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Note: standard survival analysis is a special case where 
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• Background: competing risks setup & the Aalen-Johansen (AJ) estimator

• How to go from the AJ estimator (population level) to a 
kernel AJ estimator (individual level)

• How to parameterize the kernel function as a neural net

• The full deep kernel Aalen-Johansen (DKAJ) estimator

• Numerical experiments

Technically I'll only be presenting the AJ estimator applied to competing risks 
(the AJ estimator more generally is for multistate processes)
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<latexit sha1_base64="rSbSwAY6c2QliS9jGulD5fCYCzs=">AAACBXicbVDLSgMxFM34rPVVdamLYBFclGFGSu2yoIsuK9gHdIYhk6ZtaCYzJHeEMnTjxl9x40IRt/6DO//G9CFo9UDgcM493NwTJoJrcJxPa2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqhEQzwSVrAgfBOoliJAoFa4ejq6nfvmNK81jewjhhfkQGkvc5JWCkoHDiXTMBJODY4xJ7mVNyS14vBl2KvElQKDp21ZkCO3b5mzhz4i5IES3QCAofJkvTiEmggmjddZ0E/Iwo4FSwSd5LNUsIHZEB6xoqScS0n82umOAzo/RwP1bmScAz9WciI5HW4yg0kxGBoV72puJ/XjeFftXPuExSYJLOF/VTgSHG00pwjytGQYwNIVRx81dMh0QRCqa4vCnBXT75L2ld2G7FrtyUi7X6oo4cOkan6By56BLVUB01UBNRdI8e0TN6sR6sJ+vVepuPrliLzBH6Bev9C7Vcl3k=</latexit>

!i → {0, 1, . . . ,m}
<latexit sha1_base64="rLJWazunsueHxso7/8AkVSFCF5E=">AAAB+3icbZBNS8MwGMfT+TbnW51HL8EhKEhpZcwdB152nOBepCslzdItLE1Lkoql7Kt48aCIV7+IN7+N2VZBpw+E/Pj/n4c8+QcJo1LZ9qdRWlvf2Nwqb1d2dvf2D8zDak/GqcCki2MWi0GAJGGUk66iipFBIgiKAkb6wfR67vfviZA05rcqS4gXoTGnIcVIack3q3c+hUPKoWtf6CtU2blv1myrac8L2lb9G+wlOAXUQFEd3/wYjmKcRoQrzJCUrmMnysuRUBQzMqsMU0kShKdoTFyNHEVEevli9xk81coIhrHQhyu4UH9O5CiSMosC3RkhNZGr3lz8z3NTFTa9nPIkVYTj5UNhyqCK4TwIOKKCYMUyDQgLqneFeIIEwkrHVdEhOKtf/gu9S8tpWI2beq3VLuIog2NwAs6AA65AC7RBB3QBBg/gETyDF2NmPBmvxtuytWQUM0fgVxnvX3UYk3Y=</latexit>

Yi → [0,↑)
is the time until the earliest event 
(or censoring)

<latexit sha1_base64="bokaSUAdHoBv8TTEuvtksXE0r3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQitcuCmy6r2Ac0MUwm03boZBJmJmIJ+RU3LhRx64+482+ctBG0emDgcM693DMnSBiVyrY/jcra+sbmVnW7trO7t39gHtb7Mk4FJj0cs1gMAyQJo5z0FFWMDBNBUBQwMghmV4U/uCdC0pjfqnlCvAhNOB1TjJSWfLM+9KlLuRshNQ2C7Ca/C32zYVstuwC0rYtvYi+JU5IGKNH1zQ83jHEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc3iqlRCOY6EfV3Ch/tzIUCTlPAr0ZJFRrnqF+J83StW45WWUJ6kiHC8PjVMGVQyLImBIBcGKzTVBWFCdFeIpEggrXVdNl+Csfvkv6Z9bTtNqXl802p2yjio4BifgDDjgErRBB3RBD2DwAB7BM3gxcuPJeDXelqMVo9w5Ar9gvH8BSrSUpQ==</latexit>

Xi → Rd

feature vector



Competing Risks Problem Setup

Common prediction task:

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)

indicates which event happened earliest 
(0 means never left initial state, i.e., censored)

<latexit sha1_base64="rSbSwAY6c2QliS9jGulD5fCYCzs=">AAACBXicbVDLSgMxFM34rPVVdamLYBFclGFGSu2yoIsuK9gHdIYhk6ZtaCYzJHeEMnTjxl9x40IRt/6DO//G9CFo9UDgcM493NwTJoJrcJxPa2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqhEQzwSVrAgfBOoliJAoFa4ejq6nfvmNK81jewjhhfkQGkvc5JWCkoHDiXTMBJODY4xJ7mVNyS14vBl2KvElQKDp21ZkCO3b5mzhz4i5IES3QCAofJkvTiEmggmjddZ0E/Iwo4FSwSd5LNUsIHZEB6xoqScS0n82umOAzo/RwP1bmScAz9WciI5HW4yg0kxGBoV72puJ/XjeFftXPuExSYJLOF/VTgSHG00pwjytGQYwNIVRx81dMh0QRCqa4vCnBXT75L2ld2G7FrtyUi7X6oo4cOkan6By56BLVUB01UBNRdI8e0TN6sR6sJ+vVepuPrliLzBH6Bev9C7Vcl3k=</latexit>

