
<latexit sha1_base64="RD3J4mWeebcsLMQvnW1W/cNSNCY="></latexit>
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Adapting to New Domains

Goal: learn            using   

hospital
expensive features

hospital
cheap features

<latexit sha1_base64="4zudkJ5o3UI9vWHVtiWDKUSjwg0=">AAAB6HicbVC7SgNBFL0bXzG+opY2g0GwCrsS1DJgY2GRgHlAssjs5G4yZnZ2mZkVwpIvsLFQxNZPsvNvnCRbaOKBgcM55zL3niARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqK3jVDFssVjEqhtQjYJLbBluBHYThTQKBHaC8c3M7zyh0jyW92aSoB/RoeQhZ9RYqdl4KFfcqjsHWSVeTiqQw+a/+oOYpRFKwwTVuue5ifEzqgxnAqelfqoxoWxMh9izVNIItZ/NF52SM6sMSBgr+6Qhc/X3REYjrSdRYJMRNSO97M3E/7xeasJrP+MySQ1KtvgoTAUxMZldTQZcITNiYgllittdCRtRRZmx3ZRsCd7yyaukfVH1Lqu1Zq1Sv8vrKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/OxyJacPKZY/gD5/MHr4mM5w==</latexit>

P

<latexit sha1_base64="7lQsFCp4Vm8WjKWKoQnQqA3I0F8=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxjcz/+EJleaxvDeTBP2IDiUPOaPGSs1mv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1bus1pq1Sv0uj6MIJ3AK5+DBFdThFhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP7ENjOg=</latexit>

Q

label
<latexit sha1_base64="QREmPBmFokezO8FHHqp9kOTq9ww=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIigvmA5Ah7m7lkyd7esbsnhiM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+i0jyWD2aSoB/RoeQhZ9RYqf1EelySTr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWRdW7rNbua5X6XR5HEU7gFM7Bgyuowy00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AiJ6PFg==</latexit>

x 2 X

<latexit sha1_base64="n1DCkvcKebCTySevpQEgRsRxEpo=">AAAB73icbVA9SwNBEJ2NXzF+RS1tFoNoFe4kqGXAxsIigkkOkiPsbfaSJXt75+6eGI78CRsLRWz9O3b+GzfJFZr4YODx3gwz84JEcG0c5xsVVlbX1jeKm6Wt7Z3dvfL+QUvHqaKsSWMRKy8gmgkuWdNwI5iXKEaiQLB2MLqe+u1HpjSP5b0ZJ8yPyEDykFNirOQ9neIul9jrlStO1ZkBLxM3JxXI0eiVv7r9mKYRk4YKonXHdRLjZ0QZTgWblLqpZgmhIzJgHUsliZj2s9m9E3xilT4OY2VLGjxTf09kJNJ6HAW2MyJmqBe9qfif10lNeOVnXCapYZLOF4WpwCbG0+dxnytGjRhbQqji9lZMh0QRamxEJRuCu/jyMmmdV92Lau2uVqnf5nEU4QiO4QxcuIQ63EADmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP+oMj0c=</latexit>

x0 2 X

label
(unobserved)

<latexit sha1_base64="GWgvvnLiwGdyHu0//S8maoKj/yo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIigvmQ5Ah7m7lkyd7esbsnHCE/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWDyZL0I/oUPKQM2qs1M5Ij0vy2C9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT40+oMpwJnJZ6qcaEsjEdYtdSSSPU/mR+7pScWWVAwljZkobM1d8TExppnUWB7YyoGellbyb+53VTE177Ey6T1KBki0VhKoiJyex3MuAKmRGZJZQpbm8lbEQVZcYmVLIheMsvr5LWRdW7rNbua5X6XR5HEU7gFM7Bgyuowy00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4Ai6yPGA==</latexit>

y 2 Y

<latexit sha1_base64="emiXlJos3sSKbtUiQ/5oEkAB6YI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNoFe4kqGXAxsIigvmQ5Ah7m71kyd7uubsnHEf+hI2FIrb+HTv/jZvkCk18MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GF9P/fYTVZpJcW/SmPoRHgoWMoKNlTrpKeoxgR765YpbdWdAy8TLSQVyNPrlr95AkiSiwhCOte56bmz8DCvDCKeTUi/RNMZkjIe0a6nAEdV+Nrt3gk6sMkChVLaEQTP190SGI63TKLCdETYjvehNxf+8bmLCKz9jIk4MFWS+KEw4MhJNn0cDpigxPLUEE8XsrYiMsMLE2IhKNgRv8eVl0jqvehfV2l2tUr/N4yjCERzDGXhwCXW4gQY0gQCHZ3iFN+fReXHenY95a8HJZw7hD5zPH+0bj0k=</latexit>

