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• Challenge: fast (compute, user), reliable inference

Bayesian inference
• Analysis goals: Point estimates, coherent uncertainties

[Gillon et al 2017]

[Grimm et al 2018]
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[Abbott et al 2016a,b]
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L. Calçada/ 
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2017]

[Julian Hertzog 2016]
[Chati, Balakrishnan 

2017]

[Baltic Salmon Fund]
[Kuikka et al 2014]

[mc-stan.org]

[amcharts.com 2016][Meager 2018a,b]



Optimization 
q⇤ = argminq2Qf(q(·), p(·|y))

Variational Bayes 
q⇤ = argminq2QKL(q(·)||p(·|y))

Mean-field variational Bayes
q⇤ = argminq2QMFVB

KL(q(·)||p(·|y))

Use     to approximate
Approximate Bayesian inference

• Coordinate descent 
• Stochastic variational inference (SVI) 
• Automatic differentiation variational 

inference (ADVI) [Kucukelbir et al 2015, 2017]

[Hoffman et al 2013]

q⇤
<latexit sha1_base64="SEQ3KyBYMOJ0WzNLIO0tp2ioeTQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF48V7Qe0sWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh9cRvPqHSPJb3ZpSgH9G+5CFn1Fjp7vHhtFsquxV3CrJIvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJHBc7qcaEsiHtY9tSSSPUfjY9dUyOrdIjYaxsSUOm6u+JjEZaj6LAdkbUDPS8NxH/89qpCS/9jMskNSjZbFGYCmJiMvmb9LhCZsTIEsoUt7cSNqCKMmPTKdoQvPmXF0njrOK5Fe/2vFy9yuMowCEcwQl4cAFVuIEa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/01o2R</latexit><latexit sha1_base64="SEQ3KyBYMOJ0WzNLIO0tp2ioeTQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF48V7Qe0sWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh9cRvPqHSPJb3ZpSgH9G+5CFn1Fjp7vHhtFsquxV3CrJIvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJHBc7qcaEsiHtY9tSSSPUfjY9dUyOrdIjYaxsSUOm6u+JjEZaj6LAdkbUDPS8NxH/89qpCS/9jMskNSjZbFGYCmJiMvmb9LhCZsTIEsoUt7cSNqCKMmPTKdoQvPmXF0njrOK5Fe/2vFy9yuMowCEcwQl4cAFVuIEa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/01o2R</latexit><latexit sha1_base64="SEQ3KyBYMOJ0WzNLIO0tp2ioeTQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF48V7Qe0sWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh9cRvPqHSPJb3ZpSgH9G+5CFn1Fjp7vHhtFsquxV3CrJIvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJHBc7qcaEsiHtY9tSSSPUfjY9dUyOrdIjYaxsSUOm6u+JjEZaj6LAdkbUDPS8NxH/89qpCS/9jMskNSjZbFGYCmJiMvmb9LhCZsTIEsoUt7cSNqCKMmPTKdoQvPmXF0njrOK5Fe/2vFy9yuMowCEcwQl4cAFVuIEa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/01o2R</latexit><latexit sha1_base64="SEQ3KyBYMOJ0WzNLIO0tp2ioeTQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeiF48V7Qe0sWy2k3bpZhN3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh9cRvPqHSPJb3ZpSgH9G+5CFn1Fjp7vHhtFsquxV3CrJIvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJHBc7qcaEsiHtY9tSSSPUfjY9dUyOrdIjYaxsSUOm6u+JjEZaj6LAdkbUDPS8NxH/89qpCS/9jMskNSjZbFGYCmJiMvmb9LhCZsTIEsoUt7cSNqCKMmPTKdoQvPmXF0njrOK5Fe/2vFy9yuMowCEcwQl4cAFVuIEa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/01o2R</latexit>

p(·|y)
<latexit sha1_base64="ZFD1+cP8HHNhNha/j35y7+s0n5E=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtqlm82yuxFC7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQsmZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyepIrRNEp6oXog15UzQtmGG055UFMchp91wcjvzu49UaZaIB5NJGsR4JFjECDZW8mXdJ8PEoCeUnQ+qNbfhzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIcK8MIp9OKn2oqMZngEe1bKnBMdZDPb56iM6sMUZQoW8Kgufp7Isex1lkc2s4Ym7Fe9mbif14/NdF1kDMhU0MFWSyKUo5MgmYBoCFTlBieWYKJYvZWRMZYYWJsTBUbgrf88irpXDQ8t+HdX9aaN0UcZTiBU6iDB1fQhDtoQRsISHiGV3hzUufFeXc+Fq0lp5g5hj9wPn8A5+eQ7g==</latexit><latexit sha1_base64="ZFD1+cP8HHNhNha/j35y7+s0n5E=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtqlm82yuxFC7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQsmZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyepIrRNEp6oXog15UzQtmGG055UFMchp91wcjvzu49UaZaIB5NJGsR4JFjECDZW8mXdJ8PEoCeUnQ+qNbfhzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIcK8MIp9OKn2oqMZngEe1bKnBMdZDPb56iM6sMUZQoW8Kgufp7Isex1lkc2s4Ym7Fe9mbif14/NdF1kDMhU0MFWSyKUo5MgmYBoCFTlBieWYKJYvZWRMZYYWJsTBUbgrf88irpXDQ8t+HdX9aaN0UcZTiBU6iDB1fQhDtoQRsISHiGV3hzUufFeXc+Fq0lp5g5hj9wPn8A5+eQ7g==</latexit><latexit sha1_base64="ZFD1+cP8HHNhNha/j35y7+s0n5E=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtqlm82yuxFC7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQsmZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyepIrRNEp6oXog15UzQtmGG055UFMchp91wcjvzu49UaZaIB5NJGsR4JFjECDZW8mXdJ8PEoCeUnQ+qNbfhzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIcK8MIp9OKn2oqMZngEe1bKnBMdZDPb56iM6sMUZQoW8Kgufp7Isex1lkc2s4Ym7Fe9mbif14/NdF1kDMhU0MFWSyKUo5MgmYBoCFTlBieWYKJYvZWRMZYYWJsTBUbgrf88irpXDQ8t+HdX9aaN0UcZTiBU6iDB1fQhDtoQRsISHiGV3hzUufFeXc+Fq0lp5g5hj9wPn8A5+eQ7g==</latexit><latexit sha1_base64="ZFD1+cP8HHNhNha/j35y7+s0n5E=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtqlm82yuxFC7N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQsmZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyepIrRNEp6oXog15UzQtmGG055UFMchp91wcjvzu49UaZaIB5NJGsR4JFjECDZW8mXdJ8PEoCeUnQ+qNbfhzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIcK8MIp9OKn2oqMZngEe1bKnBMdZDPb56iM6sMUZQoW8Kgufp7Isex1lkc2s4Ym7Fe9mbif14/NdF1kDMhU0MFWSyKUo5MgmYBoCFTlBieWYKJYvZWRMZYYWJsTBUbgrf88irpXDQ8t+HdX9aaN0UcZTiBU6iDB1fQhDtoQRsISHiGV3hzUufFeXc+Fq0lp5g5hj9wPn8A5+eQ7g==</latexit>



What about uncertainty?
q(✓) =

JY

j=1

qj(✓j)

<latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit>
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KL(q||p(·|y)) =
Z

✓
q(✓) log

q(✓)

p(✓|y)d✓
<latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit>



What about uncertainty?

✓1

✓2

q(✓) =
JY

j=1

qj(✓j)

<latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit>

exact

[Turner & Sahani 
2011; MacKay 2003; 
Bishop 2006; Wang, 

Titterington 2004]
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KL(q||p(·|y)) =
Z

✓
q(✓) log

q(✓)

p(✓|y)d✓
<latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit>



What about uncertainty?

✓1

✓2

!

!

• Conjugate linear regression

q(✓) =
JY

j=1

qj(✓j)

<latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit>

exact

[Turner & Sahani 
2011; MacKay 2003; 
Bishop 2006; Wang, 

Titterington 2004]
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KL(q||p(·|y)) =
Z

✓
q(✓) log

q(✓)

p(✓|y)d✓
<latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit>



What about uncertainty?

✓1

✓2

!

!

• Conjugate linear regression 
• Bayesian central limit theorem

q(✓) =
JY

j=1

qj(✓j)

<latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit>

exact

[Turner & Sahani 
2011; MacKay 2003; 
Bishop 2006; Wang, 

Titterington 2004]
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✓
q(✓) log

q(✓)

p(✓|y)d✓
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What about uncertainty?
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• Conjugate linear regression 
• Bayesian central limit theorem
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• Conjugate linear regression 
• Bayesian central limit theorem
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<latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit>
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✓
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q(✓)

p(✓|y)d✓
<latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit>



What about uncertainty?
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qj(✓j)

<latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit>

• Underestimates variance (sometimes severely) 
!

• Conjugate linear regression 
• Bayesian central limit theorem

exact

MFVB
[Turner & Sahani 

2011; MacKay 2003; 
Bishop 2006; Wang, 

Titterington 2004]
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✓
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<latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit>



What about uncertainty?

• Underestimates variance (sometimes severely) 
• No covariance estimates 
• Conjugate linear regression 
• Bayesian central limit theorem

✓1

✓2 exact

MFVB
[Turner & Sahani 

2011; MacKay 2003; 
Bishop 2006; Wang, 

Titterington 2004]
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<latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit><latexit sha1_base64="VSz6oDRqghD6zT7/+ArgGJ+msVk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQxCghB2RdAmELQRqwjmAklcZieTZJLZS2bOCmHZh7DxVWwsFLG1sPNtnCRbaOKBgY//P4cz53dDwRVY1rextLyyurae2chubm3v7Jp7+zUVRJKyKg1EIBsuUUxwn1WBg2CNUDLiuYLV3eHVxK8/MKl44N/BOGRtj/R83uWUgJYc82SUb0GfASngEm6FMug48aBkJ/fxTYJHmpPUdwYFx8xZRWtaeBHsFHIorYpjfrU6AY085gMVRKmmbYXQjokETgVLsq1IsZDQIemxpkafeEy14+lRCT7WSgd3A6mfD3iq/p6IiafU2HN1p0egr+a9ifif14yge9GOuR9GwHw6W9SNBIYATxLCHS4ZBTHWQKjk+q+Y9okkFHSOWR2CPX/yItROi7ZVtG/PcuXLNI4MOkRHKI9sdI7K6BpVUBVR9Iie0St6M56MF+Pd+Ji1LhnpzAH6U8bnD2Ldncg=</latexit>
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KL(q||p(·|y)) =
Z

✓
q(✓) log

q(✓)

p(✓|y)d✓
<latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit><latexit sha1_base64="kKvIKjci/Uv7l7ROZc27bN/ULlQ=">AAACRXicbZDPSxtBFMdntVUbq0Y99vJoEJJL2BVBL4LoRagHC40K2RBmZ2eTwdmZzcxbIWz2n/Pi3Vv/g156UMRrO0mWUn88GPjM970vb+YbZVJY9P2f3sLih49Lyyufaquf19Y36ptbF1bnhvEO01Kbq4haLoXiHRQo+VVmOE0jyS+j65Np//KGGyu0+oHjjPdSOlAiEYyik/r18NtZcwSTCWTNkMUaYQLjVgsOIRQK+0WIQ4 60hFFzTi0IpR5AmBjKin9iWWQVzuwlxPNbv97w2/6s4C0EFTRIVef9+n0Ya5anXCGT1Npu4GfYK6hBwSQva2FueUbZNR3wrkNFU257xSyFEnacEkOijTsKYab+7yhoau04jdxkSnFoX/em4nu9bo7JQa8QKsuRKzZflOQSUMM0UoiF4Qzl2AFlRri3AhtSlxC64GsuhOD1l9/CxW478NvB973G0XEVxwr5Qr6SJgnIPjkip+ScdAgjt+QXeSCP3p3323vynuejC17l2SYvyvvzFzUcsGk=</latexit>
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• Microcredit
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What about uncertainty?
• Microcredit effect 
• τ mean:           

3.08 USD PPP 
• τ std dev:       

1.83 USD PPP 
• Mean is 1.68 std 

dev from 0

• Criteo 
online ads 
experiment M

FV
B

M
FV

B
Standard deviations

[Giordano, Broderick, Meager, Huggins, Jordan 2016; Giordano, Broderick, Jordan 2017]
MCMC
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What about means?

