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Adaptivity in Machine Learning

• After    tested models, how well does the final model 
generalize? 

‣ Depends on how the accuracies are computed

t
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• Better bounds can be obtained by having a non-trivial response mechanism 

in charge of reporting accuracy on the test data

response mechanism 
for reporting accuracy

Classical Holdout vs Response Mechanism



data analyst 
 with training data

test data set

model

accuracy

Main Questions



data analyst 
 with training data

test data set

model

accuracy

response mechanism 
for reporting accuracy

Main Questions



data analyst 
 with training data

test data set

model

accuracy

response mechanism 
for reporting accuracy

Main Questions

• How do we construct a mechanism such that its responses generalize to the 
population?



data analyst 
 with training data

test data set

model

accuracy

response mechanism 
for reporting accuracy

Main Questions

• How do we construct a mechanism such that its responses generalize to the 
population?
‣ want 95% reported accuracy on test data ≈ 95% accuracy on fresh data from same population  



data analyst 
 with training data

test data set

model

accuracy

response mechanism 
for reporting accuracy

Main Questions

• How do we construct a mechanism such that its responses generalize to the 
population?
‣ want 95% reported accuracy on test data ≈ 95% accuracy on fresh data from same population  

• For such a good mechanism, how much does a possibly adversarial analyst overfit?
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- population distribution - queries posed by analyst

- answers given by mechanism

qi : supp(P) � [0, 1]d

ai � Rd
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query

query

answer
S

<latexit sha1_base64="uAzqYQ8pfQnZjL0XJEs1v308KOM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjcuK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7T1QqlohHPU1pEOORYBEjWFvJ92OsxwTz7GFWGVRrbt2dA60SryA1KNAaVL/8YUJMTIUmHCvV99xUBxmWmhFOZxXfKJpiMsEj2rdU4JiqIJtnnqEzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRdZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1Negrf85VXSadS9i3rj/rLWvCnqKMMJnMI5eHAFTbiDFrSBQArP8ApvjnFenHfnYzFacoqdY/gD5/MHxZeRgQ==</latexit>

S ⇠ Pn
<latexit sha1_base64="iVYgqWYpJ7GNWJI9xnYwSPU6ZHk=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclZkq6LLoxmVF+4DOWDJppg1NMkOSEcowOzf+ihsXirj1F9z5N2baQbT1QODknHu5954gZlRpx/myFhaXlldWS2vl9Y3NrW17Z7elokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6zP32PZGKRuJWj2PiczQQNKQYaSP17AOPIz3EiKU3macohz//RnYnyj274lSdCeA8cQtSAQUaPfvT60c44URozJBSXdeJtZ8iqSlmJCt7iSIxwiM0IF1DBeJE+enkjgweGaUPw0iaJzScqL87UsSVGvPAVOZbqlkvF//zuokOz/2UijjRRODpoDBhUEcwDwX2qSRYs7EhCEtqdoV4iCTC2kSXh+DOnjxPWrWqe1KtXZ9W6hdFHCWwDw7BMXDBGaiDK9AATYDBA3gCL+DVerSerTfrfVq6YBU9e+APrI9vIBKZdQ==</latexit>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAq elXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit> - sample size

P
<latexit sha1_base64="GH4lnl7xiOBJEv5hdGjYXKo68Lw=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE24H9GREqFgFK3U60cUx4zKrDkbVKpuzZ2DrBKvIFUo0BxUvvrDmKURV8gkNabnuQ n6GdUomOSzcj81PKFsQke8Z6miETd+No88I+dWGZIw1vYpJHP190ZGI2OmUWAn84hm2cvF/7xeiuGNnwmVpMgVW3wUppJgTPL7yVBozlBOLaFMC5uVsDHVlKFtqWxL8JZPXiXtes27rNUfrqqN26KOEpzCGVyAB9fQgHtoQgsYxPAMr/DmoPPivDsfi9E1p9g5gT9wPn8AiGeRag==</latexit>

- population distribution - queries posed by analyst

- answers given by mechanism

qi : supp(P) � [0, 1]d

ai � Rd



Abstraction via Adaptive Data Analysis

analyst mechanism

Framework of Dwork et al. (2015)

data set

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

query

query

answer

answer

S
<latexit sha1_base64="uAzqYQ8pfQnZjL0XJEs1v308KOM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjcuK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7T1QqlohHPU1pEOORYBEjWFvJ92OsxwTz7GFWGVRrbt2dA60SryA1KNAaVL/8YUJMTIUmHCvV99xUBxmWmhFOZxXfKJpiMsEj2rdU4JiqIJtnnqEzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRdZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1Negrf85VXSadS9i3rj/rLWvCnqKMMJnMI5eHAFTbiDFrSBQArP8ApvjnFenHfnYzFacoqdY/gD5/MHxZeRgQ==</latexit>

S ⇠ Pn
<latexit sha1_base64="iVYgqWYpJ7GNWJI9xnYwSPU6ZHk=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclZkq6LLoxmVF+4DOWDJppg1NMkOSEcowOzf+ihsXirj1F9z5N2baQbT1QODknHu5954gZlRpx/myFhaXlldWS2vl9Y3NrW17Z7elokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6zP32PZGKRuJWj2PiczQQNKQYaSP17AOPIz3EiKU3macohz//RnYnyj274lSdCeA8cQtSAQUaPfvT60c44URozJBSXdeJtZ8iqSlmJCt7iSIxwiM0IF1DBeJE+enkjgweGaUPw0iaJzScqL87UsSVGvPAVOZbqlkvF//zuokOz/2UijjRRODpoDBhUEcwDwX2qSRYs7EhCEtqdoV4iCTC2kSXh+DOnjxPWrWqe1KtXZ9W6hdFHCWwDw7BMXDBGaiDK9AATYDBA3gCL+DVerSerTfrfVq6YBU9e+APrI9vIBKZdQ==</latexit>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAq elXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit> - sample size

P
<latexit sha1_base64="GH4lnl7xiOBJEv5hdGjYXKo68Lw=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE24H9GREqFgFK3U60cUx4zKrDkbVKpuzZ2DrBKvIFUo0BxUvvrDmKURV8gkNabnuQ n6GdUomOSzcj81PKFsQke8Z6miETd+No88I+dWGZIw1vYpJHP190ZGI2OmUWAn84hm2cvF/7xeiuGNnwmVpMgVW3wUppJgTPL7yVBozlBOLaFMC5uVsDHVlKFtqWxL8JZPXiXtes27rNUfrqqN26KOEpzCGVyAB9fQgHtoQgsYxPAMr/DmoPPivDsfi9E1p9g5gT9wPn8AiGeRag==</latexit>

- population distribution - queries posed by analyst

- answers given by mechanism

qi : supp(P) � [0, 1]d

ai � Rd



Abstraction via Adaptive Data Analysis

analyst mechanism

Framework of Dwork et al. (2015)

data set

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

query

query

answer

answer

S
<latexit sha1_base64="uAzqYQ8pfQnZjL0XJEs1v308KOM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjcuK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7T1QqlohHPU1pEOORYBEjWFvJ92OsxwTz7GFWGVRrbt2dA60SryA1KNAaVL/8YUJMTIUmHCvV99xUBxmWmhFOZxXfKJpiMsEj2rdU4JiqIJtnnqEzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRdZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1Negrf85VXSadS9i3rj/rLWvCnqKMMJnMI5eHAFTbiDFrSBQArP8ApvjnFenHfnYzFacoqdY/gD5/MHxZeRgQ==</latexit>

