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<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

<latexit sha1_base64="8PB4ZPgJlSp1ivaSxqyt0iI0MEA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJKUom6EohtXUsE+oA1hMpm2QyeTMDORltCFG3/FjQtF3PoR7vwbJ20W2nrgwplz7mXuPV7EqFSW9W2srK6tb2zmtvLbO7t7++bBYUuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ug69dsPREga8ns1iYgToAGnfYqR0pJrFjrwEpbGrl2GY7dahj3mh0qmj9tT1yxaFWsGuEzsjBRBhoZrfvX8EMcB4QozJGXXtiLlJEgoihmZ5nuxJBHCIzQgXU05Coh0ktkRU3iiFR/2Q6GLKzhTf08kKJByEni6M0BqKBe9VPzP68aqf+EklEexIhzPP+rHDKoQpolAnwqCFZtogrCgeleIh0ggrHRueR2CvXjyMmlVK/ZZpXZXK9avsjhyoACOQQnY4BzUwQ1ogCbA4BE8g1fwZjwZL8a78TFvXTGymSPwB8bnD4+wlYQ=</latexit>

X = (x1, x2, . . . , xN )

<latexit sha1_base64="r/Zckr7WJQe5gTOqilVt5ep6SLg=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoMQL2FXfB2DXjxGMA9JljA76SRDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QMFGiGdRZJCLdCqkBwRXUkaOAVqyBylBAMxzdTv3mE2jDI/WA4xgCSQeK9zmjaKXHQbmDQ0B62i2WvIo3g7tM/IyUSIZat/jV6UUskaCQCWpM2/diDFKqkTMBk0InMRBTNqIDaFuqqAQTpLODJ+6JVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfx2kXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajgg3BX3x5mTTOKv5l5eL+vFS9yeLIkyNyTMrEJ1ekSu5IjdQJI5I8k1fy5mjnxXl3PuatOSebOSR/4Hz+ADPHkAg=</latexit>
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<latexit sha1_base64="r/Zckr7WJQe5gTOqilVt5ep6SLg=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoMQL2FXfB2DXjxGMA9JljA76SRDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QMFGiGdRZJCLdCqkBwRXUkaOAVqyBylBAMxzdTv3mE2jDI/WA4xgCSQeK9zmjaKXHQbmDQ0B62i2WvIo3g7tM/IyUSIZat/jV6UUskaCQCWpM2/diDFKqkTMBk0InMRBTNqIDaFuqqAQTpLODJ+6JVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfx2kXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajgg3BX3x5mTTOKv5l5eL+vFS9yeLIkyNyTMrEJ1ekSu5IjdQJI5I8k1fy5mjnxXl3PuatOSebOSR/4Hz+ADPHkAg=</latexit>

g(✓)

<latexit sha1_base64="tmF9ptuIr7/rwEMwIkAeujNKTI8=">AAACHnicbVDLSgMxFM3UV62vqks3oUVoUcqMUBXcDLpxWcW2A51SMmnahmYeJHeUUvsX7tz4K25cKCK4sn9j+kC09UDg5JxzSe7xIsEVmObQSCwsLi2vJFdTa+sbm1vp7Z2KCmNJWZmGIpSORxQTPGBl4CCYE0lGfE+wqte9GPnVWyYVD4Mb6EWs7pN2wFucEtBSI12Mcg6+xy50GJD8IXbPcJSb3rB7zdsdIFKGdz+qDjv5RjprFswx8DyxpiRrZ9yDh6HdKzXSn24zpLHPAqCCKFWzzAjqfSKBU8EGKTdWLCK0S9qspmlAfKbq/fF6A7yvlSZuhVKfAPBY/T3RJ75SPd/TSZ9AR816I/E/rxZD67Te50EUAwvo5KFWLDCEeNQVbnLJKIieJoRKrv+KaYdIQkE3mtIlWLMrz5PKUcE6LhSvrKx9jiZIoj2UQTlkoRNko0tUQmVE0SN6Rq/ozXgyXox342MSTRjTmV30B8bXN6gxo1w=</latexit>

p(X|✓), p(✓) ) p(✓|X)
<latexit sha1_base64="I2jgDfGQwqOCWDFdBRg2Doc74js="></latexit>

E
p(✓|X)

[g(✓)], Var
p(✓|X)

[g(✓)]



General setup and notation

3

• Data: 

• Parameters:    

• Quantity of interest:

• A common Bayesian approach:


• Model  

• Want 

• Report MCMC approximations


• Assumption: our model is 
misspecified, & 

<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

0.5

0.6

Time (days)0 250

<latexit sha1_base64="8PB4ZPgJlSp1ivaSxqyt0iI0MEA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJKUom6EohtXUsE+oA1hMpm2QyeTMDORltCFG3/FjQtF3PoR7vwbJ20W2nrgwplz7mXuPV7EqFSW9W2srK6tb2zmtvLbO7t7++bBYUuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ug69dsPREga8ns1iYgToAGnfYqR0pJrFjrwEpbGrl2GY7dahj3mh0qmj9tT1yxaFWsGuEzsjBRBhoZrfvX8EMcB4QozJGXXtiLlJEgoihmZ5nuxJBHCIzQgXU05Coh0ktkRU3iiFR/2Q6GLKzhTf08kKJByEni6M0BqKBe9VPzP68aqf+EklEexIhzPP+rHDKoQpolAnwqCFZtogrCgeleIh0ggrHRueR2CvXjyMmlVK/ZZpXZXK9avsjhyoACOQQnY4BzUwQ1ogCbA4BE8g1fwZjwZL8a78TFvXTGymSPwB8bnD4+wlYQ=</latexit>

X = (x1, x2, . . . , xN )

20
16

 D
em

oc
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tic
 v
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sh
ar

e

<latexit sha1_base64="r/Zckr7WJQe5gTOqilVt5ep6SLg=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoMQL2FXfB2DXjxGMA9JljA76SRDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QMFGiGdRZJCLdCqkBwRXUkaOAVqyBylBAMxzdTv3mE2jDI/WA4xgCSQeK9zmjaKXHQbmDQ0B62i2WvIo3g7tM/IyUSIZat/jV6UUskaCQCWpM2/diDFKqkTMBk0InMRBTNqIDaFuqqAQTpLODJ+6JVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfx2kXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajgg3BX3x5mTTOKv5l5eL+vFS9yeLIkyNyTMrEJ1ekSu5IjdQJI5I8k1fy5mjnxXl3PuatOSebOSR/4Hz+ADPHkAg=</latexit>

g(✓)

<latexit sha1_base64="tmF9ptuIr7/rwEMwIkAeujNKTI8=">AAACHnicbVDLSgMxFM3UV62vqks3oUVoUcqMUBXcDLpxWcW2A51SMmnahmYeJHeUUvsX7tz4K25cKCK4sn9j+kC09UDg5JxzSe7xIsEVmObQSCwsLi2vJFdTa+sbm1vp7Z2KCmNJWZmGIpSORxQTPGBl4CCYE0lGfE+wqte9GPnVWyYVD4Mb6EWs7pN2wFucEtBSI12Mcg6+xy50GJD8IXbPcJSb3rB7zdsdIFKGdz+qDjv5RjprFswx8DyxpiRrZ9yDh6HdKzXSn24zpLHPAqCCKFWzzAjqfSKBU8EGKTdWLCK0S9qspmlAfKbq/fF6A7yvlSZuhVKfAPBY/T3RJ75SPd/TSZ9AR816I/E/rxZD67Te50EUAwvo5KFWLDCEeNQVbnLJKIieJoRKrv+KaYdIQkE3mtIlWLMrz5PKUcE6LhSvrKx9jiZIoj2UQTlkoRNko0tUQmVE0SN6Rq/ozXgyXox342MSTRjTmV30B8bXN6gxo1w=</latexit>

p(X|✓), p(✓) ) p(✓|X)
<latexit sha1_base64="I2jgDfGQwqOCWDFdBRg2Doc74js="></latexit>

E
p(✓|X)

[g(✓)], Var
p(✓|X)

[g(✓)]

<latexit sha1_base64="ISlXCgFY+Ym2B2HGgE0bkvRUWEo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVqEilASwccyKIjLCrYNNKFMptN26GQSZiZCDMWf8APcuFDErf/hrn/jpO1CWw8MHM65l3vmBDGjUlnW2CgsLa+srhXXSxubW9s75u5eU0aJwKSBIxYJN0CSMMpJQ1HFiBsLgsKAkVYwvM791gMRkkb8XqUx8UPU57RHMVJa6pgHLvQkDaEXIjUIguxmVHWPO2bFqlkTwEViz0jFKXsnz2MnrXfMb68b4SQkXGGGpGzbVqz8DAlFMSOjkpdIEiM8RH3S1pSjkEg/m6QfwSOtdGEvEvpxBSfq740MhVKmYaAn85By3svF/7x2onqXfkZ5nCjC8fRQL2FQRTCvAnapIFixVBOEBdVZIR4ggbDShZV0Cfb8lxdJ87Rmn9fO7uyKcwWmKIJDUAZVYIML4IBbUAcNgMEjeAFv4N14Ml6ND+NzOlowZjv74A+Mrx9JNJd3</latexit>

X ⇠ F(X)



• Question: How much does                    change under 
different samples from the population?

General setup and notation

3

• Data: 

• Parameters:    

• Quantity of interest:

• A common Bayesian approach:


• Model  

• Want 

• Report MCMC approximations


• Assumption: our model is 
misspecified, & 

<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

0.5

0.6

Time (days)0 250

<latexit sha1_base64="8PB4ZPgJlSp1ivaSxqyt0iI0MEA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJKUom6EohtXUsE+oA1hMpm2QyeTMDORltCFG3/FjQtF3PoR7vwbJ20W2nrgwplz7mXuPV7EqFSW9W2srK6tb2zmtvLbO7t7++bBYUuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ug69dsPREga8ns1iYgToAGnfYqR0pJrFjrwEpbGrl2GY7dahj3mh0qmj9tT1yxaFWsGuEzsjBRBhoZrfvX8EMcB4QozJGXXtiLlJEgoihmZ5nuxJBHCIzQgXU05Coh0ktkRU3iiFR/2Q6GLKzhTf08kKJByEni6M0BqKBe9VPzP68aqf+EklEexIhzPP+rHDKoQpolAnwqCFZtogrCgeleIh0ggrHRueR2CvXjyMmlVK/ZZpXZXK9avsjhyoACOQQnY4BzUwQ1ogCbA4BE8g1fwZjwZL8a78TFvXTGymSPwB8bnD4+wlYQ=</latexit>

X = (x1, x2, . . . , xN )

20
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<latexit sha1_base64="r/Zckr7WJQe5gTOqilVt5ep6SLg=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoMQL2FXfB2DXjxGMA9JljA76SRDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QMFGiGdRZJCLdCqkBwRXUkaOAVqyBylBAMxzdTv3mE2jDI/WA4xgCSQeK9zmjaKXHQbmDQ0B62i2WvIo3g7tM/IyUSIZat/jV6UUskaCQCWpM2/diDFKqkTMBk0InMRBTNqIDaFuqqAQTpLODJ+6JVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfx2kXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajgg3BX3x5mTTOKv5l5eL+vFS9yeLIkyNyTMrEJ1ekSu5IjdQJI5I8k1fy5mjnxXl3PuatOSebOSR/4Hz+ADPHkAg=</latexit>

g(✓)

<latexit sha1_base64="tmF9ptuIr7/rwEMwIkAeujNKTI8=">AAACHnicbVDLSgMxFM3UV62vqks3oUVoUcqMUBXcDLpxWcW2A51SMmnahmYeJHeUUvsX7tz4K25cKCK4sn9j+kC09UDg5JxzSe7xIsEVmObQSCwsLi2vJFdTa+sbm1vp7Z2KCmNJWZmGIpSORxQTPGBl4CCYE0lGfE+wqte9GPnVWyYVD4Mb6EWs7pN2wFucEtBSI12Mcg6+xy50GJD8IXbPcJSb3rB7zdsdIFKGdz+qDjv5RjprFswx8DyxpiRrZ9yDh6HdKzXSn24zpLHPAqCCKFWzzAjqfSKBU8EGKTdWLCK0S9qspmlAfKbq/fF6A7yvlSZuhVKfAPBY/T3RJ75SPd/TSZ9AR816I/E/rxZD67Te50EUAwvo5KFWLDCEeNQVbnLJKIieJoRKrv+KaYdIQkE3mtIlWLMrz5PKUcE6LhSvrKx9jiZIoj2UQTlkoRNko0tUQmVE0SN6Rq/ozXgyXox342MSTRjTmV30B8bXN6gxo1w=</latexit>

p(X|✓), p(✓) ) p(✓|X)
<latexit sha1_base64="I2jgDfGQwqOCWDFdBRg2Doc74js="></latexit>

E
p(✓|X)

[g(✓)], Var
p(✓|X)

[g(✓)]

<latexit sha1_base64="ISlXCgFY+Ym2B2HGgE0bkvRUWEo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVqEilASwccyKIjLCrYNNKFMptN26GQSZiZCDMWf8APcuFDErf/hrn/jpO1CWw8MHM65l3vmBDGjUlnW2CgsLa+srhXXSxubW9s75u5eU0aJwKSBIxYJN0CSMMpJQ1HFiBsLgsKAkVYwvM791gMRkkb8XqUx8UPU57RHMVJa6pgHLvQkDaEXIjUIguxmVHWPO2bFqlkTwEViz0jFKXsnz2MnrXfMb68b4SQkXGGGpGzbVqz8DAlFMSOjkpdIEiM8RH3S1pSjkEg/m6QfwSOtdGEvEvpxBSfq740MhVKmYaAn85By3svF/7x2onqXfkZ5nCjC8fRQL2FQRTCvAnapIFixVBOEBdVZIR4ggbDShZV0Cfb8lxdJ87Rmn9fO7uyKcwWmKIJDUAZVYIML4IBbUAcNgMEjeAFv4N14Ml6ND+NzOlowZjv74A+Mrx9JNJd3</latexit>

X ⇠ F(X)
<latexit sha1_base64="t7ybnShwpZ0XeHzBxQkTOhE89h0=">AAACFnicbVDJSgNBEO2Je9yiHr0MCYIihhnB5RgUwaOCWSAzhJ5OJWnS0zN01whhnK/Qg7/ixYMiXsVb/sbOcnB7UPB4r4qqekEsuEbHGVq5mdm5+YXFpfzyyuraemFjs6ajRDGoskhEqhFQDYJLqCJHAY1YAQ0DAfWgfz7y67egNI/kDQ5i8EPalbzDGUUjtQoHXiLbxgdM410Pe4D0rrGXpV5IsRcE6UWWNbtTY89vFUpO2RnD/kvcKSlVit7+w7AyuGoVPr12xJIQJDJBtW66Tox+ShVyJiDLe4mGmLI+7ULTUElD0H46fiuzd4zStjuRMiXRHqvfJ1Iaaj0IA9M5ulb/9kbif14zwc6pn3IZJwiSTRZ1EmFjZI8ysttcAUMxMIQyxc2tNutRRRmapPImBPf3y39J7bDsHpePrt1S5YxMsEi2SZHsEpeckAq5JFekShi5J0/khbxaj9az9Wa9T1pz1nRmi/yA9fEFd8OjKQ==</latexit>

E
p(✓|X)

[g(✓)]



• Question: How much does                    change under 
different samples from the population? 