[Fosdick 2013, Ch 4]
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• Model for relational data with covariates 
• When 1000+ nodes, MCMC > 1 day

[Fosdick 2013, Ch 4, Fig 4.3]
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Posterior means: revisited
• Want to predict college GPA yn

<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

[Giordano, Broderick, Jordan 2015]18



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT)

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

[Giordano, Broderick, Jordan 2015]18



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

[Giordano, Broderick, Jordan 2015]18



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores 
• Model:

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

yn|�, z,�2 indep⇠ N (�T
xn + zk(n)rn,�

2)
<latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit>

[Giordano, Broderick, Jordan 2015]18



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores 
• Model:

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

zk|⇢2
iid⇠ N (0, ⇢2)

<latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit>

yn|�, z,�2 indep⇠ N (�T
xn + zk(n)rn,�

2)
<latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit>

� ⇠ N (0,⌃)
<latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit>

(�2)�1 ⇠ Gamma(a�2 , b�2)
<latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit>

(⇢2)�1 ⇠ Gamma(a⇢2 , b⇢2)
<latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit>

[Giordano, Broderick, Jordan 2015]18



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores 
• Model:

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

zk|⇢2
iid⇠ N (0, ⇢2)

<latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit>

yn|�, z,�2 indep⇠ N (�T
xn + zk(n)rn,�

2)
<latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit>

� ⇠ N (0,⌃)
<latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit>

(�2)�1 ⇠ Gamma(a�2 , b�2)
<latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit>

(⇢2)�1 ⇠ Gamma(a⇢2 , b⇢2)
<latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit>

[Giordano, Broderick, Jordan 2015]

(⇢2)�1
<latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit>

• Data simulated 
from model (3 
data sets, 300 
data points):
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Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores 
• Model:

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

zk|⇢2
iid⇠ N (0, ⇢2)

<latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit>

yn|�, z,�2 indep⇠ N (�T
xn + zk(n)rn,�

2)
<latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit>

� ⇠ N (0,⌃)
<latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit>

(�2)�1 ⇠ Gamma(a�2 , b�2)
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• Bayesian inference p(✓|y) /✓ p(y|✓)p(✓)
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• Challenge: Express 
knowledge in a 
distribution (prior, 
likelihood)

• Bayesian inference p(✓|y) /✓ p(y|✓)p(✓)
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• Challenge: Express 
knowledge in a 
distribution (prior, 
likelihood) 
• Time-consuming

• Bayesian inference p(✓|y) /✓ p(y|✓)p(✓)
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Bayes!
Theorem
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• Challenge: Express 
knowledge in a 
distribution (prior, 
likelihood) 
• Time-consuming; 

subjective

• Bayesian inference p(✓|y) /✓ p(y|✓)p(✓)
<latexit sha1_base64="OwfjQD7YNZILHPnEIapvYG8a8IA=">AAACH3icbVDLSgMxFM34rPVVdekmWIR2U2ZE1GXRjcsK9gHtMGTStA3NTEJyRxjG/okbf8WNC0XEXf/G9CFo64HAyTnnktwTKsENuO7YWVldW9/YzG3lt3d29/YLB4cNIxNNWZ1KIXUrJIYJHrM6cBCspTQjUShYMxzeTPzmA9OGy/geUsX8iPRj3uOUgJWCwoUqdWDAgOBHnJZxR2mpQAbZTBxhVUqtM7uV8U+4HBSKbsWdAi8Tb06KaI5aUPjqdCVNIhYDFcSYtucq8DOigVPBRvlOYpgidEj6rG1pTCJm/Gy63wifWqWLe1LbEwOeqr8nMhIZk0ahTUYEBmbRm4j/ee0Eeld+xmOVAIvp7KFeIjBIPCkLd7lmFERqCaGa279iOiCaULCV5m0J3uLKy6RxVvHcind3Xqxez+vIoWN0gkrIQ5eoim5RDdURRU/oBb2hd+fZeXU+nM9ZdMWZzxyhP3DG324FofM=</latexit><latexit sha1_base64="OwfjQD7YNZILHPnEIapvYG8a8IA=">AAACH3icbVDLSgMxFM34rPVVdekmWIR2U2ZE1GXRjcsK9gHtMGTStA3NTEJyRxjG/okbf8WNC0XEXf/G9CFo64HAyTnnktwTKsENuO7YWVldW9/YzG3lt3d29/YLB4cNIxNNWZ1KIXUrJIYJHrM6cBCspTQjUShYMxzeTPzmA9OGy/geUsX8iPRj3uOUgJWCwoUqdWDAgOBHnJZxR2mpQAbZTBxhVUqtM7uV8U+4HBSKbsWdAi8Tb06KaI5aUPjqdCVNIhYDFcSYtucq8DOigVPBRvlOYpgidEj6rG1pTCJm/Gy63wifWqWLe1LbEwOeqr8nMhIZk0ahTUYEBmbRm4j/ee0Eeld+xmOVAIvp7KFeIjBIPCkLd7lmFERqCaGa279iOiCaULCV5m0J3uLKy6RxVvHcind3Xqxez+vIoWN0gkrIQ5eoim5RDdURRU/oBb2hd+fZeXU+nM9ZdMWZzxyhP3DG324FofM=</latexit><latexit sha1_base64="OwfjQD7YNZILHPnEIapvYG8a8IA=">AAACH3icbVDLSgMxFM34rPVVdekmWIR2U2ZE1GXRjcsK9gHtMGTStA3NTEJyRxjG/okbf8WNC0XEXf/G9CFo64HAyTnnktwTKsENuO7YWVldW9/YzG3lt3d29/YLB4cNIxNNWZ1KIXUrJIYJHrM6cBCspTQjUShYMxzeTPzmA9OGy/geUsX8iPRj3uOUgJWCwoUqdWDAgOBHnJZxR2mpQAbZTBxhVUqtM7uV8U+4HBSKbsWdAi8Tb06KaI5aUPjqdCVNIhYDFcSYtucq8DOigVPBRvlOYpgidEj6rG1pTCJm/Gy63wifWqWLe1LbEwOeqr8nMhIZk0ahTUYEBmbRm4j/ee0Eeld+xmOVAIvp7KFeIjBIPCkLd7lmFERqCaGa279iOiCaULCV5m0J3uLKy6RxVvHcind3Xqxez+vIoWN0gkrIQ5eoim5RDdURRU/oBb2hd+fZeXU+nM9ZdMWZzxyhP3DG324FofM=</latexit><latexit sha1_base64="OwfjQD7YNZILHPnEIapvYG8a8IA=">AAACH3icbVDLSgMxFM34rPVVdekmWIR2U2ZE1GXRjcsK9gHtMGTStA3NTEJyRxjG/okbf8WNC0XEXf/G9CFo64HAyTnnktwTKsENuO7YWVldW9/YzG3lt3d29/YLB4cNIxNNWZ1KIXUrJIYJHrM6cBCspTQjUShYMxzeTPzmA9OGy/geUsX8iPRj3uOUgJWCwoUqdWDAgOBHnJZxR2mpQAbZTBxhVUqtM7uV8U+4HBSKbsWdAi8Tb06KaI5aUPjqdCVNIhYDFcSYtucq8DOigVPBRvlOYpgidEj6rG1pTCJm/Gy63wifWqWLe1LbEwOeqr8nMhIZk0ahTUYEBmbRm4j/ee0Eeld+xmOVAIvp7KFeIjBIPCkLd7lmFERqCaGa279iOiCaULCV5m0J3uLKy6RxVvHcind3Xqxez+vIoWN0gkrIQ5eoim5RDdURRU/oBb2hd+fZeXU+nM9ZdMWZzxyhP3DG324FofM=</latexit>

Bayes!
Theorem

✓ ✓
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• Challenge: Express 
knowledge in a 
distribution (prior, 
likelihood) 
• Time-consuming; 

subjective

• Bayesian inference p(✓|y) /✓ p(y|✓)p(✓)
<latexit sha1_base64="OwfjQD7YNZILHPnEIapvYG8a8IA=">AAACH3icbVDLSgMxFM34rPVVdekmWIR2U2ZE1GXRjcsK9gHtMGTStA3NTEJyRxjG/okbf8WNC0XEXf/G9CFo64HAyTnnktwTKsENuO7YWVldW9/YzG3lt3d29/YLB4cNIxNNWZ1KIXUrJIYJHrM6cBCspTQjUShYMxzeTPzmA9OGy/geUsX8iPRj3uOUgJWCwoUqdWDAgOBHnJZxR2mpQAbZTBxhVUqtM7uV8U+4HBSKbsWdAi8Tb06KaI5aUPjqdCVNIhYDFcSYtucq8DOigVPBRvlOYpgidEj6rG1pTCJm/Gy63wifWqWLe1LbEwOeqr8nMhIZk0ahTUYEBmbRm4j/ee0Eeld+xmOVAIvp7KFeIjBIPCkLd7lmFERqCaGa279iOiCaULCV5m0J3uLKy6RxVvHcind3Xqxez+vIoWN0gkrIQ5eoim5RDdURRU/oBb2hd+fZeXU+nM9ZdMWZzxyhP3DG324FofM=</latexit><latexit sha1_base64="OwfjQD7YNZILHPnEIapvYG8a8IA=">AAACH3icbVDLSgMxFM34rPVVdekmWIR2U2ZE1GXRjcsK9gHtMGTStA3NTEJyRxjG/okbf8WNC0XEXf/G9CFo64HAyTnnktwTKsENuO7YWVldW9/YzG3lt3d29/YLB4cNIxNNWZ1KIXUrJIYJHrM6cBCspTQjUShYMxzeTPzmA9OGy/geUsX8iPRj3uOUgJWCwoUqdWDAgOBHnJZxR2mpQAbZTBxhVUqtM7uV8U+4HBSKbsWdAi8Tb06KaI5aUPjqdCVNIhYDFcSYtucq8DOigVPBRvlOYpgidEj6rG1pTCJm/Gy63wifWqWLe1LbEwOeqr8nMhIZk0ahTUYEBmbRm4j/ee0Eeld+xmOVAIvp7KFeIjBIPCkLd7lmFERqCaGa279iOiCaULCV5m0J3uLKy6RxVvHcind3Xqxez+vIoWN0gkrIQ5eoim5RDdURRU/oBb2hd+fZeXU+nM9ZdMWZzxyhP3DG324FofM=</latexit><latexit sha1_base64="OwfjQD7YNZILHPnEIapvYG8a8IA=">AAACH3icbVDLSgMxFM34rPVVdekmWIR2U2ZE1GXRjcsK9gHtMGTStA3NTEJyRxjG/okbf8WNC0XEXf/G9CFo64HAyTnnktwTKsENuO7YWVldW9/YzG3lt3d29/YLB4cNIxNNWZ1KIXUrJIYJHrM6cBCspTQjUShYMxzeTPzmA9OGy/geUsX8iPRj3uOUgJWCwoUqdWDAgOBHnJZxR2mpQAbZTBxhVUqtM7uV8U+4HBSKbsWdAi8Tb06KaI5aUPjqdCVNIhYDFcSYtucq8DOigVPBRvlOYpgidEj6rG1pTCJm/Gy63wifWqWLe1LbEwOeqr8nMhIZk0ahTUYEBmbRm4j/ee0Eeld+xmOVAIvp7KFeIjBIPCkLd7lmFERqCaGa279iOiCaULCV5m0J3uLKy6RxVvHcind3Xqxez+vIoWN0gkrIQ5eoim5RDdURRU/oBb2hd+fZeXU+nM9ZdMWZzxyhP3DG324FofM=</latexit><latexit sha1_base64="OwfjQD7YNZILHPnEIapvYG8a8IA=">AAACH3icbVDLSgMxFM34rPVVdekmWIR2U2ZE1GXRjcsK9gHtMGTStA3NTEJyRxjG/okbf8WNC0XEXf/G9CFo64HAyTnnktwTKsENuO7YWVldW9/YzG3lt3d29/YLB4cNIxNNWZ1KIXUrJIYJHrM6cBCspTQjUShYMxzeTPzmA9OGy/geUsX8iPRj3uOUgJWCwoUqdWDAgOBHnJZxR2mpQAbZTBxhVUqtM7uV8U+4HBSKbsWdAi8Tb06KaI5aUPjqdCVNIhYDFcSYtucq8DOigVPBRvlOYpgidEj6rG1pTCJm/Gy63wifWqWLe1LbEwOeqr8nMhIZk0ahTUYEBmbRm4j/ee0Eeld+xmOVAIvp7KFeIjBIPCkLd7lmFERqCaGa279iOiCaULCV5m0J3uLKy6RxVvHcind3Xqxez+vIoWN0gkrIQ5eoim5RDdURRU/oBb2hd+fZeXU+nM9ZdMWZzxyhP3DG324FofM=</latexit>

Bayes!
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✓
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Some reasonable priors

Bayes!
Theorem

✓

✓

• Challenge: Express 
knowledge in a 
distribution (prior, 
likelihood) 
• Time-consuming; 

subjective

• Bayesian inference p(✓|y) /✓ p(y|✓)p(✓)
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Some reasonable priors

Bayes!
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✓

✓
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• Challenge: Approximating 
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computationally expensive 
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Carlo
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computationally expensive 
• Markov Chain Monte 

Carlo
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<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

V :=
d2

dtT dt
Cq⇤(t)

����
t=0

Linear response

mean =
d

dt
C(t)

