWGk="></latexit><latexit sha1_base64="kVZa+L5KCe+rcQmFFFzK1noZWGk="></latexit><latexit sha1_base64="kVZa+L5KCe+rcQmFFFzK1noZWGk="></latexit>

Optimize with respect to w

using Monte Carlo sampling
X

n

ln
1

R

X

r

p(m(n)|z(r),w), z(r) ⇠ p(z)
<latexit sha1_base64="1vgnkq6YOCFvw0Ptlhne+LjiDXI="></latexit><latexit sha1_base64="91/nF2VLRYieAA8LPJJGVMC5WmU="></latexit><latexit sha1_base64="91/nF2VLRYieAA8LPJJGVMC5WmU="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="Ok0pj3sOepiHdPDlRA0OW1mm1FU="></latexit><latexit sha1_base64="Ok0pj3sOepiHdPDlRA0OW1mm1FU="></latexit><latexit sha1_base64="jt6Jt04UrK1gTta0lHYIEe0oK/Y="></latexit><latexit sha1_base64="jt6Jt04UrK1gTta0lHYIEe0oK/Y="></latexit><latexit sha1_base64="91/nF2VLRYieAA8LPJJGVMC5WmU="></latexit><latexit sha1_base64="91/nF2VLRYieAA8LPJJGVMC5WmU="></latexit><latexit sha1_base64="91/nF2VLRYieAA8LPJJGVMC5WmU="></latexit><latexit sha1_base64="91/nF2VLRYieAA8LPJJGVMC5WmU="></latexit><latexit sha1_base64="jt6Jt04UrK1gTta0lHYIEe0oK/Y="></latexit>

Sampling was not efficient for large dim. problems, MacKay hinted imp. samp.

z
p(m|z,w)

<latexit sha1_base64="TiaxNJO3rtD3rJJwZERbnLZmujk=">AAACC3icbZDLSgMxFIYzXmu9VV26CRahgpQZES+7ghuXFRxbaIeSSTNtaJIZkoxSx3kAN76KGxcqbn0Bd76NmXYK2vpD4OM/55Bzfj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLW9o0KY4mJi0MWyqaPFGFUEFdTzUgzkgRxn5GGP7jI6o1bIhUNxbUeRsTjqCdoQDHSxuqUylGlzZHu+0HC04cJ3qeHE7xLD0yXXbVHgrPg5FAGueqd0le7G+KYE6ExQ0q1HDvSXoKkppiRtNiOFYkQHqAeaRkUiBPlJaNjUrhvnC4MQmme0HDk/p5IEFdqyH3Tma2opmuZ+V+tFevgzEuoiGJNBB5/FMQM6hBmycAulQRrNjSAsKRmV4j7SCKsTX5FE4IzffIsuEfV86pzdVyuneRpFMAu2AMV4IBTUAOXoA5cgMEjeAav4M16sl6sd+tj3Dpn5TM74I+szx9Aepvq</latexit><latexit sha1_base64="TiaxNJO3rtD3rJJwZERbnLZmujk=">AAACC3icbZDLSgMxFIYzXmu9VV26CRahgpQZES+7ghuXFRxbaIeSSTNtaJIZkoxSx3kAN76KGxcqbn0Bd76NmXYK2vpD4OM/55Bzfj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLW9o0KY4mJi0MWyqaPFGFUEFdTzUgzkgRxn5GGP7jI6o1bIhUNxbUeRsTjqCdoQDHSxuqUylGlzZHu+0HC04cJ3qeHE7xLD0yXXbVHgrPg5FAGueqd0le7G+KYE6ExQ0q1HDvSXoKkppiRtNiOFYkQHqAeaRkUiBPlJaNjUrhvnC4MQmme0HDk/p5IEFdqyH3Tma2opmuZ+V+tFevgzEuoiGJNBB5/FMQM6hBmycAulQRrNjSAsKRmV4j7SCKsTX5FE4IzffIsuEfV86pzdVyuneRpFMAu2AMV4IBTUAOXoA5cgMEjeAav4M16sl6sd+tj3Dpn5TM74I+szx9Aepvq</latexit><latexit sha1_base64="TiaxNJO3rtD3rJJwZERbnLZmujk=">AAACC3icbZDLSgMxFIYzXmu9VV26CRahgpQZES+7ghuXFRxbaIeSSTNtaJIZkoxSx3kAN76KGxcqbn0Bd76NmXYK2vpD4OM/55Bzfj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLW9o0KY4mJi0MWyqaPFGFUEFdTzUgzkgRxn5GGP7jI6o1bIhUNxbUeRsTjqCdoQDHSxuqUylGlzZHu+0HC04cJ3qeHE7xLD0yXXbVHgrPg5FAGueqd0le7G+KYE6ExQ0q1HDvSXoKkppiRtNiOFYkQHqAeaRkUiBPlJaNjUrhvnC4MQmme0HDk/p5IEFdqyH3Tma2opmuZ+V+tFevgzEuoiGJNBB5/FMQM6hBmycAulQRrNjSAsKRmV4j7SCKsTX5FE4IzffIsuEfV86pzdVyuneRpFMAu2AMV4IBTUAOXoA5cgMEjeAav4M16sl6sd+tj3Dpn5TM74I+szx9Aepvq</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="gYhUX1V+T1UJkPGgBKjlYPUm26Q=">AAACAHicbZDNSgMxFIXv+Ftr1erWTbAIFaTMuFF3ghuXFRxbaEvJpJk2NMkMSUap4zyAG1/FjQsVn8Kdb2OmP6CtBwIf595w7z1BzJk2rvvtLC2vrK6tFzaKm6Wt7Z3ybulWR4ki1CcRj1QzwJpyJqlvmOG0GSuKRcBpIxhe5vXGHVWaRfLGjGLaEbgvWcgINtbqlitxtS2wGQRhKrLHGT5kxzO8z45sl1tzx0KL4E2hAlPVu+Wvdi8iiaDSEI61bnlubDopVoYRTrNiO9E0xmSI+7RlUWJBdScdH5OhQ+v0UBgp+6RBY/f3jxQLrUcisJ35inq+lpv/1VqJCc86KZNxYqgkk0FhwpGJUJ4M6jFFieEjC5goZndFZIAVJsbmV7QhePMnL4J/UjuvedcuFGAfDqAKHpzCBVxBHXwg8AQv8AbvzrPz6nxM0lpyprHtwR85nz+RI5qA</latexit><latexit sha1_base64="gYhUX1V+T1UJkPGgBKjlYPUm26Q=">AAACAHicbZDNSgMxFIXv+Ftr1erWTbAIFaTMuFF3ghuXFRxbaEvJpJk2NMkMSUap4zyAG1/FjQsVn8Kdb2OmP6CtBwIf595w7z1BzJk2rvvtLC2vrK6tFzaKm6Wt7Z3ybulWR4ki1CcRj1QzwJpyJqlvmOG0GSuKRcBpIxhe5vXGHVWaRfLGjGLaEbgvWcgINtbqlitxtS2wGQRhKrLHGT5kxzO8z45sl1tzx0KL4E2hAlPVu+Wvdi8iiaDSEI61bnlubDopVoYRTrNiO9E0xmSI+7RlUWJBdScdH5OhQ+v0UBgp+6RBY/f3jxQLrUcisJ35inq+lpv/1VqJCc86KZNxYqgkk0FhwpGJUJ4M6jFFieEjC5goZndFZIAVJsbmV7QhePMnL4J/UjuvedcuFGAfDqAKHpzCBVxBHXwg8AQv8AbvzrPz6nxM0lpyprHtwR85nz+RI5qA</latexit><latexit sha1_base64="ZZoODOs8R48n7+LFAoONzj7zVLw=">AAACC3icbZDLSgMxFIYz9VbrrerSTbAIFaTMuPCyK7hxWcGxhXYomTTThiaZIckodZwHcOOruHGh4tYXcOfbmGmnoK0/BD7+cw455/cjRpW27W+rsLC4tLxSXC2trW9sbpW3d25UGEtMXByyULZ8pAijgriaakZakSSI+4w0/eFFVm/eEqloKK71KCIeR31BA4qRNla3XImqHY70wA8Snj5M8T49muJdemi67Jo9FpwHJ4cKyNXolr86vRDHnAiNGVKq7diR9hIkNcWMpKVOrEiE8BD1SdugQJwoLxkfk8ID4/RgEErzhIZj9/dEgrhSI+6bzmxFNVvLzP9q7VgHZ15CRRRrIvDkoyBmUIcwSwb2qCRYs5EBhCU1u0I8QBJhbfIrmRCc2ZPnwT2undecK7tSP8nTKII9sA+qwAGnoA4uQQO4AINH8AxewZv1ZL1Y79bHpLVg5TO74I+szx8/Opvm</latexit><latexit sha1_base64="TiaxNJO3rtD3rJJwZERbnLZmujk=">AAACC3icbZDLSgMxFIYzXmu9VV26CRahgpQZES+7ghuXFRxbaIeSSTNtaJIZkoxSx3kAN76KGxcqbn0Bd76NmXYK2vpD4OM/55Bzfj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLW9o0KY4mJi0MWyqaPFGFUEFdTzUgzkgRxn5GGP7jI6o1bIhUNxbUeRsTjqCdoQDHSxuqUylGlzZHu+0HC04cJ3qeHE7xLD0yXXbVHgrPg5FAGueqd0le7G+KYE6ExQ0q1HDvSXoKkppiRtNiOFYkQHqAeaRkUiBPlJaNjUrhvnC4MQmme0HDk/p5IEFdqyH3Tma2opmuZ+V+tFevgzEuoiGJNBB5/FMQM6hBmycAulQRrNjSAsKRmV4j7SCKsTX5FE4IzffIsuEfV86pzdVyuneRpFMAu2AMV4IBTUAOXoA5cgMEjeAav4M16sl6sd+tj3Dpn5TM74I+szx9Aepvq</latexit><latexit sha1_base64="TiaxNJO3rtD3rJJwZERbnLZmujk=">AAACC3icbZDLSgMxFIYzXmu9VV26CRahgpQZES+7ghuXFRxbaIeSSTNtaJIZkoxSx3kAN76KGxcqbn0Bd76NmXYK2vpD4OM/55Bzfj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLW9o0KY4mJi0MWyqaPFGFUEFdTzUgzkgRxn5GGP7jI6o1bIhUNxbUeRsTjqCdoQDHSxuqUylGlzZHu+0HC04cJ3qeHE7xLD0yXXbVHgrPg5FAGueqd0le7G+KYE6ExQ0q1HDvSXoKkppiRtNiOFYkQHqAeaRkUiBPlJaNjUrhvnC4MQmme0HDk/p5IEFdqyH3Tma2opmuZ+V+tFevgzEuoiGJNBB5/FMQM6hBmycAulQRrNjSAsKRmV4j7SCKsTX5FE4IzffIsuEfV86pzdVyuneRpFMAu2AMV4IBTUAOXoA5cgMEjeAav4M16sl6sd+tj3Dpn5TM74I+szx9Aepvq</latexit><latexit sha1_base64="TiaxNJO3rtD3rJJwZERbnLZmujk=">AAACC3icbZDLSgMxFIYzXmu9VV26CRahgpQZES+7ghuXFRxbaIeSSTNtaJIZkoxSx3kAN76KGxcqbn0Bd76NmXYK2vpD4OM/55Bzfj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLW9o0KY4mJi0MWyqaPFGFUEFdTzUgzkgRxn5GGP7jI6o1bIhUNxbUeRsTjqCdoQDHSxuqUylGlzZHu+0HC04cJ3qeHE7xLD0yXXbVHgrPg5FAGueqd0le7G+KYE6ExQ0q1HDvSXoKkppiRtNiOFYkQHqAeaRkUiBPlJaNjUrhvnC4MQmme0HDk/p5IEFdqyH3Tma2opmuZ+V+tFevgzEuoiGJNBB5/FMQM6hBmycAulQRrNjSAsKRmV4j7SCKsTX5FE4IzffIsuEfV86pzdVyuneRpFMAu2AMV4IBTUAOXoA5cgMEjeAav4M16sl6sd+tj3Dpn5TM74I+szx9Aepvq</latexit><latexit sha1_base64="TiaxNJO3rtD3rJJwZERbnLZmujk=">AAACC3icbZDLSgMxFIYzXmu9VV26CRahgpQZES+7ghuXFRxbaIeSSTNtaJIZkoxSx3kAN76KGxcqbn0Bd76NmXYK2vpD4OM/55Bzfj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLW9o0KY4mJi0MWyqaPFGFUEFdTzUgzkgRxn5GGP7jI6o1bIhUNxbUeRsTjqCdoQDHSxuqUylGlzZHu+0HC04cJ3qeHE7xLD0yXXbVHgrPg5FAGueqd0le7G+KYE6ExQ0q1HDvSXoKkppiRtNiOFYkQHqAeaRkUiBPlJaNjUrhvnC4MQmme0HDk/p5IEFdqyH3Tma2opmuZ+V+tFevgzEuoiGJNBB5/FMQM6hBmycAulQRrNjSAsKRmV4j7SCKsTX5FE4IzffIsuEfV86pzdVyuneRpFMAu2AMV4IBTUAOXoA5cgMEjeAav4M16sl6sd+tj3Dpn5TM74I+szx9Aepvq</latexit><latexit sha1_base64="TiaxNJO3rtD3rJJwZERbnLZmujk=">AAACC3icbZDLSgMxFIYzXmu9VV26CRahgpQZES+7ghuXFRxbaIeSSTNtaJIZkoxSx3kAN76KGxcqbn0Bd76NmXYK2vpD4OM/55Bzfj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLW9o0KY4mJi0MWyqaPFGFUEFdTzUgzkgRxn5GGP7jI6o1bIhUNxbUeRsTjqCdoQDHSxuqUylGlzZHu+0HC04cJ3qeHE7xLD0yXXbVHgrPg5FAGueqd0le7G+KYE6ExQ0q1HDvSXoKkppiRtNiOFYkQHqAeaRkUiBPlJaNjUrhvnC4MQmme0HDk/p5IEFdqyH3Tma2opmuZ+V+tFevgzEuoiGJNBB5/FMQM6hBmycAulQRrNjSAsKRmV4j7SCKsTX5FE4IzffIsuEfV86pzdVyuneRpFMAu2AMV4IBTUAOXoA5cgMEjeAav4M16sl6sd+tj3Dpn5TM74I+szx9Aepvq</latexit><latexit sha1_base64="TiaxNJO3rtD3rJJwZERbnLZmujk=">AAACC3icbZDLSgMxFIYzXmu9VV26CRahgpQZES+7ghuXFRxbaIeSSTNtaJIZkoxSx3kAN76KGxcqbn0Bd76NmXYK2vpD4OM/55Bzfj9iVGnb/rbm5hcWl5YLK8XVtfWNzdLW9o0KY4mJi0MWyqaPFGFUEFdTzUgzkgRxn5GGP7jI6o1bIhUNxbUeRsTjqCdoQDHSxuqUylGlzZHu+0HC04cJ3qeHE7xLD0yXXbVHgrPg5FAGueqd0le7G+KYE6ExQ0q1HDvSXoKkppiRtNiOFYkQHqAeaRkUiBPlJaNjUrhvnC4MQmme0HDk/p5IEFdqyH3Tma2opmuZ+V+tFevgzEuoiGJNBB5/FMQM6hBmycAulQRrNjSAsKRmV4j7SCKsTX5FE4IzffIsuEfV86pzdVyuneRpFMAu2AMV4IBTUAOXoA5cgMEjeAav4M16sl6sd+tj3Dpn5TM74I+szx9Aepvq</latexit>
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Variational auto-encoders
[Kingma and Welling 2013, Rezende et al. 2013]

