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Two Kinds of Statistical Inference

• Bayesian and Frequentist
• Both inferential frameworks are useful
• It’s akin to “waves” vs. “particles” in physics

– they’re both correct in some sense
– they are complementary in many ways
– but they also conflict in some serious ways

• Understanding Bayes/frequentist relationships can help you 
become a real problem solver, not just a person who runs 
downloads software and runs data analysis procedures
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Frequentism

• We want to be able to say that a procedure works “on 
average”

– or possibly “with high probability”
• Where does the randomness come from to be able to 

talk about an “average” or a “probability”?
• The frequentist idea (due to Neyman, Wald, and others) 

is to assume that we don’t just have one dataset, but 
rather we repeatedly draw datasets independently from 
the population

– and the randomness comes from this sampling process
– for example, that’s the meaning of the expectation in going from 

the FDP to the FDR
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Bayesianism

• The idea is to condition on the data and consider the 
posterior distribution of various unknowns conditional 
on the data

• This updates the prior belief into a posterior belief
• A Bayesian doesn’t talk about averages over multiple 

possible data sets; they want to condition on the 
observed data

• A Bayesian is happy to assign probabilities to things 
that can’t be repeated
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Frequentist Hypothesis Testing

• This is what one learns in classical statistics classes
• The basic idea is to specify, via a probability 

distribution, what data one expects to see under the 
null hypothesis

– and similarly for the alternative hypothesis
• One then collects actual data and assesses, via some 

algorithm, how well the data fit that null distribution
• If the answer is “not so much,” then one rejects the null
• One then proves that such a decision-making algorithm 

will perform well on average
– e.g., having a controlled probability of a Type I error
– it’s that probability which is a frequentist concept
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Bayesian Hypothesis Testing

• Has risen, fallen and risen again many times over history
• The basic idea is to specify, via a probability distribution, 

what data one expects to see under the null hypothesis 
and similarly for the alternative hypothesis

• One places a prior probability on the null and the 
alternative 

• One now has all the ingredients to compute a conditional 
probability of the hypothesis given the data
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Comparisons

• Bayesian perspective
– conditional perspective--inferences should be made conditional on the 

actual observed data, not on possible data one could have observed
– natural in the setting of a long-term project with a domain expert
– the optimist---let’s make the best use possible of our sophisticated 

inferential tool
• Frequentist perspective

– unconditional perspective---inferential procedures should give good 
answers in repeated use

– natural in the setting of writing software that will be used by many 
people for many problems

– the pessimist--let’s protect ourselves against bad decisions given that 
our inferential procedure is a simplification of reality
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Comparisons

• Bayesian perspective
– conditional perspective--inferences should be made conditional on the 

actual observed data, not on possible data one could have observed
– natural in the setting of a long-term project with a domain expert
– the optimist---let’s make the best use possible of our sophisticated 

inferential tool
• Frequentist perspective

– unconditional perspective---inferential procedures should give good 
answers in repeated use

– natural in the setting of writing software that will be used by many 
people for many problems

– the pessimist--let’s protect ourselves against bad decisions
• Q: Are “bias” and “variance” frequentist or Bayesian?
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A Small Thought Experiment

• Suppose that you want to estimate the average height of the population in a 
city

• You take a random sample of 100 people, measure their height      and adopt 
the model 

• An unbiased estimator of     is given by    , the sample mean
– i.e., the sample mean is a good frequentist estimator
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A Small Thought Experiment

• Suppose that you want to estimate the average height of the population in a 
city

• You take a random sample of 100 people, measure their height      and adopt 
the model 

• An unbiased estimator of     is given by    , the sample mean
– i.e., the sample mean is a good frequentist estimator

• Now suppose that someone tells you that the measuring device was broken, 
and anybody over 7 feet tall was recorded as 7 feet

– but there actually was no one over 7 feet tall; everyone was actually less than 6.5 feet
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A Small Thought Experiment

• Suppose that you want to estimate the average height of the population in a 
city

• You take a random sample of 100 people, measure their height      and adopt 
the model 

• An unbiased estimator of     is given by    , the sample mean
– i.e., the sample mean is a good frequentist estimator

• Now suppose that someone tells you that the measuring device was broken, 
and anybody over 7 feet tall was recorded as 7 feet

– but there actually was no one over 7 feet tall; everyone was actually less than 6.5 feet

• The right model for the truncated data is a truncated Gaussian, and the 
sample mean is no longer unbiased under the new model
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A Small Thought Experiment

• Suppose that you want to estimate the average height of the population in a 
city

• You take a random sample of 100 people, measure their height      and adopt 
the model 

• An unbiased estimator of     is given by    , the sample mean
– i.e., the sample mean is a good frequentist estimator

• Now suppose that someone tells you that the measuring device was broken, 
and anybody over 7 feet tall was recorded as 7 feet

– but there actually was no one over 7 feet tall; everyone was actually less than 6.5 feet

• The right model for the truncated data is a truncated Gaussian, and the 
sample mean is no longer unbiased under the new model

• Should you alter your estimate?
– consider this question from both a Bayesian and frequentist point of view
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Decision-Theoretic Framework

• Define a family of probability models for the data , indexed by a parameter
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✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>
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• Define a family of probability models for the data , indexed by a parameter
• Define a procedure that operates on the data to make a decision

University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>
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University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>
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University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

