
Uncertainty analysis as an ally for 
deep-learning-based hybridization of 

simulation codes

Goal oriented sensitivity analysis for cost effective neural networks

Uncertainty quantification to obtain guarantees
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Test case method Test metric # params factor

MNIST BO 98.42 ± 0.05 10,271,367 1

HSIC BO 98.42 ± 0.02 151,306 68

Chem. 
Reac. BO 2.94 ± 0.42 (× 10!") 1,588,215 1

HSIC BO 3.49 ± 0.31 (× 𝟏𝟎!𝟒) 3,291 482

time : time :81 s 4090 s

MPP (Mutation ++)PG (Perfect 
Gas)

NN (Neural Network)

time :220 s
error : error :referror :

<latexit sha1_base64="phZstR7LItUAnKAwBElvgTD/tfs="></latexit>

7.74⇥ 10�2
<latexit sha1_base64="gqMAC1e2MsR2kGLl6ir6UO8gAxE="></latexit>

6.06⇥ 10�7

Is this error acceptable ? Can we obtain guarantees ?

<latexit sha1_base64="pkzkLTXUCBgJFR9ria7V9U2LqUM=">AAACMXicbVDLSsNAFJ34rPFVdekmWERXJSmiXRbcuBEqWCs0pUymk3boZCbM3Igl5BP8mm71Q7oTty79ASdpFmo9cOFw7utwgpgzDa47t1ZW19Y3Nitb9vbO7t5+9eDwQctEEdohkkv1GGBNORO0Aww4fYwVxVHAaTeYXOf97hNVmklxD9OY9iM8EixkBIORBtUzH+gzFHfSW6ykFFnqRxjGQZj6wCKqvWb9KssG1Zpbdws4y8QrSQ2VaA+qX/5QkiSiAgjHWvc8N4Z+ihUwwmlm+4mmMSYTPKI9QwU2r/ppYSRzTo0ydEKpTAlwCvXnRoojradRYCZzr/pvLxf/6/USCJv9lIk4ASrI4lGYcAekk6fjDJmiBPjUEEwUM14dMsYKEzAZ/ro0fGKxLl0/L2zbtknJ+5vJMnlo1L3L+sXdRa3VKPOqoGN0gs6Rh65QC92gNuoggl7QDL2iN2tmza1362MxumKVO0foF6zPb7PUq6g=</latexit>

⇥18.7

Pressure field

Neural Network

Original code Hybrid code

Mutation++ 

<latexit sha1_base64="0hBoT15zyB+qBFw/eaz01lE7is4=">AAACNXicbVDLSsNAFJ3UV62vVpdugkVwISWRoi5FN24EBatCG8pkctMOnUzCzE2xhCz8Gre68ltcuBO3/oLTNgtbPXDhcO7rcPxEcI2O826VFhaXllfKq5W19Y3NrWpt+07HqWLQYrGI1YNPNQguoYUcBTwkCmjkC7j3Bxfj/v0QlOaxvMVRAl5Ee5KHnFE0Ure620F4xMmd7IoHkvf6eC5SyLNW3q3WnYYzgf2XuAWpkwLX3ZpV6gQxSyOQyATVuu06CXoZVciZgLzSSTUklA1oD9qGShqB9rLJ99zeN0pgh7EyJdGeqL83MhppPYp8MxlR7Ov53lj8r9dOMTz1Mi6TFEGy6aMwFTbG9jgSO+AKGIqRIZQpbrzarE8VZWiCm7kUDHmiC9ePU9szLvwor5jU3PmM/pK7o4Z73GjeNOtnh0V+ZbJL9sgBcckJOSOX5Jq0CCNP5Jm8kFfrzfqwPq2v6WjJKnZ2yAys7x/Vlqxa</latexit>

U <latexit sha1_base64="KYkOro9sVehcKFG54VD2L9UgpYg=">AAACOHicbVDLSgMxFM3UV62vVpeCDBbBhZQZKeqy4MaNUME+oC0lk2baYCYZkjulZZidX+NWV/6JO3fi1i8w087Cth4IHM659+ZwvJAzDY7zYeXW1jc2t/LbhZ3dvf2DYumwqWWkCG0QyaVqe1hTzgRtAANO26GiOPA4bXlPt6nfGlOlmRSPMA1pL8BDwXxGMBipXzzpAp3A7E58j5WUIom7AYaR58eTJOkXy07FmcFeJW5GyihDvV+yct2BJFFABRCOte64Tgi9GCtghNOk0I00DTF5wkPaMVTggOpePAuQ2GdGGdi+VOYJsGfq340YB1pPA89Mphn1speK/3mdCPybXsxEGAEVZP6RH3EbpJ22Yg+YogT41BBMFDNZbTLCChMw3S1cGoxZqLPUk3nshRRekBRMa+5yR6ukeVlxryrVh2q5dpH1l0fH6BSdIxddoxq6Q3XUQAQ9oxf0it6sd+vT+rK+56M5K9s5Qguwfn4BJeWuEQ==</latexit>x: Fluid variables : Chemical reactions variables

Pressure at the wall of the object Pressure at the wall of the object (zoomed)

<latexit sha1_base64="dpX9ypEjKfHbg8+6hv3nEiO5S9w=">AAACLXicbVDLSsNAFJ34tr6qLt0Ei+CqJEXUZUEXbgQFawtNKZPJrQ6dzISZm9IS8gF+jVv9EBeCuPUD/AGnbRbaemGYwzn3cThhIrhBz3t3FhaXlldW19ZLG5tb2zvl3b17o1LNoMGUULoVUgOCS2ggRwGtRAONQwHNsH8x1psD0IYreYejBDoxfZC8xxlFS3XLlQBhiJM92TXVSsk8CyIQSLtZcDn+89x2eVVvUu488AtQIUXddMvfQaRYGoNEJqgxbd9LsJNRjZwJyEtBaiChrE8foG2hpDGYTjYxkbtHloncntL2SXQn7O+JjMbGjOLQdsYUH82sNib/09op9s47GZdJiiDZ9FAvFS4qd5yMG3ENDMXIAso0t15d9kg1ZWjz+7MpGvDEFK6HU9ulkk3Jn81kHtzXqv5p9eT2pFKvFXmtkQNySI6JT85InVyRG9IgjDyRZ/JCXp1n5835cD6nrQtOMbNP/pTz9QMkXKpx</latexit>

