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Central challenge: finding model parameters

prior simulated data density estimator posterior
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Naive approach 

• find single best-fitting parameters


- hand tuning
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Central challenge: finding model parameters

prior simulated data density estimator posterior
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Principled approach: Bayesian inference

Thomas Bayes 1701-61

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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Principled approach: Bayesian inference

• data  and parameters  are random variablesx θ

Thomas Bayes 1701-61

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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Principled approach: Bayesian inference

• data  and parameters  are random variablesx θ

• goal: infer a distribution over parameters p(θ |x)

Thomas Bayes 1701-61

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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Principled approach: Bayesian inference

• data  and parameters  are random variablesx θ

• goal: infer a distribution over parameters p(θ |x)

- characterizes all suitable parameters

Thomas Bayes 1701-61

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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Principled approach: Bayesian inference

• data  and parameters  are random variablesx θ

• goal: infer a distribution over parameters p(θ |x)

- characterizes all suitable parameters

- quantifies uncertainty

Thomas Bayes 1701-61

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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Principled approach: Bayesian inference

• data  and parameters  are random variablesx θ

• goal: infer a distribution over parameters p(θ |x)

- characterizes all suitable parameters

- quantifies uncertainty

• Bayes’ rule:  Thomas Bayes 1701-61

p(θ |x) ∝ p(x |θ) p(θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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Principled approach: Bayesian inference

• data  and parameters  are random variablesx θ

• goal: infer a distribution over parameters p(θ |x)

- characterizes all suitable parameters

- quantifies uncertainty

• Bayes’ rule:  Thomas Bayes 1701-61

p(θ |x) ∝ p(x |θ) p(θ)“posterior”

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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Principled approach: Bayesian inference

• data  and parameters  are random variablesx θ

• goal: infer a distribution over parameters p(θ |x)

- characterizes all suitable parameters

- quantifies uncertainty

• Bayes’ rule:  Thomas Bayes 1701-61

p(θ |x) ∝ p(x |θ) p(θ)“posterior”

“prior”

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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Principled approach: Bayesian inference

• data  and parameters  are random variablesx θ

• goal: infer a distribution over parameters p(θ |x)

- characterizes all suitable parameters

- quantifies uncertainty

• Bayes’ rule:  Thomas Bayes 1701-61

p(θ |x) ∝ p(x |θ) p(θ)“posterior”

“likelihood” “prior”

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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p(θ |x) ∝

Bayesian inference for simulation-based models

p(x |θ) p(θ)



7

p(θ |x) ∝

parameters θprior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

θ ∼ p(θ)

Bayesian inference for simulation-based models

p(x |θ) p(θ)
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p(θ |x) ∝

parameters θ data x
simulation (forward model)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

θ ∼ p(θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

x ∼ p(x |θ)

Bayesian inference for simulation-based models

p(x |θ) p(θ)
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p(θ |x) ∝

parameters θ data x
simulation (forward model)

inference (inverse model)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

x ∼ p(x |θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Bayesian inference for simulation-based models

p(x |θ) p(θ)
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parameters θ data x
forward model

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

x ∼ p(x |θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Simulation-based Bayesian inference (SBI)

p(θ |x) ∝ p(x |θ) p(θ)
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parameters θ data x
forward model

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

x ∼ p(x |θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Simulation-based Bayesian inference (SBI)

p(θ |x) ∝ p(x |θ) p(θ)
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parameters θ data x
forward model

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

x ∼ p(x |θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Simulation-based Bayesian inference (SBI)

p(θ |x) ∝ p(x |θ) p(θ)
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parameters θ data x
forward model

use machine learning to perform inference

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

x ∼ p(x |θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Simulation-based Bayesian inference (SBI)

p(θ |x) ∝ p(x |θ) p(θ)



prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

8

parameters θ data x
forward model

use machine learning to perform inference

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

x ∼ p(x |θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Simulation-based Bayesian inference (SBI)

{(θ1, x1), (θ2, x2), …}
training data

p(θ |x) ∝ p(x |θ) p(θ)



prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

8

parameters θ data x
forward model

use machine learning to perform inference

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
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xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

x ∼ p(x |θ)

prior simulated data density estimator posterior
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argmin
�

L(�)
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xi ⇠ p(x|✓i)
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✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ
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dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Simulation-based Bayesian inference (SBI)

{(θ1, x1), (θ2, x2), …}
training data

p(θ |x) ∝ p(x |θ) p(θ)
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Studying decision-making in the brain

• Start simple: perceptual decision-making

• Random dot motion task

• Behavioral data: 

- reaction times and choices 

- x = (r, c)

• Neural data: recordings from single cells

Newsome & Pare, 1988; Roitmann & Shadlen, 2002; Sanchez 201411



A computational model for decision-making

data: 

Newsome & Pare, 1988; Roitmann & Shadlen, 200212
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data: 
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A computational model for decision-making

data: 

• reaction times and choices (+neural data)

x = (r, c)
• many repetitions (trials)

X = {rj, cj}M
j=1

Newsome & Pare, 1988; Roitmann & Shadlen, 200212

model: Drift-Diffusion Model (DDM)
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A computational model for decision-making

data: 

• reaction times and choices (+neural data)

x = (r, c)
• many repetitions (trials)

X = {rj, cj}M
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Newsome & Pare, 1988; Roitmann & Shadlen, 200212
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dY = v dt + σ dW

drift  (sensory evidence)v

boundary a

offset w

non-decision time τ

θ = [v, a, w, τ]
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p(θ |Xo) ∝ p(Xo |θ) p(θ)

parameters θ data X
forward model

Bayesian inference for the drift-diffusion model

Xo = {rj, cj}M
j=1
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<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

θ ∼ p(θ)
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p(θ |Xo) ∝ p(Xo |θ) p(θ)

parameters θ data X
forward model

simulation-based inference

Bayesian inference for the drift-diffusion model

{(θ1, X1), (θ2, X2), …}
training data

Xo = {rj, cj}M
j=1



prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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p(θ |Xo) ∝ p(Xo |θ) p(θ)

parameters θ data X
forward model

simulation-based inference

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Bayesian inference for the drift-diffusion model

{(θ1, X1), (θ2, X2), …}
training data

Xo = {rj, cj}M
j=1



prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

a b
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p(θ |Xo) ∝ p(Xo |θ) p(θ)

parameters θ data X
forward model

simulation-based inference

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Bayesian inference for the drift-diffusion model

{(θ1, X1), (θ2, X2), …}
training data

Xo = {rj, cj}M
j=1



prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

a b

drift (v
)

time

de
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nd
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fs
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 (w

)
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p(θ |Xo) ∝ p(Xo |θ) p(θ)

parameters θ data X
forward model

simulation-based inference

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Bayesian inference for the drift-diffusion model

{(θ1, X1), (θ2, X2), …}
training data

Xo = {rj, cj}M
j=1
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Neural Likelihood Estimation (NLE)
prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

{θi, xi}N
i=1θi ∼ p(θ)
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Neural Likelihood Estimation (NLE)

• train an artificial neural network (NN) to approximate the likelihood

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

{θi, xi}N
i=1θi ∼ p(θ)



14 Wood, 2010; Blum et al. 2010; Papamakarios et al. 2016, 2018

Neural Likelihood Estimation (NLE)

• train an artificial neural network (NN) to approximate the likelihood

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

{θi, xi}N
i=1

θi →

θi ∼ p(θ)



14 Wood, 2010; Blum et al. 2010; Papamakarios et al. 2016, 2018

Neural Likelihood Estimation (NLE)

• train an artificial neural network (NN) to approximate the likelihood

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

{θi, xi}N
i=1

θi → → qϕ(x |θi)

θi ∼ p(θ)



14 Wood, 2010; Blum et al. 2010; Papamakarios et al. 2016, 2018

Neural Likelihood Estimation (NLE)

• train an artificial neural network (NN) to approximate the likelihood

• use Markov Chain Monte Carlo (MCMC) to obtain posterior samples

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

{θi, xi}N
i=1

θi → → qϕ(x |θi)

p(θ |xo) ∝ q(xo |θ) p(θ)
θ ∼ ̂p(θ |xo)

θi ∼ p(θ)