y0 2 Y

<latexit sha1_base64="3/W6EbhD1RMuMjEVnxB+qx2kDWs=">AAAB73icdVDLSgMxFM34rPVVdekmWIS6GTKlD7sruHHhooJtR9qhZNK0Dc1kpklGKGN/wo0LRdz6O+78GzNtBRU9cOFwzr3ce48fcaY0Qh/Wyura+sZmZiu7vbO7t587OGypMJaENknIQ+n6WFHOBG1qpjl1I0lx4HPa9scXqd++o1KxUNzoaUS9AA8FGzCCtZHcSeEW3kP3rJfLIxs5pQoqQ2SXq6hWS4lTrZSLRejYaI48WKLRy713+yGJAyo04VipjoMi7SVYakY4nWW7saIRJmM8pB1DBQ6o8pL5vTN4apQ+HITSlNBwrn6fSHCg1DTwTWeA9Uj99lLxL68T68G5lzARxZoKslg0iDnUIUyfh30mKdF8aggmkplbIRlhiYk2EWVNCF+fwv9Jq2g7Fbt0XcrXr5ZxZMAxOAEF4IAqqINL0ABNQAAHD+AJPFsT69F6sV4XrSvWcuYI/ID19gn7Q49W</latexit>

q(Y |X)
<latexit sha1_base64="Omnunzu/YizhO6raoLynZ6iOtmE="></latexit>

{x0} 2 Q

Popular Assumption #1:
Covariate Shift

<latexit sha1_base64="yjMeekLgUZIgxxZUnZIEydHLGjw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxjcz/+EJleaxvDeTBP2IDiUPOaPGSs1Ov1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1bus1pq1Sv0uj6MIJ3AK5+DBFdThFhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP7upjO8=</latexit>

X
<latexit sha1_base64="XCfcHuINa/Us2O+mFfQOfFV7ZHg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiAfMhyRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyW92acoB/RgeQhZ9RYqf7QK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStW7LI48nMApnIMHV1CFW6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gC9LYzw</latexit>

Y

feature label
<latexit sha1_base64="3Ggk2ENc/2BYjNGD78QRjydQtz0=">AAAB9XicbZDLSgMxFIbPeK31VnXpJliEuikzUtRlwYUuK9gLtGPJpGfa0ExmmmSUUvoeblwo4tZ3cefbmF4W2vpD4OM/53BO/iARXBvX/XZWVtfWNzYzW9ntnd29/dzBYU3HqWJYZbGIVSOgGgWXWDXcCGwkCmkUCKwH/etJvf6ISvNY3pthgn5Eu5KHnFFjrYek0DgjLYkDMrDUzuXdojsVWQZvDnmYq9LOfbU6MUsjlIYJqnXTcxPjj6gynAkcZ1upxoSyPu1i06KkEWp/NL16TE6t0yFhrOyThkzd3xMjGmk9jALbGVHT04u1iflfrZma8MofcZmkBiWbLQpTQUxMJhGQDlfIjBhaoExxeythPaooMzaorA3BW/zyMtTOi95FsXRXypdv5nFk4BhOoAAeXEIZbqECVWCg4Ble4c15cl6cd+dj1rrizGeO4I+czx9dPpEn</latexit>

p(X) 6= q(X)
<latexit sha1_base64="MbvGBXDSS43latamdR582XiyHIw=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8Ei1E1JpKgboeBClxXsRdpQJtNJO3QyiTMTodY+iRsXirj1Udz5Nk7TLLT1h4GP/5zDOfP7MWdKO863tbS8srq2ntvIb25t7xTs3b2GihJJaJ1EPJItHyvKmaB1zTSnrVhSHPqcNv3h5bTefKBSsUjc6lFMvRD3BQsYwdpYXbsQl+6eWsfoAt2n0LWLTtlJhRbBzaAImWpd+6vTi0gSUqEJx0q1XSfW3hhLzQink3wnUTTGZIj7tG1Q4JAqb5wePkFHxumhIJLmCY1S9/fEGIdKjULfdIZYD9R8bWr+V2snOjj3xkzEiaaCzBYFCUc6QtMUUI9JSjQfGcBEMnMrIgMsMdEmq7wJwZ3/8iI0TsruablyUylWr7I4cnAAh1ACF86gCtdQgzoQSOAZXuHNerRerHfrY9a6ZGUz+/BH1ucPab6RqQ==</latexit>