✓ 2 {0, 1}
<latexit sha1_base64="9qUo0SGWwSiyxk1AWQs2VOcL7ZM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBylJFfRY9OKxgv2AJpTNdtMu3WzC7kQIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0gE1+A431ZpbX1jc6u8XdnZ3ds/sA+POjpOFWVtGotY9QKimeCStYGDYL1EMRIFgnWDye3M7z4ypXksHyBLmB+RkeQhpwSMNLCrHowZEOxxib3cOceuNx3YNafuzIFXiVuQGirQGthf3jCmacQkUEG07rtOAn5OFHAq2LTipZolhE7IiPUNlSRi2s/nx0/xqVGGOIyVKQl4rv6eyEmkdRYFpjMiMNbL3kz8z+unEF77OZdJCkzSxaIwFRhiPEsCD7liFERmCKGKm1sxHRNFKJi8KiYEd/nlVdJp1N2LeuP+sta8KeIoo2N0gs6Qi65QE92hFmojijL0jF7Rm/VkvVjv1seitWQVM1X0B9bnD/w6k68=</latexit>

�(X) 2 {0, 1}
<latexit sha1_base64="tJwvTtr+p/1eXn+iTMVXdSlEeEU=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tFqCAlqYIei148VrAf0ISy2WzbpZtN2N0IJfbgX/HiQRGv/g1v/hu3bQ5afTDweG+GmXlBwpnSjvNlFZaWV1bXiuuljc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0PfXb91QqFos7PU6oH+GBYH1GsDZSzz7wQso1rnROkMcE8jLnFLnepGeXnaozA/pL3JyUIUejZ396YUzSiApNOFaq6zqJ9jMsNSOcTkpeqmiCyQgPaNdQgSOq/Gx2/wQdGyVE/ViaEhrN1J8TGY6UGkeB6YywHqpFbyr+53VT3b/0MyaSVFNB5ov6KUc6RtMwUMgkJZqPDcFEMnMrIkMsMdEmspIJwV18+S9p1aruWbV2e16uX+VxFOEQjqACLlxAHW6gAU0g8ABP8AKv1qP1bL1Z7/PWgpXP7MMvWB/faV+Uag==</latexit>
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• Define a loss function:

• Example: 0/1 loss

University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

✓ 2 {0, 1}
<latexit sha1_base64="9qUo0SGWwSiyxk1AWQs2VOcL7ZM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBylJFfRY9OKxgv2AJpTNdtMu3WzC7kQIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0gE1+A431ZpbX1jc6u8XdnZ3ds/sA+POjpOFWVtGotY9QKimeCStYGDYL1EMRIFgnWDye3M7z4ypXksHyBLmB+RkeQhpwSMNLCrHowZEOxxib3cOceuNx3YNafuzIFXiVuQGirQGthf3jCmacQkUEG07rtOAn5OFHAq2LTipZolhE7IiPUNlSRi2s/nx0/xqVGGOIyVKQl4rv6eyEmkdRYFpjMiMNbL3kz8z+unEF77OZdJCkzSxaIwFRhiPEsCD7liFERmCKGKm1sxHRNFKJi8KiYEd/nlVdJp1N2LeuP+sta8KeIoo2N0gs6Qi65QE92hFmojijL0jF7Rm/VkvVjv1seitWQVM1X0B9bnD/w6k68=</latexit>

�(X) 2 {0, 1}
<latexit sha1_base64="tJwvTtr+p/1eXn+iTMVXdSlEeEU=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tFqCAlqYIei148VrAf0ISy2WzbpZtN2N0IJfbgX/HiQRGv/g1v/hu3bQ5afTDweG+GmXlBwpnSjvNlFZaWV1bXiuuljc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0PfXb91QqFos7PU6oH+GBYH1GsDZSzz7wQso1rnROkMcE8jLnFLnepGeXnaozA/pL3JyUIUejZ396YUzSiApNOFaq6zqJ9jMsNSOcTkpeqmiCyQgPaNdQgSOq/Gx2/wQdGyVE/ViaEhrN1J8TGY6UGkeB6YywHqpFbyr+53VT3b/0MyaSVFNB5ov6KUc6RtMwUMgkJZqPDcFEMnMrIkMsMdEmspIJwV18+S9p1aruWbV2e16uX+VxFOEQjqACLlxAHW6gAU0g8ABP8AKv1qP1bL1Z7/PWgpXP7MMvWB/faV+Uag==</latexit>

(Reality)

(Decision)



Decision-Theoretic Framework

• Define a family of probability models for the data , indexed by a parameter
• Define a procedure that operates on the data to make a decision
• Define a loss function:

• Example: 0/1 loss

University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

✓ 2 {0, 1}
<latexit sha1_base64="9qUo0SGWwSiyxk1AWQs2VOcL7ZM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBylJFfRY9OKxgv2AJpTNdtMu3WzC7kQIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0gE1+A431ZpbX1jc6u8XdnZ3ds/sA+POjpOFWVtGotY9QKimeCStYGDYL1EMRIFgnWDye3M7z4ypXksHyBLmB+RkeQhpwSMNLCrHowZEOxxib3cOceuNx3YNafuzIFXiVuQGirQGthf3jCmacQkUEG07rtOAn5OFHAq2LTipZolhE7IiPUNlSRi2s/nx0/xqVGGOIyVKQl4rv6eyEmkdRYFpjMiMNbL3kz8z+unEF77OZdJCkzSxaIwFRhiPEsCD7liFERmCKGKm1sxHRNFKJi8KiYEd/nlVdJp1N2LeuP+sta8KeIoo2N0gs6Qi65QE92hFmojijL0jF7Rm/VkvVjv1seitWQVM1X0B9bnD/w6k68=</latexit>

