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Model & Motivation

0
<latexit sha1_base64="wr5BFG1ada4v7vBKMeLQHxqtPjw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBecOMtg==</latexit> T<latexit sha1_base64="ivtZ/SWWmDp+IaHldVvzVMqYHrU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdVdz6dbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+wU4za</latexit>

t1<latexit sha1_base64="YJnlMLHwvthghnJEQRCs9TwhK4c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1W3ftapX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwZCjZ4=</latexit>

t2<latexit sha1_base64="Z5zAWrQFY0hLwRAwvN5ma8Py2YM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1U3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwfGjZ8=</latexit>

t3<latexit sha1_base64="mb7YldY9SzP0hHBDG0TtCCsusGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwlKjaA=</latexit>

Time
<latexit sha1_base64="X28I7wJi1o7XatneKgjU3rdMK24=">AAAB9HicbVBNTwIxFHyLX4hfqEcvG4mJJ7KrJnokevGICSAJbEi3PKCh7a5tl4Rs+B1ePGiMV3+MN/+NXdiDgpM0mcy8lzedMOZMG8/7dgpr6xubW8Xt0s7u3v5B+fCopaNEUWzSiEeqHRKNnElsGmY4tmOFRIQcH8PxXeY/TlBpFsmGmcYYCDKUbMAoMVYKuoKYkRJpgwmc9coVr+rN4a4SPycVyFHvlb+6/YgmAqWhnGjd8b3YBClRhlGOs1I30RgTOiZD7FgqiUAdpPPQM/fMKn13ECn7pHHn6u+NlAitpyK0k1lIvexl4n9eJzGDmyBlMk4MSro4NEi4ayI3a8DtM4XU8KklhCpms7p0RBShxvZUsiX4y19eJa2Lqn9Z9R6uKrXbvI4inMApnIMP11CDe6hDEyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wdEd5Jq</latexit>

X1
<latexit sha1_base64="et0sLiH8xRlr/5QqV5XATgqjn50=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ol7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+y6t7XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDbi42C</latexit>

X2
<latexit sha1_base64="ZnB8FF57+Mj2VUwWGoUmhdN6mWE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+i6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHdD42D</latexit>

X3
<latexit sha1_base64="6xvoB0fH0fCgOe3Q28mCvaKOIKE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6t6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHek42E</latexit>

Y (0)
<latexit sha1_base64="ipcuuGAzF25Sybx89gJQ/8aX6UY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFfRY9OKxgv2QdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hk0mPVPR+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Zp7f1lp3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kD67eNfg==</latexit>

Y (T )
<latexit sha1_base64="NjUwn9kDPRKHPKMgMESflRN4OUA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYoV/SLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mPVab54Nyxa25c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraFzXvsuY+XFXqt3kcRTiBU6iCB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AInqNog==</latexit>

Y (t1)
<latexit sha1_base64="aFmaZcJpAf+/TE12h5LxWcImC0c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6SLGF2MknGzM4uM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqHscx90M6UKIvGEUrNR7K2PVOu8WSW3FnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn86unZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjaggg3BW3x5mTTOKt55xb27KFWvszjycATHUAYPLqEKt1CDOjB4hGd4hTcncl6cd+dj3ppzsplD+APn8wd6GI5m</latexit>

Y (t2)
<latexit sha1_base64="5Z5l0P9xDJQekV2K3LhV9i+KKts=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvXiMYB6SLGF2MpuMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSK4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYVSqKatTJZRuhcQwwSWrI0fBWolmJA4Fa4bDm6nffGLacCXvcZSwICZ9ySNOCVqp8VDG7tlpt1jyKt4M7jLxM1KCDLVu8avTUzSNmUQqiDFt30swGBONnAo2KXRSwxJCh6TP2pZKEjMTjGfXTtwTq/TcSGlbEt2Z+ntiTGJjRnFoO2OCA7PoTcX/vHaK0VUw5jJJkUk6XxSlwkXlTl93e1wzimJkCaGa21tdOiCaULQBFWwI/uLLy6RxVvHPK97dRal6ncWRhyM4hjL4cAlVuIUa1IHCIzzDK7w5ynlx3p2PeWvOyWYO4Q+czx97nY5n</latexit>

Y (t3)
<latexit sha1_base64="6Ini6z4knUjZeVv84LBS9aJaw4w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJewaQY9BLx4jmIckS5idTJIxs7PLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyJ1j+OY+yEdKNEXjKKVGg8l7FbOuoWiW3ZnIMvEy0gRMtS6ha9OL2JJyBUySY1pe26Mfko1Cib5JN9JDI8pG9EBb1uqaMiNn86unZBTq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjagvA3BW3x5mTTOy16l7N5dFKvXWRw5OIYTKIEHl1CFW6hBHRg8wjO8wpsTOS/Ou/Mxb11xspkj+APn8wd9Io5o</latexit>

Z(0)
<latexit sha1_base64="DBC9rRKZjySsdb0pPefNOdidwrg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFfRY9OKxgv3AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hk0mPVPR+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Zp7f1lp3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kD7T6Nfw==</latexit>