����
t=0

log pt(✓) := log p(✓|x) + t

T
✓ � C(t), MFVB q⇤t

⌃ =
d

dtT
Ept✓

����
t=0

⇡ d

dtT
Eq⇤t ✓

����
t=0

=: ⌃̂

[Bishop 2006]

C(t) := logEet
T ✓

p(✓|x)

q⇤(✓)q⇤(✓)

[adapted from Bishop 2006]

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

C(t) := logEet
T ✓

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

[Bishop 2006]

p(✓|x)

q⇤(✓)q⇤(✓)

[adapted from Bishop 2006]

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

C(t) := logEet
T ✓

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

[Bishop 2006][Bishop 2006]
[adapted from Bishop 2006]

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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log pt(✓) := log p(✓|y) + tT ✓ � C(t)
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• Cumulant-generating function 

!
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!
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[Bishop 2006][Bishop 2006]
[adapted from Bishop 2006]
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<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation
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[Bishop 2006][Bishop 2006]
[adapted from Bishop 2006]
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d2

dtT dt
Cp(·|y)(t)
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t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>
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<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation
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<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

[Bishop 2006][Bishop 2006]
[adapted from Bishop 2006]

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)
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t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>

3



• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

C(t) := logEet
T ✓

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

[Bishop 2006][Bishop 2006]
[adapted from Bishop 2006]

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>

3



• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>

3



• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

⌃ =
d

dtT


d

dt
Cp(·|y)(t)

�����
t=0

<latexit sha1_base64="sIbI2aVdOWun6RCWISM+W+Nq0Uc="></latexit><latexit sha1_base64="sIbI2aVdOWun6RCWISM+W+Nq0Uc="></latexit><latexit sha1_base64="sIbI2aVdOWun6RCWISM+W+Nq0Uc="></latexit><latexit sha1_base64="sIbI2aVdOWun6RCWISM+W+Nq0Uc="></latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

⌃ =
d

dtT
Ept✓

����
t=0

⇡ d

dtT
Eq⌘⇤(t)

✓

����
t=0

=: ⌃̂
<latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

⌃ =
d

dtT
Ept✓

����
t=0

⇡ d

dtT
Eq⌘⇤(t)

✓

����
t=0

=: ⌃̂
<latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>

3



• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

⌃ =
d

dtT
Ept✓

����
t=0

⇡ d

dtT
Eq⌘⇤(t)

✓

����
t=0

=: ⌃̂
<latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

⌃ =
d

dtT
Ept✓

����
t=0

⇡ d

dtT
Eq⌘⇤(t)

✓

����
t=0

=: ⌃̂
<latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>

3



• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

⌃ =
d

dtT
Ept✓

����
t=0

⇡ d

dtT
Eq⌘⇤(t)

✓

����
t=0

=: ⌃̂
<latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>

3



• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

⌃ =
d

dtT
Ept✓

����
t=0

⇡ d

dtT
Eq⌘⇤(t)

✓

����
t=0

=: ⌃̂
<latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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• Cumulant-generating function 

!

• Exact posterior covariance vs MFVB covariance 

!

• “Linear response” 
!

• The LRVB approximation

Linear response

mean =
d

dt
C(t)

����
t=0

, MFVB

C(t) := logEet
T ✓

q⇤(✓)

[adapted from Bishop 2006]

q⌘⇤(t)
<latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit><latexit sha1_base64="I+n29pPyiiwXAxIW+4xdO78tKls=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdEfQY9OIxgnlAsobZyWwyZPaRmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJr6xubW/ntws7u3v5B8fCooaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJv5zTFXWkThI05i7ga0HwpfMIpGckfdtMORPl2U8XzaLZbsij0HWSVORkqQodYtfnV6EUsCHiKTVOu2Y8foplShYJJPC51E85iyIe3ztqEhDbh20/nRU3JmlB7xI2UqRDJXf0+kNNB6EnimM6A40MveTPzPayfo37ipCOMEecgWi/xEEozILAHSE4ozlBNDKFPC3ErYgCrK0ORUMCE4yy+vksZlxbErzsNVqXqbxZGHEziFMjhwDVW4hxrUgcEInuEV3qyx9WK9Wx+L1pyVzRzDH1ifPx1Mkac=</latexit>

V :=
d2

dtT dt
Cq⌘⇤ (t)

����
t=0

<latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit><latexit sha1_base64="Wub8FR9NSAGml04beFyin7RKp0Q="></latexit>

⌃ =
d

dtT
Ept✓

����
t=0

⇡ d

dtT
Eq⌘⇤(t)

✓

����
t=0

=: ⌃̂
<latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit><latexit sha1_base64="2Mg0TYECIkx+JXob/EWvPtHMVKA=">AAACi3icjVFda9RAFJ2kfqyr1bU++jK4CNWHkKjQUlwolkIfK3bbws423Ewmm6GTZJy5KV3G/Bl/Ut/8N85+PNRWwQMDh3M/5t5zM62kxTj+FYQbDx4+etx70n/6bPP5i8HLrVPbtIaLMW9UY84zsELJWoxRohLn2gioMiXOssuDRfzsShgrm/oE51pMK5jVspAc0Evp4Cf7JmcV0BFlShQYUVYY4C7vXI4XJx1lFWCZZe6wS5 1O0QtYCgTKjJyV+CN1OIq9CFqb5vo/enxPHfP1F++38V33j26jPcpKQLcarUsHwziKl6D3SbImQ7LGcTq4YXnD20rUyBVYO0lijVMHBiVXouuz1goN/BJmYuJpDZWwU7f0sqNvvZLTojH+1UiX6u0KB5W18yrzmYu17N3YQvxbbNJisTt1stYtipqvPipaRbGhi8PQXBrBUc09AW6kn5XyEryR6M/X9yYkd1e+T04/REkcJV8/Dfe/rO3okdfkDdkmCdkh++SIHJMx4UEviIKdYDfcDD+Ge+HnVWoYrGtekT8QHv4G9R7GnQ==</latexit>

log pt(✓) := log p(✓|y) + tT ✓ � C(t)
<latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit><latexit sha1_base64="L6wsrA9YJf7F+ptrGw1M4hO5qQQ=">AAACI3icbZBNS0JBFIbn2pfZl9WyzSEJlEjujaAQAslNSwO/QE3mjqMOzv1g5txAzP/Spr/SpkUhbVr0Xxr1Lsp6YeDlOedw5rxuKIVG2/60Eiura+sbyc3U1vbO7l56/6Cmg0gxXmWBDFTDpZpL4fMqCpS8ESpOPVfyujsszer1B660CPwKjkLe9mjfFz3BKBrUSRdaMuhD2MFsCwccaQ4K17BgMYFHGOXgFPC+AjE5g1IWc5 10xs7bc8Ff48QmQ2KVO+lpqxuwyOM+Mkm1bjp2iO0xVSiY5JNUK9I8pGxI+7xprE89rtvj+Y0TODGkC71AmecjzOnPiTH1tB55run0KA70cm0G/6s1I+xdtcfCDyPkPlss6kUSMIBZYNAVijOUI2MoU8L8FdiAKsrQxJoyITjLJ/81tfO8Y+edu4tM8SaOI0mOyDHJEodckiK5JWVSJYw8kRfyRt6tZ+vVmlofi9aEFc8ckl+yvr4BsnyhKA==</latexit>

⌃ :=
d2

dtT dt
Cp(·|y)(t)

����
t=0

<latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit><latexit sha1_base64="PWtXdtDG61weQkylHO9Fc6KbchE="></latexit>

[board]

p(✓|y)
<latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit><latexit sha1_base64="wYbQ6Xi9MXVoJzA2AyuA1Z9S9ss=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1E2ZEUGXRTcuK9gHtEPJpGkbmsmMyZ3CMPZ3uHGhiFt/jDv/jelDUOuBwOE795LLCWIpDLrup5NbWV1b38hvFra2d3b3ivsHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6HqaN8dcGxGpO0xj7od0oERfMIoW+XG5g0OOlDyQ9LRbLLkVdybifZslUoKFat3iR6cXsSTkCpmkxrQ9N0Y/oxoFk3xS6CSGx5SN6IC3rVU05MbPZkdPyIklPdKPtH0KyYz+3MhoaEwaBnYypDg0f7Mp/C9rJ9i/9DOh4gS5YvOP+okkGJFpA6QnNGcoU2so08LeStiQasrQ9lSwJXhLJSyZxlnFcyve7XmperWoIw9HcAxl8OACqnADNagDg3t4hGd4ccbOk/PqvM1Hc85i5xB+yXn/ArcNkWU=</latexit>
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Microcredit Experiment
• Simplified from Meager (2015) 
• K microcredit trials (Mexico, Mongolia, Bosnia, India, 

Morocco, Philippines, Ethiopia) 
• Nk businesses in kth site (~900 to ~17K) 
• Profit of nth business at kth site: 

!

!
• Priors and hyperpriors:

[amcharts.com 2016]
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Microcredit Experiment
• Simplified from Meager (2018a) 
• K microcredit trials (Mexico, Mongolia, Bosnia, India, 

Morocco, Philippines, Ethiopia) 
• Nk businesses in kth site (~900 to ~17K) 
• Profit of nth business at kth site: 

!

!
• Priors and hyperpriors:
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Microcredit Experiment
• One set of 2500 

MCMC draws:      
45 minutes 

• All of MFVB 
optimization, LRVB 
uncertainties, all 
sensitivity 
measures:             
58 seconds 

• τ mean (MFVB): 
3.08 USD PPP 

• τ std dev (LRVB): 
1.83 USD PPP 

• Mean is 1.68 std 
dev from 0
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• Challenges of VB 
• Accurate uncertainties from VB 
• Accurate robustness quantification from VB

Roadmap
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Robustness quantification
• Bayes Theorem

/✓ p(y|✓)p(✓)
<latexit sha1_base64="dU4+si8SmJEJx2etPnCHBcgK58I=">AAACEnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gGdoWTStA3NTEJyRyhjv8GNv+LGhSJuXbnzb0w7s9DWA4Fzz7mXm3tCJbgB1/12VlbX1jc2C1vF7Z3dvf3SwWHLyERT1qRSSN0JiWGCx6wJHATrKM1IFArWDsfXM799z7ThMr6DiWJBRIYxH3BKwEq9UtVXWiqQvdSHEQMyxaoywQ84q6q2yhiu9kplt+bOgZeJl5MyytHolb78vqRJxGKgghjT9VwFQUo0cCrYtOgnhilCx2TIupbGJGImSOcnTfGpVfp4ILV9MeC5+nsiJZExkyi0nRGBkVn0ZuJ/XjeBwWWQ8lglwGKaLRokAoPEs3xwn2tGQUwsIVRz+1dMR0QTCjbFog3BWzx5mbTOap5b827Py/WrPI4COkYnqII8dIHq6AY1UBNR9Iie0St6c56cF+fd+chaV5x85gj9gfP5AxMNnQk=</latexit><latexit sha1_base64="dU4+si8SmJEJx2etPnCHBcgK58I=">AAACEnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gGdoWTStA3NTEJyRyhjv8GNv+LGhSJuXbnzb0w7s9DWA4Fzz7mXm3tCJbgB1/12VlbX1jc2C1vF7Z3dvf3SwWHLyERT1qRSSN0JiWGCx6wJHATrKM1IFArWDsfXM799z7ThMr6DiWJBRIYxH3BKwEq9UtVXWiqQvdSHEQMyxaoywQ84q6q2yhiu9kplt+bOgZeJl5MyytHolb78vqRJxGKgghjT9VwFQUo0cCrYtOgnhilCx2TIupbGJGImSOcnTfGpVfp4ILV9MeC5+nsiJZExkyi0nRGBkVn0ZuJ/XjeBwWWQ8lglwGKaLRokAoPEs3xwn2tGQUwsIVRz+1dMR0QTCjbFog3BWzx5mbTOap5b827Py/WrPI4COkYnqII8dIHq6AY1UBNR9Iie0St6c56cF+fd+chaV5x85gj9gfP5AxMNnQk=</latexit><latexit sha1_base64="dU4+si8SmJEJx2etPnCHBcgK58I=">AAACEnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gGdoWTStA3NTEJyRyhjv8GNv+LGhSJuXbnzb0w7s9DWA4Fzz7mXm3tCJbgB1/12VlbX1jc2C1vF7Z3dvf3SwWHLyERT1qRSSN0JiWGCx6wJHATrKM1IFArWDsfXM799z7ThMr6DiWJBRIYxH3BKwEq9UtVXWiqQvdSHEQMyxaoywQ84q6q2yhiu9kplt+bOgZeJl5MyytHolb78vqRJxGKgghjT9VwFQUo0cCrYtOgnhilCx2TIupbGJGImSOcnTfGpVfp4ILV9MeC5+nsiJZExkyi0nRGBkVn0ZuJ/XjeBwWWQ8lglwGKaLRokAoPEs3xwn2tGQUwsIVRz+1dMR0QTCjbFog3BWzx5mbTOap5b827Py/WrPI4COkYnqII8dIHq6AY1UBNR9Iie0St6c56cF+fd+chaV5x85gj9gfP5AxMNnQk=</latexit><latexit sha1_base64="dU4+si8SmJEJx2etPnCHBcgK58I=">AAACEnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gGdoWTStA3NTEJyRyhjv8GNv+LGhSJuXbnzb0w7s9DWA4Fzz7mXm3tCJbgB1/12VlbX1jc2C1vF7Z3dvf3SwWHLyERT1qRSSN0JiWGCx6wJHATrKM1IFArWDsfXM799z7ThMr6DiWJBRIYxH3BKwEq9UtVXWiqQvdSHEQMyxaoywQ84q6q2yhiu9kplt+bOgZeJl5MyytHolb78vqRJxGKgghjT9VwFQUo0cCrYtOgnhilCx2TIupbGJGImSOcnTfGpVfp4ILV9MeC5+nsiJZExkyi0nRGBkVn0ZuJ/XjeBwWWQ8lglwGKaLRokAoPEs3xwn2tGQUwsIVRz+1dMR0QTCjbFog3BWzx5mbTOap5b827Py/WrPI4COkYnqII8dIHq6AY1UBNR9Iie0St6c56cF+fd+chaV5x85gj9gfP5AxMNnQk=</latexit>