!i → {0, 1, . . . ,m}
<latexit sha1_base64="rLJWazunsueHxso7/8AkVSFCF5E=">AAAB+3icbZBNS8MwGMfT+TbnW51HL8EhKEhpZcwdB152nOBepCslzdItLE1Lkoql7Kt48aCIV7+IN7+N2VZBpw+E/Pj/n4c8+QcJo1LZ9qdRWlvf2Nwqb1d2dvf2D8zDak/GqcCki2MWi0GAJGGUk66iipFBIgiKAkb6wfR67vfviZA05rcqS4gXoTGnIcVIack3q3c+hUPKoWtf6CtU2blv1myrac8L2lb9G+wlOAXUQFEd3/wYjmKcRoQrzJCUrmMnysuRUBQzMqsMU0kShKdoTFyNHEVEevli9xk81coIhrHQhyu4UH9O5CiSMosC3RkhNZGr3lz8z3NTFTa9nPIkVYTj5UNhyqCK4TwIOKKCYMUyDQgLqneFeIIEwkrHVdEhOKtf/gu9S8tpWI2beq3VLuIog2NwAs6AA65AC7RBB3QBBg/gETyDF2NmPBmvxtuytWQUM0fgVxnvX3UYk3Y=</latexit>

Yi → [0,↑)
is the time until the earliest event 
(or censoring)

<latexit sha1_base64="bokaSUAdHoBv8TTEuvtksXE0r3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQitcuCmy6r2Ac0MUwm03boZBJmJmIJ+RU3LhRx64+482+ctBG0emDgcM693DMnSBiVyrY/jcra+sbmVnW7trO7t39gHtb7Mk4FJj0cs1gMAyQJo5z0FFWMDBNBUBQwMghmV4U/uCdC0pjfqnlCvAhNOB1TjJSWfLM+9KlLuRshNQ2C7Ca/C32zYVstuwC0rYtvYi+JU5IGKNH1zQ83jHEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc3iqlRCOY6EfV3Ch/tzIUCTlPAr0ZJFRrnqF+J83StW45WWUJ6kiHC8PjVMGVQyLImBIBcGKzTVBWFCdFeIpEggrXVdNl+Csfvkv6Z9bTtNqXl802p2yjio4BifgDDjgErRBB3RBD2DwAB7BM3gxcuPJeDXelqMVo9w5Ar9gvH8BSrSUpQ==</latexit>

Xi → Rd

feature vector



Competing Risks Problem Setup

For test feature vector , estimate: (earliest event is  and happens within time  | )<latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
<latexit sha1_base64="7Nuxv7ovJasmRFhz2Y5wd4A5rcE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN11WsA9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLpXeZ3nlBpHskHM4vRD+lY8hFn1FjpsR9SMwmCtDkflCtu1V2ArBMvJxXI0RyUv/rDiCUhSsME1brnubHxU6oMZwLnpX6iMaZsSsfYs1TSELWfLhLPyYVVhmQUKfukIQv190ZKQ61nYWAns4R61cvE/7xeYka3fsplnBiUbPnRKBHERCQ7nwy5QmbEzBLKFLdZCZtQRZmxJZVsCd7qyeukfVX1atXa/XWl3sjrKMIZnMMleHADdWhAE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBv7WRAQ==</latexit>P

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="GaUE3/F2Nd/mTO5UR3OhXEg68cY=">AAAB6HicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jcz/3OE2gjYvWA0wT8iI2UCAVnaKUmDkplt+IuQNeJl5MyydEYlL76w5inESjkkhnT89wE/YxpFFzCrNhPDSSMT9gIepYqFoHxs8WhM3pplSENY21LIV2ovycyFhkzjQLbGTEcm1VvLv7n9VIM7/xMqCRFUHy5KEwlxZjOv6ZDoYGjnFrCuBb2VsrHTDOONpuiDcFbfXmdtK8rXrVSbd6Ua/U8jgI5JxfkinjkltRInTRIi3AC5Jm8kjfn0Xlx3p2PZeuGk8+ckT9wPn8A5YmNCQ==</latexit>

t <latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
Common prediction task:

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)

indicates which event happened earliest 
(0 means never left initial state, i.e., censored)

<latexit sha1_base64="rSbSwAY6c2QliS9jGulD5fCYCzs=">AAACBXicbVDLSgMxFM34rPVVdamLYBFclGFGSu2yoIsuK9gHdIYhk6ZtaCYzJHeEMnTjxl9x40IRt/6DO//G9CFo9UDgcM493NwTJoJrcJxPa2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqhEQzwSVrAgfBOoliJAoFa4ejq6nfvmNK81jewjhhfkQGkvc5JWCkoHDiXTMBJODY4xJ7mVNyS14vBl2KvElQKDp21ZkCO3b5mzhz4i5IES3QCAofJkvTiEmggmjddZ0E/Iwo4FSwSd5LNUsIHZEB6xoqScS0n82umOAzo/RwP1bmScAz9WciI5HW4yg0kxGBoV72puJ/XjeFftXPuExSYJLOF/VTgSHG00pwjytGQYwNIVRx81dMh0QRCqa4vCnBXT75L2ld2G7FrtyUi7X6oo4cOkan6By56BLVUB01UBNRdI8e0TN6sR6sJ+vVepuPrliLzBH6Bev9C7Vcl3k=</latexit>

