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Inputs Outputs

Spacesuit 
Impact Model

Trajectory 
Simulation

Transonic Aero 
Solver

Max 
contact 

force

• Atm. 
conds.
• Mass 

props

Model

Landing 
location

• Impact 
velocity
• Material 

strength

• Wing 
geometry
• Mach 

number

x1
<latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="lQF12WdvvQAE1KZm/06Asv1PPko=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyom2FdiiZ9E4bmskMyR2xDH0ENy4U8a3c+TamPwttPRD4OCch954oU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6Z5Z0nNFam+oEmGYYJH2oZS8HJWffP/aBfq/sNfy62DsES6rBUs1/76g1SkSeoSShubTfwMwoLbkgKhdNKL7eYcTHmQ+w61DxBGxbzUafszDkDFqfGHU1s7v5+UfDE2kkSuZsJp5FdzWbmf1k3p/gqLKTOckItFh/FuWKUstnebCANClITB1wY6WZlYsQNF+TaqbgSgtWV16F90Qj8RnDnQxlO4BTOIYBLuIZbaEILBAzhBd7g3VPeq/exqKvkLXs7hj/yPn8A8EuMSw==</latexit><latexit sha1_base64="lQF12WdvvQAE1KZm/06Asv1PPko=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyom2FdiiZ9E4bmskMyR2xDH0ENy4U8a3c+TamPwttPRD4OCch954oU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6Z5Z0nNFam+oEmGYYJH2oZS8HJWffP/aBfq/sNfy62DsES6rBUs1/76g1SkSeoSShubTfwMwoLbkgKhdNKL7eYcTHmQ+w61DxBGxbzUafszDkDFqfGHU1s7v5+UfDE2kkSuZsJp5FdzWbmf1k3p/gqLKTOckItFh/FuWKUstnebCANClITB1wY6WZlYsQNF+TaqbgSgtWV16F90Qj8RnDnQxlO4BTOIYBLuIZbaEILBAzhBd7g3VPeq/exqKvkLXs7hj/yPn8A8EuMSw==</latexit><latexit sha1_base64="XujZ0pe5y4QqDlY2zFd7im/i060=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrp/qnv9as1t+7OQVaJV5AaFGj2q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJa2LuufWvTu31rgs4ijDCZzCOXhwBQ24hSb4wGAIz/AKb450Xpx352PRWnKKmWP4A+fzBwY6jY4=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit>

p(
x
1
)

<latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit>

p(
x
2
)

<latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit>

x2
<latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit>

p(
x
3
)

<latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit>

x3
<latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit>

p(
y)

<latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit>

y
<latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit>

Repeated 
Evaluations

X
<latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="g9vjh2GQ87Eq2MweLFuvQ2AgGn0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqdQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/dabq1xXcRRhjM4h0vw4AYacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8AfO5w+wQ4zK</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit>

Dynamic 
Pressure
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Inputs Outputs

Spacesuit 
Impact Model

Trajectory 
Simulation

Transonic Aero 
Solver

Max 
contact 

force

• Atm. 
conds.
• Mass 

props

Model

Landing 
location

• Impact 
velocity
• Material 

strength

• Wing 
geometry
• Mach 

number

Ø Expected landing location

x1
<latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="lQF12WdvvQAE1KZm/06Asv1PPko=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyom2FdiiZ9E4bmskMyR2xDH0ENy4U8a3c+TamPwttPRD4OCch954oU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6Z5Z0nNFam+oEmGYYJH2oZS8HJWffP/aBfq/sNfy62DsES6rBUs1/76g1SkSeoSShubTfwMwoLbkgKhdNKL7eYcTHmQ+w61DxBGxbzUafszDkDFqfGHU1s7v5+UfDE2kkSuZsJp5FdzWbmf1k3p/gqLKTOckItFh/FuWKUstnebCANClITB1wY6WZlYsQNF+TaqbgSgtWV16F90Qj8RnDnQxlO4BTOIYBLuIZbaEILBAzhBd7g3VPeq/exqKvkLXs7hj/yPn8A8EuMSw==</latexit><latexit sha1_base64="lQF12WdvvQAE1KZm/06Asv1PPko=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyom2FdiiZ9E4bmskMyR2xDH0ENy4U8a3c+TamPwttPRD4OCch954oU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6Z5Z0nNFam+oEmGYYJH2oZS8HJWffP/aBfq/sNfy62DsES6rBUs1/76g1SkSeoSShubTfwMwoLbkgKhdNKL7eYcTHmQ+w61DxBGxbzUafszDkDFqfGHU1s7v5+UfDE2kkSuZsJp5FdzWbmf1k3p/gqLKTOckItFh/FuWKUstnebCANClITB1wY6WZlYsQNF+TaqbgSgtWV16F90Qj8RnDnQxlO4BTOIYBLuIZbaEILBAzhBd7g3VPeq/exqKvkLXs7hj/yPn8A8EuMSw==</latexit><latexit sha1_base64="XujZ0pe5y4QqDlY2zFd7im/i060=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrp/qnv9as1t+7OQVaJV5AaFGj2q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJa2LuufWvTu31rgs4ijDCZzCOXhwBQ24hSb4wGAIz/AKb450Xpx352PRWnKKmWP4A+fzBwY6jY4=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit>

p(
x
1
)

<latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit>

p(
x
2
)

<latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit>

x2
<latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit>

p(
x
3
)

<latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit>

x3
<latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit>

p(
y)

<latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit>

y
<latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit>

Repeated 
Evaluations

E[Y]
<latexit sha1_base64="bupO5E1IMG9AX+FRj7XT4/V4YQQ=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFcFVmpKDLggguK9iHtEPJpJk2NJMZkoxQxln4K25cKOLW33Dn35hpZ6GtB0IO59xLTo4fc6a043xbpZXVtfWN8mZla3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59c5X7ngUrFInGnpzH1QjwSLGAEayMN7KN+iPXYD9L57afXWe/eywZ21ak5M6Bl4hakCgWaA/urP4xIElKhCcdK9Vwn1l6KpWaE06zSTxSNMZngEe0ZKnBIlZfO8mfo1ChDFETSHKHRTP29keJQqWnom8k8pVr0cvE/r5fo4NJLmYgTTQWZPxQkHOkI5WWgIZOUaD41BBPJTFZExlhiok1lFVOCu/jlZdI+r7lOzb2tVxv1oo4yHMMJnIELF9CAG2hCCwg8wjO8wpv1ZL1Y79bHfLRkFTuH8AfW5w9715ZX</latexit><latexit sha1_base64="bupO5E1IMG9AX+FRj7XT4/V4YQQ=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFcFVmpKDLggguK9iHtEPJpJk2NJMZkoxQxln4K25cKOLW33Dn35hpZ6GtB0IO59xLTo4fc6a043xbpZXVtfWN8mZla3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59c5X7ngUrFInGnpzH1QjwSLGAEayMN7KN+iPXYD9L57afXWe/eywZ21ak5M6Bl4hakCgWaA/urP4xIElKhCcdK9Vwn1l6KpWaE06zSTxSNMZngEe0ZKnBIlZfO8mfo1ChDFETSHKHRTP29keJQqWnom8k8pVr0cvE/r5fo4NJLmYgTTQWZPxQkHOkI5WWgIZOUaD41BBPJTFZExlhiok1lFVOCu/jlZdI+r7lOzb2tVxv1oo4yHMMJnIELF9CAG2hCCwg8wjO8wpv1ZL1Y79bHfLRkFTuH8AfW5w9715ZX</latexit><latexit sha1_base64="bupO5E1IMG9AX+FRj7XT4/V4YQQ=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFcFVmpKDLggguK9iHtEPJpJk2NJMZkoxQxln4K25cKOLW33Dn35hpZ6GtB0IO59xLTo4fc6a043xbpZXVtfWN8mZla3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59c5X7ngUrFInGnpzH1QjwSLGAEayMN7KN+iPXYD9L57afXWe/eywZ21ak5M6Bl4hakCgWaA/urP4xIElKhCcdK9Vwn1l6KpWaE06zSTxSNMZngEe0ZKnBIlZfO8mfo1ChDFETSHKHRTP29keJQqWnom8k8pVr0cvE/r5fo4NJLmYgTTQWZPxQkHOkI5WWgIZOUaD41BBPJTFZExlhiok1lFVOCu/jlZdI+r7lOzb2tVxv1oo4yHMMJnIELF9CAG2hCCwg8wjO8wpv1ZL1Y79bHfLRkFTuH8AfW5w9715ZX</latexit><latexit sha1_base64="bupO5E1IMG9AX+FRj7XT4/V4YQQ=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFcFVmpKDLggguK9iHtEPJpJk2NJMZkoxQxln4K25cKOLW33Dn35hpZ6GtB0IO59xLTo4fc6a043xbpZXVtfWN8mZla3tnd8/eP2irKJGEtkjEI9n1saKcCdrSTHPajSXFoc9px59c5X7ngUrFInGnpzH1QjwSLGAEayMN7KN+iPXYD9L57afXWe/eywZ21ak5M6Bl4hakCgWaA/urP4xIElKhCcdK9Vwn1l6KpWaE06zSTxSNMZngEe0ZKnBIlZfO8mfo1ChDFETSHKHRTP29keJQqWnom8k8pVr0cvE/r5fo4NJLmYgTTQWZPxQkHOkI5WWgIZOUaD41BBPJTFZExlhiok1lFVOCu/jlZdI+r7lOzb2tVxv1oo4yHMMJnIELF9CAG2hCCwg8wjO8wpv1ZL1Y79bHfLRkFTuH8AfW5w9715ZX</latexit>

Statistical estimators

X
<latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="g9vjh2GQ87Eq2MweLFuvQ2AgGn0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqdQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/dabq1xXcRRhjM4h0vw4AYacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8AfO5w+wQ4zK</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit>

Dynamic 
Pressure
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Inputs Outputs

Spacesuit 
Impact Model

Trajectory 
Simulation

Transonic Aero 
Solver

Max 
contact 

force

• Atm. 
conds.
• Mass 

props

Model

Landing 
location

• Impact 
velocity
• Material 

strength

• Wing 
geometry
• Mach 

number

Ø Expected landing location
Ø 95% confidence landing ellipse

x1
<latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="lQF12WdvvQAE1KZm/06Asv1PPko=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyom2FdiiZ9E4bmskMyR2xDH0ENy4U8a3c+TamPwttPRD4OCch954oU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6Z5Z0nNFam+oEmGYYJH2oZS8HJWffP/aBfq/sNfy62DsES6rBUs1/76g1SkSeoSShubTfwMwoLbkgKhdNKL7eYcTHmQ+w61DxBGxbzUafszDkDFqfGHU1s7v5+UfDE2kkSuZsJp5FdzWbmf1k3p/gqLKTOckItFh/FuWKUstnebCANClITB1wY6WZlYsQNF+TaqbgSgtWV16F90Qj8RnDnQxlO4BTOIYBLuIZbaEILBAzhBd7g3VPeq/exqKvkLXs7hj/yPn8A8EuMSw==</latexit><latexit sha1_base64="lQF12WdvvQAE1KZm/06Asv1PPko=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyom2FdiiZ9E4bmskMyR2xDH0ENy4U8a3c+TamPwttPRD4OCch954oU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6Z5Z0nNFam+oEmGYYJH2oZS8HJWffP/aBfq/sNfy62DsES6rBUs1/76g1SkSeoSShubTfwMwoLbkgKhdNKL7eYcTHmQ+w61DxBGxbzUafszDkDFqfGHU1s7v5+UfDE2kkSuZsJp5FdzWbmf1k3p/gqLKTOckItFh/FuWKUstnebCANClITB1wY6WZlYsQNF+TaqbgSgtWV16F90Qj8RnDnQxlO4BTOIYBLuIZbaEILBAzhBd7g3VPeq/exqKvkLXs7hj/yPn8A8EuMSw==</latexit><latexit sha1_base64="XujZ0pe5y4QqDlY2zFd7im/i060=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrp/qnv9as1t+7OQVaJV5AaFGj2q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJa2LuufWvTu31rgs4ijDCZzCOXhwBQ24hSb4wGAIz/AKb450Xpx352PRWnKKmWP4A+fzBwY6jY4=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit>

p(
x
1
)

<latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit>

p(
x
2
)

<latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit>

x2
<latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit>

p(
x
3
)

<latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit>

x3
<latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit>

p(
y)

<latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit>

y
<latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit>

Repeated 
Evaluations

95% Probability

Confidence/credible intervals

X
<latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="g9vjh2GQ87Eq2MweLFuvQ2AgGn0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqdQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/dabq1xXcRRhjM4h0vw4AYacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8AfO5w+wQ4zK</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit>

Dynamic 
Pressure
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Inputs Outputs

Spacesuit 
Impact Model

Trajectory 
Simulation

Transonic Aero 
Solver

Max 
contact 

force

• Atm. 
conds.
• Mass 

props

Model

Landing 
location

• Impact 
velocity
• Material 

strength

• Wing 
geometry
• Mach 

number

Ø Expected landing location
Ø 95% confidence landing ellipse

Ø Probability of failure 
(force > threshold)

Ø Probability of flutter

x1
<latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="lQF12WdvvQAE1KZm/06Asv1PPko=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyom2FdiiZ9E4bmskMyR2xDH0ENy4U8a3c+TamPwttPRD4OCch954oU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6Z5Z0nNFam+oEmGYYJH2oZS8HJWffP/aBfq/sNfy62DsES6rBUs1/76g1SkSeoSShubTfwMwoLbkgKhdNKL7eYcTHmQ+w61DxBGxbzUafszDkDFqfGHU1s7v5+UfDE2kkSuZsJp5FdzWbmf1k3p/gqLKTOckItFh/FuWKUstnebCANClITB1wY6WZlYsQNF+TaqbgSgtWV16F90Qj8RnDnQxlO4BTOIYBLuIZbaEILBAzhBd7g3VPeq/exqKvkLXs7hj/yPn8A8EuMSw==</latexit><latexit sha1_base64="lQF12WdvvQAE1KZm/06Asv1PPko=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyom2FdiiZ9E4bmskMyR2xDH0ENy4U8a3c+TamPwttPRD4OCch954oU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6Z5Z0nNFam+oEmGYYJH2oZS8HJWffP/aBfq/sNfy62DsES6rBUs1/76g1SkSeoSShubTfwMwoLbkgKhdNKL7eYcTHmQ+w61DxBGxbzUafszDkDFqfGHU1s7v5+UfDE2kkSuZsJp5FdzWbmf1k3p/gqLKTOckItFh/FuWKUstnebCANClITB1wY6WZlYsQNF+TaqbgSgtWV16F90Qj8RnDnQxlO4BTOIYBLuIZbaEILBAzhBd7g3VPeq/exqKvkLXs7hj/yPn8A8EuMSw==</latexit><latexit sha1_base64="XujZ0pe5y4QqDlY2zFd7im/i060=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrp/qnv9as1t+7OQVaJV5AaFGj2q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2d9kIDRnKCeWUKaFvZWwEdWUoU2nYkPwll9eJa2LuufWvTu31rgs4ijDCZzCOXhwBQ24hSb4wGAIz/AKb450Xpx352PRWnKKmWP4A+fzBwY6jY4=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit><latexit sha1_base64="cKTOuITBPEIHLWwtMqhBL4Jnvbc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+55FrI2L1gNOE+xEdKREKRtFK908Db1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmlfVT236t3VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwd6jZI=</latexit>

p(
x
1
)

<latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit><latexit sha1_base64="ZQ1ZbsCXHhflEmoT3pfLnXAunLM=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/eCiXyr7VX8OtEqCnJQhR6Nf+uoNJEkTKizh2Jhu4CsbZlhbRjidFnupoQqTMR7SrqMCJ9SE2fzaKTp3ygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMbX4cZEyq1VJDFojjlyEo0ex0NmKbE8okjmGjmbkVkhDUm1gVUdCEEyy+vklatGvjV4O6yXK/lcRTgFM6gAgFcQR1uoQFNIPAAz/AKb570Xrx372PRuublMyfwB97nD54Jjm8=</latexit>

p(
x
2
)

<latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit><latexit sha1_base64="KFb64PKkzLfdTmQzj6P0gRJb0AU=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktgh4LXjxWsB/QLiWbZtvYbBKSrFiW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPxzcxvP1JtmBT3dqJomOChYDEj2DqppSpP/dpFv1T2q/4caJUEOSlDjka/9NUbSJImVFjCsTHdwFc2zLC2jHA6LfZSQxUmYzykXUcFTqgJs/m1U3TulAGKpXYlLJqrvycynBgzSSLXmWA7MsveTPzP66Y2vg4zJlRqqSCLRXHKkZVo9joaME2J5RNHMNHM3YrICGtMrAuo6EIIll9eJa1aNfCrwd1luV7L4yjAKZxBBQK4gjrcQgOaQOABnuEV3jzpvXjv3seidc3LZ07gD7zPH5+OjnA=</latexit>

x2
<latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit><latexit sha1_base64="m5mZuPvvZnnclRqjugsyLlv0R+4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKLSPJYPZpqgH9GR5CFn1Fjp/mlQG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK416HkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwAI/o2T</latexit>

p(
x
3
)

<latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit><latexit sha1_base64="E4Abo9AMDmM3VgDh7rGqn/R6UAQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNNvGZpMlyYpl6X/w4kERr/4fb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjP3O49UaSbFvZnG1I/wSLCQEWys1I6rT4OL80G54tbcDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJrz2UybixFBBFovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMmG4C2/vEra9Zrn1ry7y0qjnsdRhBM4hSp4cAUNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx+hE45x</latexit>

x3
<latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit><latexit sha1_base64="dft4XQuzIsyEX9LmTyiaI0WxCjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAKgo2U</latexit>

p(
y)

<latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit><latexit sha1_base64="iOFFD2mCvpE/sdLq8wdZOWeCw4Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCnosePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpKFKFdEvFIDQKsKWeSdg0znA5iRbEIOO0H87vc7z9RpVkkH00aU1/gqWQhI9jkUlxPr8fVmttwl0CbxCtIDQp0xtWv0SQiiaDSEI61HnpubPwMK8MIp4vKKNE0xmSOp3RoqcSCaj9b3rpAV1aZoDBStqRBS/X3RIaF1qkIbKfAZqbXvVz8zxsmJrz1MybjxFBJVovChCMTofxxNGGKEsNTSzBRzN6KyAwrTIyNp2JD8NZf3iS9ZsNzG95Dq9ZuFnGU4QIuoQ4e3EAb7qEDXSAwg2d4hTdHOC/Ou/Oxai05xcw5/IHz+QN4Wo3M</latexit>

y
<latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit><latexit sha1_base64="oIEopfHZLTeBs4F8fTQT40CK8aU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2FZoQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUMeywWMTqIaAaBZfYMdwIfEgU0igQ2Aumt3O/94RK81jemyxBP6JjyUPOqLFSOxtWa27dXYCsE68gNSjQGla/BqOYpRFKwwTVuu+5ifFzqgxnAmeVQaoxoWxKx9i3VNIItZ8vDp2RC6uMSBgrW9KQhfp7IqeR1lkU2M6Imole9ebif14/NeGNn3OZpAYlWy4KU0FMTOZfkxFXyIzILKFMcXsrYROqKDM2m4oNwVt9eZ10r+qeW/fajVqzUcRRhjM4h0vw4BqacAct6AADhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/jh4zv</latexit>