p(✓|y)
<latexit sha1_base64="+rzWUUZ4FvGNnORPdMxRZ7IEzzY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmX040xtY1nyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2Nb2d+e8KVFlH4gGnM3YAOQ+ELRtFIblzt4YgjJU8kPe+XK3bNnoOsEicnFcjR6Je/eoOIJQEPkUmqddexY3QzqlAwyaelXqJ5TNmYDnnX0JAGXLvZ/OgpOTPKgPiRMhUimau/JzIaaJ0GnukMKI70sjcT//O6CfrXbibCOEEessUiP5EEIzJLgAyE4gxlaghlSphbCRtRRRmanEomBGf55VXSuqg5ds25v6zUb/I4inACp1AFB66gDnfQgCYweIRneIU3a2K9WO/Wx6K1YOUzx/AH1ucPtZaRZA==</latexit><latexit sha1_base64="+rzWUUZ4FvGNnORPdMxRZ7IEzzY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmX040xtY1nyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2Nb2d+e8KVFlH4gGnM3YAOQ+ELRtFIblzt4YgjJU8kPe+XK3bNnoOsEicnFcjR6Je/eoOIJQEPkUmqddexY3QzqlAwyaelXqJ5TNmYDnnX0JAGXLvZ/OgpOTPKgPiRMhUimau/JzIaaJ0GnukMKI70sjcT//O6CfrXbibCOEEessUiP5EEIzJLgAyE4gxlaghlSphbCRtRRRmanEomBGf55VXSuqg5ds25v6zUb/I4inACp1AFB66gDnfQgCYweIRneIU3a2K9WO/Wx6K1YOUzx/AH1ucPtZaRZA==</latexit><latexit sha1_base64="+rzWUUZ4FvGNnORPdMxRZ7IEzzY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmX040xtY1nyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2Nb2d+e8KVFlH4gGnM3YAOQ+ELRtFIblzt4YgjJU8kPe+XK3bNnoOsEicnFcjR6Je/eoOIJQEPkUmqddexY3QzqlAwyaelXqJ5TNmYDnnX0JAGXLvZ/OgpOTPKgPiRMhUimau/JzIaaJ0GnukMKI70sjcT//O6CfrXbibCOEEessUiP5EEIzJLgAyE4gxlaghlSphbCRtRRRmanEomBGf55VXSuqg5ds25v6zUb/I4inACp1AFB66gDnfQgCYweIRneIU3a2K9WO/Wx6K1YOUzx/AH1ucPtZaRZA==</latexit><latexit sha1_base64="+rzWUUZ4FvGNnORPdMxRZ7IEzzY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmX040xtY1nyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rcLa+sbmVnG7tLO7t39QPjxq6ShRjDdZJCPV8ajmUoS8iQIl78SK08CTvO2Nb2d+e8KVFlH4gGnM3YAOQ+ELRtFIblzt4YgjJU8kPe+XK3bNnoOsEicnFcjR6Je/eoOIJQEPkUmqddexY3QzqlAwyaelXqJ5TNmYDnnX0JAGXLvZ/OgpOTPKgPiRMhUimau/JzIaaJ0GnukMKI70sjcT//O6CfrXbibCOEEessUiP5EEIzJLgAyE4gxlaghlSphbCRtRRRmanEomBGf55VXSuqg5ds25v6zUb/I4inACp1AFB66gDnfQgCYweIRneIU3a2K9WO/Wx6K1YOUzx/AH1ucPtZaRZA==</latexit>
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Robustness quantification
• Bayes Theorem
p↵(✓) := p(✓|y,↵)

<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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Robustness quantification
• Bayes Theorem
p↵(✓) := p(✓|y,↵)

<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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Robustness quantification
• Bayes Theorem

• Sensitivity

p↵(✓) := p(✓|y,↵)
<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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• Bayes Theorem

• Sensitivity

Robustness quantification
Some reasonable priors

Bayes!
Theorem

✓

✓

✓
p↵(✓) := p(✓|y,↵)

<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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• Bayes Theorem

• Sensitivity

S :=
dEp↵ [g(✓)]

d↵

����
↵

�↵

Robustness quantification
Some reasonable priors

Bayes!
Theorem

✓

✓

✓
p↵(✓) := p(✓|y,↵)

<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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• Bayes Theorem

• Sensitivity

S :=
dEp↵ [g(✓)]

d↵

����
↵

�↵

Robustness quantification
Some reasonable priors

Bayes!
Theorem

✓

✓

✓
p↵(✓) := p(✓|y,↵)

<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>

6



• Bayes Theorem

• Sensitivity (local)

S :=
dEp↵ [g(✓)]

d↵

����
↵

�↵

Robustness quantification
Some reasonable priors

Bayes!
Theorem

✓

✓

✓
p↵(✓) := p(✓|y,↵)

<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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• Bayes Theorem

S :=
dEp↵ [g(✓)]

d↵

����
↵

�↵

Robustness quantification
Some reasonable priors

Bayes!
Theorem

✓

✓

✓

• Sensitivity (local)

p↵(✓) := p(✓|y,↵)
<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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Robustness quantification
• Bayes Theorem

S :=
dEp↵ [g(✓)]

d↵

����
↵

�↵

⇡
dEq⇤↵ [g(✓)]

d↵

����
↵

�↵ =: Ŝ

Some reasonable priors

Bayes!
Theorem

✓

✓

✓

• Sensitivity (local)

p↵(✓) := p(✓|y,↵)
<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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Robustness quantification
• Bayes Theorem

S :=
dEp↵ [g(✓)]

d↵

����
↵

�↵

⇡
dEq⇤↵ [g(✓)]

d↵

����
↵

�↵ =: Ŝ LRVB estimator

Some reasonable priors

Bayes!
Theorem

✓

✓

✓

• Sensitivity (local)

p↵(✓) := p(✓|y,↵)
<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>
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Robustness quantification
• Bayes Theorem

S :=
dEp↵ [g(✓)]

d↵

����
↵

�↵

⇡
dEq⇤↵ [g(✓)]

d↵

����
↵

�↵ =: Ŝ LRVB estimator

Some reasonable priors

Bayes!
Theorem

✓

✓

✓

• Sensitivity (local)

p↵(✓) := p(✓|y,↵)
<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>

• Recall: our general LRVB formula applies for: 
log pt(✓) = log p(✓|y) + f(✓, t)� Const(t)

<latexit sha1_base64="/w854FLQVQmUyA+YMMDFq5od6YM="></latexit><latexit sha1_base64="/w854FLQVQmUyA+YMMDFq5od6YM="></latexit><latexit sha1_base64="/w854FLQVQmUyA+YMMDFq5od6YM="></latexit><latexit sha1_base64="/w854FLQVQmUyA+YMMDFq5od6YM="></latexit>
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• Bayes Theorem

S :=
dEp↵ [g(✓)]

d↵

����
↵

�↵

⇡
dEq⇤↵ [g(✓)]

d↵

����
↵

�↵ =: Ŝ LRVB estimator

Some reasonable priors

Bayes!
Theorem

✓

✓

✓

• Sensitivity (local)

p↵(✓) := p(✓|y,↵)
<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>

• Recall: our general LRVB formula applies for: 
log p↵(✓) = log p(✓|y) + f(✓,↵)� Const(↵)

<latexit sha1_base64="AF+4MKXlh63VDF5/GlX+YCnNIxE="></latexit><latexit sha1_base64="AF+4MKXlh63VDF5/GlX+YCnNIxE="></latexit><latexit sha1_base64="AF+4MKXlh63VDF5/GlX+YCnNIxE="></latexit><latexit sha1_base64="AF+4MKXlh63VDF5/GlX+YCnNIxE="></latexit>
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• Here:

Robustness quantification
• Bayes Theorem

S :=
dEp↵ [g(✓)]

d↵

����
↵

�↵

⇡
dEq⇤↵ [g(✓)]

d↵

����
↵

�↵ =: Ŝ LRVB estimator

Some reasonable priors

Bayes!
Theorem

✓

✓

✓

• Sensitivity (local)

p↵(✓) := p(✓|y,↵)
<latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit><latexit sha1_base64="/+bn6c+9sOTSulY3+Bsg0t9HwMc=">AAACFHicbVBNSwMxFMzWr1q/Vj16CRahopRdERRBKHrxWMFWoS3lbZra0OxuSN4KZe2P8OJf8eJBEa8evPlvTNs9aHUgMJmZR/ImUFIY9LwvJzczOze/kF8sLC2vrK656xt1Eyea8RqLZaxvAjBciojXUKDkN0pzCAPJr4P++ci/vuPaiDi6woHirRBuI9EVDNBKbXdPtdMmSNWDYamJPY6wS09Oqcou9J4O9ukksNt2i17ZG4 P+JX5GiiRDte1+NjsxS0IeIZNgTMP3FLZS0CiY5MNCMzFcAevDLW9YGkHITSsdLzWkO1bp0G6s7YmQjtWfEymExgzCwCZDwJ6Z9kbif14jwe5xKxWRSpBHbPJQN5EUYzpqiHaE5gzlwBJgWti/UtYDDQxtjwVbgj+98l9SPyj7Xtm/PCxWzrI68mSLbJMS8ckRqZALUiU1wsgDeSIv5NV5dJ6dN+d9Es052cwm+QXn4xtUqJ0S</latexit>

/✓ p(y|✓)p(✓|↵)
<latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit><latexit sha1_base64="tLJ1sR17jHJl0mdzhTLVes5I8Dw=">AAACGnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gFtKXfStA3NTEJyRyhjv8ONv+LGhSLuxI1/Y/pYaOuBwLnn3MvNPaGWwqLvf3srq2vrG5uZrez2zu7efu7gsGZVYhivMiWVaYRguRQxr6JAyRvacIhCyevh8Hri1++5sULFdzjSvB1BPxY9wQCd1MkFLW2URtVJWzjgCGOqCyP6QGdV0VUzNpFA6gEUO7m8X/KnoMskmJM8maPSyX22uoolEY+RSbC2Gfga2ykYFEzycbaVWK6BDaHPm47GEHHbTqenjempU7q0p4x7MdKp+nsihcjaURS6zghwYBe9ifif10ywd9lORawT5DGbLeolkqKik5xoVxjOUI4cAWaE+ytlAzDA0KWZdSEEiycvk9pZKfBLwe15vnw1jyNDjskJKZCAXJAyuSEVUiWMPJJn8krevCfvxXv3PmatK9585oj8gff1A0kFoFc=</latexit>

• Recall: our general LRVB formula applies for: 
log p↵(✓) = log p(✓|y) + f(✓,↵)� Const(↵)