!i → {0, 1, . . . ,m}
<latexit sha1_base64="rLJWazunsueHxso7/8AkVSFCF5E=">AAAB+3icbZBNS8MwGMfT+TbnW51HL8EhKEhpZcwdB152nOBepCslzdItLE1Lkoql7Kt48aCIV7+IN7+N2VZBpw+E/Pj/n4c8+QcJo1LZ9qdRWlvf2Nwqb1d2dvf2D8zDak/GqcCki2MWi0GAJGGUk66iipFBIgiKAkb6wfR67vfviZA05rcqS4gXoTGnIcVIack3q3c+hUPKoWtf6CtU2blv1myrac8L2lb9G+wlOAXUQFEd3/wYjmKcRoQrzJCUrmMnysuRUBQzMqsMU0kShKdoTFyNHEVEevli9xk81coIhrHQhyu4UH9O5CiSMosC3RkhNZGr3lz8z3NTFTa9nPIkVYTj5UNhyqCK4TwIOKKCYMUyDQgLqneFeIIEwkrHVdEhOKtf/gu9S8tpWI2beq3VLuIog2NwAs6AA65AC7RBB3QBBg/gETyDF2NmPBmvxtuytWQUM0fgVxnvX3UYk3Y=</latexit>

Yi → [0,↑)
is the time until the earliest event 
(or censoring)

<latexit sha1_base64="bokaSUAdHoBv8TTEuvtksXE0r3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQitcuCmy6r2Ac0MUwm03boZBJmJmIJ+RU3LhRx64+482+ctBG0emDgcM693DMnSBiVyrY/jcra+sbmVnW7trO7t39gHtb7Mk4FJj0cs1gMAyQJo5z0FFWMDBNBUBQwMghmV4U/uCdC0pjfqnlCvAhNOB1TjJSWfLM+9KlLuRshNQ2C7Ca/C32zYVstuwC0rYtvYi+JU5IGKNH1zQ83jHEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc3iqlRCOY6EfV3Ch/tzIUCTlPAr0ZJFRrnqF+J83StW45WWUJ6kiHC8PjVMGVQyLImBIBcGKzTVBWFCdFeIpEggrXVdNl+Csfvkv6Z9bTtNqXl802p2yjio4BifgDDjgErRBB3RBD2DwAB7BM3gxcuPJeDXelqMVo9w5Ar9gvH8BSrSUpQ==</latexit>

Xi → Rd

feature vector



Competing Risks Problem Setup

For test feature vector , estimate: (earliest event is  and happens within time  | )<latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
<latexit sha1_base64="7Nuxv7ovJasmRFhz2Y5wd4A5rcE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN11WsA9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLpXeZ3nlBpHskHM4vRD+lY8hFn1FjpsR9SMwmCtDkflCtu1V2ArBMvJxXI0RyUv/rDiCUhSsME1brnubHxU6oMZwLnpX6iMaZsSsfYs1TSELWfLhLPyYVVhmQUKfukIQv190ZKQ61nYWAns4R61cvE/7xeYka3fsplnBiUbPnRKBHERCQ7nwy5QmbEzBLKFLdZCZtQRZmxJZVsCd7qyeukfVX1atXa/XWl3sjrKMIZnMMleHADdWhAE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBv7WRAQ==</latexit>P

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="GaUE3/F2Nd/mTO5UR3OhXEg68cY=">AAAB6HicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jcz/3OE2gjYvWA0wT8iI2UCAVnaKUmDkplt+IuQNeJl5MyydEYlL76w5inESjkkhnT89wE/YxpFFzCrNhPDSSMT9gIepYqFoHxs8WhM3pplSENY21LIV2ovycyFhkzjQLbGTEcm1VvLv7n9VIM7/xMqCRFUHy5KEwlxZjOv6ZDoYGjnFrCuBb2VsrHTDOONpuiDcFbfXmdtK8rXrVSbd6Ua/U8jgI5JxfkinjkltRInTRIi3AC5Jm8kjfn0Xlx3p2PZeuGk8+ckT9wPn8A5YmNCQ==</latexit>

t <latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
Common prediction task:

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)

indicates which event happened earliest 
(0 means never left initial state, i.e., censored)

<latexit sha1_base64="rSbSwAY6c2QliS9jGulD5fCYCzs=">AAACBXicbVDLSgMxFM34rPVVdamLYBFclGFGSu2yoIsuK9gHdIYhk6ZtaCYzJHeEMnTjxl9x40IRt/6DO//G9CFo9UDgcM493NwTJoJrcJxPa2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqhEQzwSVrAgfBOoliJAoFa4ejq6nfvmNK81jewjhhfkQGkvc5JWCkoHDiXTMBJODY4xJ7mVNyS14vBl2KvElQKDp21ZkCO3b5mzhz4i5IES3QCAofJkvTiEmggmjddZ0E/Iwo4FSwSd5LNUsIHZEB6xoqScS0n82umOAzo/RwP1bmScAz9WciI5HW4yg0kxGBoV72puJ/XjeFftXPuExSYJLOF/VTgSHG00pwjytGQYwNIVRx81dMh0QRCqa4vCnBXT75L2ld2G7FrtyUi7X6oo4cOkan6By56BLVUB01UBNRdI8e0TN6sR6sJ+vVepuPrliLzBH6Bev9C7Vcl3k=</latexit>