• One summary:

General setup and notation

3

• Data: 

• Parameters:    

• Quantity of interest:

• A common Bayesian approach:


• Model  

• Want 

• Report MCMC approximations


• Assumption: our model is 
misspecified, & 

<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

0.5

0.6

Time (days)0 250

<latexit sha1_base64="8PB4ZPgJlSp1ivaSxqyt0iI0MEA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJKUom6EohtXUsE+oA1hMpm2QyeTMDORltCFG3/FjQtF3PoR7vwbJ20W2nrgwplz7mXuPV7EqFSW9W2srK6tb2zmtvLbO7t7++bBYUuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ug69dsPREga8ns1iYgToAGnfYqR0pJrFjrwEpbGrl2GY7dahj3mh0qmj9tT1yxaFWsGuEzsjBRBhoZrfvX8EMcB4QozJGXXtiLlJEgoihmZ5nuxJBHCIzQgXU05Coh0ktkRU3iiFR/2Q6GLKzhTf08kKJByEni6M0BqKBe9VPzP68aqf+EklEexIhzPP+rHDKoQpolAnwqCFZtogrCgeleIh0ggrHRueR2CvXjyMmlVK/ZZpXZXK9avsjhyoACOQQnY4BzUwQ1ogCbA4BE8g1fwZjwZL8a78TFvXTGymSPwB8bnD4+wlYQ=</latexit>

X = (x1, x2, . . . , xN )

20
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e

<latexit sha1_base64="r/Zckr7WJQe5gTOqilVt5ep6SLg=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoMQL2FXfB2DXjxGMA9JljA76SRDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QMFGiGdRZJCLdCqkBwRXUkaOAVqyBylBAMxzdTv3mE2jDI/WA4xgCSQeK9zmjaKXHQbmDQ0B62i2WvIo3g7tM/IyUSIZat/jV6UUskaCQCWpM2/diDFKqkTMBk0InMRBTNqIDaFuqqAQTpLODJ+6JVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfx2kXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajgg3BX3x5mTTOKv5l5eL+vFS9yeLIkyNyTMrEJ1ekSu5IjdQJI5I8k1fy5mjnxXl3PuatOSebOSR/4Hz+ADPHkAg=</latexit>

g(✓)

<latexit sha1_base64="tmF9ptuIr7/rwEMwIkAeujNKTI8=">AAACHnicbVDLSgMxFM3UV62vqks3oUVoUcqMUBXcDLpxWcW2A51SMmnahmYeJHeUUvsX7tz4K25cKCK4sn9j+kC09UDg5JxzSe7xIsEVmObQSCwsLi2vJFdTa+sbm1vp7Z2KCmNJWZmGIpSORxQTPGBl4CCYE0lGfE+wqte9GPnVWyYVD4Mb6EWs7pN2wFucEtBSI12Mcg6+xy50GJD8IXbPcJSb3rB7zdsdIFKGdz+qDjv5RjprFswx8DyxpiRrZ9yDh6HdKzXSn24zpLHPAqCCKFWzzAjqfSKBU8EGKTdWLCK0S9qspmlAfKbq/fF6A7yvlSZuhVKfAPBY/T3RJ75SPd/TSZ9AR816I/E/rxZD67Te50EUAwvo5KFWLDCEeNQVbnLJKIieJoRKrv+KaYdIQkE3mtIlWLMrz5PKUcE6LhSvrKx9jiZIoj2UQTlkoRNko0tUQmVE0SN6Rq/ozXgyXox342MSTRjTmV30B8bXN6gxo1w=</latexit>

p(X|✓), p(✓) ) p(✓|X)
<latexit sha1_base64="I2jgDfGQwqOCWDFdBRg2Doc74js="></latexit>

E
p(✓|X)

[g(✓)], Var
p(✓|X)

[g(✓)]

<latexit sha1_base64="ISlXCgFY+Ym2B2HGgE0bkvRUWEo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVqEilASwccyKIjLCrYNNKFMptN26GQSZiZCDMWf8APcuFDErf/hrn/jpO1CWw8MHM65l3vmBDGjUlnW2CgsLa+srhXXSxubW9s75u5eU0aJwKSBIxYJN0CSMMpJQ1HFiBsLgsKAkVYwvM791gMRkkb8XqUx8UPU57RHMVJa6pgHLvQkDaEXIjUIguxmVHWPO2bFqlkTwEViz0jFKXsnz2MnrXfMb68b4SQkXGGGpGzbVqz8DAlFMSOjkpdIEiM8RH3S1pSjkEg/m6QfwSOtdGEvEvpxBSfq740MhVKmYaAn85By3svF/7x2onqXfkZ5nCjC8fRQL2FQRTCvAnapIFixVBOEBdVZIR4ggbDShZV0Cfb8lxdJ87Rmn9fO7uyKcwWmKIJDUAZVYIML4IBbUAcNgMEjeAFv4N14Ml6ND+NzOlowZjv74A+Mrx9JNJd3</latexit>

X ⇠ F(X)
<latexit sha1_base64="t7ybnShwpZ0XeHzBxQkTOhE89h0=">AAACFnicbVDJSgNBEO2Je9yiHr0MCYIihhnB5RgUwaOCWSAzhJ5OJWnS0zN01whhnK/Qg7/ixYMiXsVb/sbOcnB7UPB4r4qqekEsuEbHGVq5mdm5+YXFpfzyyuraemFjs6ajRDGoskhEqhFQDYJLqCJHAY1YAQ0DAfWgfz7y67egNI/kDQ5i8EPalbzDGUUjtQoHXiLbxgdM410Pe4D0rrGXpV5IsRcE6UWWNbtTY89vFUpO2RnD/kvcKSlVit7+w7AyuGoVPr12xJIQJDJBtW66Tox+ShVyJiDLe4mGmLI+7ULTUElD0H46fiuzd4zStjuRMiXRHqvfJ1Iaaj0IA9M5ulb/9kbif14zwc6pn3IZJwiSTRZ1EmFjZI8ysttcAUMxMIQyxc2tNutRRRmapPImBPf3y39J7bDsHpePrt1S5YxMsEi2SZHsEpeckAq5JFekShi5J0/khbxaj9az9Wa9T1pz1nRmi/yA9fEFd8OjKQ==</latexit>

E
p(✓|X)

[g(✓)]

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]



• Question: How much does                    change under 
different samples from the population? 

• One summary: 


• If frequentist uncertainty exceeds                 , say non-robust

General setup and notation
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• Data: 

• Parameters:    

• Quantity of interest:

• A common Bayesian approach:


• Model  

• Want 

• Report MCMC approximations


• Assumption: our model is 
misspecified, & 

<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

0.5

0.6

Time (days)0 250

<latexit sha1_base64="8PB4ZPgJlSp1ivaSxqyt0iI0MEA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJKUom6EohtXUsE+oA1hMpm2QyeTMDORltCFG3/FjQtF3PoR7vwbJ20W2nrgwplz7mXuPV7EqFSW9W2srK6tb2zmtvLbO7t7++bBYUuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ug69dsPREga8ns1iYgToAGnfYqR0pJrFjrwEpbGrl2GY7dahj3mh0qmj9tT1yxaFWsGuEzsjBRBhoZrfvX8EMcB4QozJGXXtiLlJEgoihmZ5nuxJBHCIzQgXU05Coh0ktkRU3iiFR/2Q6GLKzhTf08kKJByEni6M0BqKBe9VPzP68aqf+EklEexIhzPP+rHDKoQpolAnwqCFZtogrCgeleIh0ggrHRueR2CvXjyMmlVK/ZZpXZXK9avsjhyoACOQQnY4BzUwQ1ogCbA4BE8g1fwZjwZL8a78TFvXTGymSPwB8bnD4+wlYQ=</latexit>

X = (x1, x2, . . . , xN )
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<latexit sha1_base64="r/Zckr7WJQe5gTOqilVt5ep6SLg=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoMQL2FXfB2DXjxGMA9JljA76SRDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QMFGiGdRZJCLdCqkBwRXUkaOAVqyBylBAMxzdTv3mE2jDI/WA4xgCSQeK9zmjaKXHQbmDQ0B62i2WvIo3g7tM/IyUSIZat/jV6UUskaCQCWpM2/diDFKqkTMBk0InMRBTNqIDaFuqqAQTpLODJ+6JVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfx2kXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajgg3BX3x5mTTOKv5l5eL+vFS9yeLIkyNyTMrEJ1ekSu5IjdQJI5I8k1fy5mjnxXl3PuatOSebOSR/4Hz+ADPHkAg=</latexit>

g(✓)

<latexit sha1_base64="tmF9ptuIr7/rwEMwIkAeujNKTI8=">AAACHnicbVDLSgMxFM3UV62vqks3oUVoUcqMUBXcDLpxWcW2A51SMmnahmYeJHeUUvsX7tz4K25cKCK4sn9j+kC09UDg5JxzSe7xIsEVmObQSCwsLi2vJFdTa+sbm1vp7Z2KCmNJWZmGIpSORxQTPGBl4CCYE0lGfE+wqte9GPnVWyYVD4Mb6EWs7pN2wFucEtBSI12Mcg6+xy50GJD8IXbPcJSb3rB7zdsdIFKGdz+qDjv5RjprFswx8DyxpiRrZ9yDh6HdKzXSn24zpLHPAqCCKFWzzAjqfSKBU8EGKTdWLCK0S9qspmlAfKbq/fF6A7yvlSZuhVKfAPBY/T3RJ75SPd/TSZ9AR816I/E/rxZD67Te50EUAwvo5KFWLDCEeNQVbnLJKIieJoRKrv+KaYdIQkE3mtIlWLMrz5PKUcE6LhSvrKx9jiZIoj2UQTlkoRNko0tUQmVE0SN6Rq/ozXgyXox342MSTRjTmV30B8bXN6gxo1w=</latexit>

p(X|✓), p(✓) ) p(✓|X)
<latexit sha1_base64="I2jgDfGQwqOCWDFdBRg2Doc74js="></latexit>

E
p(✓|X)

[g(✓)], Var
p(✓|X)

[g(✓)]

<latexit sha1_base64="ISlXCgFY+Ym2B2HGgE0bkvRUWEo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVqEilASwccyKIjLCrYNNKFMptN26GQSZiZCDMWf8APcuFDErf/hrn/jpO1CWw8MHM65l3vmBDGjUlnW2CgsLa+srhXXSxubW9s75u5eU0aJwKSBIxYJN0CSMMpJQ1HFiBsLgsKAkVYwvM791gMRkkb8XqUx8UPU57RHMVJa6pgHLvQkDaEXIjUIguxmVHWPO2bFqlkTwEViz0jFKXsnz2MnrXfMb68b4SQkXGGGpGzbVqz8DAlFMSOjkpdIEiM8RH3S1pSjkEg/m6QfwSOtdGEvEvpxBSfq740MhVKmYaAn85By3svF/7x2onqXfkZ5nCjC8fRQL2FQRTCvAnapIFixVBOEBdVZIR4ggbDShZV0Cfb8lxdJ87Rmn9fO7uyKcwWmKIJDUAZVYIML4IBbUAcNgMEjeAFv4N14Ml6ND+NzOlowZjv74A+Mrx9JNJd3</latexit>