�(X) 2 {0, 1}
<latexit sha1_base64="tJwvTtr+p/1eXn+iTMVXdSlEeEU=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tFqCAlqYIei148VrAf0ISy2WzbpZtN2N0IJfbgX/HiQRGv/g1v/hu3bQ5afTDweG+GmXlBwpnSjvNlFZaWV1bXiuuljc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0PfXb91QqFos7PU6oH+GBYH1GsDZSzz7wQso1rnROkMcE8jLnFLnepGeXnaozA/pL3JyUIUejZ396YUzSiApNOFaq6zqJ9jMsNSOcTkpeqmiCyQgPaNdQgSOq/Gx2/wQdGyVE/ViaEhrN1J8TGY6UGkeB6YywHqpFbyr+53VT3b/0MyaSVFNB5ov6KUc6RtMwUMgkJZqPDcFEMnMrIkMsMdEmspIJwV18+S9p1aruWbV2e16uX+VxFOEQjqACLlxAHW6gAU0g8ABP8AKv1qP1bL1Z7/PWgpXP7MMvWB/faV+Uag==</latexit>
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Decision-Theoretic Framework

• Define a family of probability models for the data , indexed by a parameter
• Define a procedure that operates on the data to make a decision
• Define a loss function:

• Example: 0/1 loss

University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

✓ 2 {0, 1}
<latexit sha1_base64="9qUo0SGWwSiyxk1AWQs2VOcL7ZM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBylJFfRY9OKxgv2AJpTNdtMu3WzC7kQIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0gE1+A431ZpbX1jc6u8XdnZ3ds/sA+POjpOFWVtGotY9QKimeCStYGDYL1EMRIFgnWDye3M7z4ypXksHyBLmB+RkeQhpwSMNLCrHowZEOxxib3cOceuNx3YNafuzIFXiVuQGirQGthf3jCmacQkUEG07rtOAn5OFHAq2LTipZolhE7IiPUNlSRi2s/nx0/xqVGGOIyVKQl4rv6eyEmkdRYFpjMiMNbL3kz8z+unEF77OZdJCkzSxaIwFRhiPEsCD7liFERmCKGKm1sxHRNFKJi8KiYEd/nlVdJp1N2LeuP+sta8KeIoo2N0gs6Qi65QE92hFmojijL0jF7Rm/VkvVjv1seitWQVM1X0B9bnD/w6k68=</latexit>

�(X) 2 {0, 1}
<latexit sha1_base64="tJwvTtr+p/1eXn+iTMVXdSlEeEU=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tFqCAlqYIei148VrAf0ISy2WzbpZtN2N0IJfbgX/HiQRGv/g1v/hu3bQ5afTDweG+GmXlBwpnSjvNlFZaWV1bXiuuljc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0PfXb91QqFos7PU6oH+GBYH1GsDZSzz7wQso1rnROkMcE8jLnFLnepGeXnaozA/pL3JyUIUejZ396YUzSiApNOFaq6zqJ9jMsNSOcTkpeqmiCyQgPaNdQgSOq/Gx2/wQdGyVE/ViaEhrN1J8TGY6UGkeB6YywHqpFbyr+53VT3b/0MyaSVFNB5ov6KUc6RtMwUMgkJZqPDcFEMnMrIkMsMdEmspIJwV18+S9p1aruWbV2e16uX+VxFOEQjqACLlxAHW6gAU0g8ABP8AKv1qP1bL1Z7/PWgpXP7MMvWB/faV+Uag==</latexit>

R
ea

lit
y 0

1

Decision
0 1

(Reality)

(Decision)

l(0, 0)
<latexit sha1_base64="6slV3T37kqanrVp8PDy9zg8ziug=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQQcJuFPQY9OIxgnlAsoTZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8NOME/YgOJA85o8ZKLVF2L4h73iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+7pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrzxJ1wmqUHJFovCVBATk9nvpM8VMiPGllCmuL2VsCFVlBmbUMGG4C2/vEqa1Yp3Wak+XJVqt1kceTiBUyiDB9dQg3uoQwMYjOAZXuHNSZwX5935WLTmnGzmGP7A+fwBN3KOLQ==</latexit>

l(0, 1)
<latexit sha1_base64="muWxxVNtXdB7GwQOwHZwjWp2JTY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQQcJuFPQY9OIxgnlAsoTZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8NOME/YgOJA85o8ZKLVF2L4h33iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+7pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrzxJ1wmqUHJFovCVBATk9nvpM8VMiPGllCmuL2VsCFVlBmbUMGG4C2/vEqa1Yp3Wak+XJVqt1kceTiBUyiDB9dQg3uoQwMYjOAZXuHNSZwX5935WLTmnGzmGP7A+fwBOPeOLg==</latexit>

l(1, 1)
<latexit sha1_base64="ouwx7mg1jydyx4n5Bv1j/i+L8gE=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQQcJuFPQY9OIxgnlAsoTZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8NOME/YgOJA85o8ZKLVH2Loh33iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+7pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrzxJ1wmqUHJFovCVBATk9nvpM8VMiPGllCmuL2VsCFVlBmbUMGG4C2/vEqa1Yp3Wak+XJVqt1kceTiBUyiDB9dQg3uoQwMYjOAZXuHNSZwX5935WLTmnGzmGP7A+fwBOn+OLw==</latexit>

l(1, 0)
<latexit sha1_base64="AT2bSMsDr5OiSOdulG8CEhKR4Uo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQQcJuFPQY9OIxgnlAsoTZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8NOME/YgOJA85o8ZKLVH2Loh73iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+7pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrzxJ1wmqUHJFovCVBATk9nvpM8VMiPGllCmuL2VsCFVlBmbUMGG4C2/vEqa1Yp3Wak+XJVqt1kceTiBUyiDB9dQg3uoQwMYjOAZXuHNSZwX5935WLTmnGzmGP7A+fwBOPqOLg==</latexit>



Decision-Theoretic Framework

• Define a family of probability models for the data , indexed by a parameter
• Define a procedure that operates on the data to make a decision
• Define a loss function:

• Example: 0/1 loss

University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

✓ 2 {0, 1}
<latexit sha1_base64="9qUo0SGWwSiyxk1AWQs2VOcL7ZM=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBylJFfRY9OKxgv2AJpTNdtMu3WzC7kQIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0gE1+A431ZpbX1jc6u8XdnZ3ds/sA+POjpOFWVtGotY9QKimeCStYGDYL1EMRIFgnWDye3M7z4ypXksHyBLmB+RkeQhpwSMNLCrHowZEOxxib3cOceuNx3YNafuzIFXiVuQGirQGthf3jCmacQkUEG07rtOAn5OFHAq2LTipZolhE7IiPUNlSRi2s/nx0/xqVGGOIyVKQl4rv6eyEmkdRYFpjMiMNbL3kz8z+unEF77OZdJCkzSxaIwFRhiPEsCD7liFERmCKGKm1sxHRNFKJi8KiYEd/nlVdJp1N2LeuP+sta8KeIoo2N0gs6Qi65QE92hFmojijL0jF7Rm/VkvVjv1seitWQVM1X0B9bnD/w6k68=</latexit>

�(X) 2 {0, 1}
<latexit sha1_base64="tJwvTtr+p/1eXn+iTMVXdSlEeEU=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tFqCAlqYIei148VrAf0ISy2WzbpZtN2N0IJfbgX/HiQRGv/g1v/hu3bQ5afTDweG+GmXlBwpnSjvNlFZaWV1bXiuuljc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0PfXb91QqFos7PU6oH+GBYH1GsDZSzz7wQso1rnROkMcE8jLnFLnepGeXnaozA/pL3JyUIUejZ396YUzSiApNOFaq6zqJ9jMsNSOcTkpeqmiCyQgPaNdQgSOq/Gx2/wQdGyVE/ViaEhrN1J8TGY6UGkeB6YywHqpFbyr+53VT3b/0MyaSVFNB5ov6KUc6RtMwUMgkJZqPDcFEMnMrIkMsMdEmspIJwV18+S9p1aruWbV2e16uX+VxFOEQjqACLlxAHW6gAU0g8ABP8AKv1qP1bL1Z7/PWgpXP7MMvWB/faV+Uag==</latexit>

R
ea

lit
y 0

1

Decision
0 1

(Reality)

(Decision)

0
<latexit sha1_base64="rsPGDo38dCUrLsAt/ftnosrChUA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPemeMuA==</latexit>

0
<latexit sha1_base64="rsPGDo38dCUrLsAt/ftnosrChUA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPemeMuA==</latexit>

1
<latexit sha1_base64="TtIgPQprnJE4HSS++PuM3etxya8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe+uMuQ==</latexit>

1
<latexit sha1_base64="TtIgPQprnJE4HSS++PuM3etxya8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe+uMuQ==</latexit>



Decision-Theoretic Framework

• Define a family of probability models for the data , indexed by a parameter
• Define a procedure that operates on the data to make a decision
• Define a loss function:

• Example: L2 loss

University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

✓ 2 R
<latexit sha1_base64="t6Hc9lvKLIPkEtQrgz7APEgUAeY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpgi6LblxWsQ9oQplMJ+3QySTM3AglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCARXIPjfFulldW19Y3yZmVre2d3z94/aOs4VZS1aCxi1Q2IZoJL1gIOgnUTxUgUCNYJxje533lkSvNYPsAkYX5EhpKHnBIwUt8+8mDEgGCPS+xFBEZBkN1P+3bVqTkz4GXiFqSKCjT79pc3iGkaMQlUEK17rpOAnxEFnAo2rXipZgmhYzJkPUMliZj2s1n8KT41ygCHsTJPAp6pvzcyEmk9iQIzmSfUi14u/uf1Ugiv/IzLJAUm6fxQmAoMMc67wAOuGAUxMYRQxU1WTEdEEQqmsYopwV388jJp12vuea1+d1FtXBd1lNExOkFnyEWXqIFuURO1EEUZekav6M16sl6sd+tjPlqyip1D9AfW5w/xupV6</latexit>

�(X) 2 R
<latexit sha1_base64="wG+Bd93OFho4T4IMJAga5De9M+0=">AAACAXicbVBNS8NAEJ34WetX1YvgZbEI9VKSKuix6MVjFfsBTSibzaZdutmE3Y1QQr34V7x4UMSr/8Kb/8ZN24O2Phh4vDfDzDw/4Uxp2/62lpZXVtfWCxvFza3tnd3S3n5LxakktEliHsuOjxXlTNCmZprTTiIpjnxO2/7wOvfbD1QqFot7PUqoF+G+YCEjWBupVzp0A8o1rnROkcsEciOsB76f3Y17pbJdtSdAi8SZkTLM0OiVvtwgJmlEhSYcK9V17ER7GZaaEU7HRTdVNMFkiPu0a6jAEVVeNvlgjE6MEqAwlqaERhP190SGI6VGkW868wvVvJeL/3ndVIeXXsZEkmoqyHRRmHKkY5THgQImKdF8ZAgmkplbERlgiYk2oRVNCM78y4ukVas6Z9Xa7Xm5fjWLowBHcAwVcOAC6nADDWgCgUd4hld4s56sF+vd+pi2LlmzmQP4A+vzB2AlljU=</latexit>

l(✓, �(X)) = (�(X)� ✓)2
<latexit sha1_base64="77+8NaitL5MThrFEl4IPjY2YnlA=">AAACFnicbVDLSgMxFM3UV62vUZdugkVowZaZKuhGKLpxWcE+oK0lk962oZkHyR2hlH6FG3/FjQtF3Io7/8b0gWjrgcDJOeeS3ONFUmh0nC8rsbS8srqWXE9tbG5t79i7exUdxopDmYcyVDWPaZAigDIKlFCLFDDfk1D1+ldjv3oPSoswuMVBBE2fdQPREZyhkVp2TmYa2ANkx7TRBoksU8tm6QXN/Nxojk4T2btCy047eWcCukjcGUmTGUot+7PRDnnsQ4BcMq3rrhNhc8gUCi5hlGrEGiLG+6wLdUMD5oNuDidrjeiRUdq0EypzAqQT9ffEkPlaD3zPJH2GPT3vjcX/vHqMnfPmUARRjBDw6UOdWFIM6bgj2hYKOMqBIYwrYf5KeY8pxtE0mTIluPMrL5JKIe+e5As3p+ni5ayOJDkghyRDXHJGiuSalEiZcPJAnsgLebUerWfrzXqfRhPWbGaf/IH18Q0+e5xH</latexit>