!i → {0, 1, . . . ,m}
<latexit sha1_base64="rLJWazunsueHxso7/8AkVSFCF5E=">AAAB+3icbZBNS8MwGMfT+TbnW51HL8EhKEhpZcwdB152nOBepCslzdItLE1Lkoql7Kt48aCIV7+IN7+N2VZBpw+E/Pj/n4c8+QcJo1LZ9qdRWlvf2Nwqb1d2dvf2D8zDak/GqcCki2MWi0GAJGGUk66iipFBIgiKAkb6wfR67vfviZA05rcqS4gXoTGnIcVIack3q3c+hUPKoWtf6CtU2blv1myrac8L2lb9G+wlOAXUQFEd3/wYjmKcRoQrzJCUrmMnysuRUBQzMqsMU0kShKdoTFyNHEVEevli9xk81coIhrHQhyu4UH9O5CiSMosC3RkhNZGr3lz8z3NTFTa9nPIkVYTj5UNhyqCK4TwIOKKCYMUyDQgLqneFeIIEwkrHVdEhOKtf/gu9S8tpWI2beq3VLuIog2NwAs6AA65AC7RBB3QBBg/gETyDF2NmPBmvxtuytWQUM0fgVxnvX3UYk3Y=</latexit>

Yi → [0,↑)
is the time until the earliest event 
(or censoring)

<latexit sha1_base64="3bGqz7rtTvNBq9o0k1sPHmyCjKk=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KGWmlNplwU2XFewDOkPJZNI2NJMZkjtCGQpu/BU3LhRx60+4829MH4JWDwQO59zDzT1BIrgGx/m01tY3Nre2czv53b39g0P76Lit41RR1qKxiFU3IJoJLlkLOAjWTRQjUSBYJxhfz/zOHVOax/IWJgnzIzKUfMApASP17VMvZAII9rjEXuYWy0UvjEEXI2/atwtOqebMgJ1S5Zs4C+IuSQEt0ezbHyZL04hJoIJo3XOdBPyMKOBUsGneSzVLCB2TIesZKknEtJ/Nb5jiC6OEeBAr8yTgufozkZFI60kUmMmIwEivejPxP6+XwqDmZ1wmKTBJF4sGqcAQ41khOOSKURATQwhV3PwV0xFRhIKpLW9KcFdP/kva5ZJbLVVvKoV6Y1lHDp2hc3SJXHSF6qiBmqiFKLpHj+gZvVgP1pP1ar0tRtesZeYE/YL1/gVd1Ja/</latexit>

ω → {1, 2, . . . ,m}

<latexit sha1_base64="bokaSUAdHoBv8TTEuvtksXE0r3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQitcuCmy6r2Ac0MUwm03boZBJmJmIJ+RU3LhRx64+482+ctBG0emDgcM693DMnSBiVyrY/jcra+sbmVnW7trO7t39gHtb7Mk4FJj0cs1gMAyQJo5z0FFWMDBNBUBQwMghmV4U/uCdC0pjfqnlCvAhNOB1TjJSWfLM+9KlLuRshNQ2C7Ca/C32zYVstuwC0rYtvYi+JU5IGKNH1zQ83jHEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc3iqlRCOY6EfV3Ch/tzIUCTlPAr0ZJFRrnqF+J83StW45WWUJ6kiHC8PjVMGVQyLImBIBcGKzTVBWFCdFeIpEggrXVdNl+Csfvkv6Z9bTtNqXl802p2yjio4BifgDDjgErRBB3RBD2DwAB7BM3gxcuPJeDXelqMVo9w5Ar9gvH8BSrSUpQ==</latexit>

Xi → Rd

feature vector



Competing Risks Problem Setup

For test feature vector , estimate: (earliest event is  and happens within time  | )<latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
<latexit sha1_base64="7Nuxv7ovJasmRFhz2Y5wd4A5rcE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN11WsA9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLpXeZ3nlBpHskHM4vRD+lY8hFn1FjpsR9SMwmCtDkflCtu1V2ArBMvJxXI0RyUv/rDiCUhSsME1brnubHxU6oMZwLnpX6iMaZsSsfYs1TSELWfLhLPyYVVhmQUKfukIQv190ZKQ61nYWAns4R61cvE/7xeYka3fsplnBiUbPnRKBHERCQ7nwy5QmbEzBLKFLdZCZtQRZmxJZVsCd7qyeukfVX1atXa/XWl3sjrKMIZnMMleHADdWhAE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBv7WRAQ==</latexit>P

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="GaUE3/F2Nd/mTO5UR3OhXEg68cY=">AAAB6HicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jcz/3OE2gjYvWA0wT8iI2UCAVnaKUmDkplt+IuQNeJl5MyydEYlL76w5inESjkkhnT89wE/YxpFFzCrNhPDSSMT9gIepYqFoHxs8WhM3pplSENY21LIV2ovycyFhkzjQLbGTEcm1VvLv7n9VIM7/xMqCRFUHy5KEwlxZjOv6ZDoYGjnFrCuBb2VsrHTDOONpuiDcFbfXmdtK8rXrVSbd6Ua/U8jgI5JxfkinjkltRInTRIi3AC5Jm8kjfn0Xlx3p2PZeuGk8+ckT9wPn8A5YmNCQ==</latexit>

t <latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
Common prediction task:

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)

cumulative incidence function (CIF)

indicates which event happened earliest 
(0 means never left initial state, i.e., censored)