Builds on density networks concept but instead of Monte-Carlo uses variational
inference with a network parameterized sampling (approximate) distribution

ln p(m|w✓) = ln

Z
p(m|z,w✓)p(z)dz

= ln

Z
p(m|z,w✓)p(z)

q(z|x,w�)

q(z|x,w�)
dz

�
Z

q(z|x,w�) ln p(m|z,w✓)
p(z)

q(z|x,w�)
dz

= E [ln p(m|z,w✓)]�DKL [q(z|x,w�)kp(z)]
<latexit sha1_base64="S3Ydtr5a/s+tAakrzKXXLBz8HvU="></latexit><latexit sha1_base64="S3Ydtr5a/s+tAakrzKXXLBz8HvU="></latexit><latexit sha1_base64="S3Ydtr5a/s+tAakrzKXXLBz8HvU="></latexit><latexit sha1_base64="S3Ydtr5a/s+tAakrzKXXLBz8HvU="></latexit>

ln p(m|w✓)� (E [ln p(m|z,w✓)]�DKL [q(z|x,w�)kp(z)]) = DKL [q(z|x,w�)kp(z|x)]
<latexit sha1_base64="wydmSzyL3kL+0fvpgnB5Dn75Sw4="></latexit><latexit sha1_base64="wydmSzyL3kL+0fvpgnB5Dn75Sw4="></latexit><latexit sha1_base64="wydmSzyL3kL+0fvpgnB5Dn75Sw4="></latexit><latexit sha1_base64="wydmSzyL3kL+0fvpgnB5Dn75Sw4="></latexit>
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Variational auto-encoders
[Kingma and Welling 2013, Rezende et al. 2013]

z
p(m|z,w✓)

<latexit sha1_base64="/X1/kmqzsM/ecb/WrVxq+upPWeI=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAIFUpJRLzsCm5cVjC20IQymU7aoTNJmDlRasxLuPFV3LhQcevCnW/j9Aba+sPAx3/OYc75/ZgzBZb1beQWFpeWV/KrhbX1jc2t4vbOjYoSSahDIh7Jpo8V5SykDjDgtBlLioXPacPvXwzrjVsqFYvCaxjE1BO4G7KAEQzaahcrcdkVGHp+kIrsYYr3WWWKd1k7daFHAWeH7WLJqlojmfNgT6CEJqq3i19uJyKJoCEQjpVq2VYMXoolMMJpVnATRWNM+rhLWxpDLKjy0tFVmXmgnY4ZRFK/EMyR+3sixUKpgfB153BXNVsbmv/VWgkEZ17KwjgBGpLxR0HCTYjMYURmh0lKgA80YCKZ3tUkPSwxAR1kQYdgz548D85R9bxqXx2XaieTNPJoD+2jMrLRKaqhS1RHDiLoET2jV/RmPBkvxrvxMW7NGZOZXfRHxucP2Y6gDQ==</latexit><latexit sha1_base64="/X1/kmqzsM/ecb/WrVxq+upPWeI=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAIFUpJRLzsCm5cVjC20IQymU7aoTNJmDlRasxLuPFV3LhQcevCnW/j9Aba+sPAx3/OYc75/ZgzBZb1beQWFpeWV/KrhbX1jc2t4vbOjYoSSahDIh7Jpo8V5SykDjDgtBlLioXPacPvXwzrjVsqFYvCaxjE1BO4G7KAEQzaahcrcdkVGHp+kIrsYYr3WWWKd1k7daFHAWeH7WLJqlojmfNgT6CEJqq3i19uJyKJoCEQjpVq2VYMXoolMMJpVnATRWNM+rhLWxpDLKjy0tFVmXmgnY4ZRFK/EMyR+3sixUKpgfB153BXNVsbmv/VWgkEZ17KwjgBGpLxR0HCTYjMYURmh0lKgA80YCKZ3tUkPSwxAR1kQYdgz548D85R9bxqXx2XaieTNPJoD+2jMrLRKaqhS1RHDiLoET2jV/RmPBkvxrvxMW7NGZOZXfRHxucP2Y6gDQ==</latexit><latexit sha1_base64="/X1/kmqzsM/ecb/WrVxq+upPWeI=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAIFUpJRLzsCm5cVjC20IQymU7aoTNJmDlRasxLuPFV3LhQcevCnW/j9Aba+sPAx3/OYc75/ZgzBZb1beQWFpeWV/KrhbX1jc2t4vbOjYoSSahDIh7Jpo8V5SykDjDgtBlLioXPacPvXwzrjVsqFYvCaxjE1BO4G7KAEQzaahcrcdkVGHp+kIrsYYr3WWWKd1k7daFHAWeH7WLJqlojmfNgT6CEJqq3i19uJyKJoCEQjpVq2VYMXoolMMJpVnATRWNM+rhLWxpDLKjy0tFVmXmgnY4ZRFK/EMyR+3sixUKpgfB153BXNVsbmv/VWgkEZ17KwjgBGpLxR0HCTYjMYURmh0lKgA80YCKZ3tUkPSwxAR1kQYdgz548D85R9bxqXx2XaieTNPJoD+2jMrLRKaqhS1RHDiLoET2jV/RmPBkvxrvxMW7NGZOZXfRHxucP2Y6gDQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="tK1iVsROcR+ZwqYoMUe/hAuRirk=">AAACCXicbZDNSsNAFIVv6l+tVaNbN8EiVCglcaPuBDcuK1hbaEKZTCft0MkPMzdKjXkJN76KGxcqvoA738bpH2jrgYGPc2aYe4+fCK7Qtr+Nwsrq2vpGcbO0Vd7e2TX3yrcqTiVlTRqLWLZ9opjgEWsiR8HaiWQk9AVr+cPLcd66Y1LxOLrBUcK8kPQjHnBKUFtds5ZU3ZDgwA+yMH+c40Nem+N93s1cHDAk+XHXrNh1eyJrGZwZVGCmRtf8cnsxTUMWIRVEqY5jJ+hlRCKnguUlN1UsIXRI+qyjMSIhU1422Sq3jrTTs4JY6hOhNXF/v8hIqNQo9PXN8axqMRub/2WdFIMzL+NRkiKL6PSjIBUWxta4IqvHJaMoRhoIlVzPatEBkYSiLrKkS3AWV16G5kn9vO5c21CEAziEKjhwChdwBQ1oAoUneIE3eDeejVfjY9pWwZjVtg9/ZHz+AP5Unpo=</latexit><latexit sha1_base64="tK1iVsROcR+ZwqYoMUe/hAuRirk=">AAACCXicbZDNSsNAFIVv6l+tVaNbN8EiVCglcaPuBDcuK1hbaEKZTCft0MkPMzdKjXkJN76KGxcqvoA738bpH2jrgYGPc2aYe4+fCK7Qtr+Nwsrq2vpGcbO0Vd7e2TX3yrcqTiVlTRqLWLZ9opjgEWsiR8HaiWQk9AVr+cPLcd66Y1LxOLrBUcK8kPQjHnBKUFtds5ZU3ZDgwA+yMH+c40Nem+N93s1cHDAk+XHXrNh1eyJrGZwZVGCmRtf8cnsxTUMWIRVEqY5jJ+hlRCKnguUlN1UsIXRI+qyjMSIhU1422Sq3jrTTs4JY6hOhNXF/v8hIqNQo9PXN8axqMRub/2WdFIMzL+NRkiKL6PSjIBUWxta4IqvHJaMoRhoIlVzPatEBkYSiLrKkS3AWV16G5kn9vO5c21CEAziEKjhwChdwBQ1oAoUneIE3eDeejVfjY9pWwZjVtg9/ZHz+AP5Unpo=</latexit><latexit sha1_base64="gWwFNHicW5zu77zGJM/DQc0FVd0=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahQimJCy+7ghuXFYwtNCVMppN26OTCzIlSY17Cja/ixoWKWxfufBsnbQra+sPAx3/OYc75vZgzCab5rS0sLi2vrJbWyusbm1vb+s7ujYwSQahNIh6Jtocl5SykNjDgtB0LigOP05Y3vMjrrVsqJIvCaxjFtBvgfsh8RjAoy9VrcdUJMAw8Pw2yhyneZ7Up3mVu6sCAAs6OXL1i1s2xjHmwCqigQk1X/3J6EUkCGgLhWMqOZcbQTbEARjjNyk4iaYzJEPdpR2GIAyq76fiqzDhUTs/wI6FeCMbY/T2R4kDKUeCpznxXOVvLzf9qnQT8s27KwjgBGpLJR37CDYiMPCKjxwQlwEcKMBFM7WqQARaYgAqyrEKwZk+eB/u4fl63rsxK46RIo4T20QGqIgudoga6RE1kI4Ie0TN6RW/ak/aivWsfk9YFrZjZQ3+kff4A2E6gCQ==</latexit><latexit sha1_base64="/X1/kmqzsM/ecb/WrVxq+upPWeI=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAIFUpJRLzsCm5cVjC20IQymU7aoTNJmDlRasxLuPFV3LhQcevCnW/j9Aba+sPAx3/OYc75/ZgzBZb1beQWFpeWV/KrhbX1jc2t4vbOjYoSSahDIh7Jpo8V5SykDjDgtBlLioXPacPvXwzrjVsqFYvCaxjE1BO4G7KAEQzaahcrcdkVGHp+kIrsYYr3WWWKd1k7daFHAWeH7WLJqlojmfNgT6CEJqq3i19uJyKJoCEQjpVq2VYMXoolMMJpVnATRWNM+rhLWxpDLKjy0tFVmXmgnY4ZRFK/EMyR+3sixUKpgfB153BXNVsbmv/VWgkEZ17KwjgBGpLxR0HCTYjMYURmh0lKgA80YCKZ3tUkPSwxAR1kQYdgz548D85R9bxqXx2XaieTNPJoD+2jMrLRKaqhS1RHDiLoET2jV/RmPBkvxrvxMW7NGZOZXfRHxucP2Y6gDQ==</latexit><latexit sha1_base64="/X1/kmqzsM/ecb/WrVxq+upPWeI=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAIFUpJRLzsCm5cVjC20IQymU7aoTNJmDlRasxLuPFV3LhQcevCnW/j9Aba+sPAx3/OYc75/ZgzBZb1beQWFpeWV/KrhbX1jc2t4vbOjYoSSahDIh7Jpo8V5SykDjDgtBlLioXPacPvXwzrjVsqFYvCaxjE1BO4G7KAEQzaahcrcdkVGHp+kIrsYYr3WWWKd1k7daFHAWeH7WLJqlojmfNgT6CEJqq3i19uJyKJoCEQjpVq2VYMXoolMMJpVnATRWNM+rhLWxpDLKjy0tFVmXmgnY4ZRFK/EMyR+3sixUKpgfB153BXNVsbmv/VWgkEZ17KwjgBGpLxR0HCTYjMYURmh0lKgA80YCKZ3tUkPSwxAR1kQYdgz548D85R9bxqXx2XaieTNPJoD+2jMrLRKaqhS1RHDiLoET2jV/RmPBkvxrvxMW7NGZOZXfRHxucP2Y6gDQ==</latexit><latexit sha1_base64="/X1/kmqzsM/ecb/WrVxq+upPWeI=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAIFUpJRLzsCm5cVjC20IQymU7aoTNJmDlRasxLuPFV3LhQcevCnW/j9Aba+sPAx3/OYc75/ZgzBZb1beQWFpeWV/KrhbX1jc2t4vbOjYoSSahDIh7Jpo8V5SykDjDgtBlLioXPacPvXwzrjVsqFYvCaxjE1BO4G7KAEQzaahcrcdkVGHp+kIrsYYr3WWWKd1k7daFHAWeH7WLJqlojmfNgT6CEJqq3i19uJyKJoCEQjpVq2VYMXoolMMJpVnATRWNM+rhLWxpDLKjy0tFVmXmgnY4ZRFK/EMyR+3sixUKpgfB153BXNVsbmv/VWgkEZ17KwjgBGpLxR0HCTYjMYURmh0lKgA80YCKZ3tUkPSwxAR1kQYdgz548D85R9bxqXx2XaieTNPJoD+2jMrLRKaqhS1RHDiLoET2jV/RmPBkvxrvxMW7NGZOZXfRHxucP2Y6gDQ==</latexit><latexit sha1_base64="/X1/kmqzsM/ecb/WrVxq+upPWeI=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAIFUpJRLzsCm5cVjC20IQymU7aoTNJmDlRasxLuPFV3LhQcevCnW/j9Aba+sPAx3/OYc75/ZgzBZb1beQWFpeWV/KrhbX1jc2t4vbOjYoSSahDIh7Jpo8V5SykDjDgtBlLioXPacPvXwzrjVsqFYvCaxjE1BO4G7KAEQzaahcrcdkVGHp+kIrsYYr3WWWKd1k7daFHAWeH7WLJqlojmfNgT6CEJqq3i19uJyKJoCEQjpVq2VYMXoolMMJpVnATRWNM+rhLWxpDLKjy0tFVmXmgnY4ZRFK/EMyR+3sixUKpgfB153BXNVsbmv/VWgkEZ17KwjgBGpLxR0HCTYjMYURmh0lKgA80YCKZ3tUkPSwxAR1kQYdgz548D85R9bxqXx2XaieTNPJoD+2jMrLRKaqhS1RHDiLoET2jV/RmPBkvxrvxMW7NGZOZXfRHxucP2Y6gDQ==</latexit><latexit sha1_base64="/X1/kmqzsM/ecb/WrVxq+upPWeI=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAIFUpJRLzsCm5cVjC20IQymU7aoTNJmDlRasxLuPFV3LhQcevCnW/j9Aba+sPAx3/OYc75/ZgzBZb1beQWFpeWV/KrhbX1jc2t4vbOjYoSSahDIh7Jpo8V5SykDjDgtBlLioXPacPvXwzrjVsqFYvCaxjE1BO4G7KAEQzaahcrcdkVGHp+kIrsYYr3WWWKd1k7daFHAWeH7WLJqlojmfNgT6CEJqq3i19uJyKJoCEQjpVq2VYMXoolMMJpVnATRWNM+rhLWxpDLKjy0tFVmXmgnY4ZRFK/EMyR+3sixUKpgfB153BXNVsbmv/VWgkEZ17KwjgBGpLxR0HCTYjMYURmh0lKgA80YCKZ3tUkPSwxAR1kQYdgz548D85R9bxqXx2XaieTNPJoD+2jMrLRKaqhS1RHDiLoET2jV/RmPBkvxrvxMW7NGZOZXfRHxucP2Y6gDQ==</latexit><latexit sha1_base64="/X1/kmqzsM/ecb/WrVxq+upPWeI=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAIFUpJRLzsCm5cVjC20IQymU7aoTNJmDlRasxLuPFV3LhQcevCnW/j9Aba+sPAx3/OYc75/ZgzBZb1beQWFpeWV/KrhbX1jc2t4vbOjYoSSahDIh7Jpo8V5SykDjDgtBlLioXPacPvXwzrjVsqFYvCaxjE1BO4G7KAEQzaahcrcdkVGHp+kIrsYYr3WWWKd1k7daFHAWeH7WLJqlojmfNgT6CEJqq3i19uJyKJoCEQjpVq2VYMXoolMMJpVnATRWNM+rhLWxpDLKjy0tFVmXmgnY4ZRFK/EMyR+3sixUKpgfB153BXNVsbmv/VWgkEZ17KwjgBGpLxR0HCTYjMYURmh0lKgA80YCKZ3tUkPSwxAR1kQYdgz548D85R9bxqXx2XaieTNPJoD+2jMrLRKaqhS1RHDiLoET2jV/RmPBkvxrvxMW7NGZOZXfRHxucP2Y6gDQ==</latexit>

