
 

Theme 4: Theory-driven Approaches 
Organizers: Bill Cannon (PNNL), Paris Perdikaris (Penn)

Data

Computing

Theory-driven 
machine learning

Multi-scale 
predictive modeling

Dynamic model 
discovery

Theory

Disparate input 
modalities

xt
<latexit sha1_base64="G1QSu8nYWUmnFuh59xBHRtnY24A=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tDoOQKtyJoGXAxjKC+YDkCHubTbJkd+/YnRPDceBvsNXaTmz9K5b+EzfJFSbxwcDjvRlm5oWx4AY979spbGxube8Ud0t7+weHR+Xjk5aJEk1Zk0Yi0p2QGCa4Yk3kKFgn1ozIULB2OLmd+e1Hpg2P1ANOYxZIMlJ8yClBK3V6oUyfsj72yxWv5s3hrhM/JxXI0eiXf3qDiCaSKaSCGNP1vRiDlGjkVLCs1EsMiwmdkBHrWqqIZCZI5/dm7oVVBu4w0rYUunP170RKpDFTGdpOSXBsVr2Z+J/XTXB4E6RcxQkyRReLholwMXJnz7sDrhlFMbWEUM3trS4dE00o2oiWtoQys5n4qwmsk9Zlzfdq/v1VpV7N0ynCGZxDFXy4hjrcQQOaQEHAC7zCm/PsvDsfzueiteDkM6ewBOfrFzuAlrQ=</latexit><latexit sha1_base64="G1QSu8nYWUmnFuh59xBHRtnY24A=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tDoOQKtyJoGXAxjKC+YDkCHubTbJkd+/YnRPDceBvsNXaTmz9K5b+EzfJFSbxwcDjvRlm5oWx4AY979spbGxube8Ud0t7+weHR+Xjk5aJEk1Zk0Yi0p2QGCa4Yk3kKFgn1ozIULB2OLmd+e1Hpg2P1ANOYxZIMlJ8yClBK3V6oUyfsj72yxWv5s3hrhM/JxXI0eiXf3qDiCaSKaSCGNP1vRiDlGjkVLCs1EsMiwmdkBHrWqqIZCZI5/dm7oVVBu4w0rYUunP170RKpDFTGdpOSXBsVr2Z+J/XTXB4E6RcxQkyRReLholwMXJnz7sDrhlFMbWEUM3trS4dE00o2oiWtoQys5n4qwmsk9Zlzfdq/v1VpV7N0ynCGZxDFXy4hjrcQQOaQEHAC7zCm/PsvDsfzueiteDkM6ewBOfrFzuAlrQ=</latexit><latexit sha1_base64="G1QSu8nYWUmnFuh59xBHRtnY24A=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tDoOQKtyJoGXAxjKC+YDkCHubTbJkd+/YnRPDceBvsNXaTmz9K5b+EzfJFSbxwcDjvRlm5oWx4AY979spbGxube8Ud0t7+weHR+Xjk5aJEk1Zk0Yi0p2QGCa4Yk3kKFgn1ozIULB2OLmd+e1Hpg2P1ANOYxZIMlJ8yClBK3V6oUyfsj72yxWv5s3hrhM/JxXI0eiXf3qDiCaSKaSCGNP1vRiDlGjkVLCs1EsMiwmdkBHrWqqIZCZI5/dm7oVVBu4w0rYUunP170RKpDFTGdpOSXBsVr2Z+J/XTXB4E6RcxQkyRReLholwMXJnz7sDrhlFMbWEUM3trS4dE00o2oiWtoQys5n4qwmsk9Zlzfdq/v1VpV7N0ynCGZxDFXy4hjrcQQOaQEHAC7zCm/PsvDsfzueiteDkM6ewBOfrFzuAlrQ=</latexit><latexit sha1_base64="G1QSu8nYWUmnFuh59xBHRtnY24A=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tDoOQKtyJoGXAxjKC+YDkCHubTbJkd+/YnRPDceBvsNXaTmz9K5b+EzfJFSbxwcDjvRlm5oWx4AY979spbGxube8Ud0t7+weHR+Xjk5aJEk1Zk0Yi0p2QGCa4Yk3kKFgn1ozIULB2OLmd+e1Hpg2P1ANOYxZIMlJ8yClBK3V6oUyfsj72yxWv5s3hrhM/JxXI0eiXf3qDiCaSKaSCGNP1vRiDlGjkVLCs1EsMiwmdkBHrWqqIZCZI5/dm7oVVBu4w0rYUunP170RKpDFTGdpOSXBsVr2Z+J/XTXB4E6RcxQkyRReLholwMXJnz7sDrhlFMbWEUM3trS4dE00o2oiWtoQys5n4qwmsk9Zlzfdq/v1VpV7N0ynCGZxDFXy4hjrcQQOaQEHAC7zCm/PsvDsfzueiteDkM6ewBOfrFzuAlrQ=</latexit>

