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The principle of habitat modelling
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Application to Tara Oceans metagenomic signal
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How to construct the response curve? 
= Regression trees

We need 

a response variable (e.g. presence/
absence) 

a metric to evaluate (e.g. % or 
correct predictions) 

predictor variables (e.g. 
environment variables) 

Then we separate our observations in 
“bags” according to values of 
environmental variables. 

How? Try everything and see what’s 
best!

|Temp>=8.5

Temp>=14.5
Si< 55

Si>=111absent 
29/0 absent 

12/0

absent 
12/2

present
3/4

present
8/11

That’s why it’s called machine learning!



Regression trees for multiple concentrations

The response variable is a vector of 
concentrations 

The metric is the multiple Root Mean 
Square Error 

The explanatory variables are 
environmental climatologies 
(temperature, Chl a, mixed layer 
depth, etc.)
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Boosted regression trees

Replace one deep tree with many shallow ones, applied in 
sequence

|temp< 82.5

wind>=6

temp< 77.5

wind>=10.6

wind>=4.3

18.66 33.84
141.5

48.71
79.22 112

|temp< 82.5

26.78 76.79

|wind>=6

−3.995 32.96

|rad< 202

−5.765 5.461

|temp>=82.5

−8.373 3.697

Residuals



Training
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Prediction
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ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2
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Cross-validation during training
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Cross-validation during training
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<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2

M



Cross-validation during training

<latexit sha1_base64="LRefruIR2+BeWWJO1WrY3hNYdXo=">AAACEnicbVC7SgNBFJ31GddX1NJmSRCCRdhVUMugFjZiBPOAbAh3JzfJkNkHM7PisuQXtBH0W+zU1h/wQyzsnDwKTTwwzOGce2fuPV7EmVS2/WnMzS8sLi1nVszVtfWNzezWdlWGsaBYoSEPRd0DiZwFWFFMcaxHAsH3ONa8/tnQr92ikCwMblQSYdOHbsA6jIIaSknLMVvZvF20R7BmiTMh+VLOLXy9PbjlVvbbbYc09jFQlIOUDceOVDMFoRjlODDdWGIEtA9dbGgagI+ymY5mHVh7WmlbnVDoEyhrpP7uSMGXMvE9XemD6slpbyj+5zVi1TlppiyIYoUBHX/UibmlQmu4uNVmAqniiSZABdOzWrQHAqjS8Zime456GYGX+uGrCAWoUOynLoiuD3eDdHLrrJzpZGZJ9aDoHBUPr3Vop2SMDNklOVIgDjkmJXJByqRCKOmRe/JEno1H48V4Nd7HpXPGpGeH/IHx8QOPqaGN</latexit>y1
<latexit sha1_base64="vylT/9ioh82vA4kq/wmq8tszUOg=">AAACEXicbVC7SgNBFJ2NrxhfUUubJUEIFmE3gloGtbARI5pEyIZwd3I3GTL7YGZWDEs+QSwE/RY7SesX+CEWdk4ehSYeGOZwzr0z9x434kwqy/o0UguLS8sr6dXM2vrG5lZ2e6cmw1hQrNKQh+LOBYmcBVhVTHG8iwSC73Ksu72zkV+/RyFZGNyqfoRNHzoB8xgFpaWbfqvUyuatojWGOU/sKcmXc07ha/jkVFrZb6cd0tjHQFEOUjZsK1LNBIRilOMg48QSI6A96GBD0wB8lM1kPOrA3NdK2/RCoU+gzLH6uyMBX8q+7+pKH1RXznoj8T+vESvvpJmwIIoVBnTykRdzU4XmaG+zzQRSxfuaABVMz2rSLgigSqeTyTjnqJcReKkfvopQgArFQeKA6PjwMEimt87Knk1mntRKRfuoeHitQzslE6TJHsmRArHJMSmTC1IhVUJJhzySF/JqPBtvxrsxnJSmjGnPLvkD4+MHWo6heg==</latexit>y2 T S O

