
Bailey Miller1*                    Iliyan Georgiev2*                    Wojciech Jarosz1

A NULL SCATTERING PATH INTEGRAL 
FORMULATION OF LIGHT TRANSPORT

Dartmouth College1                    Autodesk2

authors with equal contribution*



Motivation

�2

https://www.tripadvisor.com/LocationPhotoDirectLink-g189180-d10486874-i314214380-
Porto_Bridge_Climb-Porto_Porto_District_Northern_Portugal.html https://hiveminer.com/Tags/bored%2Cboring

https://www.pinterest.com/pin/43769427598495929/
https://www.tripadvisor.com/LocationPhotoDirectLink-g189180-d10486874-i314214380-Porto_Bridge_Climb-Porto_Porto_District_Northern_Portugal.html
https://www.tripadvisor.com/LocationPhotoDirectLink-g189180-d10486874-i314214380-Porto_Bridge_Climb-Porto_Porto_District_Northern_Portugal.html
https://hiveminer.com/Tags/bored%2Cboring


Motivation

�3

https://www.pinterest.com/pin/43769427598495929/ https://spaceplace.nasa.gov/nebula/en/

https://www.pinterest.com/pin/43769427598495929/
https://spaceplace.nasa.gov/nebula/en/


Motivation

�4



Background: Path Tracing

�5



Background: Path Tracing

�5



Background: Path Tracing

Ij =

Z

P
fj(x)dx

hIji =
1

N

NX

i=1

f(xi)

p(xi)

Pixel value

�6



Background: Path Tracing
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x1
<latexit sha1_base64="w4IXpjr4EwSGMim7mOBBQLbeHAk=">AAACAnicbZBLSwMxFIUzPmt9VV2Jm2ARXJWZWqjdFd24rGAf0A5DJs20oZkHyR1pGQY3/hU3LhRx669w578xnQ7i60Dg45x7SXLcSHAFpvlhLC2vrK6tFzaKm1vbO7ulvf2OCmNJWZuGIpQ9lygmeMDawEGwXiQZ8V3Buu7kcp53b5lUPAxuYBYx2yejgHucEtCWUzochDqebycDYFNwvWSapk5ipU6pbFbMTPgvWDmUUa6WU3ofDEMa+ywAKohSfcuMwE6IBE4FS4uDWLGI0AkZsb7GgPhM2Un2hRSfaGeIvVDqEwDO3O8bCfGVmvmunvQJjNXvbG7+l/Vj8M7thAdRDCygi4u8WGAI8bwPPOSSURAzDYRKrt+K6ZhIQkG3VsxKaGTCC6jXcmhYXyV0qhXrrFK9rpWbF3kdBXSEjtEpslAdNdEVaqE2ougOPaAn9GzcG4/Gi/G6GF0y8p0D9EPG2yfwF5jS</latexit>

x2
<latexit sha1_base64="0xxgdT/HJxjcOsCPOxp3paHCuvs=">AAACAnicbZBLSwMxFIUzPmt9VV2Jm2ARXJWZWqjdFd24rGAf0A5DJs20oZkHyR1pGQY3/hU3LhRx669w578xnQ7i60Dg45x7SXLcSHAFpvlhLC2vrK6tFzaKm1vbO7ulvf2OCmNJWZuGIpQ9lygmeMDawEGwXiQZ8V3Buu7kcp53b5lUPAxuYBYx2yejgHucEtCWUzochDqebycDYFNwvWSapk5STZ1S2ayYmfBfsHIoo1wtp/Q+GIY09lkAVBCl+pYZgZ0QCZwKlhYHsWIRoRMyYn2NAfGZspPsCyk+0c4Qe6HUJwCcud83EuIrNfNdPekTGKvf2dz8L+vH4J3bCQ+iGFhAFxd5scAQ4nkfeMgloyBmGgiVXL8V0zGRhIJurZiV0MiEF1Cv5dCwvkroVCvWWaV6XSs3L/I6CugIHaNTZKE6aqIr1EJtRNEdekBP6Nm4Nx6NF+N1Mbpk5DsH6IeMt0/xnJjT</latexit>

x3
<latexit sha1_base64="v313BxD0K32Wy7VuilH1BtsTeec=">AAACAnicbZBLSwMxFIUz9VXra9SVuAkWwVWZaQu1u6IblxXsA9pSMmmmDc08SO5IyzC48a+4caGIW3+FO/+N6XQQXwcCH+fcS5LjhIIrsKwPI7eyura+kd8sbG3v7O6Z+wdtFUSSshYNRCC7DlFMcJ+1gINg3VAy4jmCdZzp5SLv3DKpeODfwDxkA4+Mfe5ySkBbQ/OoH+h4sR33gc3AceNZkgzjSjI0i1bJSoX/gp1BEWVqDs33/iigkcd8oIIo1bOtEAYxkcCpYEmhHykWEjolY9bT6BOPqUGcfiHBp9oZYTeQ+viAU/f7Rkw8peaeoyc9AhP1O1uY/2W9CNzzQcz9MALm0+VFbiQwBHjRBx5xySiIuQZCJddvxXRCJKGgWyukJdRT4SXUqhnU7a8S2uWSXSmVr6vFxkVWRx4doxN0hmxUQw10hZqohSi6Qw/oCT0b98aj8WK8LkdzRrZziH7IePsE8yGY1A==</latexit>
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<latexit sha1_base64="rGxUpEAMZHh4nx9pDnoS58+2iNY="></latexit>
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<latexit sha1_base64="plyV5EDubCyITRXc/G5/KQ43TCs="></latexit>

Pixel estimator

Background: Path Tracing
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xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>
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Background: Path Tracing

p1(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(!3)p(t3)
<latexit sha1_base64="BTZ71Ug46KuZoDveW5JrX3o3pqE="></latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>
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Background: Path Tracing

p1(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(!3)p(t3)
<latexit sha1_base64="BTZ71Ug46KuZoDveW5JrX3o3pqE="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>
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Background: Path Tracing

p1(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(!3)p(t3)
<latexit sha1_base64="BTZ71Ug46KuZoDveW5JrX3o3pqE="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>
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Background: Path Tracing

p1(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(!3)p(t3)
<latexit sha1_base64="BTZ71Ug46KuZoDveW5JrX3o3pqE="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>t0

<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>
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Background: Path Tracing

p1(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(!3)p(t3)
<latexit sha1_base64="BTZ71Ug46KuZoDveW5JrX3o3pqE="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>t0

<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�9



Background: Path Tracing

p1(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(!3)p(t3)
<latexit sha1_base64="BTZ71Ug46KuZoDveW5JrX3o3pqE="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�9



Background: Path Tracing

p1(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(!3)p(t3)
<latexit sha1_base64="BTZ71Ug46KuZoDveW5JrX3o3pqE="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�9