p(ut|xt)
<latexit sha1_base64="QbYrwzd1A3lLRkxf7L6JuuGimao=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUDclEUGXBTcuK9gLtCFMppN26MwkzEzEGvMKPoNbXbsTt76DS9/ESZuFbf3hwMd/zuEc/iBmVGnH+bZKK6tr6xvlzcrW9s7unr1/0FZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF/n/c49kYpG4k5PYuJxNBQ0pBhpY/n2UVzrBzxNMl8/5fBg4My3q07dmQoug1tAFRRq+vZPfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZFIgT5aXT7zN4apwBDCNpSmg4df9upIgrNeGBmeRIj9RiLzf/6/USHV55KRVxoonAs0NhwqCOYB4FHFBJsGYTAwhLan6FeIQkwtoENncl4JnJxF1MYBna53XXqbu3F9VGrUinDI7BCagBF1yCBrgBTdACGDyCF/AK3qxn6936sD5noyWr2DkEc7K+fgEH7JwF</latexit><latexit sha1_base64="QbYrwzd1A3lLRkxf7L6JuuGimao=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUDclEUGXBTcuK9gLtCFMppN26MwkzEzEGvMKPoNbXbsTt76DS9/ESZuFbf3hwMd/zuEc/iBmVGnH+bZKK6tr6xvlzcrW9s7unr1/0FZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF/n/c49kYpG4k5PYuJxNBQ0pBhpY/n2UVzrBzxNMl8/5fBg4My3q07dmQoug1tAFRRq+vZPfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZFIgT5aXT7zN4apwBDCNpSmg4df9upIgrNeGBmeRIj9RiLzf/6/USHV55KRVxoonAs0NhwqCOYB4FHFBJsGYTAwhLan6FeIQkwtoENncl4JnJxF1MYBna53XXqbu3F9VGrUinDI7BCagBF1yCBrgBTdACGDyCF/AK3qxn6936sD5noyWr2DkEc7K+fgEH7JwF</latexit><latexit sha1_base64="QbYrwzd1A3lLRkxf7L6JuuGimao=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUDclEUGXBTcuK9gLtCFMppN26MwkzEzEGvMKPoNbXbsTt76DS9/ESZuFbf3hwMd/zuEc/iBmVGnH+bZKK6tr6xvlzcrW9s7unr1/0FZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF/n/c49kYpG4k5PYuJxNBQ0pBhpY/n2UVzrBzxNMl8/5fBg4My3q07dmQoug1tAFRRq+vZPfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZFIgT5aXT7zN4apwBDCNpSmg4df9upIgrNeGBmeRIj9RiLzf/6/USHV55KRVxoonAs0NhwqCOYB4FHFBJsGYTAwhLan6FeIQkwtoENncl4JnJxF1MYBna53XXqbu3F9VGrUinDI7BCagBF1yCBrgBTdACGDyCF/AK3qxn6936sD5noyWr2DkEc7K+fgEH7JwF</latexit><latexit sha1_base64="QbYrwzd1A3lLRkxf7L6JuuGimao=">AAACDHicbZDLSsNAFIYn9VbrLV52bgaLUDclEUGXBTcuK9gLtCFMppN26MwkzEzEGvMKPoNbXbsTt76DS9/ESZuFbf3hwMd/zuEc/iBmVGnH+bZKK6tr6xvlzcrW9s7unr1/0FZRIjFp4YhFshsgRRgVpKWpZqQbS4J4wEgnGF/n/c49kYpG4k5PYuJxNBQ0pBhpY/n2UVzrBzxNMl8/5fBg4My3q07dmQoug1tAFRRq+vZPfxDhhBOhMUNK9Vwn1l6KpKaYkazSTxSJER6jIekZFIgT5aXT7zN4apwBDCNpSmg4df9upIgrNeGBmeRIj9RiLzf/6/USHV55KRVxoonAs0NhwqCOYB4FHFBJsGYTAwhLan6FeIQkwtoENncl4JnJxF1MYBna53XXqbu3F9VGrUinDI7BCagBF1yCBrgBTdACGDyCF/AK3qxn6936sD5noyWr2DkEc7K+fgEH7JwF</latexit>

states
<latexit sha1_base64="b6O5kDoKgqFXHJQY/MCbuXTytxM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGhInc0WpLYWGIiHwlcyN4yByu7d5fdORNywd9gq7WdsfW/WPpPXOAKAV8yyct7M5mZFyRSGHTdb6ewtb2zu1fcLx0cHh2flE/P2iZONYcWj2WsuwEzIEUELRQooZtoYCqQ0Akmt3O/8wTaiDh6wGkCvmKjSISCM7RS2yBDMINyxa25C9BN4uWkQnI0B+Wf/jDmqYIIuWTG9Dw3QT9jGgWXMCv1UwMJ4xM2gp6lEVNg/Gxx7YxeWWVIw1jbipAu1L8TGVPGTFVgOxXDsVn35uJ/Xi/F8MbPRJSkCBFfLgpTSTGm89fpUGjgKKeWMK6FvZXyMdOMow1oZUugZjYTbz2BTdKu1zy35t3XK41qnk6RXJBLUiUeuSYNckeapEU4eSQv5JW8Oc/Ou/PhfC5bC04+c05W4Hz9ApR5lcQ=</latexit><latexit sha1_base64="b6O5kDoKgqFXHJQY/MCbuXTytxM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGhInc0WpLYWGIiHwlcyN4yByu7d5fdORNywd9gq7WdsfW/WPpPXOAKAV8yyct7M5mZFyRSGHTdb6ewtb2zu1fcLx0cHh2flE/P2iZONYcWj2WsuwEzIEUELRQooZtoYCqQ0Akmt3O/8wTaiDh6wGkCvmKjSISCM7RS2yBDMINyxa25C9BN4uWkQnI0B+Wf/jDmqYIIuWTG9Dw3QT9jGgWXMCv1UwMJ4xM2gp6lEVNg/Gxx7YxeWWVIw1jbipAu1L8TGVPGTFVgOxXDsVn35uJ/Xi/F8MbPRJSkCBFfLgpTSTGm89fpUGjgKKeWMK6FvZXyMdOMow1oZUugZjYTbz2BTdKu1zy35t3XK41qnk6RXJBLUiUeuSYNckeapEU4eSQv5JW8Oc/Ou/PhfC5bC04+c05W4Hz9ApR5lcQ=</latexit><latexit sha1_base64="b6O5kDoKgqFXHJQY/MCbuXTytxM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGhInc0WpLYWGIiHwlcyN4yByu7d5fdORNywd9gq7WdsfW/WPpPXOAKAV8yyct7M5mZFyRSGHTdb6ewtb2zu1fcLx0cHh2flE/P2iZONYcWj2WsuwEzIEUELRQooZtoYCqQ0Akmt3O/8wTaiDh6wGkCvmKjSISCM7RS2yBDMINyxa25C9BN4uWkQnI0B+Wf/jDmqYIIuWTG9Dw3QT9jGgWXMCv1UwMJ4xM2gp6lEVNg/Gxx7YxeWWVIw1jbipAu1L8TGVPGTFVgOxXDsVn35uJ/Xi/F8MbPRJSkCBFfLgpTSTGm89fpUGjgKKeWMK6FvZXyMdOMow1oZUugZjYTbz2BTdKu1zy35t3XK41qnk6RXJBLUiUeuSYNckeapEU4eSQv5JW8Oc/Ou/PhfC5bC04+c05W4Hz9ApR5lcQ=</latexit><latexit sha1_base64="b6O5kDoKgqFXHJQY/MCbuXTytxM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGhInc0WpLYWGIiHwlcyN4yByu7d5fdORNywd9gq7WdsfW/WPpPXOAKAV8yyct7M5mZFyRSGHTdb6ewtb2zu1fcLx0cHh2flE/P2iZONYcWj2WsuwEzIEUELRQooZtoYCqQ0Akmt3O/8wTaiDh6wGkCvmKjSISCM7RS2yBDMINyxa25C9BN4uWkQnI0B+Wf/jDmqYIIuWTG9Dw3QT9jGgWXMCv1UwMJ4xM2gp6lEVNg/Gxx7YxeWWVIw1jbipAu1L8TGVPGTFVgOxXDsVn35uJ/Xi/F8MbPRJSkCBFfLgpTSTGm89fpUGjgKKeWMK6FvZXyMdOMow1oZUugZjYTbz2BTdKu1zy35t3XK41qnk6RXJBLUiUeuSYNckeapEU4eSQv5JW8Oc/Ou/PhfC5bC04+c05W4Hz9ApR5lcQ=</latexit>actions