Repeated 
Evaluations

P (Y � ycrit)
<latexit sha1_base64="RNZn6JxrbCkInNrGtHR/194avok=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCvZRECnosePFYwX5IG8tmu2mXbjZxdyOGkL/ixYMiXv0j3vw3Jm0O2vpg4PHeDDPz3JAzpS3r2yitrW9sbpW3Kzu7e/sH5mG1q4JIEtohAQ9k38WKciZoRzPNaT+UFPsupz13dpX7vUcqFQvErY5D6vh4IpjHCNaZNDKr7fodGk7oA4rvEyKZTs9GZs1qWHOgVWIXpAYF2iPzazgOSORToQnHSg1sK9ROgqVmhNO0MowUDTGZ4QkdZFRgnyonmd+eotNMGSMvkFkJjebq74kE+0rFvpt1+lhP1bKXi/95g0h7l07CRBhpKshikRdxpAOUB4HGTFKieZwRnD/OCCJTLDHRWVyVLAR7+eVV0j1v2FbDvmnWWs0ijjIcwwnUwYYLaME1tKEDBJ7gGV7hzUiNF+Pd+Fi0loxi5gj+wPj8AeIok6U=</latexit><latexit sha1_base64="RNZn6JxrbCkInNrGtHR/194avok=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCvZRECnosePFYwX5IG8tmu2mXbjZxdyOGkL/ixYMiXv0j3vw3Jm0O2vpg4PHeDDPz3JAzpS3r2yitrW9sbpW3Kzu7e/sH5mG1q4JIEtohAQ9k38WKciZoRzPNaT+UFPsupz13dpX7vUcqFQvErY5D6vh4IpjHCNaZNDKr7fodGk7oA4rvEyKZTs9GZs1qWHOgVWIXpAYF2iPzazgOSORToQnHSg1sK9ROgqVmhNO0MowUDTGZ4QkdZFRgnyonmd+eotNMGSMvkFkJjebq74kE+0rFvpt1+lhP1bKXi/95g0h7l07CRBhpKshikRdxpAOUB4HGTFKieZwRnD/OCCJTLDHRWVyVLAR7+eVV0j1v2FbDvmnWWs0ijjIcwwnUwYYLaME1tKEDBJ7gGV7hzUiNF+Pd+Fi0loxi5gj+wPj8AeIok6U=</latexit><latexit sha1_base64="RNZn6JxrbCkInNrGtHR/194avok=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCvZRECnosePFYwX5IG8tmu2mXbjZxdyOGkL/ixYMiXv0j3vw3Jm0O2vpg4PHeDDPz3JAzpS3r2yitrW9sbpW3Kzu7e/sH5mG1q4JIEtohAQ9k38WKciZoRzPNaT+UFPsupz13dpX7vUcqFQvErY5D6vh4IpjHCNaZNDKr7fodGk7oA4rvEyKZTs9GZs1qWHOgVWIXpAYF2iPzazgOSORToQnHSg1sK9ROgqVmhNO0MowUDTGZ4QkdZFRgnyonmd+eotNMGSMvkFkJjebq74kE+0rFvpt1+lhP1bKXi/95g0h7l07CRBhpKshikRdxpAOUB4HGTFKieZwRnD/OCCJTLDHRWVyVLAR7+eVV0j1v2FbDvmnWWs0ijjIcwwnUwYYLaME1tKEDBJ7gGV7hzUiNF+Pd+Fi0loxi5gj+wPj8AeIok6U=</latexit><latexit sha1_base64="RNZn6JxrbCkInNrGtHR/194avok=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCvZRECnosePFYwX5IG8tmu2mXbjZxdyOGkL/ixYMiXv0j3vw3Jm0O2vpg4PHeDDPz3JAzpS3r2yitrW9sbpW3Kzu7e/sH5mG1q4JIEtohAQ9k38WKciZoRzPNaT+UFPsupz13dpX7vUcqFQvErY5D6vh4IpjHCNaZNDKr7fodGk7oA4rvEyKZTs9GZs1qWHOgVWIXpAYF2iPzazgOSORToQnHSg1sK9ROgqVmhNO0MowUDTGZ4QkdZFRgnyonmd+eotNMGSMvkFkJjebq74kE+0rFvpt1+lhP1bKXi/95g0h7l07CRBhpKshikRdxpAOUB4HGTFKieZwRnD/OCCJTLDHRWVyVLAR7+eVV0j1v2FbDvmnWWs0ijjIcwwnUwYYLaME1tKEDBJ7gGV7hzUiNF+Pd+Fi0loxi5gj+wPj8AeIok6U=</latexit>

ycrit
<latexit sha1_base64="pu/nizCY4P7MThFwIG+C6hZpbIg=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A2lsl02g6dTOLMjRBCf8KNC0Xc+jvu/BsnbRbaemDgcM693DkniKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZRoxlsskpHuBtRwKRRvoUDJu7HmNAwk7wTTm9zvPHFtRKTuMY25H9KxEiPBKFqpmz5kTAucDao1t+7OQVaJV5AaFGgOql/9YcSSkCtkkhrT89wY/YxqFEzyWaWfGB5TNqVj3rNU0ZAbP5v/d0bOrDIko0jbp5DM1d8bGQ2NScPAToYUJ2bZy8X/vF6Co2s/EypOkCu2ODRKJMGI5OHJUGjOUKaW0Dy3YIRNqKYMbUUVW4K3HHmVtC/qnlv37i5rjcuijjKcwCmcgwdX0IBbaEILGEh4hld4cx6dF+fd+ViMlpxi5xj+wPn8AYp5kD0=</latexit><latexit sha1_base64="pu/nizCY4P7MThFwIG+C6hZpbIg=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A2lsl02g6dTOLMjRBCf8KNC0Xc+jvu/BsnbRbaemDgcM693DkniKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZRoxlsskpHuBtRwKRRvoUDJu7HmNAwk7wTTm9zvPHFtRKTuMY25H9KxEiPBKFqpmz5kTAucDao1t+7OQVaJV5AaFGgOql/9YcSSkCtkkhrT89wY/YxqFEzyWaWfGB5TNqVj3rNU0ZAbP5v/d0bOrDIko0jbp5DM1d8bGQ2NScPAToYUJ2bZy8X/vF6Co2s/EypOkCu2ODRKJMGI5OHJUGjOUKaW0Dy3YIRNqKYMbUUVW4K3HHmVtC/qnlv37i5rjcuijjKcwCmcgwdX0IBbaEILGEh4hld4cx6dF+fd+ViMlpxi5xj+wPn8AYp5kD0=</latexit><latexit sha1_base64="pu/nizCY4P7MThFwIG+C6hZpbIg=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A2lsl02g6dTOLMjRBCf8KNC0Xc+jvu/BsnbRbaemDgcM693DkniKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZRoxlsskpHuBtRwKRRvoUDJu7HmNAwk7wTTm9zvPHFtRKTuMY25H9KxEiPBKFqpmz5kTAucDao1t+7OQVaJV5AaFGgOql/9YcSSkCtkkhrT89wY/YxqFEzyWaWfGB5TNqVj3rNU0ZAbP5v/d0bOrDIko0jbp5DM1d8bGQ2NScPAToYUJ2bZy8X/vF6Co2s/EypOkCu2ODRKJMGI5OHJUGjOUKaW0Dy3YIRNqKYMbUUVW4K3HHmVtC/qnlv37i5rjcuijjKcwCmcgwdX0IBbaEILGEh4hld4cx6dF+fd+ViMlpxi5xj+wPn8AYp5kD0=</latexit><latexit sha1_base64="pu/nizCY4P7MThFwIG+C6hZpbIg=">AAAB73icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+4A2lsl02g6dTOLMjRBCf8KNC0Xc+jvu/BsnbRbaemDgcM693DkniKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZRoxlsskpHuBtRwKRRvoUDJu7HmNAwk7wTTm9zvPHFtRKTuMY25H9KxEiPBKFqpmz5kTAucDao1t+7OQVaJV5AaFGgOql/9YcSSkCtkkhrT89wY/YxqFEzyWaWfGB5TNqVj3rNU0ZAbP5v/d0bOrDIko0jbp5DM1d8bGQ2NScPAToYUJ2bZy8X/vF6Co2s/EypOkCu2ODRKJMGI5OHJUGjOUKaW0Dy3YIRNqKYMbUUVW4K3HHmVtC/qnlv37i5rjcuijjKcwCmcgwdX0IBbaEILGEh4hld4cx6dF+fd+ViMlpxi5xj+wPn8AYp5kD0=</latexit>

Percentiles & Rare 
event probabilities

X
<latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="g9vjh2GQ87Eq2MweLFuvQ2AgGn0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqdQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/dabq1xXcRRhjM4h0vw4AYacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8AfO5w+wQ4zK</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit>

Dynamic 
Pressure
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Inputs Outputs

Spacesuit 
Impact Model

Trajectory 
Simulation

Transonic Aero 
Solver

Max 
contact 

force

• Atm. 
conds.
• Mass 

props

Model

Landing 
location

• Impact 
velocity
• Material 

strength

• Wing 
geometry
• Mach 

number

Number of Model 
Evaluations O(103-106) 

Computation Time: 
O(mins-hours)

Computation Time: 
O(hours-days)

Computation Time: 
O(mins-hours)

UQ with high-fidelity, 
physics-based models 

can be computationally 
intractable

X
<latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="g9vjh2GQ87Eq2MweLFuvQ2AgGn0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqdQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/dabq1xXcRRhjM4h0vw4AYacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8AfO5w+wQ4zK</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit>
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Modeling for UQ
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Interpretable predictions
Theoretically rigorous
Historically-proven legacy codes 
Computationally intensive
Slow development & 
deployment

*Surrogate model, response surface, reduced-order model, kriging, metamodel, …….

Efficient predictions
Fast deployment
Widely accessible libraries
Lack interpretability
Ineffective for extrapolation/ 
sparse datasets

Machine 
Learning*

Data

Inputs Outputs

Physics 
Simulation

Inputs Outputs
Physics 

Simulation

Conservation 
laws

Boundary 
conditions

Physics-Based Modeling Data-Driven Modeling

Constitutive 
Models



The Best of Both Modeling Worlds
• Exploiting the synergy between physics-based & data-driven modeling

10

Ø Fuse predictions from ML and 
physics-based models

Ø Integrate physical laws into the 
training of ML models

Ø Guide physics-based training data 
generation using ML Model 

Multi-model Monte Carlo Physics-informed deep learning Active Learning

1. Multilevel Monte Carlo. Giles et al. 2015
2. Multifidelity Monte Carlo. Peherstorfer et al. 2016
3. Approximate Control Variates. Gorodetsky et al. 2019

4. Physics-informed neural networks. Raissi et al. 2019.
5. Physics-informed generative adversarial networks 
Yang et. al. 2018

6. Active learning in practice. Settles 2011.
7. Active learning for reliability analysis. Bichon 
et al. 2008.

Machine 
Learning

Data Physics 
Equations

OutputsInputs Machine 
Learning OutputsInputs

Data Physics 
Simulation

Physics 
Simulation

Machine 
Learning

Data

OutputsInputs



Outline

• Surrogate modeling for UQ
• Combining physics-based modeling & machine learning for UQ
• Multi-model Monte Carlo simulation

ØApplication: Trajectory simulation for EDL
• Physics-informed generative adversarial networks (PI-GANs)

ØApplication: Material identification
• Active learning with Gaussian Process models

ØApplication: Reliability analysis 

• Summary
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Surrogate Modeling
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Machine Learning
• Gaussian processes
• Neural networks
• Polynomial Chaos 
• ….

M
High-Fidelity

Simulation

Input 
Training Data

Output 
Training Data

ȳ(1)

ȳ(2)

ȳ(T )
…

y(⇤) p(y)

y

Surrogate

Model
fM

O
ffl

in
e 

O
nl

in
e

…

x̄(1)
<latexit sha1_base64="0ol01YrZ+Pi3909BlM7L6lLxUYg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR6qYkIuqy4MZlBfuAJpbJdNIOnUzCzEQsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePGZXKtr+N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vcr9zT4SkEb9Vk5h4IRpyGlCMlJb65oHrI5G6IVIjP0gfsuwurTknWd+s2nV7CmuROAWpQoFm3/xyBxFOQsIVZkjKnmPHykuRUBQzklXcRJIY4TEakp6mHIVEeuk0f2Yda2VgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVVXQJzvyXF0n7tO7YdefmrNo4L+oowyEcQQ0cuIAGXEMTWoDhEZ7hFd6MJ+PFeDc+ZqMlo9jZhz8wPn8AHcyWGg==</latexit><latexit sha1_base64="0ol01YrZ+Pi3909BlM7L6lLxUYg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR6qYkIuqy4MZlBfuAJpbJdNIOnUzCzEQsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePGZXKtr+N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vcr9zT4SkEb9Vk5h4IRpyGlCMlJb65oHrI5G6IVIjP0gfsuwurTknWd+s2nV7CmuROAWpQoFm3/xyBxFOQsIVZkjKnmPHykuRUBQzklXcRJIY4TEakp6mHIVEeuk0f2Yda2VgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVVXQJzvyXF0n7tO7YdefmrNo4L+oowyEcQQ0cuIAGXEMTWoDhEZ7hFd6MJ+PFeDc+ZqMlo9jZhz8wPn8AHcyWGg==</latexit><latexit sha1_base64="0ol01YrZ+Pi3909BlM7L6lLxUYg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR6qYkIuqy4MZlBfuAJpbJdNIOnUzCzEQsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePGZXKtr+N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vcr9zT4SkEb9Vk5h4IRpyGlCMlJb65oHrI5G6IVIjP0gfsuwurTknWd+s2nV7CmuROAWpQoFm3/xyBxFOQsIVZkjKnmPHykuRUBQzklXcRJIY4TEakp6mHIVEeuk0f2Yda2VgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVVXQJzvyXF0n7tO7YdefmrNo4L+oowyEcQQ0cuIAGXEMTWoDhEZ7hFd6MJ+PFeDc+ZqMlo9jZhz8wPn8AHcyWGg==</latexit><latexit sha1_base64="0ol01YrZ+Pi3909BlM7L6lLxUYg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR6qYkIuqy4MZlBfuAJpbJdNIOnUzCzEQsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePGZXKtr+N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vcr9zT4SkEb9Vk5h4IRpyGlCMlJb65oHrI5G6IVIjP0gfsuwurTknWd+s2nV7CmuROAWpQoFm3/xyBxFOQsIVZkjKnmPHykuRUBQzklXcRJIY4TEakp6mHIVEeuk0f2Yda2VgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVVXQJzvyXF0n7tO7YdefmrNo4L+oowyEcQQ0cuIAGXEMTWoDhEZ7hFd6MJ+PFeDc+ZqMlo9jZhz8wPn8AHcyWGg==</latexit>

x̄(2)
<latexit sha1_base64="L4M5NmrLyBBN97SPdSi+ukj7P9I=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkiLosuHFZwT6giWUynbRDJ5MwMxFLzMJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjRqWy7W9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8cdXud+5J0LSiN+qSUy8EA05DShGSkt989D1kUjdEKmRH6QPWXaXVuunWd+s2DV7CmuROAWpQIFm3/xyBxFOQsIVZkjKnmPHykuRUBQzkpXdRJIY4TEakp6mHIVEeuk0f2adaGVgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVlXUJzvyXF0m7XnPsmnNzVmmcF3WU4AiOoQoOXEADrqEJLcDwCM/wCm/Gk/FivBsfs9Elo9g5gD8wPn8AH1KWGw==</latexit><latexit sha1_base64="L4M5NmrLyBBN97SPdSi+ukj7P9I=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkiLosuHFZwT6giWUynbRDJ5MwMxFLzMJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjRqWy7W9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8cdXud+5J0LSiN+qSUy8EA05DShGSkt989D1kUjdEKmRH6QPWXaXVuunWd+s2DV7CmuROAWpQIFm3/xyBxFOQsIVZkjKnmPHykuRUBQzkpXdRJIY4TEakp6mHIVEeuk0f2adaGVgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVlXUJzvyXF0m7XnPsmnNzVmmcF3WU4AiOoQoOXEADrqEJLcDwCM/wCm/Gk/FivBsfs9Elo9g5gD8wPn8AH1KWGw==</latexit><latexit sha1_base64="L4M5NmrLyBBN97SPdSi+ukj7P9I=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkiLosuHFZwT6giWUynbRDJ5MwMxFLzMJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjRqWy7W9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8cdXud+5J0LSiN+qSUy8EA05DShGSkt989D1kUjdEKmRH6QPWXaXVuunWd+s2DV7CmuROAWpQIFm3/xyBxFOQsIVZkjKnmPHykuRUBQzkpXdRJIY4TEakp6mHIVEeuk0f2adaGVgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVlXUJzvyXF0m7XnPsmnNzVmmcF3WU4AiOoQoOXEADrqEJLcDwCM/wCm/Gk/FivBsfs9Elo9g5gD8wPn8AH1KWGw==</latexit><latexit sha1_base64="L4M5NmrLyBBN97SPdSi+ukj7P9I=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkiLosuHFZwT6giWUynbRDJ5MwMxFLzMJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjRqWy7W9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8cdXud+5J0LSiN+qSUy8EA05DShGSkt989D1kUjdEKmRH6QPWXaXVuunWd+s2DV7CmuROAWpQIFm3/xyBxFOQsIVZkjKnmPHykuRUBQzkpXdRJIY4TEakp6mHIVEeuk0f2adaGVgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVlXUJzvyXF0m7XnPsmnNzVmmcF3WU4AiOoQoOXEADrqEJLcDwCM/wCm/Gk/FivBsfs9Elo9g5gD8wPn8AH1KWGw==</latexit>

x̄(T )
<latexit sha1_base64="UzgXpgXkLQ/S1NQYECvEzQdsvwc=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJiLosuHFZoS9oYplMJ+3QyYOZiVhiFv6KGxeKuPU33Pk3TtostPXAwOGce7lnjhdzJpVlfRtLyyura+uljfLm1vbOrrm335ZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3yd+517KiSLwqaaxNQN8DBkPiNYaalvHjoeFqkTYDXy/PQhy+7SavM065sVq2ZNgRaJXZAKFGj0zS9nEJEkoKEiHEvZs61YuSkWihFOs7KTSBpjMsZD2tM0xAGVbjrNn6ETrQyQHwn9QoWm6u+NFAdSTgJPT+ZB5byXi/95vUT5V27KwjhRNCSzQ37CkYpQXgYaMEGJ4hNNMBFMZ0VkhAUmSldW1iXY819eJO2zmm3V7NvzSv2iqKMER3AMVbDhEupwAw1oAYFHeIZXeDOejBfj3fiYjS4Zxc4B/IHx+QNTHpY9</latexit><latexit sha1_base64="UzgXpgXkLQ/S1NQYECvEzQdsvwc=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJiLosuHFZoS9oYplMJ+3QyYOZiVhiFv6KGxeKuPU33Pk3TtostPXAwOGce7lnjhdzJpVlfRtLyyura+uljfLm1vbOrrm335ZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3yd+517KiSLwqaaxNQN8DBkPiNYaalvHjoeFqkTYDXy/PQhy+7SavM065sVq2ZNgRaJXZAKFGj0zS9nEJEkoKEiHEvZs61YuSkWihFOs7KTSBpjMsZD2tM0xAGVbjrNn6ETrQyQHwn9QoWm6u+NFAdSTgJPT+ZB5byXi/95vUT5V27KwjhRNCSzQ37CkYpQXgYaMEGJ4hNNMBFMZ0VkhAUmSldW1iXY819eJO2zmm3V7NvzSv2iqKMER3AMVbDhEupwAw1oAYFHeIZXeDOejBfj3fiYjS4Zxc4B/IHx+QNTHpY9</latexit><latexit sha1_base64="UzgXpgXkLQ/S1NQYECvEzQdsvwc=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJiLosuHFZoS9oYplMJ+3QyYOZiVhiFv6KGxeKuPU33Pk3TtostPXAwOGce7lnjhdzJpVlfRtLyyura+uljfLm1vbOrrm335ZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3yd+517KiSLwqaaxNQN8DBkPiNYaalvHjoeFqkTYDXy/PQhy+7SavM065sVq2ZNgRaJXZAKFGj0zS9nEJEkoKEiHEvZs61YuSkWihFOs7KTSBpjMsZD2tM0xAGVbjrNn6ETrQyQHwn9QoWm6u+NFAdSTgJPT+ZB5byXi/95vUT5V27KwjhRNCSzQ37CkYpQXgYaMEGJ4hNNMBFMZ0VkhAUmSldW1iXY819eJO2zmm3V7NvzSv2iqKMER3AMVbDhEupwAw1oAYFHeIZXeDOejBfj3fiYjS4Zxc4B/IHx+QNTHpY9</latexit><latexit sha1_base64="UzgXpgXkLQ/S1NQYECvEzQdsvwc=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJiLosuHFZoS9oYplMJ+3QyYOZiVhiFv6KGxeKuPU33Pk3TtostPXAwOGce7lnjhdzJpVlfRtLyyura+uljfLm1vbOrrm335ZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3yd+517KiSLwqaaxNQN8DBkPiNYaalvHjoeFqkTYDXy/PQhy+7SavM065sVq2ZNgRaJXZAKFGj0zS9nEJEkoKEiHEvZs61YuSkWihFOs7KTSBpjMsZD2tM0xAGVbjrNn6ETrQyQHwn9QoWm6u+NFAdSTgJPT+ZB5byXi/95vUT5V27KwjhRNCSzQ37CkYpQXgYaMEGJ4hNNMBFMZ0VkhAUmSldW1iXY819eJO2zmm3V7NvzSv2iqKMER3AMVbDhEupwAw1oAYFHeIZXeDOejBfj3fiYjS4Zxc4B/IHx+QNTHpY9</latexit>

x(⇤)
<latexit sha1_base64="ViiT1wBgmTEDOZMveYbhTH2rmDY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBGqi5KIqMuCG5cV7APaWCbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs8cP+ZMacf5tlZW19Y3Nktb5e2d3b19++CwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJv77QmVikXiQU9j6oV4KFjACNZG6tt2L8R65AfpU/aYVs/Psr5dcWrODGiZuAWpQIFG3/7qDSKShFRowrFSXdeJtZdiqRnhNCv3EkVjTMZ4SLuGChxS5aWz5Bk6NcoABZE0T2g0U39vpDhUahr6ZjLPqRa9XPzP6yY6uPFSJuJEU0Hmh4KEIx2hvAY0YJISzaeGYCKZyYrICEtMtCmrbEpwF7+8TFoXNdepufeXlfpVUUcJjuEEquDCNdThDhrQBAITeIZXeLNS68V6tz7moytWsXMEf2B9/gAujZNO</latexit><latexit sha1_base64="ViiT1wBgmTEDOZMveYbhTH2rmDY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBGqi5KIqMuCG5cV7APaWCbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs8cP+ZMacf5tlZW19Y3Nktb5e2d3b19++CwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJv77QmVikXiQU9j6oV4KFjACNZG6tt2L8R65AfpU/aYVs/Psr5dcWrODGiZuAWpQIFG3/7qDSKShFRowrFSXdeJtZdiqRnhNCv3EkVjTMZ4SLuGChxS5aWz5Bk6NcoABZE0T2g0U39vpDhUahr6ZjLPqRa9XPzP6yY6uPFSJuJEU0Hmh4KEIx2hvAY0YJISzaeGYCKZyYrICEtMtCmrbEpwF7+8TFoXNdepufeXlfpVUUcJjuEEquDCNdThDhrQBAITeIZXeLNS68V6tz7moytWsXMEf2B9/gAujZNO</latexit><latexit sha1_base64="ViiT1wBgmTEDOZMveYbhTH2rmDY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBGqi5KIqMuCG5cV7APaWCbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs8cP+ZMacf5tlZW19Y3Nktb5e2d3b19++CwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJv77QmVikXiQU9j6oV4KFjACNZG6tt2L8R65AfpU/aYVs/Psr5dcWrODGiZuAWpQIFG3/7qDSKShFRowrFSXdeJtZdiqRnhNCv3EkVjTMZ4SLuGChxS5aWz5Bk6NcoABZE0T2g0U39vpDhUahr6ZjLPqRa9XPzP6yY6uPFSJuJEU0Hmh4KEIx2hvAY0YJISzaeGYCKZyYrICEtMtCmrbEpwF7+8TFoXNdepufeXlfpVUUcJjuEEquDCNdThDhrQBAITeIZXeLNS68V6tz7moytWsXMEf2B9/gAujZNO</latexit><latexit sha1_base64="ViiT1wBgmTEDOZMveYbhTH2rmDY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBGqi5KIqMuCG5cV7APaWCbTSTt0Mgkzk2IJ+RM3LhRx65+482+ctFlo64GBwzn3cs8cP+ZMacf5tlZW19Y3Nktb5e2d3b19++CwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJv77QmVikXiQU9j6oV4KFjACNZG6tt2L8R65AfpU/aYVs/Psr5dcWrODGiZuAWpQIFG3/7qDSKShFRowrFSXdeJtZdiqRnhNCv3EkVjTMZ4SLuGChxS5aWz5Bk6NcoABZE0T2g0U39vpDhUahr6ZjLPqRa9XPzP6yY6uPFSJuJEU0Hmh4KEIx2hvAY0YJISzaeGYCKZyYrICEtMtCmrbEpwF7+8TFoXNdepufeXlfpVUUcJjuEEquDCNdThDhrQBAITeIZXeLNS68V6tz7moytWsXMEf2B9/gAujZNO</latexit>

x
<latexit sha1_base64="RZYx80fXVlI6K2fmcaX1uTC+kk4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeCF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYZXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNi6KOMhzBMZyCB5fQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/5nZEQ</latexit><latexit sha1_base64="RZYx80fXVlI6K2fmcaX1uTC+kk4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeCF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYZXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNi6KOMhzBMZyCB5fQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/5nZEQ</latexit><latexit sha1_base64="RZYx80fXVlI6K2fmcaX1uTC+kk4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeCF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYZXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNi6KOMhzBMZyCB5fQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/5nZEQ</latexit><latexit sha1_base64="RZYx80fXVlI6K2fmcaX1uTC+kk4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeCF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYZXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNi6KOMhzBMZyCB5fQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/5nZEQ</latexit>

p(
x
)