Z(T )
<latexit sha1_base64="Kb5CJ/gpx4SfWeaEQW9Ei+kf2s0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYoV/YLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mPVab54Nyxa25c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraFzXvsuY+XFXqt3kcRTiBU6iCB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AJAGNow==</latexit>

Z(t1)
<latexit sha1_base64="IvFiBc7kaosAWJEX0AmKrdtKhgQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6YLGF2MknGzM4uM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqHscx90M6UKIvGEUrNR7K2PVOu8WSW3FnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn86unZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjaggg3BW3x5mTTOKt55xb27KFWvszjycATHUAYPLqEKt1CDOjB4hGd4hTcncl6cd+dj3ppzsplD+APn8wd7oY5n</latexit>

Z(t2)
<latexit sha1_base64="bcxpJRgnSABOoqKPaoyWOkhyoA8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvXiMYB6YLGF2MpuMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSK4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYVSqKatTJZRuhcQwwSWrI0fBWolmJA4Fa4bDm6nffGLacCXvcZSwICZ9ySNOCVqp8VDG7tlpt1jyKt4M7jLxM1KCDLVu8avTUzSNmUQqiDFt30swGBONnAo2KXRSwxJCh6TP2pZKEjMTjGfXTtwTq/TcSGlbEt2Z+ntiTGJjRnFoO2OCA7PoTcX/vHaK0VUw5jJJkUk6XxSlwkXlTl93e1wzimJkCaGa21tdOiCaULQBFWwI/uLLy6RxVvHPK97dRal6ncWRhyM4hjL4cAlVuIUa1IHCIzzDK7w5ynlx3p2PeWvOyWYO4Q+czx99Jo5o</latexit>

Z(t3)
<latexit sha1_base64="6HcXwGjPsEFsOMdGWJBNA238qoI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJewaQY9BLx4jmAcmS5idTJIxs7PLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyJ1j+OY+yEdKNEXjKKVGg8l7FbOuoWiW3ZnIMvEy0gRMtS6ha9OL2JJyBUySY1pe26Mfko1Cib5JN9JDI8pG9EBb1uqaMiNn86unZBTq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjagvA3BW3x5mTTOy16l7N5dFKvXWRw5OIYTKIEHl1CFW6hBHRg8wjO8wpsTOS/Ou/Mxb11xspkj+APn8wd+q45p</latexit>

f, Q
<latexit sha1_base64="pNKtsm1LlbtafSyAjEUB7fNl9is=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvXhswX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3KQ5aOuDgcd7M8zMC2LOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpPACtYbVmlt3c6BV4hWkBgWaw+rXYBSRRFBpCMda9z03Nn6KlWGE03llkGgaYzLFY9q3VGJBtZ/mt87RmVVGKIyULWlQrv6eSLHQeiYC2ymwmehlLxP/8/qJCW/9lMk4MVSSxaIw4chEKHscjZiixPCZJZgoZm9FZIIVJsbGU7EheMsvr5LOZd27qrut61rjroijDCdwCufgwQ004AGa0AYCE3iGV3hzhPPivDsfi9aSU8wcwx84nz8qCY2n</latexit>

⇤
<latexit sha1_base64="Nz6aF8F5pGEVg4CvNbJ5BmTvEVI=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5KooMeiFw8eKlhbaEPZbDbt0s0m7L4IJfRHePGgiFd/jzf/jds2B20dWBhm5rHvTZBKYdB1v53Syura+kZ5s7K1vbO7V90/eDRJphlvsUQmuhNQw6VQvIUCJe+kmtM4kLwdjG6mfvuJayMS9YDjlPsxHSgRCUbRSu3enY2GtF+tuXV3BrJMvILUoECzX/3qhQnLYq6QSWpM13NT9HOqUTDJJ5VeZnhK2YgOeNdSRWNu/Hy27oScWCUkUaLtU0hm6u+JnMbGjOPAJmOKQ7PoTcX/vG6G0ZWfC5VmyBWbfxRlkmBCpreTUGjOUI4toUwLuythQ6opQ9tQxZbgLZ68TB7P6t553b2/qDWuizrKcATHcAoeXEIDbqEJLWAwgmd4hTcndV6cd+djHi05xcwh/IHz+QMMT49f</latexit>
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Model & Motivation

0
<latexit sha1_base64="wr5BFG1ada4v7vBKMeLQHxqtPjw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBecOMtg==</latexit> T<latexit sha1_base64="ivtZ/SWWmDp+IaHldVvzVMqYHrU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdVdz6dbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+wU4za</latexit>

t1<latexit sha1_base64="YJnlMLHwvthghnJEQRCs9TwhK4c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1W3ftapX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwZCjZ4=</latexit>

t2<latexit sha1_base64="Z5zAWrQFY0hLwRAwvN5ma8Py2YM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1U3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwfGjZ8=</latexit>

t3<latexit sha1_base64="mb7YldY9SzP0hHBDG0TtCCsusGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwlKjaA=</latexit>