<latexit sha1_base64="y+81etMkfLqGfOwPgzV+8xuf37k=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkXoqsx0o8uCG5cV7APaoWTSTBuaZIYkI5Sh+A1ude1O3PotLv0TM+0stPVAyOGce7n3njAR3FjP+0Klre2d3b3yfuXg8Oj4pHp61jVxqinr0FjEuh8SwwRXrGO5FayfaEZkKFgvnN3mfu+RacNj9WDnCQskmSgecUqsk3qE5p8ZVWtew1sCbxK/IDUo0B5Vv4fjmKaSKUsFMWbge4kNMqItp4ItKsPUsITQGZmwgaOKSGaCbLnuAl85ZYyjWLunLF6qvzsyIo2Zy9BVSmKnZt3Lxf+8QWqjmyDjKkktU3Q1KEoFtjHOb8djrhm1Yu4IoZq7XTGdEu1CcAn9mRLKhcvEX09gk3SbDd9r+PfNWqtepFOGC7iEOvhwDS24gzZ0gMIMnuEFXtETekPv6GNVWkJFzzn8Afr8AU35lis=</latexit><latexit sha1_base64="y+81etMkfLqGfOwPgzV+8xuf37k=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkXoqsx0o8uCG5cV7APaoWTSTBuaZIYkI5Sh+A1ude1O3PotLv0TM+0stPVAyOGce7n3njAR3FjP+0Klre2d3b3yfuXg8Oj4pHp61jVxqinr0FjEuh8SwwRXrGO5FayfaEZkKFgvnN3mfu+RacNj9WDnCQskmSgecUqsk3qE5p8ZVWtew1sCbxK/IDUo0B5Vv4fjmKaSKUsFMWbge4kNMqItp4ItKsPUsITQGZmwgaOKSGaCbLnuAl85ZYyjWLunLF6qvzsyIo2Zy9BVSmKnZt3Lxf+8QWqjmyDjKkktU3Q1KEoFtjHOb8djrhm1Yu4IoZq7XTGdEu1CcAn9mRLKhcvEX09gk3SbDd9r+PfNWqtepFOGC7iEOvhwDS24gzZ0gMIMnuEFXtETekPv6GNVWkJFzzn8Afr8AU35lis=</latexit><latexit sha1_base64="y+81etMkfLqGfOwPgzV+8xuf37k=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkXoqsx0o8uCG5cV7APaoWTSTBuaZIYkI5Sh+A1ude1O3PotLv0TM+0stPVAyOGce7n3njAR3FjP+0Klre2d3b3yfuXg8Oj4pHp61jVxqinr0FjEuh8SwwRXrGO5FayfaEZkKFgvnN3mfu+RacNj9WDnCQskmSgecUqsk3qE5p8ZVWtew1sCbxK/IDUo0B5Vv4fjmKaSKUsFMWbge4kNMqItp4ItKsPUsITQGZmwgaOKSGaCbLnuAl85ZYyjWLunLF6qvzsyIo2Zy9BVSmKnZt3Lxf+8QWqjmyDjKkktU3Q1KEoFtjHOb8djrhm1Yu4IoZq7XTGdEu1CcAn9mRLKhcvEX09gk3SbDd9r+PfNWqtepFOGC7iEOvhwDS24gzZ0gMIMnuEFXtETekPv6GNVWkJFzzn8Afr8AU35lis=</latexit><latexit sha1_base64="y+81etMkfLqGfOwPgzV+8xuf37k=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkXoqsx0o8uCG5cV7APaoWTSTBuaZIYkI5Sh+A1ude1O3PotLv0TM+0stPVAyOGce7n3njAR3FjP+0Klre2d3b3yfuXg8Oj4pHp61jVxqinr0FjEuh8SwwRXrGO5FayfaEZkKFgvnN3mfu+RacNj9WDnCQskmSgecUqsk3qE5p8ZVWtew1sCbxK/IDUo0B5Vv4fjmKaSKUsFMWbge4kNMqItp4ItKsPUsITQGZmwgaOKSGaCbLnuAl85ZYyjWLunLF6qvzsyIo2Zy9BVSmKnZt3Lxf+8QWqjmyDjKkktU3Q1KEoFtjHOb8djrhm1Yu4IoZq7XTGdEu1CcAn9mRLKhcvEX09gk3SbDd9r+PfNWqtepFOGC7iEOvhwDS24gzZ0gMIMnuEFXtETekPv6GNVWkJFzzn8Afr8AU35lis=</latexit>