<latexit sha1_base64="Fnzmk0f+X5780zMJqrL7aTyXwG4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjBV0W3LisYB/QDiWTZtrQTGZMMsUy9DvcuFDErR/jzr8x085CWw8EDufcyz05fiy4No7zjQobm1vbO8Xd0t7+weFR+fikraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpv5nSlTmkfywcxi5oVkJHnAKTFW8uJqPyRm7Afp0/xyUK44NWcBvE7cnFQgR3NQ/uoPI5qETBoqiNY914mNlxJlOBVsXuonmsWETsiI9SyVJGTaSxeh5/jCKkMcRMo+afBC/b2RklDrWejbySyiXvUy8T+vl5jgxku5jBPDJF0eChKBTYSzBvCQK0aNmFlCqOI2K6Zjogg1tqeSLcFd/fI6aV/VXKfm3tcrjXpeRxHO4Byq4MI1NOAOmtACCo/wDK/whqboBb2jj+VoAeU7p/AH6PMHl8OR7Q==</latexit><latexit sha1_base64="Fnzmk0f+X5780zMJqrL7aTyXwG4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjBV0W3LisYB/QDiWTZtrQTGZMMsUy9DvcuFDErR/jzr8x085CWw8EDufcyz05fiy4No7zjQobm1vbO8Xd0t7+weFR+fikraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpv5nSlTmkfywcxi5oVkJHnAKTFW8uJqPyRm7Afp0/xyUK44NWcBvE7cnFQgR3NQ/uoPI5qETBoqiNY914mNlxJlOBVsXuonmsWETsiI9SyVJGTaSxeh5/jCKkMcRMo+afBC/b2RklDrWejbySyiXvUy8T+vl5jgxku5jBPDJF0eChKBTYSzBvCQK0aNmFlCqOI2K6Zjogg1tqeSLcFd/fI6aV/VXKfm3tcrjXpeRxHO4Byq4MI1NOAOmtACCo/wDK/whqboBb2jj+VoAeU7p/AH6PMHl8OR7Q==</latexit><latexit sha1_base64="Fnzmk0f+X5780zMJqrL7aTyXwG4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjBV0W3LisYB/QDiWTZtrQTGZMMsUy9DvcuFDErR/jzr8x085CWw8EDufcyz05fiy4No7zjQobm1vbO8Xd0t7+weFR+fikraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpv5nSlTmkfywcxi5oVkJHnAKTFW8uJqPyRm7Afp0/xyUK44NWcBvE7cnFQgR3NQ/uoPI5qETBoqiNY914mNlxJlOBVsXuonmsWETsiI9SyVJGTaSxeh5/jCKkMcRMo+afBC/b2RklDrWejbySyiXvUy8T+vl5jgxku5jBPDJF0eChKBTYSzBvCQK0aNmFlCqOI2K6Zjogg1tqeSLcFd/fI6aV/VXKfm3tcrjXpeRxHO4Byq4MI1NOAOmtACCo/wDK/whqboBb2jj+VoAeU7p/AH6PMHl8OR7Q==</latexit><latexit sha1_base64="Fnzmk0f+X5780zMJqrL7aTyXwG4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjBV0W3LisYB/QDiWTZtrQTGZMMsUy9DvcuFDErR/jzr8x085CWw8EDufcyz05fiy4No7zjQobm1vbO8Xd0t7+weFR+fikraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpv5nSlTmkfywcxi5oVkJHnAKTFW8uJqPyRm7Afp0/xyUK44NWcBvE7cnFQgR3NQ/uoPI5qETBoqiNY914mNlxJlOBVsXuonmsWETsiI9SyVJGTaSxeh5/jCKkMcRMo+afBC/b2RklDrWejbySyiXvUy8T+vl5jgxku5jBPDJF0eChKBTYSzBvCQK0aNmFlCqOI2K6Zjogg1tqeSLcFd/fI6aV/VXKfm3tcrjXpeRxHO4Byq4MI1NOAOmtACCo/wDK/whqboBb2jj+VoAeU7p/AH6PMHl8OR7Q==</latexit>

Orders of 
magnitude 

computational 
speedup possible

Inputs
X

<latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="g9vjh2GQ87Eq2MweLFuvQ2AgGn0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqdQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/dabq1xXcRRhjM4h0vw4AYacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8AfO5w+wQ4zK</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit><latexit sha1_base64="zWsNqpr7zfWc//+nf7ubY7/LDyY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzcsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukc1P13KrXqlUatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8AsYOMzg==</latexit>

Outputs

from sklearn import <alg>

X,y = load_data()
mod = <alg>.fit(X, y)
y_new = mod.predict(X_new)

scikit-learn with Python:



• Always create a separate dataset for testing that is not used for training
• A third validation dataset is often used during training to tune machine 

learning hyperparameters (e.g., # layers, nodes in neural network)
• If surrogate model error is non-negligible, it can be factored into total 

uncertainty when making probabilistic predictions

Surrogate Model Validation
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ȳ(1)

ȳ(2)

ȳ(T )
…

x̄(1)
<latexit sha1_base64="0ol01YrZ+Pi3909BlM7L6lLxUYg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR6qYkIuqy4MZlBfuAJpbJdNIOnUzCzEQsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePGZXKtr+N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vcr9zT4SkEb9Vk5h4IRpyGlCMlJb65oHrI5G6IVIjP0gfsuwurTknWd+s2nV7CmuROAWpQoFm3/xyBxFOQsIVZkjKnmPHykuRUBQzklXcRJIY4TEakp6mHIVEeuk0f2Yda2VgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVVXQJzvyXF0n7tO7YdefmrNo4L+oowyEcQQ0cuIAGXEMTWoDhEZ7hFd6MJ+PFeDc+ZqMlo9jZhz8wPn8AHcyWGg==</latexit><latexit sha1_base64="0ol01YrZ+Pi3909BlM7L6lLxUYg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR6qYkIuqy4MZlBfuAJpbJdNIOnUzCzEQsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePGZXKtr+N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vcr9zT4SkEb9Vk5h4IRpyGlCMlJb65oHrI5G6IVIjP0gfsuwurTknWd+s2nV7CmuROAWpQoFm3/xyBxFOQsIVZkjKnmPHykuRUBQzklXcRJIY4TEakp6mHIVEeuk0f2Yda2VgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVVXQJzvyXF0n7tO7YdefmrNo4L+oowyEcQQ0cuIAGXEMTWoDhEZ7hFd6MJ+PFeDc+ZqMlo9jZhz8wPn8AHcyWGg==</latexit><latexit sha1_base64="0ol01YrZ+Pi3909BlM7L6lLxUYg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR6qYkIuqy4MZlBfuAJpbJdNIOnUzCzEQsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePGZXKtr+N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vcr9zT4SkEb9Vk5h4IRpyGlCMlJb65oHrI5G6IVIjP0gfsuwurTknWd+s2nV7CmuROAWpQoFm3/xyBxFOQsIVZkjKnmPHykuRUBQzklXcRJIY4TEakp6mHIVEeuk0f2Yda2VgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVVXQJzvyXF0n7tO7YdefmrNo4L+oowyEcQQ0cuIAGXEMTWoDhEZ7hFd6MJ+PFeDc+ZqMlo9jZhz8wPn8AHcyWGg==</latexit><latexit sha1_base64="0ol01YrZ+Pi3909BlM7L6lLxUYg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR6qYkIuqy4MZlBfuAJpbJdNIOnUzCzEQsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePGZXKtr+N0tLyyupaeb2ysbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44+vcr9zT4SkEb9Vk5h4IRpyGlCMlJb65oHrI5G6IVIjP0gfsuwurTknWd+s2nV7CmuROAWpQoFm3/xyBxFOQsIVZkjKnmPHykuRUBQzklXcRJIY4TEakp6mHIVEeuk0f2Yda2VgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVVXQJzvyXF0n7tO7YdefmrNo4L+oowyEcQQ0cuIAGXEMTWoDhEZ7hFd6MJ+PFeDc+ZqMlo9jZhz8wPn8AHcyWGg==</latexit>

x̄(2)
<latexit sha1_base64="L4M5NmrLyBBN97SPdSi+ukj7P9I=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkiLosuHFZwT6giWUynbRDJ5MwMxFLzMJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjRqWy7W9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8cdXud+5J0LSiN+qSUy8EA05DShGSkt989D1kUjdEKmRH6QPWXaXVuunWd+s2DV7CmuROAWpQIFm3/xyBxFOQsIVZkjKnmPHykuRUBQzkpXdRJIY4TEakp6mHIVEeuk0f2adaGVgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVlXUJzvyXF0m7XnPsmnNzVmmcF3WU4AiOoQoOXEADrqEJLcDwCM/wCm/Gk/FivBsfs9Elo9g5gD8wPn8AH1KWGw==</latexit><latexit sha1_base64="L4M5NmrLyBBN97SPdSi+ukj7P9I=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkiLosuHFZwT6giWUynbRDJ5MwMxFLzMJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjRqWy7W9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8cdXud+5J0LSiN+qSUy8EA05DShGSkt989D1kUjdEKmRH6QPWXaXVuunWd+s2DV7CmuROAWpQIFm3/xyBxFOQsIVZkjKnmPHykuRUBQzkpXdRJIY4TEakp6mHIVEeuk0f2adaGVgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVlXUJzvyXF0m7XnPsmnNzVmmcF3WU4AiOoQoOXEADrqEJLcDwCM/wCm/Gk/FivBsfs9Elo9g5gD8wPn8AH1KWGw==</latexit><latexit sha1_base64="L4M5NmrLyBBN97SPdSi+ukj7P9I=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkiLosuHFZwT6giWUynbRDJ5MwMxFLzMJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjRqWy7W9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8cdXud+5J0LSiN+qSUy8EA05DShGSkt989D1kUjdEKmRH6QPWXaXVuunWd+s2DV7CmuROAWpQIFm3/xyBxFOQsIVZkjKnmPHykuRUBQzkpXdRJIY4TEakp6mHIVEeuk0f2adaGVgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVlXUJzvyXF0m7XnPsmnNzVmmcF3WU4AiOoQoOXEADrqEJLcDwCM/wCm/Gk/FivBsfs9Elo9g5gD8wPn8AH1KWGw==</latexit><latexit sha1_base64="L4M5NmrLyBBN97SPdSi+ukj7P9I=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZSkiLosuHFZwT6giWUynbRDJ5MwMxFLzMJfceNCEbf+hjv/xkmbhbYeGDiccy/3zPFjRqWy7W9jaXlldW29tFHe3Nre2TX39tsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8cdXud+5J0LSiN+qSUy8EA05DShGSkt989D1kUjdEKmRH6QPWXaXVuunWd+s2DV7CmuROAWpQIFm3/xyBxFOQsIVZkjKnmPHykuRUBQzkpXdRJIY4TEakp6mHIVEeuk0f2adaGVgBZHQjytrqv7eSFEo5ST09WQeVM57ufif10tUcOmllMeJIhzPDgUJs1Rk5WVYAyoIVmyiCcKC6qwWHiGBsNKVlXUJzvyXF0m7XnPsmnNzVmmcF3WU4AiOoQoOXEADrqEJLcDwCM/wCm/Gk/FivBsfs9Elo9g5gD8wPn8AH1KWGw==</latexit>

x̄(T )
<latexit sha1_base64="UzgXpgXkLQ/S1NQYECvEzQdsvwc=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJiLosuHFZoS9oYplMJ+3QyYOZiVhiFv6KGxeKuPU33Pk3TtostPXAwOGce7lnjhdzJpVlfRtLyyura+uljfLm1vbOrrm335ZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3yd+517KiSLwqaaxNQN8DBkPiNYaalvHjoeFqkTYDXy/PQhy+7SavM065sVq2ZNgRaJXZAKFGj0zS9nEJEkoKEiHEvZs61YuSkWihFOs7KTSBpjMsZD2tM0xAGVbjrNn6ETrQyQHwn9QoWm6u+NFAdSTgJPT+ZB5byXi/95vUT5V27KwjhRNCSzQ37CkYpQXgYaMEGJ4hNNMBFMZ0VkhAUmSldW1iXY819eJO2zmm3V7NvzSv2iqKMER3AMVbDhEupwAw1oAYFHeIZXeDOejBfj3fiYjS4Zxc4B/IHx+QNTHpY9</latexit><latexit sha1_base64="UzgXpgXkLQ/S1NQYECvEzQdsvwc=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJiLosuHFZoS9oYplMJ+3QyYOZiVhiFv6KGxeKuPU33Pk3TtostPXAwOGce7lnjhdzJpVlfRtLyyura+uljfLm1vbOrrm335ZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3yd+517KiSLwqaaxNQN8DBkPiNYaalvHjoeFqkTYDXy/PQhy+7SavM065sVq2ZNgRaJXZAKFGj0zS9nEJEkoKEiHEvZs61YuSkWihFOs7KTSBpjMsZD2tM0xAGVbjrNn6ETrQyQHwn9QoWm6u+NFAdSTgJPT+ZB5byXi/95vUT5V27KwjhRNCSzQ37CkYpQXgYaMEGJ4hNNMBFMZ0VkhAUmSldW1iXY819eJO2zmm3V7NvzSv2iqKMER3AMVbDhEupwAw1oAYFHeIZXeDOejBfj3fiYjS4Zxc4B/IHx+QNTHpY9</latexit><latexit sha1_base64="UzgXpgXkLQ/S1NQYECvEzQdsvwc=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJiLosuHFZoS9oYplMJ+3QyYOZiVhiFv6KGxeKuPU33Pk3TtostPXAwOGce7lnjhdzJpVlfRtLyyura+uljfLm1vbOrrm335ZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3yd+517KiSLwqaaxNQN8DBkPiNYaalvHjoeFqkTYDXy/PQhy+7SavM065sVq2ZNgRaJXZAKFGj0zS9nEJEkoKEiHEvZs61YuSkWihFOs7KTSBpjMsZD2tM0xAGVbjrNn6ETrQyQHwn9QoWm6u+NFAdSTgJPT+ZB5byXi/95vUT5V27KwjhRNCSzQ37CkYpQXgYaMEGJ4hNNMBFMZ0VkhAUmSldW1iXY819eJO2zmm3V7NvzSv2iqKMER3AMVbDhEupwAw1oAYFHeIZXeDOejBfj3fiYjS4Zxc4B/IHx+QNTHpY9</latexit><latexit sha1_base64="UzgXpgXkLQ/S1NQYECvEzQdsvwc=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJiLosuHFZoS9oYplMJ+3QyYOZiVhiFv6KGxeKuPU33Pk3TtostPXAwOGce7lnjhdzJpVlfRtLyyura+uljfLm1vbOrrm335ZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3yd+517KiSLwqaaxNQN8DBkPiNYaalvHjoeFqkTYDXy/PQhy+7SavM065sVq2ZNgRaJXZAKFGj0zS9nEJEkoKEiHEvZs61YuSkWihFOs7KTSBpjMsZD2tM0xAGVbjrNn6ETrQyQHwn9QoWm6u+NFAdSTgJPT+ZB5byXi/95vUT5V27KwjhRNCSzQ37CkYpQXgYaMEGJ4hNNMBFMZ0VkhAUmSldW1iXY819eJO2zmm3V7NvzSv2iqKMER3AMVbDhEupwAw1oAYFHeIZXeDOejBfj3fiYjS4Zxc4B/IHx+QNTHpY9</latexit>

…
……

x̂(1)
<latexit sha1_base64="MgVsPH1zBRChbyPKXVA58QKRrtg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMSEXVZcOOygn1AE8tkOmmHTiZh5kYsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePOVNg299GaWl5ZXWtvF7Z2Nza3jF399oqSiShLRLxSHZ9rChngraAAafdWFIc+px2/PFV7nfuqVQsErcwiakX4qFgASMYtNQ3D9wRhtQNMYz8IH3Isru05pxkfbNq1+0prEXiFKSKCjT75pc7iEgSUgGEY6V6jh2Dl2IJjHCaVdxE0RiTMR7SnqYCh1R56TR/Zh1rZWAFkdRPgDVVf2+kOFRqEvp6Mg+q5r1c/M/rJRBceikTcQJUkNmhIOEWRFZehjVgkhLgE00wkUxntcgIS0xAV1bRJTjzX14k7dO6Y9edm7Nq47yoo4wO0RGqIQddoAa6Rk3UQgQ9omf0it6MJ+PFeDc+ZqMlo9jZR39gfP4AKoiWIg==</latexit><latexit sha1_base64="MgVsPH1zBRChbyPKXVA58QKRrtg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMSEXVZcOOygn1AE8tkOmmHTiZh5kYsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePOVNg299GaWl5ZXWtvF7Z2Nza3jF399oqSiShLRLxSHZ9rChngraAAafdWFIc+px2/PFV7nfuqVQsErcwiakX4qFgASMYtNQ3D9wRhtQNMYz8IH3Isru05pxkfbNq1+0prEXiFKSKCjT75pc7iEgSUgGEY6V6jh2Dl2IJjHCaVdxE0RiTMR7SnqYCh1R56TR/Zh1rZWAFkdRPgDVVf2+kOFRqEvp6Mg+q5r1c/M/rJRBceikTcQJUkNmhIOEWRFZehjVgkhLgE00wkUxntcgIS0xAV1bRJTjzX14k7dO6Y9edm7Nq47yoo4wO0RGqIQddoAa6Rk3UQgQ9omf0it6MJ+PFeDc+ZqMlo9jZR39gfP4AKoiWIg==</latexit><latexit sha1_base64="MgVsPH1zBRChbyPKXVA58QKRrtg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMSEXVZcOOygn1AE8tkOmmHTiZh5kYsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePOVNg299GaWl5ZXWtvF7Z2Nza3jF399oqSiShLRLxSHZ9rChngraAAafdWFIc+px2/PFV7nfuqVQsErcwiakX4qFgASMYtNQ3D9wRhtQNMYz8IH3Isru05pxkfbNq1+0prEXiFKSKCjT75pc7iEgSUgGEY6V6jh2Dl2IJjHCaVdxE0RiTMR7SnqYCh1R56TR/Zh1rZWAFkdRPgDVVf2+kOFRqEvp6Mg+q5r1c/M/rJRBceikTcQJUkNmhIOEWRFZehjVgkhLgE00wkUxntcgIS0xAV1bRJTjzX14k7dO6Y9edm7Nq47yoo4wO0RGqIQddoAa6Rk3UQgQ9omf0it6MJ+PFeDc+ZqMlo9jZR39gfP4AKoiWIg==</latexit><latexit sha1_base64="MgVsPH1zBRChbyPKXVA58QKRrtg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMSEXVZcOOygn1AE8tkOmmHTiZh5kYsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePOVNg299GaWl5ZXWtvF7Z2Nza3jF399oqSiShLRLxSHZ9rChngraAAafdWFIc+px2/PFV7nfuqVQsErcwiakX4qFgASMYtNQ3D9wRhtQNMYz8IH3Isru05pxkfbNq1+0prEXiFKSKCjT75pc7iEgSUgGEY6V6jh2Dl2IJjHCaVdxE0RiTMR7SnqYCh1R56TR/Zh1rZWAFkdRPgDVVf2+kOFRqEvp6Mg+q5r1c/M/rJRBceikTcQJUkNmhIOEWRFZehjVgkhLgE00wkUxntcgIS0xAV1bRJTjzX14k7dO6Y9edm7Nq47yoo4wO0RGqIQddoAa6Rk3UQgQ9omf0it6MJ+PFeDc+ZqMlo9jZR39gfP4AKoiWIg==</latexit>

x̂(M)
<latexit sha1_base64="b4i+LXlmh+5MxYYaLAbuEgkqjvM=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZRERF0W3LgRKtgHNLFMppN26GQSZiZiiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLCwuLa+sltbK6xubW9vmzm5LRonApIkjFomOjyRhlJOmooqRTiwICn1G2v7oMvfb90RIGvFbNY6JF6IBpwHFSGmpZ+67Q6RSN0Rq6AfpQ5bdpdXr46xnVuyaPYE1T5yCVKBAo2d+uf0IJyHhCjMkZdexY+WlSCiKGcnKbiJJjPAIDUhXU45CIr10kj+zjrTSt4JI6MeVNVF/b6QolHIc+noyDypnvVz8z+smKrjwUsrjRBGOp4eChFkqsvIyrD4VBCs21gRhQXVWCw+RQFjpysq6BGf2y/OkdVJz7Jpzc1qpnxV1lOAADqEKDpxDHa6gAU3A8AjP8ApvxpPxYrwbH9PRBaPY2YM/MD5/AFUwlj4=</latexit><latexit sha1_base64="b4i+LXlmh+5MxYYaLAbuEgkqjvM=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZRERF0W3LgRKtgHNLFMppN26GQSZiZiiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLCwuLa+sltbK6xubW9vmzm5LRonApIkjFomOjyRhlJOmooqRTiwICn1G2v7oMvfb90RIGvFbNY6JF6IBpwHFSGmpZ+67Q6RSN0Rq6AfpQ5bdpdXr46xnVuyaPYE1T5yCVKBAo2d+uf0IJyHhCjMkZdexY+WlSCiKGcnKbiJJjPAIDUhXU45CIr10kj+zjrTSt4JI6MeVNVF/b6QolHIc+noyDypnvVz8z+smKrjwUsrjRBGOp4eChFkqsvIyrD4VBCs21gRhQXVWCw+RQFjpysq6BGf2y/OkdVJz7Jpzc1qpnxV1lOAADqEKDpxDHa6gAU3A8AjP8ApvxpPxYrwbH9PRBaPY2YM/MD5/AFUwlj4=</latexit><latexit sha1_base64="b4i+LXlmh+5MxYYaLAbuEgkqjvM=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZRERF0W3LgRKtgHNLFMppN26GQSZiZiiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLCwuLa+sltbK6xubW9vmzm5LRonApIkjFomOjyRhlJOmooqRTiwICn1G2v7oMvfb90RIGvFbNY6JF6IBpwHFSGmpZ+67Q6RSN0Rq6AfpQ5bdpdXr46xnVuyaPYE1T5yCVKBAo2d+uf0IJyHhCjMkZdexY+WlSCiKGcnKbiJJjPAIDUhXU45CIr10kj+zjrTSt4JI6MeVNVF/b6QolHIc+noyDypnvVz8z+smKrjwUsrjRBGOp4eChFkqsvIyrD4VBCs21gRhQXVWCw+RQFjpysq6BGf2y/OkdVJz7Jpzc1qpnxV1lOAADqEKDpxDHa6gAU3A8AjP8ApvxpPxYrwbH9PRBaPY2YM/MD5/AFUwlj4=</latexit><latexit sha1_base64="b4i+LXlmh+5MxYYaLAbuEgkqjvM=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZRERF0W3LgRKtgHNLFMppN26GQSZiZiiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLCwuLa+sltbK6xubW9vmzm5LRonApIkjFomOjyRhlJOmooqRTiwICn1G2v7oMvfb90RIGvFbNY6JF6IBpwHFSGmpZ+67Q6RSN0Rq6AfpQ5bdpdXr46xnVuyaPYE1T5yCVKBAo2d+uf0IJyHhCjMkZdexY+WlSCiKGcnKbiJJjPAIDUhXU45CIr10kj+zjrTSt4JI6MeVNVF/b6QolHIc+noyDypnvVz8z+smKrjwUsrjRBGOp4eChFkqsvIyrD4VBCs21gRhQXVWCw+RQFjpysq6BGf2y/OkdVJz7Jpzc1qpnxV1lOAADqEKDpxDHa6gAU3A8AjP8ApvxpPxYrwbH9PRBaPY2YM/MD5/AFUwlj4=</latexit>