<latexit sha1_base64="AF+4MKXlh63VDF5/GlX+YCnNIxE="></latexit><latexit sha1_base64="AF+4MKXlh63VDF5/GlX+YCnNIxE="></latexit><latexit sha1_base64="AF+4MKXlh63VDF5/GlX+YCnNIxE="></latexit><latexit sha1_base64="AF+4MKXlh63VDF5/GlX+YCnNIxE="></latexit>

f(✓,↵) = log p(✓|↵)� log p(✓|↵0)
<latexit sha1_base64="QmYQj5czp6Ke2RPOcBvASvihaNw=">AAACMHicdZDLSgNBEEV7fMb4GnXppjEIChpmRNCNEHShywjmAZkQajo9SWPPg+4aIcR8khs/RTcKirj1K+wkg2jUgobLPVVU1/UTKTQ6zrM1NT0zOzefW8gvLi2vrNpr61Udp4rxCotlrOo+aC5FxCsoUPJ6ojiEvuQ1//psyGs3XGkRR1fYS3gzhE4kAsEAjdWyz4MdD7scYY96IJMu7NIT6sm4Q5MM0Nsvsv8PaTm7LbvgFJ1R0d/CzUSBZFVu2Q9eO2ZpyCNkErRuuE6CzT4oFEzyQd5LNU+AXUOHN4yMIOS62R8dPKDbxmnTIFbmRUhH7veJPoRa90LfdIaAXT3JhuZfrJFicNzsiyhJkUdsvChIJcWYDtOjbaE4Q9kzApgS5q+UdUEBQ5Nx3oTgTp78W1QPiq5TdC8PC6XTLI4c2SRbZIe45IiUyAUpkwph5I48khfyat1bT9ab9T5unbKymQ3yo6yPT5Ltpt8=</latexit><latexit sha1_base64="QmYQj5czp6Ke2RPOcBvASvihaNw=">AAACMHicdZDLSgNBEEV7fMb4GnXppjEIChpmRNCNEHShywjmAZkQajo9SWPPg+4aIcR8khs/RTcKirj1K+wkg2jUgobLPVVU1/UTKTQ6zrM1NT0zOzefW8gvLi2vrNpr61Udp4rxCotlrOo+aC5FxCsoUPJ6ojiEvuQ1//psyGs3XGkRR1fYS3gzhE4kAsEAjdWyz4MdD7scYY96IJMu7NIT6sm4Q5MM0Nsvsv8PaTm7LbvgFJ1R0d/CzUSBZFVu2Q9eO2ZpyCNkErRuuE6CzT4oFEzyQd5LNU+AXUOHN4yMIOS62R8dPKDbxmnTIFbmRUhH7veJPoRa90LfdIaAXT3JhuZfrJFicNzsiyhJkUdsvChIJcWYDtOjbaE4Q9kzApgS5q+UdUEBQ5Nx3oTgTp78W1QPiq5TdC8PC6XTLI4c2SRbZIe45IiUyAUpkwph5I48khfyat1bT9ab9T5unbKymQ3yo6yPT5Ltpt8=</latexit><latexit sha1_base64="QmYQj5czp6Ke2RPOcBvASvihaNw=">AAACMHicdZDLSgNBEEV7fMb4GnXppjEIChpmRNCNEHShywjmAZkQajo9SWPPg+4aIcR8khs/RTcKirj1K+wkg2jUgobLPVVU1/UTKTQ6zrM1NT0zOzefW8gvLi2vrNpr61Udp4rxCotlrOo+aC5FxCsoUPJ6ojiEvuQ1//psyGs3XGkRR1fYS3gzhE4kAsEAjdWyz4MdD7scYY96IJMu7NIT6sm4Q5MM0Nsvsv8PaTm7LbvgFJ1R0d/CzUSBZFVu2Q9eO2ZpyCNkErRuuE6CzT4oFEzyQd5LNU+AXUOHN4yMIOS62R8dPKDbxmnTIFbmRUhH7veJPoRa90LfdIaAXT3JhuZfrJFicNzsiyhJkUdsvChIJcWYDtOjbaE4Q9kzApgS5q+UdUEBQ5Nx3oTgTp78W1QPiq5TdC8PC6XTLI4c2SRbZIe45IiUyAUpkwph5I48khfyat1bT9ab9T5unbKymQ3yo6yPT5Ltpt8=</latexit><latexit sha1_base64="QmYQj5czp6Ke2RPOcBvASvihaNw=">AAACMHicdZDLSgNBEEV7fMb4GnXppjEIChpmRNCNEHShywjmAZkQajo9SWPPg+4aIcR8khs/RTcKirj1K+wkg2jUgobLPVVU1/UTKTQ6zrM1NT0zOzefW8gvLi2vrNpr61Udp4rxCotlrOo+aC5FxCsoUPJ6ojiEvuQ1//psyGs3XGkRR1fYS3gzhE4kAsEAjdWyz4MdD7scYY96IJMu7NIT6sm4Q5MM0Nsvsv8PaTm7LbvgFJ1R0d/CzUSBZFVu2Q9eO2ZpyCNkErRuuE6CzT4oFEzyQd5LNU+AXUOHN4yMIOS62R8dPKDbxmnTIFbmRUhH7veJPoRa90LfdIaAXT3JhuZfrJFicNzsiyhJkUdsvChIJcWYDtOjbaE4Q9kzApgS5q+UdUEBQ5Nx3oTgTp78W1QPiq5TdC8PC6XTLI4c2SRbZIe45IiUyAUpkwph5I48khfyat1bT9ab9T5unbKymQ3yo6yPT5Ltpt8=</latexit>
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C ⇠ Sep&LKJ(⌘, c, d)

Microcredit Experiment
• Simplified from Meager (2015) 
• K microcredit trials (Mexico, Mongolia, Bosnia, India, 

Morocco, Philippines, Ethiopia) 
• Nk businesses in kth site (~900 to ~17K) 
• Profit of nth business at kth site: 

!

!
• Priors and hyperpriors:

ykn
indep⇠ N (µk + Tkn⌧k,�

2
k)

✓
µk

⌧k

◆
iid⇠ N

✓✓
µ
⌧

◆
, C

◆ ✓
µ
⌧

◆
iid⇠ N

✓✓
µ0

⌧0

◆
,⇤�1

◆

��2
k

iid⇠ �(a, b)

profit
1 if microcredit
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• Sensitivity of the 
expected 
microcredit effect (τ) 

• Normalized to be on 
scale of τ std devs 

• τ mean (MFVB): 
3.08 USD PPP 

• τ std dev (LRVB): 
1.83 USD PPP 

• Mean is 1.68 std 
dev from 0 

• Λ11 += 0.04 
⇒ Mean > 2 std dev
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9



• Sensitivity of the 
expected 
microcredit effect (τ) 

• Normalized to be on 
scale of τ std devs 

• τ mean (MFVB): 
3.08 USD PPP 

• τ std dev (LRVB): 
1.83 USD PPP 

• Mean is 1.68 std 
dev from 0 

• Λ11 += 0.04 
⇒ Mean > 2 std dev

Microcredit Experiment

9



• Sensitivity of the 
expected 
microcredit effect (τ) 

• Normalized to be on 
scale of τ std devs 

• τ mean (MFVB): 
3.08 USD PPP 

• τ std dev (LRVB): 
1.83 USD PPP 

• Mean is 1.68 std 
dev from 0 

• Λ11 += 0.04 
⇒ Mean > 2 std dev

Microcredit Experiment

9



• Sensitivity of the 
expected 
microcredit effect (τ) 

• Normalized to be on 
scale of τ std devs 

• τ mean (MFVB): 
3.08 USD PPP 

• τ std dev (LRVB): 
1.83 USD PPP 

• Mean is 1.68 std 
dev from 0 

• Λ11 += 0.04 
⇒ Mean > 2 std dev

Microcredit Experiment

9



• Sensitivity of the 
expected 
microcredit effect (τ) 

• Normalized to be on 
scale of τ std devs 

• τ mean (MFVB): 
3.08 USD PPP 

• τ std dev (LRVB): 
1.83 USD PPP 

• Mean is 1.68 std 
dev from 0 

• Λ11 += 0.04 
⇒ Mean > 2 std dev

Microcredit Experiment

9



• Sensitivity of the 
expected 
microcredit effect (τ) 

• Normalized to be on 
scale of τ std devs 

• τ mean (MFVB): 
3.08 USD PPP 

• τ std dev (LRVB): 
1.83 USD PPP 

• Mean is 1.68 std 
dev from 0 

• Λ11 += 0.04 
⇒ Mean > 2 std dev

Microcredit Experiment

9



• Sensitivity of the 
expected 
microcredit effect (τ) 

• Normalized to be on 
scale of τ std devs 

• τ mean (MFVB): 
3.08 USD PPP 

• τ std dev (LRVB): 
1.83 USD PPP 

• Mean is 1.68 std 
dev from 0 

• Λ11 += 0.04 
⇒ Mean > 2 std dev

Microcredit Experiment

9



• Click-through conversion prediction 
• Q: Will a customer (e.g.) buy a product after clicking? 
• Q: How predictive of conversion are different features? 
• Logistic GLMM; N = 61,895 subset to compare to MCMC 
• Model:

Criteo Online Ads Experiment

ykn ⇠ Bernoulli(pkn)
<latexit sha1_base64="3XaoDTdrzBKneWkGhb27E5uUwAY=">AAACD3icbVA9SwNBEN2LXzF+nVraLAZFm3AngpYhNpYRjAkkIextJmbJ7t6xOyeGI//Axr9iY6GIra2d/8ZNTKGJDwYe780wMy9KpLAYBF9ebmFxaXklv1pYW9/Y3PK3d25snBoONR7L2DQiZkEKDTUUKKGRGGAqklCPBhdjv34HxopYX+MwgbZit1r0BGfopI5/OOxkAz2iLSsUbSHco1FZBYyOUynF6CiZ2McdvxiUggnoPAmnpEimqHb8z1Y35qkCjVwya5thkGA7YwYFlzAqtFILCeMDdgtNRzVTYNvZ5J8RPXBKl/Zi40ojnai/JzKmrB2qyHUqhn07643F/7xmir3zdiZ0kiJo/rOol0qKMR2HQ7vCAEc5dIRxI9ytlPeZYRxdhAUXQjj78jy5OSmFQSm8Oi2WK9M48mSP7JMjEpIzUiaXpEpqhJMH8kReyKv36D17b977T2vOm87skj/wPr4BEN6dSg==</latexit><latexit sha1_base64="3XaoDTdrzBKneWkGhb27E5uUwAY=">AAACD3icbVA9SwNBEN2LXzF+nVraLAZFm3AngpYhNpYRjAkkIextJmbJ7t6xOyeGI//Axr9iY6GIra2d/8ZNTKGJDwYe780wMy9KpLAYBF9ebmFxaXklv1pYW9/Y3PK3d25snBoONR7L2DQiZkEKDTUUKKGRGGAqklCPBhdjv34HxopYX+MwgbZit1r0BGfopI5/OOxkAz2iLSsUbSHco1FZBYyOUynF6CiZ2McdvxiUggnoPAmnpEimqHb8z1Y35qkCjVwya5thkGA7YwYFlzAqtFILCeMDdgtNRzVTYNvZ5J8RPXBKl/Zi40ojnai/JzKmrB2qyHUqhn07643F/7xmir3zdiZ0kiJo/rOol0qKMR2HQ7vCAEc5dIRxI9ytlPeZYRxdhAUXQjj78jy5OSmFQSm8Oi2WK9M48mSP7JMjEpIzUiaXpEpqhJMH8kReyKv36D17b977T2vOm87skj/wPr4BEN6dSg==</latexit><latexit sha1_base64="3XaoDTdrzBKneWkGhb27E5uUwAY=">AAACD3icbVA9SwNBEN2LXzF+nVraLAZFm3AngpYhNpYRjAkkIextJmbJ7t6xOyeGI//Axr9iY6GIra2d/8ZNTKGJDwYe780wMy9KpLAYBF9ebmFxaXklv1pYW9/Y3PK3d25snBoONR7L2DQiZkEKDTUUKKGRGGAqklCPBhdjv34HxopYX+MwgbZit1r0BGfopI5/OOxkAz2iLSsUbSHco1FZBYyOUynF6CiZ2McdvxiUggnoPAmnpEimqHb8z1Y35qkCjVwya5thkGA7YwYFlzAqtFILCeMDdgtNRzVTYNvZ5J8RPXBKl/Zi40ojnai/JzKmrB2qyHUqhn07643F/7xmir3zdiZ0kiJo/rOol0qKMR2HQ7vCAEc5dIRxI9ytlPeZYRxdhAUXQjj78jy5OSmFQSm8Oi2WK9M48mSP7JMjEpIzUiaXpEpqhJMH8kReyKv36D17b977T2vOm87skj/wPr4BEN6dSg==</latexit><latexit sha1_base64="3XaoDTdrzBKneWkGhb27E5uUwAY=">AAACD3icbVA9SwNBEN2LXzF+nVraLAZFm3AngpYhNpYRjAkkIextJmbJ7t6xOyeGI//Axr9iY6GIra2d/8ZNTKGJDwYe780wMy9KpLAYBF9ebmFxaXklv1pYW9/Y3PK3d25snBoONR7L2DQiZkEKDTUUKKGRGGAqklCPBhdjv34HxopYX+MwgbZit1r0BGfopI5/OOxkAz2iLSsUbSHco1FZBYyOUynF6CiZ2McdvxiUggnoPAmnpEimqHb8z1Y35qkCjVwya5thkGA7YwYFlzAqtFILCeMDdgtNRzVTYNvZ5J8RPXBKl/Zi40ojnai/JzKmrB2qyHUqhn07643F/7xmir3zdiZ0kiJo/rOol0qKMR2HQ7vCAEc5dIRxI9ytlPeZYRxdhAUXQjj78jy5OSmFQSm8Oi2WK9M48mSP7JMjEpIzUiaXpEpqhJMH8kReyKv36D17b977T2vOm87skj/wPr4BEN6dSg==</latexit>

pkn =

exp(⇢kn)