X ⇠ F(X)
<latexit sha1_base64="t7ybnShwpZ0XeHzBxQkTOhE89h0=">AAACFnicbVDJSgNBEO2Je9yiHr0MCYIihhnB5RgUwaOCWSAzhJ5OJWnS0zN01whhnK/Qg7/ixYMiXsVb/sbOcnB7UPB4r4qqekEsuEbHGVq5mdm5+YXFpfzyyuraemFjs6ajRDGoskhEqhFQDYJLqCJHAY1YAQ0DAfWgfz7y67egNI/kDQ5i8EPalbzDGUUjtQoHXiLbxgdM410Pe4D0rrGXpV5IsRcE6UWWNbtTY89vFUpO2RnD/kvcKSlVit7+w7AyuGoVPr12xJIQJDJBtW66Tox+ShVyJiDLe4mGmLI+7ULTUElD0H46fiuzd4zStjuRMiXRHqvfJ1Iaaj0IA9M5ulb/9kbif14zwc6pn3IZJwiSTRZ1EmFjZI8ysttcAUMxMIQyxc2tNutRRRmapPImBPf3y39J7bDsHpePrt1S5YxMsEi2SZHsEpeckAq5JFekShi5J0/khbxaj9az9Wa9T1pz1nRmi/yA9fEFd8OjKQ==</latexit>

E
p(✓|X)

[g(✓)]

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]
<latexit sha1_base64="brXzkbCprOWzfvXRBBpfUCLQwd4=">AAACGHicbVDJSgNBEO1xjXGLevQyJAiKEGcEl2PQi8cIZoHMEHo6laSxp2forhHCOH+hF3/FiwdFvOaWv7GzHNT4oODxXhVV9YJYcI2OM7IWFpeWV1Zza/n1jc2t7cLObl1HiWJQY5GIVDOgGgSXUEOOApqxAhoGAhrB/fXYbzyA0jySdziIwQ9pT/IuZxSN1C6ceInsGB8wjQ897APSx+ZRlnohxb4K0zpVWdbqzawjv10oOWVnAnueuDNSqhS946dRZVBtF4ZeJ2JJCBKZoFq3XCdGP6UKOROQ5b1EQ0zZPe1By1BJQ9B+Onkssw+M0rG7kTIl0Z6oPydSGmo9CAPTOb5X//XG4n9eK8HupZ9yGScIkk0XdRNhY2SPU7I7XAFDMTCEMsXNrTbrU0UZmqzyJgT378vzpH5ads/LZ7duqXJFpsiRfVIkh8QlF6RCbkiV1Agjz+SVvJMP68V6sz6tr2nrgjWb2SO/YA2/AWybpDw=</latexit>

Var
p(✓|X)

[g(✓)]



• Question: How much does                    change under 
different samples from the population? 

• One summary: 


• If frequentist uncertainty exceeds                 , say non-robust

General setup and notation

3

• Data: 

• Parameters:    

• Quantity of interest:

• A common Bayesian approach:


• Model  

• Want 

• Report MCMC approximations


• Assumption: our model is 
misspecified, & 

<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

0.5

0.6

Time (days)0 250

<latexit sha1_base64="8PB4ZPgJlSp1ivaSxqyt0iI0MEA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJKUom6EohtXUsE+oA1hMpm2QyeTMDORltCFG3/FjQtF3PoR7vwbJ20W2nrgwplz7mXuPV7EqFSW9W2srK6tb2zmtvLbO7t7++bBYUuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ug69dsPREga8ns1iYgToAGnfYqR0pJrFjrwEpbGrl2GY7dahj3mh0qmj9tT1yxaFWsGuEzsjBRBhoZrfvX8EMcB4QozJGXXtiLlJEgoihmZ5nuxJBHCIzQgXU05Coh0ktkRU3iiFR/2Q6GLKzhTf08kKJByEni6M0BqKBe9VPzP68aqf+EklEexIhzPP+rHDKoQpolAnwqCFZtogrCgeleIh0ggrHRueR2CvXjyMmlVK/ZZpXZXK9avsjhyoACOQQnY4BzUwQ1ogCbA4BE8g1fwZjwZL8a78TFvXTGymSPwB8bnD4+wlYQ=</latexit>

X = (x1, x2, . . . , xN )

20
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<latexit sha1_base64="r/Zckr7WJQe5gTOqilVt5ep6SLg=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoMQL2FXfB2DXjxGMA9JljA76SRDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QMFGiGdRZJCLdCqkBwRXUkaOAVqyBylBAMxzdTv3mE2jDI/WA4xgCSQeK9zmjaKXHQbmDQ0B62i2WvIo3g7tM/IyUSIZat/jV6UUskaCQCWpM2/diDFKqkTMBk0InMRBTNqIDaFuqqAQTpLODJ+6JVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfx2kXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajgg3BX3x5mTTOKv5l5eL+vFS9yeLIkyNyTMrEJ1ekSu5IjdQJI5I8k1fy5mjnxXl3PuatOSebOSR/4Hz+ADPHkAg=</latexit>

g(✓)

<latexit sha1_base64="tmF9ptuIr7/rwEMwIkAeujNKTI8=">AAACHnicbVDLSgMxFM3UV62vqks3oUVoUcqMUBXcDLpxWcW2A51SMmnahmYeJHeUUvsX7tz4K25cKCK4sn9j+kC09UDg5JxzSe7xIsEVmObQSCwsLi2vJFdTa+sbm1vp7Z2KCmNJWZmGIpSORxQTPGBl4CCYE0lGfE+wqte9GPnVWyYVD4Mb6EWs7pN2wFucEtBSI12Mcg6+xy50GJD8IXbPcJSb3rB7zdsdIFKGdz+qDjv5RjprFswx8DyxpiRrZ9yDh6HdKzXSn24zpLHPAqCCKFWzzAjqfSKBU8EGKTdWLCK0S9qspmlAfKbq/fF6A7yvlSZuhVKfAPBY/T3RJ75SPd/TSZ9AR816I/E/rxZD67Te50EUAwvo5KFWLDCEeNQVbnLJKIieJoRKrv+KaYdIQkE3mtIlWLMrz5PKUcE6LhSvrKx9jiZIoj2UQTlkoRNko0tUQmVE0SN6Rq/ozXgyXox342MSTRjTmV30B8bXN6gxo1w=</latexit>

p(X|✓), p(✓) ) p(✓|X)
<latexit sha1_base64="I2jgDfGQwqOCWDFdBRg2Doc74js="></latexit>

E
p(✓|X)

[g(✓)], Var
p(✓|X)

[g(✓)]

<latexit sha1_base64="ISlXCgFY+Ym2B2HGgE0bkvRUWEo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVqEilASwccyKIjLCrYNNKFMptN26GQSZiZCDMWf8APcuFDErf/hrn/jpO1CWw8MHM65l3vmBDGjUlnW2CgsLa+srhXXSxubW9s75u5eU0aJwKSBIxYJN0CSMMpJQ1HFiBsLgsKAkVYwvM791gMRkkb8XqUx8UPU57RHMVJa6pgHLvQkDaEXIjUIguxmVHWPO2bFqlkTwEViz0jFKXsnz2MnrXfMb68b4SQkXGGGpGzbVqz8DAlFMSOjkpdIEiM8RH3S1pSjkEg/m6QfwSOtdGEvEvpxBSfq740MhVKmYaAn85By3svF/7x2onqXfkZ5nCjC8fRQL2FQRTCvAnapIFixVBOEBdVZIR4ggbDShZV0Cfb8lxdJ87Rmn9fO7uyKcwWmKIJDUAZVYIML4IBbUAcNgMEjeAFv4N14Ml6ND+NzOlowZjv74A+Mrx9JNJd3</latexit>

X ⇠ F(X)
<latexit sha1_base64="t7ybnShwpZ0XeHzBxQkTOhE89h0=">AAACFnicbVDJSgNBEO2Je9yiHr0MCYIihhnB5RgUwaOCWSAzhJ5OJWnS0zN01whhnK/Qg7/ixYMiXsVb/sbOcnB7UPB4r4qqekEsuEbHGVq5mdm5+YXFpfzyyuraemFjs6ajRDGoskhEqhFQDYJLqCJHAY1YAQ0DAfWgfz7y67egNI/kDQ5i8EPalbzDGUUjtQoHXiLbxgdM410Pe4D0rrGXpV5IsRcE6UWWNbtTY89vFUpO2RnD/kvcKSlVit7+w7AyuGoVPr12xJIQJDJBtW66Tox+ShVyJiDLe4mGmLI+7ULTUElD0H46fiuzd4zStjuRMiXRHqvfJ1Iaaj0IA9M5ulb/9kbif14zwc6pn3IZJwiSTRZ1EmFjZI8ysttcAUMxMIQyxc2tNutRRRmapPImBPf3y39J7bDsHpePrt1S5YxMsEi2SZHsEpeckAq5JFekShi5J0/khbxaj9az9Wa9T1pz1nRmi/yA9fEFd8OjKQ==</latexit>

E
p(✓|X)

[g(✓)]

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]
<latexit sha1_base64="brXzkbCprOWzfvXRBBpfUCLQwd4=">AAACGHicbVDJSgNBEO1xjXGLevQyJAiKEGcEl2PQi8cIZoHMEHo6laSxp2forhHCOH+hF3/FiwdFvOaWv7GzHNT4oODxXhVV9YJYcI2OM7IWFpeWV1Zza/n1jc2t7cLObl1HiWJQY5GIVDOgGgSXUEOOApqxAhoGAhrB/fXYbzyA0jySdziIwQ9pT/IuZxSN1C6ceInsGB8wjQ897APSx+ZRlnohxb4K0zpVWdbqzawjv10oOWVnAnueuDNSqhS946dRZVBtF4ZeJ2JJCBKZoFq3XCdGP6UKOROQ5b1EQ0zZPe1By1BJQ9B+Onkssw+M0rG7kTIl0Z6oPydSGmo9CAPTOb5X//XG4n9eK8HupZ9yGScIkk0XdRNhY2SPU7I7XAFDMTCEMsXNrTbrU0UZmqzyJgT378vzpH5ads/LZ7duqXJFpsiRfVIkh8QlF6RCbkiV1Agjz+SVvJMP68V6sz6tr2nrgjWb2SO/YA2/AWybpDw=</latexit>

Var
p(✓|X)

[g(✓)]
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<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]



Idea: how about the bootstrap?

4

• How to approx                           ?

D
em

oc
ra

tic
 v

ot
e 

sh
ar

e

0.5

0.6

Time (days)0 250

• Check out Huggins & Miller 2019

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
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E
p(✓|X)

[g(✓)]
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<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]
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• Check out Huggins & Miller 2019

• Algorithm:


• For 
<latexit sha1_base64="yBHvt8135aZMZSLnEGBNiU9Fu3w=">AAAB+HicbVDLSgMxFM34rPXRUZeKBIvgopQZEXUjlLpx2YJ9QDuUTCbThmaSIckIdejSr3DjQhG3rvod7vwGf8L0sdDWAxcO59zLvff4MaNKO86XtbS8srq2ntnIbm5t7+Ts3b26EonEpIYFE7LpI0UY5aSmqWakGUuCIp+Rht+/GfuNeyIVFfxOD2LiRajLaUgx0kbq2DkfXkO30GaB0KoAyx077xSdCeAicWckXzocVb8fj0aVjv3ZDgROIsI1ZkipluvE2kuR1BQzMsy2E0VihPuoS1qGchQR5aWTw4fwxCgBDIU0xTWcqL8nUhQpNYh80xkh3VPz3lj8z2slOrzyUsrjRBOOp4vChEEt4DgFGFBJsGYDQxCW1NwKcQ9JhLXJKmtCcOdfXiT1s6J7UTyvuvlSGUyRAQfgGJwCF1yCErgFFVADGCTgCbyAV+vBerberPdp65I1m9kHf2B9/AA91pU+</latexit>

b = 1, . . . , B (e.g. B = 100)

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]
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• Check out Huggins & Miller 2019

• Algorithm:


• For 

• Draw       with replacement 

from

<latexit sha1_base64="yBHvt8135aZMZSLnEGBNiU9Fu3w=">AAAB+HicbVDLSgMxFM34rPXRUZeKBIvgopQZEXUjlLpx2YJ9QDuUTCbThmaSIckIdejSr3DjQhG3rvod7vwGf8L0sdDWAxcO59zLvff4MaNKO86XtbS8srq2ntnIbm5t7+Ts3b26EonEpIYFE7LpI0UY5aSmqWakGUuCIp+Rht+/GfuNeyIVFfxOD2LiRajLaUgx0kbq2DkfXkO30GaB0KoAyx077xSdCeAicWckXzocVb8fj0aVjv3ZDgROIsI1ZkipluvE2kuR1BQzMsy2E0VihPuoS1qGchQR5aWTw4fwxCgBDIU0xTWcqL8nUhQpNYh80xkh3VPz3lj8z2slOrzyUsrjRBOOp4vChEEt4DgFGFBJsGYDQxCW1NwKcQ9JhLXJKmtCcOdfXiT1s6J7UTyvuvlSGUyRAQfgGJwCF1yCErgFFVADGCTgCbyAV+vBerberPdp65I1m9kHf2B9/AA91pU+</latexit>

b = 1, . . . , B (e.g. B = 100)
<latexit sha1_base64="smK0cQW+1lnjNjWKwc1WkkasmCA=">AAAB7HicbZDLSgMxFIbP1Futt6pLN8EqiIsyU0RdVgVxWcFpC+1YMmmmDc1khiQjlKHP4MaFIt36HD6DO9/AtU9gello6w+Bj/8/h5xz/JgzpW3708osLC4tr2RXc2vrG5tb+e2dqooSSahLIh7Juo8V5UxQVzPNaT2WFIc+pzW/dzXKaw9UKhaJO92PqRfijmABI1gby623/PvjVr5gF+2x0Dw4UyiUD96vv76HF5VW/qPZjkgSUqEJx0o1HDvWXoqlZoTTQa6ZKBpj0sMd2jAocEiVl46HHaBD47RREEnzhEZj93dHikOl+qFvKkOsu2o2G5n/ZY1EB+deykScaCrI5KMg4UhHaLQ5ajNJieZ9A5hIZmZFpIslJtrcJ2eO4MyuPA/VUtE5LZ7cOoXyJUyUhT3YhyNw4AzKcAMVcIEAg0d4hhdLWE/WqzWclGasac8u/JH19gPQAZJ1</latexit>