<latexit sha1_base64="rSbSwAY6c2QliS9jGulD5fCYCzs=">AAACBXicbVDLSgMxFM34rPVVdamLYBFclGFGSu2yoIsuK9gHdIYhk6ZtaCYzJHeEMnTjxl9x40IRt/6DO//G9CFo9UDgcM493NwTJoJrcJxPa2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqhEQzwSVrAgfBOoliJAoFa4ejq6nfvmNK81jewjhhfkQGkvc5JWCkoHDiXTMBJODY4xJ7mVNyS14vBl2KvElQKDp21ZkCO3b5mzhz4i5IES3QCAofJkvTiEmggmjddZ0E/Iwo4FSwSd5LNUsIHZEB6xoqScS0n82umOAzo/RwP1bmScAz9WciI5HW4yg0kxGBoV72puJ/XjeFftXPuExSYJLOF/VTgSHG00pwjytGQYwNIVRx81dMh0QRCqa4vCnBXT75L2ld2G7FrtyUi7X6oo4cOkan6By56BLVUB01UBNRdI8e0TN6sR6sJ+vVepuPrliLzBH6Bev9C7Vcl3k=</latexit>

!i → {0, 1, . . . ,m}
<latexit sha1_base64="rLJWazunsueHxso7/8AkVSFCF5E=">AAAB+3icbZBNS8MwGMfT+TbnW51HL8EhKEhpZcwdB152nOBepCslzdItLE1Lkoql7Kt48aCIV7+IN7+N2VZBpw+E/Pj/n4c8+QcJo1LZ9qdRWlvf2Nwqb1d2dvf2D8zDak/GqcCki2MWi0GAJGGUk66iipFBIgiKAkb6wfR67vfviZA05rcqS4gXoTGnIcVIack3q3c+hUPKoWtf6CtU2blv1myrac8L2lb9G+wlOAXUQFEd3/wYjmKcRoQrzJCUrmMnysuRUBQzMqsMU0kShKdoTFyNHEVEevli9xk81coIhrHQhyu4UH9O5CiSMosC3RkhNZGr3lz8z3NTFTa9nPIkVYTj5UNhyqCK4TwIOKKCYMUyDQgLqneFeIIEwkrHVdEhOKtf/gu9S8tpWI2beq3VLuIog2NwAs6AA65AC7RBB3QBBg/gETyDF2NmPBmvxtuytWQUM0fgVxnvX3UYk3Y=</latexit>

Yi → [0,↑)
is the time until the earliest event 
(or censoring)

<latexit sha1_base64="3bGqz7rtTvNBq9o0k1sPHmyCjKk=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KGWmlNplwU2XFewDOkPJZNI2NJMZkjtCGQpu/BU3LhRx60+4829MH4JWDwQO59zDzT1BIrgGx/m01tY3Nre2czv53b39g0P76Lit41RR1qKxiFU3IJoJLlkLOAjWTRQjUSBYJxhfz/zOHVOax/IWJgnzIzKUfMApASP17VMvZAII9rjEXuYWy0UvjEEXI2/atwtOqebMgJ1S5Zs4C+IuSQEt0ezbHyZL04hJoIJo3XOdBPyMKOBUsGneSzVLCB2TIesZKknEtJ/Nb5jiC6OEeBAr8yTgufozkZFI60kUmMmIwEivejPxP6+XwqDmZ1wmKTBJF4sGqcAQ41khOOSKURATQwhV3PwV0xFRhIKpLW9KcFdP/kva5ZJbLVVvKoV6Y1lHDp2hc3SJXHSF6qiBmqiFKLpHj+gZvVgP1pP1ar0tRtesZeYE/YL1/gVd1Ja/</latexit>

ω → {1, 2, . . . ,m}

<latexit sha1_base64="bokaSUAdHoBv8TTEuvtksXE0r3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQitcuCmy6r2Ac0MUwm03boZBJmJmIJ+RU3LhRx64+482+ctBG0emDgcM693DMnSBiVyrY/jcra+sbmVnW7trO7t39gHtb7Mk4FJj0cs1gMAyQJo5z0FFWMDBNBUBQwMghmV4U/uCdC0pjfqnlCvAhNOB1TjJSWfLM+9KlLuRshNQ2C7Ca/C32zYVstuwC0rYtvYi+JU5IGKNH1zQ83jHEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc3iqlRCOY6EfV3Ch/tzIUCTlPAr0ZJFRrnqF+J83StW45WWUJ6kiHC8PjVMGVQyLImBIBcGKzTVBWFCdFeIpEggrXVdNl+Csfvkv6Z9bTtNqXl802p2yjio4BifgDDjgErRBB3RBD2DwAB7BM3gxcuPJeDXelqMVo9w5Ar9gvH8BSrSUpQ==</latexit>

Xi → Rd

feature vector



Competing Risks Problem Setup

For test feature vector , estimate: (earliest event is  and happens within time  | )<latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
<latexit sha1_base64="7Nuxv7ovJasmRFhz2Y5wd4A5rcE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN11WsA9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLpXeZ3nlBpHskHM4vRD+lY8hFn1FjpsR9SMwmCtDkflCtu1V2ArBMvJxXI0RyUv/rDiCUhSsME1brnubHxU6oMZwLnpX6iMaZsSsfYs1TSELWfLhLPyYVVhmQUKfukIQv190ZKQ61nYWAns4R61cvE/7xeYka3fsplnBiUbPnRKBHERCQ7nwy5QmbEzBLKFLdZCZtQRZmxJZVsCd7qyeukfVX1atXa/XWl3sjrKMIZnMMleHADdWhAE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBv7WRAQ==</latexit>P