ŷ(1)
<latexit sha1_base64="qoMeSmue/HYvQhkXlSFHcBFCwhM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvHiMYB6QrGF2MpsMmX040xsIy36HFw+KePVjvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2Nb2d+e8KVFlH4gNOYuwEdhsIXjKKR3N6IYjrNHtOqc571yxW7Zs9BVomTkwrkaPTLX71BxJKAh8gk1brr2DG6KVUomORZqZdoHlM2pkPeNTSkAdduOj86I2dGGRA/UqZCJHP190RKA62ngWc6A4ojvezNxP+8boL+jZuKME6Qh2yxyE8kwYjMEiADoThDOTWEMiXMrYSNqKIMTU4lE4Kz/PIqaV3UHLvm3F9W6ld5HEU4gVOoggPXUIc7aEATGDzBM7zCmzWxXqx362PRWrDymWP4A+vzB26AkdI=</latexit><latexit sha1_base64="qoMeSmue/HYvQhkXlSFHcBFCwhM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvHiMYB6QrGF2MpsMmX040xsIy36HFw+KePVjvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2Nb2d+e8KVFlH4gNOYuwEdhsIXjKKR3N6IYjrNHtOqc571yxW7Zs9BVomTkwrkaPTLX71BxJKAh8gk1brr2DG6KVUomORZqZdoHlM2pkPeNTSkAdduOj86I2dGGRA/UqZCJHP190RKA62ngWc6A4ojvezNxP+8boL+jZuKME6Qh2yxyE8kwYjMEiADoThDOTWEMiXMrYSNqKIMTU4lE4Kz/PIqaV3UHLvm3F9W6ld5HEU4gVOoggPXUIc7aEATGDzBM7zCmzWxXqx362PRWrDymWP4A+vzB26AkdI=</latexit><latexit sha1_base64="qoMeSmue/HYvQhkXlSFHcBFCwhM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvHiMYB6QrGF2MpsMmX040xsIy36HFw+KePVjvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2Nb2d+e8KVFlH4gNOYuwEdhsIXjKKR3N6IYjrNHtOqc571yxW7Zs9BVomTkwrkaPTLX71BxJKAh8gk1brr2DG6KVUomORZqZdoHlM2pkPeNTSkAdduOj86I2dGGRA/UqZCJHP190RKA62ngWc6A4ojvezNxP+8boL+jZuKME6Qh2yxyE8kwYjMEiADoThDOTWEMiXMrYSNqKIMTU4lE4Kz/PIqaV3UHLvm3F9W6ld5HEU4gVOoggPXUIc7aEATGDzBM7zCmzWxXqx362PRWrDymWP4A+vzB26AkdI=</latexit><latexit sha1_base64="qoMeSmue/HYvQhkXlSFHcBFCwhM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXRD0GvHiMYB6QrGF2MpsMmX040xsIy36HFw+KePVjvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2Nb2d+e8KVFlH4gNOYuwEdhsIXjKKR3N6IYjrNHtOqc571yxW7Zs9BVomTkwrkaPTLX71BxJKAh8gk1brr2DG6KVUomORZqZdoHlM2pkPeNTSkAdduOj86I2dGGRA/UqZCJHP190RKA62ngWc6A4ojvezNxP+8boL+jZuKME6Qh2yxyE8kwYjMEiADoThDOTWEMiXMrYSNqKIMTU4lE4Kz/PIqaV3UHLvm3F9W6ld5HEU4gVOoggPXUIc7aEATGDzBM7zCmzWxXqx362PRWrDymWP4A+vzB26AkdI=</latexit>

ŷ(M)
<latexit sha1_base64="3CupqBglBD7yAc17WZ7Quww9MFI=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMeAFy9CBPOAZA2zk0kyZPbhTG9gWfY7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9ba2srq1vbBa2its7u3v7pYPDpg5jxXiDhTJUbY9qLkXAGyhQ8nakOPU9yVve+GbqtyZcaREGD5hE3PXpMBADwSgaye2OKKZJ9phW7s6yXqlsV+0ZyDJxclKGHPVe6avbD1ns8wCZpFp3HDtCN6UKBZM8K3ZjzSPKxnTIO4YG1OfaTWdHZ+TUKH0yCJWpAMlM/T2RUl/rxPdMp09xpBe9qfif14lxcO2mIohi5AGbLxrEkmBIpgmQvlCcoUwMoUwJcythI6ooQ5NT0YTgLL68TJrnVceuOvcX5dplHkcBjuEEKuDAFdTgFurQAAZP8Ayv8GZNrBfr3fqYt65Y+cwR/IH1+QOZKJHu</latexit><latexit sha1_base64="3CupqBglBD7yAc17WZ7Quww9MFI=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMeAFy9CBPOAZA2zk0kyZPbhTG9gWfY7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9ba2srq1vbBa2its7u3v7pYPDpg5jxXiDhTJUbY9qLkXAGyhQ8nakOPU9yVve+GbqtyZcaREGD5hE3PXpMBADwSgaye2OKKZJ9phW7s6yXqlsV+0ZyDJxclKGHPVe6avbD1ns8wCZpFp3HDtCN6UKBZM8K3ZjzSPKxnTIO4YG1OfaTWdHZ+TUKH0yCJWpAMlM/T2RUl/rxPdMp09xpBe9qfif14lxcO2mIohi5AGbLxrEkmBIpgmQvlCcoUwMoUwJcythI6ooQ5NT0YTgLL68TJrnVceuOvcX5dplHkcBjuEEKuDAFdTgFurQAAZP8Ayv8GZNrBfr3fqYt65Y+cwR/IH1+QOZKJHu</latexit><latexit sha1_base64="3CupqBglBD7yAc17WZ7Quww9MFI=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMeAFy9CBPOAZA2zk0kyZPbhTG9gWfY7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9ba2srq1vbBa2its7u3v7pYPDpg5jxXiDhTJUbY9qLkXAGyhQ8nakOPU9yVve+GbqtyZcaREGD5hE3PXpMBADwSgaye2OKKZJ9phW7s6yXqlsV+0ZyDJxclKGHPVe6avbD1ns8wCZpFp3HDtCN6UKBZM8K3ZjzSPKxnTIO4YG1OfaTWdHZ+TUKH0yCJWpAMlM/T2RUl/rxPdMp09xpBe9qfif14lxcO2mIohi5AGbLxrEkmBIpgmQvlCcoUwMoUwJcythI6ooQ5NT0YTgLL68TJrnVceuOvcX5dplHkcBjuEEKuDAFdTgFurQAAZP8Ayv8GZNrBfr3fqYt65Y+cwR/IH1+QOZKJHu</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Q9prwNBRc2ckXjeVm+HmhAKdDVs=">AAAB6XicbZBLSwMxFIXv+Ky1anXrJliEuikzbnQpuHEjVLAPaMeSSTNtaCYzJncKwzC/w40LRfxD7vw3po+Fth4IfJyTcG9OkEhh0HW/nY3Nre2d3dJeeb9ycHhUPa60TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST21nemXJtRKweMUu4H9GREqFgFK3l98cU86x4yuv3F8WgWnMb7lxkHbwl1GCp5qD61R/GLI24QiapMT3PTdDPqUbBJC/K/dTwhLIJHfGeRUUjbvx8vnRBzq0zJGGs7VFI5u7vFzmNjMmiwN6MKI7NajYz/8t6KYbXfi5UkiJXbDEoTCXBmMwaIEOhOUOZWaBMC7srYWOqKUPbU9mW4K1+eR3alw3PbXgPLpTgFM6gDh5cwQ3cQRNawOAZXuAN3p2p8+p8LOracJa9ncAfOZ8/U1yQmw==</latexit><latexit sha1_base64="Q9prwNBRc2ckXjeVm+HmhAKdDVs=">AAAB6XicbZBLSwMxFIXv+Ky1anXrJliEuikzbnQpuHEjVLAPaMeSSTNtaCYzJncKwzC/w40LRfxD7vw3po+Fth4IfJyTcG9OkEhh0HW/nY3Nre2d3dJeeb9ycHhUPa60TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST21nemXJtRKweMUu4H9GREqFgFK3l98cU86x4yuv3F8WgWnMb7lxkHbwl1GCp5qD61R/GLI24QiapMT3PTdDPqUbBJC/K/dTwhLIJHfGeRUUjbvx8vnRBzq0zJGGs7VFI5u7vFzmNjMmiwN6MKI7NajYz/8t6KYbXfi5UkiJXbDEoTCXBmMwaIEOhOUOZWaBMC7srYWOqKUPbU9mW4K1+eR3alw3PbXgPLpTgFM6gDh5cwQ3cQRNawOAZXuAN3p2p8+p8LOracJa9ncAfOZ8/U1yQmw==</latexit><latexit sha1_base64="Vm1ZhP/aBFJwqUV6itQ27JBtaZo=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2HXg3oMePEiRDAPSNYwO5lNhsw+nOkNhGW/w4sHRbz6Md78GyfJHjSxoKGo6qa7y4ul0Gjb31ZhbX1jc6u4XdrZ3ds/KB8etXSUKMabLJKR6nhUcylC3kSBkndixWngSd72xjczvz3hSosofMBpzN2ADkPhC0bRSG5vRDGdZo9p9e4865crds2eg6wSJycVyNHol796g4glAQ+RSap117FjdFOqUDDJs1Iv0TymbEyHvGtoSAOu3XR+dEbOjDIgfqRMhUjm6u+JlAZaTwPPdAYUR3rZm4n/ed0E/Ws3FWGcIA/ZYpGfSIIRmSVABkJxhnJqCGVKmFsJG1FFGZqcSiYEZ/nlVdK6qDl2zbm3K/XLPI4inMApVMGBK6jDLTSgCQye4Ble4c2aWC/Wu/WxaC1Y+cwx/IH1+QOX6JHq</latexit><latexit sha1_base64="3CupqBglBD7yAc17WZ7Quww9MFI=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMeAFy9CBPOAZA2zk0kyZPbhTG9gWfY7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9ba2srq1vbBa2its7u3v7pYPDpg5jxXiDhTJUbY9qLkXAGyhQ8nakOPU9yVve+GbqtyZcaREGD5hE3PXpMBADwSgaye2OKKZJ9phW7s6yXqlsV+0ZyDJxclKGHPVe6avbD1ns8wCZpFp3HDtCN6UKBZM8K3ZjzSPKxnTIO4YG1OfaTWdHZ+TUKH0yCJWpAMlM/T2RUl/rxPdMp09xpBe9qfif14lxcO2mIohi5AGbLxrEkmBIpgmQvlCcoUwMoUwJcythI6ooQ5NT0YTgLL68TJrnVceuOvcX5dplHkcBjuEEKuDAFdTgFurQAAZP8Ayv8GZNrBfr3fqYt65Y+cwR/IH1+QOZKJHu</latexit><latexit sha1_base64="3CupqBglBD7yAc17WZ7Quww9MFI=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMeAFy9CBPOAZA2zk0kyZPbhTG9gWfY7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9ba2srq1vbBa2its7u3v7pYPDpg5jxXiDhTJUbY9qLkXAGyhQ8nakOPU9yVve+GbqtyZcaREGD5hE3PXpMBADwSgaye2OKKZJ9phW7s6yXqlsV+0ZyDJxclKGHPVe6avbD1ns8wCZpFp3HDtCN6UKBZM8K3ZjzSPKxnTIO4YG1OfaTWdHZ+TUKH0yCJWpAMlM/T2RUl/rxPdMp09xpBe9qfif14lxcO2mIohi5AGbLxrEkmBIpgmQvlCcoUwMoUwJcythI6ooQ5NT0YTgLL68TJrnVceuOvcX5dplHkcBjuEEKuDAFdTgFurQAAZP8Ayv8GZNrBfr3fqYt65Y+cwR/IH1+QOZKJHu</latexit><latexit sha1_base64="3CupqBglBD7yAc17WZ7Quww9MFI=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMeAFy9CBPOAZA2zk0kyZPbhTG9gWfY7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9ba2srq1vbBa2its7u3v7pYPDpg5jxXiDhTJUbY9qLkXAGyhQ8nakOPU9yVve+GbqtyZcaREGD5hE3PXpMBADwSgaye2OKKZJ9phW7s6yXqlsV+0ZyDJxclKGHPVe6avbD1ns8wCZpFp3HDtCN6UKBZM8K3ZjzSPKxnTIO4YG1OfaTWdHZ+TUKH0yCJWpAMlM/T2RUl/rxPdMp09xpBe9qfif14lxcO2mIohi5AGbLxrEkmBIpgmQvlCcoUwMoUwJcythI6ooQ5NT0YTgLL68TJrnVceuOvcX5dplHkcBjuEEKuDAFdTgFurQAAZP8Ayv8GZNrBfr3fqYt65Y+cwR/IH1+QOZKJHu</latexit><latexit sha1_base64="3CupqBglBD7yAc17WZ7Quww9MFI=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMeAFy9CBPOAZA2zk0kyZPbhTG9gWfY7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9ba2srq1vbBa2its7u3v7pYPDpg5jxXiDhTJUbY9qLkXAGyhQ8nakOPU9yVve+GbqtyZcaREGD5hE3PXpMBADwSgaye2OKKZJ9phW7s6yXqlsV+0ZyDJxclKGHPVe6avbD1ns8wCZpFp3HDtCN6UKBZM8K3ZjzSPKxnTIO4YG1OfaTWdHZ+TUKH0yCJWpAMlM/T2RUl/rxPdMp09xpBe9qfif14lxcO2mIohi5AGbLxrEkmBIpgmQvlCcoUwMoUwJcythI6ooQ5NT0YTgLL68TJrnVceuOvcX5dplHkcBjuEEKuDAFdTgFurQAAZP8Ayv8GZNrBfr3fqYt65Y+cwR/IH1+QOZKJHu</latexit><latexit sha1_base64="3CupqBglBD7yAc17WZ7Quww9MFI=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMeAFy9CBPOAZA2zk0kyZPbhTG9gWfY7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9ba2srq1vbBa2its7u3v7pYPDpg5jxXiDhTJUbY9qLkXAGyhQ8nakOPU9yVve+GbqtyZcaREGD5hE3PXpMBADwSgaye2OKKZJ9phW7s6yXqlsV+0ZyDJxclKGHPVe6avbD1ns8wCZpFp3HDtCN6UKBZM8K3ZjzSPKxnTIO4YG1OfaTWdHZ+TUKH0yCJWpAMlM/T2RUl/rxPdMp09xpBe9qfif14lxcO2mIohi5AGbLxrEkmBIpgmQvlCcoUwMoUwJcythI6ooQ5NT0YTgLL68TJrnVceuOvcX5dplHkcBjuEEKuDAFdTgFurQAAZP8Ayv8GZNrBfr3fqYt65Y+cwR/IH1+QOZKJHu</latexit><latexit sha1_base64="3CupqBglBD7yAc17WZ7Quww9MFI=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMeAFy9CBPOAZA2zk0kyZPbhTG9gWfY7vHhQxKsf482/cZLsQRMLGoqqbrq7vEgKjbb9ba2srq1vbBa2its7u3v7pYPDpg5jxXiDhTJUbY9qLkXAGyhQ8nakOPU9yVve+GbqtyZcaREGD5hE3PXpMBADwSgaye2OKKZJ9phW7s6yXqlsV+0ZyDJxclKGHPVe6avbD1ns8wCZpFp3HDtCN6UKBZM8K3ZjzSPKxnTIO4YG1OfaTWdHZ+TUKH0yCJWpAMlM/T2RUl/rxPdMp09xpBe9qfif14lxcO2mIohi5AGbLxrEkmBIpgmQvlCcoUwMoUwJcythI6ooQ5NT0YTgLL68TJrnVceuOvcX5dplHkcBjuEEKuDAFdTgFurQAAZP8Ayv8GZNrBfr3fqYt65Y+cwR/IH1+QOZKJHu</latexit>

Training Testing

(M < T)

Training Validation

HiFi Model

Surrogate



Surrogate Modeling Pitfalls & Challenges

1) Not validating the effectiveness of surrogate prior to utilization
• Or validating the model using the training data!