p(Y |X) = q(Y |X)
<latexit sha1_base64="VbZI0I6RqyTEq3K4uM/IVJnpWHM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHgQY9V7AekoWy2m3bpZjfsTpRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrTlDWoEkq3I2KY4JI1kKNg7VQzkkSCtaLh9dRvPTJtuJIPOEpZmJC+5DGnBK0UdO55f4BEa/XULVe8qjeDu0z8nFQgR71b/ur0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2xSs+NlbYl0Z2pvyfGJDFmlES2MyE4MIveVPzPCzKMr8Ixl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF19eJs2zqn9RPb87r9Ru8jiKcATHcAo+XEINbqEODaCg4Ble4c1B58V5dz7mrQUnnzmEP3A+fwCVipF7</latexit>)

Popular Assumption #2:
Label Shift

[Shimodaira, 2000; Zadrozny, 2004; Huang et al., 2006; Gretton et al., 2009; 
Bickel et al., 2009; Chen et al., 2016; Schneider et al., 2020]

<latexit sha1_base64="yjMeekLgUZIgxxZUnZIEydHLGjw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxjcz/+EJleaxvDeTBP2IDiUPOaPGSs1Ov1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1bus1pq1Sv0uj6MIJ3AK5+DBFdThFhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP7upjO8=</latexit>

X
<latexit sha1_base64="XCfcHuINa/Us2O+mFfQOfFV7ZHg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiAfMhyRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyW92acoB/RgeQhZ9RYqf7QK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStW7LI48nMApnIMHV1CFW6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gC9LYzw</latexit>

Y

feature label
<latexit sha1_base64="+uLM5w2i4UkkUs7YQ4yRWAVQzNA=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8Ei1E1JpKgboeBClxXsRdpQJtNJO3QyiTMTodY+iRsXirj1Udz5Nk7TLLT1h4GP/5zDOfP7MWdKO863tbS8srq2ntvIb25t7xTs3b2GihJJaJ1EPJItHyvKmaB1zTSnrVhSHPqcNv3h5bTefKBSsUjc6lFMvRD3BQsYwdpYXbsQl1pPd8foAt2n0LWLTtlJhRbBzaAImWpd+6vTi0gSUqEJx0q1XSfW3hhLzQink3wnUTTGZIj7tG1Q4JAqb5wePkFHxumhIJLmCY1S9/fEGIdKjULfdIZYD9R8bWr+V2snOjj3xkzEiaaCzBYFCUc6QtMUUI9JSjQfGcBEMnMrIgMsMdEmq7wJwZ3/8iI0TsruablyUylWr7I4cnAAh1ACF86gCtdQgzoQSOAZXuHNerRerHfrY9a6ZGUz+/BH1ucPabqRqQ==</latexit>

p(X|Y ) = q(X|Y )
<latexit sha1_base64="t6CqyqqkFRVTSQk8oqQ9qIEnIpw=">AAAB9XicbZDLTgIxFIbP4A3xhrp000hMcENmDFGXJC50iYlcDCDplAM0dDpD29GQCe/hxoXGuPVd3Pk2lstCwT9p8uU/5+Sc/n4kuDau++2kVlbX1jfSm5mt7Z3dvez+QVWHsWJYYaEIVd2nGgWXWDHcCKxHCmngC6z5g6tJvfaISvNQ3plRhK2A9iTvckaNtR6i/P0paUockqGldjbnFtypyDJ4c8jBXOV29qvZCVkcoDRMUK0bnhuZVkKV4UzgONOMNUaUDWgPGxYlDVC3kunVY3JinQ7phso+acjU/T2R0EDrUeDbzoCavl6sTcz/ao3YdC9bCZdRbFCy2aJuLIgJySQC0uEKmREjC5Qpbm8lrE8VZcYGlbEheItfXobqWcE7LxRvi7nS9TyONBzBMeTBgwsowQ2UoQIMFDzDK7w5T86L8+58zFpTznzmEP7I+fwBYFKRKQ==</latexit>

p(Y ) 6= q(Y )
<latexit sha1_base64="VbZI0I6RqyTEq3K4uM/IVJnpWHM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHgQY9V7AekoWy2m3bpZjfsTpRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrTlDWoEkq3I2KY4JI1kKNg7VQzkkSCtaLh9dRvPTJtuJIPOEpZmJC+5DGnBK0UdO55f4BEa/XULVe8qjeDu0z8nFQgR71b/ur0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2xSs+NlbYl0Z2pvyfGJDFmlES2MyE4MIveVPzPCzKMr8Ixl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF19eJs2zqn9RPb87r9Ru8jiKcATHcAo+XEINbqEODaCg4Ble4c1B58V5dz7mrQUnnzmEP3A+fwCVipF7</latexit>)

What about our example?