X⇤
b

<latexit sha1_base64="DxFt1mTpN75+8O4hv7sKVeWl+x8=">AAAB6HicbZBNS8NAEIYn9avGr6pHL8EieCqJiHoRi148tmA/oA1ls520azebsLsRSugv8OJBEa/6Y7x7Ef+N29aDtr6w8PC+M+zMBAlnSrvul5VbWFxaXsmv2mvrG5tbhe2duopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgGV+O8cYdSsVjc6GGCfkR6goWMEm2sarNTKLoldyJnHrwfKF682+fJ26dd6RQ+2t2YphEKTTlRquW5ifYzIjWjHEd2O1WYEDogPWwZFCRC5WeTQUfOgXG6ThhL84R2Ju7vjoxESg2jwFRGRPfVbDY2/8taqQ7P/IyJJNUo6PSjMOWOjp3x1k6XSaSaDw0QKpmZ1aF9IgnV5ja2OYI3u/I81I9K3knpuOoVy5cwVR72YB8OwYNTKMM1VKAGFBDu4RGerFvrwXq2XqalOeunZxf+yHr9BhiNkCM=</latexit>

X

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]
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<latexit sha1_base64="yBHvt8135aZMZSLnEGBNiU9Fu3w=">AAAB+HicbVDLSgMxFM34rPXRUZeKBIvgopQZEXUjlLpx2YJ9QDuUTCbThmaSIckIdejSr3DjQhG3rvod7vwGf8L0sdDWAxcO59zLvff4MaNKO86XtbS8srq2ntnIbm5t7+Ts3b26EonEpIYFE7LpI0UY5aSmqWakGUuCIp+Rht+/GfuNeyIVFfxOD2LiRajLaUgx0kbq2DkfXkO30GaB0KoAyx077xSdCeAicWckXzocVb8fj0aVjv3ZDgROIsI1ZkipluvE2kuR1BQzMsy2E0VihPuoS1qGchQR5aWTw4fwxCgBDIU0xTWcqL8nUhQpNYh80xkh3VPz3lj8z2slOrzyUsrjRBOOp4vChEEt4DgFGFBJsGYDQxCW1NwKcQ9JhLXJKmtCcOdfXiT1s6J7UTyvuvlSGUyRAQfgGJwCF1yCErgFFVADGCTgCbyAV+vBerberPdp65I1m9kHf2B9/AA91pU+</latexit>

b = 1, . . . , B (e.g. B = 100)
<latexit sha1_base64="smK0cQW+1lnjNjWKwc1WkkasmCA=">AAAB7HicbZDLSgMxFIbP1Futt6pLN8EqiIsyU0RdVgVxWcFpC+1YMmmmDc1khiQjlKHP4MaFIt36HD6DO9/AtU9gello6w+Bj/8/h5xz/JgzpW3708osLC4tr2RXc2vrG5tb+e2dqooSSahLIh7Juo8V5UxQVzPNaT2WFIc+pzW/dzXKaw9UKhaJO92PqRfijmABI1gby623/PvjVr5gF+2x0Dw4UyiUD96vv76HF5VW/qPZjkgSUqEJx0o1HDvWXoqlZoTTQa6ZKBpj0sMd2jAocEiVl46HHaBD47RREEnzhEZj93dHikOl+qFvKkOsu2o2G5n/ZY1EB+deykScaCrI5KMg4UhHaLQ5ajNJieZ9A5hIZmZFpIslJtrcJ2eO4MyuPA/VUtE5LZ7cOoXyJUyUhT3YhyNw4AzKcAMVcIEAg0d4hhdLWE/WqzWclGasac8u/JH19gPQAZJ1</latexit>

X⇤
b

<latexit sha1_base64="DxFt1mTpN75+8O4hv7sKVeWl+x8=">AAAB6HicbZBNS8NAEIYn9avGr6pHL8EieCqJiHoRi148tmA/oA1ls520azebsLsRSugv8OJBEa/6Y7x7Ef+N29aDtr6w8PC+M+zMBAlnSrvul5VbWFxaXsmv2mvrG5tbhe2duopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgGV+O8cYdSsVjc6GGCfkR6goWMEm2sarNTKLoldyJnHrwfKF682+fJ26dd6RQ+2t2YphEKTTlRquW5ifYzIjWjHEd2O1WYEDogPWwZFCRC5WeTQUfOgXG6ThhL84R2Ju7vjoxESg2jwFRGRPfVbDY2/8taqQ7P/IyJJNUo6PSjMOWOjp3x1k6XSaSaDw0QKpmZ1aF9IgnV5ja2OYI3u/I81I9K3knpuOoVy5cwVR72YB8OwYNTKMM1VKAGFBDu4RGerFvrwXq2XqalOeunZxf+yHr9BhiNkCM=</latexit>

X

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

<latexit sha1_base64="qNeCf51WX+6aPKr+EpWi6HU6Qe4="></latexit>
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• Check out Huggins & Miller 2019

• Algorithm:


• For 

• Draw       with replacement 

from 

• Run MCMC to get

<latexit sha1_base64="yBHvt8135aZMZSLnEGBNiU9Fu3w=">AAAB+HicbVDLSgMxFM34rPXRUZeKBIvgopQZEXUjlLpx2YJ9QDuUTCbThmaSIckIdejSr3DjQhG3rvod7vwGf8L0sdDWAxcO59zLvff4MaNKO86XtbS8srq2ntnIbm5t7+Ts3b26EonEpIYFE7LpI0UY5aSmqWakGUuCIp+Rht+/GfuNeyIVFfxOD2LiRajLaUgx0kbq2DkfXkO30GaB0KoAyx077xSdCeAicWckXzocVb8fj0aVjv3ZDgROIsI1ZkipluvE2kuR1BQzMsy2E0VihPuoS1qGchQR5aWTw4fwxCgBDIU0xTWcqL8nUhQpNYh80xkh3VPz3lj8z2slOrzyUsrjRBOOp4vChEEt4DgFGFBJsGYDQxCW1NwKcQ9JhLXJKmtCcOdfXiT1s6J7UTyvuvlSGUyRAQfgGJwCF1yCErgFFVADGCTgCbyAV+vBerberPdp65I1m9kHf2B9/AA91pU+</latexit>

b = 1, . . . , B (e.g. B = 100)
<latexit sha1_base64="smK0cQW+1lnjNjWKwc1WkkasmCA=">AAAB7HicbZDLSgMxFIbP1Futt6pLN8EqiIsyU0RdVgVxWcFpC+1YMmmmDc1khiQjlKHP4MaFIt36HD6DO9/AtU9gello6w+Bj/8/h5xz/JgzpW3708osLC4tr2RXc2vrG5tb+e2dqooSSahLIh7Juo8V5UxQVzPNaT2WFIc+pzW/dzXKaw9UKhaJO92PqRfijmABI1gby623/PvjVr5gF+2x0Dw4UyiUD96vv76HF5VW/qPZjkgSUqEJx0o1HDvWXoqlZoTTQa6ZKBpj0sMd2jAocEiVl46HHaBD47RREEnzhEZj93dHikOl+qFvKkOsu2o2G5n/ZY1EB+deykScaCrI5KMg4UhHaLQ5ajNJieZ9A5hIZmZFpIslJtrcJ2eO4MyuPA/VUtE5LZ7cOoXyJUyUhT3YhyNw4AzKcAMVcIEAg0d4hhdLWE/WqzWclGasac8u/JH19gPQAZJ1</latexit>

X⇤
b

<latexit sha1_base64="DxFt1mTpN75+8O4hv7sKVeWl+x8=">AAAB6HicbZBNS8NAEIYn9avGr6pHL8EieCqJiHoRi148tmA/oA1ls520azebsLsRSugv8OJBEa/6Y7x7Ef+N29aDtr6w8PC+M+zMBAlnSrvul5VbWFxaXsmv2mvrG5tbhe2duopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgGV+O8cYdSsVjc6GGCfkR6goWMEm2sarNTKLoldyJnHrwfKF682+fJ26dd6RQ+2t2YphEKTTlRquW5ifYzIjWjHEd2O1WYEDogPWwZFCRC5WeTQUfOgXG6ThhL84R2Ju7vjoxESg2jwFRGRPfVbDY2/8taqQ7P/IyJJNUo6PSjMOWOjp3x1k6XSaSaDw0QKpmZ1aF9IgnV5ja2OYI3u/I81I9K3knpuOoVy5cwVR72YB8OwYNTKMM1VKAGFBDu4RGerFvrwXq2XqalOeunZxf+yHr9BhiNkCM=</latexit>

X
<latexit sha1_base64="qNeCf51WX+6aPKr+EpWi6HU6Qe4="></latexit>

bE
p(✓|X⇤

b )
[g(✓)]

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]



Idea: how about the bootstrap?

4

• How to approx                           ?

D
em

oc
ra

tic
 v

ot
e 

sh
ar

e

0.5

0.6

Time (days)0 250

• Check out Huggins & Miller 2019

• Algorithm:


• For 

• Draw       with replacement 

from 

• Run MCMC to get

<latexit sha1_base64="yBHvt8135aZMZSLnEGBNiU9Fu3w=">AAAB+HicbVDLSgMxFM34rPXRUZeKBIvgopQZEXUjlLpx2YJ9QDuUTCbThmaSIckIdejSr3DjQhG3rvod7vwGf8L0sdDWAxcO59zLvff4MaNKO86XtbS8srq2ntnIbm5t7+Ts3b26EonEpIYFE7LpI0UY5aSmqWakGUuCIp+Rht+/GfuNeyIVFfxOD2LiRajLaUgx0kbq2DkfXkO30GaB0KoAyx077xSdCeAicWckXzocVb8fj0aVjv3ZDgROIsI1ZkipluvE2kuR1BQzMsy2E0VihPuoS1qGchQR5aWTw4fwxCgBDIU0xTWcqL8nUhQpNYh80xkh3VPz3lj8z2slOrzyUsrjRBOOp4vChEEt4DgFGFBJsGYDQxCW1NwKcQ9JhLXJKmtCcOdfXiT1s6J7UTyvuvlSGUyRAQfgGJwCF1yCErgFFVADGCTgCbyAV+vBerberPdp65I1m9kHf2B9/AA91pU+</latexit>

b = 1, . . . , B (e.g. B = 100)
<latexit sha1_base64="smK0cQW+1lnjNjWKwc1WkkasmCA=">AAAB7HicbZDLSgMxFIbP1Futt6pLN8EqiIsyU0RdVgVxWcFpC+1YMmmmDc1khiQjlKHP4MaFIt36HD6DO9/AtU9gello6w+Bj/8/h5xz/JgzpW3708osLC4tr2RXc2vrG5tb+e2dqooSSahLIh7Juo8V5UxQVzPNaT2WFIc+pzW/dzXKaw9UKhaJO92PqRfijmABI1gby623/PvjVr5gF+2x0Dw4UyiUD96vv76HF5VW/qPZjkgSUqEJx0o1HDvWXoqlZoTTQa6ZKBpj0sMd2jAocEiVl46HHaBD47RREEnzhEZj93dHikOl+qFvKkOsu2o2G5n/ZY1EB+deykScaCrI5KMg4UhHaLQ5ajNJieZ9A5hIZmZFpIslJtrcJ2eO4MyuPA/VUtE5LZ7cOoXyJUyUhT3YhyNw4AzKcAMVcIEAg0d4hhdLWE/WqzWclGasac8u/JH19gPQAZJ1</latexit>

X⇤
b

<latexit sha1_base64="DxFt1mTpN75+8O4hv7sKVeWl+x8=">AAAB6HicbZBNS8NAEIYn9avGr6pHL8EieCqJiHoRi148tmA/oA1ls520azebsLsRSugv8OJBEa/6Y7x7Ef+N29aDtr6w8PC+M+zMBAlnSrvul5VbWFxaXsmv2mvrG5tbhe2duopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgGV+O8cYdSsVjc6GGCfkR6goWMEm2sarNTKLoldyJnHrwfKF682+fJ26dd6RQ+2t2YphEKTTlRquW5ifYzIjWjHEd2O1WYEDogPWwZFCRC5WeTQUfOgXG6ThhL84R2Ju7vjoxESg2jwFRGRPfVbDY2/8taqQ7P/IyJJNUo6PSjMOWOjp3x1k6XSaSaDw0QKpmZ1aF9IgnV5ja2OYI3u/I81I9K3knpuOoVy5cwVR72YB8OwYNTKMM1VKAGFBDu4RGerFvrwXq2XqalOeunZxf+yHr9BhiNkCM=</latexit>

X
<latexit sha1_base64="qNeCf51WX+6aPKr+EpWi6HU6Qe4="></latexit>

bE
p(✓|X⇤

b )
[g(✓)]