2) Not accounting for (or correcting) surrogate errors when they are 
non-negligible
• Surrogate models yield biased estimators

3) Using surrogate to extrapolate outside the range of training data
4) Training surrogate models from sparse training data
• Common when high-fidelity model is expensive to run 
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• Motivation: high-precision guidance software for entry 
vehicles
• Challenge: uncertainty propagation with expensive trajectory 

simulation models
• Approach: Use multi-model Monte Carlo to estimate 

trajectory state statistics (e.g., expected landing location)
• Collaborators: Anthony Williams (NASA), Som Dutta (NASA), 

Justin Green (NASA), Luke Morrill (NASA), Sam Nieomoeller
(UCLA)

Multi-Model Monte Carlo for Trajectory Simulation
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Atmosphere

Pr
ob

Aerodynamics

Pr
ob

Pr
ob

Mass 
Properties

Trajectory Simulation 
Uncertainties

High-Fidelity 
(Hi-Fi) Model

Predicted 
landing location

Low-Fidelity 
(Lo-Fi) Model

⇥
<latexit sha1_base64="NJeRv70aN0yDRK4lMPrs4uvUk5k=">AAACAnicbVBPS8MwHE3nvzn/VT2Jl+AQPI1WBD0OvXic4DZhLSPN0i0sTUvyqzhK8eJX8eJBEa9+Cm9+G7OuB918EHi89/vlJS9IBNfgON9WZWl5ZXWtul7b2Nza3rF39zo6ThVlbRqLWN0FRDPBJWsDB8HuEsVIFAjWDcZXU797z5TmsbyFScL8iAwlDzklYKS+feABe4DiniwQhI7zzAMeMZ337brTcArgReKWpI5KtPr2lzeIaRoxCVQQrXuuk4CfEQWcCpbXvFSzxCSQIesZKolJ8bMiOsfHRhngMFbmSMCF+nsjI5HWkygwkxGBkZ73puJ/Xi+F8MLPuExSYJLOgsJUYIjxtA884IpREBNDCFXcvBXTEVGEgmmtZkpw57+8SDqnDddpuDdn9eZlWUcVHaIjdIJcdI6a6Bq1UBtR9Iie0St6s56sF+vd+piNVqxyZx/9gfX5A8wgmFA=</latexit><latexit sha1_base64="NJeRv70aN0yDRK4lMPrs4uvUk5k=">AAACAnicbVBPS8MwHE3nvzn/VT2Jl+AQPI1WBD0OvXic4DZhLSPN0i0sTUvyqzhK8eJX8eJBEa9+Cm9+G7OuB918EHi89/vlJS9IBNfgON9WZWl5ZXWtul7b2Nza3rF39zo6ThVlbRqLWN0FRDPBJWsDB8HuEsVIFAjWDcZXU797z5TmsbyFScL8iAwlDzklYKS+feABe4DiniwQhI7zzAMeMZ337brTcArgReKWpI5KtPr2lzeIaRoxCVQQrXuuk4CfEQWcCpbXvFSzxCSQIesZKolJ8bMiOsfHRhngMFbmSMCF+nsjI5HWkygwkxGBkZ73puJ/Xi+F8MLPuExSYJLOgsJUYIjxtA884IpREBNDCFXcvBXTEVGEgmmtZkpw57+8SDqnDddpuDdn9eZlWUcVHaIjdIJcdI6a6Bq1UBtR9Iie0St6s56sF+vd+piNVqxyZx/9gfX5A8wgmFA=</latexit><latexit sha1_base64="NJeRv70aN0yDRK4lMPrs4uvUk5k=">AAACAnicbVBPS8MwHE3nvzn/VT2Jl+AQPI1WBD0OvXic4DZhLSPN0i0sTUvyqzhK8eJX8eJBEa9+Cm9+G7OuB918EHi89/vlJS9IBNfgON9WZWl5ZXWtul7b2Nza3rF39zo6ThVlbRqLWN0FRDPBJWsDB8HuEsVIFAjWDcZXU797z5TmsbyFScL8iAwlDzklYKS+feABe4DiniwQhI7zzAMeMZ337brTcArgReKWpI5KtPr2lzeIaRoxCVQQrXuuk4CfEQWcCpbXvFSzxCSQIesZKolJ8bMiOsfHRhngMFbmSMCF+nsjI5HWkygwkxGBkZ73puJ/Xi+F8MLPuExSYJLOgsJUYIjxtA884IpREBNDCFXcvBXTEVGEgmmtZkpw57+8SDqnDddpuDdn9eZlWUcVHaIjdIJcdI6a6Bq1UBtR9Iie0St6s56sF+vd+piNVqxyZx/9gfX5A8wgmFA=</latexit><latexit sha1_base64="NJeRv70aN0yDRK4lMPrs4uvUk5k=">AAACAnicbVBPS8MwHE3nvzn/VT2Jl+AQPI1WBD0OvXic4DZhLSPN0i0sTUvyqzhK8eJX8eJBEa9+Cm9+G7OuB918EHi89/vlJS9IBNfgON9WZWl5ZXWtul7b2Nza3rF39zo6ThVlbRqLWN0FRDPBJWsDB8HuEsVIFAjWDcZXU797z5TmsbyFScL8iAwlDzklYKS+feABe4DiniwQhI7zzAMeMZ337brTcArgReKWpI5KtPr2lzeIaRoxCVQQrXuuk4CfEQWcCpbXvFSzxCSQIesZKolJ8bMiOsfHRhngMFbmSMCF+nsjI5HWkygwkxGBkZ73puJ/Xi+F8MLPuExSYJLOgsJUYIjxtA884IpREBNDCFXcvBXTEVGEgmmtZkpw57+8SDqnDddpuDdn9eZlWUcVHaIjdIJcdI6a6Bq1UBtR9Iie0St6s56sF+vd+piNVqxyZx/9gfX5A8wgmFA=</latexit>

Low-Fidelity 
(Lo-Fi) Model

Low-Fidelity 
(Lo-Fi) Model



Hi-Fi vs. Lo-Fi Monte Carlo (MC) Estimators
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1) Draw      random inputsN
<latexit sha1_base64="78j4Qc/sjLVLmF9nYIlJh++3v38=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zVqlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPoluMxA==</latexit><latexit sha1_base64="78j4Qc/sjLVLmF9nYIlJh++3v38=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zVqlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPoluMxA==</latexit><latexit sha1_base64="78j4Qc/sjLVLmF9nYIlJh++3v38=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zVqlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPoluMxA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="h9GLNPhIlhJID1m/Fwiv2jkEGto=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHElLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP5O5i38=</latexit><latexit sha1_base64="h9GLNPhIlhJID1m/Fwiv2jkEGto=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHElLdgHtEPJpHfa2ExmSO4IpfQXuHGhiH/Lnf/G9LHQ1gOBj3MScu+JMiUt+f63V9ja3tndK+6XDsqHR8eVk3LLprkR2BSpSk0n4haV1NgkSQo7mUGeRArb0fhunref0ViZ6keaZBgmfKhlLAUnZzUe+pWqX/MXYpsQrKAKK9X7la/eIBV5gpqE4tZ2Az+jcMoNSaFwVurlFjMuxnyIXYeaJ2jD6WLQGbtwzoDFqXFHE1u4v19MeWLtJInczYTTyK5nc/O/rJtTfBNOpc5yQi2WH8W5YpSy+dZsIA0KUhMHXBjpZmVixA0X5LopuRKC9ZU3oXVVC/xa0PChCGdwDpcQwDXcwj3UoQkCEF7gDd69J+/V+1jWVfBWvZ3CH3mfP5O5i38=</latexit><latexit sha1_base64="HKIstj22KJjym8Nv2zrwsc6bvqk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616TbdSv87jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHoRuMwA==</latexit><latexit sha1_base64="78j4Qc/sjLVLmF9nYIlJh++3v38=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zVqlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPoluMxA==</latexit><latexit sha1_base64="78j4Qc/sjLVLmF9nYIlJh++3v38=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zVqlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPoluMxA==</latexit><latexit sha1_base64="78j4Qc/sjLVLmF9nYIlJh++3v38=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zVqlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPoluMxA==</latexit><latexit sha1_base64="78j4Qc/sjLVLmF9nYIlJh++3v38=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zVqlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPoluMxA==</latexit><latexit sha1_base64="78j4Qc/sjLVLmF9nYIlJh++3v38=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zVqlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPoluMxA==</latexit><latexit sha1_base64="78j4Qc/sjLVLmF9nYIlJh++3v38=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zVqlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPoluMxA==</latexit>

{X(i)}
<latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit>

3) Form estimator

E[Y ] ⇡ Ŷ =
1

N

NX

i=1

Y (i)

<latexit sha1_base64="jqT2qScOZBZP4siyYitz+43A/48="></latexit><latexit sha1_base64="jqT2qScOZBZP4siyYitz+43A/48="></latexit><latexit sha1_base64="jqT2qScOZBZP4siyYitz+43A/48="></latexit><latexit sha1_base64="jqT2qScOZBZP4siyYitz+43A/48="></latexit>

E[Ŷ ] = E[Y ]
<latexit sha1_base64="3rgT2Fi9MCK1T+dTBKBee3/p4Tk=">AAACDXicbVDLSsNAFL3xWesr6tLNYBVclUQKuhEKIrisYF80oUymk3bo5MHMRCghP+DGX3HjQhG37t35N07aLGrrgQuHc+7l3nu8mDOpLOvHWFldW9/YLG2Vt3d29/bNg8OWjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXvjm9xvP1IhWRQ+qElM3QAPQ+YzgpWW+uapE2A18rz0Nus5I6zSbuaiazSndl3UNytW1ZoCLRO7IBUo0Oib384gIklAQ0U4lrJnW7FyUywUI5xmZSeRNMZkjIe0p2mIAyrddPpNhs60MkB+JHSFCk3V+YkUB1JOAk935lfKRS8X//N6ifKv3JSFcaJoSGaL/IQjFaE8GjRgghLFJ5pgIpi+FZERFpgoHWBZh2AvvrxMWhdV26ra97VKvVbEUYJjOIFzsOES6nAHDWgCgSd4gTd4N56NV+PD+Jy1rhjFzBH8gfH1C+xDm2M=</latexit><latexit sha1_base64="3rgT2Fi9MCK1T+dTBKBee3/p4Tk=">AAACDXicbVDLSsNAFL3xWesr6tLNYBVclUQKuhEKIrisYF80oUymk3bo5MHMRCghP+DGX3HjQhG37t35N07aLGrrgQuHc+7l3nu8mDOpLOvHWFldW9/YLG2Vt3d29/bNg8OWjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXvjm9xvP1IhWRQ+qElM3QAPQ+YzgpWW+uapE2A18rz0Nus5I6zSbuaiazSndl3UNytW1ZoCLRO7IBUo0Oib384gIklAQ0U4lrJnW7FyUywUI5xmZSeRNMZkjIe0p2mIAyrddPpNhs60MkB+JHSFCk3V+YkUB1JOAk935lfKRS8X//N6ifKv3JSFcaJoSGaL/IQjFaE8GjRgghLFJ5pgIpi+FZERFpgoHWBZh2AvvrxMWhdV26ra97VKvVbEUYJjOIFzsOES6nAHDWgCgSd4gTd4N56NV+PD+Jy1rhjFzBH8gfH1C+xDm2M=</latexit><latexit sha1_base64="3rgT2Fi9MCK1T+dTBKBee3/p4Tk=">AAACDXicbVDLSsNAFL3xWesr6tLNYBVclUQKuhEKIrisYF80oUymk3bo5MHMRCghP+DGX3HjQhG37t35N07aLGrrgQuHc+7l3nu8mDOpLOvHWFldW9/YLG2Vt3d29/bNg8OWjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXvjm9xvP1IhWRQ+qElM3QAPQ+YzgpWW+uapE2A18rz0Nus5I6zSbuaiazSndl3UNytW1ZoCLRO7IBUo0Oib384gIklAQ0U4lrJnW7FyUywUI5xmZSeRNMZkjIe0p2mIAyrddPpNhs60MkB+JHSFCk3V+YkUB1JOAk935lfKRS8X//N6ifKv3JSFcaJoSGaL/IQjFaE8GjRgghLFJ5pgIpi+FZERFpgoHWBZh2AvvrxMWhdV26ra97VKvVbEUYJjOIFzsOES6nAHDWgCgSd4gTd4N56NV+PD+Jy1rhjFzBH8gfH1C+xDm2M=</latexit><latexit sha1_base64="3rgT2Fi9MCK1T+dTBKBee3/p4Tk=">AAACDXicbVDLSsNAFL3xWesr6tLNYBVclUQKuhEKIrisYF80oUymk3bo5MHMRCghP+DGX3HjQhG37t35N07aLGrrgQuHc+7l3nu8mDOpLOvHWFldW9/YLG2Vt3d29/bNg8OWjBJBaJNEPBIdD0vKWUibiilOO7GgOPA4bXvjm9xvP1IhWRQ+qElM3QAPQ+YzgpWW+uapE2A18rz0Nus5I6zSbuaiazSndl3UNytW1ZoCLRO7IBUo0Oib384gIklAQ0U4lrJnW7FyUywUI5xmZSeRNMZkjIe0p2mIAyrddPpNhs60MkB+JHSFCk3V+YkUB1JOAk935lfKRS8X//N6ifKv3JSFcaJoSGaL/IQjFaE8GjRgghLFJ5pgIpi+FZERFpgoHWBZh2AvvrxMWhdV26ra97VKvVbEUYJjOIFzsOES6nAHDWgCgSd4gTd4N56NV+PD+Jy1rhjFzBH8gfH1C+xDm2M=</latexit>

Unbiased:

{Y (i)}
<latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit><latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit><latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit><latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit>

Hi-Fi Model
Y (i) = M(X(i))

<latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="UbGMwON+36+TXgU4531G/kNiUUY=">AAAB/HicbZBPS8MwGMbfzn9zTq1eBQkOYbuM1su8CIIXL8IE90e2OtIs3cLStCSpMEpvXvwqXjwo4ufw5rcx3XbQzQcCP54nIe/7+DFnSjvOt1VYW9/Y3Cpul3bKu3v79kG5raJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpXnnUcqFYvEnZ7G1AvxSLCAEayNNbCP7x/SKqtl6AL1Q6zHBPP0Jqt2525tYFecujMTWgV3ARVYqDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNSv1E0RiTCR7RnkGBQ6q8dLZHhk6NM0RBJM0RGs3c3y9SHCo1DX1zM59VLWe5+V/WS3Rw7qVMxImmgsw/ChKOdITyUtCQSUo0nxrARDIzKyJjLDHRprqSKcFdXnkV2md116m7tw4U4QhOoAouNOASrqEJLSDwBC/wBu/Ws/VqfczrKliL3g7hj6zPHzYeln8=</latexit><latexit sha1_base64="UbGMwON+36+TXgU4531G/kNiUUY=">AAAB/HicbZBPS8MwGMbfzn9zTq1eBQkOYbuM1su8CIIXL8IE90e2OtIs3cLStCSpMEpvXvwqXjwo4ufw5rcx3XbQzQcCP54nIe/7+DFnSjvOt1VYW9/Y3Cpul3bKu3v79kG5raJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpXnnUcqFYvEnZ7G1AvxSLCAEayNNbCP7x/SKqtl6AL1Q6zHBPP0Jqt2525tYFecujMTWgV3ARVYqDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNSv1E0RiTCR7RnkGBQ6q8dLZHhk6NM0RBJM0RGs3c3y9SHCo1DX1zM59VLWe5+V/WS3Rw7qVMxImmgsw/ChKOdITyUtCQSUo0nxrARDIzKyJjLDHRprqSKcFdXnkV2md116m7tw4U4QhOoAouNOASrqEJLSDwBC/wBu/Ws/VqfczrKliL3g7hj6zPHzYeln8=</latexit><latexit sha1_base64="vvRTKLkNThYihUuuapzRCVbooh8=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBah3ZREBN0IBTduhAr2IW0sk+mkHTp5MDMRSsjOjb/ixoUibv0Fd/6NkzYLbT1w4XDOvdx7jxtxJpVlfRuFpeWV1bXiemljc2t7x9zda8kwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O77M/PYDFZKFwa2aRNTx8TBgHiNYaalvHt7dJxVWTdEF6vlYjQjmyXVa6czUat8sWzVrCrRI7JyUIUejb371BiGJfRoowrGUXduKlJNgoRjhNC31YkkjTMZ4SLuaBtin0kmmf6ToWCsD5IVCV6DQVP09kWBfyonv6s7sVjnvZeJ/XjdW3rmTsCCKFQ3IbJEXc6RClIWCBkxQovhEE0wE07ciMsICE6WjK+kQ7PmXF0nrpGZbNfvGKtdP8ziKcABHUAEbzqAOV9CAJhB4hGd4hTfjyXgx3o2PWWvByGf24Q+Mzx+4Q5ff</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit>

2) Evaluate model

i = 1, ..., N
<latexit sha1_base64="9HVnhB4rGXYzKVG8pDV2uOLY+hw=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KMuuFPQiFLx4kgr2A9qlZNNsG5pN1iRbKEt/hxcPinj1x3jz35i2e9DWBwOP92aYmRcmnGnjed/O2vrG5tZ2Yae4u7d/cFg6Om5qmSpCG0Ryqdoh1pQzQRuGGU7biaI4DjlthaPbmd8aU6WZFI9mktAgxgPBIkawsVLA0A3yK8h13Qq675XKnuvNgVaJn5My5Kj3Sl/dviRpTIUhHGvd8b3EBBlWhhFOp8VuqmmCyQgPaMdSgWOqg2x+9BSdW6WPIqlsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqpia6DjIkkNVSQxaIo5chINEsA9ZmixPCJJZgoZm9FZIgVJsbmVLQh+Msvr5Lmpet7rv9QLdeqeRwFOIUzuAAfrqAGd1CHBhB4gmd4hTdn7Lw4787HonXNyWdO4A+czx/MKI91</latexit><latexit sha1_base64="9HVnhB4rGXYzKVG8pDV2uOLY+hw=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KMuuFPQiFLx4kgr2A9qlZNNsG5pN1iRbKEt/hxcPinj1x3jz35i2e9DWBwOP92aYmRcmnGnjed/O2vrG5tZ2Yae4u7d/cFg6Om5qmSpCG0Ryqdoh1pQzQRuGGU7biaI4DjlthaPbmd8aU6WZFI9mktAgxgPBIkawsVLA0A3yK8h13Qq675XKnuvNgVaJn5My5Kj3Sl/dviRpTIUhHGvd8b3EBBlWhhFOp8VuqmmCyQgPaMdSgWOqg2x+9BSdW6WPIqlsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqpia6DjIkkNVSQxaIo5chINEsA9ZmixPCJJZgoZm9FZIgVJsbmVLQh+Msvr5Lmpet7rv9QLdeqeRwFOIUzuAAfrqAGd1CHBhB4gmd4hTdn7Lw4787HonXNyWdO4A+czx/MKI91</latexit><latexit sha1_base64="9HVnhB4rGXYzKVG8pDV2uOLY+hw=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KMuuFPQiFLx4kgr2A9qlZNNsG5pN1iRbKEt/hxcPinj1x3jz35i2e9DWBwOP92aYmRcmnGnjed/O2vrG5tZ2Yae4u7d/cFg6Om5qmSpCG0Ryqdoh1pQzQRuGGU7biaI4DjlthaPbmd8aU6WZFI9mktAgxgPBIkawsVLA0A3yK8h13Qq675XKnuvNgVaJn5My5Kj3Sl/dviRpTIUhHGvd8b3EBBlWhhFOp8VuqmmCyQgPaMdSgWOqg2x+9BSdW6WPIqlsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqpia6DjIkkNVSQxaIo5chINEsA9ZmixPCJJZgoZm9FZIgVJsbmVLQh+Msvr5Lmpet7rv9QLdeqeRwFOIUzuAAfrqAGd1CHBhB4gmd4hTdn7Lw4787HonXNyWdO4A+czx/MKI91</latexit><latexit sha1_base64="9HVnhB4rGXYzKVG8pDV2uOLY+hw=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KMuuFPQiFLx4kgr2A9qlZNNsG5pN1iRbKEt/hxcPinj1x3jz35i2e9DWBwOP92aYmRcmnGnjed/O2vrG5tZ2Yae4u7d/cFg6Om5qmSpCG0Ryqdoh1pQzQRuGGU7biaI4DjlthaPbmd8aU6WZFI9mktAgxgPBIkawsVLA0A3yK8h13Qq675XKnuvNgVaJn5My5Kj3Sl/dviRpTIUhHGvd8b3EBBlWhhFOp8VuqmmCyQgPaMdSgWOqg2x+9BSdW6WPIqlsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqpia6DjIkkNVSQxaIo5chINEsA9ZmixPCJJZgoZm9FZIgVJsbmVLQh+Msvr5Lmpet7rv9QLdeqeRwFOIUzuAAfrqAGd1CHBhB4gmd4hTdn7Lw4787HonXNyWdO4A+czx/MKI91</latexit>

Solution Time: N ⇥ C
<latexit sha1_base64="MA5/BoDLQFEvJVIe+tVcVfz9Q0g=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorduNKKtgHpKFMppN26OTBzI1QQj/DjQtF3Po17vwbJ20FFT1w4XDOvdx7j58IrsCyPozC2vrG5lZxu7Szu7d/UD486qo4lZR1aCxi2feJYoJHrAMcBOsnkpHQF6znT1u537tnUvE4uoNZwryQjCMecEpAS+4NHgAPmcKt0rBcsczLRq3q1LBlWlbdrto5qdadCwfbWslRQSu0h+X3wSimacgioIIo5dpWAl5GJHAq2Lw0SBVLCJ2SMXM1jYje42WLk+f4TCsjHMRSVwR4oX6fyEio1Cz0dWdIYKJ+e7n4l+emEDS8jEdJCiyiy0VBKjDEOP8fj7hkFMRME0Il17diOiGSUNAp5SF8fYr/J92qaVumfetUmlerOIroBJ2ic2SjOmqia9RGHURRjB7QE3o2wHg0XozXZWvBWM0cox8w3j4BJzaQgw==</latexit><latexit sha1_base64="MA5/BoDLQFEvJVIe+tVcVfz9Q0g=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorduNKKtgHpKFMppN26OTBzI1QQj/DjQtF3Po17vwbJ20FFT1w4XDOvdx7j58IrsCyPozC2vrG5lZxu7Szu7d/UD486qo4lZR1aCxi2feJYoJHrAMcBOsnkpHQF6znT1u537tnUvE4uoNZwryQjCMecEpAS+4NHgAPmcKt0rBcsczLRq3q1LBlWlbdrto5qdadCwfbWslRQSu0h+X3wSimacgioIIo5dpWAl5GJHAq2Lw0SBVLCJ2SMXM1jYje42WLk+f4TCsjHMRSVwR4oX6fyEio1Cz0dWdIYKJ+e7n4l+emEDS8jEdJCiyiy0VBKjDEOP8fj7hkFMRME0Il17diOiGSUNAp5SF8fYr/J92qaVumfetUmlerOIroBJ2ic2SjOmqia9RGHURRjB7QE3o2wHg0XozXZWvBWM0cox8w3j4BJzaQgw==</latexit><latexit sha1_base64="MA5/BoDLQFEvJVIe+tVcVfz9Q0g=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorduNKKtgHpKFMppN26OTBzI1QQj/DjQtF3Po17vwbJ20FFT1w4XDOvdx7j58IrsCyPozC2vrG5lZxu7Szu7d/UD486qo4lZR1aCxi2feJYoJHrAMcBOsnkpHQF6znT1u537tnUvE4uoNZwryQjCMecEpAS+4NHgAPmcKt0rBcsczLRq3q1LBlWlbdrto5qdadCwfbWslRQSu0h+X3wSimacgioIIo5dpWAl5GJHAq2Lw0SBVLCJ2SMXM1jYje42WLk+f4TCsjHMRSVwR4oX6fyEio1Cz0dWdIYKJ+e7n4l+emEDS8jEdJCiyiy0VBKjDEOP8fj7hkFMRME0Il17diOiGSUNAp5SF8fYr/J92qaVumfetUmlerOIroBJ2ic2SjOmqia9RGHURRjB7QE3o2wHg0XozXZWvBWM0cox8w3j4BJzaQgw==</latexit><latexit sha1_base64="MA5/BoDLQFEvJVIe+tVcVfz9Q0g=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorduNKKtgHpKFMppN26OTBzI1QQj/DjQtF3Po17vwbJ20FFT1w4XDOvdx7j58IrsCyPozC2vrG5lZxu7Szu7d/UD486qo4lZR1aCxi2feJYoJHrAMcBOsnkpHQF6znT1u537tnUvE4uoNZwryQjCMecEpAS+4NHgAPmcKt0rBcsczLRq3q1LBlWlbdrto5qdadCwfbWslRQSu0h+X3wSimacgioIIo5dpWAl5GJHAq2Lw0SBVLCJ2SMXM1jYje42WLk+f4TCsjHMRSVwR4oX6fyEio1Cz0dWdIYKJ+e7n4l+emEDS8jEdJCiyiy0VBKjDEOP8fj7hkFMRME0Il17diOiGSUNAp5SF8fYr/J92qaVumfetUmlerOIroBJ2ic2SjOmqia9RGHURRjB7QE3o2wHg0XozXZWvBWM0cox8w3j4BJzaQgw==</latexit>