<latexit sha1_base64="WQ2UtTvrgmAdRn/SldU9lJFfKhc=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGt+Lb/qFb0+3L/EH5LVvUKw/vF8G5Rq+c+gHvNUYURcgjEV30uomoEmwSV2c0FqMAHehiZWLI1Aoalm/YG77ppV6m4j1vZE5PbV7x0ZKGM6KrSVCqhlfns98T+vklJjt5qJKEkJIz74qJFKl2K3t71bFxo5yY4lwLWws7q8BRo42YxyueAQ7TIaj+3DJwlqoFhvZAHopoKbbja8bVb+72T+kvPNor9d3Dq1oe2zAabYCiuwdeazHbbHjliJlRlnit2xB/bo3DtPzovzOigdcYY9y+wHnLcvjSKkRg==</latexit>

ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2

M



Cross-validation during training

<latexit sha1_base64="LRefruIR2+BeWWJO1WrY3hNYdXo=">AAACEnicbVC7SgNBFJ31GddX1NJmSRCCRdhVUMugFjZiBPOAbAh3JzfJkNkHM7PisuQXtBH0W+zU1h/wQyzsnDwKTTwwzOGce2fuPV7EmVS2/WnMzS8sLi1nVszVtfWNzezWdlWGsaBYoSEPRd0DiZwFWFFMcaxHAsH3ONa8/tnQr92ikCwMblQSYdOHbsA6jIIaSknLMVvZvF20R7BmiTMh+VLOLXy9PbjlVvbbbYc09jFQlIOUDceOVDMFoRjlODDdWGIEtA9dbGgagI+ymY5mHVh7WmlbnVDoEyhrpP7uSMGXMvE9XemD6slpbyj+5zVi1TlppiyIYoUBHX/UibmlQmu4uNVmAqniiSZABdOzWrQHAqjS8Zime456GYGX+uGrCAWoUOynLoiuD3eDdHLrrJzpZGZJ9aDoHBUPr3Vop2SMDNklOVIgDjkmJXJByqRCKOmRe/JEno1H48V4Nd7HpXPGpGeH/IHx8QOPqaGN</latexit>y1
<latexit sha1_base64="vylT/9ioh82vA4kq/wmq8tszUOg=">AAACEXicbVC7SgNBFJ2NrxhfUUubJUEIFmE3gloGtbARI5pEyIZwd3I3GTL7YGZWDEs+QSwE/RY7SesX+CEWdk4ehSYeGOZwzr0z9x434kwqy/o0UguLS8sr6dXM2vrG5lZ2e6cmw1hQrNKQh+LOBYmcBVhVTHG8iwSC73Ksu72zkV+/RyFZGNyqfoRNHzoB8xgFpaWbfqvUyuatojWGOU/sKcmXc07ha/jkVFrZb6cd0tjHQFEOUjZsK1LNBIRilOMg48QSI6A96GBD0wB8lM1kPOrA3NdK2/RCoU+gzLH6uyMBX8q+7+pKH1RXznoj8T+vESvvpJmwIIoVBnTykRdzU4XmaG+zzQRSxfuaABVMz2rSLgigSqeTyTjnqJcReKkfvopQgArFQeKA6PjwMEimt87Knk1mntRKRfuoeHitQzslE6TJHsmRArHJMSmTC1IhVUJJhzySF/JqPBtvxrsxnJSmjGnPLvkD4+MHWo6heg==</latexit>y2 T S O

<latexit sha1_base64="WQ2UtTvrgmAdRn/SldU9lJFfKhc=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGt+Lb/qFb0+3L/EH5LVvUKw/vF8G5Rq+c+gHvNUYURcgjEV30uomoEmwSV2c0FqMAHehiZWLI1Aoalm/YG77ppV6m4j1vZE5PbV7x0ZKGM6KrSVCqhlfns98T+vklJjt5qJKEkJIz74qJFKl2K3t71bFxo5yY4lwLWws7q8BRo42YxyueAQ7TIaj+3DJwlqoFhvZAHopoKbbja8bVb+72T+kvPNor9d3Dq1oe2zAabYCiuwdeazHbbHjliJlRlnit2xB/bo3DtPzovzOigdcYY9y+wHnLcvjSKkRg==</latexit>

ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2

M



Bootstrap for prediction uncertainty

M

T S O
<latexit sha1_base64="WQ2UtTvrgmAdRn/SldU9lJFfKhc=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGt+Lb/qFb0+3L/EH5LVvUKw/vF8G5Rq+c+gHvNUYURcgjEV30uomoEmwSV2c0FqMAHehiZWLI1Aoalm/YG77ppV6m4j1vZE5PbV7x0ZKGM6KrSVCqhlfns98T+vklJjt5qJKEkJIz74qJFKl2K3t71bFxo5yY4lwLWws7q8BRo42YxyueAQ7TIaj+3DJwlqoFhvZAHopoKbbja8bVb+72T+kvPNor9d3Dq1oe2zAabYCiuwdeazHbbHjliJlRlnit2xB/bo3DtPzovzOigdcYY9y+wHnLcvjSKkRg==</latexit>

ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2

<latexit sha1_base64="76eTwF4F8i4otIljSqukD0M/C0c=">AAACFnicbVC7SgNBFJ31GddX1NJmUASxCLsKaiMGtbARFcwDsovcndwkQ2YfzsyKYclPWAna+R92Ymsnfoqdk0eh0QPDHM65d+beEySCK+04n9bY+MTk1HRuxp6dm19YzC8tl1WcSoYlFotYVgNQKHiEJc21wGoiEcJAYCVoH/f8yi1KxePoSncS9ENoRrzBGWgjVT3FmyHQw+v8ulNw+qB/iTsk60Uref6wD24urvNfXj1maYiRZgKUqrlOov0MpOZMYNf2UoUJsDY0sWZoBCEqP+vP26UbRqnTRizNiTTtqz87MgiV6oSBqQxBt9So1xP/82qpbuz7GY+SVGPEBh81UkF1THvL0zqXyLToGAJMcjMrZS2QwLSJyLa9EzTLSDwzD58nKEHHcivzQJqM7rrZ8DZZuaPJ/CXl7YK7W9i5NKEdkQFyZJWskU3ikj1SJKfkgpQII4Lck0fyZD1YL9ar9TYoHbOGPSvkF6z3bxbposk=</latexit>

�?



Bootstrap for prediction uncertainty

<latexit sha1_base64="LRefruIR2+BeWWJO1WrY3hNYdXo=">AAACEnicbVC7SgNBFJ31GddX1NJmSRCCRdhVUMugFjZiBPOAbAh3JzfJkNkHM7PisuQXtBH0W+zU1h/wQyzsnDwKTTwwzOGce2fuPV7EmVS2/WnMzS8sLi1nVszVtfWNzezWdlWGsaBYoSEPRd0DiZwFWFFMcaxHAsH3ONa8/tnQr92ikCwMblQSYdOHbsA6jIIaSknLMVvZvF20R7BmiTMh+VLOLXy9PbjlVvbbbYc09jFQlIOUDceOVDMFoRjlODDdWGIEtA9dbGgagI+ymY5mHVh7WmlbnVDoEyhrpP7uSMGXMvE9XemD6slpbyj+5zVi1TlppiyIYoUBHX/UibmlQmu4uNVmAqniiSZABdOzWrQHAqjS8Zime456GYGX+uGrCAWoUOynLoiuD3eDdHLrrJzpZGZJ9aDoHBUPr3Vop2SMDNklOVIgDjkmJXJByqRCKOmRe/JEno1H48V4Nd7HpXPGpGeH/IHx8QOPqaGN</latexit>y1
<latexit sha1_base64="vylT/9ioh82vA4kq/wmq8tszUOg=">AAACEXicbVC7SgNBFJ2NrxhfUUubJUEIFmE3gloGtbARI5pEyIZwd3I3GTL7YGZWDEs+QSwE/RY7SesX+CEWdk4ehSYeGOZwzr0z9x434kwqy/o0UguLS8sr6dXM2vrG5lZ2e6cmw1hQrNKQh+LOBYmcBVhVTHG8iwSC73Ksu72zkV+/RyFZGNyqfoRNHzoB8xgFpaWbfqvUyuatojWGOU/sKcmXc07ha/jkVFrZb6cd0tjHQFEOUjZsK1LNBIRilOMg48QSI6A96GBD0wB8lM1kPOrA3NdK2/RCoU+gzLH6uyMBX8q+7+pKH1RXznoj8T+vESvvpJmwIIoVBnTykRdzU4XmaG+zzQRSxfuaABVMz2rSLgigSqeTyTjnqJcReKkfvopQgArFQeKA6PjwMEimt87Knk1mntRKRfuoeHitQzslE6TJHsmRArHJMSmTC1IhVUJJhzySF/JqPBtvxrsxnJSmjGnPLvkD4+MHWo6heg==</latexit>y2
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T S O
<latexit sha1_base64="WQ2UtTvrgmAdRn/SldU9lJFfKhc=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGt+Lb/qFb0+3L/EH5LVvUKw/vF8G5Rq+c+gHvNUYURcgjEV30uomoEmwSV2c0FqMAHehiZWLI1Aoalm/YG77ppV6m4j1vZE5PbV7x0ZKGM6KrSVCqhlfns98T+vklJjt5qJKEkJIz74qJFKl2K3t71bFxo5yY4lwLWws7q8BRo42YxyueAQ7TIaj+3DJwlqoFhvZAHopoKbbja8bVb+72T+kvPNor9d3Dq1oe2zAabYCiuwdeazHbbHjliJlRlnit2xB/bo3DtPzovzOigdcYY9y+wHnLcvjSKkRg==</latexit>

ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2

M

<latexit sha1_base64="LRefruIR2+BeWWJO1WrY3hNYdXo=">AAACEnicbVC7SgNBFJ31GddX1NJmSRCCRdhVUMugFjZiBPOAbAh3JzfJkNkHM7PisuQXtBH0W+zU1h/wQyzsnDwKTTwwzOGce2fuPV7EmVS2/WnMzS8sLi1nVszVtfWNzezWdlWGsaBYoSEPRd0DiZwFWFFMcaxHAsH3ONa8/tnQr92ikCwMblQSYdOHbsA6jIIaSknLMVvZvF20R7BmiTMh+VLOLXy9PbjlVvbbbYc09jFQlIOUDceOVDMFoRjlODDdWGIEtA9dbGgagI+ymY5mHVh7WmlbnVDoEyhrpP7uSMGXMvE9XemD6slpbyj+5zVi1TlppiyIYoUBHX/UibmlQmu4uNVmAqniiSZABdOzWrQHAqjS8Zime456GYGX+uGrCAWoUOynLoiuD3eDdHLrrJzpZGZJ9aDoHBUPr3Vop2SMDNklOVIgDjkmJXJByqRCKOmRe/JEno1H48V4Nd7HpXPGpGeH/IHx8QOPqaGN</latexit>y1
<latexit sha1_base64="vylT/9ioh82vA4kq/wmq8tszUOg=">AAACEXicbVC7SgNBFJ2NrxhfUUubJUEIFmE3gloGtbARI5pEyIZwd3I3GTL7YGZWDEs+QSwE/RY7SesX+CEWdk4ehSYeGOZwzr0z9x434kwqy/o0UguLS8sr6dXM2vrG5lZ2e6cmw1hQrNKQh+LOBYmcBVhVTHG8iwSC73Ksu72zkV+/RyFZGNyqfoRNHzoB8xgFpaWbfqvUyuatojWGOU/sKcmXc07ha/jkVFrZb6cd0tjHQFEOUjZsK1LNBIRilOMg48QSI6A96GBD0wB8lM1kPOrA3NdK2/RCoU+gzLH6uyMBX8q+7+pKH1RXznoj8T+vESvvpJmwIIoVBnTykRdzU4XmaG+zzQRSxfuaABVMz2rSLgigSqeTyTjnqJcReKkfvopQgArFQeKA6PjwMEimt87Knk1mntRKRfuoeHitQzslE6TJHsmRArHJMSmTC1IhVUJJhzySF/JqPBtvxrsxnJSmjGnPLvkD4+MHWo6heg==</latexit>y2
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T S O
<latexit sha1_base64="WQ2UtTvrgmAdRn/SldU9lJFfKhc=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGt+Lb/qFb0+3L/EH5LVvUKw/vF8G5Rq+c+gHvNUYURcgjEV30uomoEmwSV2c0FqMAHehiZWLI1Aoalm/YG77ppV6m4j1vZE5PbV7x0ZKGM6KrSVCqhlfns98T+vklJjt5qJKEkJIz74qJFKl2K3t71bFxo5yY4lwLWws7q8BRo42YxyueAQ7TIaj+3DJwlqoFhvZAHopoKbbja8bVb+72T+kvPNor9d3Dq1oe2zAabYCiuwdeazHbbHjliJlRlnit2xB/bo3DtPzovzOigdcYY9y+wHnLcvjSKkRg==</latexit>

ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2

M

<latexit sha1_base64="LRefruIR2+BeWWJO1WrY3hNYdXo=">AAACEnicbVC7SgNBFJ31GddX1NJmSRCCRdhVUMugFjZiBPOAbAh3JzfJkNkHM7PisuQXtBH0W+zU1h/wQyzsnDwKTTwwzOGce2fuPV7EmVS2/WnMzS8sLi1nVszVtfWNzezWdlWGsaBYoSEPRd0DiZwFWFFMcaxHAsH3ONa8/tnQr92ikCwMblQSYdOHbsA6jIIaSknLMVvZvF20R7BmiTMh+VLOLXy9PbjlVvbbbYc09jFQlIOUDceOVDMFoRjlODDdWGIEtA9dbGgagI+ymY5mHVh7WmlbnVDoEyhrpP7uSMGXMvE9XemD6slpbyj+5zVi1TlppiyIYoUBHX/UibmlQmu4uNVmAqniiSZABdOzWrQHAqjS8Zime456GYGX+uGrCAWoUOynLoiuD3eDdHLrrJzpZGZJ9aDoHBUPr3Vop2SMDNklOVIgDjkmJXJByqRCKOmRe/JEno1H48V4Nd7HpXPGpGeH/IHx8QOPqaGN</latexit>y1
<latexit sha1_base64="vylT/9ioh82vA4kq/wmq8tszUOg=">AAACEXicbVC7SgNBFJ2NrxhfUUubJUEIFmE3gloGtbARI5pEyIZwd3I3GTL7YGZWDEs+QSwE/RY7SesX+CEWdk4ehSYeGOZwzr0z9x434kwqy/o0UguLS8sr6dXM2vrG5lZ2e6cmw1hQrNKQh+LOBYmcBVhVTHG8iwSC73Ksu72zkV+/RyFZGNyqfoRNHzoB8xgFpaWbfqvUyuatojWGOU/sKcmXc07ha/jkVFrZb6cd0tjHQFEOUjZsK1LNBIRilOMg48QSI6A96GBD0wB8lM1kPOrA3NdK2/RCoU+gzLH6uyMBX8q+7+pKH1RXznoj8T+vESvvpJmwIIoVBnTykRdzU4XmaG+zzQRSxfuaABVMz2rSLgigSqeTyTjnqJcReKkfvopQgArFQeKA6PjwMEimt87Knk1mntRKRfuoeHitQzslE6TJHsmRArHJMSmTC1IhVUJJhzySF/JqPBtvxrsxnJSmjGnPLvkD4+MHWo6heg==</latexit>y2

5

3

2

1

4

4

T S O
<latexit sha1_base64="WQ2UtTvrgmAdRn/SldU9lJFfKhc=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGt+Lb/qFb0+3L/EH5LVvUKw/vF8G5Rq+c+gHvNUYURcgjEV30uomoEmwSV2c0FqMAHehiZWLI1Aoalm/YG77ppV6m4j1vZE5PbV7x0ZKGM6KrSVCqhlfns98T+vklJjt5qJKEkJIz74qJFKl2K3t71bFxo5yY4lwLWws7q8BRo42YxyueAQ7TIaj+3DJwlqoFhvZAHopoKbbja8bVb+72T+kvPNor9d3Dq1oe2zAabYCiuwdeazHbbHjliJlRlnit2xB/bo3DtPzovzOigdcYY9y+wHnLcvjSKkRg==</latexit>

ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2

M



Bootstrap for prediction uncertainty

T S O
<latexit sha1_base64="WQ2UtTvrgmAdRn/SldU9lJFfKhc=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGt+Lb/qFb0+3L/EH5LVvUKw/vF8G5Rq+c+gHvNUYURcgjEV30uomoEmwSV2c0FqMAHehiZWLI1Aoalm/YG77ppV6m4j1vZE5PbV7x0ZKGM6KrSVCqhlfns98T+vklJjt5qJKEkJIz74qJFKl2K3t71bFxo5yY4lwLWws7q8BRo42YxyueAQ7TIaj+3DJwlqoFhvZAHopoKbbja8bVb+72T+kvPNor9d3Dq1oe2zAabYCiuwdeazHbbHjliJlRlnit2xB/bo3DtPzovzOigdcYY9y+wHnLcvjSKkRg==</latexit>

ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2

M

<latexit sha1_base64="WQ2UtTvrgmAdRn/SldU9lJFfKhc=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGt+Lb/qFb0+3L/EH5LVvUKw/vF8G5Rq+c+gHvNUYURcgjEV30uomoEmwSV2c0FqMAHehiZWLI1Aoalm/YG77ppV6m4j1vZE5PbV7x0ZKGM6KrSVCqhlfns98T+vklJjt5qJKEkJIz74qJFKl2K3t71bFxo5yY4lwLWws7q8BRo42YxyueAQ7TIaj+3DJwlqoFhvZAHopoKbbja8bVb+72T+kvPNor9d3Dq1oe2zAabYCiuwdeazHbbHjliJlRlnit2xB/bo3DtPzovzOigdcYY9y+wHnLcvjSKkRg==</latexit>

ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2
<latexit sha1_base64="WQ2UtTvrgmAdRn/SldU9lJFfKhc=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGt+Lb/qFb0+3L/EH5LVvUKw/vF8G5Rq+c+gHvNUYURcgjEV30uomoEmwSV2c0FqMAHehiZWLI1Aoalm/YG77ppV6m4j1vZE5PbV7x0ZKGM6KrSVCqhlfns98T+vklJjt5qJKEkJIz74qJFKl2K3t71bFxo5yY4lwLWws7q8BRo42YxyueAQ7TIaj+3DJwlqoFhvZAHopoKbbja8bVb+72T+kvPNor9d3Dq1oe2zAabYCiuwdeazHbbHjliJlRlnit2xB/bo3DtPzovzOigdcYY9y+wHnLcvjSKkRg==</latexit>

ŷ1
<latexit sha1_base64="6jceX6aKNhRIzW7pCWWVP1zRojo=">AAACF3icbVC7SgNBFJ31bXxFLW2WiCAWYVdBLUUtbMQIxgfZEO5ObpIhM7vLzF0xLPkGCytBv0WwEFtLP8TCzsmj8HVgmMM5987ce8JECkOe9+6MjI6NT0xOTedmZufmF/KLS+cmTjXHMo9lrC9DMChFhGUSJPEy0QgqlHgRtg96/sU1aiPi6Iw6CVYVNCPREBzISldBCyjrdGubtfyqV/T6cP8Sf0hW9wrB+sfzbVCq5T+DesxThRFxCcZUfC+hagaaBJfYzQWpwQR4G5pYsTQChaaa9QfuumtWqbuNWNsTkdtXv3dkoIzpqNBWKqCW+e31xP+8SkqN3WomoiQljPjgo0YqXYrd3vZuXWjkJDuWANfCzuryFmjgZDPK5YJDtMtoPLYPnySogWK9kQWgmwpuutnwtln5v5P5S843i/52cevUhrbPBphiK6zA1pnPdtgeO2IlVmacKXbHHtijc+88OS/O66B0xBn2LLMfcN6+AI7NpEc=</latexit>

ŷ2

MM
<latexit sha1_base64="nphnb6Ka+OObOCn3XDFvnBURDr8="></latexit>

µ± �



Thank you