Goals for SBI on DDMs 

• Be efficient: few training simulations


• Be flexible: infer different numbers of trials

Advantage of NLE

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

θi → → qϕ(r, c |θi)

Neural Likelihood Estimation for the DDM
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θi → → xj = {r, c}

Boelts et al. 2022



Goals for SBI on DDMs 

• Be efficient: few training simulations


• Be flexible: infer different numbers of trials

Advantage of NLE

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

θi → → qϕ(r, c |θi)

Neural Likelihood Estimation for the DDM
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Goals for SBI on DDMs 

• Be efficient: few training simulations


• Be flexible: infer different numbers of trials

Advantage of NLE

• train on single trials

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

θi → → qϕ(r, c |θi)

Neural Likelihood Estimation for the DDM
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Goals for SBI on DDMs 

• Be efficient: few training simulations


• Be flexible: infer different numbers of trials

Advantage of NLE

• train on single trials

• inference with many trials

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

θi → → qϕ(r, c |θi)

Neural Likelihood Estimation for the DDM
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Goals for SBI on DDMs 

• Be efficient: few training simulations


• Be flexible: infer different numbers of trials

Advantage of NLE 

• train on single trials 

• inference with many trials 

• assume trials are independent:  
 
“i.i.d.-assumption”

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

θi → → qϕ(r, c |θi)

M

∏
j=1

qϕ(xj |θ)

Neural Likelihood Estimation for the DDM
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prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>
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           Challenge

• Density estimation for mixed data

•     r ∈ ℝ c ∈ ℕ

• continuous reaction times (time)

• discrete choices (left, right)

→ qϕ(r, c |θi)

Neural Likelihood Estimation for the DDM
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Boelts et al. 2022; Fengler et al. 202117

Compare likelihood accuracy of MNLE:

• analytical solution

• Likelihood Approximation Networks (LAN)

−105

−108

−1011

−105

Compare simulation efficiency 

• MNLE needs 100,000 simulations !

• LAN needs 100,000,000,000 simulations "
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Summary: SBI for decision-making research

Boelts et al. 202219

• MNLE enables SBI for simulators with mixed data

• Ideal for decision-making research with many-trial data

• High simulation efficiency: inference beyond canonical DDMs
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Connectomics:  
unraveling the connectivity of the brain

21

• How do connectivity patterns emerge? 

• Are there general wiring rules that determine the connectivity patterns?

Wikipedia; Google / Lichtman lab; Winding et al. 2023

macroscale connectomics microscale connectomics connectivity matrix
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A computer model of the rat barrel cortex

22 Egger et al. 2014; Udvary et al. 2022

• Model contains only structure, no connections

• Provides a testing ground for wiring rules

rat barrel cortex reconstruction of neurons 3D model of the barrel cortex
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• Calculate DSO for every neuron pair in the model

A structural wiring rule for the barrel cortex

Dense Structural Overlap (DSO)
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• Calculate DSO for every neuron pair in the model

• Draw connections from DSO probabilities:      c ∼ Poisson( DSO(θ) )

A structural wiring rule for the barrel cortex

Dense Structural Overlap (DSO)

boutons spines

neighboring  
spines

Thalamus
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Testing the DSO rule with empirical data

Boelts et al. 2023; Bruno & Sakmann, 2006; Constantinopel & Bruno, 201324

Which empirical data do we have for the barrel cortex? Connection counts from paired recordings
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θ ∼ p(θ)
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p(θ |x) ∝ p(x |θ) p(θ)

parameters θ data x
forward model

Bayesian inference for wiring rules
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f(✓)

θ ∼ p(θ)
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p(θ |x) ∝ p(x |θ) p(θ)

parameters θ data x
forward model

Bayesian inference for wiring rules



prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

θ ∼ p(θ)prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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p(θ |x) ∝ p(x |θ) p(θ)

parameters θ data x
forward model

simulation-based inference

Bayesian inference for wiring rules

{(θ1, x1), (θ2, x2), …}
training data



prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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p(θ |x) ∝ p(x |θ) p(θ)

parameters θ data x
forward model

simulation-based inference

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

p(θ |x)