Time
<latexit sha1_base64="X28I7wJi1o7XatneKgjU3rdMK24=">AAAB9HicbVBNTwIxFHyLX4hfqEcvG4mJJ7KrJnokevGICSAJbEi3PKCh7a5tl4Rs+B1ePGiMV3+MN/+NXdiDgpM0mcy8lzedMOZMG8/7dgpr6xubW8Xt0s7u3v5B+fCopaNEUWzSiEeqHRKNnElsGmY4tmOFRIQcH8PxXeY/TlBpFsmGmcYYCDKUbMAoMVYKuoKYkRJpgwmc9coVr+rN4a4SPycVyFHvlb+6/YgmAqWhnGjd8b3YBClRhlGOs1I30RgTOiZD7FgqiUAdpPPQM/fMKn13ECn7pHHn6u+NlAitpyK0k1lIvexl4n9eJzGDmyBlMk4MSro4NEi4ayI3a8DtM4XU8KklhCpms7p0RBShxvZUsiX4y19eJa2Lqn9Z9R6uKrXbvI4inMApnIMP11CDe6hDEyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wdEd5Jq</latexit>

X1
<latexit sha1_base64="et0sLiH8xRlr/5QqV5XATgqjn50=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ol7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+y6t7XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDbi42C</latexit>

X2
<latexit sha1_base64="ZnB8FF57+Mj2VUwWGoUmhdN6mWE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+i6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHdD42D</latexit>

X3
<latexit sha1_base64="6xvoB0fH0fCgOe3Q28mCvaKOIKE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6t6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHek42E</latexit>

Y (0)
<latexit sha1_base64="ipcuuGAzF25Sybx89gJQ/8aX6UY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFfRY9OKxgv2QdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hk0mPVPR+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Zp7f1lp3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kD67eNfg==</latexit>

Y (T )
<latexit sha1_base64="NjUwn9kDPRKHPKMgMESflRN4OUA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYoV/SLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mPVab54Nyxa25c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraFzXvsuY+XFXqt3kcRTiBU6iCB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AInqNog==</latexit>

Y (t1)
<latexit sha1_base64="aFmaZcJpAf+/TE12h5LxWcImC0c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6SLGF2MknGzM4uM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqHscx90M6UKIvGEUrNR7K2PVOu8WSW3FnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn86unZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjaggg3BW3x5mTTOKt55xb27KFWvszjycATHUAYPLqEKt1CDOjB4hGd4hTcncl6cd+dj3ppzsplD+APn8wd6GI5m</latexit>

Y (t2)
<latexit sha1_base64="5Z5l0P9xDJQekV2K3LhV9i+KKts=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvXiMYB6SLGF2MpuMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSK4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYVSqKatTJZRuhcQwwSWrI0fBWolmJA4Fa4bDm6nffGLacCXvcZSwICZ9ySNOCVqp8VDG7tlpt1jyKt4M7jLxM1KCDLVu8avTUzSNmUQqiDFt30swGBONnAo2KXRSwxJCh6TP2pZKEjMTjGfXTtwTq/TcSGlbEt2Z+ntiTGJjRnFoO2OCA7PoTcX/vHaK0VUw5jJJkUk6XxSlwkXlTl93e1wzimJkCaGa21tdOiCaULQBFWwI/uLLy6RxVvHPK97dRal6ncWRhyM4hjL4cAlVuIUa1IHCIzzDK7w5ynlx3p2PeWvOyWYO4Q+czx97nY5n</latexit>

Y (t3)
<latexit sha1_base64="6Ini6z4knUjZeVv84LBS9aJaw4w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJewaQY9BLx4jmIckS5idTJIxs7PLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyJ1j+OY+yEdKNEXjKKVGg8l7FbOuoWiW3ZnIMvEy0gRMtS6ha9OL2JJyBUySY1pe26Mfko1Cib5JN9JDI8pG9EBb1uqaMiNn86unZBTq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjagvA3BW3x5mTTOy16l7N5dFKvXWRw5OIYTKIEHl1CFW6hBHRg8wjO8wpsTOS/Ou/Mxb11xspkj+APn8wd9Io5o</latexit>

Z(0)
<latexit sha1_base64="DBC9rRKZjySsdb0pPefNOdidwrg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFfRY9OKxgv3AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hk0mPVPR+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Zp7f1lp3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kD7T6Nfw==</latexit>

Z(T )
<latexit sha1_base64="Kb5CJ/gpx4SfWeaEQW9Ei+kf2s0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYoV/YLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mPVab54Nyxa25c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraFzXvsuY+XFXqt3kcRTiBU6iCB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AJAGNow==</latexit>

Z(t1)
<latexit sha1_base64="IvFiBc7kaosAWJEX0AmKrdtKhgQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6YLGF2MknGzM4uM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqHscx90M6UKIvGEUrNR7K2PVOu8WSW3FnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn86unZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjaggg3BW3x5mTTOKt55xb27KFWvszjycATHUAYPLqEKt1CDOjB4hGd4hTcncl6cd+dj3ppzsplD+APn8wd7oY5n</latexit>