Background: Path Tracing

p1(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(!3)p(t3)
<latexit sha1_base64="BTZ71Ug46KuZoDveW5JrX3o3pqE="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�9



Background: Path Tracing

p1(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(!3)p(t3)
<latexit sha1_base64="BTZ71Ug46KuZoDveW5JrX3o3pqE="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�9



p2(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(l)
<latexit sha1_base64="MzuOdzdiEdasyXT3veOEcGpNO28="></latexit>

Background: Path Tracing

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�10



p2(xi) = p(!0)p(t0)p(!1)p(t1)p(!2)p(t2)p(l)
<latexit sha1_base64="MzuOdzdiEdasyXT3veOEcGpNO28="></latexit>

Background: Path Tracing

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�10



p3(xi) = p(!0)p(t0)p(l)p(!1)p(t1)p(!2)p(t2)p(s)
<latexit sha1_base64="fUiE7bvAk2WscONMHpMb6FbVSak="></latexit>

Background: Path Tracing

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�11



p3(xi) = p(!0)p(t0)p(l)p(!1)p(t1)p(!2)p(t2)p(s)
<latexit sha1_base64="fUiE7bvAk2WscONMHpMb6FbVSak="></latexit>

Background: Path Tracing

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

s
<latexit sha1_base64="sk+8/e1RgliGGjTcPuKfe+MaQWI=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYaFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycd+I2L</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�11



Background: Importance Sampling

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�12

Pixel estimator

path pdf

path contribution
hIji =

1

N

NX

i=1

f(xi)

pk(xi)
<latexit sha1_base64="plyV5EDubCyITRXc/G5/KQ43TCs="></latexit>

for strategy k /
<latexit sha1_base64="4bUMM+HelKcW1lfStvdE6jHkszw=">AAAB7nicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrAXaIeSSTNtaGYSkjNCGfoQblwo4tbncefbmE4H8fZD4OM/53BO/kAJbsB1P5zC2vrG5lZxu7Szu7d/UD486hqZaMo6VAqp+wExTPCYdYCDYH2lGYkCwXrB7HpZ790zbbiM72CumB+RScxDTglYqzdUWiqQo3LFrbqZ8F/wcqigXO1R+X04ljSJWAxUEGMGnqvAT4kGTgVblIaJYYrQGZmwgcWYRMz4aXbuAp9ZZ4xDqe2LAWfu94mURMbMo8B2RgSm5ndtaf5XGyQQXvopj1UCLKarRWEiMEi8/Dsec80oiLkFQjW3t2I6JZpQsAmVshCamfAKGvUcmt5XCN1a1buo1m7rldZVHkcRnaBTdI481EAtdIPaqIMomqEH9ISeHeU8Oi/O66q14OQzx+iHnLdP4h+QVA==</latexit>



Background: Importance Sampling

f(xi) = . . . fs(!j)T (tj) . . .
<latexit sha1_base64="eJApTHBARqc2Ajn9ouK2/SJqTgo="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

Scattering transmittance

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�13



Background: Importance Sampling

f(xi) = . . . fs(!j)T (tj) . . .
<latexit sha1_base64="eJApTHBARqc2Ajn9ouK2/SJqTgo="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

Scattering transmittance

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�14



Background: Importance Sampling

f(xi) = . . . fs(!j)T (tj) . . .
<latexit sha1_base64="eJApTHBARqc2Ajn9ouK2/SJqTgo="></latexit>

Scattering transmittance

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�15



Background: Importance Sampling

f(xi)

pk(xi)
=

. . . fs(!j)T (tj) . . .

. . . p(!j)p(tj) . . .
<latexit sha1_base64="ugz4QmJZL2qAld1sCLG72v30LN4="></latexit>

Scattering transmittance

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

p(wj) / fs(wj)

p(tj) / T (tj)
<latexit sha1_base64="1dyKfLC9boKL/6ABYf5a1k4Wamo=">AAACHHicbVDLSgMxFM3UV62vUZdugkWpmzLTFmp3RTcuK/QFnTJk0kwbm5kJSUYppR/ixl9x40IRNy4E/8Z0Okh9HLhwcs695N7jcUalsqxPI7Oyura+kd3MbW3v7O6Z+wdtGcUCkxaOWCS6HpKE0ZC0FFWMdLkgKPAY6Xjjy7nfuSVC0ihsqgkn/QANQ+pTjJSWXLN8ygt37s0ZdLiIuIqg78pEcJycttSy1UyejuOaeatoJYB/iZ2SPEjRcM13ZxDhOCChwgxJ2bMtrvpTJBTFjMxyTiwJR3iMhqSnaYgCIvvT5LgZPNHKAPqR0BUqmKjLE1MUSDkJPN0ZIDWSv725+J/Xi5V/3p/SkMeKhHjxkR8zqC+dJwUHVBCs2EQThAXVu0I8QgJhpfPMJSHUEsAFqVZSUrO/Q2iXina5WLqu5OsXaRxZcASOQQHYoArq4Ao0QAtgcA8ewTN4MR6MJ+PVeFu0Zox05hD8gPHxBX43oC0=</latexit>

Ideally

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�16



Background: Importance Sampling

f(xi)

pk(xi)
=

. . . fs(!j)T (tj) . . .

. . . p(!j)p(tj) . . .
<latexit sha1_base64="ugz4QmJZL2qAld1sCLG72v30LN4="></latexit>

Scattering transmittance

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�17



Background: Importance Sampling

f(xi)

pk(xi)
=

. . . fs(!j)T (tj) . . .

. . . p(!j)p(tj) . . .
<latexit sha1_base64="ugz4QmJZL2qAld1sCLG72v30LN4="></latexit>

Scattering transmittance

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

�17



Background: Importance Sampling

f(xi)

pk(xi)
=

. . . fs(!j)T (tj) . . .

. . . p(!j)p(tj) . . .
<latexit sha1_base64="ugz4QmJZL2qAld1sCLG72v30LN4="></latexit>

Scattering transmittance

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

�18

density



Background: Importance Sampling

f(xi)

pk(xi)
=

. . . fs(!j)T (tj) . . .

. . . p(!j)p(tj) . . .
<latexit sha1_base64="ugz4QmJZL2qAld1sCLG72v30LN4="></latexit>

Scattering transmittance

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

�18

density



Background: Importance Sampling

f(xi)

pk(xi)
=

. . . fs(!j)T (tj) . . .

. . . p(!j)p(tj) . . .
<latexit sha1_base64="ugz4QmJZL2qAld1sCLG72v30LN4="></latexit>

Scattering transmittance

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

❓❓❓❓❓❓

�19

density

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>



f(xi)

pk(xi)
=

. . . fs(!j)T (tj) . . .