m q(z|m,w�)
<latexit sha1_base64="2hswjbQnOTcM1ZopnXgijQx7vHs=">AAACEnicbZDLSsNAFIYnXmu9RV26CRahipRExMuu4MZlBWMLTQiT6aQdOpnEmYlSY97Bja/ixoWKW1fufBsnbQra+sPAx3/OYc75/ZgSIU3zW5uZnZtfWCwtlZdXVtfW9Y3NaxElHGEbRTTiLR8KTAnDtiSS4lbMMQx9ipt+/zyvN28xFyRiV3IQYzeEXUYCgqBUlqfv31SdEMqeH6T32cMYw+xgjHeZlzpxj2R7nl4xa+ZQxjRYBVRAoYanfzmdCCUhZhJRKETbMmPpppBLgijOyk4icAxRH3ZxWyGDIRZuOrwpM3aV0zGCiKvHpDF0f0+kMBRiEPqqM99UTNZy879aO5HBqZsSFicSMzT6KEioISMjD8joEI6RpAMFEHGidjVQD3KIpIqxrEKwJk+eBvuwdlazLo8q9eMijRLYBjugCixwAurgAjSADRB4BM/gFbxpT9qL9q59jFpntGJmC/yR9vkDLB2fJQ==</latexit><latexit sha1_base64="2hswjbQnOTcM1ZopnXgijQx7vHs=">AAACEnicbZDLSsNAFIYnXmu9RV26CRahipRExMuu4MZlBWMLTQiT6aQdOpnEmYlSY97Bja/ixoWKW1fufBsnbQra+sPAx3/OYc75/ZgSIU3zW5uZnZtfWCwtlZdXVtfW9Y3NaxElHGEbRTTiLR8KTAnDtiSS4lbMMQx9ipt+/zyvN28xFyRiV3IQYzeEXUYCgqBUlqfv31SdEMqeH6T32cMYw+xgjHeZlzpxj2R7nl4xa+ZQxjRYBVRAoYanfzmdCCUhZhJRKETbMmPpppBLgijOyk4icAxRH3ZxWyGDIRZuOrwpM3aV0zGCiKvHpDF0f0+kMBRiEPqqM99UTNZy879aO5HBqZsSFicSMzT6KEioISMjD8joEI6RpAMFEHGidjVQD3KIpIqxrEKwJk+eBvuwdlazLo8q9eMijRLYBjugCixwAurgAjSADRB4BM/gFbxpT9qL9q59jFpntGJmC/yR9vkDLB2fJQ==</latexit><latexit sha1_base64="2hswjbQnOTcM1ZopnXgijQx7vHs=">AAACEnicbZDLSsNAFIYnXmu9RV26CRahipRExMuu4MZlBWMLTQiT6aQdOpnEmYlSY97Bja/ixoWKW1fufBsnbQra+sPAx3/OYc75/ZgSIU3zW5uZnZtfWCwtlZdXVtfW9Y3NaxElHGEbRTTiLR8KTAnDtiSS4lbMMQx9ipt+/zyvN28xFyRiV3IQYzeEXUYCgqBUlqfv31SdEMqeH6T32cMYw+xgjHeZlzpxj2R7nl4xa+ZQxjRYBVRAoYanfzmdCCUhZhJRKETbMmPpppBLgijOyk4icAxRH3ZxWyGDIRZuOrwpM3aV0zGCiKvHpDF0f0+kMBRiEPqqM99UTNZy879aO5HBqZsSFicSMzT6KEioISMjD8joEI6RpAMFEHGidjVQD3KIpIqxrEKwJk+eBvuwdlazLo8q9eMijRLYBjugCixwAurgAjSADRB4BM/gFbxpT9qL9q59jFpntGJmC/yR9vkDLB2fJQ==</latexit><latexit sha1_base64="2hswjbQnOTcM1ZopnXgijQx7vHs=">AAACEnicbZDLSsNAFIYnXmu9RV26CRahipRExMuu4MZlBWMLTQiT6aQdOpnEmYlSY97Bja/ixoWKW1fufBsnbQra+sPAx3/OYc75/ZgSIU3zW5uZnZtfWCwtlZdXVtfW9Y3NaxElHGEbRTTiLR8KTAnDtiSS4lbMMQx9ipt+/zyvN28xFyRiV3IQYzeEXUYCgqBUlqfv31SdEMqeH6T32cMYw+xgjHeZlzpxj2R7nl4xa+ZQxjRYBVRAoYanfzmdCCUhZhJRKETbMmPpppBLgijOyk4icAxRH3ZxWyGDIRZuOrwpM3aV0zGCiKvHpDF0f0+kMBRiEPqqM99UTNZy879aO5HBqZsSFicSMzT6KEioISMjD8joEI6RpAMFEHGidjVQD3KIpIqxrEKwJk+eBvuwdlazLo8q9eMijRLYBjugCixwAurgAjSADRB4BM/gFbxpT9qL9q59jFpntGJmC/yR9vkDLB2fJQ==</latexit>

q(z|m,w�) ⇡ p(z|m)
<latexit sha1_base64="PdLvuYbGjd5hqnCIhkP5lWvdKN4=">AAACMnicbZDLSsNAFIYn9VbrrerSzWARWpCSiHjZFdyIqwrWFppQJtNJO3SSjDMTtca8kxtfxIUgLlTc+hBO2xS07Q8DH/85hznndzmjUpnmm5GZm19YXMou51ZW19Y38ptb1zKMBCY1HLJQNFwkCaMBqSmqGGlwQZDvMlJ3e2eDev2WCEnD4Er1OXF81AmoRzFS2mrlL26Kto9U1/Xih+RxjH6yP8a7pBXbvEuTko04F+E95LMnSq18wSybQ8FpsFIogFTVVv7Fboc48kmgMENSNi2TKydGQlHMSJKzI0k4wj3UIU2NAfKJdOLhzQnc004beqHQL1Bw6P6diJEvZd93dedgRTlZG5izas1IeSdOTAMeKRLg0UdexKAK4SBA2KaCYMX6GhAWVO8KcRcJhJWOOadDsCZPnobaQfm0bF0eFipHaRpZsAN2QRFY4BhUwDmoghrA4Am8gg/waTwb78aX8T1qzRjpzDb4J+PnFxD+rSs=</latexit><latexit sha1_base64="PdLvuYbGjd5hqnCIhkP5lWvdKN4=">AAACMnicbZDLSsNAFIYn9VbrrerSzWARWpCSiHjZFdyIqwrWFppQJtNJO3SSjDMTtca8kxtfxIUgLlTc+hBO2xS07Q8DH/85hznndzmjUpnmm5GZm19YXMou51ZW19Y38ptb1zKMBCY1HLJQNFwkCaMBqSmqGGlwQZDvMlJ3e2eDev2WCEnD4Er1OXF81AmoRzFS2mrlL26Kto9U1/Xih+RxjH6yP8a7pBXbvEuTko04F+E95LMnSq18wSybQ8FpsFIogFTVVv7Fboc48kmgMENSNi2TKydGQlHMSJKzI0k4wj3UIU2NAfKJdOLhzQnc004beqHQL1Bw6P6diJEvZd93dedgRTlZG5izas1IeSdOTAMeKRLg0UdexKAK4SBA2KaCYMX6GhAWVO8KcRcJhJWOOadDsCZPnobaQfm0bF0eFipHaRpZsAN2QRFY4BhUwDmoghrA4Am8gg/waTwb78aX8T1qzRjpzDb4J+PnFxD+rSs=</latexit><latexit sha1_base64="PdLvuYbGjd5hqnCIhkP5lWvdKN4=">AAACMnicbZDLSsNAFIYn9VbrrerSzWARWpCSiHjZFdyIqwrWFppQJtNJO3SSjDMTtca8kxtfxIUgLlTc+hBO2xS07Q8DH/85hznndzmjUpnmm5GZm19YXMou51ZW19Y38ptb1zKMBCY1HLJQNFwkCaMBqSmqGGlwQZDvMlJ3e2eDev2WCEnD4Er1OXF81AmoRzFS2mrlL26Kto9U1/Xih+RxjH6yP8a7pBXbvEuTko04F+E95LMnSq18wSybQ8FpsFIogFTVVv7Fboc48kmgMENSNi2TKydGQlHMSJKzI0k4wj3UIU2NAfKJdOLhzQnc004beqHQL1Bw6P6diJEvZd93dedgRTlZG5izas1IeSdOTAMeKRLg0UdexKAK4SBA2KaCYMX6GhAWVO8KcRcJhJWOOadDsCZPnobaQfm0bF0eFipHaRpZsAN2QRFY4BhUwDmoghrA4Am8gg/waTwb78aX8T1qzRjpzDb4J+PnFxD+rSs=</latexit><latexit sha1_base64="PdLvuYbGjd5hqnCIhkP5lWvdKN4=">AAACMnicbZDLSsNAFIYn9VbrrerSzWARWpCSiHjZFdyIqwrWFppQJtNJO3SSjDMTtca8kxtfxIUgLlTc+hBO2xS07Q8DH/85hznndzmjUpnmm5GZm19YXMou51ZW19Y38ptb1zKMBCY1HLJQNFwkCaMBqSmqGGlwQZDvMlJ3e2eDev2WCEnD4Er1OXF81AmoRzFS2mrlL26Kto9U1/Xih+RxjH6yP8a7pBXbvEuTko04F+E95LMnSq18wSybQ8FpsFIogFTVVv7Fboc48kmgMENSNi2TKydGQlHMSJKzI0k4wj3UIU2NAfKJdOLhzQnc004beqHQL1Bw6P6diJEvZd93dedgRTlZG5izas1IeSdOTAMeKRLg0UdexKAK4SBA2KaCYMX6GhAWVO8KcRcJhJWOOadDsCZPnobaQfm0bF0eFipHaRpZsAN2QRFY4BhUwDmoghrA4Am8gg/waTwb78aX8T1qzRjpzDb4J+PnFxD+rSs=</latexit>

arg max
w✓,w�

1

R

X

r

ln p(m|zr,w✓)�DKL [q(z|m,w�)kp(z)]
<latexit sha1_base64="5BNaI+NFlHsqHuVh6hPZSayujiw="></latexit><latexit sha1_base64="5BNaI+NFlHsqHuVh6hPZSayujiw="></latexit><latexit sha1_base64="5BNaI+NFlHsqHuVh6hPZSayujiw="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="hcE1COJJolrS1Q8yqwIp5Mei01c="></latexit><latexit sha1_base64="hcE1COJJolrS1Q8yqwIp5Mei01c="></latexit><latexit sha1_base64="xehyQ255dEuhfCL0kQ8se6Z5CuA="></latexit><latexit sha1_base64="5BNaI+NFlHsqHuVh6hPZSayujiw="></latexit><latexit sha1_base64="5BNaI+NFlHsqHuVh6hPZSayujiw="></latexit><latexit sha1_base64="5BNaI+NFlHsqHuVh6hPZSayujiw="></latexit><latexit sha1_base64="5BNaI+NFlHsqHuVh6hPZSayujiw="></latexit><latexit sha1_base64="5BNaI+NFlHsqHuVh6hPZSayujiw="></latexit><latexit sha1_base64="5BNaI+NFlHsqHuVh6hPZSayujiw="></latexit>

Optimize jointly with backpropagation and reparameterization trick for 
Gaussian distributions:

q(z|m,w�) = N (µz,⌃z)
<latexit sha1_base64="jip15iyYKzaM1XcXT35IW756ffk=">AAACRHicbZBLS8NAFIUn9VXrK+rSTbAILUhJRHwshIIbV1LR2EJTymQ6aYfOJHFmotSYP+fGvTv/gRsXKm7FaZuKbb0wcPjuPdw7xw0pEdI0X7TMzOzc/EJ2Mbe0vLK6pq9vXIsg4gjbKKABr7lQYEp8bEsiKa6FHEPmUlx1u6f9fvUWc0EC/0r2QtxgsO0TjyAoFWrqzk3BYVB2XC++Tx5GkiW7I3mXNGMn7JCkeDJACNL4PF GmSPFfp5q/JG0Gx1ixqefNkjkoY1pYqciDtCpN/dlpBShi2JeIQiHqlhnKRgy5JIjiJOdEAocQdWEb15X0IcOiEQ9SSIwdRVqGF3D1fGkM6F9HDJkQPeaqyf6NYrLXh//16pH0jhox8cNIYh8NF3kRNWRg9CM1WoRjJGlPCYg4UbcaqAM5RFIFn1MhWJNfnhb2Xum4ZF3s58sHaRpZsAW2QQFY4BCUwRmoABsg8AhewTv40J60N+1T+xqOZrTUswnGSvv+AdtytQg=</latexit><latexit sha1_base64="jip15iyYKzaM1XcXT35IW756ffk=">AAACRHicbZBLS8NAFIUn9VXrK+rSTbAILUhJRHwshIIbV1LR2EJTymQ6aYfOJHFmotSYP+fGvTv/gRsXKm7FaZuKbb0wcPjuPdw7xw0pEdI0X7TMzOzc/EJ2Mbe0vLK6pq9vXIsg4gjbKKABr7lQYEp8bEsiKa6FHEPmUlx1u6f9fvUWc0EC/0r2QtxgsO0TjyAoFWrqzk3BYVB2XC++Tx5GkiW7I3mXNGMn7JCkeDJACNL4PF GmSPFfp5q/JG0Gx1ixqefNkjkoY1pYqciDtCpN/dlpBShi2JeIQiHqlhnKRgy5JIjiJOdEAocQdWEb15X0IcOiEQ9SSIwdRVqGF3D1fGkM6F9HDJkQPeaqyf6NYrLXh//16pH0jhox8cNIYh8NF3kRNWRg9CM1WoRjJGlPCYg4UbcaqAM5RFIFn1MhWJNfnhb2Xum4ZF3s58sHaRpZsAW2QQFY4BCUwRmoABsg8AhewTv40J60N+1T+xqOZrTUswnGSvv+AdtytQg=</latexit><latexit sha1_base64="jip15iyYKzaM1XcXT35IW756ffk=">AAACRHicbZBLS8NAFIUn9VXrK+rSTbAILUhJRHwshIIbV1LR2EJTymQ6aYfOJHFmotSYP+fGvTv/gRsXKm7FaZuKbb0wcPjuPdw7xw0pEdI0X7TMzOzc/EJ2Mbe0vLK6pq9vXIsg4gjbKKABr7lQYEp8bEsiKa6FHEPmUlx1u6f9fvUWc0EC/0r2QtxgsO0TjyAoFWrqzk3BYVB2XC++Tx5GkiW7I3mXNGMn7JCkeDJACNL4PF GmSPFfp5q/JG0Gx1ixqefNkjkoY1pYqciDtCpN/dlpBShi2JeIQiHqlhnKRgy5JIjiJOdEAocQdWEb15X0IcOiEQ9SSIwdRVqGF3D1fGkM6F9HDJkQPeaqyf6NYrLXh//16pH0jhox8cNIYh8NF3kRNWRg9CM1WoRjJGlPCYg4UbcaqAM5RFIFn1MhWJNfnhb2Xum4ZF3s58sHaRpZsAW2QQFY4BCUwRmoABsg8AhewTv40J60N+1T+xqOZrTUswnGSvv+AdtytQg=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlse RiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="ftelUYA2atQMGBqQPlmuig1ZEGw=">AAACOXicbZDPS8MwFMdf5685p06vXopD2EBG60U9CIIXTzLRucE6RpqlW1jS1iRVZu0/58W7N/8DLx5UvJvuh7jNB4EPn5dHXr5uyKhUlvVqZBYWl5ZXsqu5tfz6xmZhK38jg0hgUsMBC0TDRZIw6pOaooqRRigI4i4jdbd/lvbrd0RIGvjXahCSFkddn3oUI6VVu+DclhyOVM/14ofkcYI82Z/gfdKOnbBHk/LJUGHE4otED0 Xa/07q+1e0y9GUK7cLRatiDcucB3sMRRhXtV14cToBjjjxFWZIyqZthaoVI6EoZiTJOZEkIcJ91CVNjT7iRLbiYQqJuadNx/QCoY+vzKH9OxEjLuWAu/pmuqOc7aXyv14zUt5RK6Z+GCni49FDXsRMFZhppGaHCoIVG2hAWFC9q4l7SCCsdPA5HYI9++V5qB1Ujiv2pQVZ2IFdKIENh3AK51CFGmB4gjf4gE/j2Xg3vkZpZYxxbNswVcb3DyIPs2U=</latexit><latexit sha1_base64="ftelUYA2atQMGBqQPlmuig1ZEGw=">AAACOXicbZDPS8MwFMdf5685p06vXopD2EBG60U9CIIXTzLRucE6RpqlW1jS1iRVZu0/58W7N/8DLx5UvJvuh7jNB4EPn5dHXr5uyKhUlvVqZBYWl5ZXsqu5tfz6xmZhK38jg0hgUsMBC0TDRZIw6pOaooqRRigI4i4jdbd/lvbrd0RIGvjXahCSFkddn3oUI6VVu+DclhyOVM/14ofkcYI82Z/gfdKOnbBHk/LJUGHE4otED0 Xa/07q+1e0y9GUK7cLRatiDcucB3sMRRhXtV14cToBjjjxFWZIyqZthaoVI6EoZiTJOZEkIcJ91CVNjT7iRLbiYQqJuadNx/QCoY+vzKH9OxEjLuWAu/pmuqOc7aXyv14zUt5RK6Z+GCni49FDXsRMFZhppGaHCoIVG2hAWFC9q4l7SCCsdPA5HYI9++V5qB1Ujiv2pQVZ2IFdKIENh3AK51CFGmB4gjf4gE/j2Xg3vkZpZYxxbNswVcb3DyIPs2U=</latexit><latexit sha1_base64="zW51lh5bMDbJZIqcCilJkc7h/Bs=">AAACRHicbZBLS8NAFIUnPmt9VV26CRahBSmJCx8LoeDGlVQ0ttCEMJlO2qEzSZyZKDXmz7lx785/4MaFiltx0ofY1gsDh+/ew71zvIgSIQ3jRZuZnZtfWMwt5ZdXVtfWCxub1yKMOcIWCmnIGx4UmJIAW5JIihsRx5B5FNe97mnWr99iLkgYXMlehB0G2wHxCYJSIbdg35RsBmXH85P79GEkWbo3knepm9hRh6Tlkz5CkCbnqT LFiv861fwlaTM4xspuoWhUjH7p08IciiIYVs0tPNutEMUMBxJRKETTNCLpJJBLgihO83YscARRF7ZxU8kAMiycpJ9Cqu8q0tL9kKsXSL1P/zoSyIToMU9NZjeKyV4G/+s1Y+kfOQkJoljiAA0W+THVZahnkeotwjGStKcERJyoW3XUgRwiqYLPqxDMyS9PC2u/clwxL4xi9WCYRg5sgx1QAiY4BFVwBmrAAgg8glfwDj60J+1N+9S+BqMz2tCzBcZK+/4B2jK1BA==</latexit><latexit sha1_base64="jip15iyYKzaM1XcXT35IW756ffk=">AAACRHicbZBLS8NAFIUn9VXrK+rSTbAILUhJRHwshIIbV1LR2EJTymQ6aYfOJHFmotSYP+fGvTv/gRsXKm7FaZuKbb0wcPjuPdw7xw0pEdI0X7TMzOzc/EJ2Mbe0vLK6pq9vXIsg4gjbKKABr7lQYEp8bEsiKa6FHEPmUlx1u6f9fvUWc0EC/0r2QtxgsO0TjyAoFWrqzk3BYVB2XC++Tx5GkiW7I3mXNGMn7JCkeDJACNL4PF GmSPFfp5q/JG0Gx1ixqefNkjkoY1pYqciDtCpN/dlpBShi2JeIQiHqlhnKRgy5JIjiJOdEAocQdWEb15X0IcOiEQ9SSIwdRVqGF3D1fGkM6F9HDJkQPeaqyf6NYrLXh//16pH0jhox8cNIYh8NF3kRNWRg9CM1WoRjJGlPCYg4UbcaqAM5RFIFn1MhWJNfnhb2Xum4ZF3s58sHaRpZsAW2QQFY4BCUwRmoABsg8AhewTv40J60N+1T+xqOZrTUswnGSvv+AdtytQg=</latexit><latexit sha1_base64="jip15iyYKzaM1XcXT35IW756ffk=">AAACRHicbZBLS8NAFIUn9VXrK+rSTbAILUhJRHwshIIbV1LR2EJTymQ6aYfOJHFmotSYP+fGvTv/gRsXKm7FaZuKbb0wcPjuPdw7xw0pEdI0X7TMzOzc/EJ2Mbe0vLK6pq9vXIsg4gjbKKABr7lQYEp8bEsiKa6FHEPmUlx1u6f9fvUWc0EC/0r2QtxgsO0TjyAoFWrqzk3BYVB2XC++Tx5GkiW7I3mXNGMn7JCkeDJACNL4PF GmSPFfp5q/JG0Gx1ixqefNkjkoY1pYqciDtCpN/dlpBShi2JeIQiHqlhnKRgy5JIjiJOdEAocQdWEb15X0IcOiEQ9SSIwdRVqGF3D1fGkM6F9HDJkQPeaqyf6NYrLXh//16pH0jhox8cNIYh8NF3kRNWRg9CM1WoRjJGlPCYg4UbcaqAM5RFIFn1MhWJNfnhb2Xum4ZF3s58sHaRpZsAW2QQFY4BCUwRmoABsg8AhewTv40J60N+1T+xqOZrTUswnGSvv+AdtytQg=</latexit><latexit sha1_base64="jip15iyYKzaM1XcXT35IW756ffk=">AAACRHicbZBLS8NAFIUn9VXrK+rSTbAILUhJRHwshIIbV1LR2EJTymQ6aYfOJHFmotSYP+fGvTv/gRsXKm7FaZuKbb0wcPjuPdw7xw0pEdI0X7TMzOzc/EJ2Mbe0vLK6pq9vXIsg4gjbKKABr7lQYEp8bEsiKa6FHEPmUlx1u6f9fvUWc0EC/0r2QtxgsO0TjyAoFWrqzk3BYVB2XC++Tx5GkiW7I3mXNGMn7JCkeDJACNL4PF GmSPFfp5q/JG0Gx1ixqefNkjkoY1pYqciDtCpN/dlpBShi2JeIQiHqlhnKRgy5JIjiJOdEAocQdWEb15X0IcOiEQ9SSIwdRVqGF3D1fGkM6F9HDJkQPeaqyf6NYrLXh//16pH0jhox8cNIYh8NF3kRNWRg9CM1WoRjJGlPCYg4UbcaqAM5RFIFn1MhWJNfnhb2Xum4ZF3s58sHaRpZsAW2QQFY4BCUwRmoABsg8AhewTv40J60N+1T+xqOZrTUswnGSvv+AdtytQg=</latexit><latexit sha1_base64="jip15iyYKzaM1XcXT35IW756ffk=">AAACRHicbZBLS8NAFIUn9VXrK+rSTbAILUhJRHwshIIbV1LR2EJTymQ6aYfOJHFmotSYP+fGvTv/gRsXKm7FaZuKbb0wcPjuPdw7xw0pEdI0X7TMzOzc/EJ2Mbe0vLK6pq9vXIsg4gjbKKABr7lQYEp8bEsiKa6FHEPmUlx1u6f9fvUWc0EC/0r2QtxgsO0TjyAoFWrqzk3BYVB2XC++Tx5GkiW7I3mXNGMn7JCkeDJACNL4PF GmSPFfp5q/JG0Gx1ixqefNkjkoY1pYqciDtCpN/dlpBShi2JeIQiHqlhnKRgy5JIjiJOdEAocQdWEb15X0IcOiEQ9SSIwdRVqGF3D1fGkM6F9HDJkQPeaqyf6NYrLXh//16pH0jhox8cNIYh8NF3kRNWRg9CM1WoRjJGlPCYg4UbcaqAM5RFIFn1MhWJNfnhb2Xum4ZF3s58sHaRpZsAW2QQFY4BCUwRmoABsg8AhewTv40J60N+1T+xqOZrTUswnGSvv+AdtytQg=</latexit><latexit sha1_base64="jip15iyYKzaM1XcXT35IW756ffk=">AAACRHicbZBLS8NAFIUn9VXrK+rSTbAILUhJRHwshIIbV1LR2EJTymQ6aYfOJHFmotSYP+fGvTv/gRsXKm7FaZuKbb0wcPjuPdw7xw0pEdI0X7TMzOzc/EJ2Mbe0vLK6pq9vXIsg4gjbKKABr7lQYEp8bEsiKa6FHEPmUlx1u6f9fvUWc0EC/0r2QtxgsO0TjyAoFWrqzk3BYVB2XC++Tx5GkiW7I3mXNGMn7JCkeDJACNL4PF GmSPFfp5q/JG0Gx1ixqefNkjkoY1pYqciDtCpN/dlpBShi2JeIQiHqlhnKRgy5JIjiJOdEAocQdWEb15X0IcOiEQ9SSIwdRVqGF3D1fGkM6F9HDJkQPeaqyf6NYrLXh//16pH0jhox8cNIYh8NF3kRNWRg9CM1WoRjJGlPCYg4UbcaqAM5RFIFn1MhWJNfnhb2Xum4ZF3s58sHaRpZsAW2QQFY4BCUwRmoABsg8AhewTv40J60N+1T+xqOZrTUswnGSvv+AdtytQg=</latexit><latexit sha1_base64="jip15iyYKzaM1XcXT35IW756ffk=">AAACRHicbZBLS8NAFIUn9VXrK+rSTbAILUhJRHwshIIbV1LR2EJTymQ6aYfOJHFmotSYP+fGvTv/gRsXKm7FaZuKbb0wcPjuPdw7xw0pEdI0X7TMzOzc/EJ2Mbe0vLK6pq9vXIsg4gjbKKABr7lQYEp8bEsiKa6FHEPmUlx1u6f9fvUWc0EC/0r2QtxgsO0TjyAoFWrqzk3BYVB2XC++Tx5GkiW7I3mXNGMn7JCkeDJACNL4PF GmSPFfp5q/JG0Gx1ixqefNkjkoY1pYqciDtCpN/dlpBShi2JeIQiHqlhnKRgy5JIjiJOdEAocQdWEb15X0IcOiEQ9SSIwdRVqGF3D1fGkM6F9HDJkQPeaqyf6NYrLXh//16pH0jhox8cNIYh8NF3kRNWRg9CM1WoRjJGlPCYg4UbcaqAM5RFIFn1MhWJNfnhb2Xum4ZF3s58sHaRpZsAW2QQFY4BCUwRmoABsg8AhewTv40J60N+1T+xqOZrTUswnGSvv+AdtytQg=</latexit>

p(m|z,w✓) = N (µx,⌃x)
<latexit sha1_base64="H+Fy6HPEYG3JGy67DLx5C+lhedI="></latexit><latexit sha1_base64="H+Fy6HPEYG3JGy67DLx5C+lhedI="></latexit><latexit sha1_base64="H+Fy6HPEYG3JGy67DLx5C+lhedI="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="z6dIf5q1p+u5jxLcSzGrOym7DTw="></latexit><latexit sha1_base64="z6dIf5q1p+u5jxLcSzGrOym7DTw="></latexit><latexit sha1_base64="GKNjuzRIGp56GCEcRow1ojGcXKw="></latexit><latexit sha1_base64="H+Fy6HPEYG3JGy67DLx5C+lhedI="></latexit><latexit sha1_base64="H+Fy6HPEYG3JGy67DLx5C+lhedI="></latexit><latexit sha1_base64="H+Fy6HPEYG3JGy67DLx5C+lhedI="></latexit><latexit sha1_base64="H+Fy6HPEYG3JGy67DLx5C+lhedI="></latexit><latexit sha1_base64="H+Fy6HPEYG3JGy67DLx5C+lhedI="></latexit><latexit sha1_base64="H+Fy6HPEYG3JGy67DLx5C+lhedI="></latexit>