Bayesian inference for wiring rules

{(θ1, x1), (θ2, x2), …}
training data
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• train an artificial neural network (NN) to approximate the posterior

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

{θi, xi}N
i=1

Wood, 2010; Blum et al. 2010; Papamakarios et al. 2016, 2018

Neural Posterior Estimation (NPE)

θi ∼ p(θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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• train an artificial neural network (NN) to approximate the posterior

• NN can be sampled directly

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

{θi, xi}N
i=1

Wood, 2010; Blum et al. 2010; Papamakarios et al. 2016, 2018

Neural Posterior Estimation (NPE)

θi ∼ p(θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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• train an artificial neural network (NN) to approximate the posterior

• NN can be sampled directly

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

{θi, xi}N
i=1

xi →

Wood, 2010; Blum et al. 2010; Papamakarios et al. 2016, 2018

Neural Posterior Estimation (NPE)

θi ∼ p(θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)



prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

26

• train an artificial neural network (NN) to approximate the posterior

• NN can be sampled directly

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)

{θi, xi}N
i=1

xi → → qϕ(θ |xi)

Wood, 2010; Blum et al. 2010; Papamakarios et al. 2016, 2018

Neural Posterior Estimation (NPE)

θi ∼ p(θ)

prior simulated data density estimator posterior

<latexit sha1_base64="3S58yHVvjZQ1/Y3UE++cwlTLaSE=">AAACGXicbVDLSgMxFM3UV62vUZduokWoIGVGRAU3BTcuXFSwD2iGksmkbWgmMyQZoQzzG278FTcuFHGpK//GTDsLrR4IHM45l9x7/JgzpR3nyyotLC4tr5RXK2vrG5tb9vZOW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv++Cr3O/dUKhaJOz2JqRfioWADRrA2Ut92UCIC41OdonjEshRhOUT7KGQig+gSohDrEcE8vclqeeCob1edujMF/EvcglRBgWbf/kBBRJKQCk04VqrnOrH2Uiw1I5xmFZQoGmMyxkPaM1TgkCovnV6WwUOjBHAQSfOEhlP150SKQ6UmoW+S+aJq3svF/7xeogcXXspEnGgqyOyjQcKhjmBeEwyYpETziSGYSGZ2hWSEJSbalFUxJbjzJ/8l7ZO6e1Z3b0+rjeOijjLYAwegBlxwDhrgGjRBCxDwAJ7AC3i1Hq1n6816n0VLVjGzC37B+vwG5qugwA==</latexit>

argmin
�

L(�)
<latexit sha1_base64="Kv5ZtZYzMq3aKAgzE+pHGasXDv8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlwY3LCvYBTQiT6aQdOnkwcyMtsW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8RHAFlvVtFJaWV1bXiuuljc2t7R1zd6+p4lRS1qCxiGXbJ4oJHrEGcBCsnUhGQl+wlj+4nviteyYVj6M7GCXMDUkv4gGnBLTkmQdDj2NH8RAnlSF+wA70GRCPn3hm2apaU+BFYuekjHLUPfPL6cY0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTD8b4WCtdHMRSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJIbhyMx4lKbCIzhYFqcAQ40kcuMsloyBGmhAqub4V0z6RhIIOraRDsOdfXiTNs6p9UbVvz8u10zyOIjpER6iCbHSJaugG1VEDUfSIntErejOejBfj3fiYtRaMfGYf/YHx+QP3hpXf</latexit>

xi ⇠ p(x|✓i)
<latexit sha1_base64="ngPCJPq1liX2LZId+3fKuF7xMYc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIqIuC25cVrAPaEKYTCft0MkkzNwIJXTjr7hxoYhbP8Odf+O0zUJbD1w4c869zL0nTAXX4DjfVmlldW19o7xZ2dre2d2z9w/aOskUZS2aiER1Q6KZ4JK1gINg3VQxEoeCdcLR7dTvPDKleSIfYJwyPyYDySNOCRgpsI88GDIgAcee5jFOa/P3WWBXnbozA14mbkGqqEAzsL+8fkKzmEmggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkqScy0n88OmOBTo/RxlChTEvBM/T2Rk1jrcRyazpjAUC96U/E/r5dBdOPnXKYZMEnnH0WZwJDgaRq4zxWjIMaGEKq42RXTIVGEgsmsYkJwF09eJu2LuntVd+8vq43zIo4yOkYnqIZcdI0a6A41UQtRNEHP6BW9WU/Wi/VufcxbS1Yxc4j+wPr8Ac2KldM=</latexit>