<latexit sha1_base64="QzBEJ8cur8kSyGhZY2/WzbO3/hM=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIdVMSKeqy4EKXFexF2lAm00k7dDJJZyZiqX0VNy4UceuLuPNtnKZZaOsPAx//OYdz5vdjzpR2nG9rZXVtfWMzt5Xf3tnd27cPCg0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+sOrWb35QKVikbjT45h6Ie4LFjCCtbG6diEutZ7uT1FH0BEapdy1i07ZSYWWwc2gCJlqXfur04tIElKhCcdKtV0n1t4ES80Ip9N8J1E0xmSI+7RtUOCQKm+S3j5FJ8bpoSCS5gmNUvf3xASHSo1D33SGWA/UYm1m/ldrJzq49CZMxImmgswXBQlHOkKzIFCPSUo0HxvARDJzKyIDLDHRJq68CcFd/PIyNM7K7nm5clspVq+zOHJwBMdQAhcuoAo3UIM6EHiEZ3iFN2tqvVjv1se8dcXKZg7hj6zPHwWKkyo=</latexit>

p(X|Y ) 6= q(X|Y )
<latexit sha1_base64="Erj5ZIDkt0LQUYBeuxNFmiD+ktM=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIdVMSKeqy4EKXFexF2lAm00k7dDJJZyZiqX0VNy4UceuLuPNtnKZZaOsPAx//OYdz5vdjzpR2nG9rZXVtfWMzt5Xf3tnd27cPCg0VJZLQOol4JFs+VpQzQeuaaU5bsaQ49Dlt+sOrWb35QKVikbjT45h6Ie4LFjCCtbG6diEu3T+1TlFH0BEapdy1i07ZSYWWwc2gCJlqXfur04tIElKhCcdKtV0n1t4ES80Ip9N8J1E0xmSI+7RtUOCQKm+S3j5FJ8bpoSCS5gmNUvf3xASHSo1D33SGWA/UYm1m/ldrJzq49CZMxImmgswXBQlHOkKzIFCPSUo0HxvARDJzKyIDLDHRJq68CcFd/PIyNM7K7nm5clspVq+zOHJwBMdQAhcuoAo3UIM6EHiEZ3iFN2tqvVjv1se8dcXKZg7hj6zPHwWOkyo=</latexit>

p(Y |X) 6= q(Y |X)

Social Determinants of Health (SHD)
(income, education, discrimination, etc…)

“cancer!”

changes diagnoses
changes frequency 

of hospital visits

[Gart & Buck, 1966; Manski & Lerman, 1977; Rosenbaum & Rubin, 1983; Saerens 
et al., 2002; Forman, 2008; Lipton et al., 2018; Azizzadenesheli et al., 2019; 
Alexandari et al., 2020; Garg et al., 2020; Tachet des Combes et al., 2020]

“just a mole…” “severe 
symptoms!”

“nothing to 
worry about…”

feature

concept
(e.g., physician chart)

label

(unobserved) proxy

<latexit sha1_base64="XCfcHuINa/Us2O+mFfQOfFV7ZHg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiAfMhyRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyW92acoB/RgeQhZ9RYqf7QK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStW7LI48nMApnIMHV1CFW6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gC9LYzw</latexit>

Y

<latexit sha1_base64="xIAb2ZQ7bxbDDsNXAM4NczbKs0E=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiAS8GkiPsbeaSNXt7x+6eEEJ+gY2FIrb+JDv/jZvkCk18MPB4b4aZeWEquDau++0U1tY3NreK26Wd3b39g/LhUUsnmWLos0Qkqh1SjYJL9A03AtupQhqHAh/C0c3Mf3hCpXki7804xSCmA8kjzqixUtPvlStu1Z2DrBIvJxXI0eiVv7r9hGUxSsME1brjuakJJlQZzgROS91MY0rZiA6wY6mkMepgMj90Ss6s0idRomxJQ+bq74kJjbUex6HtjKkZ6mVvJv7ndTITXQcTLtPMoGSLRVEmiEnI7GvS5wqZEWNLKFPc3krYkCrKjM2mZEPwll9eJa2LqndZrTVrlfpdHkcRTuAUzsGDK6jDLTTABwYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP7cdjOw=</latexit>