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]
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• Algorithm:
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• Draw       with replacement 

from 

• Run MCMC to get


• Report 

<latexit sha1_base64="yBHvt8135aZMZSLnEGBNiU9Fu3w=">AAAB+HicbVDLSgMxFM34rPXRUZeKBIvgopQZEXUjlLpx2YJ9QDuUTCbThmaSIckIdejSr3DjQhG3rvod7vwGf8L0sdDWAxcO59zLvff4MaNKO86XtbS8srq2ntnIbm5t7+Ts3b26EonEpIYFE7LpI0UY5aSmqWakGUuCIp+Rht+/GfuNeyIVFfxOD2LiRajLaUgx0kbq2DkfXkO30GaB0KoAyx077xSdCeAicWckXzocVb8fj0aVjv3ZDgROIsI1ZkipluvE2kuR1BQzMsy2E0VihPuoS1qGchQR5aWTw4fwxCgBDIU0xTWcqL8nUhQpNYh80xkh3VPz3lj8z2slOrzyUsrjRBOOp4vChEEt4DgFGFBJsGYDQxCW1NwKcQ9JhLXJKmtCcOdfXiT1s6J7UTyvuvlSGUyRAQfgGJwCF1yCErgFFVADGCTgCbyAV+vBerberPdp65I1m9kHf2B9/AA91pU+</latexit>

b = 1, . . . , B (e.g. B = 100)
<latexit sha1_base64="smK0cQW+1lnjNjWKwc1WkkasmCA=">AAAB7HicbZDLSgMxFIbP1Futt6pLN8EqiIsyU0RdVgVxWcFpC+1YMmmmDc1khiQjlKHP4MaFIt36HD6DO9/AtU9gello6w+Bj/8/h5xz/JgzpW3708osLC4tr2RXc2vrG5tb+e2dqooSSahLIh7Juo8V5UxQVzPNaT2WFIc+pzW/dzXKaw9UKhaJO92PqRfijmABI1gby623/PvjVr5gF+2x0Dw4UyiUD96vv76HF5VW/qPZjkgSUqEJx0o1HDvWXoqlZoTTQa6ZKBpj0sMd2jAocEiVl46HHaBD47RREEnzhEZj93dHikOl+qFvKkOsu2o2G5n/ZY1EB+deykScaCrI5KMg4UhHaLQ5ajNJieZ9A5hIZmZFpIslJtrcJ2eO4MyuPA/VUtE5LZ7cOoXyJUyUhT3YhyNw4AzKcAMVcIEAg0d4hhdLWE/WqzWclGasac8u/JH19gPQAZJ1</latexit>

X⇤
b

<latexit sha1_base64="DxFt1mTpN75+8O4hv7sKVeWl+x8=">AAAB6HicbZBNS8NAEIYn9avGr6pHL8EieCqJiHoRi148tmA/oA1ls520azebsLsRSugv8OJBEa/6Y7x7Ef+N29aDtr6w8PC+M+zMBAlnSrvul5VbWFxaXsmv2mvrG5tbhe2duopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgGV+O8cYdSsVjc6GGCfkR6goWMEm2sarNTKLoldyJnHrwfKF682+fJ26dd6RQ+2t2YphEKTTlRquW5ifYzIjWjHEd2O1WYEDogPWwZFCRC5WeTQUfOgXG6ThhL84R2Ju7vjoxESg2jwFRGRPfVbDY2/8taqQ7P/IyJJNUo6PSjMOWOjp3x1k6XSaSaDw0QKpmZ1aF9IgnV5ja2OYI3u/I81I9K3knpuOoVy5cwVR72YB8OwYNTKMM1VKAGFBDu4RGerFvrwXq2XqalOeunZxf+yHr9BhiNkCM=</latexit>

X
<latexit sha1_base64="qNeCf51WX+6aPKr+EpWi6HU6Qe4="></latexit>

bE
p(✓|X⇤

b )
[g(✓)]

<latexit sha1_base64="lani8kPIKdSkmeR1NYKD7ZCDi4A="></latexit>

dVar
b

bE
p(✓|X⇤

b )
[✓]

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]
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• Check out Huggins & Miller 2019

• Algorithm:


• For 

• Draw       with replacement 

from 

• Run MCMC to get


• Report 

<latexit sha1_base64="yBHvt8135aZMZSLnEGBNiU9Fu3w=">AAAB+HicbVDLSgMxFM34rPXRUZeKBIvgopQZEXUjlLpx2YJ9QDuUTCbThmaSIckIdejSr3DjQhG3rvod7vwGf8L0sdDWAxcO59zLvff4MaNKO86XtbS8srq2ntnIbm5t7+Ts3b26EonEpIYFE7LpI0UY5aSmqWakGUuCIp+Rht+/GfuNeyIVFfxOD2LiRajLaUgx0kbq2DkfXkO30GaB0KoAyx077xSdCeAicWckXzocVb8fj0aVjv3ZDgROIsI1ZkipluvE2kuR1BQzMsy2E0VihPuoS1qGchQR5aWTw4fwxCgBDIU0xTWcqL8nUhQpNYh80xkh3VPz3lj8z2slOrzyUsrjRBOOp4vChEEt4DgFGFBJsGYDQxCW1NwKcQ9JhLXJKmtCcOdfXiT1s6J7UTyvuvlSGUyRAQfgGJwCF1yCErgFFVADGCTgCbyAV+vBerberPdp65I1m9kHf2B9/AA91pU+</latexit>

b = 1, . . . , B (e.g. B = 100)
<latexit sha1_base64="smK0cQW+1lnjNjWKwc1WkkasmCA=">AAAB7HicbZDLSgMxFIbP1Futt6pLN8EqiIsyU0RdVgVxWcFpC+1YMmmmDc1khiQjlKHP4MaFIt36HD6DO9/AtU9gello6w+Bj/8/h5xz/JgzpW3708osLC4tr2RXc2vrG5tb+e2dqooSSahLIh7Juo8V5UxQVzPNaT2WFIc+pzW/dzXKaw9UKhaJO92PqRfijmABI1gby623/PvjVr5gF+2x0Dw4UyiUD96vv76HF5VW/qPZjkgSUqEJx0o1HDvWXoqlZoTTQa6ZKBpj0sMd2jAocEiVl46HHaBD47RREEnzhEZj93dHikOl+qFvKkOsu2o2G5n/ZY1EB+deykScaCrI5KMg4UhHaLQ5ajNJieZ9A5hIZmZFpIslJtrcJ2eO4MyuPA/VUtE5LZ7cOoXyJUyUhT3YhyNw4AzKcAMVcIEAg0d4hhdLWE/WqzWclGasac8u/JH19gPQAZJ1</latexit>

X⇤
b

<latexit sha1_base64="DxFt1mTpN75+8O4hv7sKVeWl+x8=">AAAB6HicbZBNS8NAEIYn9avGr6pHL8EieCqJiHoRi148tmA/oA1ls520azebsLsRSugv8OJBEa/6Y7x7Ef+N29aDtr6w8PC+M+zMBAlnSrvul5VbWFxaXsmv2mvrG5tbhe2duopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgGV+O8cYdSsVjc6GGCfkR6goWMEm2sarNTKLoldyJnHrwfKF682+fJ26dd6RQ+2t2YphEKTTlRquW5ifYzIjWjHEd2O1WYEDogPWwZFCRC5WeTQUfOgXG6ThhL84R2Ju7vjoxESg2jwFRGRPfVbDY2/8taqQ7P/IyJJNUo6PSjMOWOjp3x1k6XSaSaDw0QKpmZ1aF9IgnV5ja2OYI3u/I81I9K3knpuOoVy5cwVR72YB8OwYNTKMM1VKAGFBDu4RGerFvrwXq2XqalOeunZxf+yHr9BhiNkCM=</latexit>
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5

• Approximate posterior mean with the MAP (no MCMC)
• How to approximate                           ?
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• Approximate posterior mean with the MAP (no MCMC)

• Then use the frequentist sandwich covariance
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• Approximate posterior mean with the MAP (no MCMC)

• Then use the frequentist sandwich covariance

• Use the delta method to account for g
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• Approximate posterior mean with the MAP (no MCMC)
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• Problem: MAP can be way off
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• MAP: 12 s

• MCMC (5K 

samples): 
5.85 h



• How to approximate                           ?
<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

6



• How to approximate                           ?
<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

Our idea: use the infinitesimal jackknife

6

[Jaeckel 1972]



• Motivating example: election prediction, The Economist
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• Gelman and Heidemanns 2020, building on Linzer 2013

• How to approximate                           ?
<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

Our idea: use the infinitesimal jackknife

6

[Jaeckel 1972]



• Motivating example: election prediction, The Economist

• Gelman and Heidemanns 2020, building on Linzer 2013

• How to approximate                           ?
<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

Our idea: use the infinitesimal jackknife

6

• We examine the 2016 US 
presidential election: data & model 
publicly available

[Jaeckel 1972]



• Motivating example: election prediction, The Economist

• Gelman and Heidemanns 2020, building on Linzer 2013

• How to approximate                           ?
<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

Our idea: use the infinitesimal jackknife

6

• We examine the 2016 US 
presidential election: data & model 
publicly available


• Compute time (3000 MCMC draws):

• One MCMC run: ~12.3 hours

• Bootstrap (B=100): ~51 days
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p(✓)

• Original data: 

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

<latexit sha1_base64="kLA3ZEB24OKX4RJDlwMTVMWTulE=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARKkJJBC/LohuXFewFklAm00k7dDIJMydCiH0L3bhQxK1P465v4/Sy0NYfBj7+/xzmnBMkgmuw7bFVWFldW98obpa2tnd298r7By0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHawfB2krcfmdI8lg+QJcyPSF/ykFMCxnKTqgcDBuSpc9otV+yaPRVeBmcOlfqxd/Y8rmeNbvnb68U0jZgEKojWrmMn4OdEAaeCjUpeqllC6JD0mWtQkohpP5+OPMInxunhMFbmScBT93dHTiKtsygwlRGBgV7MJuZ/mZtCeO3nXCYpMElnH4WpwBDjyf64xxWjIDIDhCpuZsV0QBShYK5UMkdwFldehtZ5zbmsXdw7lfoNmqmIjtAxqiIHXaE6ukMN1EQUxegFvaF3C6xX68P6nJUWrHnPIfoj6+sH71mUBQ==</latexit>

p(✓|X)

<latexit sha1_base64="VQoQflAMYE2H6AZj3uomlw+VpcY="></latexit>

log p(X|✓) =
PN

n=1 log p(xn|✓)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>
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• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

<latexit sha1_base64="kLA3ZEB24OKX4RJDlwMTVMWTulE=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARKkJJBC/LohuXFewFklAm00k7dDIJMydCiH0L3bhQxK1P465v4/Sy0NYfBj7+/xzmnBMkgmuw7bFVWFldW98obpa2tnd298r7By0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHawfB2krcfmdI8lg+QJcyPSF/ykFMCxnKTqgcDBuSpc9otV+yaPRVeBmcOlfqxd/Y8rmeNbvnb68U0jZgEKojWrmMn4OdEAaeCjUpeqllC6JD0mWtQkohpP5+OPMInxunhMFbmScBT93dHTiKtsygwlRGBgV7MJuZ/mZtCeO3nXCYpMElnH4WpwBDjyf64xxWjIDIDhCpuZsV0QBShYK5UMkdwFldehtZ5zbmsXdw7lfoNmqmIjtAxqiIHXaE6ukMN1EQUxegFvaF3C6xX68P6nJUWrHnPIfoj6+sH71mUBQ==</latexit>

p(✓|X)

<latexit sha1_base64="VQoQflAMYE2H6AZj3uomlw+VpcY="></latexit>

log p(X|✓) =
PN

n=1 log p(xn|✓)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

<latexit sha1_base64="kLA3ZEB24OKX4RJDlwMTVMWTulE=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARKkJJBC/LohuXFewFklAm00k7dDIJMydCiH0L3bhQxK1P465v4/Sy0NYfBj7+/xzmnBMkgmuw7bFVWFldW98obpa2tnd298r7By0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHawfB2krcfmdI8lg+QJcyPSF/ykFMCxnKTqgcDBuSpc9otV+yaPRVeBmcOlfqxd/Y8rmeNbvnb68U0jZgEKojWrmMn4OdEAaeCjUpeqllC6JD0mWtQkohpP5+OPMInxunhMFbmScBT93dHTiKtsygwlRGBgV7MJuZ/mZtCeO3nXCYpMElnH4WpwBDjyf64xxWjIDIDhCpuZsV0QBShYK5UMkdwFldehtZ5zbmsXdw7lfoNmqmIjtAxqiIHXaE6ukMN1EQUxegFvaF3C6xX68P6nJUWrHnPIfoj6+sH71mUBQ==</latexit>

p(✓|X)

<latexit sha1_base64="VQoQflAMYE2H6AZj3uomlw+VpcY="></latexit>

log p(X|✓) =
PN

n=1 log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)



7

What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

<latexit sha1_base64="kLA3ZEB24OKX4RJDlwMTVMWTulE=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARKkJJBC/LohuXFewFklAm00k7dDIJMydCiH0L3bhQxK1P465v4/Sy0NYfBj7+/xzmnBMkgmuw7bFVWFldW98obpa2tnd298r7By0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHawfB2krcfmdI8lg+QJcyPSF/ykFMCxnKTqgcDBuSpc9otV+yaPRVeBmcOlfqxd/Y8rmeNbvnb68U0jZgEKojWrmMn4OdEAaeCjUpeqllC6JD0mWtQkohpP5+OPMInxunhMFbmScBT93dHTiKtsygwlRGBgV7MJuZ/mZtCeO3nXCYpMElnH4WpwBDjyf64xxWjIDIDhCpuZsV0QBShYK5UMkdwFldehtZ5zbmsXdw7lfoNmqmIjtAxqiIHXaE6ukMN1EQUxegFvaF3C6xX68P6nJUWrHnPIfoj6+sH71mUBQ==</latexit>

p(✓|X)