✓i ⇠ p(✓)
<latexit sha1_base64="eLtCuQ4f2lrfwNmF7ZEmwdwbYl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNRlwY3LCvYBTQiT6bQZOnk4cyOWtAt/xY0LRdz6G+78G6dtFtp64MLhnHu59x4/EVyBZX0bhaXlldW14nppY3Nre8fc3WuqOJWUNWgsYtn2iWKCR6wBHARrJ5KR0Bes5Q+uJ37rgUnF4+gOhglzQ9KPeI9TAlryzIN7L3OSgI8rDgQMCB7hRy8+8cyyVbWmwIvEzkkZ5ah75pfTjWkasgioIEp1bCsBNyMSOBVsXHJSxRJCB6TPOppGJGTKzab3j/GxVrq4F0tdEeCp+nsiI6FSw9DXnSGBQM17E/E/r5NC78rNeJSkwCI6W9RLBYYYT8LAXS4ZBTHUhFDJ9a2YBkQSCjqykg7Bnn95kTTPqvZF1b49L9dO8ziK6BAdoQqy0SWqoRtURw1E0Qg9o1f0ZjwZL8a78TFrLRj5zD76A+PzB2fhlaE=</latexit>

q�(✓|xo)

<latexit sha1_base64="1/y6CgRy8oRIA3y+4W9LLAAHs/Q=">AAAB73icdVDLSgMxFM34rPVVdekmWAQXMiSl9rEruHFZwT6gHUomzbShmcw0yQhl6E+4caGIW3/HnX9jpq2gogcuHM65l3vv8WPBtUHow1lb39jc2s7t5Hf39g8OC0fHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k+vM79wzpXkk78wsZl5IRpIHnBJjpe50kPbjMZ8PCkXk4noFVWsQuaWrch2VMlIvY1yD2EULFMEKzUHhvT+MaBIyaaggWvcwio2XEmU4FWye7yeaxYROyIj1LJUkZNpLF/fO4blVhjCIlC1p4EL9PpGSUOtZ6NvOkJix/u1l4l9eLzFBzUu5jBPDJF0uChIBTQSz5+GQK0aNmFlCqOL2VkjHRBFqbER5G8LXp/B/0i65uOLi23KxcbmKIwdOwRm4ABhUQQPcgCZoAQoEeABP4NmZOo/Oi/O6bF1zVjMn4Aect0/QSZBt</latexit>q�
<latexit sha1_base64="Rrz+HUL8EHfVOSRaDh+mGNGVneo=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgQZadEPO4Bbx4jGBMILuE2clsMmT2wUyvEJb8hhcPinj1Z7z5N84mEVS0oKGo6qa7y0+k0OA4H1ZhbX1jc6u4XdrZ3ds/KB8e3ek4VYx3WSxj1fep5lJEvAsCJO8nitPQl7znT69yv3fPlRZxdAuzhHshHUciEIyCkVw3c2HCgQ6FOx+WK45NWnWn0cSOXb2stZxqTlo1QpqY2M4CFbRCZ1h+d0cxS0MeAZNU6wFxEvAyqkAwyeclN9U8oWxKx3xgaERDrr1scfMcnxllhINYmYoAL9TvExkNtZ6FvukMKUz0by8X//IGKQRNLxNRkgKP2HJRkEoMMc4DwCOhOAM5M4QyJcytmE2oogxMTCUTwten+H9yV7VJ3SY3tUr7YhVHEZ2gU3SOCGqgNrpGHdRFDCXoAT2hZyu1Hq0X63XZWrBWM8foB6y3T8EUkho=</latexit>