U

<latexit sha1_base64="f2P+TwXG5bQDiAHUFP76Awd8P60=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGUgjYVFAuYDkiPsbeaSNXt7x+6eEEJ+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49rcbz+h0jyWD2aSoB/RoeQhZ9RYqVHrF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMT3vpTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ62rsnddrjQqpep9FkcezuAcLsGDG6jCHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwCb1Yza</latexit>

C

<latexit sha1_base64="yjMeekLgUZIgxxZUnZIEydHLGjw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxjcz/+EJleaxvDeTBP2IDiUPOaPGSs1Ov1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1bus1pq1Sv0uj6MIJ3AK5+DBFdThFhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP7upjO8=</latexit>

X
<latexit sha1_base64="Rsny168I3NCMIUfebf6X4RNadaE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqdHulytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoelfVy8ZlpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH7oljO4=</latexit>

W

<latexit sha1_base64="VbZI0I6RqyTEq3K4uM/IVJnpWHM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHgQY9V7AekoWy2m3bpZjfsTpRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrTlDWoEkq3I2KY4JI1kKNg7VQzkkSCtaLh9dRvPTJtuJIPOEpZmJC+5DGnBK0UdO55f4BEa/XULVe8qjeDu0z8nFQgR71b/ur0FM0SJpEKYkzgeymGY6KRU8EmpU5mWErokPRZYKkkCTPheHbyxD2xSs+NlbYl0Z2pvyfGJDFmlES2MyE4MIveVPzPCzKMr8Ixl2mGTNL5ojgTLip3+r/b45pRFCNLCNXc3urSAdGEok2pZEPwF19eJs2zqn9RPb87r9Ru8jiKcATHcAo+XEINbqEODaCg4Ble4c1B58V5dz7mrQUnnzmEP3A+fwCVipF7</latexit>)
<latexit sha1_base64="nZrQmOStFt9EvMx9yWGV3GbrgDo=">AAAB9XicbZBNTwIxEIZn/UT8Qj16aSQmeCG7hqhHEg96xEQ+ElhJtwzQ0O0ubVdDCP/DiweN8ep/8ea/scAeFHyTJk/emclM3yAWXBvX/XZWVtfWNzYzW9ntnd29/dzBYU1HiWJYZZGIVCOgGgWXWDXcCGzECmkYCKwHg+tpvf6ISvNI3ptRjH5Ie5J3OaPGWg9xoXpGWhKHZGipncu7RXcmsgxeCnlIVWnnvlqdiCUhSsME1brpubHxx1QZzgROsq1EY0zZgPawaVHSELU/nl09IafW6ZBupOyThszc3xNjGmo9CgPbGVLT14u1qflfrZmY7pU/5jJODEo2X9RNBDERmUZAOlwhM2JkgTLF7a2E9amizNigsjYEb/HLy1A7L3oXxdJdKV++SePIwDGcQAE8uIQy3EIFqsBAwTO8wpvz5Lw4787HvHXFSWeO4I+czx9UApEh</latexit>

p(U) 6= q(U)
<latexit sha1_base64="KLW0TLMdXHVcafjCoL4/YSrslIo=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksYgUpiRR1IxRc6LKCSQttKJPptB06uTgzEUos+CpuXCji1udw59s4bSNo9YeBj/+cwznz+zFnUlnWp5Gbm19YXMovF1ZW19Y3zM0tV0aJINQhEY9Ew8eSchZSRzHFaSMWFAc+p3V/cDGu1++okCwKb9Qwpl6AeyHrMoKVttrmTlxy792DI+cQnaPbb26bRatsTYT+gp1BETLV2uZHqxORJKChIhxL2bStWHkpFooRTkeFViJpjMkA92hTY4gDKr10cv4I7Wung7qR0C9UaOL+nEhxIOUw8HVngFVfztbG5n+1ZqK6Z17KwjhRNCTTRd2EIxWhcRaowwQlig81YCKYvhWRPhaYKJ1YQYdgz375L7jHZfukXLmuFKuXWRx52IU9KIENp1CFK6iBAwRSeIRneDEejCfj1XibtuaMbGYbfsl4/wJScZMr</latexit>

p(V |V 0, U) = q(V |V 0, U)

any 
observed 
variables

Decomposition of 
<latexit sha1_base64="x2WExMssowszJ6mfosHQ6/rpVQg=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWsB/SLiWbZtvYbLImWaGs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O0vLK6tr67mN/ObW9s5uYW+/oWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMryZ+85EqzaS4NaOY+hHuCxYygo2VGg+lu6fWSbdQdMvuFGiReBkpQoZat/DV6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k+n147RsVV6KJTKljBoqv6eSHGk9SgKbGeEzUDPexPxP6+dmPDCT5mIE0MFmS0KE46MRJPXUY8pSgwfWYKJYvZWRAZYYWJsQHkbgjf/8iJpnJa9s3LlplKsXmZx5OAQjqAEHpxDFa6hBnUgcA/P8ApvjnRenHfnY9a65GQzB/AHzucP32iOrg==</latexit>

q(Y |X)