��
<latexit sha1_base64="/SpfMq2gwUP0a/fFm9fXvU4WEdk=">AAACJnicbVDLSsNAFJ34rPUVdamLYBFclUSKuiy4cVNQsLbQljKZ3NbByUyYuRFL6Mav6VY/xJ2IO//BH3DaZmFbD1w4nPs6nDAR3KDvfzlLyyura+uFjeLm1vbOrru3f29UqhnUmRJKN0NqQHAJdeQooJlooHEooBE+Xo37jSfQhit5h4MEOjHtS97jjKKVuu5RG+EZJ3eyGtVKyWHWjkAg7daGXbfkl/0JvEUS5KREctx03Z92pFgag0QmqDGtwE+wk1GNnAkYFtupgYSyR9qHlqWSxmA62eT70DuxSuT1lLYl0ZuofzcyGhsziEM7GVN8MPO9sfhfr5Vi77KTcZmkCJJNH/VS4aHyxpF4EdfAUAwsoUxz69VjD1RThja4mUvRE09M7vp5artYtCkF85kskvuzcnBertxWStWzPK8COSTH5JQE5IJUyTW5IXXCyAsZkVfy5oycd+fD+ZyOLjn5zgGZgfP9C+3Xpzo=</latexit>

�M
<latexit sha1_base64="WbDL4Al66q6fl7EJbQevq+9ABps=">AAACJ3icbVDLSgMxFM34rPVVdSlCsAiuykwp6lJw40aoYFuhLSWTudXQTDIkd0rL0JVf41Y/xJ3o0m/wB0zbWfg6cOFw7utwwkQKi77/7i0sLi2vrBbWiusbm1vbpZ3dptWp4dDgWmpzGzILUihooEAJt4kBFocSWuHgYtpvDcFYodUNjhPoxuxOib7gDJ3UKx10EEY4u5NdMaO1mmSdCCQyOqSTXqnsV/wZ6F8S5KRMctR7pc9OpHkag0IumbXtwE+wmzGDgkuYFDuphYTxAbuDtqOKxWC72ez9hB45JaJ9bVwppDP1+0bGYmvHcegmY4b39ndvKv7Xa6fYP+tmQiUpguLzR/1UUtR0mgmNhAGOcuwI40Y4r5TfM8M4uuR+XIqGIrG569HcdrHoUgp+Z/KXNKuV4KRSu66Vz6t5XgWyTw7JMQnIKTknl6ROGoSTB/JInsiz9+i9eK/e23x0wct39sgPeB9fLpinTg==</latexit>

�v <latexit sha1_base64="HhxIZgx6Ty+34Yp3v1dAi+iaYAk=">AAACH3icbVDLSsNAFJ34rPVVFVdugkVwVZJS1IWLghs3QgX7gDaUyWTaDp3MhJmb0hL6Md3qh7gTt/0Of8BpmoVtPXDhcO7rcPyIMw2OM7e2tnd29/ZzB/nDo+OT08LZeUPLWBFaJ5JL1fKxppwJWgcGnLYiRXHoc9r0h0+LfnNElWZSvMEkol6I+4L1GMFgpG7hsgN0DOmd5AUrKcU0eZx2C0Wn5KSwN4mbkSLKUOsWfjqBJHFIBRCOtW67TgReghUwwuk034k1jTAZ4j5tGypwSLWXpG+n9o1RArsnlSkBdqr+3UhwqPUk9M1kiGGg13sL8b9eO4beg5cwEcVABVk+6sXcBmkvsrADpigBPjEEE8WMV5sMsMIETGIrl4IRi3Tmery0nc+blNz1TDZJo1xy70qV10qxWs7yyqErdI1ukYvuURU9oxqqI4ISNEPv6MOaWZ/Wl/W9HN2ysp0LtAJr/gv3oKQe</latexit>

<
<latexit sha1_base64="HhxIZgx6Ty+34Yp3v1dAi+iaYAk=">AAACH3icbVDLSsNAFJ34rPVVFVdugkVwVZJS1IWLghs3QgX7gDaUyWTaDp3MhJmb0hL6Md3qh7gTt/0Of8BpmoVtPXDhcO7rcPyIMw2OM7e2tnd29/ZzB/nDo+OT08LZeUPLWBFaJ5JL1fKxppwJWgcGnLYiRXHoc9r0h0+LfnNElWZSvMEkol6I+4L1GMFgpG7hsgN0DOmd5AUrKcU0eZx2C0Wn5KSwN4mbkSLKUOsWfjqBJHFIBRCOtW67TgReghUwwuk034k1jTAZ4j5tGypwSLWXpG+n9o1RArsnlSkBdqr+3UhwqPUk9M1kiGGg13sL8b9eO4beg5cwEcVABVk+6sXcBmkvsrADpigBPjEEE8WMV5sMsMIETGIrl4IRi3Tmery0nc+blNz1TDZJo1xy70qV10qxWs7yyqErdI1ukYvuURU9oxqqI4ISNEPv6MOaWZ/Wl/W9HN2ysp0LtAJr/gv3oKQe</latexit>

<
<latexit sha1_base64="g9BVDgadgtANFteuw0XtMilpcQY=">AAACKXicbVDLSgMxFM3UV62vqksXDhbBVZkpRV0KbtwoCrYKbSmZzK0NzSRDcqdYhln6Nd3qh7hTt36CP2DazsKqBwKHc+69OZwgFtyg5707hYXFpeWV4mppbX1jc6u8vdM0KtEMGkwJpe8DakBwCQ3kKOA+1kCjQMBdMDif+HdD0IYreYujGDoRfZC8xxlFK3XL+22ER5zeSS+pVkpmaTsEgbSbXl1lWbdc8areFO5f4uekQnJcd8tf7VCxJAKJTFBjWr4XYyelGjkTkJXaiYGYsgF9gJalkkZgOuk0QOYeWiV0e0rbJ9Gdqj83UhoZM4oCOxlR7Jvf3kT8z2sl2DvtpFzGCYJks496iXBRuZNW3JBrYChGllCmuc3qsj7VlKHtbu5SOOSxyVM/zmKXSrYl/3cnf0mzVvWPq/WbeuWslvdVJHvkgBwRn5yQM3JBrkmDMPJExuSZvDhj59V5cz5mowUn39klc3A+vwGcKaif</latexit>