. . . p(!j)cT (tj) . . .
<latexit sha1_base64="squfBbLPuixX/Cn1tShd6OEpeDk="></latexit>

Background: Importance Sampling

Scattering transmittance

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

p(wj) / fs(wj)

p(tj) / T (tj)
<latexit sha1_base64="1dyKfLC9boKL/6ABYf5a1k4Wamo=">AAACHHicbVDLSgMxFM3UV62vUZdugkWpmzLTFmp3RTcuK/QFnTJk0kwbm5kJSUYppR/ixl9x40IRNy4E/8Z0Okh9HLhwcs695N7jcUalsqxPI7Oyura+kd3MbW3v7O6Z+wdtGcUCkxaOWCS6HpKE0ZC0FFWMdLkgKPAY6Xjjy7nfuSVC0ihsqgkn/QANQ+pTjJSWXLN8ygt37s0ZdLiIuIqg78pEcJycttSy1UyejuOaeatoJYB/iZ2SPEjRcM13ZxDhOCChwgxJ2bMtrvpTJBTFjMxyTiwJR3iMhqSnaYgCIvvT5LgZPNHKAPqR0BUqmKjLE1MUSDkJPN0ZIDWSv725+J/Xi5V/3p/SkMeKhHjxkR8zqC+dJwUHVBCs2EQThAXVu0I8QgJhpfPMJSHUEsAFqVZSUrO/Q2iXina5WLqu5OsXaRxZcASOQQHYoArq4Ao0QAtgcA8ewTN4MR6MJ+PVeFu0Zox05hD8gPHxBX43oC0=</latexit>

�20



f(xi)

pk(xi)
=

. . . fs(!j)T (tj) . . .

. . . p(!j)cT (tj) . . .
<latexit sha1_base64="squfBbLPuixX/Cn1tShd6OEpeDk="></latexit>

Background: Importance Sampling

Scattering transmittance

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

cancellation trick

�21



Background: Multiple Importance Sampling

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

? ? ?

�22



Background: Multiple Importance Sampling

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>

!3
<latexit sha1_base64="rG/IDlFR48+pyc5rZN1ti/m5Af4=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiuCozbaF2V3TjsoK9YDuUTJq2oUlmSDJCGfoWblwo4ta3cefbmE4H8fZD4OM/53BO/iDiTBvX/XBya+sbm1v57cLO7t7+QfHwqKPDWBHaJiEPVS/AmnImadsww2kvUhSLgNNuMLta1rv3VGkWylszj6gv8ESyMSPYWOtuEAo6wcOkuhgWS27ZTYX+gpdBCTK1hsX3wSgksaDSEI617ntuZPwEK8MIp4vCINY0wmSGJ7RvUWJBtZ+kFy/QmXVGaBwq+6RBqft9IsFC67kIbKfAZqp/15bmf7V+bMYXfsJkFBsqyWrROObIhGj5fTRiihLD5xYwUczeisgUK0yMDamQhtBIhVZQr2XQ8L5C6FTKXrVcuamVmpdZHHk4gVM4Bw/q0IRraEEbCEh4gCd4drTz6Lw4r6vWnJPNHMMPOW+fxGiRYQ==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

t2
<latexit sha1_base64="1x5bl0kiIio+fWKMkOyofDhVSGI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNQWw3LFrtqZyF9wcqhArvaw/D4YhSwOuEImqTF9x47QS6hGwSRflAax4RFlMzrh/RQVDbjxkuzYBTlLnREZhzp9Cknmfp9IaGDMPPDTzoDi1PyuLc3/av0Yx5deIlQUI1dstWgcS4IhWf6cjITmDOU8Bcq0SG8lbEo1ZZjmU8pCaGYiK2jUc2g6XyF0alXnolq7rVdaV3kcRTiBUzgHBxrQghtogwsMBDzAEzxbynq0XqzXVWvBymeO4Yest08K/o89</latexit>

t3
<latexit sha1_base64="GVMC6Pi/8vooApzuty9xsYL7NB4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSStlB7K3rxWMHWQhvKZrtpl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZfb1ICoO2/WEV1tY3NreK26Wd3b39g/LhUc+EsWa8y0IZ6r5HDZdC8S4KlLwfaU4DT/I7b3a1rN/dc21EqG5xHnE3oBMlfMEoplYXR0l9MSpX7KqdifwFJ4cK5OqMyu/DccjigCtkkhozcOwI3YRqFEzyRWkYGx5RNqMTPkhR0YAbN8mOXZCz1BkTP9TpU0gy9/tEQgNj5oGXdgYUp+Z3bWn+VxvE6F+4iVBRjFyx1SI/lgRDsvw5GQvNGcp5CpRpkd5K2JRqyjDNp5SF0MpEVtBs5NByvkLo1apOvVq7aVTal3kcRTiBUzgHB5rQhmvoQBcYCHiAJ3i2lPVovVivq9aClc8cww9Zb58Mg48+</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

!2
<latexit sha1_base64="Aar1ShN8SppolLb+rv+i0+bw958=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYVqbD8sVt+pmwn/By6GCcrWH5ffBSNIkAmEoJ1r3PTc2fkqUYZTDvDRINMSETskY+hYFiUD7aXbxHJ9YZ4RDqewTBmfu94mURFrPosB2RsRM9O/awvyv1k9MeO6nTMSJAUGXi8KEYyPx4vt4xBRQw2cWCFXM3orphChCjQ2plIXQzISX0Kjn0PS+QujWqt5ZtXZdr7Qu8jiK6Agdo1PkoQZqoSvURh1EkUAP6Ak9O9p5dF6c12VrwclnDtEPOW+fwuORYA==</latexit>
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Goal

bring MIS to heterogeneous, volumetric media

[Veach and Guibas ’97]

Surface MIS Volume MIS
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Our Contributions
• analytic path pdf for any media

• MIS in any media

• generalize and improve techniques including:
- ratio tracking [Novak et al 2014]

- hero wavelength sampling [Wilkie et al. 2014],

- spectral tracking [Kutz et al. 2017]

- equiangular sampling [Kulla and Fajardo 2012]

- volumetric variants of bidirectional path tracing [Georgiev et al. 2013]
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=

[Galtier et al. 2013]
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Our Approach: Path Integral

Both Real and 
Null Scatterers

Null Scattering  
Chain

Homogenized  
Transmittance

A null-sca�ering path integral formulation of light transport • 44:5

4 NULL-SCATTERING PATH INTEGRAL DERIVATION
In this section we derive our path integral formulation (12) from the
null-scattering VRE (9). We �rst expand the recursions in the VRE,
followed by a change of variables in the resulting high-dimensional
integrals, which we ultimately merge into one path-space integral.
These are the same general steps done in derivations based on the
real-scattering VRE (3) [Pauly et al. 2000; Jakob 2013]. However,
in our case the added null-scattering recursion in Eq. (9) increases
the complexity of the expansion, and the resulting null-scattering
integrals require an appropriate change of variables. Readers not
interested in these technical details may skip over to Section 5,
where we discuss the practical applications of our formulation.