(e.g., neighborhood)(e.g., SHD)

A1

A2

A3 all data is discrete,
<latexit sha1_base64="vRhL1VP3pCtrFHanDVPVM1LFV0Y=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoQWoiRV0W3bisYNpCE8pkMmkHZ5I4MxFL6Ge48VfcuFDEbXf+jdM2i9p64MKZc+5l7j1+wqhUlvVjFFZW19Y3ipulre2d3T1z/6Al41Rg4uCYxaLjI0kYjYijqGKkkwiCuM9I23+4mfjtJyIkjaN7NUyIx1E/oiHFSGmpZ5653I+fs4DyUaVTPYVzz3YVun3yOC851Z5ZtmrWFHCZ2DkpgxzNnjl2gxinnEQKMyRl17YS5WVIKIoZGZXcVJIE4QfUJ11NI8SJ9LLpYSN4opUAhrHQFSk4VecnMsSlHHJfd3KkBnLRm4j/ed1UhVdeRqMkVSTCs4/ClEEVw0lKMKCCYMWGmiAsqN4V4gESCCudZUmHYC+evExa5zX7ola/q5cb13kcRXAEjkEF2OASNMAtaAIHYPAC3sAH+DRejXfjy/ietRaMfOYQ/IEx/gWE4J9y</latexit>

dim(X), dim(W ) � dim(U)

<latexit sha1_base64="rWVDlzDgdhhfHJuRyZ3gnng3esY=">AAACHXicbVBNS8MwGE7n15xfVY9egkOYIKOVoYIgQy8eJ9htsJaRZukWlqY1ScVR9ke8+Fe8eFDEgxfx35huPejmEwJPnud9yfs+fsyoVJb1bRQWFpeWV4qrpbX1jc0tc3unKaNEYOLgiEWi7SNJGOXEUVQx0o4FQaHPSMsfXmV+654ISSN+q0Yx8ULU5zSgGCktdc2aG0QCMQYpdCmHzhGMK/QQXkALuuf6hH70kNJgnD3gXW51zbJVtSaA88TOSRnkaHTNT7cX4SQkXGGGpOzYVqy8FAlFMSPjkptIEiM8RH3S0ZSjkEgvnWw3hgda6UE9pr5cwYn6uyNFoZSj0NeVIVIDOetl4n9eJ1HBmZdSHieKcDz9KEgYVBHMooI9KghWbKQJwoLqWSEeIIGw0oGWdAj27MrzpHlctU+qtZtauX6Zx1EEe2AfVIANTkEdXIMGcAAGj+AZvII348l4Md6Nj2lpwch7dsEfGF8/YV+eWw==</latexit>

8i 2 U, p(i) > 0 if q(i) > 0
A4 conditional probs. are unique,

A2

A2

shift location:
<latexit sha1_base64="dXO1br6Ul6hSmc4rHlDnnlV2xzM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD3pMwDwkWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81jem3GCfkQHkoecUWOl+kOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A7usjOs=</latexit>

Y

<latexit sha1_base64="XCfcHuINa/Us2O+mFfQOfFV7ZHg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiAfMhyRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyW92acoB/RgeQhZ9RYqf7QK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStW7LI48nMApnIMHV1CFW6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gC9LYzw</latexit>

Y

<latexit sha1_base64="xIAb2ZQ7bxbDDsNXAM4NczbKs0E=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiAS8GkiPsbeaSNXt7x+6eEEJ+gY2FIrb+JDv/jZvkCk18MPB4b4aZeWEquDau++0U1tY3NreK26Wd3b39g/LhUUsnmWLos0Qkqh1SjYJL9A03AtupQhqHAh/C0c3Mf3hCpXki7804xSCmA8kjzqixUtPvlStu1Z2DrBIvJxXI0eiVv7r9hGUxSsME1brjuakJJlQZzgROS91MY0rZiA6wY6mkMepgMj90Ss6s0idRomxJQ+bq74kJjbUex6HtjKkZ6mVvJv7ndTITXQcTLtPMoGSLRVEmiEnI7GvS5wqZEWNLKFPc3krYkCrKjM2mZEPwll9eJa2LqndZrTVrlfpdHkcRTuAUzsGDK6jDLTTABwYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP7cdjOw=</latexit>