<latexit sha1_base64="VQoQflAMYE2H6AZj3uomlw+VpcY="></latexit>

log p(X|✓) =
PN

n=1 log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

<latexit sha1_base64="kLA3ZEB24OKX4RJDlwMTVMWTulE=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARKkJJBC/LohuXFewFklAm00k7dDIJMydCiH0L3bhQxK1P465v4/Sy0NYfBj7+/xzmnBMkgmuw7bFVWFldW98obpa2tnd298r7By0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHawfB2krcfmdI8lg+QJcyPSF/ykFMCxnKTqgcDBuSpc9otV+yaPRVeBmcOlfqxd/Y8rmeNbvnb68U0jZgEKojWrmMn4OdEAaeCjUpeqllC6JD0mWtQkohpP5+OPMInxunhMFbmScBT93dHTiKtsygwlRGBgV7MJuZ/mZtCeO3nXCYpMElnH4WpwBDjyf64xxWjIDIDhCpuZsV0QBShYK5UMkdwFldehtZ5zbmsXdw7lfoNmqmIjtAxqiIHXaE6ukMN1EQUxegFvaF3C6xX68P6nJUWrHnPIfoj6+sH71mUBQ==</latexit>

p(✓|X)

<latexit sha1_base64="eEqEqU11yy9YTflMbtDI+eLiLiM="></latexit>

log p(X|✓) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>
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• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

<latexit sha1_base64="kLA3ZEB24OKX4RJDlwMTVMWTulE=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARKkJJBC/LohuXFewFklAm00k7dDIJMydCiH0L3bhQxK1P465v4/Sy0NYfBj7+/xzmnBMkgmuw7bFVWFldW98obpa2tnd298r7By0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHawfB2krcfmdI8lg+QJcyPSF/ykFMCxnKTqgcDBuSpc9otV+yaPRVeBmcOlfqxd/Y8rmeNbvnb68U0jZgEKojWrmMn4OdEAaeCjUpeqllC6JD0mWtQkohpP5+OPMInxunhMFbmScBT93dHTiKtsygwlRGBgV7MJuZ/mZtCeO3nXCYpMElnH4WpwBDjyf64xxWjIDIDhCpuZsV0QBShYK5UMkdwFldehtZ5zbmsXdw7lfoNmqmIjtAxqiIHXaE6ukMN1EQUxegFvaF3C6xX68P6nJUWrHnPIfoj6+sH71mUBQ==</latexit>

p(✓|X)

<latexit sha1_base64="eEqEqU11yy9YTflMbtDI+eLiLiM="></latexit>

log p(X|✓) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>
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• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)
<latexit sha1_base64="kLA3ZEB24OKX4RJDlwMTVMWTulE=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARKkJJBC/LohuXFewFklAm00k7dDIJMydCiH0L3bhQxK1P465v4/Sy0NYfBj7+/xzmnBMkgmuw7bFVWFldW98obpa2tnd298r7By0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHawfB2krcfmdI8lg+QJcyPSF/ykFMCxnKTqgcDBuSpc9otV+yaPRVeBmcOlfqxd/Y8rmeNbvnb68U0jZgEKojWrmMn4OdEAaeCjUpeqllC6JD0mWtQkohpP5+OPMInxunhMFbmScBT93dHTiKtsygwlRGBgV7MJuZ/mZtCeO3nXCYpMElnH4WpwBDjyf64xxWjIDIDhCpuZsV0QBShYK5UMkdwFldehtZ5zbmsXdw7lfoNmqmIjtAxqiIHXaE6ukMN1EQUxegFvaF3C6xX68P6nJUWrHnPIfoj6+sH71mUBQ==</latexit>

p(✓|X)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)
<latexit sha1_base64="kLA3ZEB24OKX4RJDlwMTVMWTulE=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARKkJJBC/LohuXFewFklAm00k7dDIJMydCiH0L3bhQxK1P465v4/Sy0NYfBj7+/xzmnBMkgmuw7bFVWFldW98obpa2tnd298r7By0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHawfB2krcfmdI8lg+QJcyPSF/ykFMCxnKTqgcDBuSpc9otV+yaPRVeBmcOlfqxd/Y8rmeNbvnb68U0jZgEKojWrmMn4OdEAaeCjUpeqllC6JD0mWtQkohpP5+OPMInxunhMFbmScBT93dHTiKtsygwlRGBgV7MJuZ/mZtCeO3nXCYpMElnH4WpwBDjyf64xxWjIDIDhCpuZsV0QBShYK5UMkdwFldehtZ5zbmsXdw7lfoNmqmIjtAxqiIHXaE6ukMN1EQUxegFvaF3C6xX68P6nJUWrHnPIfoj6+sH71mUBQ==</latexit>

p(✓|X)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

<latexit sha1_base64="qpNYf5PnHhbxM9GrkVvvKi/16M8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXJkGIKGFGcDkOevEYwSyQGUJPpydp0rPYXRMZxvyF4MWDIl79GG/5GzuJB018UPB4r4qqel4suALTHBu5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xP/OaQScWj8A7SmLkB6YXc55SAlty44kCfAXlsnTwcdYpls2pOgReJ9UPKdsk5fhrbaa1T/HK6EU0CFgIVRKm2ZcbgZkQCp4KNCk6iWEzogPRYW9OQBEy52fToET7UShf7kdQVAp6qvycyEiiVBp7uDAj01bw3Ef/z2gn4l27GwzgBFtLZIj8RGCI8SQB3uWQURKoJoZLrWzHtE0ko6JwKOgRr/uVF0jitWufVs1urbF+hGfLoAJVQBVnoAtnoBtVQHVF0j57RK3ozhsaL8W58zFpzxs/MPvoD4/MbOQCUvA==</latexit>

p(✓|X,w)

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

• Nonparametric bootstrap:

<latexit sha1_base64="qpNYf5PnHhbxM9GrkVvvKi/16M8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXJkGIKGFGcDkOevEYwSyQGUJPpydp0rPYXRMZxvyF4MWDIl79GG/5GzuJB018UPB4r4qqel4suALTHBu5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xP/OaQScWj8A7SmLkB6YXc55SAlty44kCfAXlsnTwcdYpls2pOgReJ9UPKdsk5fhrbaa1T/HK6EU0CFgIVRKm2ZcbgZkQCp4KNCk6iWEzogPRYW9OQBEy52fToET7UShf7kdQVAp6qvycyEiiVBp7uDAj01bw3Ef/z2gn4l27GwzgBFtLZIj8RGCI8SQB3uWQURKoJoZLrWzHtE0ko6JwKOgRr/uVF0jitWufVs1urbF+hGfLoAJVQBVnoAtnoBtVQHVF0j57RK3ozhsaL8W58zFpzxs/MPvoD4/MbOQCUvA==</latexit>

p(✓|X,w)

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

• Nonparametric bootstrap:

• Step 1:

<latexit sha1_base64="qpNYf5PnHhbxM9GrkVvvKi/16M8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXJkGIKGFGcDkOevEYwSyQGUJPpydp0rPYXRMZxvyF4MWDIl79GG/5GzuJB018UPB4r4qqel4suALTHBu5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xP/OaQScWj8A7SmLkB6YXc55SAlty44kCfAXlsnTwcdYpls2pOgReJ9UPKdsk5fhrbaa1T/HK6EU0CFgIVRKm2ZcbgZkQCp4KNCk6iWEzogPRYW9OQBEy52fToET7UShf7kdQVAp6qvycyEiiVBp7uDAj01bw3Ef/z2gn4l27GwzgBFtLZIj8RGCI8SQB3uWQURKoJoZLrWzHtE0ko6JwKOgRr/uVF0jitWufVs1urbF+hGfLoAJVQBVnoAtnoBtVQHVF0j57RK3ozhsaL8W58zFpzxs/MPvoD4/MbOQCUvA==</latexit>

p(✓|X,w)

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>
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• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

• Nonparametric bootstrap:

• Step 1:

<latexit sha1_base64="qpNYf5PnHhbxM9GrkVvvKi/16M8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXJkGIKGFGcDkOevEYwSyQGUJPpydp0rPYXRMZxvyF4MWDIl79GG/5GzuJB018UPB4r4qqel4suALTHBu5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xP/OaQScWj8A7SmLkB6YXc55SAlty44kCfAXlsnTwcdYpls2pOgReJ9UPKdsk5fhrbaa1T/HK6EU0CFgIVRKm2ZcbgZkQCp4KNCk6iWEzogPRYW9OQBEy52fToET7UShf7kdQVAp6qvycyEiiVBp7uDAj01bw3Ef/z2gn4l27GwzgBFtLZIj8RGCI8SQB3uWQURKoJoZLrWzHtE0ko6JwKOgRr/uVF0jitWufVs1urbF+hGfLoAJVQBVnoAtnoBtVQHVF0j57RK3ozhsaL8W58zFpzxs/MPvoD4/MbOQCUvA==</latexit>

p(✓|X,w)

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

• Nonparametric bootstrap:

• Step 1:

<latexit sha1_base64="qpNYf5PnHhbxM9GrkVvvKi/16M8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXJkGIKGFGcDkOevEYwSyQGUJPpydp0rPYXRMZxvyF4MWDIl79GG/5GzuJB018UPB4r4qqel4suALTHBu5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xP/OaQScWj8A7SmLkB6YXc55SAlty44kCfAXlsnTwcdYpls2pOgReJ9UPKdsk5fhrbaa1T/HK6EU0CFgIVRKm2ZcbgZkQCp4KNCk6iWEzogPRYW9OQBEy52fToET7UShf7kdQVAp6qvycyEiiVBp7uDAj01bw3Ef/z2gn4l27GwzgBFtLZIj8RGCI8SQB3uWQURKoJoZLrWzHtE0ko6JwKOgRr/uVF0jitWufVs1urbF+hGfLoAJVQBVnoAtnoBtVQHVF0j57RK3ozhsaL8W58zFpzxs/MPvoD4/MbOQCUvA==</latexit>

p(✓|X,w)

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

• Nonparametric bootstrap:

• Step 1:

• Step 2:

<latexit sha1_base64="qpNYf5PnHhbxM9GrkVvvKi/16M8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXJkGIKGFGcDkOevEYwSyQGUJPpydp0rPYXRMZxvyF4MWDIl79GG/5GzuJB018UPB4r4qqel4suALTHBu5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xP/OaQScWj8A7SmLkB6YXc55SAlty44kCfAXlsnTwcdYpls2pOgReJ9UPKdsk5fhrbaa1T/HK6EU0CFgIVRKm2ZcbgZkQCp4KNCk6iWEzogPRYW9OQBEy52fToET7UShf7kdQVAp6qvycyEiiVBp7uDAj01bw3Ef/z2gn4l27GwzgBFtLZIj8RGCI8SQB3uWQURKoJoZLrWzHtE0ko6JwKOgRr/uVF0jitWufVs1urbF+hGfLoAJVQBVnoAtnoBtVQHVF0j57RK3ozhsaL8W58zFpzxs/MPvoD4/MbOQCUvA==</latexit>

p(✓|X,w)

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

2

3
• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

• Nonparametric bootstrap:

• Step 1:

• Step 2: MC

<latexit sha1_base64="qpNYf5PnHhbxM9GrkVvvKi/16M8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXJkGIKGFGcDkOevEYwSyQGUJPpydp0rPYXRMZxvyF4MWDIl79GG/5GzuJB018UPB4r4qqel4suALTHBu5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xP/OaQScWj8A7SmLkB6YXc55SAlty44kCfAXlsnTwcdYpls2pOgReJ9UPKdsk5fhrbaa1T/HK6EU0CFgIVRKm2ZcbgZkQCp4KNCk6iWEzogPRYW9OQBEy52fToET7UShf7kdQVAp6qvycyEiiVBp7uDAj01bw3Ef/z2gn4l27GwzgBFtLZIj8RGCI8SQB3uWQURKoJoZLrWzHtE0ko6JwKOgRr/uVF0jitWufVs1urbF+hGfLoAJVQBVnoAtnoBtVQHVF0j57RK3ozhsaL8W58zFpzxs/MPvoD4/MbOQCUvA==</latexit>

p(✓|X,w)

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate? Setup
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood 

• With prior       , yields exact posterior 

<latexit sha1_base64="9/7hwOyd0cc6YxdzUGwZMhew4lE=">AAAB8HicbZDLSsNAFIYnXmu9VV26CS1CRSiJ4GUZdOOygr1IE8pkOmmHzkzCzIkQQp9CFy4UcevjuOvbOL0stPWHgY//P4c554QJZxocZ2ytrK6tb2wWtorbO7t7+6WDw6aOU0Vog8Q8Vu0Qa8qZpA1gwGk7URSLkNNWOLyd5K0nqjSL5QNkCQ0E7ksWMYLBWI9J1YcBBXzaLVWcmjOVvQzuHCpe2T97GXtZvVv69nsxSQWVQDjWuuM6CQQ5VsAIp6Oin2qaYDLEfdoxKLGgOsinA4/sE+P07ChW5kmwp+7vjhwLrTMRmkqBYaAXs4n5X9ZJIboOciaTFKgks4+ilNsQ25Pt7R5TlADPDGCimJnVJgOsMAFzo6I5gru48jI0z2vuZe3i3q14N2imAjpGZVRFLrpCHrpDddRABAn0jN7Qu6WsV+vD+pyVrljzniP0R9bXD1yskx0=</latexit>

p(✓)

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>
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• Original data: • A bootstrap sample:

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE 5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

• Nonparametric bootstrap:

• Step 1:

• Step 2: 