Decision-Theoretic Framework

• Define a family of probability models for the data    , indexed by a parameter
• Define a procedure           that operates on the data to make a decision
• Define a loss function:

University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>



Decision-Theoretic Framework

• Define a family of probability models for the data    , indexed by a parameter
• Define a procedure           that operates on the data to make a decision
• Define a loss function:

• The goal is to use the loss function to compare procedures, but both of its 
arguments are unknown

University of California, Berkeley

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>



Decision-Theoretic Framework

• Define a family of probability models for the data    , indexed by a parameter
• Define a procedure           that operates on the data to make a decision
• Define a loss function:

• The goal is to use the loss function to compare procedures, but both of its 
arguments are unknown

University of California, Berkeley

frequentist 
expectation

Bayesian 
expectation

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>



Decision-Theoretic Framework

• Define a family of probability models for the data    , indexed by a parameter
• Define a procedure           that operates on the data to make a decision
• Define a loss function:

• The goal is to use the loss function to compare procedures, but both of its 
arguments are unknown

University of California, Berkeley

frequentist 
expectation

Bayesian 
expectation

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

E✓l(✓, �(X))
<latexit sha1_base64="pHnuQOC2VHc4nUYpNKQS/zjz9C8=">AAACD3icbZDLSgNBEEV7fMb4irp00xiUBCTMREGXQRFcRjAPyITQ06kkTXoedNcIYcgfuPFX3LhQxK1bd/6NPUkWmnih4XCriq66XiSFRtv+tpaWV1bX1jMb2c2t7Z3d3N5+XYex4lDjoQxV02MapAighgIlNCMFzPckNLzhdVpvPIDSIgzucRRB22f9QPQEZ2isTu7E9RkOPC+5GXdcHAAyKgtTOKVuFySyQrNY7OTydsmeiC6CM4M8manayX253ZDHPgTIJdO65dgRthOmUHAJ46wba4gYH7I+tAwGzAfdTib3jOmxcbq0FyrzAqQT9/dEwnytR75nOtPt9XwtNf+rtWLsXbYTEUQxQsCnH/ViSTGkaTi0KxRwlCMDjCthdqV8wBTjaCLMmhCc+ZMXoV4uOWel8t15vnI1iyNDDskRKRCHXJAKuSVVUiOcPJJn8krerCfrxXq3PqatS9Zs5oD8kfX5A4u1m60=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>



Decision-Theoretic Framework

• Define a family of probability models for the data    , indexed by a parameter
• Define a procedure           that operates on the data to make a decision
• Define a loss function:

• The goal is to use the loss function to compare procedures, but both of its 
arguments are unknown

University of California, Berkeley

frequentist 
expectation

Bayesian 
expectation

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

E✓l(✓, �(X))
<latexit sha1_base64="pHnuQOC2VHc4nUYpNKQS/zjz9C8=">AAACD3icbZDLSgNBEEV7fMb4irp00xiUBCTMREGXQRFcRjAPyITQ06kkTXoedNcIYcgfuPFX3LhQxK1bd/6NPUkWmnih4XCriq66XiSFRtv+tpaWV1bX1jMb2c2t7Z3d3N5+XYex4lDjoQxV02MapAighgIlNCMFzPckNLzhdVpvPIDSIgzucRRB22f9QPQEZ2isTu7E9RkOPC+5GXdcHAAyKgtTOKVuFySyQrNY7OTydsmeiC6CM4M8manayX253ZDHPgTIJdO65dgRthOmUHAJ46wba4gYH7I+tAwGzAfdTib3jOmxcbq0FyrzAqQT9/dEwnytR75nOtPt9XwtNf+rtWLsXbYTEUQxQsCnH/ViSTGkaTi0KxRwlCMDjCthdqV8wBTjaCLMmhCc+ZMXoV4uOWel8t15vnI1iyNDDskRKRCHXJAKuSVVUiOcPJJn8krerCfrxXq3PqatS9Zs5oD8kfX5A4u1m60=</latexit>

E[l(✓, �(X)) |X]
<latexit sha1_base64="CzkR+Qv1ydcyJbdTAMQOd+oJoP8=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmaqoMuiCC4rWC3MDCWTubXBzIPkjlDGfoQbf8WNC0XcunDn35hpu/B1IOFwzr0k5wSpFBpt+9Oamp6ZnZsvLZQXl5ZXVitr65c6yRSHNk9kojoB0yBFDG0UKKGTKmBRIOEquDkp/KtbUFok8QUOUvAjdh2LnuAMjdSt7HoRw34Q5KdD6sqah31Atke9ECSyWmdnh3p79K64On63UrXr9gj0L3EmpEomaHUrH16Y8CyCGLlkWruOnaKfM4WCSxiWvUxDyvgNuwbX0JhFoP18FGpIt40S0l6izImRjtTvGzmLtB5EgZksIujfXiH+57kZ9o78XMRphhDz8UO9TFJMaNEQDYUCjnJgCONKmL9S3meKcTQ9lk0Jzu/If8llo+7s1xvnB9Xm8aSOEtkkW6RGHHJImuSMtEibcHJPHskzebEerCfr1Xobj05Zk50N8gPW+xfp+pwq</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>