S ⇠ Pn
<latexit sha1_base64="iVYgqWYpJ7GNWJI9xnYwSPU6ZHk=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclZkq6LLoxmVF+4DOWDJppg1NMkOSEcowOzf+ihsXirj1F9z5N2baQbT1QODknHu5954gZlRpx/myFhaXlldWS2vl9Y3NrW17Z7elokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6zP32PZGKRuJWj2PiczQQNKQYaSP17AOPIz3EiKU3macohz//RnYnyj274lSdCeA8cQtSAQUaPfvT60c44URozJBSXdeJtZ8iqSlmJCt7iSIxwiM0IF1DBeJE+enkjgweGaUPw0iaJzScqL87UsSVGvPAVOZbqlkvF//zuokOz/2UijjRRODpoDBhUEcwDwX2qSRYs7EhCEtqdoV4iCTC2kSXh+DOnjxPWrWqe1KtXZ9W6hdFHCWwDw7BMXDBGaiDK9AATYDBA3gCL+DVerSerTfrfVq6YBU9e+APrI9vIBKZdQ==</latexit>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAq elXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit> - sample size

P
<latexit sha1_base64="GH4lnl7xiOBJEv5hdGjYXKo68Lw=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE24H9GREqFgFK3U60cUx4zKrDkbVKpuzZ2DrBKvIFUo0BxUvvrDmKURV8gkNabnuQ n6GdUomOSzcj81PKFsQke8Z6miETd+No88I+dWGZIw1vYpJHP190ZGI2OmUWAn84hm2cvF/7xeiuGNnwmVpMgVW3wUppJgTPL7yVBozlBOLaFMC5uVsDHVlKFtqWxL8JZPXiXtes27rNUfrqqN26KOEpzCGVyAB9fQgHtoQgsYxPAMr/DmoPPivDsfi9E1p9g5gT9wPn8AiGeRag==</latexit>

- population distribution - queries posed by analyst

- answers given by mechanism

qi : supp(P) � [0, 1]d

ai � Rd



Abstraction via Adaptive Data Analysis

analyst mechanism

Framework of Dwork et al. (2015)

data set

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

query

query

answer

answer

S
<latexit sha1_base64="uAzqYQ8pfQnZjL0XJEs1v308KOM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjcuK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7T1QqlohHPU1pEOORYBEjWFvJ92OsxwTz7GFWGVRrbt2dA60SryA1KNAaVL/8YUJMTIUmHCvV99xUBxmWmhFOZxXfKJpiMsEj2rdU4JiqIJtnnqEzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRdZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1Negrf85VXSadS9i3rj/rLWvCnqKMMJnMI5eHAFTbiDFrSBQArP8ApvjnFenHfnYzFacoqdY/gD5/MHxZeRgQ==</latexit>

S ⇠ Pn
<latexit sha1_base64="iVYgqWYpJ7GNWJI9xnYwSPU6ZHk=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclZkq6LLoxmVF+4DOWDJppg1NMkOSEcowOzf+ihsXirj1F9z5N2baQbT1QODknHu5954gZlRpx/myFhaXlldWS2vl9Y3NrW17Z7elokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6zP32PZGKRuJWj2PiczQQNKQYaSP17AOPIz3EiKU3macohz//RnYnyj274lSdCeA8cQtSAQUaPfvT60c44URozJBSXdeJtZ8iqSlmJCt7iSIxwiM0IF1DBeJE+enkjgweGaUPw0iaJzScqL87UsSVGvPAVOZbqlkvF//zuokOz/2UijjRRODpoDBhUEcwDwX2qSRYs7EhCEtqdoV4iCTC2kSXh+DOnjxPWrWqe1KtXZ9W6hdFHCWwDw7BMXDBGaiDK9AATYDBA3gCL+DVerSerTfrfVq6YBU9e+APrI9vIBKZdQ==</latexit>

n
<latexit sha1_base64="2QmInd+nHO60uhS7AYCvgpiU4a8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAq elXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2F+M9g==</latexit> - sample size

P
<latexit sha1_base64="GH4lnl7xiOBJEv5hdGjYXKo68Lw=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqANZTKdtEMnkzBzI5TQz3DjQhG3fo07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE24H9GREqFgFK3U60cUx4zKrDkbVKpuzZ2DrBKvIFUo0BxUvvrDmKURV8gkNabnuQ n6GdUomOSzcj81PKFsQke8Z6miETd+No88I+dWGZIw1vYpJHP190ZGI2OmUWAn84hm2cvF/7xeiuGNnwmVpMgVW3wUppJgTPL7yVBozlBOLaFMC5uVsDHVlKFtqWxL8JZPXiXtes27rNUfrqqN26KOEpzCGVyAB9fQgHtoQgsYxPAMr/DmoPPivDsfi9E1p9g5gT9wPn8AiGeRag==</latexit>

- population distribution - queries posed by analyst

- answers given by mechanism

S = {X1, . . . , Xn}
<latexit sha1_base64="YHGC8Yg1uisG+2b1K57iYy68RAw=">AAACCHicbVDNSsNAGNzUv1r/oh49uFgED6UkVdCLUPTisaJtA00Im+2mXbrZhN2NUEKOXnwVLx4U8eojePNt3LY5aOvAwjDzDft9EySMSmVZ30ZpaXllda28XtnY3NreMXf3OjJOBSZtHLNYOAGShFFO2ooqRpxEEBQFjHSD0fXE7z4QIWnM79U4IV6EBpyGFCOlJd88dCOkhhix7C6Hl9DNHN+uuf1YyZrjczf3zapVt6aAi8QuSBUUaPnml07jNCJcYYak7NlWorwMCUUxI3nFTSVJEB6hAelpylFEpJdND8nhsVb6MIyFflzBqfo7kaFIynEU6MnJ2nLem4j/eb1UhRdeRnmSKsLx7KMwZVDFcNIK7FNBsGJjTRAWVO8K8RAJhJXurqJLsOdPXiSdRt0+rTduz6rNq6KOMjgAR+AE2OAcNMENaIE2wOARPINX8GY8GS/Gu/ExGy0ZRWYf/IHx+QOVkpkO</latexit>

- data set

qi : supp(P) � [0, 1]d

ai � Rd



Generalization Error

analyst

Framework of Dwork et al. (2015)
q1

<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

query

query

answer

answer

mechanism data set S<latexit sha1_base64="uAzqYQ8pfQnZjL0XJEs1v308KOM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjcuK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7T1QqlohHPU1pEOORYBEjWFvJ92OsxwTz7GFWGVRrbt2dA60SryA1KNAaVL/8YUJMTIUmHCvV99xUBxmWmhFOZxXfKJpiMsEj2rdU4JiqIJtnnqEzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRdZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1Negrf85VXSadS9i3rj/rLWvCnqKMMJnMI5eHAFTbiDFrSBQArP8ApvjnFenHfnYzFacoqdY/gD5/MHxZeRgQ==</latexit>