p(z) = N (0, I)
<latexit sha1_base64="dyHImc/U7nX8uP7VTJ37Who5ZsU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUoi4mMhFNzoRipYW2hDmUwn7dDJJMxMhBryDW78FTcuVNy6c+ffOEkjaOuBgTPn3Mu997gho1JZ1pdRmJtfWFwqLpdWVtfWN8zNrVsZRAKTJg5YINoukoRRTpqKKkbaoSDIdxlpuaPz1G/dESFpwG/UOCSOjwacehQjpaWeWQ0rXR+poevF90kVnsHshxGLr5KKtf/jXSbVnlm2alYGOEvsnJRBjkbP/Oz2Axz5hCvMkJQd2wqVEyOhKGYkKXUjSUKER2hAOppy5BPpxNlJCdzTSh96gdCPK5ipvzti5Es59l1dma4op71U/M/rRMo7cWLKw0gRjieDvIhBFcA0H9ingmDFxpogLKjeFeIhEggrnWJJh2BPnzxLmge105p9fViuH+VpFMEO2AUVYINjUAcXoAGaAIMH8ARewKvxaDwbb8b7pLRg5D3b4A+Mj29GCpzD</latexit><latexit sha1_base64="dyHImc/U7nX8uP7VTJ37Who5ZsU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUoi4mMhFNzoRipYW2hDmUwn7dDJJMxMhBryDW78FTcuVNy6c+ffOEkjaOuBgTPn3Mu997gho1JZ1pdRmJtfWFwqLpdWVtfWN8zNrVsZRAKTJg5YINoukoRRTpqKKkbaoSDIdxlpuaPz1G/dESFpwG/UOCSOjwacehQjpaWeWQ0rXR+poevF90kVnsHshxGLr5KKtf/jXSbVnlm2alYGOEvsnJRBjkbP/Oz2Axz5hCvMkJQd2wqVEyOhKGYkKXUjSUKER2hAOppy5BPpxNlJCdzTSh96gdCPK5ipvzti5Es59l1dma4op71U/M/rRMo7cWLKw0gRjieDvIhBFcA0H9ingmDFxpogLKjeFeIhEggrnWJJh2BPnzxLmge105p9fViuH+VpFMEO2AUVYINjUAcXoAGaAIMH8ARewKvxaDwbb8b7pLRg5D3b4A+Mj29GCpzD</latexit><latexit sha1_base64="dyHImc/U7nX8uP7VTJ37Who5ZsU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUoi4mMhFNzoRipYW2hDmUwn7dDJJMxMhBryDW78FTcuVNy6c+ffOEkjaOuBgTPn3Mu997gho1JZ1pdRmJtfWFwqLpdWVtfWN8zNrVsZRAKTJg5YINoukoRRTpqKKkbaoSDIdxlpuaPz1G/dESFpwG/UOCSOjwacehQjpaWeWQ0rXR+poevF90kVnsHshxGLr5KKtf/jXSbVnlm2alYGOEvsnJRBjkbP/Oz2Axz5hCvMkJQd2wqVEyOhKGYkKXUjSUKER2hAOppy5BPpxNlJCdzTSh96gdCPK5ipvzti5Es59l1dma4op71U/M/rRMo7cWLKw0gRjieDvIhBFcA0H9ingmDFxpogLKjeFeIhEggrnWJJh2BPnzxLmge105p9fViuH+VpFMEO2AUVYINjUAcXoAGaAIMH8ARewKvxaDwbb8b7pLRg5D3b4A+Mj29GCpzD</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="77zOFGv1oKGDDqfn6Tl2ONVZD/M=">AAACBnicbVDLSsNAFL2pr1qrRrduBovQgpTEjboQBDe6kQrGFtpQJtNJO3TyYGYi1JBvcOOvuHGh4ie482+cpBW09cCFM+fcy9x7vJgzqSzryygtLa+srpXXKxvVza1tc6d6J6NEEOqQiEei42FJOQupo5jitBMLigOP07Y3vsj99j0VkkXhrZrE1A3wMGQ+I1hpqW824novwGrk+elD1kBnqHgRzNPrrG4d/nhXWaNv1qymVQAtEntGajBDq29+9gYRSQIaKsKxlF3bipWbYqEY4TSr9BJJY0zGeEi7moY4oNJNi5MydKCVAfIjoStUqFB/T6Q4kHISeLozX1HOe7n4n9dNlH/ipiyME0VDMv3ITzhSEcrzQQMmKFF8ogkmguldERlhgYnSKVZ0CPb8yYvEOWqeNu0bC8qwB/tQBxuO4RwuoQUOEHiEZ3iFN+PJeDHep2mVjFlsu/AHxsc3jnSbUw==</latexit><latexit sha1_base64="77zOFGv1oKGDDqfn6Tl2ONVZD/M=">AAACBnicbVDLSsNAFL2pr1qrRrduBovQgpTEjboQBDe6kQrGFtpQJtNJO3TyYGYi1JBvcOOvuHGh4ie482+cpBW09cCFM+fcy9x7vJgzqSzryygtLa+srpXXKxvVza1tc6d6J6NEEOqQiEei42FJOQupo5jitBMLigOP07Y3vsj99j0VkkXhrZrE1A3wMGQ+I1hpqW824novwGrk+elD1kBnqHgRzNPrrG4d/nhXWaNv1qymVQAtEntGajBDq29+9gYRSQIaKsKxlF3bipWbYqEY4TSr9BJJY0zGeEi7moY4oNJNi5MydKCVAfIjoStUqFB/T6Q4kHISeLozX1HOe7n4n9dNlH/ipiyME0VDMv3ITzhSEcrzQQMmKFF8ogkmguldERlhgYnSKVZ0CPb8yYvEOWqeNu0bC8qwB/tQBxuO4RwuoQUOEHiEZ3iFN+PJeDHep2mVjFlsu/AHxsc3jnSbUw==</latexit><latexit sha1_base64="L8Nk8hsOn3QFq6u4FsV31uiEVzk=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgtSElc+FgIBTe6kQrGFtpQJtNJO3QyCTMToYZ8gxt/xY0LFbfu3Pk3TtII2npg4Mw593LvPV7EqFSW9WXMzS8sLi2XVsqra+sbm+bW9q0MY4GJg0MWiraHJGGUE0dRxUg7EgQFHiMtb3Se+a07IiQN+Y0aR8QN0IBTn2KktNQza1G1GyA19PzkPq3BM5j/MGLJVVq1Dn68y7TWMytW3coBZ4ldkAoo0OyZn91+iOOAcIUZkrJjW5FyEyQUxYyk5W4sSYTwCA1IR1OOAiLdJD8phfta6UM/FPpxBXP1d0eCAinHgacrsxXltJeJ/3mdWPknbkJ5FCvC8WSQHzOoQpjlA/tUEKzYWBOEBdW7QjxEAmGlUyzrEOzpk2eJc1g/rdvXVqVxVKRRArtgD1SBDY5BA1yAJnAABg/gCbyAV+PReDbejPdJ6ZxR9OyAPzA+vgFEypy/</latexit><latexit sha1_base64="dyHImc/U7nX8uP7VTJ37Who5ZsU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUoi4mMhFNzoRipYW2hDmUwn7dDJJMxMhBryDW78FTcuVNy6c+ffOEkjaOuBgTPn3Mu997gho1JZ1pdRmJtfWFwqLpdWVtfWN8zNrVsZRAKTJg5YINoukoRRTpqKKkbaoSDIdxlpuaPz1G/dESFpwG/UOCSOjwacehQjpaWeWQ0rXR+poevF90kVnsHshxGLr5KKtf/jXSbVnlm2alYGOEvsnJRBjkbP/Oz2Axz5hCvMkJQd2wqVEyOhKGYkKXUjSUKER2hAOppy5BPpxNlJCdzTSh96gdCPK5ipvzti5Es59l1dma4op71U/M/rRMo7cWLKw0gRjieDvIhBFcA0H9ingmDFxpogLKjeFeIhEggrnWJJh2BPnzxLmge105p9fViuH+VpFMEO2AUVYINjUAcXoAGaAIMH8ARewKvxaDwbb8b7pLRg5D3b4A+Mj29GCpzD</latexit><latexit sha1_base64="dyHImc/U7nX8uP7VTJ37Who5ZsU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUoi4mMhFNzoRipYW2hDmUwn7dDJJMxMhBryDW78FTcuVNy6c+ffOEkjaOuBgTPn3Mu997gho1JZ1pdRmJtfWFwqLpdWVtfWN8zNrVsZRAKTJg5YINoukoRRTpqKKkbaoSDIdxlpuaPz1G/dESFpwG/UOCSOjwacehQjpaWeWQ0rXR+poevF90kVnsHshxGLr5KKtf/jXSbVnlm2alYGOEvsnJRBjkbP/Oz2Axz5hCvMkJQd2wqVEyOhKGYkKXUjSUKER2hAOppy5BPpxNlJCdzTSh96gdCPK5ipvzti5Es59l1dma4op71U/M/rRMo7cWLKw0gRjieDvIhBFcA0H9ingmDFxpogLKjeFeIhEggrnWJJh2BPnzxLmge105p9fViuH+VpFMEO2AUVYINjUAcXoAGaAIMH8ARewKvxaDwbb8b7pLRg5D3b4A+Mj29GCpzD</latexit><latexit sha1_base64="dyHImc/U7nX8uP7VTJ37Who5ZsU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUoi4mMhFNzoRipYW2hDmUwn7dDJJMxMhBryDW78FTcuVNy6c+ffOEkjaOuBgTPn3Mu997gho1JZ1pdRmJtfWFwqLpdWVtfWN8zNrVsZRAKTJg5YINoukoRRTpqKKkbaoSDIdxlpuaPz1G/dESFpwG/UOCSOjwacehQjpaWeWQ0rXR+poevF90kVnsHshxGLr5KKtf/jXSbVnlm2alYGOEvsnJRBjkbP/Oz2Axz5hCvMkJQd2wqVEyOhKGYkKXUjSUKER2hAOppy5BPpxNlJCdzTSh96gdCPK5ipvzti5Es59l1dma4op71U/M/rRMo7cWLKw0gRjieDvIhBFcA0H9ingmDFxpogLKjeFeIhEggrnWJJh2BPnzxLmge105p9fViuH+VpFMEO2AUVYINjUAcXoAGaAIMH8ARewKvxaDwbb8b7pLRg5D3b4A+Mj29GCpzD</latexit><latexit sha1_base64="dyHImc/U7nX8uP7VTJ37Who5ZsU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUoi4mMhFNzoRipYW2hDmUwn7dDJJMxMhBryDW78FTcuVNy6c+ffOEkjaOuBgTPn3Mu997gho1JZ1pdRmJtfWFwqLpdWVtfWN8zNrVsZRAKTJg5YINoukoRRTpqKKkbaoSDIdxlpuaPz1G/dESFpwG/UOCSOjwacehQjpaWeWQ0rXR+poevF90kVnsHshxGLr5KKtf/jXSbVnlm2alYGOEvsnJRBjkbP/Oz2Axz5hCvMkJQd2wqVEyOhKGYkKXUjSUKER2hAOppy5BPpxNlJCdzTSh96gdCPK5ipvzti5Es59l1dma4op71U/M/rRMo7cWLKw0gRjieDvIhBFcA0H9ingmDFxpogLKjeFeIhEggrnWJJh2BPnzxLmge105p9fViuH+VpFMEO2AUVYINjUAcXoAGaAIMH8ARewKvxaDwbb8b7pLRg5D3b4A+Mj29GCpzD</latexit><latexit sha1_base64="dyHImc/U7nX8uP7VTJ37Who5ZsU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUoi4mMhFNzoRipYW2hDmUwn7dDJJMxMhBryDW78FTcuVNy6c+ffOEkjaOuBgTPn3Mu997gho1JZ1pdRmJtfWFwqLpdWVtfWN8zNrVsZRAKTJg5YINoukoRRTpqKKkbaoSDIdxlpuaPz1G/dESFpwG/UOCSOjwacehQjpaWeWQ0rXR+poevF90kVnsHshxGLr5KKtf/jXSbVnlm2alYGOEvsnJRBjkbP/Oz2Axz5hCvMkJQd2wqVEyOhKGYkKXUjSUKER2hAOppy5BPpxNlJCdzTSh96gdCPK5ipvzti5Es59l1dma4op71U/M/rRMo7cWLKw0gRjieDvIhBFcA0H9ingmDFxpogLKjeFeIhEggrnWJJh2BPnzxLmge105p9fViuH+VpFMEO2AUVYINjUAcXoAGaAIMH8ARewKvxaDwbb8b7pLRg5D3b4A+Mj29GCpzD</latexit><latexit sha1_base64="dyHImc/U7nX8uP7VTJ37Who5ZsU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VoQUoi4mMhFNzoRipYW2hDmUwn7dDJJMxMhBryDW78FTcuVNy6c+ffOEkjaOuBgTPn3Mu997gho1JZ1pdRmJtfWFwqLpdWVtfWN8zNrVsZRAKTJg5YINoukoRRTpqKKkbaoSDIdxlpuaPz1G/dESFpwG/UOCSOjwacehQjpaWeWQ0rXR+poevF90kVnsHshxGLr5KKtf/jXSbVnlm2alYGOEvsnJRBjkbP/Oz2Axz5hCvMkJQd2wqVEyOhKGYkKXUjSUKER2hAOppy5BPpxNlJCdzTSh96gdCPK5ipvzti5Es59l1dma4op71U/M/rRMo7cWLKw0gRjieDvIhBFcA0H9ingmDFxpogLKjeFeIhEggrnWJJh2BPnzxLmge105p9fViuH+VpFMEO2AUVYINjUAcXoAGaAIMH8ARewKvxaDwbb8b7pLRg5D3b4A+Mj29GCpzD</latexit>

zr = µz + ⌃1/2
z ✏r, ✏r ⇠ N (0, I)

<latexit sha1_base64="mjw8JGRFcO0LjDs/itICbSa8bKY="></latexit><latexit sha1_base64="mjw8JGRFcO0LjDs/itICbSa8bKY="></latexit><latexit sha1_base64="mjw8JGRFcO0LjDs/itICbSa8bKY="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="V4W+K9J+XoTstg1CN4GB3o1mB0Y="></latexit><latexit sha1_base64="V4W+K9J+XoTstg1CN4GB3o1mB0Y="></latexit><latexit sha1_base64="oi6BBHl65Fc9MnYkeXkEHLKFBXo="></latexit><latexit sha1_base64="mjw8JGRFcO0LjDs/itICbSa8bKY="></latexit><latexit sha1_base64="mjw8JGRFcO0LjDs/itICbSa8bKY="></latexit><latexit sha1_base64="mjw8JGRFcO0LjDs/itICbSa8bKY="></latexit><latexit sha1_base64="mjw8JGRFcO0LjDs/itICbSa8bKY="></latexit><latexit sha1_base64="mjw8JGRFcO0LjDs/itICbSa8bKY="></latexit><latexit sha1_base64="mjw8JGRFcO0LjDs/itICbSa8bKY="></latexit>
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Samples from learned distributions via VAE and PCA