1 + exp(⇢kn)
<latexit sha1_base64="aLZ6PMm6Zae+OlqNmk8DYwTaTeE=">AAACHHicbZDLSsNAFIYnXmu9RV26GSxCRSiJCroRim5cVrAXaEKZTCft0MlMmJmIJeRB3Pgqblwo4saF4Ns4TbPQ1h8Gfr5zDmfOH8SMKu0439bC4tLyympprby+sbm1be/stpRIJCZNLJiQnQApwignTU01I51YEhQFjLSD0fWk3r4nUlHB7/Q4Jn6EBpyGFCNtUM8+jXvpiGfwEnqhRDj1yENc9eRQ5PgoS91jOMt6dsWpObngvHELUwGFGj370+sLnESEa8yQUl3XibWfIqkpZiQre4kiMcIjNCBdYzmKiPLT/LgMHhrSh6GQ5nENc/p7IkWRUuMoMJ0R0kM1W5vA/2rdRIcXfkp5nGjC8XRRmDCoBZwkBftUEqzZ2BiEJTV/hXiITEja5Fk2IbizJ8+b1knNdWru7VmlflXEUQL74ABUgQvOQR3cgAZoAgwewTN4BW/Wk/VivVsf09YFq5jZA39kff0Aw9GhyA==</latexit><latexit sha1_base64="aLZ6PMm6Zae+OlqNmk8DYwTaTeE=">AAACHHicbZDLSsNAFIYnXmu9RV26GSxCRSiJCroRim5cVrAXaEKZTCft0MlMmJmIJeRB3Pgqblwo4saF4Ns4TbPQ1h8Gfr5zDmfOH8SMKu0439bC4tLyympprby+sbm1be/stpRIJCZNLJiQnQApwignTU01I51YEhQFjLSD0fWk3r4nUlHB7/Q4Jn6EBpyGFCNtUM8+jXvpiGfwEnqhRDj1yENc9eRQ5PgoS91jOMt6dsWpObngvHELUwGFGj370+sLnESEa8yQUl3XibWfIqkpZiQre4kiMcIjNCBdYzmKiPLT/LgMHhrSh6GQ5nENc/p7IkWRUuMoMJ0R0kM1W5vA/2rdRIcXfkp5nGjC8XRRmDCoBZwkBftUEqzZ2BiEJTV/hXiITEja5Fk2IbizJ8+b1knNdWru7VmlflXEUQL74ABUgQvOQR3cgAZoAgwewTN4BW/Wk/VivVsf09YFq5jZA39kff0Aw9GhyA==</latexit><latexit sha1_base64="aLZ6PMm6Zae+OlqNmk8DYwTaTeE=">AAACHHicbZDLSsNAFIYnXmu9RV26GSxCRSiJCroRim5cVrAXaEKZTCft0MlMmJmIJeRB3Pgqblwo4saF4Ns4TbPQ1h8Gfr5zDmfOH8SMKu0439bC4tLyympprby+sbm1be/stpRIJCZNLJiQnQApwignTU01I51YEhQFjLSD0fWk3r4nUlHB7/Q4Jn6EBpyGFCNtUM8+jXvpiGfwEnqhRDj1yENc9eRQ5PgoS91jOMt6dsWpObngvHELUwGFGj370+sLnESEa8yQUl3XibWfIqkpZiQre4kiMcIjNCBdYzmKiPLT/LgMHhrSh6GQ5nENc/p7IkWRUuMoMJ0R0kM1W5vA/2rdRIcXfkp5nGjC8XRRmDCoBZwkBftUEqzZ2BiEJTV/hXiITEja5Fk2IbizJ8+b1knNdWru7VmlflXEUQL74ABUgQvOQR3cgAZoAgwewTN4BW/Wk/VivVsf09YFq5jZA39kff0Aw9GhyA==</latexit><latexit sha1_base64="aLZ6PMm6Zae+OlqNmk8DYwTaTeE=">AAACHHicbZDLSsNAFIYnXmu9RV26GSxCRSiJCroRim5cVrAXaEKZTCft0MlMmJmIJeRB3Pgqblwo4saF4Ns4TbPQ1h8Gfr5zDmfOH8SMKu0439bC4tLyympprby+sbm1be/stpRIJCZNLJiQnQApwignTU01I51YEhQFjLSD0fWk3r4nUlHB7/Q4Jn6EBpyGFCNtUM8+jXvpiGfwEnqhRDj1yENc9eRQ5PgoS91jOMt6dsWpObngvHELUwGFGj370+sLnESEa8yQUl3XibWfIqkpZiQre4kiMcIjNCBdYzmKiPLT/LgMHhrSh6GQ5nENc/p7IkWRUuMoMJ0R0kM1W5vA/2rdRIcXfkp5nGjC8XRRmDCoBZwkBftUEqzZ2BiEJTV/hXiITEja5Fk2IbizJ8+b1knNdWru7VmlflXEUQL74ABUgQvOQR3cgAZoAgwewTN4BW/Wk/VivVsf09YFq5jZA39kff0Aw9GhyA==</latexit>

⇢kn = x

T
kn� + uk

<latexit sha1_base64="iwTnUWTDxqW6QYk5Sucb2StEAhM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCIJREBN0IRTcuK/QGTQyT6aQdOpkJMxOxhLyAG1/FjQtF3Lp359s4TbvQ1h8GPv5zDmfOHyaMKu0439bC4tLyympprby+sbm1be/stpRIJSZNLJiQnRApwignTU01I51EEhSHjLTD4fW43r4nUlHBG3qUED9GfU4jipE2VmAfenIggmzIc3gJHwq4yxo59EKiETyBqbHywK44VacQnAd3ChUwVT2wv7yewGlMuMYMKdV1nUT7GZKaYkbyspcqkiA8RH3SNchRTJSfFdfk8Mg4PRgJaR7XsHB/T2QoVmoUh6YzRnqgZmtj879aN9XRhZ9RnqSacDxZFKUMagHH0cAelQRrNjKAsKTmrxAPkERYmwDLJgR39uR5aJ1WXafq3p5ValfTOEpgHxyAY+CCc1ADN6AOmgCDR/AMXsGb9WS9WO/Wx6R1wZrO7IE/sj5/AOzwm3E=</latexit><latexit sha1_base64="iwTnUWTDxqW6QYk5Sucb2StEAhM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCIJREBN0IRTcuK/QGTQyT6aQdOpkJMxOxhLyAG1/FjQtF3Lp359s4TbvQ1h8GPv5zDmfOHyaMKu0439bC4tLyympprby+sbm1be/stpRIJSZNLJiQnRApwignTU01I51EEhSHjLTD4fW43r4nUlHBG3qUED9GfU4jipE2VmAfenIggmzIc3gJHwq4yxo59EKiETyBqbHywK44VacQnAd3ChUwVT2wv7yewGlMuMYMKdV1nUT7GZKaYkbyspcqkiA8RH3SNchRTJSfFdfk8Mg4PRgJaR7XsHB/T2QoVmoUh6YzRnqgZmtj879aN9XRhZ9RnqSacDxZFKUMagHH0cAelQRrNjKAsKTmrxAPkERYmwDLJgR39uR5aJ1WXafq3p5ValfTOEpgHxyAY+CCc1ADN6AOmgCDR/AMXsGb9WS9WO/Wx6R1wZrO7IE/sj5/AOzwm3E=</latexit><latexit sha1_base64="iwTnUWTDxqW6QYk5Sucb2StEAhM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCIJREBN0IRTcuK/QGTQyT6aQdOpkJMxOxhLyAG1/FjQtF3Lp359s4TbvQ1h8GPv5zDmfOHyaMKu0439bC4tLyympprby+sbm1be/stpRIJSZNLJiQnRApwignTU01I51EEhSHjLTD4fW43r4nUlHBG3qUED9GfU4jipE2VmAfenIggmzIc3gJHwq4yxo59EKiETyBqbHywK44VacQnAd3ChUwVT2wv7yewGlMuMYMKdV1nUT7GZKaYkbyspcqkiA8RH3SNchRTJSfFdfk8Mg4PRgJaR7XsHB/T2QoVmoUh6YzRnqgZmtj879aN9XRhZ9RnqSacDxZFKUMagHH0cAelQRrNjKAsKTmrxAPkERYmwDLJgR39uR5aJ1WXafq3p5ValfTOEpgHxyAY+CCc1ADN6AOmgCDR/AMXsGb9WS9WO/Wx6R1wZrO7IE/sj5/AOzwm3E=</latexit><latexit sha1_base64="iwTnUWTDxqW6QYk5Sucb2StEAhM=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCIJREBN0IRTcuK/QGTQyT6aQdOpkJMxOxhLyAG1/FjQtF3Lp359s4TbvQ1h8GPv5zDmfOHyaMKu0439bC4tLyympprby+sbm1be/stpRIJSZNLJiQnRApwignTU01I51EEhSHjLTD4fW43r4nUlHBG3qUED9GfU4jipE2VmAfenIggmzIc3gJHwq4yxo59EKiETyBqbHywK44VacQnAd3ChUwVT2wv7yewGlMuMYMKdV1nUT7GZKaYkbyspcqkiA8RH3SNchRTJSfFdfk8Mg4PRgJaR7XsHB/T2QoVmoUh6YzRnqgZmtj879aN9XRhZ9RnqSacDxZFKUMagHH0cAelQRrNjKAsKTmrxAPkERYmwDLJgR39uR5aJ1WXafq3p5ValfTOEpgHxyAY+CCc1ADN6AOmgCDR/AMXsGb9WS9WO/Wx6R1wZrO7IE/sj5/AOzwm3E=</latexit>

uk ⇠ N (µ,�2)
<latexit sha1_base64="FLYrBtcmqHjX5cSwO2jN+Uhm+qs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUpSBF0W3biSCvYBTQyT6aQdOpOEmYlQQr7Ajb/ixoUibl2782+ctFlo64ELh3Pu5d57/JhRqSzr2yitrK6tb5Q3K1vbO7t75v5BV0aJwKSDIxaJvo8kYTQkHUUVI/1YEMR9Rnr+5Cr3ew9ESBqFd2oaE5ejUUgDipHSkmfWEi+dZNCRlEOHIzXGiKU3Wd3hyWmujji6b554ZtVqWDPAZWIXpAoKtD3zyxlGOOEkVJghKQe2FSs3RUJRzEhWcRJJYoQnaEQGmoaIE+mms3cyWNPKEAaR0BUqOFN/T6SISznlvu7ML5aLXi7+5w0SFVy4KQ3jRJEQzxcFCYMqgnk2cEgFwYpNNUFYUH0rxGMkEFY6wYoOwV58eZl0mw3bati3Z9XWZRFHGRyBY1AHNjgHLXAN2qADMHgEz+AVvBlPxovxbnzMW0tGMXMI/sD4/AE7j5uN</latexit><latexit sha1_base64="FLYrBtcmqHjX5cSwO2jN+Uhm+qs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUpSBF0W3biSCvYBTQyT6aQdOpOEmYlQQr7Ajb/ixoUibl2782+ctFlo64ELh3Pu5d57/JhRqSzr2yitrK6tb5Q3K1vbO7t75v5BV0aJwKSDIxaJvo8kYTQkHUUVI/1YEMR9Rnr+5Cr3ew9ESBqFd2oaE5ejUUgDipHSkmfWEi+dZNCRlEOHIzXGiKU3Wd3hyWmujji6b554ZtVqWDPAZWIXpAoKtD3zyxlGOOEkVJghKQe2FSs3RUJRzEhWcRJJYoQnaEQGmoaIE+mms3cyWNPKEAaR0BUqOFN/T6SISznlvu7ML5aLXi7+5w0SFVy4KQ3jRJEQzxcFCYMqgnk2cEgFwYpNNUFYUH0rxGMkEFY6wYoOwV58eZl0mw3bati3Z9XWZRFHGRyBY1AHNjgHLXAN2qADMHgEz+AVvBlPxovxbnzMW0tGMXMI/sD4/AE7j5uN</latexit><latexit sha1_base64="FLYrBtcmqHjX5cSwO2jN+Uhm+qs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUpSBF0W3biSCvYBTQyT6aQdOpOEmYlQQr7Ajb/ixoUibl2782+ctFlo64ELh3Pu5d57/JhRqSzr2yitrK6tb5Q3K1vbO7t75v5BV0aJwKSDIxaJvo8kYTQkHUUVI/1YEMR9Rnr+5Cr3ew9ESBqFd2oaE5ejUUgDipHSkmfWEi+dZNCRlEOHIzXGiKU3Wd3hyWmujji6b554ZtVqWDPAZWIXpAoKtD3zyxlGOOEkVJghKQe2FSs3RUJRzEhWcRJJYoQnaEQGmoaIE+mms3cyWNPKEAaR0BUqOFN/T6SISznlvu7ML5aLXi7+5w0SFVy4KQ3jRJEQzxcFCYMqgnk2cEgFwYpNNUFYUH0rxGMkEFY6wYoOwV58eZl0mw3bati3Z9XWZRFHGRyBY1AHNjgHLXAN2qADMHgEz+AVvBlPxovxbnzMW0tGMXMI/sD4/AE7j5uN</latexit><latexit sha1_base64="FLYrBtcmqHjX5cSwO2jN+Uhm+qs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUpSBF0W3biSCvYBTQyT6aQdOpOEmYlQQr7Ajb/ixoUibl2782+ctFlo64ELh3Pu5d57/JhRqSzr2yitrK6tb5Q3K1vbO7t75v5BV0aJwKSDIxaJvo8kYTQkHUUVI/1YEMR9Rnr+5Cr3ew9ESBqFd2oaE5ejUUgDipHSkmfWEi+dZNCRlEOHIzXGiKU3Wd3hyWmujji6b554ZtVqWDPAZWIXpAoKtD3zyxlGOOEkVJghKQe2FSs3RUJRzEhWcRJJYoQnaEQGmoaIE+mms3cyWNPKEAaR0BUqOFN/T6SISznlvu7ML5aLXi7+5w0SFVy4KQ3jRJEQzxcFCYMqgnk2cEgFwYpNNUFYUH0rxGMkEFY6wYoOwV58eZl0mw3bati3Z9XWZRFHGRyBY1AHNjgHLXAN2qADMHgEz+AVvBlPxovxbnzMW0tGMXMI/sD4/AE7j5uN</latexit>