S ⇠ Pn
<latexit sha1_base64="iVYgqWYpJ7GNWJI9xnYwSPU6ZHk=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclZkq6LLoxmVF+4DOWDJppg1NMkOSEcowOzf+ihsXirj1F9z5N2baQbT1QODknHu5954gZlRpx/myFhaXlldWS2vl9Y3NrW17Z7elokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6zP32PZGKRuJWj2PiczQQNKQYaSP17AOPIz3EiKU3macohz//RnYnyj274lSdCeA8cQtSAQUaPfvT60c44URozJBSXdeJtZ8iqSlmJCt7iSIxwiM0IF1DBeJE+enkjgweGaUPw0iaJzScqL87UsSVGvPAVOZbqlkvF//zuokOz/2UijjRRODpoDBhUEcwDwX2qSRYs7EhCEtqdoV4iCTC2kSXh+DOnjxPWrWqe1KtXZ9W6hdFHCWwDw7BMXDBGaiDK9AATYDBA3gCL+DVerSerTfrfVq6YBU9e+APrI9vIBKZdQ==</latexit>



Goal: design a mechanism such that, for    queries posed by the analyst, 
generalization error is at most    :

Generalization Error

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

✏
<latexit sha1_base64="S940j+PXnpyPoS6EHFdj/RxnHVw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBOH5Ak</latexit>

max
1it

kEX⇠P [qi(X)]� aik1  ✏
<latexit sha1_base64="nTfX7zQlP0Hhe4BmpBZlcDbQj4s="></latexit>

with high probability.

analyst

Framework of Dwork et al. (2015)
q1

<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

query

query

answer

answer

mechanism data set S<latexit sha1_base64="uAzqYQ8pfQnZjL0XJEs1v308KOM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjcuK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7T1QqlohHPU1pEOORYBEjWFvJ92OsxwTz7GFWGVRrbt2dA60SryA1KNAaVL/8YUJMTIUmHCvV99xUBxmWmhFOZxXfKJpiMsEj2rdU4JiqIJtnnqEzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRdZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1Negrf85VXSadS9i3rj/rLWvCnqKMMJnMI5eHAFTbiDFrSBQArP8ApvjnFenHfnYzFacoqdY/gD5/MHxZeRgQ==</latexit>

S ⇠ Pn
<latexit sha1_base64="iVYgqWYpJ7GNWJI9xnYwSPU6ZHk=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclZkq6LLoxmVF+4DOWDJppg1NMkOSEcowOzf+ihsXirj1F9z5N2baQbT1QODknHu5954gZlRpx/myFhaXlldWS2vl9Y3NrW17Z7elokRi0sQRi2QnQIowKkhTU81IJ5YE8YCRdjC6zP32PZGKRuJWj2PiczQQNKQYaSP17AOPIz3EiKU3macohz//RnYnyj274lSdCeA8cQtSAQUaPfvT60c44URozJBSXdeJtZ8iqSlmJCt7iSIxwiM0IF1DBeJE+enkjgweGaUPw0iaJzScqL87UsSVGvPAVOZbqlkvF//zuokOz/2UijjRRODpoDBhUEcwDwX2qSRYs7EhCEtqdoV4iCTC2kSXh+DOnjxPWrWqe1KtXZ9W6hdFHCWwDw7BMXDBGaiDK9AATYDBA3gCL+DVerSerTfrfVq6YBU9e+APrI9vIBKZdQ==</latexit>



examples of analysts

human 
 analyst

iterative 
algorithms, e.g. 

gradient 
descent

  - classification 
error of 

   -th classifier on 
data set

  - gradient of  
the empirical risk 

on data set 

qi
<latexit sha1_base64="OMhTX3iQCxR5ZV+JeE85W9h6cZk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rEneqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14p1XqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBXNI3V</latexit>

i
<latexit sha1_base64="hA2BMjcr0btVk5qY1/HOr4xO94Q=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH0MuM8Q==</latexit>

S
<latexit sha1_base64="uAzqYQ8pfQnZjL0XJEs1v308KOM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjcuK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7T1QqlohHPU1pEOORYBEjWFvJ92OsxwTz7GFWGVRrbt2dA60SryA1KNAaVL/8YUJMTIUmHCvV99xUBxmWmhFOZxXfKJpiMsEj2rdU4JiqIJtnnqEzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRdZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1Negrf85VXSadS9i3rj/rLWvCnqKMMJnMI5eHAFTbiDFrSBQArP8ApvjnFenHfnYzFacoqdY/gD5/MHxZeRgQ==</latexit>

qi
<latexit sha1_base64="OMhTX3iQCxR5ZV+JeE85W9h6cZk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rEneqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14p1XqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBXNI3V</latexit>

S
<latexit sha1_base64="uAzqYQ8pfQnZjL0XJEs1v308KOM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRjcuK9gFNKJPppB06mYR5CCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7T1QqlohHPU1pEOORYBEjWFvJ92OsxwTz7GFWGVRrbt2dA60SryA1KNAaVL/8YUJMTIUmHCvV99xUBxmWmhFOZxXfKJpiMsEj2rdU4JiqIJtnnqEzqwxRlEj7hEZz9fdGhmOlpnFoJ/OMatnLxf+8vtHRdZAxkRpNBVkcigxHOkF5AWjIJCWaTy3BRDKbFZExlphoW1Negrf85VXSadS9i3rj/rLWvCnqKMMJnMI5eHAFTbiDFrSBQArP8ApvjnFenHfnYzFacoqdY/gD5/MHxZeRgQ==</latexit>

examples of mechanisms

empirical 
mechanism

Gaussian 
mechanism

truncation to 
a fixed number 

of bits

ai =
1

n

n�

j=1

qi(Xj) ai = trunc

�

� 1

n

n�

j=1

qi(Xj)

�

�
ai =

1

n

n�

j=1

qi(Xj) + �i,

�i � N(0, �2Id)





Known bounds on the generalization error after    queries:t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>



non-adaptive 
 analyst fully adaptive 

 analyst

Known bounds on the generalization error after    queries:t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>



non-adaptive 
 analyst fully adaptive 

 analyst

generalization error generalization error

Known bounds on the generalization error after    queries:t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

O

��
log(td)

n

�
Õ

�
(td)1/4

�
n

�



non-adaptive 
 analyst fully adaptive 

 analyst

generalization error generalization error

Known bounds on the generalization error after    queries:t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

tight
tight*

O

��
log(td)

n

�
Õ

�
(td)1/4

�
n

�

*tight for a broad class of mechanisms, believed to be tight in general 



non-adaptive 
 analyst fully adaptive 

 analyst

generalization error generalization error

Known bounds on the generalization error after    queries:t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

tight
tight*

overly optimistic overly pessimistic

O

��
log(td)

n

�
Õ

�
(td)1/4

�
n

�

*tight for a broad class of mechanisms, believed to be tight in general 



non-adaptive 
 analyst fully adaptive 

 analyst

generalization error generalization error

Known bounds on the generalization error after    queries:t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

overly optimistic

natural analysts?