{X(i)}
<latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit>

{eY (i)}
<latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit><latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit><latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit><latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit>

E[Y ] ⇡ êY =
1

N

NX

i=1

eY (i)

<latexit sha1_base64="Au/pEVxPUkVd1ygV5hK/5M/rZRM="></latexit><latexit sha1_base64="Au/pEVxPUkVd1ygV5hK/5M/rZRM="></latexit><latexit sha1_base64="Au/pEVxPUkVd1ygV5hK/5M/rZRM="></latexit><latexit sha1_base64="Au/pEVxPUkVd1ygV5hK/5M/rZRM="></latexit>

Ctot = N ⇥ eC
<latexit sha1_base64="TFZ3QNMZUN+9K4hgdUlLLLXOS8A=">AAACEHicbVDJSgNBEO1xjXGLevTSGERPYUYEvQhCLp4kglkgM4aenhpt7FnorlHDMJ/gxV/x4kERrx69+Td2loMmPih4vFdFVT0/lUKjbX9bM7Nz8wuLpaXy8srq2nplY7Olk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/m194LfvQGmRxJfYT8GL2HUsQsEZGqlX2atf5S7CA+aYYFHQE3pOXRQRaOreiwBQyADyetGrVO2aPQSdJs6YVMkYjV7lyw0SnkUQI5dM665jp+jlTKHgEoqym2lIGb9l19A1NGZmpZcPHyrorlECGibKVIx0qP6eyFmkdT/yTWfE8EZPegPxP6+bYXjs5SJOM4SYjxaFmaSY0EE6NBAKOMq+IYwrYW6l/IYpxtFkWDYhOJMvT5PWQc2xa87FYfX0cBxHiWyTHbJPHHJETskZaZAm4eSRPJNX8mY9WS/Wu/Uxap2xxjNb5A+szx/Ts50H</latexit><latexit sha1_base64="TFZ3QNMZUN+9K4hgdUlLLLXOS8A=">AAACEHicbVDJSgNBEO1xjXGLevTSGERPYUYEvQhCLp4kglkgM4aenhpt7FnorlHDMJ/gxV/x4kERrx69+Td2loMmPih4vFdFVT0/lUKjbX9bM7Nz8wuLpaXy8srq2nplY7Olk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/m194LfvQGmRxJfYT8GL2HUsQsEZGqlX2atf5S7CA+aYYFHQE3pOXRQRaOreiwBQyADyetGrVO2aPQSdJs6YVMkYjV7lyw0SnkUQI5dM665jp+jlTKHgEoqym2lIGb9l19A1NGZmpZcPHyrorlECGibKVIx0qP6eyFmkdT/yTWfE8EZPegPxP6+bYXjs5SJOM4SYjxaFmaSY0EE6NBAKOMq+IYwrYW6l/IYpxtFkWDYhOJMvT5PWQc2xa87FYfX0cBxHiWyTHbJPHHJETskZaZAm4eSRPJNX8mY9WS/Wu/Uxap2xxjNb5A+szx/Ts50H</latexit><latexit sha1_base64="TFZ3QNMZUN+9K4hgdUlLLLXOS8A=">AAACEHicbVDJSgNBEO1xjXGLevTSGERPYUYEvQhCLp4kglkgM4aenhpt7FnorlHDMJ/gxV/x4kERrx69+Td2loMmPih4vFdFVT0/lUKjbX9bM7Nz8wuLpaXy8srq2nplY7Olk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/m194LfvQGmRxJfYT8GL2HUsQsEZGqlX2atf5S7CA+aYYFHQE3pOXRQRaOreiwBQyADyetGrVO2aPQSdJs6YVMkYjV7lyw0SnkUQI5dM665jp+jlTKHgEoqym2lIGb9l19A1NGZmpZcPHyrorlECGibKVIx0qP6eyFmkdT/yTWfE8EZPegPxP6+bYXjs5SJOM4SYjxaFmaSY0EE6NBAKOMq+IYwrYW6l/IYpxtFkWDYhOJMvT5PWQc2xa87FYfX0cBxHiWyTHbJPHHJETskZaZAm4eSRPJNX8mY9WS/Wu/Uxap2xxjNb5A+szx/Ts50H</latexit><latexit sha1_base64="TFZ3QNMZUN+9K4hgdUlLLLXOS8A=">AAACEHicbVDJSgNBEO1xjXGLevTSGERPYUYEvQhCLp4kglkgM4aenhpt7FnorlHDMJ/gxV/x4kERrx69+Td2loMmPih4vFdFVT0/lUKjbX9bM7Nz8wuLpaXy8srq2nplY7Olk0xxaPJEJqrjMw1SxNBEgRI6qQIW+RLa/m194LfvQGmRxJfYT8GL2HUsQsEZGqlX2atf5S7CA+aYYFHQE3pOXRQRaOreiwBQyADyetGrVO2aPQSdJs6YVMkYjV7lyw0SnkUQI5dM665jp+jlTKHgEoqym2lIGb9l19A1NGZmpZcPHyrorlECGibKVIx0qP6eyFmkdT/yTWfE8EZPegPxP6+bYXjs5SJOM4SYjxaFmaSY0EE6NBAKOMq+IYwrYW6l/IYpxtFkWDYhOJMvT5PWQc2xa87FYfX0cBxHiWyTHbJPHHJETskZaZAm4eSRPJNX8mY9WS/Wu/Uxap2xxjNb5A+szx/Ts50H</latexit>

Solution Time:

Surrogate cost << Model cost

Surrogate cost

Hi-Fi MC:

Lo-Fi MC:

ML Surrogate
eY (i) = fM(X(i))

<latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit>

Mean Squared Error = bias + variance

bias → irreducible error!

E[ ˆ̃Y ] 6= E[Y ]
<latexit sha1_base64="hvDCfOThdr0Q8tfvcfujwq7H9Bo="></latexit><latexit sha1_base64="hvDCfOThdr0Q8tfvcfujwq7H9Bo="></latexit><latexit sha1_base64="hvDCfOThdr0Q8tfvcfujwq7H9Bo="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="bEBlqNAntCH+NI6v9PW7DWkAkgw=">AAACDHicbVA9SwNBEJ2L3zFqtLVZFMEq3NloKYhgGcGYSO4Ie5uJWbK3d+7OCeG4f2HjX7GxUMTazn/jJqbQ6IOBx3szzMyLMyUt+f6nV1lYXFpeWV2rrtc2Nrfq27Vrm+ZGYEukKjWdmFtUUmOLJCnsZAZ5Eitsx6Ozid++R2Nlqq9onGGU8FstB1JwclKv3ggTTsM4Ls7LbjjkVIQkVR+Lm7KMWKjxjv1ouIl69X2/4U/B/pJgRvZhhmav/hH2U5EnqEkobm038DOKCm5ICoVlNcwtZlyM+C12HdU8QRsV079KduCUPhukxpUmNlV/ThQ8sXacxK5zcqSd9ybif143p8FJVEid5YRafC8a5IpRyiYhsb40KEiNHeHCSHcrE0NuuCAXZdWFEMy//JdcHzUCvxFc+rAKu7AHhxDAMZzCBTShBQIe4Ale4NV79J69t++4Kt4stx34Be/9Cz0knvw=</latexit><latexit sha1_base64="3dCSZ0hf5mIAYJ+rWa+tVKSzXYY="></latexit><latexit sha1_base64="oJmzytRC4Xm2CjwVhrPSv+QkwyU="></latexit><latexit sha1_base64="hvDCfOThdr0Q8tfvcfujwq7H9Bo="></latexit><latexit sha1_base64="hvDCfOThdr0Q8tfvcfujwq7H9Bo="></latexit><latexit sha1_base64="hvDCfOThdr0Q8tfvcfujwq7H9Bo="></latexit><latexit sha1_base64="hvDCfOThdr0Q8tfvcfujwq7H9Bo="></latexit><latexit sha1_base64="hvDCfOThdr0Q8tfvcfujwq7H9Bo="></latexit><latexit sha1_base64="hvDCfOThdr0Q8tfvcfujwq7H9Bo="></latexit>

Biased:

Model cost

N ⇠ O(104)
<latexit sha1_base64="uyRdPhNJpoB+N9PlwbUnlfOZkGI=">AAACHXicbVBNSwMxEM3Wr1q/qh69BIugHspuERS8CHrwoq1gtdBdJZtO29AkuyRZoSz9H95E/4s38Sr+FU9m2z1o9UHg8d7MZOaFMWfauO6nU5iZnZtfKC6WlpZXVtfK6xs3OkoUhSaNeKRaIdHAmYSmYYZDK1ZARMjhNhycZv7tAyjNInlthjEEgvQk6zJKjJXuLrGvmcD1Xc+9O9i7L1fcqjsG/ku8nFRQjsZ9+cvvRDQRIA3lROu258YmSIkyjHIYlfxEQ0zogPSgbakkAnSQjrce4R2rdHA3UvZJg8fqz46UCK2HIrSVgpi+nvYy8T+vnZjuUZAyGScGJJ181E04NhHOIsAdpoAaPrSEUMXsrpj2iSLU2KBK/hnYWxRc2Ln1GBQxkdpPfaJ6gsmRva3nH2fMhuVNR/OX3NSqnlv1rg4qJ7U8tiLaQttoF3noEJ2gc9RATUSRQo/oGb04T86r8+a8T0oLTt6ziX7B+fgGL72hlw==</latexit><latexit sha1_base64="uyRdPhNJpoB+N9PlwbUnlfOZkGI=">AAACHXicbVBNSwMxEM3Wr1q/qh69BIugHspuERS8CHrwoq1gtdBdJZtO29AkuyRZoSz9H95E/4s38Sr+FU9m2z1o9UHg8d7MZOaFMWfauO6nU5iZnZtfKC6WlpZXVtfK6xs3OkoUhSaNeKRaIdHAmYSmYYZDK1ZARMjhNhycZv7tAyjNInlthjEEgvQk6zJKjJXuLrGvmcD1Xc+9O9i7L1fcqjsG/ku8nFRQjsZ9+cvvRDQRIA3lROu258YmSIkyjHIYlfxEQ0zogPSgbakkAnSQjrce4R2rdHA3UvZJg8fqz46UCK2HIrSVgpi+nvYy8T+vnZjuUZAyGScGJJ181E04NhHOIsAdpoAaPrSEUMXsrpj2iSLU2KBK/hnYWxRc2Ln1GBQxkdpPfaJ6gsmRva3nH2fMhuVNR/OX3NSqnlv1rg4qJ7U8tiLaQttoF3noEJ2gc9RATUSRQo/oGb04T86r8+a8T0oLTt6ziX7B+fgGL72hlw==</latexit><latexit sha1_base64="uyRdPhNJpoB+N9PlwbUnlfOZkGI=">AAACHXicbVBNSwMxEM3Wr1q/qh69BIugHspuERS8CHrwoq1gtdBdJZtO29AkuyRZoSz9H95E/4s38Sr+FU9m2z1o9UHg8d7MZOaFMWfauO6nU5iZnZtfKC6WlpZXVtfK6xs3OkoUhSaNeKRaIdHAmYSmYYZDK1ZARMjhNhycZv7tAyjNInlthjEEgvQk6zJKjJXuLrGvmcD1Xc+9O9i7L1fcqjsG/ku8nFRQjsZ9+cvvRDQRIA3lROu258YmSIkyjHIYlfxEQ0zogPSgbakkAnSQjrce4R2rdHA3UvZJg8fqz46UCK2HIrSVgpi+nvYy8T+vnZjuUZAyGScGJJ181E04NhHOIsAdpoAaPrSEUMXsrpj2iSLU2KBK/hnYWxRc2Ln1GBQxkdpPfaJ6gsmRva3nH2fMhuVNR/OX3NSqnlv1rg4qJ7U8tiLaQttoF3noEJ2gc9RATUSRQo/oGb04T86r8+a8T0oLTt6ziX7B+fgGL72hlw==</latexit><latexit sha1_base64="uyRdPhNJpoB+N9PlwbUnlfOZkGI=">AAACHXicbVBNSwMxEM3Wr1q/qh69BIugHspuERS8CHrwoq1gtdBdJZtO29AkuyRZoSz9H95E/4s38Sr+FU9m2z1o9UHg8d7MZOaFMWfauO6nU5iZnZtfKC6WlpZXVtfK6xs3OkoUhSaNeKRaIdHAmYSmYYZDK1ZARMjhNhycZv7tAyjNInlthjEEgvQk6zJKjJXuLrGvmcD1Xc+9O9i7L1fcqjsG/ku8nFRQjsZ9+cvvRDQRIA3lROu258YmSIkyjHIYlfxEQ0zogPSgbakkAnSQjrce4R2rdHA3UvZJg8fqz46UCK2HIrSVgpi+nvYy8T+vnZjuUZAyGScGJJ181E04NhHOIsAdpoAaPrSEUMXsrpj2iSLU2KBK/hnYWxRc2Ln1GBQxkdpPfaJ6gsmRva3nH2fMhuVNR/OX3NSqnlv1rg4qJ7U8tiLaQttoF3noEJ2gc9RATUSRQo/oGb04T86r8+a8T0oLTt6ziX7B+fgGL72hlw==</latexit>
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1) Draw & allocate random inputs 3) Form estimator2) Evaluate models

{X(i)}
<latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit> 0

{X(i)}
<latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit> 1

𝑋!

𝑋"
Constructed to be

Unbiased and Fast!

samplesN
<latexit sha1_base64="Offi1f5a+yMBBaNiCdrme81mpZU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2rWq51a95lWlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPocGMwg==</latexit><latexit sha1_base64="Offi1f5a+yMBBaNiCdrme81mpZU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2rWq51a95lWlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPocGMwg==</latexit><latexit sha1_base64="Offi1f5a+yMBBaNiCdrme81mpZU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2rWq51a95lWlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPocGMwg==</latexit><latexit sha1_base64="Offi1f5a+yMBBaNiCdrme81mpZU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2rWq51a95lWlXsvjKMIZnMMleHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPocGMwg==</latexit>

sampleseN
<latexit sha1_base64="xROhrQUUYOlgaCTqUNGExayWgzY=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4kkq2A9oQ9lspu3SzSbubiol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/NUaleSwfzCRBP6IDyfucUWMlv/vEQzRchJjdTXulsltx5yCrxMtJGXLUe6WvbhizNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP50VNybpWQ9GNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTf/az7hMUoOSLRb1U0FMTGYJkJArZEZMLKFMcXsrYUOqKDM2p6INwVt+eZU0qxXPrXj3l+VaNY+jAKdwBhfgwRXU4Bbq0AAGj/AMr/DmjJ0X5935WLSuOfnMCfyB8/kDKDuSSQ==</latexit><latexit sha1_base64="xROhrQUUYOlgaCTqUNGExayWgzY=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4kkq2A9oQ9lspu3SzSbubiol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/NUaleSwfzCRBP6IDyfucUWMlv/vEQzRchJjdTXulsltx5yCrxMtJGXLUe6WvbhizNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP50VNybpWQ9GNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTf/az7hMUoOSLRb1U0FMTGYJkJArZEZMLKFMcXsrYUOqKDM2p6INwVt+eZU0qxXPrXj3l+VaNY+jAKdwBhfgwRXU4Bbq0AAGj/AMr/DmjJ0X5935WLSuOfnMCfyB8/kDKDuSSQ==</latexit><latexit sha1_base64="xROhrQUUYOlgaCTqUNGExayWgzY=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4kkq2A9oQ9lspu3SzSbubiol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/NUaleSwfzCRBP6IDyfucUWMlv/vEQzRchJjdTXulsltx5yCrxMtJGXLUe6WvbhizNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP50VNybpWQ9GNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTf/az7hMUoOSLRb1U0FMTGYJkJArZEZMLKFMcXsrYUOqKDM2p6INwVt+eZU0qxXPrXj3l+VaNY+jAKdwBhfgwRXU4Bbq0AAGj/AMr/DmjJ0X5935WLSuOfnMCfyB8/kDKDuSSQ==</latexit><latexit sha1_base64="xROhrQUUYOlgaCTqUNGExayWgzY=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4kkq2A9oQ9lspu3SzSbubiol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/NUaleSwfzCRBP6IDyfucUWMlv/vEQzRchJjdTXulsltx5yCrxMtJGXLUe6WvbhizNEJpmKBadzw3MX5GleFM4LTYTTUmlI3oADuWShqh9rP50VNybpWQ9GNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTf/az7hMUoOSLRb1U0FMTGYJkJArZEZMLKFMcXsrYUOqKDM2p6INwVt+eZU0qxXPrXj3l+VaNY+jAKdwBhfgwRXU4Bbq0AAGj/AMr/DmjJ0X5935WLSuOfnMCfyB8/kDKDuSSQ==</latexit>

{Y (i)}
<latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit><latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit><latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit><latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit>

Hi-Fi Model
Y (i) = M(X(i))

<latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="UbGMwON+36+TXgU4531G/kNiUUY=">AAAB/HicbZBPS8MwGMbfzn9zTq1eBQkOYbuM1su8CIIXL8IE90e2OtIs3cLStCSpMEpvXvwqXjwo4ufw5rcx3XbQzQcCP54nIe/7+DFnSjvOt1VYW9/Y3Cpul3bKu3v79kG5raJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpXnnUcqFYvEnZ7G1AvxSLCAEayNNbCP7x/SKqtl6AL1Q6zHBPP0Jqt2525tYFecujMTWgV3ARVYqDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNSv1E0RiTCR7RnkGBQ6q8dLZHhk6NM0RBJM0RGs3c3y9SHCo1DX1zM59VLWe5+V/WS3Rw7qVMxImmgsw/ChKOdITyUtCQSUo0nxrARDIzKyJjLDHRprqSKcFdXnkV2md116m7tw4U4QhOoAouNOASrqEJLSDwBC/wBu/Ws/VqfczrKliL3g7hj6zPHzYeln8=</latexit><latexit sha1_base64="UbGMwON+36+TXgU4531G/kNiUUY=">AAAB/HicbZBPS8MwGMbfzn9zTq1eBQkOYbuM1su8CIIXL8IE90e2OtIs3cLStCSpMEpvXvwqXjwo4ufw5rcx3XbQzQcCP54nIe/7+DFnSjvOt1VYW9/Y3Cpul3bKu3v79kG5raJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpXnnUcqFYvEnZ7G1AvxSLCAEayNNbCP7x/SKqtl6AL1Q6zHBPP0Jqt2525tYFecujMTWgV3ARVYqDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNSv1E0RiTCR7RnkGBQ6q8dLZHhk6NM0RBJM0RGs3c3y9SHCo1DX1zM59VLWe5+V/WS3Rw7qVMxImmgsw/ChKOdITyUtCQSUo0nxrARDIzKyJjLDHRprqSKcFdXnkV2md116m7tw4U4QhOoAouNOASrqEJLSDwBC/wBu/Ws/VqfczrKliL3g7hj6zPHzYeln8=</latexit><latexit sha1_base64="vvRTKLkNThYihUuuapzRCVbooh8=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBah3ZREBN0IBTduhAr2IW0sk+mkHTp5MDMRSsjOjb/ixoUibv0Fd/6NkzYLbT1w4XDOvdx7jxtxJpVlfRuFpeWV1bXiemljc2t7x9zda8kwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O77M/PYDFZKFwa2aRNTx8TBgHiNYaalvHt7dJxVWTdEF6vlYjQjmyXVa6czUat8sWzVrCrRI7JyUIUejb371BiGJfRoowrGUXduKlJNgoRjhNC31YkkjTMZ4SLuaBtin0kmmf6ToWCsD5IVCV6DQVP09kWBfyonv6s7sVjnvZeJ/XjdW3rmTsCCKFQ3IbJEXc6RClIWCBkxQovhEE0wE07ciMsICE6WjK+kQ7PmXF0nrpGZbNfvGKtdP8ziKcABHUAEbzqAOV9CAJhB4hGd4hTfjyXgx3o2PWWvByGf24Q+Mzx+4Q5ff</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit>

i = 1, ..., N
<latexit sha1_base64="9HVnhB4rGXYzKVG8pDV2uOLY+hw=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KMuuFPQiFLx4kgr2A9qlZNNsG5pN1iRbKEt/hxcPinj1x3jz35i2e9DWBwOP92aYmRcmnGnjed/O2vrG5tZ2Yae4u7d/cFg6Om5qmSpCG0Ryqdoh1pQzQRuGGU7biaI4DjlthaPbmd8aU6WZFI9mktAgxgPBIkawsVLA0A3yK8h13Qq675XKnuvNgVaJn5My5Kj3Sl/dviRpTIUhHGvd8b3EBBlWhhFOp8VuqmmCyQgPaMdSgWOqg2x+9BSdW6WPIqlsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqpia6DjIkkNVSQxaIo5chINEsA9ZmixPCJJZgoZm9FZIgVJsbmVLQh+Msvr5Lmpet7rv9QLdeqeRwFOIUzuAAfrqAGd1CHBhB4gmd4hTdn7Lw4787HonXNyWdO4A+czx/MKI91</latexit><latexit sha1_base64="9HVnhB4rGXYzKVG8pDV2uOLY+hw=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KMuuFPQiFLx4kgr2A9qlZNNsG5pN1iRbKEt/hxcPinj1x3jz35i2e9DWBwOP92aYmRcmnGnjed/O2vrG5tZ2Yae4u7d/cFg6Om5qmSpCG0Ryqdoh1pQzQRuGGU7biaI4DjlthaPbmd8aU6WZFI9mktAgxgPBIkawsVLA0A3yK8h13Qq675XKnuvNgVaJn5My5Kj3Sl/dviRpTIUhHGvd8b3EBBlWhhFOp8VuqmmCyQgPaMdSgWOqg2x+9BSdW6WPIqlsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqpia6DjIkkNVSQxaIo5chINEsA9ZmixPCJJZgoZm9FZIgVJsbmVLQh+Msvr5Lmpet7rv9QLdeqeRwFOIUzuAAfrqAGd1CHBhB4gmd4hTdn7Lw4787HonXNyWdO4A+czx/MKI91</latexit><latexit sha1_base64="9HVnhB4rGXYzKVG8pDV2uOLY+hw=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KMuuFPQiFLx4kgr2A9qlZNNsG5pN1iRbKEt/hxcPinj1x3jz35i2e9DWBwOP92aYmRcmnGnjed/O2vrG5tZ2Yae4u7d/cFg6Om5qmSpCG0Ryqdoh1pQzQRuGGU7biaI4DjlthaPbmd8aU6WZFI9mktAgxgPBIkawsVLA0A3yK8h13Qq675XKnuvNgVaJn5My5Kj3Sl/dviRpTIUhHGvd8b3EBBlWhhFOp8VuqmmCyQgPaMdSgWOqg2x+9BSdW6WPIqlsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqpia6DjIkkNVSQxaIo5chINEsA9ZmixPCJJZgoZm9FZIgVJsbmVLQh+Msvr5Lmpet7rv9QLdeqeRwFOIUzuAAfrqAGd1CHBhB4gmd4hTdn7Lw4787HonXNyWdO4A+czx/MKI91</latexit><latexit sha1_base64="9HVnhB4rGXYzKVG8pDV2uOLY+hw=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KMuuFPQiFLx4kgr2A9qlZNNsG5pN1iRbKEt/hxcPinj1x3jz35i2e9DWBwOP92aYmRcmnGnjed/O2vrG5tZ2Yae4u7d/cFg6Om5qmSpCG0Ryqdoh1pQzQRuGGU7biaI4DjlthaPbmd8aU6WZFI9mktAgxgPBIkawsVLA0A3yK8h13Qq675XKnuvNgVaJn5My5Kj3Sl/dviRpTIUhHGvd8b3EBBlWhhFOp8VuqmmCyQgPaMdSgWOqg2x+9BSdW6WPIqlsCYPm6u+JDMdaT+LQdsbYDPWyNxP/8zqpia6DjIkkNVSQxaIo5chINEsA9ZmixPCJJZgoZm9FZIgVJsbmVLQh+Msvr5Lmpet7rv9QLdeqeRwFOIUzuAAfrqAGd1CHBhB4gmd4hTdn7Lw4787HonXNyWdO4A+czx/MKI91</latexit>