µ ⇠ N (µ0,�
2
0)

<latexit sha1_base64="DeTwGizh4FpX4+vRImd5nm8+tos=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARK0jJFEGXRTeupIK9QGccMmmmDU1mhiQjlKGP4MZXceNCEbcu3fk2ZtoutPWHwM93ziHn/EHCmdIIfVuFpeWV1bXiemljc2t7x97da6k4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GF7l9fYDlYrF0Z0eJdQTuB+xkBGsDfLtY1ek0FVMQFdgPSCYZzfjioE+Os15X+D7mo9OfLuMqmgiuGicmSmDmRq+/eX2YpIKGmnCsVJdByXay7DUjHA6LrmpogkmQ9ynXWMjLKjysslBY3hkSA+GsTQv0nBCf09kWCg1EoHpzLdW87Uc/lfrpjq88DIWJammEZl+FKYc6hjm6cAek5RoPjIGE8nMrpAMsMREmwxLJgRn/uRF06pVHVR1bs/K9ctZHEVwAA5BBTjgHNTBNWiAJiDgETyDV/BmPVkv1rv1MW0tWLOZffBH1ucPzySbxg==</latexit><latexit sha1_base64="DeTwGizh4FpX4+vRImd5nm8+tos=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARK0jJFEGXRTeupIK9QGccMmmmDU1mhiQjlKGP4MZXceNCEbcu3fk2ZtoutPWHwM93ziHn/EHCmdIIfVuFpeWV1bXiemljc2t7x97da6k4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GF7l9fYDlYrF0Z0eJdQTuB+xkBGsDfLtY1ek0FVMQFdgPSCYZzfjioE+Os15X+D7mo9OfLuMqmgiuGicmSmDmRq+/eX2YpIKGmnCsVJdByXay7DUjHA6LrmpogkmQ9ynXWMjLKjysslBY3hkSA+GsTQv0nBCf09kWCg1EoHpzLdW87Uc/lfrpjq88DIWJammEZl+FKYc6hjm6cAek5RoPjIGE8nMrpAMsMREmwxLJgRn/uRF06pVHVR1bs/K9ctZHEVwAA5BBTjgHNTBNWiAJiDgETyDV/BmPVkv1rv1MW0tWLOZffBH1ucPzySbxg==</latexit><latexit sha1_base64="DeTwGizh4FpX4+vRImd5nm8+tos=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARK0jJFEGXRTeupIK9QGccMmmmDU1mhiQjlKGP4MZXceNCEbcu3fk2ZtoutPWHwM93ziHn/EHCmdIIfVuFpeWV1bXiemljc2t7x97da6k4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GF7l9fYDlYrF0Z0eJdQTuB+xkBGsDfLtY1ek0FVMQFdgPSCYZzfjioE+Os15X+D7mo9OfLuMqmgiuGicmSmDmRq+/eX2YpIKGmnCsVJdByXay7DUjHA6LrmpogkmQ9ynXWMjLKjysslBY3hkSA+GsTQv0nBCf09kWCg1EoHpzLdW87Uc/lfrpjq88DIWJammEZl+FKYc6hjm6cAek5RoPjIGE8nMrpAMsMREmwxLJgRn/uRF06pVHVR1bs/K9ctZHEVwAA5BBTjgHNTBNWiAJiDgETyDV/BmPVkv1rv1MW0tWLOZffBH1ucPzySbxg==</latexit><latexit sha1_base64="DeTwGizh4FpX4+vRImd5nm8+tos=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARK0jJFEGXRTeupIK9QGccMmmmDU1mhiQjlKGP4MZXceNCEbcu3fk2ZtoutPWHwM93ziHn/EHCmdIIfVuFpeWV1bXiemljc2t7x97da6k4lYQ2Scxj2QmwopxFtKmZ5rSTSIpFwGk7GF7l9fYDlYrF0Z0eJdQTuB+xkBGsDfLtY1ek0FVMQFdgPSCYZzfjioE+Os15X+D7mo9OfLuMqmgiuGicmSmDmRq+/eX2YpIKGmnCsVJdByXay7DUjHA6LrmpogkmQ9ynXWMjLKjysslBY3hkSA+GsTQv0nBCf09kWCg1EoHpzLdW87Uc/lfrpjq88DIWJammEZl+FKYc6hjm6cAek5RoPjIGE8nMrpAMsMREmwxLJgRn/uRF06pVHVR1bs/K9ctZHEVwAA5BBTjgHNTBNWiAJiDgETyDV/BmPVkv1rv1MW0tWLOZffBH1ucPzySbxg==</latexit>

(�2)�1 ⇠ Gamma(a, b)
<latexit sha1_base64="7fzrYSODxPKYJQmybk6vqDzYCgA=">AAACEXicbVDLSgNBEJz1GeNr1aOXwSBE0LAbBD0GPegxgnlAEkPvZBIHZ3aXmV4xLPkFL/6KFw+KePXmzb9x8jhoYkFDTVU3011BLIVBz/t25uYXFpeWMyvZ1bX1jU13a7tqokQzXmGRjHQ9AMOlCHkFBUpejzUHFUheC+7Oh37tnmsjovAa+zFvKeiFoisYoJXabj7fNKKn4KZ4cJMe+QNqn4o2kT+gVukFKAWDPBwGB2035xW8Eegs8SckRyYot92vZidiieIhMgnGNHwvxlYKGgWTfJBtJobHwO6gxxuWhqC4aaWjiwZ03yod2o20rRDpSP09kYIypq8C26kAb820NxT/8xoJdk9bqQjjBHnIxh91E0kxosN4aEdozlD2LQGmhd2VslvQwNCGmLUh+NMnz5JqseB7Bf/qOFc6m8SRIbtkj+SJT05IiVySMqkQRh7JM3klb86T8+K8Ox/j1jlnMrND/sD5/AGblpw9</latexit><latexit sha1_base64="7fzrYSODxPKYJQmybk6vqDzYCgA=">AAACEXicbVDLSgNBEJz1GeNr1aOXwSBE0LAbBD0GPegxgnlAEkPvZBIHZ3aXmV4xLPkFL/6KFw+KePXmzb9x8jhoYkFDTVU3011BLIVBz/t25uYXFpeWMyvZ1bX1jU13a7tqokQzXmGRjHQ9AMOlCHkFBUpejzUHFUheC+7Oh37tnmsjovAa+zFvKeiFoisYoJXabj7fNKKn4KZ4cJMe+QNqn4o2kT+gVukFKAWDPBwGB2035xW8Eegs8SckRyYot92vZidiieIhMgnGNHwvxlYKGgWTfJBtJobHwO6gxxuWhqC4aaWjiwZ03yod2o20rRDpSP09kYIypq8C26kAb820NxT/8xoJdk9bqQjjBHnIxh91E0kxosN4aEdozlD2LQGmhd2VslvQwNCGmLUh+NMnz5JqseB7Bf/qOFc6m8SRIbtkj+SJT05IiVySMqkQRh7JM3klb86T8+K8Ox/j1jlnMrND/sD5/AGblpw9</latexit><latexit sha1_base64="7fzrYSODxPKYJQmybk6vqDzYCgA=">AAACEXicbVDLSgNBEJz1GeNr1aOXwSBE0LAbBD0GPegxgnlAEkPvZBIHZ3aXmV4xLPkFL/6KFw+KePXmzb9x8jhoYkFDTVU3011BLIVBz/t25uYXFpeWMyvZ1bX1jU13a7tqokQzXmGRjHQ9AMOlCHkFBUpejzUHFUheC+7Oh37tnmsjovAa+zFvKeiFoisYoJXabj7fNKKn4KZ4cJMe+QNqn4o2kT+gVukFKAWDPBwGB2035xW8Eegs8SckRyYot92vZidiieIhMgnGNHwvxlYKGgWTfJBtJobHwO6gxxuWhqC4aaWjiwZ03yod2o20rRDpSP09kYIypq8C26kAb820NxT/8xoJdk9bqQjjBHnIxh91E0kxosN4aEdozlD2LQGmhd2VslvQwNCGmLUh+NMnz5JqseB7Bf/qOFc6m8SRIbtkj+SJT05IiVySMqkQRh7JM3klb86T8+K8Ox/j1jlnMrND/sD5/AGblpw9</latexit><latexit sha1_base64="7fzrYSODxPKYJQmybk6vqDzYCgA=">AAACEXicbVDLSgNBEJz1GeNr1aOXwSBE0LAbBD0GPegxgnlAEkPvZBIHZ3aXmV4xLPkFL/6KFw+KePXmzb9x8jhoYkFDTVU3011BLIVBz/t25uYXFpeWMyvZ1bX1jU13a7tqokQzXmGRjHQ9AMOlCHkFBUpejzUHFUheC+7Oh37tnmsjovAa+zFvKeiFoisYoJXabj7fNKKn4KZ4cJMe+QNqn4o2kT+gVukFKAWDPBwGB2035xW8Eegs8SckRyYot92vZidiieIhMgnGNHwvxlYKGgWTfJBtJobHwO6gxxuWhqC4aaWjiwZ03yod2o20rRDpSP09kYIypq8C26kAb820NxT/8xoJdk9bqQjjBHnIxh91E0kxosN4aEdozlD2LQGmhd2VslvQwNCGmLUh+NMnz5JqseB7Bf/qOFc6m8SRIbtkj+SJT05IiVySMqkQRh7JM3klb86T8+K8Ox/j1jlnMrND/sD5/AGblpw9</latexit>