Z(t2)
<latexit sha1_base64="bcxpJRgnSABOoqKPaoyWOkhyoA8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvXiMYB6YLGF2MpuMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSK4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYVSqKatTJZRuhcQwwSWrI0fBWolmJA4Fa4bDm6nffGLacCXvcZSwICZ9ySNOCVqp8VDG7tlpt1jyKt4M7jLxM1KCDLVu8avTUzSNmUQqiDFt30swGBONnAo2KXRSwxJCh6TP2pZKEjMTjGfXTtwTq/TcSGlbEt2Z+ntiTGJjRnFoO2OCA7PoTcX/vHaK0VUw5jJJkUk6XxSlwkXlTl93e1wzimJkCaGa21tdOiCaULQBFWwI/uLLy6RxVvHPK97dRal6ncWRhyM4hjL4cAlVuIUa1IHCIzzDK7w5ynlx3p2PeWvOyWYO4Q+czx99Jo5o</latexit>

Z(t3)
<latexit sha1_base64="6HcXwGjPsEFsOMdGWJBNA238qoI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJewaQY9BLx4jmAcmS5idTJIxs7PLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyJ1j+OY+yEdKNEXjKKVGg8l7FbOuoWiW3ZnIMvEy0gRMtS6ha9OL2JJyBUySY1pe26Mfko1Cib5JN9JDI8pG9EBb1uqaMiNn86unZBTq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjagvA3BW3x5mTTOy16l7N5dFKvXWRw5OIYTKIEHl1CFW6hBHRg8wjO8wpsTOS/Ou/Mxb11xspkj+APn8wd+q45p</latexit>

f, Q
<latexit sha1_base64="pNKtsm1LlbtafSyAjEUB7fNl9is=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvXhswX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3KQ5aOuDgcd7M8zMC2LOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpPACtYbVmlt3c6BV4hWkBgWaw+rXYBSRRFBpCMda9z03Nn6KlWGE03llkGgaYzLFY9q3VGJBtZ/mt87RmVVGKIyULWlQrv6eSLHQeiYC2ymwmehlLxP/8/qJCW/9lMk4MVSSxaIw4chEKHscjZiixPCZJZgoZm9FZIIVJsbGU7EheMsvr5LOZd27qrut61rjroijDCdwCufgwQ004AGa0AYCE3iGV3hzhPPivDsfi9aSU8wcwx84nz8qCY2n</latexit>

⇤
<latexit sha1_base64="Nz6aF8F5pGEVg4CvNbJ5BmTvEVI=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5KooMeiFw8eKlhbaEPZbDbt0s0m7L4IJfRHePGgiFd/jzf/jds2B20dWBhm5rHvTZBKYdB1v53Syura+kZ5s7K1vbO7V90/eDRJphlvsUQmuhNQw6VQvIUCJe+kmtM4kLwdjG6mfvuJayMS9YDjlPsxHSgRCUbRSu3enY2GtF+tuXV3BrJMvILUoECzX/3qhQnLYq6QSWpM13NT9HOqUTDJJ5VeZnhK2YgOeNdSRWNu/Hy27oScWCUkUaLtU0hm6u+JnMbGjOPAJmOKQ7PoTcX/vG6G0ZWfC5VmyBWbfxRlkmBCpreTUGjOUI4toUwLuythQ6opQ9tQxZbgLZ68TB7P6t553b2/qDWuizrKcATHcAoeXEIDbqEJLWAwgmd4hTcndV6cd+djHi05xcwh/IHz+QMMT49f</latexit>

Goal: sample from the posterior Y[0,T ], Z[0,T ] | x[1,N ].
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Model & Motivation

0
<latexit sha1_base64="wr5BFG1ada4v7vBKMeLQHxqtPjw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBecOMtg==</latexit> T<latexit sha1_base64="ivtZ/SWWmDp+IaHldVvzVMqYHrU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdVdz6dbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+wU4za</latexit>

t1<latexit sha1_base64="YJnlMLHwvthghnJEQRCs9TwhK4c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1W3ftapX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwZCjZ4=</latexit>

t2<latexit sha1_base64="Z5zAWrQFY0hLwRAwvN5ma8Py2YM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1U3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwfGjZ8=</latexit>

t3<latexit sha1_base64="mb7YldY9SzP0hHBDG0TtCCsusGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwlKjaA=</latexit>

Time
<latexit sha1_base64="X28I7wJi1o7XatneKgjU3rdMK24=">AAAB9HicbVBNTwIxFHyLX4hfqEcvG4mJJ7KrJnokevGICSAJbEi3PKCh7a5tl4Rs+B1ePGiMV3+MN/+NXdiDgpM0mcy8lzedMOZMG8/7dgpr6xubW8Xt0s7u3v5B+fCopaNEUWzSiEeqHRKNnElsGmY4tmOFRIQcH8PxXeY/TlBpFsmGmcYYCDKUbMAoMVYKuoKYkRJpgwmc9coVr+rN4a4SPycVyFHvlb+6/YgmAqWhnGjd8b3YBClRhlGOs1I30RgTOiZD7FgqiUAdpPPQM/fMKn13ECn7pHHn6u+NlAitpyK0k1lIvexl4n9eJzGDmyBlMk4MSro4NEi4ayI3a8DtM4XU8KklhCpms7p0RBShxvZUsiX4y19eJa2Lqn9Z9R6uKrXbvI4inMApnIMP11CDe6hDEyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wdEd5Jq</latexit>