{eY (i)}
<latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit><latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit><latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit><latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit>

ML Surrogate
eY (i) = fM(X(i))

<latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit>

E[Y ] ⇡ f
⇣
{Y i}, {eY i}, N, eN

⌘

<latexit sha1_base64="4YneH9XW6bBB6dr7akiRlUPZhfc="></latexit><latexit sha1_base64="4YneH9XW6bBB6dr7akiRlUPZhfc="></latexit><latexit sha1_base64="4YneH9XW6bBB6dr7akiRlUPZhfc="></latexit><latexit sha1_base64="4YneH9XW6bBB6dr7akiRlUPZhfc="></latexit>

i = 1, ..., Ñ
<latexit sha1_base64="dptbxuapJyEpDGSYLtE12ftB3O0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwUEIiBb0IBS+epIL9gDaUzWbSLt1swu5GKKH+FS8eFPHqD/Hmv3Hb5qCtDwYe780wMy9IOVPadb+ttfWNza3t0k55d2//4NA+Om6rJJMUWjThiewGRAFnAlqaaQ7dVAKJAw6dYHwz8zuPIBVLxIOepODHZChYxCjRRhrYFYavsVdzHKfW14yHkN9NB3bVddw58CrxClJFBZoD+6sfJjSLQWjKiVI9z021nxOpGeUwLfczBSmhYzKEnqGCxKD8fH78FJ8ZJcRRIk0Jjefq74mcxEpN4sB0xkSP1LI3E//zepmOrvyciTTTIOhiUZRxrBM8SwKHTALVfGIIoZKZWzEdEUmoNnmVTQje8surpH3heK7j3derjXoRRwmdoFN0jjx0iRroFjVRC1E0Qc/oFb1ZT9aL9W59LFrXrGKmgv7A+vwBAq2TCA==</latexit><latexit sha1_base64="dptbxuapJyEpDGSYLtE12ftB3O0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwUEIiBb0IBS+epIL9gDaUzWbSLt1swu5GKKH+FS8eFPHqD/Hmv3Hb5qCtDwYe780wMy9IOVPadb+ttfWNza3t0k55d2//4NA+Om6rJJMUWjThiewGRAFnAlqaaQ7dVAKJAw6dYHwz8zuPIBVLxIOepODHZChYxCjRRhrYFYavsVdzHKfW14yHkN9NB3bVddw58CrxClJFBZoD+6sfJjSLQWjKiVI9z021nxOpGeUwLfczBSmhYzKEnqGCxKD8fH78FJ8ZJcRRIk0Jjefq74mcxEpN4sB0xkSP1LI3E//zepmOrvyciTTTIOhiUZRxrBM8SwKHTALVfGIIoZKZWzEdEUmoNnmVTQje8surpH3heK7j3derjXoRRwmdoFN0jjx0iRroFjVRC1E0Qc/oFb1ZT9aL9W59LFrXrGKmgv7A+vwBAq2TCA==</latexit><latexit sha1_base64="dptbxuapJyEpDGSYLtE12ftB3O0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwUEIiBb0IBS+epIL9gDaUzWbSLt1swu5GKKH+FS8eFPHqD/Hmv3Hb5qCtDwYe780wMy9IOVPadb+ttfWNza3t0k55d2//4NA+Om6rJJMUWjThiewGRAFnAlqaaQ7dVAKJAw6dYHwz8zuPIBVLxIOepODHZChYxCjRRhrYFYavsVdzHKfW14yHkN9NB3bVddw58CrxClJFBZoD+6sfJjSLQWjKiVI9z021nxOpGeUwLfczBSmhYzKEnqGCxKD8fH78FJ8ZJcRRIk0Jjefq74mcxEpN4sB0xkSP1LI3E//zepmOrvyciTTTIOhiUZRxrBM8SwKHTALVfGIIoZKZWzEdEUmoNnmVTQje8surpH3heK7j3derjXoRRwmdoFN0jjx0iRroFjVRC1E0Qc/oFb1ZT9aL9W59LFrXrGKmgv7A+vwBAq2TCA==</latexit><latexit sha1_base64="dptbxuapJyEpDGSYLtE12ftB3O0=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwUEIiBb0IBS+epIL9gDaUzWbSLt1swu5GKKH+FS8eFPHqD/Hmv3Hb5qCtDwYe780wMy9IOVPadb+ttfWNza3t0k55d2//4NA+Om6rJJMUWjThiewGRAFnAlqaaQ7dVAKJAw6dYHwz8zuPIBVLxIOepODHZChYxCjRRhrYFYavsVdzHKfW14yHkN9NB3bVddw58CrxClJFBZoD+6sfJjSLQWjKiVI9z021nxOpGeUwLfczBSmhYzKEnqGCxKD8fH78FJ8ZJcRRIk0Jjefq74mcxEpN4sB0xkSP1LI3E//zepmOrvyciTTTIOhiUZRxrBM8SwKHTALVfGIIoZKZWzEdEUmoNnmVTQje8surpH3heK7j3derjXoRRwmdoFN0jjx0iRroFjVRC1E0Qc/oFb1ZT9aL9W59LFrXrGKmgv7A+vwBAq2TCA==</latexit>

Ø Main idea: estimate with a surrogate and correct with high-fidelity model

Ex: Multi-level MC 
(MLMC)*

* Giles, M B. Operations Research (2008)

ŶMLMC = E[eY ] + E[Y � eY ]

⇡ 1

N

NX

i=1

eY i +
1
eN

eNX

i=1

(Y i � eY i)
<latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit><latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit><latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit><latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit>

ŶMLMC = E[eY ] + E[Y � eY ]

⇡ 1

N

NX

i=1

eY i +
1
eN

eNX

i=1

(Y i � eY i)
<latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit><latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit><latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit><latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit>

ŶMLMC = E[eY ] + E[Y � eY ]

⇡ 1

N

NX

i=1

eY i +
1
eN

eNX

i=1

(Y i � eY i)
<latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit><latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit><latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit><latexit sha1_base64="RdSN13M+RDnJGqc2PDTI/xBf/mk="></latexit>

ŶMLMC = E[eY ] + E[Y � eY ]

⇡ 1
eN

eNX

i=1

eY i +
1

N

NX

i=1

(Y i � eY i)
<latexit sha1_base64="7nRA4ywkczvKkaLPiM+CX6W54g8="></latexit><latexit sha1_base64="7nRA4ywkczvKkaLPiM+CX6W54g8="></latexit><latexit sha1_base64="7nRA4ywkczvKkaLPiM+CX6W54g8="></latexit><latexit sha1_base64="7nRA4ywkczvKkaLPiM+CX6W54g8="></latexit>

E[eY ] ⇡ 1
eN

eNX

i=1

eY i

<latexit sha1_base64="L9Q7LoOYW9n2ZjUbtJWhRpAxnkI="></latexit><latexit sha1_base64="L9Q7LoOYW9n2ZjUbtJWhRpAxnkI="></latexit><latexit sha1_base64="L9Q7LoOYW9n2ZjUbtJWhRpAxnkI="></latexit><latexit sha1_base64="L9Q7LoOYW9n2ZjUbtJWhRpAxnkI="></latexit>

E[Y � eY ]
1

N

NX

i=1

(Y i � eY i)
<latexit sha1_base64="ZlcW4YgySzFnynvBAtdNWDZCH64="></latexit><latexit sha1_base64="ZlcW4YgySzFnynvBAtdNWDZCH64="></latexit><latexit sha1_base64="ZlcW4YgySzFnynvBAtdNWDZCH64="></latexit><latexit sha1_base64="ZlcW4YgySzFnynvBAtdNWDZCH64="></latexit>

E[Y � eY ]
1

N

NX

i=1

(Y i � eY i)
<latexit sha1_base64="jygpBlPlLkASxp17wDsfevCohsA="></latexit><latexit sha1_base64="jygpBlPlLkASxp17wDsfevCohsA="></latexit><latexit sha1_base64="jygpBlPlLkASxp17wDsfevCohsA="></latexit><latexit sha1_base64="jygpBlPlLkASxp17wDsfevCohsA="></latexit>

E[eY ]
1
eN

eNX

i=1

eY i

<latexit sha1_base64="HomyK+RcbA73eFwr8h9oZqFZjrc="></latexit><latexit sha1_base64="HomyK+RcbA73eFwr8h9oZqFZjrc="></latexit><latexit sha1_base64="HomyK+RcbA73eFwr8h9oZqFZjrc="></latexit><latexit sha1_base64="HomyK+RcbA73eFwr8h9oZqFZjrc="></latexit>

E[ŶMLMC ] = E[Y ]
<latexit sha1_base64="APRpFgZsM6DwJ87HtDI56xo91As=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi6EYolIILCxXsiySEyXRqBycPZm7EEvIPbvwVNy4UcevGnX/jpO3C14GBwzn3cuecIBFcgWV9GnPzC4tLy6WV8ura+samubXdUXEqKWvTWMSyFxDFBI9YGzgI1kskI2EgWDe4qRd+95ZJxePoCsYJ80JyHfEhpwS05JuHbkhgFARZI3fcEYGsn/uZ7wK7g6x50aznuYfPcMPpe9g3K1bVmgD/JfaMVNAMLd/8cAcxTUMWARVEKce2EvAyIoFTwfKymyqWEHpDrpmjaURCprxskinH+1oZ4GEs9YsAT9TvGxkJlRqHgZ4sEqjfXiH+5zkpDE+9jEdJCiyi00PDVGCIcVEQHnDJKIixJoRKrv+K6YhIQkHXWNYl2L8j/yWdo6ptVe3L40rtaFZHCe2iPXSAbHSCaugctVAbUXSPHtEzejEejCfj1Xibjs4Zs50d9APG+xeI0Z3T</latexit><latexit sha1_base64="APRpFgZsM6DwJ87HtDI56xo91As=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi6EYolIILCxXsiySEyXRqBycPZm7EEvIPbvwVNy4UcevGnX/jpO3C14GBwzn3cuecIBFcgWV9GnPzC4tLy6WV8ura+samubXdUXEqKWvTWMSyFxDFBI9YGzgI1kskI2EgWDe4qRd+95ZJxePoCsYJ80JyHfEhpwS05JuHbkhgFARZI3fcEYGsn/uZ7wK7g6x50aznuYfPcMPpe9g3K1bVmgD/JfaMVNAMLd/8cAcxTUMWARVEKce2EvAyIoFTwfKymyqWEHpDrpmjaURCprxskinH+1oZ4GEs9YsAT9TvGxkJlRqHgZ4sEqjfXiH+5zkpDE+9jEdJCiyi00PDVGCIcVEQHnDJKIixJoRKrv+K6YhIQkHXWNYl2L8j/yWdo6ptVe3L40rtaFZHCe2iPXSAbHSCaugctVAbUXSPHtEzejEejCfj1Xibjs4Zs50d9APG+xeI0Z3T</latexit><latexit sha1_base64="APRpFgZsM6DwJ87HtDI56xo91As=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi6EYolIILCxXsiySEyXRqBycPZm7EEvIPbvwVNy4UcevGnX/jpO3C14GBwzn3cuecIBFcgWV9GnPzC4tLy6WV8ura+samubXdUXEqKWvTWMSyFxDFBI9YGzgI1kskI2EgWDe4qRd+95ZJxePoCsYJ80JyHfEhpwS05JuHbkhgFARZI3fcEYGsn/uZ7wK7g6x50aznuYfPcMPpe9g3K1bVmgD/JfaMVNAMLd/8cAcxTUMWARVEKce2EvAyIoFTwfKymyqWEHpDrpmjaURCprxskinH+1oZ4GEs9YsAT9TvGxkJlRqHgZ4sEqjfXiH+5zkpDE+9jEdJCiyi00PDVGCIcVEQHnDJKIixJoRKrv+K6YhIQkHXWNYl2L8j/yWdo6ptVe3L40rtaFZHCe2iPXSAbHSCaugctVAbUXSPHtEzejEejCfj1Xibjs4Zs50d9APG+xeI0Z3T</latexit><latexit sha1_base64="APRpFgZsM6DwJ87HtDI56xo91As=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi6EYolIILCxXsiySEyXRqBycPZm7EEvIPbvwVNy4UcevGnX/jpO3C14GBwzn3cuecIBFcgWV9GnPzC4tLy6WV8ura+samubXdUXEqKWvTWMSyFxDFBI9YGzgI1kskI2EgWDe4qRd+95ZJxePoCsYJ80JyHfEhpwS05JuHbkhgFARZI3fcEYGsn/uZ7wK7g6x50aznuYfPcMPpe9g3K1bVmgD/JfaMVNAMLd/8cAcxTUMWARVEKce2EvAyIoFTwfKymyqWEHpDrpmjaURCprxskinH+1oZ4GEs9YsAT9TvGxkJlRqHgZ4sEqjfXiH+5zkpDE+9jEdJCiyi00PDVGCIcVEQHnDJKIixJoRKrv+K6YhIQkHXWNYl2L8j/yWdo6ptVe3L40rtaFZHCe2iPXSAbHSCaugctVAbUXSPHtEzejEejCfj1Xibjs4Zs50d9APG+xeI0Z3T</latexit>

Solution Time:

Unbiased

NC + (N + eN) eC
<latexit sha1_base64="kqLXs25YHT4FxUqUJJJJy/+vWMU=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUCmWmCLosdOOqVLAPaIeSydxpQzMPkoxShvkAN/6KGxeKuPUD3Pk3pu0sauuBwMk555Lc40ScSWWaP0ZuY3Nreye/W9jbPzg8Kh6fdGQYCwptGvJQ9BwigbMA2oopDr1IAPEdDl1n0pj53QcQkoXBvZpGYPtkFDCPUaK0NCyWmg1cweVmZfDIXFCMu5A008ulWyPVKbNqzoHXiZWREsrQGha/B25IYx8CRTmRsm+ZkbITIhSjHNLCIJYQETohI+hrGhAfpJ3Ml0nxhVZc7IVCn0Dhubo8kRBfyqnv6KRP1FiuejPxP68fK+/GTlgQxQoCunjIizlWIZ41g10mgCo+1YRQwfRfMR0TQajS/RV0CdbqyuukU6taZtW6uyrVa1kdeXSGzlEZWega1dEtaqE2ougJvaA39G48G6/Gh/G5iOaMbOYU/YHx9QsxtJpu</latexit><latexit sha1_base64="kqLXs25YHT4FxUqUJJJJy/+vWMU=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUCmWmCLosdOOqVLAPaIeSydxpQzMPkoxShvkAN/6KGxeKuPUD3Pk3pu0sauuBwMk555Lc40ScSWWaP0ZuY3Nreye/W9jbPzg8Kh6fdGQYCwptGvJQ9BwigbMA2oopDr1IAPEdDl1n0pj53QcQkoXBvZpGYPtkFDCPUaK0NCyWmg1cweVmZfDIXFCMu5A008ulWyPVKbNqzoHXiZWREsrQGha/B25IYx8CRTmRsm+ZkbITIhSjHNLCIJYQETohI+hrGhAfpJ3Ml0nxhVZc7IVCn0Dhubo8kRBfyqnv6KRP1FiuejPxP68fK+/GTlgQxQoCunjIizlWIZ41g10mgCo+1YRQwfRfMR0TQajS/RV0CdbqyuukU6taZtW6uyrVa1kdeXSGzlEZWega1dEtaqE2ougJvaA39G48G6/Gh/G5iOaMbOYU/YHx9QsxtJpu</latexit><latexit sha1_base64="kqLXs25YHT4FxUqUJJJJy/+vWMU=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUCmWmCLosdOOqVLAPaIeSydxpQzMPkoxShvkAN/6KGxeKuPUD3Pk3pu0sauuBwMk555Lc40ScSWWaP0ZuY3Nreye/W9jbPzg8Kh6fdGQYCwptGvJQ9BwigbMA2oopDr1IAPEdDl1n0pj53QcQkoXBvZpGYPtkFDCPUaK0NCyWmg1cweVmZfDIXFCMu5A008ulWyPVKbNqzoHXiZWREsrQGha/B25IYx8CRTmRsm+ZkbITIhSjHNLCIJYQETohI+hrGhAfpJ3Ml0nxhVZc7IVCn0Dhubo8kRBfyqnv6KRP1FiuejPxP68fK+/GTlgQxQoCunjIizlWIZ41g10mgCo+1YRQwfRfMR0TQajS/RV0CdbqyuukU6taZtW6uyrVa1kdeXSGzlEZWega1dEtaqE2ougJvaA39G48G6/Gh/G5iOaMbOYU/YHx9QsxtJpu</latexit><latexit sha1_base64="kqLXs25YHT4FxUqUJJJJy/+vWMU=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUCmWmCLosdOOqVLAPaIeSydxpQzMPkoxShvkAN/6KGxeKuPUD3Pk3pu0sauuBwMk555Lc40ScSWWaP0ZuY3Nreye/W9jbPzg8Kh6fdGQYCwptGvJQ9BwigbMA2oopDr1IAPEdDl1n0pj53QcQkoXBvZpGYPtkFDCPUaK0NCyWmg1cweVmZfDIXFCMu5A008ulWyPVKbNqzoHXiZWREsrQGha/B25IYx8CRTmRsm+ZkbITIhSjHNLCIJYQETohI+hrGhAfpJ3Ml0nxhVZc7IVCn0Dhubo8kRBfyqnv6KRP1FiuejPxP68fK+/GTlgQxQoCunjIizlWIZ41g10mgCo+1YRQwfRfMR0TQajS/RV0CdbqyuukU6taZtW6uyrVa1kdeXSGzlEZWega1dEtaqE2ougJvaA39G48G6/Gh/G5iOaMbOYU/YHx9QsxtJpu</latexit>

Ñ << N
<latexit sha1_base64="42+JXmm0BkNmygWGIKClivCzm pI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzCGHgBdPIYJ5QLKG2dnZZMjsg5leJSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuLi+RQqNtf1tr6xubW9uFneLu3v7BYenouK3jVDHeYrGMVdejmksR8RYKlLybKE5DT/KON76Z+Z1HrrSIo3ucJNwN6TASgWAUjfTQRyF9njWmpFYjjUGpbFfsOcgqcXJShhzNQemr78csDXmETFKte46doJtRhYJJPi32U80TysZ0yHuGRjTk2s3mV0/JuVF8EsTKVIRkrv6eyGio9ST0TGdIcaSXvZn4n9dLMai6mYiSFHnEFouCVBKMySwC4gvFGcqJIZQpYW4lbEQVZWiCKpoQnOWXV0n7suLYFefuqlyv5nEU4BTO4AIcuIY63EITWsBAwTO8wpv1ZL1Y79bHonXNymdO4A+szx9a55G2</latexit><latexit sha1_base64="42+JXmm0BkNmygWGIKClivCzm pI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzCGHgBdPIYJ5QLKG2dnZZMjsg5leJSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuLi+RQqNtf1tr6xubW9uFneLu3v7BYenouK3jVDHeYrGMVdejmksR8RYKlLybKE5DT/KON76Z+Z1HrrSIo3ucJNwN6TASgWAUjfTQRyF9njWmpFYjjUGpbFfsOcgqcXJShhzNQemr78csDXmETFKte46doJtRhYJJPi32U80TysZ0yHuGRjTk2s3mV0/JuVF8EsTKVIRkrv6eyGio9ST0TGdIcaSXvZn4n9dLMai6mYiSFHnEFouCVBKMySwC4gvFGcqJIZQpYW4lbEQVZWiCKpoQnOWXV0n7suLYFefuqlyv5nEU4BTO4AIcuIY63EITWsBAwTO8wpv1ZL1Y79bHonXNymdO4A+szx9a55G2</latexit><latexit sha1_base64="42+JXmm0BkNmygWGIKClivCzm pI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzCGHgBdPIYJ5QLKG2dnZZMjsg5leJSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuLi+RQqNtf1tr6xubW9uFneLu3v7BYenouK3jVDHeYrGMVdejmksR8RYKlLybKE5DT/KON76Z+Z1HrrSIo3ucJNwN6TASgWAUjfTQRyF9njWmpFYjjUGpbFfsOcgqcXJShhzNQemr78csDXmETFKte46doJtRhYJJPi32U80TysZ0yHuGRjTk2s3mV0/JuVF8EsTKVIRkrv6eyGio9ST0TGdIcaSXvZn4n9dLMai6mYiSFHnEFouCVBKMySwC4gvFGcqJIZQpYW4lbEQVZWiCKpoQnOWXV0n7suLYFefuqlyv5nEU4BTO4AIcuIY63EITWsBAwTO8wpv1ZL1Y79bHonXNymdO4A+szx9a55G2</latexit><latexit sha1_base64="42+JXmm0BkNmygWGIKClivCzm pI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzCGHgBdPIYJ5QLKG2dnZZMjsg5leJSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuLi+RQqNtf1tr6xubW9uFneLu3v7BYenouK3jVDHeYrGMVdejmksR8RYKlLybKE5DT/KON76Z+Z1HrrSIo3ucJNwN6TASgWAUjfTQRyF9njWmpFYjjUGpbFfsOcgqcXJShhzNQemr78csDXmETFKte46doJtRhYJJPi32U80TysZ0yHuGRjTk2s3mV0/JuVF8EsTKVIRkrv6eyGio9ST0TGdIcaSXvZn4n9dLMai6mYiSFHnEFouCVBKMySwC4gvFGcqJIZQpYW4lbEQVZWiCKpoQnOWXV0n7suLYFefuqlyv5nEU4BTO4AIcuIY63EITWsBAwTO8wpv1ZL1Y79bHonXNymdO4A+szx9a55G2</latexit>