�NN
<latexit sha1_base64="HhxIZgx6Ty+34Yp3v1dAi+iaYAk=">AAACH3icbVDLSsNAFJ34rPVVFVdugkVwVZJS1IWLghs3QgX7gDaUyWTaDp3MhJmb0hL6Md3qh7gTt/0Of8BpmoVtPXDhcO7rcPyIMw2OM7e2tnd29/ZzB/nDo+OT08LZeUPLWBFaJ5JL1fKxppwJWgcGnLYiRXHoc9r0h0+LfnNElWZSvMEkol6I+4L1GMFgpG7hsgN0DOmd5AUrKcU0eZx2C0Wn5KSwN4mbkSLKUOsWfjqBJHFIBRCOtW67TgReghUwwuk034k1jTAZ4j5tGypwSLWXpG+n9o1RArsnlSkBdqr+3UhwqPUk9M1kiGGg13sL8b9eO4beg5cwEcVABVk+6sXcBmkvsrADpigBPjEEE8WMV5sMsMIETGIrl4IRi3Tmery0nc+blNz1TDZJo1xy70qV10qxWs7yyqErdI1ukYvuURU9oxqqI4ISNEPv6MOaWZ/Wl/W9HN2ysp0LtAJr/gv3oKQe</latexit>

<

§Uncertainty:
<latexit sha1_base64="WbDL4Al66q6fl7EJbQevq+9ABps=">AAACJ3icbVDLSgMxFM34rPVVdSlCsAiuykwp6lJw40aoYFuhLSWTudXQTDIkd0rL0JVf41Y/xJ3o0m/wB0zbWfg6cOFw7utwwkQKi77/7i0sLi2vrBbWiusbm1vbpZ3dptWp4dDgWmpzGzILUihooEAJt4kBFocSWuHgYtpvDcFYodUNjhPoxuxOib7gDJ3UKx10EEY4u5NdMaO1mmSdCCQyOqSTXqnsV/wZ6F8S5KRMctR7pc9OpHkag0IumbXtwE+wmzGDgkuYFDuphYTxAbuDtqOKxWC72ez9hB45JaJ9bVwppDP1+0bGYmvHcegmY4b39ndvKv7Xa6fYP+tmQiUpguLzR/1UUtR0mgmNhAGOcuwI40Y4r5TfM8M4uuR+XIqGIrG569HcdrHoUgp+Z/KXNKuV4KRSu66Vz6t5XgWyTw7JMQnIKTknl6ROGoSTB/JInsiz9+i9eK/e23x0wct39sgPeB9fLpinTg==</latexit>

�v

§Discretization:
<latexit sha1_base64="dpX9ypEjKfHbg8+6hv3nEiO5S9w=">AAACLXicbVDLSsNAFJ34tr6qLt0Ei+CqJEXUZUEXbgQFawtNKZPJrQ6dzISZm9IS8gF+jVv9EBeCuPUD/AGnbRbaemGYwzn3cThhIrhBz3t3FhaXlldW19ZLG5tb2zvl3b17o1LNoMGUULoVUgOCS2ggRwGtRAONQwHNsH8x1psD0IYreYejBDoxfZC8xxlFS3XLlQBhiJM92TXVSsk8CyIQSLtZcDn+89x2eVVvUu488AtQIUXddMvfQaRYGoNEJqgxbd9LsJNRjZwJyEtBaiChrE8foG2hpDGYTjYxkbtHloncntL2SXQn7O+JjMbGjOLQdsYUH82sNib/09op9s47GZdJiiDZ9FAvFS4qd5yMG3ENDMXIAso0t15d9kg1ZWjz+7MpGvDEFK6HU9ulkk3Jn81kHtzXqv5p9eT2pFKvFXmtkQNySI6JT85InVyRG9IgjDyRZ/JCXp1n5835cD6nrQtOMbNP/pTz9QMkXKpx</latexit>

��

§Model:
<latexit sha1_base64="/SpfMq2gwUP0a/fFm9fXvU4WEdk=">AAACJnicbVDLSsNAFJ34rPUVdamLYBFclUSKuiy4cVNQsLbQljKZ3NbByUyYuRFL6Mav6VY/xJ2IO//BH3DaZmFbD1w4nPs6nDAR3KDvfzlLyyura+uFjeLm1vbOrru3f29UqhnUmRJKN0NqQHAJdeQooJlooHEooBE+Xo37jSfQhit5h4MEOjHtS97jjKKVuu5RG+EZJ3eyGtVKyWHWjkAg7daGXbfkl/0JvEUS5KREctx03Z92pFgag0QmqDGtwE+wk1GNnAkYFtupgYSyR9qHlqWSxmA62eT70DuxSuT1lLYl0ZuofzcyGhsziEM7GVN8MPO9sfhfr5Vi77KTcZmkCJJNH/VS4aHyxpF4EdfAUAwsoUxz69VjD1RThja4mUvRE09M7vp5artYtCkF85kskvuzcnBertxWStWzPK8COSTH5JQE5IJUyTW5IXXCyAsZkVfy5oycd+fD+ZyOLjn5zgGZgfP9C+3Xpzo=</latexit>

�M

§Neural network:
<latexit sha1_base64="g9BVDgadgtANFteuw0XtMilpcQY=">AAACKXicbVDLSgMxFM3UV62vqksXDhbBVZkpRV0KbtwoCrYKbSmZzK0NzSRDcqdYhln6Nd3qh7hTt36CP2DazsKqBwKHc+69OZwgFtyg5707hYXFpeWV4mppbX1jc6u8vdM0KtEMGkwJpe8DakBwCQ3kKOA+1kCjQMBdMDif+HdD0IYreYujGDoRfZC8xxlFK3XL+22ER5zeSS+pVkpmaTsEgbSbXl1lWbdc8areFO5f4uekQnJcd8tf7VCxJAKJTFBjWr4XYyelGjkTkJXaiYGYsgF9gJalkkZgOuk0QOYeWiV0e0rbJ9Gdqj83UhoZM4oCOxlR7Jvf3kT8z2sl2DvtpFzGCYJks496iXBRuZNW3JBrYChGllCmuc3qsj7VlKHtbu5SOOSxyVM/zmKXSrYl/3cnf0mzVvWPq/WbeuWslvdVJHvkgBwRn5yQM3JBrkmDMPJExuSZvDhj59V5cz5mowUn39klc3A+vwGcKaif</latexit>