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="GaUE3/F2Nd/mTO5UR3OhXEg68cY=">AAAB6HicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jcz/3OE2gjYvWA0wT8iI2UCAVnaKUmDkplt+IuQNeJl5MyydEYlL76w5inESjkkhnT89wE/YxpFFzCrNhPDSSMT9gIepYqFoHxs8WhM3pplSENY21LIV2ovycyFhkzjQLbGTEcm1VvLv7n9VIM7/xMqCRFUHy5KEwlxZjOv6ZDoYGjnFrCuBb2VsrHTDOONpuiDcFbfXmdtK8rXrVSbd6Ua/U8jgI5JxfkinjkltRInTRIi3AC5Jm8kjfn0Xlx3p2PZeuGk8+ckT9wPn8A5YmNCQ==</latexit>

t <latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
Common prediction task:

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)

cumulative incidence function (CIF)

indicates which event happened earliest 
(0 means never left initial state, i.e., censored)

<latexit sha1_base64="rSbSwAY6c2QliS9jGulD5fCYCzs=">AAACBXicbVDLSgMxFM34rPVVdamLYBFclGFGSu2yoIsuK9gHdIYhk6ZtaCYzJHeEMnTjxl9x40IRt/6DO//G9CFo9UDgcM493NwTJoJrcJxPa2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqhEQzwSVrAgfBOoliJAoFa4ejq6nfvmNK81jewjhhfkQGkvc5JWCkoHDiXTMBJODY4xJ7mVNyS14vBl2KvElQKDp21ZkCO3b5mzhz4i5IES3QCAofJkvTiEmggmjddZ0E/Iwo4FSwSd5LNUsIHZEB6xoqScS0n82umOAzo/RwP1bmScAz9WciI5HW4yg0kxGBoV72puJ/XjeFftXPuExSYJLOF/VTgSHG00pwjytGQYwNIVRx81dMh0QRCqa4vCnBXT75L2ld2G7FrtyUi7X6oo4cOkan6By56BLVUB01UBNRdI8e0TN6sR6sJ+vVepuPrliLzBH6Bev9C7Vcl3k=</latexit>

!i → {0, 1, . . . ,m}
<latexit sha1_base64="rLJWazunsueHxso7/8AkVSFCF5E=">AAAB+3icbZBNS8MwGMfT+TbnW51HL8EhKEhpZcwdB152nOBepCslzdItLE1Lkoql7Kt48aCIV7+IN7+N2VZBpw+E/Pj/n4c8+QcJo1LZ9qdRWlvf2Nwqb1d2dvf2D8zDak/GqcCki2MWi0GAJGGUk66iipFBIgiKAkb6wfR67vfviZA05rcqS4gXoTGnIcVIack3q3c+hUPKoWtf6CtU2blv1myrac8L2lb9G+wlOAXUQFEd3/wYjmKcRoQrzJCUrmMnysuRUBQzMqsMU0kShKdoTFyNHEVEevli9xk81coIhrHQhyu4UH9O5CiSMosC3RkhNZGr3lz8z3NTFTa9nPIkVYTj5UNhyqCK4TwIOKKCYMUyDQgLqneFeIIEwkrHVdEhOKtf/gu9S8tpWI2beq3VLuIog2NwAs6AA65AC7RBB3QBBg/gETyDF2NmPBmvxtuytWQUM0fgVxnvX3UYk3Y=</latexit>

Yi → [0,↑)
is the time until the earliest event 
(or censoring)

<latexit sha1_base64="3bGqz7rtTvNBq9o0k1sPHmyCjKk=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KGWmlNplwU2XFewDOkPJZNI2NJMZkjtCGQpu/BU3LhRx60+4829MH4JWDwQO59zDzT1BIrgGx/m01tY3Nre2czv53b39g0P76Lit41RR1qKxiFU3IJoJLlkLOAjWTRQjUSBYJxhfz/zOHVOax/IWJgnzIzKUfMApASP17VMvZAII9rjEXuYWy0UvjEEXI2/atwtOqebMgJ1S5Zs4C+IuSQEt0ezbHyZL04hJoIJo3XOdBPyMKOBUsGneSzVLCB2TIesZKknEtJ/Nb5jiC6OEeBAr8yTgufozkZFI60kUmMmIwEivejPxP6+XwqDmZ1wmKTBJF4sGqcAQ41khOOSKURATQwhV3PwV0xFRhIKpLW9KcFdP/kva5ZJbLVVvKoV6Y1lHDp2hc3SJXHSF6qiBmqiFKLpHj+gZvVgP1pP1ar0tRtesZeYE/YL1/gVd1Ja/</latexit>

ω → {1, 2, . . . ,m}

<latexit sha1_base64="bokaSUAdHoBv8TTEuvtksXE0r3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQitcuCmy6r2Ac0MUwm03boZBJmJmIJ+RU3LhRx64+482+ctBG0emDgcM693DMnSBiVyrY/jcra+sbmVnW7trO7t39gHtb7Mk4FJj0cs1gMAyQJo5z0FFWMDBNBUBQwMghmV4U/uCdC0pjfqnlCvAhNOB1TjJSWfLM+9KlLuRshNQ2C7Ca/C32zYVstuwC0rYtvYi+JU5IGKNH1zQ83jHEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc3iqlRCOY6EfV3Ch/tzIUCTlPAr0ZJFRrnqF+J83StW45WWUJ6kiHC8PjVMGVQyLImBIBcGKzTVBWFCdFeIpEggrXVdNl+Csfvkv6Z9bTtNqXl802p2yjio4BifgDDjgErRBB3RBD2DwAB7BM3gxcuPJeDXelqMVo9w5Ar9gvH8BSrSUpQ==</latexit>