dynamics
<latexit sha1_base64="LSlIwy/fRzHO5dOM5OzR7W3uBe0=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvQVZnpxi4LblxWsA9oh5LJZNrQJDMkGWEYCn6DW127E7f+ikv/xLSdhW09EDiccy/n5gQJZ9q47rdT2tnd2z8oH1aOjk9Oz6rnFz0dp4rQLol5rAYB1pQzSbuGGU4HiaJYBJz2g9ndwu8/UaVZLB9NllBf4IlkESPYWGkQZhILRvS4WnMb7hJom3gFqUGBzrj6MwpjkgoqDeFY66HnJsbPsTKMcDqvjFJNE0xmeEKHltoUqv18ee8c3VglRFGs7JMGLdW/GzkWWmcisJMCm6ne9Bbif94wNVHLz5lMUkMlWQVFKUcmRovPo5ApSgzPLMFEMXsrIlOsMDG2orWUQMxtJ95mA9uk12x4bsN7aNba9aKdMlzBNdTBg1towz10oAsEOLzAK7w5z8678+F8rkZLTrFzCWtwvn4BGFiWnA==</latexit><latexit sha1_base64="LSlIwy/fRzHO5dOM5OzR7W3uBe0=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvQVZnpxi4LblxWsA9oh5LJZNrQJDMkGWEYCn6DW127E7f+ikv/xLSdhW09EDiccy/n5gQJZ9q47rdT2tnd2z8oH1aOjk9Oz6rnFz0dp4rQLol5rAYB1pQzSbuGGU4HiaJYBJz2g9ndwu8/UaVZLB9NllBf4IlkESPYWGkQZhILRvS4WnMb7hJom3gFqUGBzrj6MwpjkgoqDeFY66HnJsbPsTKMcDqvjFJNE0xmeEKHltoUqv18ee8c3VglRFGs7JMGLdW/GzkWWmcisJMCm6ne9Bbif94wNVHLz5lMUkMlWQVFKUcmRovPo5ApSgzPLMFEMXsrIlOsMDG2orWUQMxtJ95mA9uk12x4bsN7aNba9aKdMlzBNdTBg1towz10oAsEOLzAK7w5z8678+F8rkZLTrFzCWtwvn4BGFiWnA==</latexit><latexit sha1_base64="LSlIwy/fRzHO5dOM5OzR7W3uBe0=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvQVZnpxi4LblxWsA9oh5LJZNrQJDMkGWEYCn6DW127E7f+ikv/xLSdhW09EDiccy/n5gQJZ9q47rdT2tnd2z8oH1aOjk9Oz6rnFz0dp4rQLol5rAYB1pQzSbuGGU4HiaJYBJz2g9ndwu8/UaVZLB9NllBf4IlkESPYWGkQZhILRvS4WnMb7hJom3gFqUGBzrj6MwpjkgoqDeFY66HnJsbPsTKMcDqvjFJNE0xmeEKHltoUqv18ee8c3VglRFGs7JMGLdW/GzkWWmcisJMCm6ne9Bbif94wNVHLz5lMUkMlWQVFKUcmRovPo5ApSgzPLMFEMXsrIlOsMDG2orWUQMxtJ95mA9uk12x4bsN7aNba9aKdMlzBNdTBg1towz10oAsEOLzAK7w5z8678+F8rkZLTrFzCWtwvn4BGFiWnA==</latexit><latexit sha1_base64="LSlIwy/fRzHO5dOM5OzR7W3uBe0=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvQVZnpxi4LblxWsA9oh5LJZNrQJDMkGWEYCn6DW127E7f+ikv/xLSdhW09EDiccy/n5gQJZ9q47rdT2tnd2z8oH1aOjk9Oz6rnFz0dp4rQLol5rAYB1pQzSbuGGU4HiaJYBJz2g9ndwu8/UaVZLB9NllBf4IlkESPYWGkQZhILRvS4WnMb7hJom3gFqUGBzrj6MwpjkgoqDeFY66HnJsbPsTKMcDqvjFJNE0xmeEKHltoUqv18ee8c3VglRFGs7JMGLdW/GzkWWmcisJMCm6ne9Bbif94wNVHLz5lMUkMlWQVFKUcmRovPo5ApSgzPLMFEMXsrIlOsMDG2orWUQMxtJ95mA9uk12x4bsN7aNba9aKdMlzBNdTBg1towz10oAsEOLzAK7w5z8678+F8rkZLTrFzCWtwvn4BGFiWnA==</latexit>