Are there natural categories of analysts which interpolate 
between logarithmic and polynomial error?

overly pessimistic

O

��
log(td)

n

�
Õ

�
(td)1/4

�
n

�



Analysts as Dynamical Systems



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

h2
<latexit sha1_base64="bp6t7iIR0UjPyg0dB3e9yeQtzcI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP2E42V</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

h2
<latexit sha1_base64="bp6t7iIR0UjPyg0dB3e9yeQtzcI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP2E42V</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

h2
<latexit sha1_base64="bp6t7iIR0UjPyg0dB3e9yeQtzcI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP2E42V</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

h2
<latexit sha1_base64="bp6t7iIR0UjPyg0dB3e9yeQtzcI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP2E42V</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

h3
<latexit sha1_base64="1rokIfWEaaDwRR1ewq684sFr0TQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+1G/3i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3r1au3uotK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/3l42W</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

h2
<latexit sha1_base64="bp6t7iIR0UjPyg0dB3e9yeQtzcI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP2E42V</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

h3
<latexit sha1_base64="1rokIfWEaaDwRR1ewq684sFr0TQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+1G/3i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3r1au3uotK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/3l42W</latexit>

q3
<latexit sha1_base64="IXuIJjXHCJp03PQZY4Ks1+NeKso=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBDZkdZmHC7Ow602tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9aq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8ABVyNnw==</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

h2
<latexit sha1_base64="bp6t7iIR0UjPyg0dB3e9yeQtzcI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP2E42V</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

h3
<latexit sha1_base64="1rokIfWEaaDwRR1ewq684sFr0TQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+1G/3i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3r1au3uotK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/3l42W</latexit>

q3
<latexit sha1_base64="IXuIJjXHCJp03PQZY4Ks1+NeKso=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBDZkdZmHC7Ow602tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9aq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8ABVyNnw==</latexit>

a3
<latexit sha1_base64="kmvxvTNRVDVYHFr6AmXa2AB5VHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv98sVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXql69Wru7qDSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPs7Y2P</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

h2
<latexit sha1_base64="bp6t7iIR0UjPyg0dB3e9yeQtzcI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP2E42V</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

h3
<latexit sha1_base64="1rokIfWEaaDwRR1ewq684sFr0TQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+1G/3i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3r1au3uotK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/3l42W</latexit>

q3
<latexit sha1_base64="IXuIJjXHCJp03PQZY4Ks1+NeKso=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBDZkdZmHC7Ow602tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9aq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8ABVyNnw==</latexit>

a3
<latexit sha1_base64="kmvxvTNRVDVYHFr6AmXa2AB5VHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv98sVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXql69Wru7qDSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPs7Y2P</latexit>



Analysts as Dynamical Systems

We model the data analyst as a dynamical system:

ht =  t(ht�1, at�1)

qt = ft(ht)
<latexit sha1_base64="QRDh2bqPQeIVUM/yO6GSsDCZun8=">AAACGnicbVDLSgMxFM3UV62vqks3waK0oGWmCroRim5cVrAP6JQhk2ba0MzD5I5Qhn6HG3/FjQtF3Ikb/8a0MwutHggczjmXm3vcSHAFpvll5BYWl5ZX8quFtfWNza3i9k5LhbGkrElDEcqOSxQTPGBN4CBYJ5KM+K5gbXd0NfXb90wqHga3MI5YzyeDgHucEtCSU7SGDuDDC2xHijtQHjoJHFuTI0xSUrHtwl2a8GY2VJxiyayaM+C/xMpICWVoOMUPux/S2GcBUEGU6lpmBL2ESOBUsEnBjhWLCB2RAetqGhCfqV4yO22CD7TSx14o9QsAz9SfEwnxlRr7rk76BIZq3puK/3ndGLzzXsKDKAYW0HSRFwsMIZ72hPtcMgpirAmhkuu/YjokklDQbRZ0Cdb8yX9Jq1a1Tqq1m9NS/TKrI4/20D4qIwudoTq6Rg3URBQ9oCf0gl6NR+PZeDPe02jOyGZ20S8Yn9+Z2J4Y</latexit>

 t
<latexit sha1_base64="w8zLxDkRTMzkmh60dAlqb1tXcek=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVi8xoo/9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ALLtjzU=</latexit>

ft
<latexit sha1_base64="qoA4zUd/8zD7Xgoxui2Jp6tFo14=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7CP/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6qtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1cejdU=</latexit>

ht
<latexit sha1_base64="8RYnhaq9WW/i0FWcTp1ejBFw9zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1Ef++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBaKo3X</latexit>

- history, i.e. encoding of past interactions
- arbitrary transition map
- arbitrary function

h1
<latexit sha1_base64="yiZQYYYwO+F5pP+nrgz81eCgwJQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH0j42U</latexit>

q1
<latexit sha1_base64="rslrDZ2B9h+NmotiRJ6kHYRkDtA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AECVI2d</latexit>

a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

h2
<latexit sha1_base64="bp6t7iIR0UjPyg0dB3e9yeQtzcI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOrX+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP2E42V</latexit>

q2
<latexit sha1_base64="tfSCl5NqUleYM+4YZ8wxLx1R4mI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMD2I2e</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

h3
<latexit sha1_base64="1rokIfWEaaDwRR1ewq684sFr0TQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+1G/3i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3r1au3uotK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/3l42W</latexit>

q3
<latexit sha1_base64="IXuIJjXHCJp03PQZY4Ks1+NeKso=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBDZkdZmHC7Ow602tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9aq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8ABVyNnw==</latexit>

a3
<latexit sha1_base64="kmvxvTNRVDVYHFr6AmXa2AB5VHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv98sVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXql69Wru7qDSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPs7Y2P</latexit>

With no restriction on the transition map, this representation captures 
an arbitrary adaptive analyst
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enough in the past, etc.  



Stability of Natural Analysts

• Stability of dynamical systems makes analysts natural

• Stability ensures convergence of algorithms, encodes 
different human biases, like sensitivity to interactions far 
enough in the past, etc.  

• Encoding different stability notions, we introduce two 
main classes of natural analysts: progressive and 
conservative 



Progressive Analysts



Progressive Analysts

Progressive analysts contract their history as:
k t(h, a)�  t(h

0, a)k  �kh� h0k, 8h, h0, a
<latexit sha1_base64="Qx8wh22fTvz61a+fjvBmzDEUAVs="></latexit>

for some � 2 (0, 1).
<latexit sha1_base64="JGIeYHlSYepgHJV6WN0lctZgftE=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEqSEmqoMuiG5cV7AOaUCaTSTt0Mgkzk0IJ/RM3LhRx65+482+ctllo64GBwznncu+cIOVMacf5ttbWNza3tks75d29/YND++i4rZJMEtoiCU9kN8CKciZoSzPNaTeVFMcBp51gdD/zO2MqFUvEk56k1I/xQLCIEayN1Ldtj5twiD0mqs6le1Hr2xWn5syBVolbkAoUaPbtLy9MSBZToQnHSvVcJ9V+jqVmhNNp2csUTTEZ4QHtGSpwTJWfzy+fonOjhChKpHlCo7n6eyLHsVKTODDJGOuhWvZm4n9eL9PRrZ8zkWaaCrJYFGUc6QTNakAhk5RoPjEEE8nMrYgMscREm7LKpgR3+curpF2vuVe1+uN1pXFX1FGCUziDKrhwAw14gCa0gMAYnuEV3qzcerHerY9FdM0qZk7gD6zPH431kks=</latexit>



The parameter     encodes how fast past interactions 
with the mechanism are forgotten; 
             is  minimal adaptivity, while            implies full 
adaptivity.