�NN

<latexit sha1_base64="g9BVDgadgtANFteuw0XtMilpcQY=">AAACKXicbVDLSgMxFM3UV62vqksXDhbBVZkpRV0KbtwoCrYKbSmZzK0NzSRDcqdYhln6Nd3qh7hTt36CP2DazsKqBwKHc+69OZwgFtyg5707hYXFpeWV4mppbX1jc6u8vdM0KtEMGkwJpe8DakBwCQ3kKOA+1kCjQMBdMDif+HdD0IYreYujGDoRfZC8xxlFK3XL+22ER5zeSS+pVkpmaTsEgbSbXl1lWbdc8areFO5f4uekQnJcd8tf7VCxJAKJTFBjWr4XYyelGjkTkJXaiYGYsgF9gJalkkZgOuk0QOYeWiV0e0rbJ9Gdqj83UhoZM4oCOxlR7Jvf3kT8z2sl2DvtpFzGCYJks496iXBRuZNW3JBrYChGllCmuc3qsj7VlKHtbu5SOOSxyVM/zmKXSrYl/3cnf0mzVvWPq/WbeuWslvdVJHvkgBwRn5yQM3JBrkmDMPJExuSZvDhj59V5cz5mowUn39klc3A+vwGcKaif</latexit>

�NN

<latexit sha1_base64="dpX9ypEjKfHbg8+6hv3nEiO5S9w=">AAACLXicbVDLSsNAFJ34tr6qLt0Ei+CqJEXUZUEXbgQFawtNKZPJrQ6dzISZm9IS8gF+jVv9EBeCuPUD/AGnbRbaemGYwzn3cThhIrhBz3t3FhaXlldW19ZLG5tb2zvl3b17o1LNoMGUULoVUgOCS2ggRwGtRAONQwHNsH8x1psD0IYreYejBDoxfZC8xxlFS3XLlQBhiJM92TXVSsk8CyIQSLtZcDn+89x2eVVvUu488AtQIUXddMvfQaRYGoNEJqgxbd9LsJNRjZwJyEtBaiChrE8foG2hpDGYTjYxkbtHloncntL2SXQn7O+JjMbGjOLQdsYUH82sNib/09op9s47GZdJiiDZ9FAvFS4qd5yMG3ENDMXIAso0t15d9kg1ZWjz+7MpGvDEFK6HU9ulkk3Jn81kHtzXqv5p9eT2pFKvFXmtkQNySI6JT85InVyRG9IgjDyRZ/JCXp1n5835cD6nrQtOMbNP/pTz9QMkXKpx</latexit>

��

<latexit sha1_base64="WbDL4Al66q6fl7EJbQevq+9ABps=">AAACJ3icbVDLSgMxFM34rPVVdSlCsAiuykwp6lJw40aoYFuhLSWTudXQTDIkd0rL0JVf41Y/xJ3o0m/wB0zbWfg6cOFw7utwwkQKi77/7i0sLi2vrBbWiusbm1vbpZ3dptWp4dDgWmpzGzILUihooEAJt4kBFocSWuHgYtpvDcFYodUNjhPoxuxOib7gDJ3UKx10EEY4u5NdMaO1mmSdCCQyOqSTXqnsV/wZ6F8S5KRMctR7pc9OpHkag0IumbXtwE+wmzGDgkuYFDuphYTxAbuDtqOKxWC72ez9hB45JaJ9bVwppDP1+0bGYmvHcegmY4b39ndvKv7Xa6fYP+tmQiUpguLzR/1UUtR0mgmNhAGOcuwI40Y4r5TfM8M4uuR+XIqGIrG569HcdrHoUgp+Z/KXNKuV4KRSu66Vz6t5XgWyTw7JMQnIKTknl6ROGoSTB/JInsiz9+i9eK/e23x0wct39sgPeB9fLpinTg==</latexit>

�v

<latexit sha1_base64="/SpfMq2gwUP0a/fFm9fXvU4WEdk=">AAACJnicbVDLSsNAFJ34rPUVdamLYBFclUSKuiy4cVNQsLbQljKZ3NbByUyYuRFL6Mav6VY/xJ2IO//BH3DaZmFbD1w4nPs6nDAR3KDvfzlLyyura+uFjeLm1vbOrru3f29UqhnUmRJKN0NqQHAJdeQooJlooHEooBE+Xo37jSfQhit5h4MEOjHtS97jjKKVuu5RG+EZJ3eyGtVKyWHWjkAg7daGXbfkl/0JvEUS5KREctx03Z92pFgag0QmqDGtwE+wk1GNnAkYFtupgYSyR9qHlqWSxmA62eT70DuxSuT1lLYl0ZuofzcyGhsziEM7GVN8MPO9sfhfr5Vi77KTcZmkCJJNH/VS4aHyxpF4EdfAUAwsoUxz69VjD1RThja4mUvRE09M7vp5artYtCkF85kskvuzcnBertxWStWzPK8COSTH5JQE5IJUyTW5IXXCyAsZkVfy5oycd+fD+ZyOLjn5zgGZgfP9C+3Xpzo=</latexit>

�M

§High number of possible 
configurations

<latexit sha1_base64="f7cUI4rwBJRrXMVlBwTuzM9Lqd8=">AAACLXicbVDNSsNAGNz4W+Nf1aOXxSJ4Kkkp6kGh4MVjBfsDTQibzaZdutnE3U2xhD6AT9OrPogHQbz6AL6AmzYH2zqwMMzMt/vt+AmjUlnWh7G2vrG5tV3aMXf39g8Oy0fHbRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w7vc74yIkDTmj2qcEDdCfU5DipHSkleuOAql8BY6WU486ky8zII3FDqMPEHuDeDE1Cmras0AV4ldkAoo0PTKP04Q4zQiXGGGpOzZVqLcDAlFMSMT00klSRAeoj7pacpRRKSbzT4zgedaCWAYC324gjP170SGIinHka+TEVIDuezl4n9eL1XhtZtRnqSKcDx/KEwZVDHMm4EBFQQrNtYEYUH1rhAPkEBY6f4WbgpGNJHF1s/ztc28JXu5k1XSrlXty2r9oV5p1Iq+SuAUnIELYIMr0AD3oAlaAIMXMAWv4M2YGu/Gp/E1j64ZxcwJWIDx/QtSf6ec</latexit>