noise
<latexit sha1_base64="osh74lzk+vEth7Z1Y3MTzdtDwiw=">AAAB+3icbVA9TwJBEJ3DL8Qv1NJmIzGhInc0WpLYWGLiAQlcyN6yBxv247K7Z0Iu/AZbre2MrT/G0n/iAlcI+JJJXt6bycy8OOXMWN//9ko7u3v7B+XDytHxyelZ9fyiY1SmCQ2J4kr3YmwoZ5KGlllOe6mmWMScduPp/cLvPlNtmJJPdpbSSOCxZAkj2DoplIoZOqzW/Ia/BNomQUFqUKA9rP4MRopkgkpLODamH/ipjXKsLSOcziuDzNAUkyke076jEgtqonx57BzdOGWEEqVdSYuW6t+JHAtjZiJ2nQLbidn0FuJ/Xj+zyV2UM5lmlkqyWpRkHFmFFp+jEdOUWD5zBBPN3K2ITLDGxLp81rbEYu4yCTYT2CadZiPwG8Fjs9aqF+mU4QquoQ4B3EILHqANIRBg8AKv8ObNvXfvw/tctZa8YuYS1uB9/QKzeJVE</latexit><latexit sha1_base64="osh74lzk+vEth7Z1Y3MTzdtDwiw=">AAAB+3icbVA9TwJBEJ3DL8Qv1NJmIzGhInc0WpLYWGLiAQlcyN6yBxv247K7Z0Iu/AZbre2MrT/G0n/iAlcI+JJJXt6bycy8OOXMWN//9ko7u3v7B+XDytHxyelZ9fyiY1SmCQ2J4kr3YmwoZ5KGlllOe6mmWMScduPp/cLvPlNtmJJPdpbSSOCxZAkj2DoplIoZOqzW/Ia/BNomQUFqUKA9rP4MRopkgkpLODamH/ipjXKsLSOcziuDzNAUkyke076jEgtqonx57BzdOGWEEqVdSYuW6t+JHAtjZiJ2nQLbidn0FuJ/Xj+zyV2UM5lmlkqyWpRkHFmFFp+jEdOUWD5zBBPN3K2ITLDGxLp81rbEYu4yCTYT2CadZiPwG8Fjs9aqF+mU4QquoQ4B3EILHqANIRBg8AKv8ObNvXfvw/tctZa8YuYS1uB9/QKzeJVE</latexit><latexit sha1_base64="osh74lzk+vEth7Z1Y3MTzdtDwiw=">AAAB+3icbVA9TwJBEJ3DL8Qv1NJmIzGhInc0WpLYWGLiAQlcyN6yBxv247K7Z0Iu/AZbre2MrT/G0n/iAlcI+JJJXt6bycy8OOXMWN//9ko7u3v7B+XDytHxyelZ9fyiY1SmCQ2J4kr3YmwoZ5KGlllOe6mmWMScduPp/cLvPlNtmJJPdpbSSOCxZAkj2DoplIoZOqzW/Ia/BNomQUFqUKA9rP4MRopkgkpLODamH/ipjXKsLSOcziuDzNAUkyke076jEgtqonx57BzdOGWEEqVdSYuW6t+JHAtjZiJ2nQLbidn0FuJ/Xj+zyV2UM5lmlkqyWpRkHFmFFp+jEdOUWD5zBBPN3K2ITLDGxLp81rbEYu4yCTYT2CadZiPwG8Fjs9aqF+mU4QquoQ4B3EILHqANIRBg8AKv8ObNvXfvw/tctZa8YuYS1uB9/QKzeJVE</latexit><latexit sha1_base64="osh74lzk+vEth7Z1Y3MTzdtDwiw=">AAAB+3icbVA9TwJBEJ3DL8Qv1NJmIzGhInc0WpLYWGLiAQlcyN6yBxv247K7Z0Iu/AZbre2MrT/G0n/iAlcI+JJJXt6bycy8OOXMWN//9ko7u3v7B+XDytHxyelZ9fyiY1SmCQ2J4kr3YmwoZ5KGlllOe6mmWMScduPp/cLvPlNtmJJPdpbSSOCxZAkj2DoplIoZOqzW/Ia/BNomQUFqUKA9rP4MRopkgkpLODamH/ipjXKsLSOcziuDzNAUkyke076jEgtqonx57BzdOGWEEqVdSYuW6t+JHAtjZiJ2nQLbidn0FuJ/Xj+zyV2UM5lmlkqyWpRkHFmFFp+jEdOUWD5zBBPN3K2ITLDGxLp81rbEYu4yCTYT2CadZiPwG8Fjs9aqF+mU4QquoQ4B3EILHqANIRBg8AKv8ObNvXfvw/tctZa8YuYS1uB9/QKzeJVE</latexit>