X1
<latexit sha1_base64="et0sLiH8xRlr/5QqV5XATgqjn50=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ol7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+y6t7XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDbi42C</latexit>

X2
<latexit sha1_base64="ZnB8FF57+Mj2VUwWGoUmhdN6mWE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+i6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHdD42D</latexit>

X3
<latexit sha1_base64="6xvoB0fH0fCgOe3Q28mCvaKOIKE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6t6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHek42E</latexit>

Y (0)
<latexit sha1_base64="ipcuuGAzF25Sybx89gJQ/8aX6UY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFfRY9OKxgv2QdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hk0mPVPR+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Zp7f1lp3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kD67eNfg==</latexit>

Y (T )
<latexit sha1_base64="NjUwn9kDPRKHPKMgMESflRN4OUA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYoV/SLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mPVab54Nyxa25c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraFzXvsuY+XFXqt3kcRTiBU6iCB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AInqNog==</latexit>

Y (t1)
<latexit sha1_base64="aFmaZcJpAf+/TE12h5LxWcImC0c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6SLGF2MknGzM4uM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqHscx90M6UKIvGEUrNR7K2PVOu8WSW3FnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn86unZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjaggg3BW3x5mTTOKt55xb27KFWvszjycATHUAYPLqEKt1CDOjB4hGd4hTcncl6cd+dj3ppzsplD+APn8wd6GI5m</latexit>

Y (t2)
<latexit sha1_base64="5Z5l0P9xDJQekV2K3LhV9i+KKts=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvXiMYB6SLGF2MpuMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSK4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYVSqKatTJZRuhcQwwSWrI0fBWolmJA4Fa4bDm6nffGLacCXvcZSwICZ9ySNOCVqp8VDG7tlpt1jyKt4M7jLxM1KCDLVu8avTUzSNmUQqiDFt30swGBONnAo2KXRSwxJCh6TP2pZKEjMTjGfXTtwTq/TcSGlbEt2Z+ntiTGJjRnFoO2OCA7PoTcX/vHaK0VUw5jJJkUk6XxSlwkXlTl93e1wzimJkCaGa21tdOiCaULQBFWwI/uLLy6RxVvHPK97dRal6ncWRhyM4hjL4cAlVuIUa1IHCIzzDK7w5ynlx3p2PeWvOyWYO4Q+czx97nY5n</latexit>

Y (t3)
<latexit sha1_base64="6Ini6z4knUjZeVv84LBS9aJaw4w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJewaQY9BLx4jmIckS5idTJIxs7PLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyJ1j+OY+yEdKNEXjKKVGg8l7FbOuoWiW3ZnIMvEy0gRMtS6ha9OL2JJyBUySY1pe26Mfko1Cib5JN9JDI8pG9EBb1uqaMiNn86unZBTq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjagvA3BW3x5mTTOy16l7N5dFKvXWRw5OIYTKIEHl1CFW6hBHRg8wjO8wpsTOS/Ou/Mxb11xspkj+APn8wd9Io5o</latexit>

Z(0)
<latexit sha1_base64="DBC9rRKZjySsdb0pPefNOdidwrg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFfRY9OKxgv3AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hk0mPVPR+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Zp7f1lp3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kD7T6Nfw==</latexit>

Z(T )
<latexit sha1_base64="Kb5CJ/gpx4SfWeaEQW9Ei+kf2s0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYoV/YLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mPVab54Nyxa25c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraFzXvsuY+XFXqt3kcRTiBU6iCB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AJAGNow==</latexit>

Z(t1)
<latexit sha1_base64="IvFiBc7kaosAWJEX0AmKrdtKhgQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6YLGF2MknGzM4uM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqHscx90M6UKIvGEUrNR7K2PVOu8WSW3FnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn86unZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjaggg3BW3x5mTTOKt55xb27KFWvszjycATHUAYPLqEKt1CDOjB4hGd4hTcncl6cd+dj3ppzsplD+APn8wd7oY5n</latexit>

Z(t2)
<latexit sha1_base64="bcxpJRgnSABOoqKPaoyWOkhyoA8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvXiMYB6YLGF2MpuMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSK4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYVSqKatTJZRuhcQwwSWrI0fBWolmJA4Fa4bDm6nffGLacCXvcZSwICZ9ySNOCVqp8VDG7tlpt1jyKt4M7jLxM1KCDLVu8avTUzSNmUQqiDFt30swGBONnAo2KXRSwxJCh6TP2pZKEjMTjGfXTtwTq/TcSGlbEt2Z+ntiTGJjRnFoO2OCA7PoTcX/vHaK0VUw5jJJkUk6XxSlwkXlTl93e1wzimJkCaGa21tdOiCaULQBFWwI/uLLy6RxVvHPK97dRal6ncWRhyM4hjL4cAlVuIUa1IHCIzzDK7w5ynlx3p2PeWvOyWYO4Q+czx99Jo5o</latexit>