Real patches of 28x28 VAE Generated

60 components

PCA

60 components

PCA

250 components
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Generative adversarial networks
[Goodfellow et al. NIPS 2014]

z m
<latexit sha1_base64="H4JFY8ohG8zSr4/qI6jv+HWh0yU=">AAAB8HicbVC7SgNBFL0bXzG+opY2g0FIFXYtfFQGbCwjuCaYLGF2MpsMmZldZmaFsOQvbCxUbP0GC7/Bzg+xdzZJoYkHLhzOuZd77g0TzrRx3S+nsLS8srpWXC9tbG5t75R39251nCpCfRLzWLVCrClnkvqGGU5biaJYhJw2w+Fl7jfvqdIsljdmlNBA4L5kESPYWOmuI7AZhFEmxt1yxa25E6BF4s1I5eK9+v0BAI1u+bPTi0kqqDSEY63bnpuYIMPKMMLpuNRJNU0wGeI+bVsqsaA6yCaJx+jIKj0UxcqWNGii/p7IsNB6JELbmSfU814u/ue1UxOdBRmTSWqoJNNFUcqRiVF+PuoxRYnhI0swUcxmRWSAFSbGPqlkn+DNn7xI/OPaec27div1E5iiCAdwCFXw4BTqcAUN8IGAhAd4gmdHO4/Oi/M6bS04s5l9+APn7QcmYZOt</latexit><latexit sha1_base64="SBrY94VZJdUjsM74X0yeWC9AUZo=">AAAB8HicbVC7TsNAEFyHVwivACXNiQgpNJFNwaMiEg1lkDCJiK3ofDknp5zP1t0ZKbLyDTQ0FIBo+QYqPoGOD6HnnKSAhJFWGs3samc3SDhT2ra/rMLC4tLySnG1tLa+sblV3t65UXEqCXVJzGPZCrCinAnqaqY5bSWS4ijgtBkMLnK/eUelYrG41sOE+hHuCRYygrWRbr0I634QZtGoU67YNXsMNE+cKamcv1e/P+69w0an/Ol1Y5JGVGjCsVJtx060n2GpGeF0VPJSRRNMBrhH24YKHFHlZ+PEI3RglC4KY2lKaDRWf09kOFJqGAWmM0+oZr1c/M9rpzo89TMmklRTQSaLwpQjHaP8fNRlkhLNh4ZgIpnJikgfS0y0eVLJPMGZPXmeuEe1s5pzZVfqxzBBEfZgH6rgwAnU4RIa4AIBAQ/wBM+Wsh6tF+t10lqwpjO78AfW2w+ZKJTD</latexit><latexit sha1_base64="SBrY94VZJdUjsM74X0yeWC9AUZo=">AAAB8HicbVC7TsNAEFyHVwivACXNiQgpNJFNwaMiEg1lkDCJiK3ofDknp5zP1t0ZKbLyDTQ0FIBo+QYqPoGOD6HnnKSAhJFWGs3samc3SDhT2ra/rMLC4tLySnG1tLa+sblV3t65UXEqCXVJzGPZCrCinAnqaqY5bSWS4ijgtBkMLnK/eUelYrG41sOE+hHuCRYygrWRbr0I634QZtGoU67YNXsMNE+cKamcv1e/P+69w0an/Ol1Y5JGVGjCsVJtx060n2GpGeF0VPJSRRNMBrhH24YKHFHlZ+PEI3RglC4KY2lKaDRWf09kOFJqGAWmM0+oZr1c/M9rpzo89TMmklRTQSaLwpQjHaP8fNRlkhLNh4ZgIpnJikgfS0y0eVLJPMGZPXmeuEe1s5pzZVfqxzBBEfZgH6rgwAnU4RIa4AIBAQ/wBM+Wsh6tF+t10lqwpjO78AfW2w+ZKJTD</latexit><latexit sha1_base64="JakehGWtsD3u2lwChkszG4/7/8E=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuyowLH7uCG5cVHFtsh5JJM21okhmSjFCG/oUbFypu/Rx3/o2ZdhbaeiBwOOdecu6JUsGN9bxvtLK6tr6xWdmqbu/s7u3XDg4fTJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPxTeG3n5g2PFH3dpKyUJKh4jGnxDrpsSeJHUVxLqf9Wt1reDPgZeKXpA4lWv3aV2+Q0EwyZakgxnR9L7VhTrTlVLBptZcZlhI6JkPWdVQRyUyYzxJP8alTBjhOtHvK4pn6eyMn0piJjNxkkdAseoX4n9fNbHwV5lylmWWKzj+KM4Ftgovz8YBrRq2YOEKo5i4rpiOiCbWupKorwV88eZkE543rhn/n1ZsXZRsVOIYTOAMfLqEJt9CCACgoeIZXeEMGvaB39DEfXUHlzhH8Afr8AVJIkNU=</latexit>

Instead of an explicit probabilistic model, a GAN is a sampling tool that generates 
samples from the data distribution 
Optimize the network weights with a two player game

min
w✓

sup
w�

Em⇠pd(m) [lnD (m|w�)] + Ez⇠p(z) [ln(1�D (G (m|z,w✓) |w�))]
<latexit sha1_base64="4vHAHg3JJWrS+U13AJoHXBSjEYc=">AAADHXicdVLLjtMwFHXCayiP6cCSjUWF1BFQJWjEYzcSIFgOEmVGaqLIcZ3GGtux7JsZlTRfwoZfYcMCEAs2iL/BTTNqacuVLB+dc6/PvbZTLbiFIPjj+ZcuX7l6bed658bNW7d3u3t3PtiiNJQNaSEKc5ISywRXbAgcBDvRhhGZCnacnr6c68dnzFheqPcw1SyWZKJ4xikBRyV73kEkuUqqSBLI06w6rx2GnAGp68iWek3ROX d8w6TV63qpSpfNJdbJuL+k9utIsAxGkVD4VQNXRDzDG0dHhk9y2F9sMX6It1l9bK36S2LVqB/ixxdub9ZNZ8uaR1tGbv1n/2vsorOk2wsGQRN4E4Qt6KE2jpLur2hc0FIyBVQQa0dhoCGuiAFOBas7UWmZJvSUTNjIQUUks3HVPG+NHzhmjLPCuKUAN+xqRUWktVOZusx533Zdm5PbtFEJ2fO44kqXwBRdGGWlwFDg+V/BY24YBTF1gFDDXa+Y5sQQCu5HddwlhOsjb4Lhk8GLQfjuoHf4tL2NHXQP3Ud9FKJn6BC9RUdoiKj3yfviffO++5/9r/4P/+ci1ffamrvon/B//wUKQAfz</latexit><latexit sha1_base64="4vHAHg3JJWrS+U13AJoHXBSjEYc=">AAADHXicdVLLjtMwFHXCayiP6cCSjUWF1BFQJWjEYzcSIFgOEmVGaqLIcZ3GGtux7JsZlTRfwoZfYcMCEAs2iL/BTTNqacuVLB+dc6/PvbZTLbiFIPjj+ZcuX7l6bed658bNW7d3u3t3PtiiNJQNaSEKc5ISywRXbAgcBDvRhhGZCnacnr6c68dnzFheqPcw1SyWZKJ4xikBRyV73kEkuUqqSBLI06w6rx2GnAGp68iWek3ROX d8w6TV63qpSpfNJdbJuL+k9utIsAxGkVD4VQNXRDzDG0dHhk9y2F9sMX6It1l9bK36S2LVqB/ixxdub9ZNZ8uaR1tGbv1n/2vsorOk2wsGQRN4E4Qt6KE2jpLur2hc0FIyBVQQa0dhoCGuiAFOBas7UWmZJvSUTNjIQUUks3HVPG+NHzhmjLPCuKUAN+xqRUWktVOZusx533Zdm5PbtFEJ2fO44kqXwBRdGGWlwFDg+V/BY24YBTF1gFDDXa+Y5sQQCu5HddwlhOsjb4Lhk8GLQfjuoHf4tL2NHXQP3Ud9FKJn6BC9RUdoiKj3yfviffO++5/9r/4P/+ci1ffamrvon/B//wUKQAfz</latexit><latexit sha1_base64="4vHAHg3JJWrS+U13AJoHXBSjEYc=">AAADHXicdVLLjtMwFHXCayiP6cCSjUWF1BFQJWjEYzcSIFgOEmVGaqLIcZ3GGtux7JsZlTRfwoZfYcMCEAs2iL/BTTNqacuVLB+dc6/PvbZTLbiFIPjj+ZcuX7l6bed658bNW7d3u3t3PtiiNJQNaSEKc5ISywRXbAgcBDvRhhGZCnacnr6c68dnzFheqPcw1SyWZKJ4xikBRyV73kEkuUqqSBLI06w6rx2GnAGp68iWek3ROX d8w6TV63qpSpfNJdbJuL+k9utIsAxGkVD4VQNXRDzDG0dHhk9y2F9sMX6It1l9bK36S2LVqB/ixxdub9ZNZ8uaR1tGbv1n/2vsorOk2wsGQRN4E4Qt6KE2jpLur2hc0FIyBVQQa0dhoCGuiAFOBas7UWmZJvSUTNjIQUUks3HVPG+NHzhmjLPCuKUAN+xqRUWktVOZusx533Zdm5PbtFEJ2fO44kqXwBRdGGWlwFDg+V/BY24YBTF1gFDDXa+Y5sQQCu5HddwlhOsjb4Lhk8GLQfjuoHf4tL2NHXQP3Ud9FKJn6BC9RUdoiKj3yfviffO++5/9r/4P/+ci1ffamrvon/B//wUKQAfz</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlse RiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="ofHm0LaO/A44TRUQuuuCVGAQBXI=">AAADEnicdVLPb9MwFHYyfowyoOPKxdqE1AmokgkJuCHBBMdNomxSE0WO6zTWbMeyX0AlzV+yC//KLhwA7bAb/w1umqmlLU+y/On7/Py99+xUC24hCP54/tat23fubt/r3N958PBRd3fnsy1KQ9mAFqIwZymxTHDFBsBBsDNtGJGpYKfp+buZfvqFGcsL9QkmmsWSjBXPOCXgqGTXexlJrpIqkgTyNKu+1g5DzoDUdWRLvaLonD u+YdLqqF6o0p3mEutk1FtQB3UkWAbDSCj8voFLIp7itasjw8c5HMy3GD/Dm6y+tVa9BbFs1Avxixu3D6um00XO8w0tt/7T/xV2U1nS3Q/6QRN4HYQt2EdtHCfd62hU0FIyBVQQa4dhoCGuiAFOBas7UWmZJvScjNnQQUUks3HVPG+NnzpmhLPCuKUAN+xyRkWktROZupOzuu2qNiM3acMSstdxxZUugSk6N8pKgaHAs7+CR9wwCmLiAKGGu1oxzYkhFNyP6rghhKstr4PBYf9NPzwJ0DZ6gvZQD4XoFXqLPqJjNEDUu/AuvZ/eL/+7/8P/PZ+W77Vje4z+Cf/qL7RPBnY=</latexit><latexit sha1_base64="ofHm0LaO/A44TRUQuuuCVGAQBXI=">AAADEnicdVLPb9MwFHYyfowyoOPKxdqE1AmokgkJuCHBBMdNomxSE0WO6zTWbMeyX0AlzV+yC//KLhwA7bAb/w1umqmlLU+y/On7/Py99+xUC24hCP54/tat23fubt/r3N958PBRd3fnsy1KQ9mAFqIwZymxTHDFBsBBsDNtGJGpYKfp+buZfvqFGcsL9QkmmsWSjBXPOCXgqGTXexlJrpIqkgTyNKu+1g5DzoDUdWRLvaLonD u+YdLqqF6o0p3mEutk1FtQB3UkWAbDSCj8voFLIp7itasjw8c5HMy3GD/Dm6y+tVa9BbFs1Avxixu3D6um00XO8w0tt/7T/xV2U1nS3Q/6QRN4HYQt2EdtHCfd62hU0FIyBVQQa4dhoCGuiAFOBas7UWmZJvScjNnQQUUks3HVPG+NnzpmhLPCuKUAN+xyRkWktROZupOzuu2qNiM3acMSstdxxZUugSk6N8pKgaHAs7+CR9wwCmLiAKGGu1oxzYkhFNyP6rghhKstr4PBYf9NPzwJ0DZ6gvZQD4XoFXqLPqJjNEDUu/AuvZ/eL/+7/8P/PZ+W77Vje4z+Cf/qL7RPBnY=</latexit><latexit sha1_base64="49C5rgHhYP1u60qkuEgZv1TeRAo=">AAADHXicdVJNj9MwEHWywC7lqwtHLhYVUldAlaAVH7eVAMFxkSi7UhNFjus01tqOZU9AJc0v2Qt/hQsHQBy4IP4NbppVS1tGsvz03ozfjO1UC24hCP54/s6ly1d29652rl2/cfNWd//2e1uUhrIhLURhTlNimeCKDYGDYKfaMCJTwU7Ssxdz/eQDM5YX6h1MNYslmSiecUrAUcm+dxhJrpIqkgTyNKs+1g5DzoDUdWRLvabonD u+YdLqVb1UpcvmEutk3F9SB3UkWAajSCj8soErIp7hjaMjwyc5HCy2GD/A26w+tVb9JbFq1A/xowu31+ums2XNwy0jt/6z/zV20VnS7QWDoAm8CcIW9FAbx0n3VzQuaCmZAiqItaMw0BBXxACngtWdqLRME3pGJmzkoCKS2bhqnrfG9x0zxllh3FKAG3a1oiLS2qlMXea8b7uuzclt2qiE7FlccaVLYIoujLJSYCjw/K/gMTeMgpg6QKjhrldMc2IIBfejOu4SwvWRN8Hw8eD5IHwb9I6etLexh+6ie6iPQvQUHaE36BgNEfXOvS/eN++7/9n/6v/wfy5Sfa+tuYP+Cf/3XwkAB+8=</latexit><latexit sha1_base64="4vHAHg3JJWrS+U13AJoHXBSjEYc=">AAADHXicdVLLjtMwFHXCayiP6cCSjUWF1BFQJWjEYzcSIFgOEmVGaqLIcZ3GGtux7JsZlTRfwoZfYcMCEAs2iL/BTTNqacuVLB+dc6/PvbZTLbiFIPjj+ZcuX7l6bed658bNW7d3u3t3PtiiNJQNaSEKc5ISywRXbAgcBDvRhhGZCnacnr6c68dnzFheqPcw1SyWZKJ4xikBRyV73kEkuUqqSBLI06w6rx2GnAGp68iWek3ROX d8w6TV63qpSpfNJdbJuL+k9utIsAxGkVD4VQNXRDzDG0dHhk9y2F9sMX6It1l9bK36S2LVqB/ixxdub9ZNZ8uaR1tGbv1n/2vsorOk2wsGQRN4E4Qt6KE2jpLur2hc0FIyBVQQa0dhoCGuiAFOBas7UWmZJvSUTNjIQUUks3HVPG+NHzhmjLPCuKUAN+xqRUWktVOZusx533Zdm5PbtFEJ2fO44kqXwBRdGGWlwFDg+V/BY24YBTF1gFDDXa+Y5sQQCu5HddwlhOsjb4Lhk8GLQfjuoHf4tL2NHXQP3Ud9FKJn6BC9RUdoiKj3yfviffO++5/9r/4P/+ci1ffamrvon/B//wUKQAfz</latexit><latexit sha1_base64="4vHAHg3JJWrS+U13AJoHXBSjEYc=">AAADHXicdVLLjtMwFHXCayiP6cCSjUWF1BFQJWjEYzcSIFgOEmVGaqLIcZ3GGtux7JsZlTRfwoZfYcMCEAs2iL/BTTNqacuVLB+dc6/PvbZTLbiFIPjj+ZcuX7l6bed658bNW7d3u3t3PtiiNJQNaSEKc5ISywRXbAgcBDvRhhGZCnacnr6c68dnzFheqPcw1SyWZKJ4xikBRyV73kEkuUqqSBLI06w6rx2GnAGp68iWek3ROX d8w6TV63qpSpfNJdbJuL+k9utIsAxGkVD4VQNXRDzDG0dHhk9y2F9sMX6It1l9bK36S2LVqB/ixxdub9ZNZ8uaR1tGbv1n/2vsorOk2wsGQRN4E4Qt6KE2jpLur2hc0FIyBVQQa0dhoCGuiAFOBas7UWmZJvSUTNjIQUUks3HVPG+NHzhmjLPCuKUAN+xqRUWktVOZusx533Zdm5PbtFEJ2fO44kqXwBRdGGWlwFDg+V/BY24YBTF1gFDDXa+Y5sQQCu5HddwlhOsjb4Lhk8GLQfjuoHf4tL2NHXQP3Ud9FKJn6BC9RUdoiKj3yfviffO++5/9r/4P/+ci1ffamrvon/B//wUKQAfz</latexit><latexit sha1_base64="4vHAHg3JJWrS+U13AJoHXBSjEYc=">AAADHXicdVLLjtMwFHXCayiP6cCSjUWF1BFQJWjEYzcSIFgOEmVGaqLIcZ3GGtux7JsZlTRfwoZfYcMCEAs2iL/BTTNqacuVLB+dc6/PvbZTLbiFIPjj+ZcuX7l6bed658bNW7d3u3t3PtiiNJQNaSEKc5ISywRXbAgcBDvRhhGZCnacnr6c68dnzFheqPcw1SyWZKJ4xikBRyV73kEkuUqqSBLI06w6rx2GnAGp68iWek3ROX d8w6TV63qpSpfNJdbJuL+k9utIsAxGkVD4VQNXRDzDG0dHhk9y2F9sMX6It1l9bK36S2LVqB/ixxdub9ZNZ8uaR1tGbv1n/2vsorOk2wsGQRN4E4Qt6KE2jpLur2hc0FIyBVQQa0dhoCGuiAFOBas7UWmZJvSUTNjIQUUks3HVPG+NHzhmjLPCuKUAN+xqRUWktVOZusx533Zdm5PbtFEJ2fO44kqXwBRdGGWlwFDg+V/BY24YBTF1gFDDXa+Y5sQQCu5HddwlhOsjb4Lhk8GLQfjuoHf4tL2NHXQP3Ud9FKJn6BC9RUdoiKj3yfviffO++5/9r/4P/+ci1ffamrvon/B//wUKQAfz</latexit><latexit sha1_base64="4vHAHg3JJWrS+U13AJoHXBSjEYc=">AAADHXicdVLLjtMwFHXCayiP6cCSjUWF1BFQJWjEYzcSIFgOEmVGaqLIcZ3GGtux7JsZlTRfwoZfYcMCEAs2iL/BTTNqacuVLB+dc6/PvbZTLbiFIPjj+ZcuX7l6bed658bNW7d3u3t3PtiiNJQNaSEKc5ISywRXbAgcBDvRhhGZCnacnr6c68dnzFheqPcw1SyWZKJ4xikBRyV73kEkuUqqSBLI06w6rx2GnAGp68iWek3ROX d8w6TV63qpSpfNJdbJuL+k9utIsAxGkVD4VQNXRDzDG0dHhk9y2F9sMX6It1l9bK36S2LVqB/ixxdub9ZNZ8uaR1tGbv1n/2vsorOk2wsGQRN4E4Qt6KE2jpLur2hc0FIyBVQQa0dhoCGuiAFOBas7UWmZJvSUTNjIQUUks3HVPG+NHzhmjLPCuKUAN+xqRUWktVOZusx533Zdm5PbtFEJ2fO44kqXwBRdGGWlwFDg+V/BY24YBTF1gFDDXa+Y5sQQCu5HddwlhOsjb4Lhk8GLQfjuoHf4tL2NHXQP3Ud9FKJn6BC9RUdoiKj3yfviffO++5/9r/4P/+ci1ffamrvon/B//wUKQAfz</latexit><latexit sha1_base64="4vHAHg3JJWrS+U13AJoHXBSjEYc=">AAADHXicdVLLjtMwFHXCayiP6cCSjUWF1BFQJWjEYzcSIFgOEmVGaqLIcZ3GGtux7JsZlTRfwoZfYcMCEAs2iL/BTTNqacuVLB+dc6/PvbZTLbiFIPjj+ZcuX7l6bed658bNW7d3u3t3PtiiNJQNaSEKc5ISywRXbAgcBDvRhhGZCnacnr6c68dnzFheqPcw1SyWZKJ4xikBRyV73kEkuUqqSBLI06w6rx2GnAGp68iWek3ROX d8w6TV63qpSpfNJdbJuL+k9utIsAxGkVD4VQNXRDzDG0dHhk9y2F9sMX6It1l9bK36S2LVqB/ixxdub9ZNZ8uaR1tGbv1n/2vsorOk2wsGQRN4E4Qt6KE2jpLur2hc0FIyBVQQa0dhoCGuiAFOBas7UWmZJvSUTNjIQUUks3HVPG+NHzhmjLPCuKUAN+xqRUWktVOZusx533Zdm5PbtFEJ2fO44kqXwBRdGGWlwFDg+V/BY24YBTF1gFDDXa+Y5sQQCu5HddwlhOsjb4Lhk8GLQfjuoHf4tL2NHXQP3Ud9FKJn6BC9RUdoiKj3yfviffO++5/9r/4P/+ci1ffamrvon/B//wUKQAfz</latexit><latexit sha1_base64="4vHAHg3JJWrS+U13AJoHXBSjEYc=">AAADHXicdVLLjtMwFHXCayiP6cCSjUWF1BFQJWjEYzcSIFgOEmVGaqLIcZ3GGtux7JsZlTRfwoZfYcMCEAs2iL/BTTNqacuVLB+dc6/PvbZTLbiFIPjj+ZcuX7l6bed658bNW7d3u3t3PtiiNJQNaSEKc5ISywRXbAgcBDvRhhGZCnacnr6c68dnzFheqPcw1SyWZKJ4xikBRyV73kEkuUqqSBLI06w6rx2GnAGp68iWek3ROX d8w6TV63qpSpfNJdbJuL+k9utIsAxGkVD4VQNXRDzDG0dHhk9y2F9sMX6It1l9bK36S2LVqB/ixxdub9ZNZ8uaR1tGbv1n/2vsorOk2wsGQRN4E4Qt6KE2jpLur2hc0FIyBVQQa0dhoCGuiAFOBas7UWmZJvSUTNjIQUUks3HVPG+NHzhmjLPCuKUAN+xqRUWktVOZusx533Zdm5PbtFEJ2fO44kqXwBRdGGWlwFDg+V/BY24YBTF1gFDDXa+Y5sQQCu5HddwlhOsjb4Lhk8GLQfjuoHf4tL2NHXQP3Ud9FKJn6BC9RUdoiKj3yfviffO++5/9r/4P/+ci1ffamrvon/B//wUKQAfz</latexit>