• Lo-fi models are useful if they are correlated to hi-fi model and faster to evaluate
• Key challenge: solve sample allocation optimization to find find 𝑿𝟎, 𝑿𝒊∗, 𝑿𝒊 such that 

estimator variance (MSE) is minimal and cost is under budget
• Existing methods differ on optimization strategy:

Multi-Model MC (2/2)

18

1) Draw & allocate random inputs

{X(i)}
<latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit>

3) Form estimator [3]

{Y (i)}
<latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit><latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit><latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit><latexit sha1_base64="+LXGi++FsHTNL+dk315iTzC+Uo4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisYD+kiWWz3bRLN5t0d1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM82POlLbtb6uwsbm1vVPcLe3tHxwelY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxx7dzvzOlUrFIPOhZTL0QDwULGMHaSJ6bosentMouM+Rm/XLFrtkLoHXi5KQCOZr98pc7iEgSUqEJx0r1HDvWXoqlZoTTrOQmisaYjPGQ9gwVOKTKSxdHZ+jCKAMURNKU0Gih/p5IcajULPRNZ4j1SK16c/E/r5fo4MZLmYgTTQVZLgoSjnSE5gmgAZOUaD4zBBPJzK2IjLDERJucSiYEZ/XlddK+qjl2zbmvVxr1PI4inME5VMGBa2jAHTShBQQm8Ayv8GZNrRfr3fpYthasfOYU/sD6/AGYrpFH</latexit>

2) Evaluate models

0

{X(i)}
<latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04VqrvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit> M {eY (i)}

<latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit><latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit><latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit><latexit sha1_base64="mFr23R1looCdAbD59uRaHnBrEY0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgi4LblxWsA9pYplMbtqhkwczE6WE4MZfceNCEbd+hTv/xmmbhbYeuHA4517uvcdLOJPKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBUUWjTmseh6RAJnEbQUUxy6iQASehw63uhy4nfuQUgWRzdqnIAbkkHEAkaJ0lLfPHQy7DwwHxTjPmS3+V1WZac5dvK+WbFq1hR4kdgFqaACzb755fgxTUOIFOVEyp5tJcrNiFCMcsjLTiohIXREBtDTNCIhSDebvpDjE634OIiFrkjhqfp7IiOhlOPQ050hUUM5703E/7xeqoILN2NRkiqI6GxRkHKsYjzJA/tMAFV8rAmhgulbMR0SQajSqZV1CPb8y4ukfVazrZp9Xa806kUcJXSEjlEV2egcNdAVaqIWougRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w/SWZb/</latexit>

{X(i)}
<latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04Vq rvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04Vq rvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04Vq rvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit><latexit sha1_base64="MZeGY3J9n7X06LhPZ2Py6wQ4bW4=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiBT0WvHisYD+giWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3c706pVCwWD3qWUD/CI8FCRrA2ku9lqPeY1dhljrx8YFedurMAWiduQapQoDWwv7xhTNKICk04Vq rvOon2Myw1I5zmFS9VNMFkgke0b6jAEVV+tjg6RxdGGaIwlqaERgv190SGI6VmUWA6I6zHatWbi/95/VSHN37GRJJqKshyUZhypGM0TwANmaRE85khmEhmbkVkjCUm2uRUMSG4qy+vk85V3XXq7n2j2mwUcZThDM6hBi5cQxPuoAVtIPAEz/AKb9bUerHerY9la8kqZk7hD6zPH5chkUY=</latexit> 1

Hi-Fi Model
Y (i) = M(X(i))

<latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="UbGMwON+36+TXgU4531G/kNiUUY=">AAAB/HicbZBPS8MwGMbfzn9zTq1eBQkOYbuM1su8CIIXL8IE90e2OtIs3cLStCSpMEpvXvwqXjwo4ufw5rcx3XbQzQcCP54nIe/7+DFnSjvOt1VYW9/Y3Cpul3bKu3v79kG5raJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpXnnUcqFYvEnZ7G1AvxSLCAEayNNbCP7x/SKqtl6AL1Q6zHBPP0Jqt2525tYFecujMTWgV3ARVYqDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNSv1E0RiTCR7RnkGBQ6q8dLZHhk6NM0RBJM0RGs3c3y9SHCo1DX1zM59VLWe5+V/WS3Rw7qVMxImmgsw/ChKOdITyUtCQSUo0nxrARDIzKyJjLDHRprqSKcFdXnkV2md116m7tw4U4QhOoAouNOASrqEJLSDwBC/wBu/Ws/VqfczrKliL3g7hj6zPHzYeln8=</latexit><latexit sha1_base64="UbGMwON+36+TXgU4531G/kNiUUY=">AAAB/HicbZBPS8MwGMbfzn9zTq1eBQkOYbuM1su8CIIXL8IE90e2OtIs3cLStCSpMEpvXvwqXjwo4ufw5rcx3XbQzQcCP54nIe/7+DFnSjvOt1VYW9/Y3Cpul3bKu3v79kG5raJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpXnnUcqFYvEnZ7G1AvxSLCAEayNNbCP7x/SKqtl6AL1Q6zHBPP0Jqt2525tYFecujMTWgV3ARVYqDmwv/rDiCQhFZpwrFTPdWLtpVhqRjjNSv1E0RiTCR7RnkGBQ6q8dLZHhk6NM0RBJM0RGs3c3y9SHCo1DX1zM59VLWe5+V/WS3Rw7qVMxImmgsw/ChKOdITyUtCQSUo0nxrARDIzKyJjLDHRprqSKcFdXnkV2md116m7tw4U4QhOoAouNOASrqEJLSDwBC/wBu/Ws/VqfczrKliL3g7hj6zPHzYeln8=</latexit><latexit sha1_base64="vvRTKLkNThYihUuuapzRCVbooh8=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBah3ZREBN0IBTduhAr2IW0sk+mkHTp5MDMRSsjOjb/ixoUibv0Fd/6NkzYLbT1w4XDOvdx7jxtxJpVlfRuFpeWV1bXiemljc2t7x9zda8kwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O77M/PYDFZKFwa2aRNTx8TBgHiNYaalvHt7dJxVWTdEF6vlYjQjmyXVa6czUat8sWzVrCrRI7JyUIUejb371BiGJfRoowrGUXduKlJNgoRjhNC31YkkjTMZ4SLuaBtin0kmmf6ToWCsD5IVCV6DQVP09kWBfyonv6s7sVjnvZeJ/XjdW3rmTsCCKFQ3IbJEXc6RClIWCBkxQovhEE0wE07ciMsICE6WjK+kQ7PmXF0nrpGZbNfvGKtdP8ziKcABHUAEbzqAOV9CAJhB4hGd4hTfjyXgx3o2PWWvByGf24Q+Mzx+4Q5ff</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit><latexit sha1_base64="1Ds7lGyWFjqZfT/d1BaBKi6ie8g=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK0m5JIQTdCwY0boYJ9SBvLZDpph04ezEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe40acSWVZ38bS8srq2npho7i5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9mfvuBCsnC4FZNIur4eBgwjxGstNQ3j+7ukzKrpOgC9XysRgTz5Dotd2ZqpW+WrKo1BVokdk5KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmhZ7saQRJmM8pF1NA+xT6STTP1J0opUB8kKhK1Boqv6eSLAv5cR3dWd2q5z3MvE/rxsr79xJWBDFigZktsiLOVIhykJBAyYoUXyiCSaC6VsRGWGBidLRFXUI9vzLi6R1WrWtqn1TK9VreRwFOIRjKIMNZ1CHK2hAEwg8wjO8wpvxZLwY78bHrHXJyGcO4A+Mzx+5g5fj</latexit>

Lo-Fi Model 1
eY (i) = fM(X(i))

<latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit>

Lo-Fi Model M
eY (i) = fM(X(i))

<latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit>

𝐸 𝑌 ≈ &𝑌! 𝑋! +)
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𝛼" &𝑌" 𝑋"∗ − &𝑌" 𝑋"

Lo-Fi Model M
eY (i) = fM(X(i))

<latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit><latexit sha1_base64="yJf4KbBENkCqV901MHNS/HDmhjE=">AAACH3icbVDLSgMxFM34rPU16tJNsAjtpsxIUTdCwY0boYJ9SKeWTOa2Dc08SDJKGeZP3PgrblwoIu76N2baLmrrgcDhnHPJvceNOJPKssbGyura+sZmbiu/vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3id+c0nEJKFwb0aRdDxST9gPUaJ0lLXPHeemQeKcQ+Sh/QxKbJSiq/wnOr4RA0o4cltmhZb00SpaxassjUBXib2jBTQDLWu+eN4IY19CBTlRMq2bUWqkxChGOWQ5p1YQkTokPShrWlAfJCdZHJfik+14uFeKPQLFJ6o8xMJ8aUc+a5OZsvKRS8T//PasepddhIWRLGCgE4/6sUcqxBnZWGPCaCKjzQhVDC9K6YDIghVutK8LsFePHmZNM7KtlW27yqFamVWRw4doxNURDa6QFV0g2qojih6QW/oA30ar8a78WV8T6MrxmzmCP2BMf4FIaCi8Q==</latexit>

, …, 

[1] Multilevel Monte Carlo (MLMC). Giles, 2008.
[2] Multifidelity Monte Carlo (MFMC). Peherstorfer, 2016.
[3] Approximate Control Variates (ACV). Gorodetsky, 2020.
[4] Parametrically-defined ACV. Bomarito, 2020.

Multi-Model Monte Carlo with Python (MXMCPy)
https://github.com/nasa/mxmcpy



Application: Trajectory Simulation
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Analysis of the Adaptable Deployable Entry & Placement Technology (ADEPT) Sounding Rocket 1 (SR-1) test flight

ADEPT SR-1 Test Flight Schematic

* Program to Optimize Trajectories II (POST2). Langley Research Center.

Computational Models Considered

M
SE

Run Time

Ø Goal: assess estimator accuracy for trajectory 
state quantities using multi-model MC versus 
both high & low fidelity MC

Model Description Speedup

High Fidelity POST2* w/ fine timestep 1X

Machine learning POST2 surrogate model ~10000X

Coarse Time Step 100X larger timestep ~100X

Reduced Physics Simplified atmosphere ~4X

Mean Squared Error (MSE) = bias + variance

Accuracy vs. Run Time

Bi
as

-
-



Estimator Accuracy vs. Run Time
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• The MSE was calculated for high-, low-, and multi-model MC estimators versus a reference solution 
using high-fidelity MC with 100,000 samples

MSE versus Run Time for Several Trajectory QoIs

Ø Significant accuracy improvements 
for predictions of landing location, 
roll rate, and altitude 

Ø Negligible improvements for 
predictions of angle of attack
• Cause: ineffective low-fidelity models

-
-



Multi-model MC: Summary & Future Work

• Combining hi-fi & lo-fi model predictions with multi-model MC has the 
potential to substantially improve accuracy for trajectory simulation
• Limitations & challenges:
• Effectiveness is critically tied to development/selection of lo-fi models
• Standard approaches are limited to statistical estimators (e.g., mean, variance)

• Future work:
• Automating lo-fi model tuning & selection through collaboration with Sandia
• Extending approach for higher-order statistics (e.g., confidence ellipses)
• Embedding multi-model MC within robust trajectory optimization

21



Physics-Informed ML for Materials Identification
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• Motivation: Materials characterization from limited tests
• Challenge: solving high-dimensional, probabilistic inverse 

problems 
• Approach: Implement physics-informed generative adversarial 

network (PIGAN) capable of learning physically-admissible, 
random material property fields from data
• Collaborators: Julian Cuevas (U. Puerto Rico), Ted Lewitt (USC), 

Sean Lai (Portland State U.) – student interns at NASA



Physics-Informed Neural Networks (PINNs)

• Neural network trained to produce solution 𝑢 𝑥 to a partial differential equation
• Trained using two-part objective:

1. Minimize mean squared error with respect to data
2. Output physically admissible solutions throughout the problem domain
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Prediction

𝑢(𝑥)

Mean 
Squared 

Error

Training Data

)𝑢(𝑥)

Raissi et al. "Physics-informed neural networks: A deep learning 
framework for solving forward and inverse..." J. Comp. Phys. (2019)

Neural 
Network

Input Vector

𝒙

𝑓(𝑥; 𝜙)
Partial Diff. 
Equation 
Residual

𝒩! 𝑢 − 𝑓 = 0, x ∈ Ω (domain)
𝐵! 𝑢 − 𝑏 = 0, 𝑥 ∈ Γ (boundary)

Loss

Update



Generative Adversarial Networks (GANs)

• Two neural networks compete in a zero-sum game
• Training objective: discriminator network tries to discern real from fake while 

generator network tries to fool the discriminator
• GANs are capable of learning/generating samples from complex probability 

distributions
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Update

Goodfellow, Ian J., et al. "Generative adversarial networks." 
arXiv preprint arXiv:1406.2661 (2014)

Generator 
Network

Generated Samples
Random Input 
Vector (Noise)

𝑢(𝑥)𝑓(𝑥, 𝑧; 𝜙)

𝑥

𝑧~𝑁(𝜇, Σ)

Update

Discriminator 
Network

Real
or

Fake?

Real Samples (data)

)𝑢(𝑥) 𝑓(𝑢, )𝑢; 𝜓) Loss



Physics-Informed GANS (PIGANs)

• Combination of PINNs and GANs
• Enables learning of physically admissible, probabilistic solution, 𝒖 𝑥
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Partial Diff. 
Equation Residual

𝒩! 𝑢 − 𝑓 = 0, x ∈ Ω
𝐵! 𝑢 − 𝑏 = 0, 𝑥 ∈ Γ

PI Loss

Yang et al. "Physics-informed generative adversarial networks for 
stochastic differential equations." arXiv preprint arXiv:1811.02033 (2018)

Generator 
Network

Generated Samples

𝑢(𝑥)𝑓(𝑥, 𝑧; 𝜙)

Input Vector

𝑥

𝑧~𝑁(𝜇, Σ)

Discriminator 
Network

Real
or

Fake?

Real Samples (data)

)𝑢(𝑥)

𝑓(𝑢, )𝑢; 𝜓) GAN Loss

Update

Update Loss



Update Loss

Generated Samples

Physics-Informed GANS (PIGANs)

• Add generators for additional parameters, 𝜃
• Enables solving complex, probabilistic inverse problems (no direct 𝜃 observations)
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Yang et al. "Physics-informed generative adversarial networks for 
stochastic differential equations." arXiv preprint arXiv:1811.02033 (2018)

PI Loss

Discriminator 
Network

Real
or

Fake?

Real Samples (data)

)𝑢(𝑥)

𝑓(𝑢, )𝑢)

Generator 
Network

Generated Samples

𝑢(𝑥)𝑓(𝑥, 𝑧)

Input Vector

𝑥

𝑧~𝑁(𝜇, Σ) 𝑓(𝑥, 𝑧; 𝜙)

GAN Loss

Update

Update

Partial Diff. 
Equation Residual

𝜃 Generator 
Network

𝑓(𝑥, 𝑧; 𝜆) Generated 
𝜃(𝑥) Samples

𝒩! 𝑢, 𝜃 − 𝑓 = 0, x ∈ Ω
𝐵! 𝑢, 𝜃 − 𝑏 = 0, 𝑥 ∈ Γ



Example – 2D Plate in Tension with Synthetic Data
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Randomly Generated Reference Fields (Data Snapshots)• 2D plate in tension with random, spatially-varying 
elastic modulus, 𝐸(𝒙)

• Measurements of 𝑢(𝒙) generated using Python 
finite element package FEniCS

• PIGAN learned both the 𝑢 and 𝐸 random fields

𝒖𝟏

𝑬

𝒖𝟐

Not provided to PIGAN



Example – Random Sample Comparison
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Example – Statistics Estimates
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Probability Density Function Correlation Function

𝐸(𝑥) 𝑥

𝑃𝐷
𝐹

𝑥

𝑦

𝐶!∗ 𝑥, 0.5 = Correlation[𝐸 𝑥, 𝑦∗ , 𝐸 0.5, 𝑦∗ ]

𝐶 "
∗
𝑥,
0.
5



PIGANs: Summary & Future Work

30

• Demonstrated PIGANs as potential tool for solving high-dimensional, 
probabilistic inverse problems for material identification
• Limitations & challenges:
• Case studies limited to simulated 2D problems with many measurements
• Training can be computationally intensive and can exhibit instabilities

• Future work:
• Training PIGANs in the presence of measurement noise
• Solving for 3D displacement/property fields
• Adaptively/automatically balancing training loss terms

𝑢(
𝑥)

𝑥

Measurement
Data

Front/back measurements Internal solution (3D)



Active Learning for Reliability Analysis

31

• Motivation: reliability analysis of the xEMU spacesuit
• Challenge: predicting small failure probabilities with                     

expensive damage simulations 
• Approach: use active learning to strategically select                           

training data near failure regions for surrogate modeling
• Collaborators: Robert Gramacy, Austin Cole, Annie Sauer (Virginia Tech)

Probability 
of failure

Input Parameter Uncertainty Max. Impact Force

Fa
ilu

re
 T

hr
es

ho
ld

Load

Material Material

Material

Impact Model

Surrogate 
Model

Max. Impact Force (lbf)

Training Data

NASA Student Interns



GP Fit to Four Data Points of Unknown Function

Gaussian Processes (GPs)
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• Assume N training data, 
• A GP surrogate model,      , provides a 
probabilistic prediction for a new input, x’,  
as the Gaussian distribution: 

• Strengths:
• Interpolates observations of complex surfaces
• Can compute pointwise confidence intervals

o : predictive meanµN (x0)
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p(x0) = N (µN (x0),�2
N (x0))
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Active Learning
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Space-filling

design
Fit GP

Optimize
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function

Select next

sample

N  N +1

• Ex: integrated mean-squared error (IMSE) acquisition function minimizes future global variance:

• Active learning systems aim to make machine learning more economical, since they can 
participate in the acquisition of their own training data*

*B. Settles. From Theories to Queries: Active Learning in Practice. 2011

IMSE(xN+1) =

Z

x2X
�2
N+1(x)dx
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Active Learning - Demo
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Acquisition function:

Select next sample:

IMSE(xN+1) =

Z

x2X
�2
N+1(x)dx
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After six sequentially selected training data:



Active Learning for Identifying Failure Contours

• Introduced Entropy Contour Locator 
(ECL)* acquisition function to 
concentrate training data near failure 
contours
• Select locations of highest pass/fail 

uncertainty (maximum entropy)

• Resulting GP surrogate model will be 
tailored for accurate reliability analysis
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X1

X2

Ex: 2D Input Parameter Space

Failure 
region

Failure 
contour 

Training Data

*D. A. Cole, R. B. Gramacy, J. E. Warner, G. F. Bomarito, P. E. Leser, W. P. Leser. Entropy-Based 
Adaptive Design for Contour Finding and Estimating Reliability. Journal of Quality Technology. 2021



Spacesuit Impact Reliability
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Hi-Fi                  LHS GP                ECL GP
2500 model 
evaluations

450 model 
evaluations

450 model 
evaluations

Probability of Failure Estimate Comparison

Failure 
Threshold

Training Data Selection: LHS vs. ECL

• Goal: estimate the probability of impact failure (contact force > 2800lbf) in the 
spacesuit under material/impact velocity uncertainty

• Compare surrogate-based solutions from:
• LHS GP – trained from random Latin Hypercube samples
• ECL GP – trained from sequentially selected points targeting failure region Model Run Time: 

~18 hours



Aeroelastic Flutter Reliability

40B. K. Stanford, K. E. Jacobson, A. Sauer, J. E. Warner. Gradient-Enhanced Reliability Analysis of Transonic Aeroelastic Flutter. 2022 AIAA Scitech Proceedings. 

Training Data Selection Probability of Failure Predictions

Failure Threshold Failure Threshold

Model Run Time: 
~3 minutes

• Goal: estimate the probability of aeroelastic flutter under wing geometry & 
material uncertainties

• Approach: extend the ECL GP reliability method to use gradient observations 
produced by the transonic aero solver
• Used only 20 total model evaluations to make predictions

Failure 
Threshold



Summary

• Trusting black box models for UQ:
• Use surrogate models responsibly:

1. Always validate using a separate testing dataset
2. Avoid extrapolation outside training data range
3. Account for non-negligible surrogate errors in analysis

• Combine physics-based & data-driven approaches:
1. Multi-model Monte Carlo: fuse predictions from ML with physics-based models for 

unbiased trajectory simulation estimators
2. Physics-informed machine learning: integrate physical laws into the training of ML 

models for materials identification 
3. Active learning: guide physics-based training data generation using ML models for 

reliability analysis
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