⌧ = {⌧i}0<inh

<latexit sha1_base64="JOH9C/YSiugAo/Hn8ipQBg3sW60=">AAACD3icbVBLTsMwFHzhW8KvwJKNRYXEqkqqClhWYsOySPQjtVHlOE5r1XEi26mooh6iWzgIO8SWI3AOLoDTZkFbRrI0mnnPHo+fcKa043xbW9s7u3v7pQP78Oj45LR8dt5WcSoJbZGYx7LrY0U5E7Slmea0m0iKI5/Tjj9+yP3OhErFYvGspwn1IjwULGQEayN1+hqnA2YPyhWn6iyANolbkAoUaA7KP/0gJmlEhSYcK9VznUR7GZaaEU5ndj9VNMFkjIe0Z6jAEVVetog7Q9dGCVAYS3OERgv170aGI6WmkW8mI6xHat3Lxf+8XqrDey9jIkk1FWT5UJhypGOU/x0FTFKi+dQQTCQzWREZYYmJNg2t3BRMWKKK1C/L2HbekrveySZp16rubbX+VK80akVfJbiEK7gBF+6gAY/QhBYQGMMcXuHNmlvv1of1uRzdsoqdC1iB9fULpv+dAQ==</latexit>⌧iwhere each
is one of the <latexit sha1_base64="NmGjm7dsjgn6jVdQk/7dS/GmWkU=">AAACDHicbVDLSsNAFL2prxpfVZduBovgqiSlVJcFNy4r2Ae0oUwmk2boZBJmJsUS+gvd6oe4E7f+g9/hD5i0WdjWAwOHc+6dOXPcmDOlLevbKO3s7u0flA/No+OT07PK+UVXRYkktEMiHsm+ixXlTNCOZprTfiwpDl1Oe+7kIfd7UyoVi8SznsXUCfFYMJ8RrHNJjAJzVKlaNWsJtE3sglShQHtU+Rl6EUlCKjThWKmBbcXaSbHUjHA6N4eJojEmEzymg4wKHFLlpMusc3STKR7yI5kdodFS/buR4lCpWehmkyHWgdr0cvE/b5Bo/95JmYgTTQVZPeQnHOkI5R9HHpOUaD7LCCaSZVkRCbDERGf1rN3kTVmsitQvq9hm3pK92ck26dZrdrPWeGpUW/WirzJcwTXcgg130IJHaEMHCASwgFd4MxbGu/FhfK5GS0axcwlrML5+AS73m6o=</latexit>nh hyperparameters.

Challenges:

§Different measurable spaces 
(categorical, integer, continuous, 
Boolean)

§ Interactions

§Can be conditioned to 
each other’s values

Stakes

§ Impact on error and
on computational cost

Challenges

§ Interpretability
§Multi-objective
§ Space complexity

Traditional SA approach: 

<latexit sha1_base64="ZJh3WZ5bnqLYRahFT2btmmRzd+8=">AAACIHicbVDLSsNAFJ3UV62vqODGTbAIrkpSirosuHEjVLAPaUOZTKbt0MlMmLkpLbE/061+iDtxqb/hD5imWdjWAxcO574Oxws502DbX0ZuY3Nreye/W9jbPzg8Mo9PGlpGitA6kVyqloc15UzQOjDgtBUqigOP06Y3vJv3myOqNJPiCSYhdQPcF6zHCIZE6ppnHaBjSO/ED1hJKabx87TQNYt2yU5hrRMnI0WUodY1fzq+JFFABRCOtW47dghujBUwwum00Ik0DTEZ4j5tJ1TggGo3Tv9OrctE8a2eVEkJsFL170aMA60ngZdMBhgGerU3F//rtSPo3boxE2EEVJDFo17ELZDWPAzLZ4oS4JOEYKJY4tUiA6wwgSSypUv+iIU6cz1e2C7MU3JWM1knjXLJuS5VHivFajnLK4/O0QW6Qg66QVV0j2qojgh6QTP0it6MmfFufBifi9Gcke2coiUY379mMKRP</latexit>

Y and each 
<latexit sha1_base64="t5CSTBwJkw5IT+aDBg3ss0/W5xw=">AAACInicbVDLSsNAFJ34rPFVdSO4CRbBVUlKUZcFN26ECvYBbSmTyaQdOpkJMzelJcSv6VY/xJ24EvwLf8CkzcK2HrhwOPd1OG7ImQbb/jI2Nre2d3YLe+b+weHRcfHktKllpAhtEMmlartYU84EbQADTtuhojhwOW25o/us3xpTpZkUzzANaS/AA8F8RjCkUr943gU6gfmd+BErKUUSt/ssMfvFkl2257DWiZOTEspR7xd/up4kUUAFEI617jh2CL0YK2CE08TsRpqGmIzwgHZSKnBAdS+ef06sq1TxLF+qtARYc/XvRowDraeBm04GGIZ6tZeJ//U6Efh3vZiJMAIqyOKRH3ELpJXFYXlMUQJ8mhJMFEu9WmSIFSaQhrZ0yRuzUOeuJwvbZpaSs5rJOmlWys5NufpULdUqeV4FdIEu0TVy0C2qoQdURw1E0AuaoVf0ZsyMd+PD+FyMbhj5zhlagvH9CwsKpSo=</latexit>

Xi§Assess the link between

§Analysis of the variance using Sobol indices 
(quantitative)

<latexit sha1_base64="ZJh3WZ5bnqLYRahFT2btmmRzd+8=">AAACIHicbVDLSsNAFJ3UV62vqODGTbAIrkpSirosuHEjVLAPaUOZTKbt0MlMmLkpLbE/061+iDtxqb/hD5imWdjWAxcO574Oxws502DbX0ZuY3Nreye/W9jbPzg8Mo9PGlpGitA6kVyqloc15UzQOjDgtBUqigOP06Y3vJv3myOqNJPiCSYhdQPcF6zHCIZE6ppnHaBjSO/ED1hJKabx87TQNYt2yU5hrRMnI0WUodY1fzq+JFFABRCOtW47dghujBUwwum00Ik0DTEZ4j5tJ1TggGo3Tv9OrctE8a2eVEkJsFL170aMA60ngZdMBhgGerU3F//rtSPo3boxE2EEVJDFo17ELZDWPAzLZ4oS4JOEYKJY4tUiA6wwgSSypUv+iIU6cz1e2C7MU3JWM1knjXLJuS5VHivFajnLK4/O0QW6Qg66QVV0j2qojgh6QTP0it6MmfFufBifi9Gcke2coiUY379mMKRP</latexit>