{✓i}
<latexit sha1_base64="1XpyU5lLRfmjAzq6ZPJrdixUCws=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgIQwzIWa5Bbx4jGAWyIShp9NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9Kqrq+bHgCmz7w8isrW9sbmW3czu7e/sHZv6wraJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/uZj7nRsmFY/Ca5jGrB+QUciHnBLQkmfm3dSFMQPi8SK+87g788yCbTn1il2tYdsqnZfrdmlO6mXHqWHHshcooBWanvnuDiKaBCwEKohSPceOoZ8SCZwKNsu5iWIxoRMyYj1NQxIw1U8Xp8/wqVYGeBhJXSHghfp9IiWBUtPA150BgbH67c3Fv7xeAsNaP+VhnAAL6XLRMBEYIjzPAQ+4ZBTEVBNCJde3YjomklDQaeV0CF+f4v9Ju2Q5Fcu5KhcaxVUcWXSMTtAZclAVNdAlaqIWougWPaAn9GzcG4/Gi/G6bM0Yq5kj9APG2ydkNZQJ</latexit>

{✓i, xi}

θ

<latexit sha1_base64="Rr/PPGcJY4UXHHSnw20e3Sdw9ko=">AAACAnicdVDJSgNBEO1xjXEb9SReGoMQL8NMiFkOQsCLxwhmgSSEnp6epEnPQneNGIbgxV/x4kERr36FN//GziKo6IOCx3tVVNVzY8EV2PaHsbS8srq2ntnIbm5t7+yae/tNFSWSsgaNRCTbLlFM8JA1gINg7VgyEriCtdzRxdRv3TCpeBRewzhmvYAMQu5zSkBLffOw60tCU+92knowwefYz3dhyICc9s2cbTnVkl2uYNsqnBWrdmFKqkXHqWDHsmfIoQXqffO960U0CVgIVBClOo4dQy8lEjgVbJLtJorFhI7IgHU0DUnAVC+dvTDBJ1rxsB9JXSHgmfp9IiWBUuPA1Z0BgaH67U3Fv7xOAn6ll/IwToCFdL7ITwSGCE/zwB6XjIIYa0Ko5PpWTIdEZwI6tawO4etT/D9pFiynZDlXxVwNL+LIoCN0jPLIQWVUQ5eojhqIojv0gJ7Qs3FvPBovxuu8dclYzBygHzDePgEIE5cZ</latexit>

dx

dt
= f(✓)

<latexit sha1_base64="a3ImDc76MWASXhD462PJyzmTkxQ=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjrreAF48RzCLJEHo6PUmT7p6hu0YIQ77CiwdFvPo53vwbe5Igrg8KHu9VUVUvTAQ34HnvTmFhcWl5pbhaWlvf2Nwqb+80TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRZe637pg2PFY3ME5YIMlA8YhTAla6japdGDIgh71yxXMvcpxg3/Wm+E0qaI56r/zW7cc0lUwBFcSYju8lEGREA6eCTUrd1LCE0BEZsI6likhmgmx68AQfWKWPo1jbUoCn6teJjEhjxjK0nZLA0Pz0cvEvr5NCdB5kXCUpMEVni6JUYIhx/j3uc80oiLElhGpub8V0SDShYDMq2RD+//2TNI9c/9T1r48rNTyPo4j20D6qIh+doRq6QnXUQBRJdI8e0ZOjnQfn2XmZtRac+cwu+gbn9QNzx5AV</latexit>

f(✓)
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Summary: SBI for connectomics

28

• Large amounts of data available


• Use parametrized wiring rules to test hypotheses


• SBI enables us to constrain and interpret the 
parameters efficiently

• Faster and more flexible exploration of hypotheses
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>40 contributors


~500 GitHub stars


>90,000 downloads
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1. New SBI method for mixed data 

• Inference for custom models of decision-making

2. SBI for connectomics 

• Efficient exploration of hypotheses about the connectome

3. SBI toolkit 

• Accessible SBI software tool for practitioners

Outlook:


• Trainings: applied AI’s SBI training


• Hackathons: 2024 Tübingen, 2025 Munich?


• Tutorial paper: Practitioners’ guide to SBI


• Industry applications

a b

drift (v
)

time

de
ci

si
on

 b
ou

nd
ar

y 
(a

)

of
fs

et
 (w

)



Acknowledgments

34



35