Z(t3)
<latexit sha1_base64="6HcXwGjPsEFsOMdGWJBNA238qoI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJewaQY9BLx4jmAcmS5idTJIxs7PLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyJ1j+OY+yEdKNEXjKKVGg8l7FbOuoWiW3ZnIMvEy0gRMtS6ha9OL2JJyBUySY1pe26Mfko1Cib5JN9JDI8pG9EBb1uqaMiNn86unZBTq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjagvA3BW3x5mTTOy16l7N5dFKvXWRw5OIYTKIEHl1CFW6hBHRg8wjO8wpsTOS/Ou/Mxb11xspkj+APn8wd+q45p</latexit>

f, Q
<latexit sha1_base64="pNKtsm1LlbtafSyAjEUB7fNl9is=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBT0WvXhswX5AG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3KQ5aOuDgcd7M8zMC2LOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpPACtYbVmlt3c6BV4hWkBgWaw+rXYBSRRFBpCMda9z03Nn6KlWGE03llkGgaYzLFY9q3VGJBtZ/mt87RmVVGKIyULWlQrv6eSLHQeiYC2ymwmehlLxP/8/qJCW/9lMk4MVSSxaIw4chEKHscjZiixPCZJZgoZm9FZIIVJsbGU7EheMsvr5LOZd27qrut61rjroijDCdwCufgwQ004AGa0AYCE3iGV3hzhPPivDsfi9aSU8wcwx84nz8qCY2n</latexit>

⇤
<latexit sha1_base64="Nz6aF8F5pGEVg4CvNbJ5BmTvEVI=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5KooMeiFw8eKlhbaEPZbDbt0s0m7L4IJfRHePGgiFd/jzf/jds2B20dWBhm5rHvTZBKYdB1v53Syura+kZ5s7K1vbO7V90/eDRJphlvsUQmuhNQw6VQvIUCJe+kmtM4kLwdjG6mfvuJayMS9YDjlPsxHSgRCUbRSu3enY2GtF+tuXV3BrJMvILUoECzX/3qhQnLYq6QSWpM13NT9HOqUTDJJ5VeZnhK2YgOeNdSRWNu/Hy27oScWCUkUaLtU0hm6u+JnMbGjOPAJmOKQ7PoTcX/vG6G0ZWfC5VmyBWbfxRlkmBCpreTUGjOUI4toUwLuythQ6opQ9tQxZbgLZ68TB7P6t553b2/qDWuizrKcATHcAoeXEIDbqEJLWAwgmd4hTcndV6cd+djHi05xcwh/IHz+QMMT49f</latexit>

Goal: sample from the posterior Y[0,T ], Z[0,T ] | x[1,N ].
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Gibbs Sampling

Y[0,T ] ∼ P(Y[0,T ] ∈ · | z[0,T ], x[1,N ], θ), (1)
Z[0,T ] ∼ P(Z[0,T ] ∈ · | y[0,T ], x[1,N ], θ), (2)

Θ ∼ P(Θ ∈ · | z[0,T ], y[0,T ], x[1,N ]). (3)
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Gibbs Sampling

Y[0,T ] ∼ P(Y[0,T ] ∈ · | z[0,T ], x[1,N ], θ), (1)
Z[0,T ] ∼ P(Z[0,T ] ∈ · | y[0,T ], x[1,N ], θ), (2)

Θ ∼ P(Θ ∈ · | z[0,T ], y[0,T ], x[1,N ]). (3)

(1) Conditional Diffusion
1. Backward filtering:

β(y, t) := p(x[k,N ] | y, t), tk ≥ t, ∂y log β(y, t) = −I(t)y + a(t),

d

dt
I = . . . ,

d

dt
a = . . .
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Gibbs Sampling

Y[0,T ] ∼ P(Y[0,T ] ∈ · | z[0,T ], x[1,N ], θ), (1)
Z[0,T ] ∼ P(Z[0,T ] ∈ · | y[0,T ], x[1,N ], θ), (2)

Θ ∼ P(Θ ∈ · | z[0,T ], y[0,T ], x[1,N ]). (3)

(1) Conditional Diffusion
1. Backward filtering
2. Forward sampling:

dY (t) = {f(Y (t), t) +D(t)∂y log β(Y (t), t)} dt+Q(t) dW (t),
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Gibbs Sampling

Y[0,T ] ∼ P(Y[0,T ] ∈ · | z[0,T ], x[1,N ], θ), (1)
Z[0,T ] ∼ P(Z[0,T ] ∈ · | y[0,T ], x[1,N ], θ), (2)

Θ ∼ P(Θ ∈ · | z[0,T ], y[0,T ], x[1,N ]). (3)

(2) Conditional Switching

1. Forward filtering
pf (z, t) := p(z, t | y[0,t])

dpf (z, t) = . . .
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Gibbs Sampling

Y[0,T ] ∼ P(Y[0,T ] ∈ · | z[0,T ], x[1,N ], θ), (1)
Z[0,T ] ∼ P(Z[0,T ] ∈ · | y[0,T ], x[1,N ], θ), (2)