min
w✓

sup
w�

Em⇠pd(m) [D (m|w�)]� Ez⇠p(z) [D (G (m|z,w✓) |w�)]
<latexit sha1_base64="MH4pRzf4H9Monj0xA0HvEmqmXQU="></latexit><latexit sha1_base64="MH4pRzf4H9Monj0xA0HvEmqmXQU="></latexit><latexit sha1_base64="MH4pRzf4H9Monj0xA0HvEmqmXQU="></latexit><latexit sha1_base64="MH4pRzf4H9Monj0xA0HvEmqmXQU="></latexit>

• A generator G and a discriminator D
competes and G is the resulting 
sampling tool

• Notice that in conventional GANs does 
not have an auto-encoder scheme, 
i.e. there is no network mapping m to
a corresponding z.

• Extensions exists

[Arjovsky et al. 2017]
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§ Basics
§ Examples without deep learning
§ Unsupervised deep learning models
§ Two ways to use DL models as priors

§ Optimization with DL priors
§ Prediction in the latent space
§ Related: predicting latent space of a linear PCA model
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Outline
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§ MR image reconstruction using deep density priors 
[K. Tezcan, C. Baumgartner and E. Konukoglu
arXiv: 1711.11386]

§ Solving Linear Inverse Problems Using GAN Priors: An 
Algorithm with Provable Guarantees
[V. Shah and Chinmay Hedge, arXiv: 1802.08406]

8/2/18Ender Konukoglu 34

Image analysis with DL priors
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Magnetic Resonance Imaging (MRI)
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[Jon Polimeni/MGH]

[Andre van der Kouwe /MGH][Siemens Healthcare USA][Visceral challenge]

[Olivio Donati / USZ]

Magnetic resonance imaging reconstruction
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MRI acquisition
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MRI reconstruction – simplistic view

Inverse Fourier Transform

Measurement space (K-space)
Magnitude

Image
Magnitude
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MRI reconstruction – simplistic view
Measurement space (K-space)

Magnitude
Image

Magnitude

Inverse Fourier Transform
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Fewer measurements = less time

Fully sampled image Under-sampled image
1/3rd the measurements

Semantic information 
from under-sampled 
image
• Reconstruction
• Segmentation
• Quantification
• Prediction
• Abnormality detection
• Adaptive scanning
• …
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Bayesian model for image reconstruction

p(y|m) = N (y|Em,�n)

Observation model as a Gaussian distribution – thermal noise etc.

p(m|y) = p(y|m)p(m)

p(y)
Posterior distribution – My initial belief updated by my observations

Image that maximizes my current belief after observations

m⇤ = argm max p(m|y) = argm max p(y|m)p(m)

m⇤ = argm max {log p(y|m) + log p(m)}
Data term Regularization

k-space observations = Encoding Operator X true image + noise

y = Em+ ⌘, m 2 CN , E 2 CM⇥N , y 2 CM , M < N
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Optimization problem

Image that maximizes my current belief after observations

m⇤ = argm max p(m|y) = argm max p(y|m)p(m)

p(y|m) = N (y|Em,�n)

We have a rough idea about the observation model
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Optimization problem

Image that maximizes my current belief after observations

m⇤ = argm max p(m|y) = argm max p(y|m)p(m)

p(m)

Prior model
- Should have small number of edges / high-

frequency regions

- Basic non-parametric estimation from examples
Kernel density estimation

- Live on a hyperplane and form a Gaussian
Principal Component Analysis

- Should be explained as a sparse combination of 
some atomic elements

Sparse dictionary learning,…

p(m) / exp(�krmk1
b

)
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Reconstructions with 1/3rd measurements

Original Undersampled Total Variation

DLMRI
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Reconstructions with 1/3rd measurements

Original Undersampled Total Variation

DLMRI
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Prior with variational autoencoder model

[Kingma and Welling 2013, Rezende et al. 2013]

Similar to any latent variable model, e.g. PCA when conditional is linear

p(m) =

Z
p(m|z)p(z)dz, p(z) = N (0, I)

z m

• Now we know about it
• We train the network with

fully sampled high quality 
images

• Using Gaussian distributions 
for both likelihood and 
approximate sampling

• Prior distribution of healthy 
image patches 
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Samples from learned distributions of fully-sampled  
image patches

Real patches of 28x28 VAE Generated

60 components

PCAPCA

250 components
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Back to the optimization problem

Image that maximizes my current belief after observations

m⇤ = argm max p(m|y) = argm max p(y|m)p(m)

p(y|m) = N (y|Em,�n)

but differentiable

Prior is approximate
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Optimization 

mt+1 = mt � EH(Emt � y)

Project back to satisfying observations

Approximate to step towards high prior area
d

dm
ln p(m)
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§ We’ll take the gradient of the (evidence) lower bound

§ Note that z also depends on m, it needs differentiation

8/2/18Ender Konukoglu 49

But we don’t have access to p(m)…

ln p(m) � Ez⇠q [ln p(m|z,w✓)]�DKL [q(z|m,w�)kp(z)]
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d

dm
ln p(m) ⇡ d

dm
(Ez⇠q [ln p(m|z,w✓)]�DKL [q(z|m,w�)kp(z)])
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Reconstructions with 1/3rd measurements

Original Undersampled Total Variation

DDP ADMMNetDLMRI
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Reconstructions with 1/3rd measurements

Original Undersampled Total Variation

DLMRI DDP ADMMNet
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Numerically

R = 2 – ½ measurements R=3 – 1/3rd measurements
RMSE CNR RMSE CNR

Fully Sampled - 0.43 (0.09) - 0.43 (0.09)

Zero-filled 13.40 (0.84) 0.36 (0.08) 21.40 (1.12) 0.30 (0.07)

Total Variation 4.00 (0.51) 0.41 (0.10) 7.57 (0.71) 0.35 (0.01)

Dictionary
Learning

4.65 (0.54) 0.41 (0.10) 7.41 (0.83) 0.36 (0.01)

ADMMNet 3.74 (0.40) 0.43 (0.10) 7.49 (0.47) 0.39 (0.01)

DDP 2.77 (0.39) 0.43 (0.10) 4.29 (0.51) 0.43 (0.01)

Average values (std) over images from 17 test subjects
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Data not similar to training data used for prior

Original Undersampled DDP



||

§ MR image reconstruction using deep density priors 
[K. Tezcan, C. Baumgartner and E. Konukoglu
arXiv: 1711.11386]

§ Solving Linear Inverse Problems Using GAN Priors: An 
Algorithm with Provable Guarantees
[V. Shah and Chinmay Hedge, arXiv: 1802.08406]
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Image analysis with DL priors
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Alternative with GAN 
[V. Shah and C. Hedge, arXiv: 1802.08406]

m⇤ = arg min
m2M
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Moving away from the probabilistic interpretation and seeing it as a constrained
optimization problem

M
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: space of plausible images

Iterative optimization with two steps:

: Gradient step towards the observationm̂t  mt � ⌘
@

@m
ky � Emtk22
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mt+1  G
⇣
argmin

z
km̂t �G(z)k

⌘
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: Projection to data manifold
Best latent variable that matches the
image at that iteration
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Optimization 

Gradient step towards observation

m̂t  mt � ⌘
@

@m
ky � Emtk22
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Project to data manifold with its separate 
optimization

mt+1  G
⇣
argmin

z
km̂t �G(z)k

⌘
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Examples from [V. Shah and C. Hedge, arXiv: 1802.08406]

Gradient descent update
Projection on the span of generator

Reconstruction

Initialization

Fig. 1: Illustration of our algorithm. Starting from a zero vector, we

perform a gradient descent update step (red arrow) and projection

step (blue arrow) alternatively to reach the final estimate.

tion. Instead, they re-parameterize (1.2) in terms of the latent variable
z, and assume that gradient descent (or stochastic gradient descent)
in the latent space provides an estimate of sufficiently high qual-
ity. However, if initialized incorrectly, (stochastic) gradient descent
can get stuck in local minima, and therefore in practice their algo-
rithm requires several restarts in order to provide good performance.
Moreover, the rate of convergence of this method is not analyzed.

In contrast, we advocate using PGD to solve (1.2) directly in the
ambient space. The high level idea in our approach is that through it-
erative projections, we are able to mitigate the effects of local minima
and are able to explore the space outside the range of the generator
(G). Our procedure is depicted in Fig. 1. We choose a zero vector
as our initial estimate(x0), and in each iteration, we update our es-
timate by following the standard gradient descent update rule (red
arrow in Fig. 1), followed by projection of the output onto the span
of generator (G) (blue arrow in Fig. 1).

We support our PGD algorithm via a rigorous theoretical anal-
ysis. We show that the final estimate at the end of T iterations is
an approximate reconstruction of the original signal x⇤, with very
small reconstruction error; moreover, under certain sufficiency condi-
tions on the linear operator A, PGD demonstrates linear convergence,
meaning that T = log(1/") is sufficient to achieve "-accuracy. As
further validation of our algorithm, we present a series of numerical
results. We train two GANs: our first is a relatively simple two-layer
generative model trained on the MNIST dataset [18]; our second is a
more complicated Deep Convolutional GAN [19, 20] trained on the
CelebA [21] dataset. In all experiments, we compare the performance
of our algorithm with that of [17] and a baseline algorithm using spar-
sity priors (specifically, the Lasso with a DCT basis). Our algorithm
achieves the best performance both in terms of quantitative metrics
(such as the structural similarity index) as well as visual quality.