Y

<latexit sha1_base64="GJNpw0n+Zaw27UOC1sVXcXntbH4=">AAACKXicbVDLTsJAFJ3iC/GFunRhIzFxRVpC1CWJGzcmmMjDACHTYQoTpjPNzC2BNF36NWz1Q9ypWz/BH7AtXQh4kklOzrn3zslxfM40WNankdvY3Nreye8W9vYPDo+KxydNLQNFaINILlXbwZpyJmgDGHDa9hXFnsNpyxnfJX5rQpVmUjzBzKc9Dw8FcxnBEEv94nkX6BTSO+EDVlKKKOx6GEaOGz5HUaFfLFllK4W5TuyMlFCGer/40x1IEnhUAOFY645t+dALsQJGOI0K3UBTH5MxHtJOTAX2qO6FaYDIvIyVgelKFT8BZqr+3Qixp/XMc+LJJKNe9RLxP68TgHvbC5nwA6CCLD5yA26CNJNWzAFTlACfxQQTxeKsJhlhhQnE3S1dGkyYr7PU00XsQtKSvdrJOmlWyvZ1ufpYLdUqWV95dIYu0BWy0Q2qoXtURw1E0Auao1f0ZsyNd+PD+FqM5oxs5xQtwfj+BU4DqG8=</latexit>

Y

Goal oriented SA: 

and each 
<latexit sha1_base64="t5CSTBwJkw5IT+aDBg3ss0/W5xw=">AAACInicbVDLSsNAFJ34rPFVdSO4CRbBVUlKUZcFN26ECvYBbSmTyaQdOpkJMzelJcSv6VY/xJ24EvwLf8CkzcK2HrhwOPd1OG7ImQbb/jI2Nre2d3YLe+b+weHRcfHktKllpAhtEMmlartYU84EbQADTtuhojhwOW25o/us3xpTpZkUzzANaS/AA8F8RjCkUr943gU6gfmd+BErKUUSt/ssMfvFkl2257DWiZOTEspR7xd/up4kUUAFEI617jh2CL0YK2CE08TsRpqGmIzwgHZSKnBAdS+ef06sq1TxLF+qtARYc/XvRowDraeBm04GGIZ6tZeJ//U6Efh3vZiJMAIqyOKRH3ELpJXFYXlMUQJ8mhJMFEu9WmSIFSaQhrZ0yRuzUOeuJwvbZpaSs5rJOmlWys5NufpULdUqeV4FdIEu0TVy0C2qoQdURw1E0AuaoVf0ZsyMd+PD+FyMbhj5zhlagvH9CwsKpSo=</latexit>

Xi§Assess the link between

§ Several sensitivity indices can be used … 

<latexit sha1_base64="GJNpw0n+Zaw27UOC1sVXcXntbH4=">AAACKXicbVDLTsJAFJ3iC/GFunRhIzFxRVpC1CWJGzcmmMjDACHTYQoTpjPNzC2BNF36NWz1Q9ypWz/BH7AtXQh4kklOzrn3zslxfM40WNankdvY3Nreye8W9vYPDo+KxydNLQNFaINILlXbwZpyJmgDGHDa9hXFnsNpyxnfJX5rQpVmUjzBzKc9Dw8FcxnBEEv94nkX6BTSO+EDVlKKKOx6GEaOGz5HUaFfLFllK4W5TuyMlFCGer/40x1IEnhUAOFY645t+dALsQJGOI0K3UBTH5MxHtJOTAX2qO6FaYDIvIyVgelKFT8BZqr+3Qixp/XMc+LJJKNe9RLxP68TgHvbC5nwA6CCLD5yA26CNJNWzAFTlACfxQQTxeKsJhlhhQnE3S1dGkyYr7PU00XsQtKSvdrJOmlWyvZ1ufpYLdUqWV95dIYu0BWy0Q2qoXtURw1E0Auao1f0ZsyNd+PD+FqM5oxs5xQtwfj+BU4DqG8=</latexit>

Y

<latexit sha1_base64="6i/jr+YMAZVmzCoMyyWg+pKwWSo="></latexit>

1Y 2Y

<latexit sha1_base64="6i/jr+YMAZVmzCoMyyWg+pKwWSo="></latexit>

1Y 2Y

<latexit sha1_base64="tWzdmlwxWpJNg+Oog+OLxXfBIDs=">AAACD3icbVDLSgMxFL3js9ZX1aWbYBFcSJmRoi4LblxWsA9oh5LJZNrQzIPkTrEM/Yhu9UPciVs/we/wB0zbWdjWA4HDOfcmJ8dLpNBo29/WxubW9s5uYa+4f3B4dFw6OW3qOFWMN1gsY9X2qOZSRLyBAiVvJ4rT0JO85Q0fZn5rxJUWcfSM44S7Ie1HIhCMopFaXaRpT5BeqWxX7DnIOnFyUoYc9V7pp+vHLA15hExSrTuOnaCbUYWCST4pdlPNE8qGtM87hkY05NrN5nEn5NIoPgliZU6EZK7+3choqPU49MxkSHGgV72Z+J/XSTG4dzMRJSnyiC0eClJJMCazvxNfKM5Qjg2hTAmTlbABVZShaWjpJn8kEp2nflnELhZNS85qJ+ukeVNxbivVp2q5dp33VYBzuIArcOAOavAIdWgAgyFM4RXerKn1bn1Yn4vRDSvfOYMlWF+/yV+dEQ==</latexit>⌧i
<latexit sha1_base64="tWzdmlwxWpJNg+Oog+OLxXfBIDs=">AAACD3icbVDLSgMxFL3js9ZX1aWbYBFcSJmRoi4LblxWsA9oh5LJZNrQzIPkTrEM/Yhu9UPciVs/we/wB0zbWdjWA4HDOfcmJ8dLpNBo29/WxubW9s5uYa+4f3B4dFw6OW3qOFWMN1gsY9X2qOZSRLyBAiVvJ4rT0JO85Q0fZn5rxJUWcfSM44S7Ie1HIhCMopFaXaRpT5BeqWxX7DnIOnFyUoYc9V7pp+vHLA15hExSrTuOnaCbUYWCST4pdlPNE8qGtM87hkY05NrN5nEn5NIoPgliZU6EZK7+3choqPU49MxkSHGgV72Z+J/XSTG4dzMRJSnyiC0eClJJMCazvxNfKM5Qjg2hTAmTlbABVZShaWjpJn8kEp2nflnELhZNS85qJ+ukeVNxbivVp2q5dp33VYBzuIArcOAOavAIdWgAgyFM4RXerKn1bn1Yn4vRDSvfOYMlWF+/yV+dEQ==</latexit>⌧i