ut
<latexit sha1_base64="RvN1WyzmBMC4T5IZ3MNpD3kzPW0=">AAAB/nicbVBNS8NAEJ34WetX1aOXYBF6KokIeix48VjBfkAbyma7aZfubsLuRCgh4G/wqmdv4tW/4tF/4rbNwbY+GHi8N8PMvDAR3KDnfTsbm1vbO7ulvfL+weHRceXktG3iVFPWorGIdTckhgmuWAs5CtZNNCMyFKwTTu5mfueJacNj9YjThAWSjBSPOCVopW4/lFmaD3BQqXp1bw53nfgFqUKB5qDy0x/GNJVMIRXEmJ7vJRhkRCOnguXlfmpYQuiEjFjPUkUkM0E2vzd3L60ydKNY21LoztW/ExmRxkxlaDslwbFZ9Wbif14vxeg2yLhKUmSKLhZFqXAxdmfPu0OuGUUxtYRQze2tLh0TTSjaiJa2hDK3mfirCayT9lXd9+r+w3W1USvSKcE5XEANfLiBBtxDE1pAQcALvMKb8+y8Ox/O56J1wylmzmAJztcvNr6WsQ==</latexit><latexit sha1_base64="RvN1WyzmBMC4T5IZ3MNpD3kzPW0=">AAAB/nicbVBNS8NAEJ34WetX1aOXYBF6KokIeix48VjBfkAbyma7aZfubsLuRCgh4G/wqmdv4tW/4tF/4rbNwbY+GHi8N8PMvDAR3KDnfTsbm1vbO7ulvfL+weHRceXktG3iVFPWorGIdTckhgmuWAs5CtZNNCMyFKwTTu5mfueJacNj9YjThAWSjBSPOCVopW4/lFmaD3BQqXp1bw53nfgFqUKB5qDy0x/GNJVMIRXEmJ7vJRhkRCOnguXlfmpYQuiEjFjPUkUkM0E2vzd3L60ydKNY21LoztW/ExmRxkxlaDslwbFZ9Wbif14vxeg2yLhKUmSKLhZFqXAxdmfPu0OuGUUxtYRQze2tLh0TTSjaiJa2hDK3mfirCayT9lXd9+r+w3W1USvSKcE5XEANfLiBBtxDE1pAQcALvMKb8+y8Ox/O56J1wylmzmAJztcvNr6WsQ==</latexit><latexit sha1_base64="RvN1WyzmBMC4T5IZ3MNpD3kzPW0=">AAAB/nicbVBNS8NAEJ34WetX1aOXYBF6KokIeix48VjBfkAbyma7aZfubsLuRCgh4G/wqmdv4tW/4tF/4rbNwbY+GHi8N8PMvDAR3KDnfTsbm1vbO7ulvfL+weHRceXktG3iVFPWorGIdTckhgmuWAs5CtZNNCMyFKwTTu5mfueJacNj9YjThAWSjBSPOCVopW4/lFmaD3BQqXp1bw53nfgFqUKB5qDy0x/GNJVMIRXEmJ7vJRhkRCOnguXlfmpYQuiEjFjPUkUkM0E2vzd3L60ydKNY21LoztW/ExmRxkxlaDslwbFZ9Wbif14vxeg2yLhKUmSKLhZFqXAxdmfPu0OuGUUxtYRQze2tLh0TTSjaiJa2hDK3mfirCayT9lXd9+r+w3W1USvSKcE5XEANfLiBBtxDE1pAQcALvMKb8+y8Ox/O56J1wylmzmAJztcvNr6WsQ==</latexit><latexit sha1_base64="RvN1WyzmBMC4T5IZ3MNpD3kzPW0=">AAAB/nicbVBNS8NAEJ34WetX1aOXYBF6KokIeix48VjBfkAbyma7aZfubsLuRCgh4G/wqmdv4tW/4tF/4rbNwbY+GHi8N8PMvDAR3KDnfTsbm1vbO7ulvfL+weHRceXktG3iVFPWorGIdTckhgmuWAs5CtZNNCMyFKwTTu5mfueJacNj9YjThAWSjBSPOCVopW4/lFmaD3BQqXp1bw53nfgFqUKB5qDy0x/GNJVMIRXEmJ7vJRhkRCOnguXlfmpYQuiEjFjPUkUkM0E2vzd3L60ydKNY21LoztW/ExmRxkxlaDslwbFZ9Wbif14vxeg2yLhKUmSKLhZFqXAxdmfPu0OuGUUxtYRQze2tLh0TTSjaiJa2hDK3mfirCayT9lXd9+r+w3W1USvSKcE5XEANfLiBBtxDE1pAQcALvMKb8+y8Ox/O56J1wylmzmAJztcvNr6WsQ==</latexit>

p(xt+1|xt,ut)
<latexit sha1_base64="3JOlRRPhcGLYMzqouexBNlh4oCc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIRaAqQUgwVmJhLBK9SG0UOa7bWrWTyD5BVCEzD8EzsMLMhliZGHkTnDYDbfklS5//c46O/fsRZwps+9soLC2vrK4V10sbm1vbO+buXlOFsSS0QUIeyraPFeUsoA1gwGk7khQLn9OWP7rO6q17KhULgzsYR9QVeBCwPiMYtOWZh1Gl64vkIfUSOHXSx/wCZxnEGk48s2xX7YmsRXByKKNcdc/86fZCEgsaAOFYqY5jR+AmWAIjnKalbqxohMkID2hHY4AFVW4y+UpqHWunZ/VDqU8A1sT9O5FgodRY+LpTYBiq+Vpm/lfrxNC/chMWRDHQgEwX9WNuQWhluVg9JikBPtaAiWT6rRYZYokJ6PRmtvgi1Zk48wksQvO86thV5/aiXKvk6RTRATpCFeSgS1RDN6iOGoigJ/SCXtGb8Wy8Gx/G57S1YOQz+2hGxtcvMxahdQ==</latexit><latexit sha1_base64="3JOlRRPhcGLYMzqouexBNlh4oCc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIRaAqQUgwVmJhLBK9SG0UOa7bWrWTyD5BVCEzD8EzsMLMhliZGHkTnDYDbfklS5//c46O/fsRZwps+9soLC2vrK4V10sbm1vbO+buXlOFsSS0QUIeyraPFeUsoA1gwGk7khQLn9OWP7rO6q17KhULgzsYR9QVeBCwPiMYtOWZh1Gl64vkIfUSOHXSx/wCZxnEGk48s2xX7YmsRXByKKNcdc/86fZCEgsaAOFYqY5jR+AmWAIjnKalbqxohMkID2hHY4AFVW4y+UpqHWunZ/VDqU8A1sT9O5FgodRY+LpTYBiq+Vpm/lfrxNC/chMWRDHQgEwX9WNuQWhluVg9JikBPtaAiWT6rRYZYokJ6PRmtvgi1Zk48wksQvO86thV5/aiXKvk6RTRATpCFeSgS1RDN6iOGoigJ/SCXtGb8Wy8Gx/G57S1YOQz+2hGxtcvMxahdQ==</latexit><latexit sha1_base64="3JOlRRPhcGLYMzqouexBNlh4oCc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIRaAqQUgwVmJhLBK9SG0UOa7bWrWTyD5BVCEzD8EzsMLMhliZGHkTnDYDbfklS5//c46O/fsRZwps+9soLC2vrK4V10sbm1vbO+buXlOFsSS0QUIeyraPFeUsoA1gwGk7khQLn9OWP7rO6q17KhULgzsYR9QVeBCwPiMYtOWZh1Gl64vkIfUSOHXSx/wCZxnEGk48s2xX7YmsRXByKKNcdc/86fZCEgsaAOFYqY5jR+AmWAIjnKalbqxohMkID2hHY4AFVW4y+UpqHWunZ/VDqU8A1sT9O5FgodRY+LpTYBiq+Vpm/lfrxNC/chMWRDHQgEwX9WNuQWhluVg9JikBPtaAiWT6rRYZYokJ6PRmtvgi1Zk48wksQvO86thV5/aiXKvk6RTRATpCFeSgS1RDN6iOGoigJ/SCXtGb8Wy8Gx/G57S1YOQz+2hGxtcvMxahdQ==</latexit><latexit sha1_base64="3JOlRRPhcGLYMzqouexBNlh4oCc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIRaAqQUgwVmJhLBK9SG0UOa7bWrWTyD5BVCEzD8EzsMLMhliZGHkTnDYDbfklS5//c46O/fsRZwps+9soLC2vrK4V10sbm1vbO+buXlOFsSS0QUIeyraPFeUsoA1gwGk7khQLn9OWP7rO6q17KhULgzsYR9QVeBCwPiMYtOWZh1Gl64vkIfUSOHXSx/wCZxnEGk48s2xX7YmsRXByKKNcdc/86fZCEgsaAOFYqY5jR+AmWAIjnKalbqxohMkID2hHY4AFVW4y+UpqHWunZ/VDqU8A1sT9O5FgodRY+LpTYBiq+Vpm/lfrxNC/chMWRDHQgEwX9WNuQWhluVg9JikBPtaAiWT6rRYZYokJ6PRmtvgi1Zk48wksQvO86thV5/aiXKvk6RTRATpCFeSgS1RDN6iOGoigJ/SCXtGb8Wy8Gx/G57S1YOQz+2hGxtcvMxahdQ==</latexit>