We begin by writing the null-scattering VRE in a compact form:

L(x,�) =
π z

0
T (x, y)Lo(y,�) d� +T (x, z)Lo(z,�) (20)

Lo(x,�) = Le(x,�) +
π
S2
�(�,x,�0)L(x,�0)D(x,�0) d�0 + µn(x)L(x,�),

where µt from Eqs. (8) and (9) cancels out and where we use the nota-
tion from Eqs. (17) to (19) to express the contributions from medium
points y and surface points z = x � z� in L(x,�) using a common
outgoing radiance term Lo. We do not consider null scattering (i.e.
transparency) at surfaces, thus µn(x) = 0 for x 2 A.

4.1 Operator formulation
As in prior formulations [Pauly et al. 2000; Jakob 2013], we will
express the pixel measurement I as a path integral by recursively
expanding the radiance L (20) in Eq. (11). To express this expansion
succinctly, we make use of linear operators [Veach 1997; Arvo 1995].
Substituting L into Lo replaces the last two terms of Lo by four new
terms, from which we extract four operators:

(Rmh)(x,�) =
π
S2

π z

0
�(�, x,�0)T (x, y)D(x,�0)h(y,�0) d�d�0 (21)

(Rsh)(x,�) =
π
S2
�(�, x,�0)T (x, z)D(x,�0)h(z,�0) d�0 (22)

(Nmh)(x,�) = µn(x)
π z

0
T (x, y)h(y,�) d� (23)

(Nsh)(x,�) = µn(x)T (x, z)h(z,�). (24)
We then de�ne the real- and null-scattering operators, respectively

(Rh)(x,�)= ((Rm+Rs)h)(x,�), (Nh)(x,�)= ((Nm+Ns)h)(x,�). (25)
Note that, like Lo, R operates on both medium and surface points x,
while N is non-zero only at medium points.

Radiance equilibrium. We can now write Lo in operator form in
terms of R and N, and then expand the tail recursion:

Lo = Le + (R + N)Lo =
1’
k=0

(R + N)kLe =
1’
k=0

’
Sk2{R,N}k

SkLe. (26)

The result is an expression for the outgoing radiance as a sum of
emitted radiance scattered arbitrarily many times. On the right-hand
sidewe have expanded (R+N)k into a sum of 2k composite operators
Sk , each representing one possible series of k (real or null) scattering
events. An example of such operator is S5 = RNRNN, where the �rst
two events (in direction of light �ow) are null scattering, followed
by real scattering, and so on.

Pixel measurement. Our next step is to write the pixel measure-
ment (11) in non-recursive operator form, as a sum of nested inte-
grals. To that end, includingWe temporarily in the de�nition of the
scattering function � (19) allows us to treat the spherical integral in
Eq. (11) as a real-scattering event, such that expanding L in Eq. (11)
using Eq. (20) and then expressing Lo using Eq. (26) yields

I =

1’
k=0

’
Sk2{R,N}k

π
A
(RSkLe)(x, ·) dx =

’
P2�P

π
A
(PLe)(x, ·) dx, (27)

where the operator under the integral is evaluated with a dummy
direction. The set �P includes all path operators of the form P = RSk ,
where the “camera” real-scattering event is followed (in direction
opposite of the light �ow) by k scene scattering events of any type.

4.2 Sca�ering chain decomposition
To express the pixel measurement (27) as integration over a product
(path) space of surface area and volume, we need to perform an ap-
propriate change of variables in every path operator P = RSk 2 �P.
For every k there are 2k possible operators P, each corresponding to
a di�erent k-sequence of real- and null-scattering events. To handle
this combinatorial explosion, we make the key observation that ev-
ery such operator can be written as a sequence of scattering chains,
each starting with a real-scattering event:

P = R
n1 times
N · · ·NR

n2 times
N · · ·N · · ·R

nr times
N · · ·N = RNn1RNn2 · · ·RNnr, (28)

where the number of real-scattering events is r and the total number
of null-scattering events is

Õr
i=1 ni = k � r , with ni > 0. It thus

su�ces to �nd the change of variables for a general chain RNn ,
which can then be applied to each chain in every path operator P.

In the absence of null scattering, i.e. when n = 0, the chain
operator RNn simpli�es to R; we will address this special case in
Section 4.3 below. When n > 0, assuming no null scattering at
surfaces, we can expand RNn using Eq. (25):

(RNn
h)(x,�) = (RmNn

h)(x,�) +((((((hhhhhh(RsNn
h)(x,�) (29)

= (Rm(Nm + Ns)nh)(x,�) = (Rm(Nm +⇢⇢ZZNs)n�1(Nm + Ns)h)(x,�)
= (RmNn

mh)(x,�) + (RmNn�1
m Nsh)(x,�). (30)

With no null scattering at surfaces, only the medium contribution
RmNn in Eq. (29) can be non-zero. For the same reason, operator Ns
can have non-zero contribution only when it appears at the end of a
null-scattering chain. Thus, when (Nm +Ns)n is fully expanded into
a sum of 2n chains, only two non-zero chains remain in Eq. (30),
where h is evaluated in a medium and at a surface, respectively. (The
start of the chain can itself be in a medium or on a surface; this
is handled by R via the common notation from Eqs. (17) and (19).)
Next, we write out the two chain operators in Eq. (30) and bring
them in similar forms to prepare them for a change of variables.

Operator RmNn
m. This operator evaluates h at a medium point xn+1

after a series of n medium null-scattering events x1, . . . , xn . We �rst
write out Nn

m by expanding the n operators Nm from right to left:

(Nn
mh)(x1,�) =

π z

x1
· · ·
π z

xn

 n÷
i=1

µn(xi )T (xi ,xi+1)
!
h(xn+1,�)

cn(x1 ...xn+1,�)

dxn+1 · · · dx2.

(31)

ACM Trans. Graph., Vol. 38, No. 4, Article 44. Publication date: July 2019.

44:4 • Miller, Georgiev, and Jarosz

real sca�ering
null sca�ering

x0 ⌘xr0

x1 x2 ⌘xr1
x3

x4 ⌘xr2

x5 x6
x7 ⌘xr3

x8 ⌘xr4

Fig. 3. Illustration of a light transport path in our integral formulation,
which explicitly considers both real and null sca�ering at path vertices.
Prior formulations consider real sca�ering only, where this length-8 path
corresponds to the length-4 path xr0xr1xr2xr3xr4 .

connecting every two consecutive vertices, which does not permit
analytic evaluation or sampling in general heterogeneous media.
To address this inconvenience, we derive a path integral expres-

sion with the same form as Eq. (12) but starting from the null-
scattering VRE (9). In contrast to the formulation of Pauly et al.
[2000], our formulation considers both real and null scattering at
path vertices, and replaces the extinction transmittance T by the
analytically evaluable combined transmittance T (10).