Obstacles to circumvent

§Hyperparameters can be categorical, continuous or Boolean, have different distr.
Ex: activation function, learning rate, dropout

§They may interact
Ex: batch size and optimizer

§ Some of them are not always involved in the training
Ex: dropout rate

Bayesian Optimization (BO) vs HSIC based Bayesian Optimization (HSIC BO)

Object

Gas stream

Chemical 
reactions

Shock

Atmospheric reentry coupled with chemical reactions:
§Parameter uncertainty error:

<latexit sha1_base64="WbDL4Al66q6fl7EJbQevq+9ABps=">AAACJ3icbVDLSgMxFM34rPVVdSlCsAiuykwp6lJw40aoYFuhLSWTudXQTDIkd0rL0JVf41Y/xJ3o0m/wB0zbWfg6cOFw7utwwkQKi77/7i0sLi2vrBbWiusbm1vbpZ3dptWp4dDgWmpzGzILUihooEAJt4kBFocSWuHgYtpvDcFYodUNjhPoxuxOib7gDJ3UKx10EEY4u5NdMaO1mmSdCCQyOqSTXqnsV/wZ6F8S5KRMctR7pc9OpHkag0IumbXtwE+wmzGDgkuYFDuphYTxAbuDtqOKxWC72ez9hB45JaJ9bVwppDP1+0bGYmvHcegmY4b39ndvKv7Xa6fYP+tmQiUpguLzR/1UUtR0mgmNhAGOcuwI40Y4r5TfM8M4uuR+XIqGIrG569HcdrHoUgp+Z/KXNKuV4KRSu66Vz6t5XgWyTw7JMQnIKTknl6ROGoSTB/JInsiz9+i9eK/e23x0wct39sgPeB9fLpinTg==</latexit>

�v
§Discretization error:

<latexit sha1_base64="dpX9ypEjKfHbg8+6hv3nEiO5S9w=">AAACLXicbVDLSsNAFJ34tr6qLt0Ei+CqJEXUZUEXbgQFawtNKZPJrQ6dzISZm9IS8gF+jVv9EBeCuPUD/AGnbRbaemGYwzn3cThhIrhBz3t3FhaXlldW19ZLG5tb2zvl3b17o1LNoMGUULoVUgOCS2ggRwGtRAONQwHNsH8x1psD0IYreYejBDoxfZC8xxlFS3XLlQBhiJM92TXVSsk8CyIQSLtZcDn+89x2eVVvUu488AtQIUXddMvfQaRYGoNEJqgxbd9LsJNRjZwJyEtBaiChrE8foG2hpDGYTjYxkbtHloncntL2SXQn7O+JjMbGjOLQdsYUH82sNib/09op9s47GZdJiiDZ9FAvFS4qd5yMG3ENDMXIAso0t15d9kg1ZWjz+7MpGvDEFK6HU9ulkk3Jn81kHtzXqv5p9eT2pFKvFXmtkQNySI6JT85InVyRG9IgjDyRZ/JCXp1n5835cD6nrQtOMbNP/pTz9QMkXKpx</latexit>

��
§Model error:

<latexit sha1_base64="/SpfMq2gwUP0a/fFm9fXvU4WEdk=">AAACJnicbVDLSsNAFJ34rPUVdamLYBFclUSKuiy4cVNQsLbQljKZ3NbByUyYuRFL6Mav6VY/xJ2IO//BH3DaZmFbD1w4nPs6nDAR3KDvfzlLyyura+uFjeLm1vbOrru3f29UqhnUmRJKN0NqQHAJdeQooJlooHEooBE+Xo37jSfQhit5h4MEOjHtS97jjKKVuu5RG+EZJ3eyGtVKyWHWjkAg7daGXbfkl/0JvEUS5KREctx03Z92pFgag0QmqDGtwE+wk1GNnAkYFtupgYSyR9qHlqWSxmA62eT70DuxSuT1lLYl0ZuofzcyGhsziEM7GVN8MPO9sfhfr5Vi77KTcZmkCJJNH/VS4aHyxpF4EdfAUAwsoUxz69VjD1RThja4mUvRE09M7vp5artYtCkF85kskvuzcnBertxWStWzPK8COSTH5JQE5IJUyTW5IXXCyAsZkVfy5oycd+fD+ZyOLjn5zgGZgfP9C+3Xpzo=</latexit>

�M

How do they compare to          , the error coming from the 
approximation of Mutation++ by a neural network?

<latexit sha1_base64="g9BVDgadgtANFteuw0XtMilpcQY=">AAACKXicbVDLSgMxFM3UV62vqksXDhbBVZkpRV0KbtwoCrYKbSmZzK0NzSRDcqdYhln6Nd3qh7hTt36CP2DazsKqBwKHc+69OZwgFtyg5707hYXFpeWV4mppbX1jc6u8vdM0KtEMGkwJpe8DakBwCQ3kKOA+1kCjQMBdMDif+HdD0IYreYujGDoRfZC8xxlFK3XL+22ER5zeSS+pVkpmaTsEgbSbXl1lWbdc8areFO5f4uekQnJcd8tf7VCxJAKJTFBjWr4XYyelGjkTkJXaiYGYsgF9gJalkkZgOuk0QOYeWiV0e0rbJ9Gdqj83UhoZM4oCOxlR7Jvf3kT8z2sl2DvtpFzGCYJks496iXBRuZNW3JBrYChGllCmuc3qsj7VlKHtbu5SOOSxyVM/zmKXSrYl/3cnf0mzVvWPq/WbeuWslvdVJHvkgBwRn5yQM3JBrkmDMPJExuSZvDhj59V5cz5mowUn39klc3A+vwGcKaif</latexit>