� ⇠ N (�0, diag(�))
<latexit sha1_base64="kQLfoI85V5mXLjHr1k3gvADF1Hg=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIIBCbsi6jHoxZMoGCNkQ+iddJLBmd1lplcMS/7Ei7/ixYMi4s2/cRJzUGPBQFHVTU9VlCppyfc/vanpmdm5+YXFwtLyyupacX3j2iaZEVgTiUrMTQQWlYyxRpIU3qQGQUcK69Ht6dCv36GxMomvqJ9iU0M3lh0pgJzUKh6GERLw0ErNQw3UE6Dy88HuSG75ezwkvCej87aErpO7oDWUy61iya/4I/BJEoxJiY1x0Sp+hO1EZBpjEgqsbQR+Ss0cDEmhcFAIM4spiFvoYsPRGDTaZj7KN+A7TmnzTmLci4mP1J8bOWhr+zpyk8MI9q83FP/zGhl1jpu5jNOMMBbfhzqZ4pTwYVm8LQ0KUn1HQBjp/spFDwwIcpUWXAnB38iT5Hq/EviV4PKgVD0Z17HAttg222UBO2JVdsYuWI0J9sCe2At79R69Z+/Ne/8enfLGO5vsF7zPL1JYooE=</latexit><latexit sha1_base64="kQLfoI85V5mXLjHr1k3gvADF1Hg=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIIBCbsi6jHoxZMoGCNkQ+iddJLBmd1lplcMS/7Ei7/ixYMi4s2/cRJzUGPBQFHVTU9VlCppyfc/vanpmdm5+YXFwtLyyupacX3j2iaZEVgTiUrMTQQWlYyxRpIU3qQGQUcK69Ht6dCv36GxMomvqJ9iU0M3lh0pgJzUKh6GERLw0ErNQw3UE6Dy88HuSG75ezwkvCej87aErpO7oDWUy61iya/4I/BJEoxJiY1x0Sp+hO1EZBpjEgqsbQR+Ss0cDEmhcFAIM4spiFvoYsPRGDTaZj7KN+A7TmnzTmLci4mP1J8bOWhr+zpyk8MI9q83FP/zGhl1jpu5jNOMMBbfhzqZ4pTwYVm8LQ0KUn1HQBjp/spFDwwIcpUWXAnB38iT5Hq/EviV4PKgVD0Z17HAttg222UBO2JVdsYuWI0J9sCe2At79R69Z+/Ne/8enfLGO5vsF7zPL1JYooE=</latexit><latexit sha1_base64="kQLfoI85V5mXLjHr1k3gvADF1Hg=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIIBCbsi6jHoxZMoGCNkQ+iddJLBmd1lplcMS/7Ei7/ixYMi4s2/cRJzUGPBQFHVTU9VlCppyfc/vanpmdm5+YXFwtLyyupacX3j2iaZEVgTiUrMTQQWlYyxRpIU3qQGQUcK69Ht6dCv36GxMomvqJ9iU0M3lh0pgJzUKh6GERLw0ErNQw3UE6Dy88HuSG75ezwkvCej87aErpO7oDWUy61iya/4I/BJEoxJiY1x0Sp+hO1EZBpjEgqsbQR+Ss0cDEmhcFAIM4spiFvoYsPRGDTaZj7KN+A7TmnzTmLci4mP1J8bOWhr+zpyk8MI9q83FP/zGhl1jpu5jNOMMBbfhzqZ4pTwYVm8LQ0KUn1HQBjp/spFDwwIcpUWXAnB38iT5Hq/EviV4PKgVD0Z17HAttg222UBO2JVdsYuWI0J9sCe2At79R69Z+/Ne/8enfLGO5vsF7zPL1JYooE=</latexit><latexit sha1_base64="kQLfoI85V5mXLjHr1k3gvADF1Hg=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIIBCbsi6jHoxZMoGCNkQ+iddJLBmd1lplcMS/7Ei7/ixYMi4s2/cRJzUGPBQFHVTU9VlCppyfc/vanpmdm5+YXFwtLyyupacX3j2iaZEVgTiUrMTQQWlYyxRpIU3qQGQUcK69Ht6dCv36GxMomvqJ9iU0M3lh0pgJzUKh6GERLw0ErNQw3UE6Dy88HuSG75ezwkvCej87aErpO7oDWUy61iya/4I/BJEoxJiY1x0Sp+hO1EZBpjEgqsbQR+Ss0cDEmhcFAIM4spiFvoYsPRGDTaZj7KN+A7TmnzTmLci4mP1J8bOWhr+zpyk8MI9q83FP/zGhl1jpu5jNOMMBbfhzqZ4pTwYVm8LQ0KUn1HQBjp/spFDwwIcpUWXAnB38iT5Hq/EviV4PKgVD0Z17HAttg222UBO2JVdsYuWI0J9sCe2At79R69Z+/Ne/8enfLGO5vsF7zPL1JYooE=</latexit>

• Priors and hyperpriors:
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• Top left submatrix for Criteo analysis
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Computational complexity

10,014 params

• Top left submatrix for Criteo analysis
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Posterior means: revisited
• Want to predict college GPA yn

<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

[Giordano, Broderick, Jordan 2015]13



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT)

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

[Giordano, Broderick, Jordan 2015]13



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

[Giordano, Broderick, Jordan 2015]13



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores 
• Model:

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

yn|�, z,�2 indep⇠ N (�T
xn + zk(n)rn,�

2)
<latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit>

[Giordano, Broderick, Jordan 2015]13



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores 
• Model:

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

zk|⇢2
iid⇠ N (0, ⇢2)

<latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit>

yn|�, z,�2 indep⇠ N (�T
xn + zk(n)rn,�

2)
<latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit>

� ⇠ N (0,⌃)
<latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit>

(�2)�1 ⇠ Gamma(a�2 , b�2)
<latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit>

(⇢2)�1 ⇠ Gamma(a⇢2 , b⇢2)
<latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit>

[Giordano, Broderick, Jordan 2015]13



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores 
• Model:

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

zk|⇢2
iid⇠ N (0, ⇢2)

<latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit>

yn|�, z,�2 indep⇠ N (�T
xn + zk(n)rn,�

2)
<latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit>

� ⇠ N (0,⌃)
<latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit>

(�2)�1 ⇠ Gamma(a�2 , b�2)
<latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit>

(⇢2)�1 ⇠ Gamma(a⇢2 , b⇢2)
<latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit>

• Data simulated 
from model (100 
data sets, 300 
data points):

[Giordano, Broderick, Jordan 2015]

(⇢2)�1
<latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit>

13



Posterior means: revisited
• Want to predict college GPA 
• Collect: standardized test scores (e.g., SAT, ACT) 
• Collect: regional test scores 
• Model:

yn
<latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit><latexit sha1_base64="OJNryDDGilrRcA5fmfyi02+IeM4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7GyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WjyRL0IzqSPOSMGis9ZAM5qNbcujsHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPj51QZzgROK/1UY0LZhI6wZ6mkEWo/n586JWdWGZIwVrakIXP190ROI62zKLCdETVjvezNxP+8XmrCaz/nMkkNSrZYFKaCmJjM/iZDrpAZkVlCmeL2VsLGVFFmbDoVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AWmqjd4=</latexit>

xn
<latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit><latexit sha1_base64="4IUL7pt3vq2/tw3H113R+PZDEw4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6e+6pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2gkjd0=</latexit>

rn
<latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit><latexit sha1_base64="iwrF5eTjAroVOP1wLESoR7Qq+oc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9qL7su1Wv5s1BVolfkCoUaPTdr94gYVmM0jBBte76XmqCnCrDmcBppZdpTCkb0yF2LZU0Rh3k81On5MwqAxIlypY0ZK7+nshprPUkDm1nTM1IL3sz8T+vm5noOsi5TDODki0WRZkgJiGzv8mAK2RGTCyhTHF7K2EjqigzNp2KDcFffnmVtC5qvlfz7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+AF8Ajdc=</latexit>

zk|⇢2
iid⇠ N (0, ⇢2)

<latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit><latexit sha1_base64="fnD6JLgG9Dx+QW3l8pUwfeUvaJE=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0WoICUpQl0W3biSCvYBTQyTyaQdOnkwMxFqzKe48VfcuFBEd/o1TtostPXAhcM593LvPW7MqJCG8aWVlpZXVtfK65WNza3tHX13ryuihGPSwRGLeN9FgjAako6kkpF+zAkKXEZ67vgi93t3hAsahTdyEhM7QMOQ+hQjqSRHb947Y/gALT6KbhvQEhLhMScspdTLUkvQIINWgOQII5ZeZTXjZNZ57OhVo25MAReJWZAqKNB29E/Li3ASkFBihoQYmEYs7RRxSTEjWcVKBInVcjQkA0VDFBBhp9MHM3ikFA/6EVcVSjhVf0+kKBBiEriqMz9WzHu5+J83SKR/Zqc0jBNJQjxb5CcMygjmaUGPcoIlmyiCMKfqVohHiCMsVaYVFYI5//Ii6TbqplE3r0+rrfMijjI4AIegBkzQBC1wCdqgAzB4BM/gFbxpT9qL9q59zFpLWjGzD/5A+/4BfqWjJA==</latexit>

yn|�, z,�2 indep⇠ N (�T
xn + zk(n)rn,�

2)
<latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit><latexit sha1_base64="OsYP1L0f+D0RPgfm+9vgewkEVUA="></latexit>

� ⇠ N (0,⌃)
<latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit><latexit sha1_base64="B7725VxMXW6popKReveYLMPq2Mk=">AAACCnicbVBNS8NAEN3Ur1q/oh69rBahgpREBD0WvXiSivYDmlAm2227dDcJuxuhhJ69+Fe8eFDEq7/Am//GTZuDVh8MPN6bYWZeEHOmtON8WYWFxaXlleJqaW19Y3PL3t5pqiiRhDZIxCPZDkBRzkLa0Exz2o4lBRFw2gpGl5nfuqdSsSi80+OY+gIGIeszAtpIXXvfC6gG7CkmsCdADwnw9HpScY6xd8sGAo66dtmpOlPgv8TNSRnlqHftT68XkUTQUBMOSnVcJ9Z+ClIzwumk5CWKxkBGMKAdQ0MQVPnp9JUJPjRKD/cjaSrUeKr+nEhBKDUWgenMrlXzXib+53US3T/3UxbGiaYhmS3qJxzrCGe54B6TlGg+NgSIZOZWTIYggWiTXsmE4M6//Jc0T6quU3VvTsu1izyOItpDB6iCXHSGaugK1VEDEfSAntALerUerWfrzXqftRasfGYX/YL18Q1kRplo</latexit>

(�2)�1 ⇠ Gamma(a�2 , b�2)
<latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit><latexit sha1_base64="bNpOlFas2LsIPaYf94qwR220qPg=">AAACKnicbVDLSgMxFM3UV62vqks3wSK0oGWmCLr0sdBlBatCX9xJ0zaYzAzJHbEM8z1u/BU3XSjFrR9iWmfh60Dg5JxzSe7xIykMuu7Eyc3NLywu5ZcLK6tr6xvFza0bE8aa8QYLZajvfDBcioA3UKDkd5HmoHzJb/3786l/+8C1EWFwjaOItxUMAtEXDNBK3eJpuWXEQEEnqaWVTnLgpdQKiraQP6JWyQUoBWkZukmWq6X71P92q3SLJbfqzkD/Ei8jJZKh3i2OW72QxYoHyCQY0/TcCNsJaBRM8rTQig2PgN3DgDctDUBx005mq6Z0zyo92g+1PQHSmfp9IgFlzEj5NqkAh+a3NxX/85ox9o/biQiiGHnAvh7qx5JiSKe90Z7QnKEcWQJMC/tXyoaggaFtt2BL8H6v/Jfc1KqeW/WuDksnZ1kdebJDdkmZeOSInJBLUicNwsgTeSGv5M15dsbOxHn/iuacbGab/IDz8Qnx3Kb3</latexit>

(⇢2)�1 ⇠ Gamma(a⇢2 , b⇢2)
<latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit><latexit sha1_base64="n2oUHbsV/HPMV0iPGGjsCvUbUkI=">AAACJHicbVDLSgMxFM3Ud31VXboJFqGClpkiKLgRXehSwdZCp5Y7adqGJjNDckcsw3yMG3/FjQsfuHDjt5jWIr4OBA7nnMvNPUEshUHXfXNyE5NT0zOzc/n5hcWl5cLKas1EiWa8yiIZ6XoAhksR8ioKlLweaw4qkPwy6B8P/ctrro2IwgscxLypoBuKjmCAVmoVDkq+7kVXaSXbukp3vIz6RijqI79BrdITUAqyErTSUaqSbdPgi2+1CkW37I5A/xJvTIpkjLNW4dlvRyxRPEQmwZiG58bYTEGjYJJneT8xPAbWhy5vWBqC4qaZjo7M6KZV2rQTaftCpCP1+0QKypiBCmxSAfbMb28o/uc1EuzsN1MRxgnykH0u6iSSYkSHjdG20JyhHFgCTAv7V8p6oIGh7TVvS/B+n/yX1Cplzy1757vFw6NxHbNknWyQEvHIHjkkp+SMVAkjt+SePJIn5855cF6c189ozhnPrJEfcN4/APenpGM=</latexit>

• Data simulated 
from model (100 
data sets, 300 
data points):

[Giordano, Broderick, Jordan 2015]

(⇢2)�1
<latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit>

std dev(⇢2)�1
<latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit><latexit sha1_base64="SM6AZaKcQQI0S/3U9RT2N1DA0Xk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUg2W3CHosevFYwX5Auy3ZNNuGZpM1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut7O2vrG5tZ3bye/u7R8cFo6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB6G7mN8dUaSbFo5nE1I/wQLCQEWys5Jc6aii7lYtueulNe4WiW3bnQKvEy0gRMtR6ha9OX5IkosIQjrVue25s/BQrwwin03wn0TTGZIQHtG2pwBHVfjo/eorOrdJHoVS2hEFz9fdEiiOtJ1FgOyNshnrZm4n/ee3EhDd+ykScGCrIYlGYcGQkmiWA+kxRYvjEEkwUs7ciMsQKE2NzytsQvOWXV0mjUvbcsvdwVazeZnHk4BTOoAQeXEMV7qEGdSDwBM/wCm/O2Hlx3p2PReuak82cwB84nz9tVJE2</latexit>

MFVB
LRVB
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Conclusions
• Linear response variational Bayes (LRVB): supplements 

VB for: 
• Fast covariance estimates 
• Fast robustness quantification 

• Priors, likelihood, data 
• When can we trust LRVB? 
• Data summarization for scalability (Part IV)

[Giordano, Broderick, Jordan 2015, 2017]14
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