Path space and measure. To properly handle the geometry of null
scattering, we isolate such events into a null-scattering volume V�
which is simply a copy ofV . This extends the traditional path space
and its corresponding di�erential measure to

P=
1ÿ
k=1

(A[V[V� )k+1, dx =
k÷
i=0

dxi , dxi =

8>>><
>>>:
dA(xi ), if xi 2A,
dV (xi ), if xi 2V,
dV� (xi ), if xi 2V� .

(13)

Null-scattering vertices xi are measured along the line connecting
the preceding and succeeding real scattering vertices:

dV� (xi ) = d�xr�i $xr+i (xi ), (14)

where �xr�i $xr+i (xi ) is a Dirac measure restricting the integration
along the line segment connecting the preceding and succeeding
real-scattering vertices xr�i and xr+i , respectively. The path length k
is the number of segments between consecutive scattering events
of any kind. Figure 3 illustrates a path of length 8 in the space P.

Measurement contribution. For each path length k , the measurement
contribution function is de�ned as

f (x) =We(x0,�x1x0 ) ·
 r�1÷
i=0

G(xri , xri+1 )
!
·
 k�1÷
i=0

T (xi , xi+1)
!
·

 k�1÷
i=1

�(�xixi�1 , xi ,�xi+1xi )
!
· Le(xk ,�xkxk�1 ) ,

(15)

where�xy is the (unit) direction from x to y. The r+1 real-scattering
vertices on the path are indexed by ri , with x0 ⌘ xr0 and xk ⌘ xrr
being the camera and light vertices, respectively, which we regard
as real-scattering (see Fig. 3). The combined transmittance T (x, y)

µs(x2)�m(x2)µs(x2)�m(x2)

x2

x3

T (x2, x3)G(x2, x3) �s(x3)�s(x3)

x4 ⌘xr2 x5 x6 x7 ⌘xr3

µs(x4)�m(x4)µs(x4)�m(x4) T (x4, x5) µn(x5)
T (x5, x6) µn(x6) T (x6, x7) �s(x7)�s(x7)

G(x4, x7) = G �
xr2 , xr3

�
Fig. 4. The classical path integral formulation (top) considers only real
sca�ering and thus has to evaluate the extinction transmi�ance T between
such events. Our formulation (bo�om) instead evaluates the combined
transmi�ance T as it considers null-sca�ering events explicitly.

is given by Eq. (10), and

G(x, y) =
D(x,�xy)V (x, y)D(y,�yx)

kx � yk2 (16)

D(x,�) =
(
|n(x) · � |, if x2A,
1, if x2V

(17)

Le(x,�) =
(
Le(x,�xy), if x2A,
µa(x)Le(x,�xy), if x2V

(18)

�(�, x,�0) =
8>>><
>>>:

�s(�, x,��0), if y2A,
µs(x)�m(�, x,�0), if x2V,
µn(x)H (� · �0), if x2V� ,

(19)

where V (x, y) is the binary visibility function between x and y. In
contrast to prior de�nitions, our generalized scattering term � ex-
plicitly considers null scattering, where H is the heaviside function
which enforces the ordering of the null vertices1.

Note that the geometry term G(x, y) is evaluated only between
real-scattering events x, y 2 A [ V . Null-scattering vertices are
constrained to lie on the polyline connecting real-scattering events
which is e�ectively a path-space manifold. This is similar to the
manifolds studied by Jakob and Marschner [2012] and the changes
in path density through chains of specular (i.e. delta) surface re�ec-
tion and refraction between two scattering events. In our case, the
geometry term through a null-scattering chain has a simple form.

3.2 Discussion
By explicitly accounting for null scattering, the problematic extinc-
tion transmittance termT is replaced by the combined transmittance
T in our formulation. The main advantage is that T can be made
analytically evaluable by appropriately setting the null-scattering
density parameter µn. Conversely, setting µn ⌘ 0 makes T = T , re-
ducing our formulation to the classical one. This is useful for media
with analytically evaluable extinction optical thickness � , e.g. with
homogeneous density, as it allows only real scattering to be sampled.
Figure 4 highlights the di�erences between the two formulations.

Lastly, note that in general there is one path integral (12) for every
color component. A di�erent null density µn can be used for each.

1Alternatively, this ordering can be encoded into the null-vertex measure by using
dV� (xi ) = d�xi�1$xi+1 (xi ) in Eq. (13), eliminating the need for the heaviside function
in Eq. (19).
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<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>
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p(xi) = p(!0)p(t0)p(!1)p(t1)
<latexit sha1_base64="Arp7Wv7OnbTDs7XpbnjXg8wpnCI="></latexit>

p(xi) = p(!0)p(t0)p(!1)
<latexit sha1_base64="IZVf/f4A7HoFlive158KXL9ZMWA="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>
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p(xi) = p(!0)p(t0)p(!1)p(t1)
<latexit sha1_base64="Arp7Wv7OnbTDs7XpbnjXg8wpnCI="></latexit>

p(xi) = p(!0)p(t0)p(!1)
<latexit sha1_base64="IZVf/f4A7HoFlive158KXL9ZMWA="></latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>
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!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>
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!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>



Directional MIS

Unidirectional delta next Event (NEE) directional MIS
[Novak et al. 2014] 
[Kutz et al. 2017] [Novak et al. 2014] 
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Spatially Varying Media
unidirectional ratio next event  (NEE)

[Novak et al. 2014] 
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!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>
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!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

p(x) = p(!0)p(t0)p(t1)p(!1)p(t2)p(t3)
<latexit sha1_base64="egAhoq0Vvp/2HFSlQH+EbBh9Ujk="></latexit>

p(x) = p(!0)p(t0)p(t1)p(!1)p(t2)p(t3)
<latexit sha1_base64="egAhoq0Vvp/2HFSlQH+EbBh9Ujk="></latexit>
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!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

p(x) = p(!0)p(t0)p(t1)p(!1)p(t2)p(t3)
<latexit sha1_base64="egAhoq0Vvp/2HFSlQH+EbBh9Ujk="></latexit>

p(x) = p(!0)p(t0)p(t1)p(!1)p(t2)p(t3)
<latexit sha1_base64="egAhoq0Vvp/2HFSlQH+EbBh9Ujk="></latexit>
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!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

p(x) = p(!0)p(t0)p(t1)p(!1)p(t2)p(t3)
<latexit sha1_base64="egAhoq0Vvp/2HFSlQH+EbBh9Ujk="></latexit>

p(x) = p(!0)p(t0)p(t1)p(!1)p(t2)p(t3)
<latexit sha1_base64="egAhoq0Vvp/2HFSlQH+EbBh9Ujk="></latexit>
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!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