wt
<latexit sha1_base64="JgfEHGhYcS7YotXZRV2dCUE1d9k=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tDoOQKtyJoGXAxjKC+YDkCHubTbJkd+/YnVPCceBvsNXaTmz9K5b+EzfJFSbxwcDjvRlm5oWx4AY979spbGxube8Ud0t7+weHR+Xjk5aJEk1Zk0Yi0p2QGCa4Yk3kKFgn1ozIULB2OLmd+e1Hpg2P1ANOYxZIMlJ8yClBK3V6oUyfsj72yxWv5s3hrhM/JxXI0eiXf3qDiCaSKaSCGNP1vRiDlGjkVLCs1EsMiwmdkBHrWqqIZCZI5/dm7oVVBu4w0rYUunP170RKpDFTGdpOSXBsVr2Z+J/XTXB4E6RcxQkyRReLholwMXJnz7sDrhlFMbWEUM3trS4dE00o2oiWtoQys5n4qwmsk9Zlzfdq/v1VpV7N0ynCGZxDFXy4hjrcQQOaQEHAC7zCm/PsvDsfzueiteDkM6ewBOfrFznqlrM=</latexit><latexit sha1_base64="JgfEHGhYcS7YotXZRV2dCUE1d9k=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tDoOQKtyJoGXAxjKC+YDkCHubTbJkd+/YnVPCceBvsNXaTmz9K5b+EzfJFSbxwcDjvRlm5oWx4AY979spbGxube8Ud0t7+weHR+Xjk5aJEk1Zk0Yi0p2QGCa4Yk3kKFgn1ozIULB2OLmd+e1Hpg2P1ANOYxZIMlJ8yClBK3V6oUyfsj72yxWv5s3hrhM/JxXI0eiXf3qDiCaSKaSCGNP1vRiDlGjkVLCs1EsMiwmdkBHrWqqIZCZI5/dm7oVVBu4w0rYUunP170RKpDFTGdpOSXBsVr2Z+J/XTXB4E6RcxQkyRReLholwMXJnz7sDrhlFMbWEUM3trS4dE00o2oiWtoQys5n4qwmsk9Zlzfdq/v1VpV7N0ynCGZxDFXy4hjrcQQOaQEHAC7zCm/PsvDsfzueiteDkM6ewBOfrFznqlrM=</latexit><latexit sha1_base64="JgfEHGhYcS7YotXZRV2dCUE1d9k=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tDoOQKtyJoGXAxjKC+YDkCHubTbJkd+/YnVPCceBvsNXaTmz9K5b+EzfJFSbxwcDjvRlm5oWx4AY979spbGxube8Ud0t7+weHR+Xjk5aJEk1Zk0Yi0p2QGCa4Yk3kKFgn1ozIULB2OLmd+e1Hpg2P1ANOYxZIMlJ8yClBK3V6oUyfsj72yxWv5s3hrhM/JxXI0eiXf3qDiCaSKaSCGNP1vRiDlGjkVLCs1EsMiwmdkBHrWqqIZCZI5/dm7oVVBu4w0rYUunP170RKpDFTGdpOSXBsVr2Z+J/XTXB4E6RcxQkyRReLholwMXJnz7sDrhlFMbWEUM3trS4dE00o2oiWtoQys5n4qwmsk9Zlzfdq/v1VpV7N0ynCGZxDFXy4hjrcQQOaQEHAC7zCm/PsvDsfzueiteDkM6ewBOfrFznqlrM=</latexit><latexit sha1_base64="JgfEHGhYcS7YotXZRV2dCUE1d9k=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tDoOQKtyJoGXAxjKC+YDkCHubTbJkd+/YnVPCceBvsNXaTmz9K5b+EzfJFSbxwcDjvRlm5oWx4AY979spbGxube8Ud0t7+weHR+Xjk5aJEk1Zk0Yi0p2QGCa4Yk3kKFgn1ozIULB2OLmd+e1Hpg2P1ANOYxZIMlJ8yClBK3V6oUyfsj72yxWv5s3hrhM/JxXI0eiXf3qDiCaSKaSCGNP1vRiDlGjkVLCs1EsMiwmdkBHrWqqIZCZI5/dm7oVVBu4w0rYUunP170RKpDFTGdpOSXBsVr2Z+J/XTXB4E6RcxQkyRReLholwMXJnz7sDrhlFMbWEUM3trS4dE00o2oiWtoQys5n4qwmsk9Zlzfdq/v1VpV7N0ynCGZxDFXy4hjrcQQOaQEHAC7zCm/PsvDsfzueiteDkM6ewBOfrFznqlrM=</latexit>