1.3. Related Work

Approaches to solve linear inverse problems can be classified broadly
in two categories. The approaches in the first category mainly use
hand-crafted signal priors to distinguish ‘natural’ signals from the
infinite set of feasible solutions. The prior can be encoded in the form
of either a constraint set (as in Eq. 1.2) or an extra regularization
penalty. Several works (including [22, 23, 24]) employ sparsity priors
to solve inverse problems such as denoising, super-resolution and
inpainting. In [6, 7], sparse and redundant dictionaries are learned for
image denoising, whereas in [25, 26, 8], total variation is used as a
regularizer. Despite their successful practical and theoretical results,
all such hand-designed priors often fail to restrict the solution space
only to natural images, and it is easily possible to generate signals
satisfying the prior but do not resemble natural data.

The second category consists of learning-based methods involv-

ing the training of an end-to-end network mapping from the mea-
surement space to the image space. Given a large dataset xi, i 2
1, 2, .., N and a measurement matrix A, the inverse mapping from
Axi to xi can be learned through a deep neural network training [27].
This approach is used in [28, 29, 30, 31, 32, 33] to solve different
inverse problems, and has met with considerable success. However,
the major limitations are that a separate network is required for each
new linear inverse problem; moreover, most of these methods lack
concrete theoretical guarantees. The recent papers [34, 35] resolve
this issue by training a single quasi-projection operator to project
each candidate solution on the manifold of natural images, and indeed
in some sense is complementary to our approach. On the other hand,
we train a generative model that simulates the space of natural signals
(or images) for a given application; moreover, our method can be
rigorously analyzed.

Recently, due to advances in adversarial training techniques [9],
GANs have been explored as the powerful tool to solve challenging
inverse problems. GANs can approximate the real data distribution
closely, with visually striking results [36, 14]. In [15, 16], GANs
are used to solve the image inpainting and super-resolution problems
respectively. The work closest to our work is the approach of leverag-
ing GANs for compressive sensing [17], which provides the basis for
our work. Our method improves on the results of [17] empirically,
along with providing mathematical analysis of convergence.

2. ALGORITHM AND MAIN RESULTS

2.1. Setup

Let S ✓ Rn be the set of ‘natural’ images in data space with a vector
x⇤ 2 S. We consider an ill-posed linear inverse problem (1.1) with
the linear operator A being a Gaussian random matrix. For simplicity,
we do not consider the additive noise term. To solve for bx, we choose
Euclidean measurement error as the loss function f(·) in Eqn. (1.2).
Therefore, given y and A, we seek

bx = argmin
x2S

ky �Axk2. (2.1)

All norms represented by k · k in this paper are Euclidean norms
unless stated otherwise.

2.2. Algorithm

We train the generator G : Rk ! Rn that maps a standard normal
vector z 2 Rk to the high dimensional sample space G(z) 2 Rn.
We assume that our generator network well approximates the high-
dimensional probability distribution of the set S. With this assump-
tion, we limit our search for bx only to the range of the generator
function (G(z)). The function G is assumed to be differentiable, and
hence we use back-propagation for calculating the gradients of the
loss functions involving G for gradient descent updates.

The optimization problem in Eqn. 2.1 is similar to a least squares
estimation problem, and a typical approach to solve such problems is
to use gradient descent. However, the candidate solutions obtained
after each gradient descent update need not represent a ‘natural’ image
and may not belong to set S. We solve this limitation by projecting
the candidate solution on the range of the generator function after
each gradient descent update. Here, the projection of any vector u on
the generator is the image closest to u in the span of the generator.

Thus, in each iteration of our proposed algorithm 1, two steps
are performed in alternation: a gradient descent update step and a
projection step.
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Fig. 2: (a) Comparison of our algorithm with CSGM [17] and Lasso on MNIST; (b) Reconstruction results with m = 100 measurements; (c)

Reconstruction results on celebA dataset with m = 1000 measurements.

From our assumption that kAvk  ⇢kvk, 8v 2 Rn with proba-
bility 1� q, we write:

kAxt+1 �Axtk2  ⇢2kxt+1 � xtk2,

kAxt+1 �Axtk2 �
1
⌘
kxt+1 � xtk2 

✓
⇢2 � 1

⌘

◆
kxt+1 � xtk2.

Let us choose learning rate(⌘) such that 1
2� < ⌘ < 1

� . We also have
⇢2  �. Combining both, we get ⇢2 < 1

⌘ , which makes the L.H.S. in
the above equation negative. Therefore,

 (xt+1) 
✓

1
⌘�

� 1

◆
 (xt) +

�
⌘�

,

where � is inversely proportional to the number of measurements m
[17]. Provided sufficient number of measurements, � is small enough
and can be ignored. Also, 1

2� < ⌘ < 1
� yields,

0 <

✓
1
⌘�

� 1

◆
< 1.

Hence,

 (xt+1)  ↵ (xt); 0 < ↵ < 1, (2.6)

with probability at least 1� p� q.

3. MODELS AND EXPERIMENTS

In this section, we describe our experimental setup and report the
performance comparisons of our algorithm with that of [17] as well
as the LASSO. We use two different GAN architectures and two
different datasets in our experiments to show that our approach can
work with variety of GAN architectures and datasets.

In our experiments, we choose the entries of the matrix A in-
dependently from a Gaussian distribution with zero mean and 1/m
standard deviation. We ignore the presence of noise; however, our
experiments can be replicated with additive Gaussian noise. We use a
gradient descent optimizer keeping the total number of update steps
(T ⇥Tin) fixed for both algorithms and doesn’t allow random restarts.

In the first experiment, we use a very simple GAN model trained
on the MNIST dataset, which is collection of 60, 000 handwritten

digit images, each of size 28⇥ 28 [18]. In our GAN, both the gener-
ator and the discriminator are fully-connected neural networks with
only one hidden layer. The generator consists of 20 input neurons,
200 hidden-layer neurons and 784 output neurons, while the discrim-
inator consists of 784 input neurons, 128 hidden layer neurons and
1 output neuron. The size of the latent space is set to k = 20, i.e.,
the input to our generator is a standard normal vector z 2 R20. We
train the GAN using the method described in [9]. We use the Adam
optimizer [39] with learning rate 0.001 and mini-batch size 128 for
the training.

We test the MNIST GAN with 10 images taken from the span
of generator to get rid of the representation error, and provide both
quantitative and qualitative results. For PGD-GAN, because of the
zero initialization, a high learning rate is required to get a meaningful
output before passing it to the projection step. Therefore, we choose
⌘ � 0.5. The parameter ⌘in is set to 0.01 with T = 15 and Tin =
200. Thus, the total number of update steps is fixed to 3000. Similarly,
the algorithm of [17] is tested with 3000 updates and ⌘ = 0.01. For
comparison, we use the reconstruction error = kbx � x⇤k2. In Fig.
2(a), we show the reconstruction error comparisons for increasing
values of number of measurements. We observe that our algorithm
performs better than the other two methods. Also, as the input images
are chosen from the span of the generator itself, it is possible to get
close to zero error with only 100 measurements. Fig. 2(b) depicts
reconstruction results for selected MNIST images.

The second set of our experiments are performed on a Deep
Convolutional GAN (DCGAN) trained on the celebA dataset, which
contains more than 200, 000 face images of celebrities [21]. We use a
pre-trained DCGAN model, which was made available by [17]. Thus,
the details of the model and training are the same as described in
[17]. The dimension of latent space for DCGAN is k = 100. We
report the results on a held out test dataset, unseen by the GAN at
the time of training. Total number of updates is set to 1000, with
T = 10 and Tin = 100. Learning rates for PGD-GAN are set as
⌘ = 0.5 and ⌘in = 0.1. The algorithm of [17] is run with ⌘ = 0.1
and 1000 update steps. Image reconstruction results from m = 1000
measurements with our algorithm are displayed in Fig. 2(c). We
observe that our algorithm produces better reconstructions compared
to the other baselines.
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Figure 2. Left: Proposed Auto-Encoding Variational Anatomical Prior. A variational auto-encoder is combined with a location-specific
prior layer. Right: Proposed architecture for learning generative model parameters. Orange and blue arrows indicate down/up-
sampling in the prior and full model, respectively, and rectangles represent a stack of convolutional layers with non-linearities, with their
heights reflecting the size of the vectors.

or joint probability. For a given approximate distribu-
tion q�(z|x, s), we can estimate ✓ by optimizing the lower
bound:

Vmodel(✓,�;x, s)

= IEq [log p✓(x, s, z)� log q�(z|x, s)]
= IEq [log p✓(x, s|z)]� KL [q�(z|x, s)||p(z)] .

(7)

We model the approximating posterior q�(z|x, s) as a
normal that depends on the image only:

q�(z|x, s) = q�(z|x)
= N (z;µz|x,⌃z|x). (8)

where ⌃z|x is diagonal.
We estimate the parameters of the approximating distri-

bution using convolutional neural networks. We design an
encoding convolutional neural network enc�(x) that takes
as input x and outputs the parameters of the approximat-
ing posterior distribution µz|x(x), and ⌃z|x(x). This net-
work learns how to embed an entire (MR) image into the
most likely low-dimensional anatomical embedding z and
its variance.

Conditioned on z, the probability of the segmentation
can be computed with a decoder network dec✓s|z (z) that
takes z as input and outputs the parameters f(z;✓s|z) of
the segmentation categorical distribution p✓s|z (s|z). The
parameters ✓s|z of this decoder can be learned using a sep-
arate set of segmentations, as described below.

The final part of the generative model, the appearance or
likelihood model, can also be learned with a neural network
that takes a segmentation probability map as input and com-
putes the parameters µl. We separately estimate �l, assum-
ing additive zero mean Gaussian noise in an image, using a
difference of Laplacian filters [15].

4.1. Auto-Encoding Anatomical Prior

In this work, we learn a prior independently from an un-
paired segmentation dataset. This enables the flexibility of
having an external description of the anatomy that need not
be available in the current data. Unfortunately, as before,
estimating the probability distribution p(s) is intractable.
Following a derivation similar to the previous section and
to the auto-encoding variational Bayes framework, we in-
troduce an approximation q (z|s) to the posterior p(z|s)
as a normal distribution:

q (z|s) = N (z;µz|s,⌃z|s), (9)

where ⌃z|s is diagonal, leading to the following lower
bound:

Vprior(✓,�; s)

= IEq [log p✓(s, z)� log q�(z|s)]
= IEq [log p✓(s|z)]� KL [q�(z|s)||p(z)] . (10)

This optimization can be solved using a Stochastic Gra-
dient Variational Bayes (SGVB) estimator that uses mini-
batches. The reparametrization trick allows us to sam-
ple zk ⇠ q�(z|s), leading to an approximation of the ex-
pectation IE [·] [18]. The loss Li(✓,�; si) for each data
point si and sample zk ⇠ q�(z|si) is

Lprior(✓s|z, ; si, zk)

= KL [log q (z|si)|| log p(z)]� log p✓s|z (si|zk)

=
1

2

X

j

(1 + log
⇣
⌃z|si [j])� µ2

z|si [j]�⌃z|si [j]
⌘

�
X

j

si[j] log f(zk;✓s|z)[j]. (11)
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Figure 2. Left: Proposed Auto-Encoding Variational Anatomical Prior. A variational auto-encoder is combined with a location-specific
prior layer. Right: Proposed architecture for learning generative model parameters. Orange and blue arrows indicate down/up-
sampling in the prior and full model, respectively, and rectangles represent a stack of convolutional layers with non-linearities, with their
heights reflecting the size of the vectors.

or joint probability. For a given approximate distribu-
tion q�(z|x, s), we can estimate ✓ by optimizing the lower
bound:

Vmodel(✓,�;x, s)

= IEq [log p✓(x, s, z)� log q�(z|x, s)]
= IEq [log p✓(x, s|z)]� KL [q�(z|x, s)||p(z)] .

(7)

We model the approximating posterior q�(z|x, s) as a
normal that depends on the image only:

q�(z|x, s) = q�(z|x)
= N (z;µz|x,⌃z|x). (8)

where ⌃z|x is diagonal.
We estimate the parameters of the approximating distri-

bution using convolutional neural networks. We design an
encoding convolutional neural network enc�(x) that takes
as input x and outputs the parameters of the approximat-
ing posterior distribution µz|x(x), and ⌃z|x(x). This net-
work learns how to embed an entire (MR) image into the
most likely low-dimensional anatomical embedding z and
its variance.

Conditioned on z, the probability of the segmentation
can be computed with a decoder network dec✓s|z (z) that
takes z as input and outputs the parameters f(z;✓s|z) of
the segmentation categorical distribution p✓s|z (s|z). The
parameters ✓s|z of this decoder can be learned using a sep-
arate set of segmentations, as described below.

The final part of the generative model, the appearance or
likelihood model, can also be learned with a neural network
that takes a segmentation probability map as input and com-
putes the parameters µl. We separately estimate �l, assum-
ing additive zero mean Gaussian noise in an image, using a
difference of Laplacian filters [15].

4.1. Auto-Encoding Anatomical Prior

In this work, we learn a prior independently from an un-
paired segmentation dataset. This enables the flexibility of
having an external description of the anatomy that need not
be available in the current data. Unfortunately, as before,
estimating the probability distribution p(s) is intractable.
Following a derivation similar to the previous section and
to the auto-encoding variational Bayes framework, we in-
troduce an approximation q (z|s) to the posterior p(z|s)
as a normal distribution:

q (z|s) = N (z;µz|s,⌃z|s), (9)

where ⌃z|s is diagonal, leading to the following lower
bound:

Vprior(✓,�; s)

= IEq [log p✓(s, z)� log q�(z|s)]
= IEq [log p✓(s|z)]� KL [q�(z|s)||p(z)] . (10)

This optimization can be solved using a Stochastic Gra-
dient Variational Bayes (SGVB) estimator that uses mini-
batches. The reparametrization trick allows us to sam-
ple zk ⇠ q�(z|s), leading to an approximation of the ex-
pectation IE [·] [18]. The loss Li(✓,�; si) for each data
point si and sample zk ⇠ q�(z|si) is

Lprior(✓s|z, ; si, zk)

= KL [log q (z|si)|| log p(z)]� log p✓s|z (si|zk)

=
1

2

X

j

(1 + log
⇣
⌃z|si [j])� µ2

z|si [j]�⌃z|si [j]
⌘

�
X

j

si[j] log f(zk;✓s|z)[j]. (11)

Directly mapping image to the latent space
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Related: Predicting latent space of a linear PCA model 

§ Integrating statistical prior knowledge into convolutional 
neural networks [Milletari et al., MICCAI 2017]

§ Using a linear prior model instead of a non-linear DL prior
§ Predicting in the latent space directly with a network
§ Add uncertainties to it [Tothova et al. arXiv:1807.11272]
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PCA model learned from the training set

[Image from Tothova et al. arXiv:1807.11272]
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§ Anomaly detection with GANs [T. Schlegl et al. IPMI 2017]

§ Anomaly detection with Auto-encoder methods

[X. Chen and E. Konukoglu, MIDL 2018]
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Also related: Outlier detection in medical images

Image Reconstruction 
with prior

Reconstruction
error

Ground truth
segmentation
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§ Real life problem that DL methods are not good at yet
[X. Chen et al. arXiv:1806.05452]
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Really difficult problem for DL

Evaluated
- AE
- Denoising AE
- VAE
- Adversarial AE
- ⍺- GAN
- Atlas-based detection

- Variety of lesions and 
their appearance

- Domain shift – part of 
the real problem
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Guess what performed the best?

Atlas-based outlier detection linear registration and E-M based GMM
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