Progressive Analysts

Progressive analysts contract their history as:
k t(h, a)�  t(h

0, a)k  �kh� h0k, 8h, h0, a
<latexit sha1_base64="Qx8wh22fTvz61a+fjvBmzDEUAVs="></latexit>

for some � 2 (0, 1).
<latexit sha1_base64="JGIeYHlSYepgHJV6WN0lctZgftE=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEqSEmqoMuiG5cV7AOaUCaTSTt0Mgkzk0IJ/RM3LhRx65+482+ctllo64GBwznncu+cIOVMacf5ttbWNza3tks75d29/YND++i4rZJMEtoiCU9kN8CKciZoSzPNaTeVFMcBp51gdD/zO2MqFUvEk56k1I/xQLCIEayN1Ldtj5twiD0mqs6le1Hr2xWn5syBVolbkAoUaPbtLy9MSBZToQnHSvVcJ9V+jqVmhNNp2csUTTEZ4QHtGSpwTJWfzy+fonOjhChKpHlCo7n6eyLHsVKTODDJGOuhWvZm4n9eL9PRrZ8zkWaaCrJYFGUc6QTNakAhk5RoPjEEE8nMrYgMscREm7LKpgR3+curpF2vuVe1+uN1pXFX1FGCUziDKrhwAw14gCa0gMAYnuEV3qzcerHerY9FdM0qZk7gD6zPH431kks=</latexit>

�
<latexit sha1_base64="KR7Mt/phY1Kx38Up6egdPk98AOk=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqAN5WYyaYdOJmFmIpTQj3DjQhG3fo87/8Zpm4W2Hhg4nHMuc+8JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqBqiZ4JK1DDeCdVPFMA4E6wTju5nfeWJK80Q+mknK/BiHkkecorFSpy9sNMRBperW3DnIKvEKUoUCzUHlqx8mNIuZNFSg1j3PTY2fozKcCjYt9zPNUqRjHLKepRJjpv18vu6UnFslJFGi7JOGzNXfEznGWk/iwCZjNCO97M3E/7xeZqIbP+cyzQyTdPFRlAliEjK7nYRcMWrExBKkittdCR2hQmpsQ2Vbgrd88ipp12veZa3+cFVt3BZ1lOAUzuACPLiGBtxDE1pAYQzP8ApvTuq8OO/OxyK65hQzJ/AHzucPPhOPgQ==</latexit>

� � 0 � � 1



The parameter     encodes how fast past interactions 
with the mechanism are forgotten; 
             is  minimal adaptivity, while            implies full 
adaptivity.

Progressive Analysts

Progressive analysts contract their history as:

examples of progressive analysts
human 

 analysts
algorithmic 

analysts

analysts with 
recency bias

stable RNNs, 
Bellman 
operator

k t(h, a)�  t(h
0, a)k  �kh� h0k, 8h, h0, a

<latexit sha1_base64="Qx8wh22fTvz61a+fjvBmzDEUAVs="></latexit>

for some � 2 (0, 1).
<latexit sha1_base64="JGIeYHlSYepgHJV6WN0lctZgftE=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEqSEmqoMuiG5cV7AOaUCaTSTt0Mgkzk0IJ/RM3LhRx65+482+ctllo64GBwznncu+cIOVMacf5ttbWNza3tks75d29/YND++i4rZJMEtoiCU9kN8CKciZoSzPNaTeVFMcBp51gdD/zO2MqFUvEk56k1I/xQLCIEayN1Ldtj5twiD0mqs6le1Hr2xWn5syBVolbkAoUaPbtLy9MSBZToQnHSvVcJ9V+jqVmhNNp2csUTTEZ4QHtGSpwTJWfzy+fonOjhChKpHlCo7n6eyLHsVKTODDJGOuhWvZm4n9eL9PRrZ8zkWaaCrJYFGUc6QTNakAhk5RoPjEEE8nMrYgMscREm7LKpgR3+curpF2vuVe1+uN1pXFX1FGCUziDKrhwAw14gCa0gMAYnuEV3qzcerHerY9FdM0qZk7gD6zPH431kks=</latexit>

�
<latexit sha1_base64="KR7Mt/phY1Kx38Up6egdPk98AOk=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqAN5WYyaYdOJmFmIpTQj3DjQhG3fo87/8Zpm4W2Hhg4nHMuc+8JUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqBqiZ4JK1DDeCdVPFMA4E6wTju5nfeWJK80Q+mknK/BiHkkecorFSpy9sNMRBperW3DnIKvEKUoUCzUHlqx8mNIuZNFSg1j3PTY2fozKcCjYt9zPNUqRjHLKepRJjpv18vu6UnFslJFGi7JOGzNXfEznGWk/iwCZjNCO97M3E/7xeZqIbP+cyzQyTdPFRlAliEjK7nYRcMWrExBKkittdCR2hQmpsQ2Vbgrd88ipp12veZa3+cFVt3BZ1lOAUzuACPLiGBtxDE1pAYQzP8ApvTuq8OO/OxyK65hQzJ/AHzucPPhOPgQ==</latexit>

� � 0 � � 1
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Main Theorem for Progressive Analysts

There exists a computationally efficient mechanism for 
answering     queries chosen adaptively by a progressive 
analyst such that the overall generalization error is at most 

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

� Õ

��
log(1/(1 � �)) log(t)d

log(1/�)n

�



Main Theorem for Progressive Analysts

There exists a computationally efficient mechanism for 
answering     queries chosen adaptively by a progressive 
analyst such that the overall generalization error is at most 

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

� Õ

��
log(1/(1 � �)) log(t)d

log(1/�)n

�



Main Theorem for Progressive Analysts

There exists a computationally efficient mechanism for 
answering     queries chosen adaptively by a progressive 
analyst such that the overall generalization error is at most 

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

For                       the analyst is fully adaptive and 
we recover a (suboptimal) fully adaptive bound

� = 1� 1/t
<latexit sha1_base64="qbEz5adeL9mNF5NeNeVRTpzcOhI=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSZV0I1QdOOygn1AG8pkMmmHTiZhZqKU2E9x40IRt36JO//GaZuFth4YOJxzLvfO8RPOlHacb2tpeWV1bb2wUdzc2t7ZtUt7TRWnktAGiXks2z5WlDNBG5ppTtuJpDjyOW35w5uJ33qgUrFY3OtRQr0I9wULGcHaSD271OUmHGB0hVx0gtxT3bPLTsWZAi0SNydlyFHv2V/dICZpRIUmHCvVcZ1EexmWmhFOx8VuqmiCyRD3acdQgSOqvGx6+hgdGSVAYSzNExpN1d8TGY6UGkW+SUZYD9S8NxH/8zqpDi+9jIkk1VSQ2aIw5UjHaNIDCpikRPORIZhIZm5FZIAlJtq0VTQluPNfXiTNasU9q1Tvzsu167yOAhzAIRyDCxdQg1uoQwMIPMIzvMKb9WS9WO/Wxyy6ZOUz+/AH1ucPOPySBQ==</latexit>

� Õ

��
log(1/(1 � �)) log(t)d

log(1/�)n

�

Õ(
�

td/n)



Main Theorem for Progressive Analysts

There exists a computationally efficient mechanism for 
answering     queries chosen adaptively by a progressive 
analyst such that the overall generalization error is at most 

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

For                       the analyst is fully adaptive and 
we recover a (suboptimal) fully adaptive bound