Decision-Theoretic Framework

• Define a family of probability models for the data    , indexed by a parameter
• Define a procedure           that operates on the data to make a decision
• Define a loss function:

• The goal is to use the loss function to compare procedures, but both of its 
arguments are unknown

University of California, Berkeley

frequentist 
expectation

Bayesian 
expectation

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

E✓l(✓, �(X))
<latexit sha1_base64="mBx7zHtgFLNXv1gr0lwkPDcD30c=">AAACIHicbVDJSgNBFOxxjXGLevTSGIQIEmaiEI9BETxGMAtkQujpeTGNPQvdb8QwzKd48Ve8eFBEb/o1dpaDJhY0FFXvUf3Ki6XQaNtf1sLi0vLKam4tv76xubVd2Nlt6ihRHBo8kpFqe0yDFCE0UKCEdqyABZ6Elnd3MfJb96C0iMIbHMbQDdhtKPqCMzRSr1B1A4YDz0svs56LA0BGZWlCjqmL8IDjjFSBn6WuDxJZqX2UHfUKRbtsj0HniTMlRTJFvVf4dP2IJwGEyCXTuuPYMXZTplBwCVneTTTEjN+xW+gYGrIAdDcdh2f00Cg+7UfKvBDpWP29kbJA62HgmcnROXrWG4n/eZ0E+2fdVIRxghDySVA/kRQjOmqL+kIBRzk0hHElzF8pHzDFOJpO86YEZ/bkedKslJ2TcuX6tFg7n9aRI/vkgJSIQ6qkRq5InTQIJ4/kmbySN+vJerHerY/J6II13dkjf2B9/wB3laPC</latexit>

l(✓, �(X))
<latexit sha1_base64="ZtSJ91wIM8S9dEwZRKYm/A5J7t0=">AAACDnicbVDJSgNBEO1xjXGLevTSGAIJSJiJgh6DXjxGMAtkQujpqSRNeha6a8Qw5Au8+CtePCji1bM3/8bOctDEBwWP96q6up4XS6HRtr+tldW19Y3NzFZ2e2d3bz93cNjQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3g98Zv3oLSIwjscxdAJWD8UPcEZGqmbK8iiiwNAdkpdhAecvpgq8Mep64NEVmyVxqVuLm+X7SnoMnHmJE/mqHVzX64f8SSAELlkWrcdO8ZOyhQKLmGcdRMNMeND1oe2oSELQHfS6fIxLRjFp71ImQqRTtXfEykLtB4FnukMGA70ojcR//PaCfYuO6kI4wQh5LNFvURSjOgkG+oLBRzlyBDGlTB/pXzAFONoEsyaEJzFk5dJo1J2zsqV2/N89WoeR4YckxNSJA65IFVyQ2qkTjh5JM/klbxZT9aL9W59zFpXrPnMEfkD6/MHB0qcFg==</latexit>

E[l(✓, �(X)) |X]
<latexit sha1_base64="CzkR+Qv1ydcyJbdTAMQOd+oJoP8=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmaqoMuiCC4rWC3MDCWTubXBzIPkjlDGfoQbf8WNC0XcunDn35hpu/B1IOFwzr0k5wSpFBpt+9Oamp6ZnZsvLZQXl5ZXVitr65c6yRSHNk9kojoB0yBFDG0UKKGTKmBRIOEquDkp/KtbUFok8QUOUvAjdh2LnuAMjdSt7HoRw34Q5KdD6sqah31Atke9ECSyWmdnh3p79K64On63UrXr9gj0L3EmpEomaHUrH16Y8CyCGLlkWruOnaKfM4WCSxiWvUxDyvgNuwbX0JhFoP18FGpIt40S0l6izImRjtTvGzmLtB5EgZksIujfXiH+57kZ9o78XMRphhDz8UO9TFJMaNEQDYUCjnJgCONKmL9S3meKcTQ9lk0Jzu/If8llo+7s1xvnB9Xm8aSOEtkkW6RGHHJImuSMtEibcHJPHskzebEerCfr1Xobj05Zk50N8gPW+xfp+pwq</latexit>



Decision-Theoretic Framework

• Define a family of probability models for the data    , indexed by a parameter
• Define a procedure           that operates on the data to make a decision
• Define a loss function:

• The goal is to use the loss function to compare procedures, but both of its 
arguments are unknown

University of California, Berkeley

frequentist 
expectation

Bayesian 
expectation

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

�(X)
<latexit sha1_base64="tOstAMawmYdrDKXMpDSDXiytWV8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mM/pNzgavd8UK64NXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8Xmqiaz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpF2veRe1+v1lpXGTx1GEEziFKnhwBQ24gya0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5AwnGj+c=</latexit>

l(✓, �(X))
<latexit sha1_base64="OAWqcnZbq2hJEPcRYnwGk9cbYBU=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoOQgISZKOgx6MVjBLNAEkJPpyZp0rPQXSPEIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz42k0Gjb31ZmZXVtfSO7mdva3tndy+8fNHQYKw51HspQtVymQYoA6ihQQitSwHxXQtMd3Uz95gMoLcLgHscRdH02CIQnOEMj9fJHstjBISA7o50+SGTFVqnUyxfssj0DXSZOSgokRa2X/+r0Qx77ECCXTOu2Y0fYTZhCwSVMcp1YQ8T4iA2gbWjAfNDdZHb9hJ4apU+9UJkKkM7U3xMJ87Ue+67p9BkO9aI3Ff/z2jF6V91EBFGMEPD5Ii+WFEM6jYL2hQKOcmwI40qYWykfMsU4msByJgRn8eVl0qiUnfNy5e6iUL1O48iSY3JCisQhl6RKbkmN1Aknj+SZvJI368l6sd6tj3lrxkpnDskfWJ8/lEaUAQ==</latexit>