�NN

<latexit sha1_base64="3etsoPRPcNW8qM0eFpcmJi/Bymk=">AAACLHicbVDLSgMxFM34rPVVdekmtAiCUGZE1KXgxo1QwWqhLUMmc6vBTDIkd4pl6N6vcasf4kbErT/gD5i2s9DWA4HDOffeHE6USmHR99+9ufmFxaXl0kp5dW19Y7OytX1jdWY4NLmW2rQiZkEKBU0UKKGVGmBJJOE2ejgf+bd9MFZodY2DFLoJu1OiJzhDJ4WVagfhEcd38ktmtFbDvB/69IB2YpDIwv4wrNT8uj8GnSVBQWqkQCOsfHdizbMEFHLJrG0HfordnBkUXMKw3MkspIw/sDtoO6pYArabjzMM6Z5TYtrTxj2FdKz+3shZYu0gidxkwvDeTnsj8T+vnWHvtJsLlWYIik8+6mWSoqajYmgsDHCUA0cYN8JlpfyeGcbR1ffnUtwXqS1SP05il8uupWC6k1lyc1gPjutHV0e1s8OirxLZJVWyTwJyQs7IBWmQJuHkiTyTF/LqPXtv3of3ORmd84qdHfIH3tcPsYKpDw==</latexit>

v0 + �v

Error study:

Upstream speed: with

Mesh size: 
<latexit sha1_base64="Qccv896okIeA0apN/rzYqAuVghE=">AAACK3icbVDLTgIxFO3gC/GFunRTJSauyAwhPnYkbtyYYCKPBAjplAINnXbS3iGQCWu/hq1+iCuNW7/AH7DALAQ8yU1Ozn2dHD8U3IDrfjipjc2t7Z30bmZv/+DwKHt8UjUq0pRVqBJK131imOCSVYCDYPVQMxL4gtX8wf2sXxsybbiSzzAOWSsgPcm7nBKwUjt73gQ2gvmd+JFopeQkvnObwANmsOe6eNLO5ty8OwdeJ15CcihBuZ39aXYUjQImgQpiTMNzQ2jFRAOngk0yzciwkNAB6bGGpZLYV614bmGCL63SwV2lbUnAc/XvRkwCY8aBbycDAn2z2puJ//UaEXRvWzGXYQRM0sWjbiQwKDzLBXe4ZhTE2BJCNbdeMe0TTSjY9JYudYY8NInr0cJ2JmNT8lYzWSfVQt67zhefirlSIckrjc7QBbpCHrpBJfSAyqiCKHpBU/SK3pyp8+58Ol+L0ZST7JyiJTjfv/DzqBI=</latexit>

90⇥ 100
<latexit sha1_base64="EWk/2argiwAQIqJJFof7hLCUHyY=">AAACK3icbVDLTgIxFO3gC/GFunRTJSauyAwSdUnixo0JJvJIgJBOKdDQaSftHQKZsPZr2OqHuNK49Qv8AQvMQsCT3OTk3NfJ8UPBDbjuh5Pa2Nza3knvZvb2Dw6PsscnVaMiTVmFKqF03SeGCS5ZBTgIVg81I4EvWM0f3M/6tSHThiv5DOOQtQLSk7zLKQErtbPnTWAjmN+JH4lWSk7ia7cJPGAGe66LJ+1szs27c+B14iUkhxKU29mfZkfRKGASqCDGNDw3hFZMNHAq2CTTjAwLCR2QHmtYKol91YrnFib40iod3FXalgQ8V/9uxCQwZhz4djIg0DervZn4X68RQfeuFXMZRsAkXTzqRgKDwrNccIdrRkGMLSFUc+sV0z7RhIJNb+lSZ8hDk7geLWxnMjYlbzWTdVIt5L2bfPGpmCsVkrzS6AxdoCvkoVtUQg+ojCqIohc0Ra/ozZk6786n87UYTTnJzilagvP9C+bHqAw=</latexit>

30⇥ 100 <latexit sha1_base64="VF5hbVhTlWUH2IJyyE6PF7d8XGM=">AAACD3icbVDLTgIxFL2DLxxfqEs3jcTEFZkhRF2SuHGJiTwSmJBOpwMNnc6k7aBkwkew1Q9xZ9z6CX6HP2CBWQh4kiYn59zbnh4/4Uxpx/m2ClvbO7t7xX374PDo+KR0etZScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6n/vtMZWKxeJJTxLqRXggWMgI1kZq9zMeP09Rv1R2Ks4CaJO4OSlDjka/9NMLYpJGVGjCsVJd10m0l2GpGeF0avdSRRNMRnhAu4YKHFHlZYu4U3RllACFsTRHaLRQ/25kOFJqEvlmMsJ6qNa9ufif1011eOdlTCSppoIsHwpTjnSM5n9HAZOUaD4xBBPJTFZEhlhiok1DKzcFY5aoPPXLMrZtm5bc9U42SatacW8qtcdauV7N+yrCBVzCNbhwC3V4gAY0gcAIZvAKb9bMerc+rM/laMHKd85hBdbXLyzWnVI=</latexit>

low(PG/NN/MPP ) vs<latexit sha1_base64="1m5SBoGP5s5Df/okLvyJWokYlus=">AAACEHicbVBLTsMwFHzhW8KvwJKNRYXEqkqqClhWYsOySPQjtVHlOE5j1XEi26mool6iWzgIO8SWG3AOLoDbZkFbRrI0mnnPHo+fcqa043xbW9s7u3v7pQP78Oj45LR8dt5WSSYJbZGEJ7LrY0U5E7Slmea0m0qKY5/Tjj96mPudMZWKJeJZT1LqxXgoWMgI1kbqDvKIDaMpGpQrTtVZAG0StyAVKNAclH/6QUKymApNOFaq5zqp9nIsNSOcTu1+pmiKyQgPac9QgWOqvHyRd4qujRKgMJHmCI0W6t+NHMdKTWLfTMZYR2rdm4v/eb1Mh/dezkSaaSrI8qEw40gnaP55FDBJieYTQzCRzGRFJMISE20qWrkpGLNUFalflrFt27TkrneySdq1qntbrT/VK41a0VcJLuEKbsCFO2jAIzShBQQ4zOAV3qyZ9W59WJ/L0S2r2LmAFVhfv9TNnao=</latexit>

high
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Model: PG vs NN/MPP

Neural network approximation: MPP vs NN
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With BO + HSIC !

Hilbert Schmidt Independence Criterion (HSIC) based 
goal-oriented sensitivity analysis