policies
<latexit sha1_base64="8+E70mOFRn4SBcpxWDFik89jKYY=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoOQKtyl0TJgYxnBfEByhL3NJFmyu3fs7gnhCPgbbLW2E1v/iqX/xE1yhSY+GHi8N8PMvCgR3Fjf//IKW9s7u3vF/dLB4dHxSfn0rG3iVDNssVjEuhtRg4IrbFluBXYTjVRGAjvR9Hbhdx5RGx6rBztLMJR0rPiIM2qd1E1iwRlHMyhX/Jq/BNkkQU4qkKM5KH/3hzFLJSrLBDWmF/iJDTOqLWcC56V+ajChbErH2HNUUYkmzJb3zsmVU4ZkFGtXypKl+nsio9KYmYxcp6R2Yta9hfif10vt6CbMuEpSi4qtFo1SQWxMFs+TIdfIrJg5Qpnm7lbCJlRTZl1Ef7ZEcu4yCdYT2CTtei3wa8F9vdKo5ukU4QIuoQoBXEMD7qAJLWAg4Ble4NV78t68d+9j1Vrw8plz+APv8wcYapac</latexit><latexit sha1_base64="8+E70mOFRn4SBcpxWDFik89jKYY=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoOQKtyl0TJgYxnBfEByhL3NJFmyu3fs7gnhCPgbbLW2E1v/iqX/xE1yhSY+GHi8N8PMvCgR3Fjf//IKW9s7u3vF/dLB4dHxSfn0rG3iVDNssVjEuhtRg4IrbFluBXYTjVRGAjvR9Hbhdx5RGx6rBztLMJR0rPiIM2qd1E1iwRlHMyhX/Jq/BNkkQU4qkKM5KH/3hzFLJSrLBDWmF/iJDTOqLWcC56V+ajChbErH2HNUUYkmzJb3zsmVU4ZkFGtXypKl+nsio9KYmYxcp6R2Yta9hfif10vt6CbMuEpSi4qtFo1SQWxMFs+TIdfIrJg5Qpnm7lbCJlRTZl1Ef7ZEcu4yCdYT2CTtei3wa8F9vdKo5ukU4QIuoQoBXEMD7qAJLWAg4Ble4NV78t68d+9j1Vrw8plz+APv8wcYapac</latexit><latexit sha1_base64="8+E70mOFRn4SBcpxWDFik89jKYY=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoOQKtyl0TJgYxnBfEByhL3NJFmyu3fs7gnhCPgbbLW2E1v/iqX/xE1yhSY+GHi8N8PMvCgR3Fjf//IKW9s7u3vF/dLB4dHxSfn0rG3iVDNssVjEuhtRg4IrbFluBXYTjVRGAjvR9Hbhdx5RGx6rBztLMJR0rPiIM2qd1E1iwRlHMyhX/Jq/BNkkQU4qkKM5KH/3hzFLJSrLBDWmF/iJDTOqLWcC56V+ajChbErH2HNUUYkmzJb3zsmVU4ZkFGtXypKl+nsio9KYmYxcp6R2Yta9hfif10vt6CbMuEpSi4qtFo1SQWxMFs+TIdfIrJg5Qpnm7lbCJlRTZl1Ef7ZEcu4yCdYT2CTtei3wa8F9vdKo5ukU4QIuoQoBXEMD7qAJLWAg4Ble4NV78t68d+9j1Vrw8plz+APv8wcYapac</latexit><latexit sha1_base64="8+E70mOFRn4SBcpxWDFik89jKYY=">AAAB/nicbVA9SwNBEJ2LXzF+RS1tFoOQKtyl0TJgYxnBfEByhL3NJFmyu3fs7gnhCPgbbLW2E1v/iqX/xE1yhSY+GHi8N8PMvCgR3Fjf//IKW9s7u3vF/dLB4dHxSfn0rG3iVDNssVjEuhtRg4IrbFluBXYTjVRGAjvR9Hbhdx5RGx6rBztLMJR0rPiIM2qd1E1iwRlHMyhX/Jq/BNkkQU4qkKM5KH/3hzFLJSrLBDWmF/iJDTOqLWcC56V+ajChbErH2HNUUYkmzJb3zsmVU4ZkFGtXypKl+nsio9KYmYxcp6R2Yta9hfif10vt6CbMuEpSi4qtFo1SQWxMFs+TIdfIrJg5Qpnm7lbCJlRTZl1Ef7ZEcu4yCdYT2CTtei3wa8F9vdKo5ukU4QIuoQoBXEMD7qAJLWAg4Ble4NV78t68d+9j1Vrw8plz+APv8wcYapac</latexit>

Keynote Lectures (Friday, 11am-12.30pm): 
1. Simulation-assisted machine learning, David Craft, Harvard Medical School.
2. Covariant neural network architectures for learning in physics and chemistry, 
Risi Kondor, University of Chicago, Senior Researcher at the Flatiron Institute

How to leverage structured 
physical laws and mechanistic 
models as informative prior 
information in a machine learning 
pipeline?

How to leverage machine 
learning to discover interpretable 
models, elucidate mechanisms and 
distill causality?

“Theory-driven machine learning seeks causality by integrating prior knowledge and big data”

https://www.imagwiki.nibib.nih.gov/content/theme-4-theory-driven-approaches