U

feature

concept label

(unobserved) proxy

<latexit sha1_base64="f2P+TwXG5bQDiAHUFP76Awd8P60=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGUgjYVFAuYDkiPsbeaSNXt7x+6eEEJ+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49rcbz+h0jyWD2aSoB/RoeQhZ9RYqVHrF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMT3vpTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ62rsnddrjQqpep9FkcezuAcLsGDG6jCHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwCb1Yza</latexit>

C

<latexit sha1_base64="yjMeekLgUZIgxxZUnZIEydHLGjw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXAxsIiARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxjcz/+EJleaxvDeTBP2IDiUPOaPGSs1Ov1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7olJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jUZcIXMiIkllClubyVsRBVlxmZTsiF4yy+vkvZF1bus1pq1Sv0uj6MIJ3AK5+DBFdThFhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP7upjO8=</latexit>

X
<latexit sha1_base64="Rsny168I3NCMIUfebf6X4RNadaE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqdHulytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCGz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoelfVy8ZlpXafx1GEEziFc/DgGmpwB3VoAgOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH7oljO4=</latexit>

W

given the above assumptions, all p.m.f.s    
of     over                      are identifiable!

<latexit sha1_base64="HG/IfTppeXPZ+njODnKW0u1Toh0=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFclJCk712hC11WsA9pS5lMJ+3QySTMTJQS+yluXCji1i9x5984fQgqeuDC4Zx7ufceL2JUKtv+MNbWNza3tlM76d29/YNDM3PUkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3qc/99i0Rkob8Wk0j0g/QiFOfYqS0NDAz7VwnV8/d5HqKsiFJmrOBmbUtu+xUnCq0rWLJLrl5TVy3WKjmoWPZC2TBCo2B+d4bhjgOCFeYISm7jh2pfoKEopiRWboXSxIhPEEj0tWUo4DIfrI4fQbPtDKEfih0cQUX6veJBAVSTgNPdwZIjeVvby7+5XVj5Vf6CeVRrAjHy0V+zKAK4TwHOKSCYMWmmiAsqL4V4jESCCudVlqH8PUp/J+0XMspWYWrQrZ2sYojBU7AKTgHDiiDGrgEDdAEGNyBB/AEno1749F4MV6XrWvGauYY/IDx9gk115Ni</latexit>

W,X,C, Y, Ũ
<latexit sha1_base64="5JCb6CRxTqETgxWjY0EnbFwAbYU=">AAAB6HicdVDLSgMxFM34rPVVdekmWARXQ2b63hVc6LIF+4B2kEx6p43NPEgyQin9AjcuFHHrJ7nzb0wfgooeCBzOOZfce/xEcKUJ+bDW1jc2t7YzO9ndvf2Dw9zRcVvFqWTQYrGIZdenCgSPoKW5FtBNJNDQF9Dxx5dzv3MPUvE4utGTBLyQDiMecEa1kZqN21ye2KTiVJ0aJnapTMpuwRDXLRVrBezYZIE8WsHk3/uDmKUhRJoJqlTPIYn2plRqzgTMsv1UQULZmA6hZ2hEQ1DedLHoDJ8bZYCDWJoXabxQv09MaajUJPRNMqR6pH57c/Evr5fqoOpNeZSkGiK2/ChIBdYxnl+NB1wC02JiCGWSm10xG1FJmTbdZE0JX5fi/0nbtZ2yXWwW8/WrVR0ZdIrO0AVyUAXV0TVqoBZiCNADekLP1p31aL1Yr8vomrWaOUE/YL19AhexjSs=</latexit>

P

<latexit sha1_base64="WFzySDT6e6zLTcnxS5z75nrgnyo=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLT967gQpct2Ae0Q8mkmTY2kxmSjFCGfoEbF4q49ZPc+TemD0FFD1w4nHMv997jx5wpjdCHldnY3Nreye7m9vYPDo/yxycdFSWS0DaJeCR7PlaUM0HbmmlOe7GkOPQ57frTq4XfvadSsUjc6llMvRCPBQsYwdpIrXiYLyAbVZ2aU4fILldQxS0a4rrlUr0IHRstUQBrNIf598EoIklIhSYcK9V3UKy9FEvNCKfz3CBRNMZkise0b6jAIVVeujx0Di+MMoJBJE0JDZfq94kUh0rNQt90hlhP1G9vIf7l9RMd1LyUiTjRVJDVoiDhUEdw8TUcMUmJ5jNDMJHM3ArJBEtMtMkmZ0L4+hT+Tzqu7VTsUqtUaFyv48iCM3AOLoEDqqABbkATtAEBFDyAJ/Bs3VmP1ov1umrNWOuZU/AD1tsnSDGNSw==</latexit>p