Xi → Rd

feature vector

<latexit sha1_base64="Invss81l6G9A9OSIVMd1Ub2m0Hs="></latexit>

Fω(t|x) ↭ P
(
!→ = ω, T → t

∣∣ X = x
)



Competing Risks Problem Setup

For test feature vector , estimate: (earliest event is  and happens within time  | )<latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
<latexit sha1_base64="7Nuxv7ovJasmRFhz2Y5wd4A5rcE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN11WsA9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLpXeZ3nlBpHskHM4vRD+lY8hFn1FjpsR9SMwmCtDkflCtu1V2ArBMvJxXI0RyUv/rDiCUhSsME1brnubHxU6oMZwLnpX6iMaZsSsfYs1TSELWfLhLPyYVVhmQUKfukIQv190ZKQ61nYWAns4R61cvE/7xeYka3fsplnBiUbPnRKBHERCQ7nwy5QmbEzBLKFLdZCZtQRZmxJZVsCd7qyeukfVX1atXa/XWl3sjrKMIZnMMleHADdWhAE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBv7WRAQ==</latexit>P

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="GaUE3/F2Nd/mTO5UR3OhXEg68cY=">AAAB6HicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jcz/3OE2gjYvWA0wT8iI2UCAVnaKUmDkplt+IuQNeJl5MyydEYlL76w5inESjkkhnT89wE/YxpFFzCrNhPDSSMT9gIepYqFoHxs8WhM3pplSENY21LIV2ovycyFhkzjQLbGTEcm1VvLv7n9VIM7/xMqCRFUHy5KEwlxZjOv6ZDoYGjnFrCuBb2VsrHTDOONpuiDcFbfXmdtK8rXrVSbd6Ua/U8jgI5JxfkinjkltRInTRIi3AC5Jm8kjfn0Xlx3p2PZeuGk8+ckT9wPn8A5YmNCQ==</latexit>

t <latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
Common prediction task:

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)

cumulative incidence function (CIF)

indicates which event happened earliest 
(0 means never left initial state, i.e., censored)

<latexit sha1_base64="rSbSwAY6c2QliS9jGulD5fCYCzs=">AAACBXicbVDLSgMxFM34rPVVdamLYBFclGFGSu2yoIsuK9gHdIYhk6ZtaCYzJHeEMnTjxl9x40IRt/6DO//G9CFo9UDgcM493NwTJoJrcJxPa2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqhEQzwSVrAgfBOoliJAoFa4ejq6nfvmNK81jewjhhfkQGkvc5JWCkoHDiXTMBJODY4xJ7mVNyS14vBl2KvElQKDp21ZkCO3b5mzhz4i5IES3QCAofJkvTiEmggmjddZ0E/Iwo4FSwSd5LNUsIHZEB6xoqScS0n82umOAzo/RwP1bmScAz9WciI5HW4yg0kxGBoV72puJ/XjeFftXPuExSYJLOF/VTgSHG00pwjytGQYwNIVRx81dMh0QRCqa4vCnBXT75L2ld2G7FrtyUi7X6oo4cOkan6By56BLVUB01UBNRdI8e0TN6sR6sJ+vVepuPrliLzBH6Bev9C7Vcl3k=</latexit>

!i → {0, 1, . . . ,m}
<latexit sha1_base64="rLJWazunsueHxso7/8AkVSFCF5E=">AAAB+3icbZBNS8MwGMfT+TbnW51HL8EhKEhpZcwdB152nOBepCslzdItLE1Lkoql7Kt48aCIV7+IN7+N2VZBpw+E/Pj/n4c8+QcJo1LZ9qdRWlvf2Nwqb1d2dvf2D8zDak/GqcCki2MWi0GAJGGUk66iipFBIgiKAkb6wfR67vfviZA05rcqS4gXoTGnIcVIack3q3c+hUPKoWtf6CtU2blv1myrac8L2lb9G+wlOAXUQFEd3/wYjmKcRoQrzJCUrmMnysuRUBQzMqsMU0kShKdoTFyNHEVEevli9xk81coIhrHQhyu4UH9O5CiSMosC3RkhNZGr3lz8z3NTFTa9nPIkVYTj5UNhyqCK4TwIOKKCYMUyDQgLqneFeIIEwkrHVdEhOKtf/gu9S8tpWI2beq3VLuIog2NwAs6AA65AC7RBB3QBBg/gETyDF2NmPBmvxtuytWQUM0fgVxnvX3UYk3Y=</latexit>

Yi → [0,↑)
is the time until the earliest event 
(or censoring)

<latexit sha1_base64="3bGqz7rtTvNBq9o0k1sPHmyCjKk=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KGWmlNplwU2XFewDOkPJZNI2NJMZkjtCGQpu/BU3LhRx60+4829MH4JWDwQO59zDzT1BIrgGx/m01tY3Nre2czv53b39g0P76Lit41RR1qKxiFU3IJoJLlkLOAjWTRQjUSBYJxhfz/zOHVOax/IWJgnzIzKUfMApASP17VMvZAII9rjEXuYWy0UvjEEXI2/atwtOqebMgJ1S5Zs4C+IuSQEt0ezbHyZL04hJoIJo3XOdBPyMKOBUsGneSzVLCB2TIesZKknEtJ/Nb5jiC6OEeBAr8yTgufozkZFI60kUmMmIwEivejPxP6+XwqDmZ1wmKTBJF4sGqcAQ41khOOSKURATQwhV3PwV0xFRhIKpLW9KcFdP/kva5ZJbLVVvKoV6Y1lHDp2hc3SJXHSF6qiBmqiFKLpHj+gZvVgP1pP1ar0tRtesZeYE/YL1/gVd1Ja/</latexit>