� = 1� 1/t
<latexit sha1_base64="qbEz5adeL9mNF5NeNeVRTpzcOhI=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSZV0I1QdOOygn1AG8pkMmmHTiZhZqKU2E9x40IRt36JO//GaZuFth4YOJxzLvfO8RPOlHacb2tpeWV1bb2wUdzc2t7ZtUt7TRWnktAGiXks2z5WlDNBG5ppTtuJpDjyOW35w5uJ33qgUrFY3OtRQr0I9wULGcHaSD271OUmHGB0hVx0gtxT3bPLTsWZAi0SNydlyFHv2V/dICZpRIUmHCvVcZ1EexmWmhFOx8VuqmiCyRD3acdQgSOqvGx6+hgdGSVAYSzNExpN1d8TGY6UGkW+SUZYD9S8NxH/8zqpDi+9jIkk1VSQ2aIw5UjHaNIDCpikRPORIZhIZm5FZIAlJtq0VTQluPNfXiTNasU9q1Tvzsu167yOAhzAIRyDCxdQg1uoQwMIPMIzvMKb9WS9WO/Wxyy6ZOUz+/AH1ucPOPySBQ==</latexit>

For            the analyst can only adapt to the last 
answer and we have  

� = 0
<latexit sha1_base64="guY5FA++MabrvqrEg4FN8nJvELU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQTdC0Y3LCvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0tr6xuVXeruzs7u0fVA+POlpmitA2kVyqXog15UzQtmGG016qKE5CTrvh+G7md5+o0kyKRzNJaZDgoWAxI9hYye9zG40wukHuoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWGvfc1MT5FgZRjidVvqZpikmYzykvqUCJ1QH+XzlKTqzSoRiqewTBs3V3xM5TrSeJKFNJtiM9LI3E//z/MzE10HORJoZKsjiozjjyEg0ux9FTFFi+MQSTBSzuyIywgoTY1uq2BK85ZNXSadR9y7qjYfLWvO2qKMMJ3AK5+DBFTThHlrQBgISnuEV3hzjvDjvzsciWnKKmWP4A+fzB+QQkFY=</latexit>

� Õ

��
log(1/(1 � �)) log(t)d

log(1/�)n

�

Õ(
�

td/n)

Õ(
�

log(t)d/n)



Conservative Analysts



Conservative Analysts

Conservative analysts contract new evidence* as:
k t(h, a)�  t(h, a

0)k  ⌘tka� a0k, 8h, a, a0
<latexit sha1_base64="Nr8EISP8NhNcGsTkEWeIsasaE80=">AAACLXicbVDLSgNBEJz1bXxFPXoZDKKChl0V9CjqwaOCUSETlt5JxwyZfTjTK4TEH/Lir4jgQRGv/oaTGPDZMFBTVU13V5RpZcn3n72h4ZHRsfGJycLU9MzsXHF+4dymuZFYkalOzWUEFrVKsEKKNF5mBiGONF5ErcOefnGDxqo0OaN2hrUYrhLVUBLIUWHxSHRFZlVIa80NWOeb/Ou3uu40jddcIEFIXHRhE1ZFd4MLLhqpAa 25szljWCz5Zb9f/C8IBqDEBnUSFh9FPZV5jAlJDdZWAz+jWgcMKanxtiByixnIFlxh1cEEYrS1Tv/aW77imDp3C7iXEO+z3zs6EFvbjiPnjIGa9rfWI//Tqjk19modlWQ5YSI/BzVyzSnlveh4XRmUpNsOgDTK7cplEwxIcgEXXAjB75P/gvOtcrBd3jrdKe0fDOKYYEtsma2xgO2yfXbMTliFSXbHHtgze/HuvSfv1Xv7tA55g55F9qO89w8dPqWX</latexit>

for some sequence         such that {⌘t}
<latexit sha1_base64="YcFH8PU8p0tNSqv9UgMPn75+fgI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuhMyAFAqaKFBCJ9HAolBCOxzfzvz2E2gjYvWAkwSCiA2VGAjO0EqPfuYDsh7601654lbdOegq8XJSITkavfKX3495GoFCLpkxXc9NMMiYRsElTEt+aiBhfMyG0LVUsQhMkM0vntIzq/TpINa2FNK5+nsiY5Exkyi0nRHDkVn2ZuJ/XjfFwXWQCZWkCIovFg1SSTGms/dpX2jgKCeWMK6FvZXyEdOMow2pZEPwll9eJa1a1buo1u4vK/WbPI4iOSGn5Jx45IrUyR1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+QPnM8fxl+Q+w==</latexit>

lim
t!1

⌘t = 0.
<latexit sha1_base64="jxBy0g2i/9xYUm67PuRNIljVqYk=">AAACDnicbVBNS8NAEN3Ur1q/qh69LJaCp5JUQS9C0YvHCvYDmhA22027dLMJuxOlhP4CL/4VLx4U8erZm//GbZuDtj4YeLw3w8y8IBFcg21/W4WV1bX1jeJmaWt7Z3evvH/Q1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMrqd+554pzWN5B+OEeREZSB5ySsBIfrnqCh75GbiKD4ZAlIofXC5DGE+wy4D4gC+xXfPLFbtmz4CXiZOTCsrR9Mtfbj+macQkUEG07jl2Al5GFHAq2KTkppolhI7IgPUMlSRi2stm70xw1Sh9HMbKlAQ8U39PZCTSehwFpjMiMNSL3lT8z+ulEF54GZdJCkzS+aIwFRhiPM0G97liFMTYEEIVN7diOiSKUDAJlkwIzuLLy6RdrzmntfrtWaVxlcdRREfoGJ0gB52jBrpBTdRCFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gAe/pwZ</latexit>

*alternate condition for conservative analysts given in paper



Conservative Analysts

Conservative analysts contract new evidence* as:
k t(h, a)�  t(h, a

0)k  ⌘tka� a0k, 8h, a, a0
<latexit sha1_base64="Nr8EISP8NhNcGsTkEWeIsasaE80=">AAACLXicbVDLSgNBEJz1bXxFPXoZDKKChl0V9CjqwaOCUSETlt5JxwyZfTjTK4TEH/Lir4jgQRGv/oaTGPDZMFBTVU13V5RpZcn3n72h4ZHRsfGJycLU9MzsXHF+4dymuZFYkalOzWUEFrVKsEKKNF5mBiGONF5ErcOefnGDxqo0OaN2hrUYrhLVUBLIUWHxSHRFZlVIa80NWOeb/Ou3uu40jddcIEFIXHRhE1ZFd4MLLhqpAa 25szljWCz5Zb9f/C8IBqDEBnUSFh9FPZV5jAlJDdZWAz+jWgcMKanxtiByixnIFlxh1cEEYrS1Tv/aW77imDp3C7iXEO+z3zs6EFvbjiPnjIGa9rfWI//Tqjk19modlWQ5YSI/BzVyzSnlveh4XRmUpNsOgDTK7cplEwxIcgEXXAjB75P/gvOtcrBd3jrdKe0fDOKYYEtsma2xgO2yfXbMTliFSXbHHtgze/HuvSfv1Xv7tA55g55F9qO89w8dPqWX</latexit>

for some sequence         such that {⌘t}
<latexit sha1_base64="YcFH8PU8p0tNSqv9UgMPn75+fgI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuhMyAFAqaKFBCJ9HAolBCOxzfzvz2E2gjYvWAkwSCiA2VGAjO0EqPfuYDsh7601654lbdOegq8XJSITkavfKX3495GoFCLpkxXc9NMMiYRsElTEt+aiBhfMyG0LVUsQhMkM0vntIzq/TpINa2FNK5+nsiY5Exkyi0nRHDkVn2ZuJ/XjfFwXWQCZWkCIovFg1SSTGms/dpX2jgKCeWMK6FvZXyEdOMow2pZEPwll9eJa1a1buo1u4vK/WbPI4iOSGn5Jx45IrUyR1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+QPnM8fxl+Q+w==</latexit>