E✓l(✓, �(X))
<latexit sha1_base64="pHnuQOC2VHc4nUYpNKQS/zjz9C8=">AAACD3icbZDLSgNBEEV7fMb4irp00xiUBCTMREGXQRFcRjAPyITQ06kkTXoedNcIYcgfuPFX3LhQxK1bd/6NPUkWmnih4XCriq66XiSFRtv+tpaWV1bX1jMb2c2t7Z3d3N5+XYex4lDjoQxV02MapAighgIlNCMFzPckNLzhdVpvPIDSIgzucRRB22f9QPQEZ2isTu7E9RkOPC+5GXdcHAAyKgtTOKVuFySyQrNY7OTydsmeiC6CM4M8manayX253ZDHPgTIJdO65dgRthOmUHAJ46wba4gYH7I+tAwGzAfdTib3jOmxcbq0FyrzAqQT9/dEwnytR75nOtPt9XwtNf+rtWLsXbYTEUQxQsCnH/ViSTGkaTi0KxRwlCMDjCthdqV8wBTjaCLMmhCc+ZMXoV4uOWel8t15vnI1iyNDDskRKRCHXJAKuSVVUiOcPJJn8krerCfrxXq3PqatS9Zs5oD8kfX5A4u1m60=</latexit>

E[l(✓, �(X)) |X]
<latexit sha1_base64="9zbOiBmGVy+jo/YJqw1tRrEJ+Y0="></latexit>

l(✓, �(X))
<latexit sha1_base64="DJERV2cSsHrwfjIBZK6MbAqC/0M=">AAACD3icbVDJSgNBEO1xjXGLevTSGJQEJMxEQY9BLx4jmAUyIfT0VJImPQvdNWIY8gde/BUvHhTx6tWbf2NnOWjig4LHe1XdVc+LpdBo29/W0vLK6tp6ZiO7ubW9s5vb26/rKFEcajySkWp6TIMUIdRQoIRmrIAFnoSGN7ge+417UFpE4R0OY2gHrBeKruAMjdTJnciCi/CAk5dSBf4odbEPyEan1PVBIis0i0XayeXtkj0BXSTOjOTJDNVO7sv1I54EECKXTOuWY8fYTplCwSWMsm6iIWZ8wHrQMjRkAeh2OtliRI+N4tNupEyFSCfq74mUBVoPA890Bgz7et4bi/95rQS7l+1UhHGCEPLpR91EUozoOBzqCwUc5dAQxpUwu1LeZ4pxNBFmTQjO/MmLpF4uOWel8u15vnI1iyNDDskRKRCHXJAKuSFVUiOcPJJn8krerCfrxXq3PqatS9Zs5oD8gfX5A3ienEA=</latexit>



Risk Functions

• The frequentist risk:

• The Bayesian posterior risk:

University of California, Berkeley

R(✓) = E✓l(✓, �(X))
<latexit sha1_base64="D1TvzUtqg9+wWD2v5lROtu8JsTU=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBASkLCbCHoRgiJ4jGIekA1hdtJJhsw+mOkVwpIP8eKvePGgiBcPgn/jbrIHTSxoKKq66e5yAik0mua3sbS8srq2ntnIbm5t7+zm9vYb2g8Vhzr3pa9aDtMghQd1FCihFShgriOh6YyuEr/5AEoL37vHcQAdlw080RecYSx1c5W7go1DQFakF9R2GQ4dJ7qedGcilal7Qu0eSGSFVrGY7ebyZsmcgi4SKyV5kqLWzX3aPZ+HLnjIJdO6bZkBdiKmUHAJk6wdaggYH7EBtGPqMRd0J5o+N6HHsdKjfV/F5SGdqr8nIuZqPXaduDM5X897ifif1w6xf96JhBeECB6fLeqHkqJPk6RoTyjgKMcxYVyJ+FbKh0wxjnGeSQjW/MuLpFEuWZVS+fY0X71M48iQQ3JECsQiZ6RKbkiN1Aknj+SZvJI348l4Md6Nj1nrkpHOHJA/ML5+AJjKn8s=</latexit>

⇢(X) = E[l(✓, �(X)) |X]
<latexit sha1_base64="wwSI5oNcF2X/FH6Wk/kyboPKuA0=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUkDLjA90IRRFcVrC10BlKJr1tg5kHyR2hjP0SN/6KGxeKCK70b8y0Xaj1QsLhnHNJzvFjKTTa9peVm5mdm1/ILxaWlldW14rrGw0dJYpDnUcyUk2faZAihDoKlNCMFbDAl3Dj355n+s0dKC2i8BoHMXgB64WiKzhDQ7WLR67qR+XmLj2lbsCw7/vpxZC2ZNnFPiDbo24HJDLj2KXuHr3PrqbXLpbsij0aOg2cCSiRydTaxQ+3E/EkgBC5ZFq3HDtGL2UKBZcwLLiJhpjxW9aDloEhC0B76SjekO4YpkO7kTInRDpif26kLNB6EPjGmUXQf7WM/E9rJdg98VIRxglCyMcPdRNJMaJZV7QjFHCUAwMYV8L8lfI+U4yjabRgSnD+Rp4Gjf2Kc1DZvzosVc8mdeTJFtkmZeKQY1Ill6RG6oSTB/JEXsir9Wg9W2/W+9iasyY7m+TXWJ/fI0afWQ==</latexit>



Risk Functions

• The frequentist risk:

• The Bayesian posterior risk:

• A fun bonus exercise: If we take an expectation of          with respect to   , 
or an expectation of           with respect to    , we get a constant known as 
the “Bayes risk”    