P (null) =
<latexit sha1_base64="j9BYLAin38qMwTnOlT9C77mijE0=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm8Ei1E1JaqF2IRTduKxgH9CWMplO2qGTSZi5EUOof8WNC0Xc+kPc+W9M0yC+Dgx8nHMvczlOILgGy/owciura+sb+c3C1vbO7p65f9DRfqgoa1Nf+KrnEM0El6wNHATrBYoRzxGs68wuF3n3linNfXkDUcCGHplI7nJKILFGZrFVHgC7A8eNZSjE/ASf45FZsipWKvwX7AxKKFNrZL4Pxj4NPSaBCqJ137YCGMZEAaeCzQuDULOA0BmZsH6CknhMD+P0+Dk+Tpwxdn2VPAk4db9vxMTTOvKcZNIjMNW/s4X5X9YPwT0bxlwGITBJlx+5ocDg40UTeMwVoyCiBAhVPLkV0ylRhELSVyEtoZEKL6Fey6Bhf5XQqVbs00r1ulZqXmR15NEhOkJlZKM6aqIr1EJtRFGEHtATejbujUfjxXhdjuaMbKeIfsh4+wT0TZS3</latexit>

P (real) =
<latexit sha1_base64="+V1pZgYLtlukI3swyZ7Ku/YqZlg=">AAAB/HicbZBLSwMxFIUz9VXra7RLN8Ei1E2ZqYXahVB047KCfUBbSibNtKGZB8kdcRjqX3HjQhG3/hB3/hvT6SC+DgQ+zrmXXI4TCq7Asj6M3Mrq2vpGfrOwtb2zu2fuH3RUEEnK2jQQgew5RDHBfdYGDoL1QsmI5wjWdWaXi7x7y6TigX8DcciGHpn43OWUgLZGZrFVHgC7A8dN9JqYn+BzPDJLVsVKhf+CnUEJZWqNzPfBOKCRx3yggijVt60QhgmRwKlg88IgUiwkdEYmrK/RJx5TwyQ9fo6PtTPGbiD18wGn7veNhHhKxZ6jJz0CU/U7W5j/Zf0I3LNhwv0wAubT5UduJDAEeNEEHnPJKIhYA6GS61sxnRJJKOi+CmkJjVR4CfVaBg37q4ROtWKfVqrXtVLzIqsjjw7RESojG9VRE12hFmojimL0gJ7Qs3FvPBovxutyNGdkO0X0Q8bbJ9DflKA=</latexit>

real density

real + null density

null density

real + null density
P (null) =

<latexit sha1_base64="j9BYLAin38qMwTnOlT9C77mijE0=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm8Ei1E1JaqF2IRTduKxgH9CWMplO2qGTSZi5EUOof8WNC0Xc+kPc+W9M0yC+Dgx8nHMvczlOILgGy/owciura+sb+c3C1vbO7p65f9DRfqgoa1Nf+KrnEM0El6wNHATrBYoRzxGs68wuF3n3linNfXkDUcCGHplI7nJKILFGZrFVHgC7A8eNZSjE/ASf45FZsipWKvwX7AxKKFNrZL4Pxj4NPSaBCqJ137YCGMZEAaeCzQuDULOA0BmZsH6CknhMD+P0+Dk+Tpwxdn2VPAk4db9vxMTTOvKcZNIjMNW/s4X5X9YPwT0bxlwGITBJlx+5ocDg40UTeMwVoyCiBAhVPLkV0ylRhELSVyEtoZEKL6Fey6Bhf5XQqVbs00r1ulZqXmR15NEhOkJlZKM6aqIr1EJtRFGEHtATejbujUfjxXhdjuaMbKeIfsh4+wT0TZS3</latexit>

1
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unidirectional ratio next event  (NEE)

[Novak et al. 2014] 

�60

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

P (null) =
<latexit sha1_base64="j9BYLAin38qMwTnOlT9C77mijE0=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm8Ei1E1JaqF2IRTduKxgH9CWMplO2qGTSZi5EUOof8WNC0Xc+kPc+W9M0yC+Dgx8nHMvczlOILgGy/owciura+sb+c3C1vbO7p65f9DRfqgoa1Nf+KrnEM0El6wNHATrBYoRzxGs68wuF3n3linNfXkDUcCGHplI7nJKILFGZrFVHgC7A8eNZSjE/ASf45FZsipWKvwX7AxKKFNrZL4Pxj4NPSaBCqJ137YCGMZEAaeCzQuDULOA0BmZsH6CknhMD+P0+Dk+Tpwxdn2VPAk4db9vxMTTOvKcZNIjMNW/s4X5X9YPwT0bxlwGITBJlx+5ocDg40UTeMwVoyCiBAhVPLkV0ylRhELSVyEtoZEKL6Fey6Bhf5XQqVbs00r1ulZqXmR15NEhOkJlZKM6aqIr1EJtRFGEHtATejbujUfjxXhdjuaMbKeIfsh4+wT0TZS3</latexit>

P (real) =
<latexit sha1_base64="+V1pZgYLtlukI3swyZ7Ku/YqZlg=">AAAB/HicbZBLSwMxFIUz9VXra7RLN8Ei1E2ZqYXahVB047KCfUBbSibNtKGZB8kdcRjqX3HjQhG3/hB3/hvT6SC+DgQ+zrmXXI4TCq7Asj6M3Mrq2vpGfrOwtb2zu2fuH3RUEEnK2jQQgew5RDHBfdYGDoL1QsmI5wjWdWaXi7x7y6TigX8DcciGHpn43OWUgLZGZrFVHgC7A8dN9JqYn+BzPDJLVsVKhf+CnUEJZWqNzPfBOKCRx3yggijVt60QhgmRwKlg88IgUiwkdEYmrK/RJx5TwyQ9fo6PtTPGbiD18wGn7veNhHhKxZ6jJz0CU/U7W5j/Zf0I3LNhwv0wAubT5UduJDAEeNEEHnPJKIhYA6GS61sxnRJJKOi+CmkJjVR4CfVaBg37q4ROtWKfVqrXtVLzIqsjjw7RESojG9VRE12hFmojimL0gJ7Qs3FvPBovxutyNGdkO0X0Q8bbJ9DflKA=</latexit>

real density

real + null density

null density

real + null density
P (null) =

<latexit sha1_base64="j9BYLAin38qMwTnOlT9C77mijE0=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm8Ei1E1JaqF2IRTduKxgH9CWMplO2qGTSZi5EUOof8WNC0Xc+kPc+W9M0yC+Dgx8nHMvczlOILgGy/owciura+sb+c3C1vbO7p65f9DRfqgoa1Nf+KrnEM0El6wNHATrBYoRzxGs68wuF3n3linNfXkDUcCGHplI7nJKILFGZrFVHgC7A8eNZSjE/ASf45FZsipWKvwX7AxKKFNrZL4Pxj4NPSaBCqJ137YCGMZEAaeCzQuDULOA0BmZsH6CknhMD+P0+Dk+Tpwxdn2VPAk4db9vxMTTOvKcZNIjMNW/s4X5X9YPwT0bxlwGITBJlx+5ocDg40UTeMwVoyCiBAhVPLkV0ylRhELSVyEtoZEKL6Fey6Bhf5XQqVbs00r1ulZqXmR15NEhOkJlZKM6aqIr1EJtRFGEHtATejbujUfjxXhdjuaMbKeIfsh4+wT0TZS3</latexit>