• And in practice: MCMC

MC

<latexit sha1_base64="qpNYf5PnHhbxM9GrkVvvKi/16M8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXJkGIKGFGcDkOevEYwSyQGUJPpydp0rPYXRMZxvyF4MWDIl79GG/5GzuJB018UPB4r4qqel4suALTHBu5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xP/OaQScWj8A7SmLkB6YXc55SAlty44kCfAXlsnTwcdYpls2pOgReJ9UPKdsk5fhrbaa1T/HK6EU0CFgIVRKm2ZcbgZkQCp4KNCk6iWEzogPRYW9OQBEy52fToET7UShf7kdQVAp6qvycyEiiVBp7uDAj01bw3Ef/z2gn4l27GwzgBFtLZIj8RGCI8SQB3uWQURKoJoZLrWzHtE0ko6JwKOgRr/uVF0jitWufVs1urbF+hGfLoAJVQBVnoAtnoBtVQHVF0j57RK3ozhsaL8W58zFpzxs/MPvoD4/MbOQCUvA==</latexit>

p(✓|X,w)

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

<latexit sha1_base64="+e9svt6IkWigsSjgjgdRLLWX3nY="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Multinomial(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1:

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)
<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)



8

What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)



8

What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

exact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

exact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,
linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,
linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,
linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,
linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,
linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1N

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1Ninfluence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)



8

What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1Ninfluence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
• Then:

<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1Ninfluence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
• Then:

<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1N

<latexit sha1_base64="uWPVfgdrze7V1qPIJ2c67Jq6Uvo="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)] ⇡ Var
p(w)

 
NX

n=1

(wn � 1) n

!
= dVarn  n

influence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)



8

What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
• Then:

<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1N

<latexit sha1_base64="uWPVfgdrze7V1qPIJ2c67Jq6Uvo="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)] ⇡ Var
p(w)

 
NX

n=1

(wn � 1) n

!
= dVarn  n

influence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
• Then:

<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1N

<latexit sha1_base64="uWPVfgdrze7V1qPIJ2c67Jq6Uvo="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)] ⇡ Var
p(w)

 
NX

n=1

(wn � 1) n

!
= dVarn  n

influence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
• Then:

MCMC

<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1N

<latexit sha1_base64="uWPVfgdrze7V1qPIJ2c67Jq6Uvo="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)] ⇡ Var
p(w)

 
NX

n=1

(wn � 1) n

!
= dVarn  n

influence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
• Then:

MCMC
• IJ Algorithm: (1) Approximate N influence scores using one 

(original) MCMC chain

<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1N

<latexit sha1_base64="uWPVfgdrze7V1qPIJ2c67Jq6Uvo="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)] ⇡ Var
p(w)

 
NX

n=1

(wn � 1) n

!
= dVarn  n

influence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
• Then:

MCMC
• IJ Algorithm: (1) Approximate N influence scores using one 

(original) MCMC chain; (2) Compute empirical variance

<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1N

<latexit sha1_base64="uWPVfgdrze7V1qPIJ2c67Jq6Uvo="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)] ⇡ Var
p(w)

 
NX

n=1

(wn � 1) n

!
= dVarn  n

influence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
• Then:

MCMC
• IJ Algorithm: (1) Approximate N influence scores using one 

(original) MCMC chain; (2) Compute empirical variance

• IJ: no additional MCMC chains (vs. B-1 extra for bootstrap)

<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1N

<latexit sha1_base64="uWPVfgdrze7V1qPIJ2c67Jq6Uvo="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)] ⇡ Var
p(w)

 
NX

n=1

(wn � 1) n

!
= dVarn  n

influence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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What is the IJ estimate?
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• Log likelihood

• Bootstrap step 1: 

• IJ idea: first-order Taylor expansion around              :

<latexit sha1_base64="1JoyXHWwysSHWkpv9VauQ9shEpA="></latexit>

log p(X|✓, w) =
PN

n=1 wn log p(xn|✓)

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

<latexit sha1_base64="UO6ldsPkjp+kIuE9J5cru8tReSA=">AAACcnicbVBdixMxFM2MX2v9qoovChotCx22lhnBD4SFogg+LSvY3UJndsikaRs2yYTkjt0S5wf4I/xTvqi/whd9N9NW0F0vBA7nnHtz7ym04Bbi+HsQnjt/4eKlrcutK1evXb/RvnnrwJaVoWxIS1GaUUEsE1yxIXAQbKQNI7IQ7LA4ft3ohx+YsbxU72GpWSbJTPEppwQ8lbc/pXrOu4sIv9zFaaUm3srA6W4Kcwbk46i3iG qXSgLzonBv6no820hRhlOitSlPcDPiyKXATsBI5zep6z8Tm+FJvhfhHZzaSuZO7Sb1kdurcXeRK/wYJ5E3WZ6rXt7uxP14VfgsSDagM9j+9e3r59ZsP29/SSclrSRTQAWxdpzEGjJHDHAqWN1KK8s0ocdkxsYeKiKZzdwqshpve2aCp6XxTwFesX93OCKtXcrCO5vj7WmtIf+njSuYvsgcV7oCpuj6o2klMJS4yR9PuGEUxNIDQg33u2I6J4ZQ8NG3fAjJ6ZPPgoMn/eRZ/+m7pDN4hda1he6hR6iLEvQcDdBbtI+GiKIfwZ3gfvAg+BneDR+GnbU1DDY9t9E/FfZ+A1WXv0U=</latexit>

�(w) := E
p(✓|X,w)

[g(✓)] ⇡ �lin(w) := �(1N ) +
PN

n=1(wn � 1) n,

where
• Then:

MCMC
• IJ Algorithm: (1) Approximate N influence scores using one 

(original) MCMC chain; (2) Compute empirical variance

• IJ: no additional MCMC chains (vs. B-1 extra for bootstrap)

• Fully automatable (given g, likelihood, and MCMC chain)

<latexit sha1_base64="+Jaiwya7WFBtcxEF344qq5MhWlM="></latexit>

 n :=
@�(w)

@wn

����
w=1N

= Cov
p(✓|X,w)

{g(✓), log p(xn|✓)}
����
w=1N

<latexit sha1_base64="uWPVfgdrze7V1qPIJ2c67Jq6Uvo="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)] ⇡ Var
p(w)

 
NX

n=1

(wn � 1) n

!
= dVarn  n

influence score

linear approximationexact

<latexit sha1_base64="PM2jEGkNXGBfJEr52gppgkeDpKs="></latexit>

Var
p(w)

E
p(✓|X,w)

[g(✓)], p(w) = Mult(w; 1
N 1N , N)
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Related work
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• IJ Algorithm: (1) Approximate N influence scores using one 
(original) MCMC chain; (2) Compute empirical variance
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<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• IJ Algorithm: (1) Approximate N influence scores using one 
(original) MCMC chain; (2) Compute empirical variance


• The infinitesimal jackknife and influence functions are 
venerable ideas; they have been used to debias 
predictions, interpret black-box predictions, approximate 
cross-validation, etc. [Jaeckel 1972; Cook, Weisberg 1980; Belsley+ 1980 ch 2.1; Efron, 

1982; Huh, Park 1990; Koh, Liang 2017; Giordano+ 2019a]
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Related work
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• IJ Algorithm: (1) Approximate N influence scores using one 
(original) MCMC chain; (2) Compute empirical variance


• The infinitesimal jackknife and influence functions are 
venerable ideas; they have been used to debias 
predictions, interpret black-box predictions, approximate 
cross-validation, etc.


• They have been used for local Bayesian robustness to 
changes in prior or likelihood. The covariance form is well 
known.

[Jaeckel 1972; Cook, Weisberg 1980; Belsley+ 1980 ch 2.1; Efron, 
1982; Huh, Park 1990; Koh, Liang 2017; Giordano+ 2019a]

[Diaconis, Freedman, 1986; Ruggeri, Wasserman, 1993; Gustafson, 1996; Giordano+ 2018; 
Mohamed+ 2020]. See also Billingsley, 2008, Thm 5.4 & Giordano+ 2023 rejoinder  
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Related work
• How to approximate                           ?

<latexit sha1_base64="mFxpsdrw7wo7lngYW0Pk/71XIwA="></latexit>

Var
F(X)

E
p(✓|X)

[g(✓)]

• IJ Algorithm: (1) Approximate N influence scores using one 
(original) MCMC chain; (2) Compute empirical variance


• The infinitesimal jackknife and influence functions are 
venerable ideas; they have been used to debias 
predictions, interpret black-box predictions, approximate 
cross-validation, etc.


• They have been used for local Bayesian robustness to 
changes in prior or likelihood. The covariance form is well 
known.


• To the best of our knowledge, no one has proposed or 
analyzed using the IJ/influence scores for assessing the 
frequentist variability of MCMC-estimated posterior means

[Jaeckel 1972; Cook, Weisberg 1980; Belsley+ 1980 ch 2.1; Efron, 
1982; Huh, Park 1990; Koh, Liang 2017; Giordano+ 2019a]

[Diaconis, Freedman, 1986; Ruggeri, Wasserman, 1993; Gustafson, 1996; Giordano+ 2018; 
Mohamed+ 2020]. See also Billingsley, 2008, Thm 5.4 & Giordano+ 2023 rejoinder  
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Another example: pilots analysis

<latexit sha1_base64="QMZVXwRSULEOI7QMSSuDIxVyFLA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0WoCCURfGyEoBuXFewDmlAm00k7dDIJMzdCCP0LceNCEbf+jLv+jdPHQlsPXDiccy/33hMkgmuw7bFVWFldW98obpa2tnd298r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBu4reemNI8lo+QJcyPSF/ykFMCRvL6VQ8GDMgpvsHdcsWu2VPgZeLMScU99s6ex25W75a/vV5M04hJoIJo3XHsBPycKOBUsFHJSzVLCB2SPusYKknEtJ9Pbx7hE6P0cBgrUxLwVP09kZNI6ywKTGdEYKAXvYn4n9dJIbz2cy6TFJiks0VhKjDEeBIA7nHFKIjMEEIVN7diOiCKUDAxlUwIzuLLy6R5XnMuaxcPTsW9RTMU0RE6RlXkoCvkontURw1EUYJe0Bt6t1Lr1fqwPmetBWs+c4j+wPr6AYUgk68=</latexit>

g(✓) =

[Gawron et al 03; Gelman, Hill 07 Sec 13.5]
• Performance of pilots on 

flight simulators 

• 40 pilots; non-nested 

model with 8 scenarios, 
5 training levels


• When we run lme4, get 
0 for the treatment 
variance fit, but 
rstanarm MCMC 
diagnostics look good


• Original MCMC: 6.2 sec, 
bootstrap (B=200): 47 
minutes, IJ: <1 second

how much 
scenario 
matters 
relative to 
pilot skill

how much 
training 
matters 
relative to 
pilot skill

how 
much 
individual 
pilot skill 
matters
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Another example: pilots analysis

1.0

0.5

0.3

<latexit sha1_base64="QMZVXwRSULEOI7QMSSuDIxVyFLA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0WoCCURfGyEoBuXFewDmlAm00k7dDIJMzdCCP0LceNCEbf+jLv+jdPHQlsPXDiccy/33hMkgmuw7bFVWFldW98obpa2tnd298r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBu4reemNI8lo+QJcyPSF/ykFMCRvL6VQ8GDMgpvsHdcsWu2VPgZeLMScU99s6ex25W75a/vV5M04hJoIJo3XHsBPycKOBUsFHJSzVLCB2SPusYKknEtJ9Pbx7hE6P0cBgrUxLwVP09kZNI6ywKTGdEYKAXvYn4n9dJIbz2cy6TFJiks0VhKjDEeBIA7nHFKIjMEEIVN7diOiCKUDAxlUwIzuLLy6R5XnMuaxcPTsW9RTMU0RE6RlXkoCvkontURw1EUYJe0Bt6t1Lr1fqwPmetBWs+c4j+wPr6AYUgk68=</latexit>

g(✓) =

st
an

da
rd

 e
rro

r

[Gawron et al 03; Gelman, Hill 07 Sec 13.5]
• Performance of pilots on 

flight simulators 

• 40 pilots; non-nested 

model with 8 scenarios, 
5 training levels


• When we run lme4, get 
0 for the treatment 
variance fit, but 
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diagnostics look good


• Original MCMC: 6.2 sec, 
bootstrap (B=200): 47 
minutes, IJ: <1 second
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relative to 
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Another example: pilots analysis