lim
t!1

⌘t = 0.
<latexit sha1_base64="jxBy0g2i/9xYUm67PuRNIljVqYk=">AAACDnicbVBNS8NAEN3Ur1q/qh69LJaCp5JUQS9C0YvHCvYDmhA22027dLMJuxOlhP4CL/4VLx4U8erZm//GbZuDtj4YeLw3w8y8IBFcg21/W4WV1bX1jeJmaWt7Z3evvH/Q1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMrqd+554pzWN5B+OEeREZSB5ySsBIfrnqCh75GbiKD4ZAlIofXC5DGE+wy4D4gC+xXfPLFbtmz4CXiZOTCsrR9Mtfbj+macQkUEG07jl2Al5GFHAq2KTkppolhI7IgPUMlSRi2stm70xw1Sh9HMbKlAQ8U39PZCTSehwFpjMiMNSL3lT8z+ulEF54GZdJCkzS+aIwFRhiPM0G97liFMTYEEIVN7diOiSKUDAJlkwIzuLLy6RdrzmntfrtWaVxlcdRREfoGJ0gB52jBrpBTdRCFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gAe/pwZ</latexit>

The sequence         encodes how fast the knowledge of 
the analyst saturates.

{⌘t}
<latexit sha1_base64="YcFH8PU8p0tNSqv9UgMPn75+fgI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuhMyAFAqaKFBCJ9HAolBCOxzfzvz2E2gjYvWAkwSCiA2VGAjO0EqPfuYDsh7601654lbdOegq8XJSITkavfKX3495GoFCLpkxXc9NMMiYRsElTEt+aiBhfMyG0LVUsQhMkM0vntIzq/TpINa2FNK5+nsiY5Exkyi0nRHDkVn2ZuJ/XjfFwXWQCZWkCIovFg1SSTGms/dpX2jgKCeWMK6FvZXyEdOMow2pZEPwll9eJa1a1buo1u4vK/WbPI4iOSGn5Jx45IrUyR1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+QPnM8fxl+Q+w==</latexit>

*alternate condition for conservative analysts given in paper



Conservative Analysts

Conservative analysts contract new evidence* as:

examples of conservative analysts

human 
 analysts

algorithmic 
analysts

analysts with 
anchoring bias

optimization 
algorithms, e.g. 

gradient 
descent

k t(h, a)�  t(h, a
0)k  ⌘tka� a0k, 8h, a, a0

<latexit sha1_base64="Nr8EISP8NhNcGsTkEWeIsasaE80=">AAACLXicbVDLSgNBEJz1bXxFPXoZDKKChl0V9CjqwaOCUSETlt5JxwyZfTjTK4TEH/Lir4jgQRGv/oaTGPDZMFBTVU13V5RpZcn3n72h4ZHRsfGJycLU9MzsXHF+4dymuZFYkalOzWUEFrVKsEKKNF5mBiGONF5ErcOefnGDxqo0OaN2hrUYrhLVUBLIUWHxSHRFZlVIa80NWOeb/Ou3uu40jddcIEFIXHRhE1ZFd4MLLhqpAa 25szljWCz5Zb9f/C8IBqDEBnUSFh9FPZV5jAlJDdZWAz+jWgcMKanxtiByixnIFlxh1cEEYrS1Tv/aW77imDp3C7iXEO+z3zs6EFvbjiPnjIGa9rfWI//Tqjk19modlWQ5YSI/BzVyzSnlveh4XRmUpNsOgDTK7cplEwxIcgEXXAjB75P/gvOtcrBd3jrdKe0fDOKYYEtsma2xgO2yfXbMTliFSXbHHtgze/HuvSfv1Xv7tA55g55F9qO89w8dPqWX</latexit>

for some sequence         such that {⌘t}
<latexit sha1_base64="YcFH8PU8p0tNSqv9UgMPn75+fgI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuhMyAFAqaKFBCJ9HAolBCOxzfzvz2E2gjYvWAkwSCiA2VGAjO0EqPfuYDsh7601654lbdOegq8XJSITkavfKX3495GoFCLpkxXc9NMMiYRsElTEt+aiBhfMyG0LVUsQhMkM0vntIzq/TpINa2FNK5+nsiY5Exkyi0nRHDkVn2ZuJ/XjfFwXWQCZWkCIovFg1SSTGms/dpX2jgKCeWMK6FvZXyEdOMow2pZEPwll9eJa1a1buo1u4vK/WbPI4iOSGn5Jx45IrUyR1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+QPnM8fxl+Q+w==</latexit>

lim
t!1

⌘t = 0.
<latexit sha1_base64="jxBy0g2i/9xYUm67PuRNIljVqYk=">AAACDnicbVBNS8NAEN3Ur1q/qh69LJaCp5JUQS9C0YvHCvYDmhA22027dLMJuxOlhP4CL/4VLx4U8erZm//GbZuDtj4YeLw3w8y8IBFcg21/W4WV1bX1jeJmaWt7Z3evvH/Q1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMrqd+554pzWN5B+OEeREZSB5ySsBIfrnqCh75GbiKD4ZAlIofXC5DGE+wy4D4gC+xXfPLFbtmz4CXiZOTCsrR9Mtfbj+macQkUEG07jl2Al5GFHAq2KTkppolhI7IgPUMlSRi2stm70xw1Sh9HMbKlAQ8U39PZCTSehwFpjMiMNSL3lT8z+ulEF54GZdJCkzS+aIwFRhiPM0G97liFMTYEEIVN7diOiSKUDAJlkwIzuLLy6RdrzmntfrtWaVxlcdRREfoGJ0gB52jBrpBTdRCFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gAe/pwZ</latexit>

The sequence         encodes how fast the knowledge of 
the analyst saturates.

{⌘t}
<latexit sha1_base64="YcFH8PU8p0tNSqv9UgMPn75+fgI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuhMyAFAqaKFBCJ9HAolBCOxzfzvz2E2gjYvWAkwSCiA2VGAjO0EqPfuYDsh7601654lbdOegq8XJSITkavfKX3495GoFCLpkxXc9NMMiYRsElTEt+aiBhfMyG0LVUsQhMkM0vntIzq/TpINa2FNK5+nsiY5Exkyi0nRHDkVn2ZuJ/XjfFwXWQCZWkCIovFg1SSTGms/dpX2jgKCeWMK6FvZXyEdOMow2pZEPwll9eJa1a1buo1u4vK/WbPI4iOSGn5Jx45IrUyR1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+QPnM8fxl+Q+w==</latexit>

*alternate condition for conservative analysts given in paper



Main Theorem for Conservative Analysts



Main Theorem for Conservative Analysts

There exists a computationally efficient mechanism for 
answering     queries chosen adaptively by a 
conservative analyst such that the overall 
generalization error is at most 