1



Spatially Varying Media
unidirectional ratio next event  (NEE)

[Novak et al. 2014] 

�61

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

!0
<latexit sha1_base64="6kLSqKnZ3Rasv9EWJWi1IyCnUPA=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerOh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPv9mRXg==</latexit>

!1
<latexit sha1_base64="pSIuTaJd9hlwIyiyrzMVykx7/Do=">AAAB8XicbZDLSgMxFIYz9VbrrerSTbAIrspMLdTuim5cVrC12A4lk55pQzPJkGSEMvQt3LhQxK1v4863MZ0O4u2HwMd/zuGc/EHMmTau++EUVlbX1jeKm6Wt7Z3dvfL+QVfLRFHoUMml6gVEA2cCOoYZDr1YAYkCDrfB9HJRv70HpZkUN2YWgx+RsWAho8RY624gIxiTYerNh+WKW3Uz4b/g5VBBudrD8vtgJGkSgTCUE637nhsbPyXKMMphXhokGmJCp2QMfYuCRKD9NLt4jk+sM8KhVPYJgzP3+0RKIq1nUWA7I2Im+ndtYf5X6ycmPPdTJuLEgKDLRWHCsZF48X08Ygqo4TMLhCpmb8V0QhShxoZUykJoZsJLaNRzaHpfIXRrVe+sWruuV1oXeRxFdISO0SnyUAO10BVqow6iSKAH9ISeHe08Oi/O67K14OQzh+iHnLdPwV6RXw==</latexit>

t0
<latexit sha1_base64="5tkK6W7rdBrXZRzk83dQ/IBGPK4=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmNiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycH9I87</latexit>

t1
<latexit sha1_base64="JPecolppe2X8SNVpTs4mTuNvDF0=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGDaQhvKZrttl242YXcilNDf4MWDIl79Qd78N6ZpEL9eWHh4Z4aZff1ICoO2/WEV1tY3NreK26Wd3b39g/LhUceEsWbcZaEMdc+nhkuhuIsCJe9FmtPAl7zrz66X9e4910aE6g7nEfcCOlFiLBjF1HJxmDiLYbliV+1M5C84OVQgV3tYfh+MQhYHXCGT1Ji+Y0foJVSjYJIvSoPY8IiyGZ3wfoqKBtx4SXbsgpylzoiMQ50+hSRzv08kNDBmHvhpZ0Bxan7XluZ/tX6M40svESqKkSu2WjSOJcGQLH9ORkJzhnKeAmVapLcSNqWaMkzzKWUhNDORFTTqOTSdrxA6tapzUa3d1iutqzyOIpzAKZyDAw1owQ20wQUGAh7gCZ4tZT1aL9brqrVg5TPH8EPW2ycJeY88</latexit>

xi
<latexit sha1_base64="95Vdi3pFLEwh9+GCNQzlExdqBDE=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEVyVmVqo3RXduKxgH9AZSibNtKGZB8kdaRlm419x40IRt/4Md/4b0+kgvg4EPs65lyTHjQRXYJofRmFldW19o7hZ2tre2d0r7x90VRhLyjo0FKHsu0QxwQPWAQ6C9SPJiO8K1nOnV4u8d8ek4mFwC/OIOT4ZB9zjlIC2huUjO9TxYjuxgc3A9ZJZmg75sFwxq2Ym/BesHCooV3tYfrdHIY19FgAVRKmBZUbgJEQCp4KlJTtWLCJ0SsZsoDEgPlNOkn0gxafaGWEvlPoEgDP3+0ZCfKXmvqsnfQIT9TtbmP9lgxi8CyfhQRQDC+jyIi8WGEK8aAOPuGQUxFwDoZLrt2I6IZJQ0J2VshKamfASGvUcmtZXCd1a1Tqv1m7qldZlXkcRHaMTdIYs1EAtdI3aqIMoStEDekLPxr3xaLwYr8vRgpHvHKIfMt4+AW6hl/4=</latexit>

t2
<latexit sha1_base64="H623c2ODHaJLKFGx2nokmS/1dio=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSWqi9Fb14rGhtoQ1ls920SzebsDsRSuhP8OJBEa/+Im/+G9M0iF8vLDy8M8PMvl4khUHb/rAKK6tr6xvFzdLW9s7uXnn/4M6EsWa8w0IZ6p5HDZdC8Q4KlLwXaU4DT/KuN71c1Lv3XBsRqlucRdwN6FgJXzCKqXWDw9qwXLGrdibyF5wcKpCrPSy/D0YhiwOukElqTN+xI3QTqlEwyeelQWx4RNmUjnk/RUUDbtwkO3VOTlJnRPxQp08hydzvEwkNjJkFXtoZUJyY37WF+V+tH6N/7iZCRTFyxZaL/FgSDMni32QkNGcoZylQpkV6K2ETqinDNJ1SFkIzE1lCo55D0/kK4a5Wdc6qtet6pXWRx1GEIziGU3CgAS24gjZ0gMEYHuAJni1pPVov1uuytWDlM4fwQ9bbJ0ZgjjE=</latexit>

t3
<latexit sha1_base64="lRTEbxlAkImX+IqXkbtpNyZTtAA=">AAAB6nicbZDJSgNBEIZr4hbjFvXopTEInsJMEoi5Bb14jGgWSIbQ0+lJmvQsdNcIIeQRvHhQxKtP5M23sTMZxO2Hho+/qqjq34ul0GjbH1ZubX1jcyu/XdjZ3ds/KB4edXSUKMbbLJKR6nlUcylC3kaBkvdixWngSd71plfLeveeKy2i8A5nMXcDOg6FLxhFY93isDosluyynYr8BSeDEmRqDYvvg1HEkoCHyCTVuu/YMbpzqlAwyReFQaJ5TNmUjnnfYEgDrt15euqCnBlnRPxImRciSd3vE3MaaD0LPNMZUJzo37Wl+V+tn6B/4c5FGCfIQ7Za5CeSYESW/yYjoThDOTNAmRLmVsImVFGGJp1CGkIjFVlBvZZBw/kKoVMpO9Vy5aZWal5mceThBE7hHByoQxOuoQVtYDCGB3iCZ0taj9aL9bpqzVnZzDH8kPX2CUfkjjI=</latexit>