Θ ∼ P(Θ ∈ · | z[0,T ], y[0,T ], x[1,N ]). (3)

(2) Conditional Switching

1. Forward filtering
2. Backward sampling

d

dt
ps(z, t) = −

∑
z′∈Z

Λ̃(z′, z, t)ps(z
′, t), Λ̃(z′, z, t) =

pf (z
′, t)

pf (z, t)
Λ(z, z′),

with condition ps(z, T ) = pf (z, T ).
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Gibbs Sampling

Y[0,T ] ∼ P(Y[0,T ] ∈ · | z[0,T ], x[1,N ], θ), (1)
Z[0,T ] ∼ P(Z[0,T ] ∈ · | y[0,T ], x[1,N ], θ), (2)

Θ ∼ P(Θ ∈ · | z[0,T ], y[0,T ], x[1,N ]). (3)

(3) Parameters
Conjugate priors → hyperparameter updates
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Gibbs Sampling Sketch

0
<latexit sha1_base64="wr5BFG1ada4v7vBKMeLQHxqtPjw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBecOMtg==</latexit> T<latexit sha1_base64="ivtZ/SWWmDp+IaHldVvzVMqYHrU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68dhCv6ANZbOdtGs3m7C7EUroL/DiQRGv/iRv/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYzvZ377CZXmsWyYSYJ+RIeSh5xRY6V6o18quxV3DrJKvJyUIUetX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/dErOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/9jMskNSjZYlGYCmJiMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdoQvOWXV0nrsuJdVdz6dbl6l8dRgFM4gwvw4Aaq8AA1aAIDhGd4hTfn0Xlx3p2PReuak8+cwB84nz+wU4za</latexit>

t1
<latexit sha1_base64="YJnlMLHwvthghnJEQRCs9TwhK4c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1W3ftapX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwZCjZ4=</latexit>

t2
<latexit sha1_base64="Z5zAWrQFY0hLwRAwvN5ma8Py2YM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1U3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwfGjZ8=</latexit>

t3
<latexit sha1_base64="mb7YldY9SzP0hHBDG0TtCCsusGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwlKjaA=</latexit>

Time
<latexit sha1_base64="X28I7wJi1o7XatneKgjU3rdMK24=">AAAB9HicbVBNTwIxFHyLX4hfqEcvG4mJJ7KrJnokevGICSAJbEi3PKCh7a5tl4Rs+B1ePGiMV3+MN/+NXdiDgpM0mcy8lzedMOZMG8/7dgpr6xubW8Xt0s7u3v5B+fCopaNEUWzSiEeqHRKNnElsGmY4tmOFRIQcH8PxXeY/TlBpFsmGmcYYCDKUbMAoMVYKuoKYkRJpgwmc9coVr+rN4a4SPycVyFHvlb+6/YgmAqWhnGjd8b3YBClRhlGOs1I30RgTOiZD7FgqiUAdpPPQM/fMKn13ECn7pHHn6u+NlAitpyK0k1lIvexl4n9eJzGDmyBlMk4MSro4NEi4ayI3a8DtM4XU8KklhCpms7p0RBShxvZUsiX4y19eJa2Lqn9Z9R6uKrXbvI4inMApnIMP11CDe6hDEyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wdEd5Jq</latexit>

X1
<latexit sha1_base64="et0sLiH8xRlr/5QqV5XATgqjn50=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Ol7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+y6t7XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDbi42C</latexit>

X2
<latexit sha1_base64="ZnB8FF57+Mj2VUwWGoUmhdN6mWE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+i6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHdD42D</latexit>

X3
<latexit sha1_base64="6xvoB0fH0fCgOe3Q28mCvaKOIKE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6t6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHek42E</latexit>

Y (0)
<latexit sha1_base64="ipcuuGAzF25Sybx89gJQ/8aX6UY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFfRY9OKxgv2QdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hk0mPVPR+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Zp7f1lp3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kD67eNfg==</latexit>

Y (T )
<latexit sha1_base64="NjUwn9kDPRKHPKMgMESflRN4OUA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYoV/SLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mPVab54Nyxa25c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraFzXvsuY+XFXqt3kcRTiBU6iCB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AInqNog==</latexit>

Y (t1)
<latexit sha1_base64="aFmaZcJpAf+/TE12h5LxWcImC0c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6SLGF2MknGzM4uM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqHscx90M6UKIvGEUrNR7K2PVOu8WSW3FnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn86unZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjaggg3BW3x5mTTOKt55xb27KFWvszjycATHUAYPLqEKt1CDOjB4hGd4hTcncl6cd+dj3ppzsplD+APn8wd6GI5m</latexit>