Bayes
boot
IJ

1.0

0.5

0.3

<latexit sha1_base64="QMZVXwRSULEOI7QMSSuDIxVyFLA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0WoCCURfGyEoBuXFewDmlAm00k7dDIJMzdCCP0LceNCEbf+jLv+jdPHQlsPXDiccy/33hMkgmuw7bFVWFldW98obpa2tnd298r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBu4reemNI8lo+QJcyPSF/ykFMCRvL6VQ8GDMgpvsHdcsWu2VPgZeLMScU99s6ex25W75a/vV5M04hJoIJo3XHsBPycKOBUsFHJSzVLCB2SPusYKknEtJ9Pbx7hE6P0cBgrUxLwVP09kZNI6ywKTGdEYKAXvYn4n9dJIbz2cy6TFJiks0VhKjDEeBIA7nHFKIjMEEIVN7diOiCKUDAxlUwIzuLLy6R5XnMuaxcPTsW9RTMU0RE6RlXkoCvkontURw1EUYJe0Bt6t1Lr1fqwPmetBWs+c4j+wPr6AYUgk68=</latexit>

g(✓) =

st
an

da
rd

 e
rro

r
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<latexit sha1_base64="QMZVXwRSULEOI7QMSSuDIxVyFLA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0WoCCURfGyEoBuXFewDmlAm00k7dDIJMzdCCP0LceNCEbf+jLv+jdPHQlsPXDiccy/33hMkgmuw7bFVWFldW98obpa2tnd298r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBu4reemNI8lo+QJcyPSF/ykFMCRvL6VQ8GDMgpvsHdcsWu2VPgZeLMScU99s6ex25W75a/vV5M04hJoIJo3XHsBPycKOBUsFHJSzVLCB2SPusYKknEtJ9Pbx7hE6P0cBgrUxLwVP09kZNI6ywKTGdEYKAXvYn4n9dJIbz2cy6TFJiks0VhKjDEeBIA7nHFKIjMEEIVN7diOiCKUDAxlUwIzuLLy6R5XnMuaxcPTsW9RTMU0RE6RlXkoCvkontURw1EUYJe0Bt6t1Lr1fqwPmetBWs+c4j+wPr6AYUgk68=</latexit>

g(✓) =
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<latexit sha1_base64="QMZVXwRSULEOI7QMSSuDIxVyFLA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0WoCCURfGyEoBuXFewDmlAm00k7dDIJMzdCCP0LceNCEbf+jLv+jdPHQlsPXDiccy/33hMkgmuw7bFVWFldW98obpa2tnd298r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBu4reemNI8lo+QJcyPSF/ykFMCRvL6VQ8GDMgpvsHdcsWu2VPgZeLMScU99s6ex25W75a/vV5M04hJoIJo3XHsBPycKOBUsFHJSzVLCB2SPusYKknEtJ9Pbx7hE6P0cBgrUxLwVP09kZNI6ywKTGdEYKAXvYn4n9dJIbz2cy6TFJiks0VhKjDEeBIA7nHFKIjMEEIVN7diOiCKUDAxlUwIzuLLy6R5XnMuaxcPTsW9RTMU0RE6RlXkoCvkontURw1EUYJe0Bt6t1Lr1fqwPmetBWs+c4j+wPr6AYUgk68=</latexit>

g(✓) =

[Gawron et al 03; Gelman, Hill 07 Sec 13.5]
• Performance of pilots on 

flight simulators 

• 40 pilots; non-nested 

model with 8 scenarios, 
5 training levels
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Another example: pilots analysis
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rro
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Monte Carlo 
error

<latexit sha1_base64="QMZVXwRSULEOI7QMSSuDIxVyFLA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0WoCCURfGyEoBuXFewDmlAm00k7dDIJMzdCCP0LceNCEbf+jLv+jdPHQlsPXDiccy/33hMkgmuw7bFVWFldW98obpa2tnd298r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBu4reemNI8lo+QJcyPSF/ykFMCRvL6VQ8GDMgpvsHdcsWu2VPgZeLMScU99s6ex25W75a/vV5M04hJoIJo3XHsBPycKOBUsFHJSzVLCB2SPusYKknEtJ9Pbx7hE6P0cBgrUxLwVP09kZNI6ywKTGdEYKAXvYn4n9dJIbz2cy6TFJiks0VhKjDEeBIA7nHFKIjMEEIVN7diOiCKUDAxlUwIzuLLy6R5XnMuaxcPTsW9RTMU0RE6RlXkoCvkontURw1EUYJe0Bt6t1Lr1fqwPmetBWs+c4j+wPr6AYUgk68=</latexit>

g(✓) =

[Gawron et al 03; Gelman, Hill 07 Sec 13.5]
• Performance of pilots on 

flight simulators 

• 40 pilots; non-nested 

model with 8 scenarios, 
5 training levels


• When we run lme4, get 
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• Original MCMC: 6.2 sec, 
bootstrap (B=200): 47 
minutes, IJ: <1 second

how much 
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matters 
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pilot skill

how much 
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matters 
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pilot skill

how 
much 
individual 
pilot skill 
matters
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Another example: pilots analysis
[Gawron et al 03; Gelman, Hill 07 Sec 13.5]

Bayes
boot
IJ

1.0

0.5

0.3st
an

da
rd

 e
rro

r

• Performance of pilots on 
flight simulators 


• 40 pilots; non-nested 
model with 8 scenarios, 
5 training levels


• When we run lme4, get 
0 for the treatment 
variance fit, but 
rstanarm MCMC 
diagnostics look good


• Original MCMC: 6.2 sec, 
bootstrap (B=200): 47 
minutes, IJ: <1 second


• IJ & bootstrap share 
qualitative conclusion

Monte Carlo 
error

<latexit sha1_base64="QMZVXwRSULEOI7QMSSuDIxVyFLA=">AAAB83icbVDLSsNAFJ3UV62vqks3g0WoCCURfGyEoBuXFewDmlAm00k7dDIJMzdCCP0LceNCEbf+jLv+jdPHQlsPXDiccy/33hMkgmuw7bFVWFldW98obpa2tnd298r7B00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfBu4reemNI8lo+QJcyPSF/ykFMCRvL6VQ8GDMgpvsHdcsWu2VPgZeLMScU99s6ex25W75a/vV5M04hJoIJo3XHsBPycKOBUsFHJSzVLCB2SPusYKknEtJ9Pbx7hE6P0cBgrUxLwVP09kZNI6ywKTGdEYKAXvYn4n9dJIbz2cy6TFJiks0VhKjDEeBIA7nHFKIjMEEIVN7diOiCKUDAxlUwIzuLLy6R5XnMuaxcPTsW9RTMU0RE6RlXkoCvkontURw1EUYJe0Bt6t1Lr1fqwPmetBWs+c4j+wPr6AYUgk68=</latexit>

g(✓) =

how much 
scenario 
matters 
relative to 
pilot skill

how much 
training 
matters 
relative to 
pilot skill

how 
much 
individual 
pilot skill 
matters
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Insights from theory
• First, take N growing and parameter dimension fixed.

• Take regularity assumptions & ignore posterior approx.

• Let V be such that: <latexit sha1_base64="PvfpwfN6zzdfkDny2ksw22vBIMc="></latexit>

NVar
F(X)

E
p(✓|X)

[g(✓)] ! V

• Huggins and Miller 2019 show bootstrap estimator
<latexit sha1_base64="CWeKIYHRvGiUIYtKSy9a4Lvv49k=">AAAB9HicbVDJSgNBEO2JWxy3qEcvjUHwFGYEl4sY9OIxglkgGUJPp5M06ekeu2siYch3ePGgBK/+hncv4t/YWQ6a+KDg8V4VVfXCWHADnvftZJaWV1bXsuvuxubW9k5ud69iVKIpK1MllK6FxDDBJSsDB8FqsWYkCgWrhr2bsV/tM224kvcwiFkQkY7kbU4JWCloaN7pAtFaPeJKM5f3Ct4EeJH4M5K/+nAv49GXW2rmPhstRZOISaCCGFP3vRiClGjgVLCh20gMiwntkQ6rWypJxEyQTo4e4iOrtHBbaVsS8ET9PZGSyJhBFNrOiEDXzHtj8T+vnkD7Iki5jBNgkk4XtROBQeFxArjFNaMgBpYQqrm9FdMu0YSCzcm1IfjzLy+SyknBPyuc3vn54jWaIosO0CE6Rj46R0V0i0qojCh6QE/oBb06fefZGTlv09aMM5vZR3/gvP8ALCSVXw==</latexit>
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• Classic Bayesian Central Limit Theorem: 
<latexit sha1_base64="0WODjmxlq1zFXfj+xkrq3wOrwMA="></latexit>
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Insights from theory
• First, take N growing and parameter dimension fixed.

• Take regularity assumptions & ignore posterior approx.

• Let V be such that: <latexit sha1_base64="PvfpwfN6zzdfkDny2ksw22vBIMc="></latexit>

NVar
F(X)

E
p(✓|X)

[g(✓)] ! V

• Huggins and Miller 2019 show bootstrap estimator

• We show IJ estimator 

<latexit sha1_base64="CWeKIYHRvGiUIYtKSy9a4Lvv49k=">AAAB9HicbVDJSgNBEO2JWxy3qEcvjUHwFGYEl4sY9OIxglkgGUJPp5M06ekeu2siYch3ePGgBK/+hncv4t/YWQ6a+KDg8V4VVfXCWHADnvftZJaWV1bXsuvuxubW9k5ud69iVKIpK1MllK6FxDDBJSsDB8FqsWYkCgWrhr2bsV/tM224kvcwiFkQkY7kbU4JWCloaN7pAtFaPeJKM5f3Ct4EeJH4M5K/+nAv49GXW2rmPhstRZOISaCCGFP3vRiClGjgVLCh20gMiwntkQ6rWypJxEyQTo4e4iOrtHBbaVsS8ET9PZGSyJhBFNrOiEDXzHtj8T+vnkD7Iki5jBNgkk4XtROBQeFxArjFNaMgBpYQqrm9FdMu0YSCzcm1IfjzLy+SyknBPyuc3vn54jWaIosO0CE6Rj46R0V0i0qojCh6QE/oBb06fefZGTlv09aMM5vZR3/gvP8ALCSVXw==</latexit>

! V
<latexit sha1_base64="CWeKIYHRvGiUIYtKSy9a4Lvv49k=">AAAB9HicbVDJSgNBEO2JWxy3qEcvjUHwFGYEl4sY9OIxglkgGUJPp5M06ekeu2siYch3ePGgBK/+hncv4t/YWQ6a+KDg8V4VVfXCWHADnvftZJaWV1bXsuvuxubW9k5ud69iVKIpK1MllK6FxDDBJSsDB8FqsWYkCgWrhr2bsV/tM224kvcwiFkQkY7kbU4JWCloaN7pAtFaPeJKM5f3Ct4EeJH4M5K/+nAv49GXW2rmPhstRZOISaCCGFP3vRiClGjgVLCh20gMiwntkQ6rWypJxEyQTo4e4iOrtHBbaVsS8ET9PZGSyJhBFNrOiEDXzHtj8T+vnkD7Iki5jBNgkk4XtROBQeFxArjFNaMgBpYQqrm9FdMu0YSCzcm1IfjzLy+SyknBPyuc3vn54jWaIosO0CE6Rj46R0V0i0qojCh6QE/oBb06fefZGTlv09aMM5vZR3/gvP8ALCSVXw==</latexit>
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Conclusions
• We propose and analyze using the infinitesimal jackknife to 

estimate frequentist sampling uncertainty of a Bayesian 
estimator.


• We support our method’s accuracy, speed, & automation 
(+ limitations) with simulated & real experiments and theory


• Paper: Giordano, Broderick. The Bayesian Infinitesimal 
Jackknife for Variance. In preparation.


arxiv.org/abs/2305.06466



12

Conclusions
• We propose and analyze using the infinitesimal jackknife to 

estimate frequentist sampling uncertainty of a Bayesian 
estimator.


• We support our method’s accuracy, speed, & automation 
(+ limitations) with simulated & real experiments and theory


• Paper: Giordano, Broderick. The Bayesian Infinitesimal 
Jackknife for Variance. In preparation.


• Robustness isn’t a monolith.
arxiv.org/abs/2305.06466



12

Conclusions
• We propose and analyze using the infinitesimal jackknife to 

estimate frequentist sampling uncertainty of a Bayesian 
estimator.


• We support our method’s accuracy, speed, & automation 
(+ limitations) with simulated & real experiments and theory


• Paper: Giordano, Broderick. The Bayesian Infinitesimal 
Jackknife for Variance. In preparation.


• Robustness isn’t a monolith.

• Giordano et al. Covariances, robustness, and variational Bayes. 

JMLR 2018 & Giordano et al. Evaluating Sensitivity to the Stick-
Breaking Prior in Bayesian Nonparametrics. BA Discussion Paper, 
2023.

arxiv.org/abs/2305.06466



12

Conclusions
• We propose and analyze using the infinitesimal jackknife to 

estimate frequentist sampling uncertainty of a Bayesian 
estimator.


• We support our method’s accuracy, speed, & automation 
(+ limitations) with simulated & real experiments and theory


• Paper: Giordano, Broderick. The Bayesian Infinitesimal 
Jackknife for Variance. In preparation.


• Robustness isn’t a monolith.

• Giordano et al. Covariances, robustness, and variational Bayes. 

JMLR 2018 & Giordano et al. Evaluating Sensitivity to the Stick-
Breaking Prior in Bayesian Nonparametrics. BA Discussion Paper, 
2023. (Check out our rejoinder for an introduction to using influence 
scores for local robustness approximations.)

arxiv.org/abs/2305.06466



12

Conclusions
• We propose and analyze using the infinitesimal jackknife to 

estimate frequentist sampling uncertainty of a Bayesian 
estimator.


• We support our method’s accuracy, speed, & automation 
(+ limitations) with simulated & real experiments and theory


• Paper: Giordano, Broderick. The Bayesian Infinitesimal 
Jackknife for Variance. In preparation.


• Robustness isn’t a monolith.

• Giordano et al. Covariances, robustness, and variational Bayes. 

JMLR 2018 & Giordano et al. Evaluating Sensitivity to the Stick-
Breaking Prior in Bayesian Nonparametrics. BA Discussion Paper, 
2023. (Check out our rejoinder for an introduction to using influence 
scores for local robustness approximations.)


• Broderick, Giordano, Meager. An Automatic Finite-Sample 
Robustness Metric: When Can Dropping a Little Data Make a Big 
Difference? arxiv.org/abs/2011.14999 (alphabetical)

arxiv.org/abs/2305.06466