l
<latexit sha1_base64="nBdroMljsSGhnFrScEqoODVuD4w=">AAAB6HicbZDJSgNBEIZr4hbjFvXopTEInsJMDMTcgl48JmAWSIbQ06lJ2vQsdPcIIeQJvHhQxKuP5M23sTMZxO2Hho+/qqjq34sFV9q2P6zc2vrG5lZ+u7Czu7d/UDw86qgokQzbLBKR7HlUoeAhtjXXAnuxRBp4Arve9HpZ796jVDwKb/UsRjeg45D7nFFtrJYYFkt22U5F/oKTQQkyNYfF98EoYkmAoWaCKtV37Fi7cyo1ZwIXhUGiMKZsSsfYNxjSAJU7Tw9dkDPjjIgfSfNCTVL3+8ScBkrNAs90BlRP1O/a0vyv1k+0f+nOeRgnGkO2WuQnguiILH9NRlwi02JmgDLJza2ETaikTJtsCmkI9VRkBbVqBnXnK4ROpexclCutaqlxlcWRhxM4hXNwoAYNuIEmtIEBwgM8wbN1Zz1aL9brqjVnZTPH8EPW2ycTXI2E</latexit>

P (null) =
<latexit sha1_base64="j9BYLAin38qMwTnOlT9C77mijE0=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm8Ei1E1JaqF2IRTduKxgH9CWMplO2qGTSZi5EUOof8WNC0Xc+kPc+W9M0yC+Dgx8nHMvczlOILgGy/owciura+sb+c3C1vbO7p65f9DRfqgoa1Nf+KrnEM0El6wNHATrBYoRzxGs68wuF3n3linNfXkDUcCGHplI7nJKILFGZrFVHgC7A8eNZSjE/ASf45FZsipWKvwX7AxKKFNrZL4Pxj4NPSaBCqJ137YCGMZEAaeCzQuDULOA0BmZsH6CknhMD+P0+Dk+Tpwxdn2VPAk4db9vxMTTOvKcZNIjMNW/s4X5X9YPwT0bxlwGITBJlx+5ocDg40UTeMwVoyCiBAhVPLkV0ylRhELSVyEtoZEKL6Fey6Bhf5XQqVbs00r1ulZqXmR15NEhOkJlZKM6aqIr1EJtRFGEHtATejbujUfjxXhdjuaMbKeIfsh4+wT0TZS3</latexit>

P (real) =
<latexit sha1_base64="+V1pZgYLtlukI3swyZ7Ku/YqZlg=">AAAB/HicbZBLSwMxFIUz9VXra7RLN8Ei1E2ZqYXahVB047KCfUBbSibNtKGZB8kdcRjqX3HjQhG3/hB3/hvT6SC+DgQ+zrmXXI4TCq7Asj6M3Mrq2vpGfrOwtb2zu2fuH3RUEEnK2jQQgew5RDHBfdYGDoL1QsmI5wjWdWaXi7x7y6TigX8DcciGHpn43OWUgLZGZrFVHgC7A8dN9JqYn+BzPDJLVsVKhf+CnUEJZWqNzPfBOKCRx3yggijVt60QhgmRwKlg88IgUiwkdEYmrK/RJx5TwyQ9fo6PtTPGbiD18wGn7veNhHhKxZ6jJz0CU/U7W5j/Zf0I3LNhwv0wAubT5UduJDAEeNEEHnPJKIhYA6GS61sxnRJJKOi+CmkJjVR4CfVaBg37q4ROtWKfVqrXtVLzIqsjjw7RESojG9VRE12hFmojimL0gJ7Qs3FvPBovxutyNGdkO0X0Q8bbJ9DflKA=</latexit>

real density

real + null density

null density

real + null density
P (null) =

<latexit sha1_base64="j9BYLAin38qMwTnOlT9C77mijE0=">AAAB/HicbZBLS8NAFIUn9VXrK9qlm8Ei1E1JaqF2IRTduKxgH9CWMplO2qGTSZi5EUOof8WNC0Xc+kPc+W9M0yC+Dgx8nHMvczlOILgGy/owciura+sb+c3C1vbO7p65f9DRfqgoa1Nf+KrnEM0El6wNHATrBYoRzxGs68wuF3n3linNfXkDUcCGHplI7nJKILFGZrFVHgC7A8eNZSjE/ASf45FZsipWKvwX7AxKKFNrZL4Pxj4NPSaBCqJ137YCGMZEAaeCzQuDULOA0BmZsH6CknhMD+P0+Dk+Tpwxdn2VPAk4db9vxMTTOvKcZNIjMNW/s4X5X9YPwT0bxlwGITBJlx+5ocDg40UTeMwVoyCiBAhVPLkV0ylRhELSVyEtoZEKL6Fey6Bhf5XQqVbs00r1ulZqXmR15NEhOkJlZKM6aqIr1EJtRFGEHtATejbujUfjxXhdjuaMbKeIfsh4+wT0TZS3</latexit>
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Unidirectional + NEE MIS

Unidirectional ratio next event (NEE) Unidirectional + NEE MIS
[Ours] [Novak et al. 2014] 

�62



Results: Measuring Variance

LUTV = #Lookups⇥Unit Variance
<latexit sha1_base64="RFelpBFhh7RYia5li71J05s6KTU="></latexit>
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Spectral MISSmoke Scene: Independent Tracking

Sampler LTUV
Independent 16.0 M

majorant
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Spectral MISSmoke Scene: Spectral Tracking [Kutz 17]

Sampler LTUV
Independent 16.0 M

Spectral Tracking [Kutz 17] 16.5 M
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Spectral MISSmoke Scene: Spectral MIS [Ours]

Sampler LTUV
Independent 16.0 M

Spectral Tracking [Kutz 17] 16.5 M

Spectral MIS [Ours] 12.0 M
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Sampler LTUV
Independent 3.57 M

Spectral Tracking [Kutz 17] 1.35 M

Spectral MIS [Ours] 1.51 M

Spectral MIS + NEE [Ours] 1.09 M

Max Density
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null scattering 
path integral

analytic
p(x)
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unbiased and analytic 
path pdf 

+

hIji =
1

N

NX

i=1

f(xi)
1
2 (p1(xi) + p2(xi))

<latexit sha1_base64="tsKKx/iQSS9qaeZa0cSTO2INxtA="></latexit>
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Future Work
• Unified surface + volume null scattering framework
• Similar null-scattering path for other types of media 

- Correlated media / non-exponential media

• Other light transport algorithms 
-  Joint path sampling, MLT, etc.

• Other rendering techniques  
- Photon planes/volumes in heterogeneous media 

�96A null scattering path integral formulation of light transport
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Bidirectional Path Tracing
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fr(x)
1
3 (pr(x) + pg(x) + pb(x))

fg(x)
1
3 (pr(x) + pg(x) + pb(x))

fb(x)
1
3 (pr(x) + pg(x) + pb(x))
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