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

for some constant C.
<latexit sha1_base64="4NvvlxXK39Yd78QYbUDjrAfVO0k=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4CkkV9FjsxWMV+wFtKJvtpl262YTdiVBK/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXplIY9LxvZ219Y3Nru7BT3N3bPzgsHR03TZJpxhsskYluh9RwKRRvoEDJ26nmNA4lb4Wj2sxvPXFtRKIecZzyIKYDJSLBKFrpoeb2SmXP9eYgq8TPSRly1Hulr24/YVnMFTJJjen4XorBhGoUTPJpsZsZnlI2ogPesVTRmJtgMr90Ss6t0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjm2AiVJohV2yxKMokwYTM3iZ9oTlDObaEMi3srYQNqaYMbThFG4K//PIqaVZc/9Kt3F+Vq7d5HAU4hTO4AB+uoQp3UIcGMIjgGV7hzRk5L86787FoXXPymRP4A+fzBwIhjQM=</latexit>

� Õ

�
(min{t, K(�t)}d log(t))1/4

�
n

�
, K(�t) = min{t : �t � C/
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Main Theorem for Conservative Analysts

There exists a computationally efficient mechanism for 
answering     queries chosen adaptively by a 
conservative analyst such that the overall 
generalization error is at most 

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

for some constant C.
<latexit sha1_base64="4NvvlxXK39Yd78QYbUDjrAfVO0k=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4CkkV9FjsxWMV+wFtKJvtpl262YTdiVBK/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXplIY9LxvZ219Y3Nru7BT3N3bPzgsHR03TZJpxhsskYluh9RwKRRvoEDJ26nmNA4lb4Wj2sxvPXFtRKIecZzyIKYDJSLBKFrpoeb2SmXP9eYgq8TPSRly1Hulr24/YVnMFTJJjen4XorBhGoUTPJpsZsZnlI2ogPesVTRmJtgMr90Ss6t0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjm2AiVJohV2yxKMokwYTM3iZ9oTlDObaEMi3srYQNqaYMbThFG4K//PIqaVZc/9Kt3F+Vq7d5HAU4hTO4AB+uoQp3UIcGMIjgGV7hzRk5L86787FoXXPymRP4A+fzBwIhjQM=</latexit>

If                    we recover the non-adaptive bound ⌘t ⇡ 0, 8t
<latexit sha1_base64="sx5S5q6Tj4lbHetCun/jxZpkfHs=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgIWE3CloGbSwjmAdkQ7g7mU2GzD6YuSuGkMLGX7GxUMTWj7Dzb5wkW2jigYHDOfdy5xw/kUKj43xbuZXVtfWN/GZha3tnd8/eP2joOFWM11ksY9XyQXMpIl5HgZK3EsUh9CVv+sPrqd+850qLOLrDUcI7IfQjEQgGaKSuXfQ4QhepB0mi4gfqnFIviBVISbFrl5yyMwNdJm5GSiRDrWt/eb2YpSGPkEnQuu06CXbGoFAwyScFL9U8ATaEPm8bGkHIdWc8CzGhx0bpUXPbvAjpTP29MYZQ61Hom8kQcKAXvan4n9dOMbjsjEWUpMgjNj8UpCZfTKeN0J5QnKEcGQJMCfNXygaggKHprWBKcBcjL5NGpeyelSu356XqVVZHnhTJETkhLrkgVXJDaqROGHkkz+SVvFlP1ov1bn3MR3NWtnNI/sD6/AFi2ZdI</latexit>

� Õ

�
(min{t, K(�t)}d log(t))1/4

�
n

�
, K(�t) = min{t : �t � C/

�
d}

Õ(
�
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Main Theorem for Conservative Analysts

There exists a computationally efficient mechanism for 
answering     queries chosen adaptively by a 
conservative analyst such that the overall 
generalization error is at most 

t
<latexit sha1_base64="btWuKJH9/rrCxCKL5tGKBdwWU5A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reRbXWvKzUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4XeM/A==</latexit>

for some constant C.
<latexit sha1_base64="4NvvlxXK39Yd78QYbUDjrAfVO0k=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4CkkV9FjsxWMV+wFtKJvtpl262YTdiVBK/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXplIY9LxvZ219Y3Nru7BT3N3bPzgsHR03TZJpxhsskYluh9RwKRRvoEDJ26nmNA4lb4Wj2sxvPXFtRKIecZzyIKYDJSLBKFrpoeb2SmXP9eYgq8TPSRly1Hulr24/YVnMFTJJjen4XorBhGoUTPJpsZsZnlI2ogPesVTRmJtgMr90Ss6t0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjm2AiVJohV2yxKMokwYTM3iZ9oTlDObaEMi3srYQNqaYMbThFG4K//PIqaVZc/9Kt3F+Vq7d5HAU4hTO4AB+uoQp3UIcGMIjgGV7hzRk5L86787FoXXPymRP4A+fzBwIhjQM=</latexit>

If                    we recover the non-adaptive bound ⌘t ⇡ 0, 8t
<latexit sha1_base64="sx5S5q6Tj4lbHetCun/jxZpkfHs=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgIWE3CloGbSwjmAdkQ7g7mU2GzD6YuSuGkMLGX7GxUMTWj7Dzb5wkW2jigYHDOfdy5xw/kUKj43xbuZXVtfWN/GZha3tnd8/eP2joOFWM11ksY9XyQXMpIl5HgZK3EsUh9CVv+sPrqd+850qLOLrDUcI7IfQjEQgGaKSuXfQ4QhepB0mi4gfqnFIviBVISbFrl5yyMwNdJm5GSiRDrWt/eb2YpSGPkEnQuu06CXbGoFAwyScFL9U8ATaEPm8bGkHIdWc8CzGhx0bpUXPbvAjpTP29MYZQ61Hom8kQcKAXvan4n9dOMbjsjEWUpMgjNj8UpCZfTKeN0J5QnKEcGQJMCfNXygaggKHprWBKcBcjL5NGpeyelSu356XqVVZHnhTJETkhLrkgVXJDaqROGHkkz+SVvFlP1ov1bn3MR3NWtnNI/sD6/AFi2ZdI</latexit>

If          has a slow decay, we recover the (tight) bound under 
full adaptivity

{⌘t}
<latexit sha1_base64="YcFH8PU8p0tNSqv9UgMPn75+fgI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy203bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuhMyAFAqaKFBCJ9HAolBCOxzfzvz2E2gjYvWAkwSCiA2VGAjO0EqPfuYDsh7601654lbdOegq8XJSITkavfKX3495GoFCLpkxXc9NMMiYRsElTEt+aiBhfMyG0LVUsQhMkM0vntIzq/TpINa2FNK5+nsiY5Exkyi0nRHDkVn2ZuJ/XjfFwXWQCZWkCIovFg1SSTGms/dpX2jgKCeWMK6FvZXyEdOMow2pZEPwll9eJa1a1buo1u4vK/WbPI4iOSGn5Jx45IrUyR1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+QPnM8fxl+Q+w==</latexit>

� Õ

�
(min{t, K(�t)}d log(t))1/4

�
n

�
, K(�t) = min{t : �t � C/

�
d}

Õ(
�

log(td)/n)

Õ((td)1/4/
�

n)



Summary

• Generalization bounds in adaptive data analysis show a 
wide gap due to considering only overly optimistic or 
overly pessimistic settings  

• In our work, we smoothly interpolate between the two by 
using stability parameters as a knob

Future Directions

• Empirical evaluation of patterns of human adaptivity 

• Preventing the analyst from knowing the distribution of 
the data 

• Limiting query complexity



Thank you