Uniqueness Simulation

sampling error

<latexit sha1_base64="pmZ1IPeRhGXOUDA8Ukti0AX5PcM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2QdinZNNvGZpMlyQpl7X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywup76rUeqNJPizoxj6kd4IFjICDZWasbl+6f2aa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDST5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpnlW880r1tlqqXWVx5OEIjqEMHlxADW6gDg0g8ADP8ApvjnRenHfnY96ac7KZQ/gD5/MH3d+OrQ==</latexit>

p(Y |X)
ours

<latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n

RM
SE

can estimate all p.m.f.s involving      via 
eigendecomposition                            !      

<latexit sha1_base64="16zSnEj9ugImB5z+Y5K74W3E2YA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4Gmb67q7gQpcVnFZph5LJZNrQJDMkGaEM/Qo3LhRx6+e4829MH4KKHrhwOOde7r0nSBhV2nE+rNza+sbmVn67sLO7t39QPDzqqjiVmHg4ZrG8DZAijAriaaoZuU0kQTxgpBdMLuZ+755IRWNxo6cJ8TkaCRpRjLSR7gaaspBk3mxYLDm203Cbbgs6dq3u1MsVQ8rlWrVVga7tLFACK3SGxfdBGOOUE6ExQ0r1XSfRfoakppiRWWGQKpIgPEEj0jdUIE6Uny0OnsEzo4QwiqUpoeFC/T6RIa7UlAemkyM9Vr+9ufiX10911PQzKpJUE4GXi6KUQR3D+fcwpJJgzaaGICypuRXiMZIIa5NRwYTw9Sn8n3TLtlu3q9fVUvtyFUcenIBTcA5c0ABtcAU6wAMYcPAAnsCzJa1H68V6XbbmrNXMMfgB6+0TfDeQ5g==</latexit>

Ũ
<latexit sha1_base64="rfP9+6b0A36XV6xcskvYjYHNpG4="></latexit>

A�1B = S�1�S

entries are p.m.f.s 
over observed vars.

entries are used to recover 
all p.m.f.s involving   

<latexit sha1_base64="RCcrM91F0sEWgGOpuZoXpqKh00o=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeCBz1WMG2lDWWzmbRLdzdhdyOU0F/hxYMiXv053vw3btsctPXBwOO9GWbmhSln2rjut1NaW9/Y3CpvV3Z29/YPqodHbZ1kioJPE56obkg0cCbBN8xw6KYKiAg5dMLxzczvPIHSLJEPZpJCIMhQsphRYqz02DeMR5D700G15tbdOfAq8QpSQwVag+pXP0poJkAayonWPc9NTZATZRjlMK30Mw0poWMyhJ6lkgjQQT4/eIrPrBLhOFG2pMFz9fdEToTWExHaTkHMSC97M/E/r5eZ+DrImUwzA5IuFsUZxybBs+9xxBRQwyeWEKqYvRXTEVGEGptRxYbgLb+8StoXde+y3rhv1Jq3RRxldIJO0Tny0BVqojvUQj6iSKBn9IreHOW8OO/Ox6K15BQzx+gPnM8fEp2QnQ==</latexit>

Ũ

Solution: New Assumptions
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without assumptions, this is impossible!

shift location:
<latexit sha1_base64="urtDcvkZlywQkLiSAsN46RBQYiw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz22YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmp1+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+m0eRxFO4BTOwYMrqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALoojOo=</latexit>

X

shift location:
<latexit sha1_base64="wOxtJp228V/4bz6amKixxBJxKkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz22YGqhDWWznbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWOlpt8rV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuiUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ16TPFTIjxpZQpri9lbAhVZQZm03JhuAtv7xKWhdV77Jaa9Yq9ds8jiKcwCmcgwdXUIc7aIAPDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALWcjOc=</latexit>

U

identify 
via label 

shift 
methods!

*equal contribution

unknown 
sorting of   

s
<latexit sha1_base64="wOxtJp228V/4bz6amKixxBJxKkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz22YGqhDWWznbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWOlpt8rV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuiUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ16TPFTIjxpZQpri9lbAhVZQZm03JhuAtv7xKWhdV77Jaa9Yq9ds8jiKcwCmcgwdXUIc7aIAPDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALWcjOc=</latexit>

U