Y (t2)
<latexit sha1_base64="5Z5l0P9xDJQekV2K3LhV9i+KKts=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvXiMYB6SLGF2MpuMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSK4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYVSqKatTJZRuhcQwwSWrI0fBWolmJA4Fa4bDm6nffGLacCXvcZSwICZ9ySNOCVqp8VDG7tlpt1jyKt4M7jLxM1KCDLVu8avTUzSNmUQqiDFt30swGBONnAo2KXRSwxJCh6TP2pZKEjMTjGfXTtwTq/TcSGlbEt2Z+ntiTGJjRnFoO2OCA7PoTcX/vHaK0VUw5jJJkUk6XxSlwkXlTl93e1wzimJkCaGa21tdOiCaULQBFWwI/uLLy6RxVvHPK97dRal6ncWRhyM4hjL4cAlVuIUa1IHCIzzDK7w5ynlx3p2PeWvOyWYO4Q+czx97nY5n</latexit>

Y (t3)
<latexit sha1_base64="6Ini6z4knUjZeVv84LBS9aJaw4w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJewaQY9BLx4jmIckS5idTJIxs7PLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyJ1j+OY+yEdKNEXjKKVGg8l7FbOuoWiW3ZnIMvEy0gRMtS6ha9OL2JJyBUySY1pe26Mfko1Cib5JN9JDI8pG9EBb1uqaMiNn86unZBTq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjagvA3BW3x5mTTOy16l7N5dFKvXWRw5OIYTKIEHl1CFW6hBHRg8wjO8wpsTOS/Ou/Mxb11xspkj+APn8wd9Io5o</latexit>

Z(0)
<latexit sha1_base64="DBC9rRKZjySsdb0pPefNOdidwrg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFfRY9OKxgv3AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hk0mPVPR+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Zp7f1lp3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kD7T6Nfw==</latexit>

Z(T )
<latexit sha1_base64="Kb5CJ/gpx4SfWeaEQW9Ei+kf2s0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYoV/YLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucv8zhNVmkWyaaYx9QUeSRYygk0mPVab54Nyxa25c6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraFzXvsuY+XFXqt3kcRTiBU6iCB9dQh3toQAsIjOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AJAGNow==</latexit>

Z(t1)
<latexit sha1_base64="IvFiBc7kaosAWJEX0AmKrdtKhgQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBT0GvXiMYB6YLGF2MknGzM4uM71CWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqHscx90M6UKIvGEUrNR7K2PVOu8WSW3FnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn86unZATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjaggg3BW3x5mTTOKt55xb27KFWvszjycATHUAYPLqEKt1CDOjB4hGd4hTcncl6cd+dj3ppzsplD+APn8wd7oY5n</latexit>

Z(t2)
<latexit sha1_base64="bcxpJRgnSABOoqKPaoyWOkhyoA8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvXiMYB6YLGF2MpuMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSK4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYVSqKatTJZRuhcQwwSWrI0fBWolmJA4Fa4bDm6nffGLacCXvcZSwICZ9ySNOCVqp8VDG7tlpt1jyKt4M7jLxM1KCDLVu8avTUzSNmUQqiDFt30swGBONnAo2KXRSwxJCh6TP2pZKEjMTjGfXTtwTq/TcSGlbEt2Z+ntiTGJjRnFoO2OCA7PoTcX/vHaK0VUw5jJJkUk6XxSlwkXlTl93e1wzimJkCaGa21tdOiCaULQBFWwI/uLLy6RxVvHPK97dRal6ncWRhyM4hjL4cAlVuIUa1IHCIzzDK7w5ynlx3p2PeWvOyWYO4Q+czx99Jo5o</latexit>

Z(t3)
<latexit sha1_base64="6HcXwGjPsEFsOMdGWJBNA238qoI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJewaQY9BLx4jmAcmS5idTJIxs7PLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+84lrIyJ1j+OY+yEdKNEXjKKVGg8l7FbOuoWiW3ZnIMvEy0gRMtS6ha9OL2JJyBUySY1pe26Mfko1Cib5JN9JDI8pG9EBb1uqaMiNn86unZBTq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/pWfChUnyBWbL+onkmBEpq+TntCcoRxbQpkW9lbChlRThjagvA3BW3x5mTTOy16l7N5dFKvXWRw5OIYTKIEHl1CFW6hBHRg8wjO8wpsTOS/Ou/Mxb11xspkj+APn8wd+q45p</latexit>

                                                               3. Filter forward pf (z, t) | y[0,T ]
<latexit sha1_base64="dTuVPDoq7ZPdP5BkDy1KUS3ScEE="></latexit>

<latexit sha1_base64="uWL10Vr2TLfyuUscn4Ku7a5i5jY="></latexit>

1. Filter backward �(y, t) | z[0,T ], x[1,N ]

<latexit sha1_base64="t1wwcpy1xkCOZ9dGyj1OngJIu6k="></latexit>

2. Sample forward Y[0,T ] | z[0,T ], �(y, t)

<latexit sha1_base64="flJoMIsAqJYYQ/p85XlpG++XRFo="></latexit>

4. Sample backward Z[0,T ] | pf (z, t)
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Experiments
Model Validation on Ground-Truth Data
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Experiments
Inferring Gene-Switching Dynamics
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Summary

We present the first sampling-based path-space inference scheme for
switching MJP-SDEs
Sampling yields accurate results for posterior paths and parameters
Application to real-world problem shows practical utility
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Thank you for your attention.
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