University of California, Berkeley

R(✓) = E✓l(✓, �(X))
<latexit sha1_base64="D1TvzUtqg9+wWD2v5lROtu8JsTU=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBASkLCbCHoRgiJ4jGIekA1hdtJJhsw+mOkVwpIP8eKvePGgiBcPgn/jbrIHTSxoKKq66e5yAik0mua3sbS8srq2ntnIbm5t7+zm9vYb2g8Vhzr3pa9aDtMghQd1FCihFShgriOh6YyuEr/5AEoL37vHcQAdlw080RecYSx1c5W7go1DQFakF9R2GQ4dJ7qedGcilal7Qu0eSGSFVrGY7ebyZsmcgi4SKyV5kqLWzX3aPZ+HLnjIJdO6bZkBdiKmUHAJk6wdaggYH7EBtGPqMRd0J5o+N6HHsdKjfV/F5SGdqr8nIuZqPXaduDM5X897ifif1w6xf96JhBeECB6fLeqHkqJPk6RoTyjgKMcxYVyJ+FbKh0wxjnGeSQjW/MuLpFEuWZVS+fY0X71M48iQQ3JECsQiZ6RKbkiN1Aknj+SZvJI348l4Md6Nj1nrkpHOHJA/ML5+AJjKn8s=</latexit>

⇢(X) = E[l(✓, �(X)) |X]
<latexit sha1_base64="wwSI5oNcF2X/FH6Wk/kyboPKuA0=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUkDLjA90IRRFcVrC10BlKJr1tg5kHyR2hjP0SN/6KGxeKCK70b8y0Xaj1QsLhnHNJzvFjKTTa9peVm5mdm1/ILxaWlldW14rrGw0dJYpDnUcyUk2faZAihDoKlNCMFbDAl3Dj355n+s0dKC2i8BoHMXgB64WiKzhDQ7WLR67qR+XmLj2lbsCw7/vpxZC2ZNnFPiDbo24HJDLj2KXuHr3PrqbXLpbsij0aOg2cCSiRydTaxQ+3E/EkgBC5ZFq3HDtGL2UKBZcwLLiJhpjxW9aDloEhC0B76SjekO4YpkO7kTInRDpif26kLNB6EPjGmUXQf7WM/E9rJdg98VIRxglCyMcPdRNJMaJZV7QjFHCUAwMYV8L8lfI+U4yjabRgSnD+Rp4Gjf2Kc1DZvzosVc8mdeTJFtkmZeKQY1Ill6RG6oSTB/JEXsir9Wg9W2/W+9iasyY7m+TXWJ/fI0afWQ==</latexit>

⇢(X)
<latexit sha1_base64="4wh5FLvw03WkikVqxis8aUwPCQQ=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mtgh6LXjxWsB/QLiWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZlqQptEcqk7ETaUM0GblllOO0pTnESctqPx3cxvP1FtmBSPdqJomOChYDEj2Dqp3dMjWelc9Etlv+rPgVZJkJMy5Gj0S1+9gSRpQoUlHBvTDXxlwwxrywin02IvNVRhMsZD2nVU4ISaMJufO0XnThmgWGpXwqK5+nsiw4kxkyRynQm2I7PszcT/vG5q45swY0KllgqyWBSnHFmJZr+jAdOUWD5xBBPN3K2IjLDGxLqEii6EYPnlVdKqVYPLau3hqly/zeMowCmcQQUCuIY63EMDmkBgDM/wCm+e8l68d+9j0brm5TMn8Afe5w+ViI8S</latexit>

R(✓)
<latexit sha1_base64="32tdZ58f0q/uNkNFnwZLZxnDihc=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhDiJexGQY9BLx6jmIckS5id9CZDZmaXmV4hhHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXmAhu0PO+nZXVtfWNzdxWfntnd2+/cHDYMHGqGdRZLGLdCqkBwRXUkaOAVqKBylBAMxzeTP3mE2jDY/WAowQCSfuKR5xRtNLjfamDA0B61i0UvbI3g7tM/IwUSYZat/DV6cUslaCQCWpM2/cSDMZUI2cCJvlOaiChbEj70LZUUQkmGM8OnrinVum5UaxtKXRn6u+JMZXGjGRoOyXFgVn0puJ/XjvF6CoYc5WkCIrNF0WpcDF2p9+7Pa6BoRhZQpnm9laXDaimDG1GeRuCv/jyMmlUyv55uXJ3UaxeZ3HkyDE5ISXik0tSJbekRuqEEUmeySt5c7Tz4rw7H/PWFSebOSJ/4Hz+ABFZj+0=</latexit>

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

X
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Consequences of this Decomposition

• Lots of frequentist statistics involves analyzing the bias and the variance of 
various procedures

• Generally speaking, the bias and the variance trade off
– i.e., when one adjusts some tuning knob of the procedure to decrease the variance, the bias 

increases, and vice versa
• The classical statistical approach was again to formulate inference as a 

constrained optimization problem
– e.g., consider only estimators that have zero bias and then minimize the variance
– this approach has become less prominent over the years
– e.g., Bayesian and empirical Bayesian procedures generally are biased
– but they have lower variance

• So modern frequentist analysis usually tries to characterize this tradeoff, 
and it makes use of Bayesian ideas to find good trade offs

– as you’ve hopefully understood, FDR is a great example of this!
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• Individuals are not generally willing to allow their 
personal data to be used without control on how it will 
be used and now much privacy loss they will incur

• “Privacy loss” can be quantified via differential privacy
• We want to trade privacy loss against the value we 

obtain from data analysis
• The question becomes that of quantifying such value 

and juxtaposing it with privacy loss
• We’ll have an entire section on privacy later in the 

course, but let’s make some initial comments here
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