ω → {1, 2, . . . ,m}

<latexit sha1_base64="bokaSUAdHoBv8TTEuvtksXE0r3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQitcuCmy6r2Ac0MUwm03boZBJmJmIJ+RU3LhRx64+482+ctBG0emDgcM693DMnSBiVyrY/jcra+sbmVnW7trO7t39gHtb7Mk4FJj0cs1gMAyQJo5z0FFWMDBNBUBQwMghmV4U/uCdC0pjfqnlCvAhNOB1TjJSWfLM+9KlLuRshNQ2C7Ca/C32zYVstuwC0rYtvYi+JU5IGKNH1zQ83jHEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc3iqlRCOY6EfV3Ch/tzIUCTlPAr0ZJFRrnqF+J83StW45WWUJ6kiHC8PjVMGVQyLImBIBcGKzTVBWFCdFeIpEggrXVdNl+Csfvkv6Z9bTtNqXl802p2yjio4BifgDDjgErRBB3RBD2DwAB7BM3gxcuPJeDXelqMVo9w5Ar9gvH8BSrSUpQ==</latexit>

Xi → Rd

feature vector

<latexit sha1_base64="Invss81l6G9A9OSIVMd1Ub2m0Hs="></latexit>

Fω(t|x) ↭ P
(
!→ = ω, T → t

∣∣ X = x
)

<latexit sha1_base64="I/pGjobw5Z7lcekKnJCxnjJs7Ns="></latexit>

!→ refers to the earliest event type



Competing Risks Problem Setup

For test feature vector , estimate: (earliest event is  and happens within time  | )<latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
<latexit sha1_base64="7Nuxv7ovJasmRFhz2Y5wd4A5rcE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN11WsA9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLpXeZ3nlBpHskHM4vRD+lY8hFn1FjpsR9SMwmCtDkflCtu1V2ArBMvJxXI0RyUv/rDiCUhSsME1brnubHxU6oMZwLnpX6iMaZsSsfYs1TSELWfLhLPyYVVhmQUKfukIQv190ZKQ61nYWAns4R61cvE/7xeYka3fsplnBiUbPnRKBHERCQ7nwy5QmbEzBLKFLdZCZtQRZmxJZVsCd7qyeukfVX1atXa/XWl3sjrKMIZnMMleHADdWhAE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBv7WRAQ==</latexit>P

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="GaUE3/F2Nd/mTO5UR3OhXEg68cY=">AAAB6HicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jcz/3OE2gjYvWA0wT8iI2UCAVnaKUmDkplt+IuQNeJl5MyydEYlL76w5inESjkkhnT89wE/YxpFFzCrNhPDSSMT9gIepYqFoHxs8WhM3pplSENY21LIV2ovycyFhkzjQLbGTEcm1VvLv7n9VIM7/xMqCRFUHy5KEwlxZjOv6ZDoYGjnFrCuBb2VsrHTDOONpuiDcFbfXmdtK8rXrVSbd6Ua/U8jgI5JxfkinjkltRInTRIi3AC5Jm8kjfn0Xlx3p2PZeuGk8+ckT9wPn8A5YmNCQ==</latexit>

t <latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
Common prediction task:

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)

cumulative incidence function (CIF)

indicates which event happened earliest 
(0 means never left initial state, i.e., censored)

<latexit sha1_base64="rSbSwAY6c2QliS9jGulD5fCYCzs=">AAACBXicbVDLSgMxFM34rPVVdamLYBFclGFGSu2yoIsuK9gHdIYhk6ZtaCYzJHeEMnTjxl9x40IRt/6DO//G9CFo9UDgcM493NwTJoJrcJxPa2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqhEQzwSVrAgfBOoliJAoFa4ejq6nfvmNK81jewjhhfkQGkvc5JWCkoHDiXTMBJODY4xJ7mVNyS14vBl2KvElQKDp21ZkCO3b5mzhz4i5IES3QCAofJkvTiEmggmjddZ0E/Iwo4FSwSd5LNUsIHZEB6xoqScS0n82umOAzo/RwP1bmScAz9WciI5HW4yg0kxGBoV72puJ/XjeFftXPuExSYJLOF/VTgSHG00pwjytGQYwNIVRx81dMh0QRCqa4vCnBXT75L2ld2G7FrtyUi7X6oo4cOkan6By56BLVUB01UBNRdI8e0TN6sR6sJ+vVepuPrliLzBH6Bev9C7Vcl3k=</latexit>

!i → {0, 1, . . . ,m}
<latexit sha1_base64="rLJWazunsueHxso7/8AkVSFCF5E=">AAAB+3icbZBNS8MwGMfT+TbnW51HL8EhKEhpZcwdB152nOBepCslzdItLE1Lkoql7Kt48aCIV7+IN7+N2VZBpw+E/Pj/n4c8+QcJo1LZ9qdRWlvf2Nwqb1d2dvf2D8zDak/GqcCki2MWi0GAJGGUk66iipFBIgiKAkb6wfR67vfviZA05rcqS4gXoTGnIcVIack3q3c+hUPKoWtf6CtU2blv1myrac8L2lb9G+wlOAXUQFEd3/wYjmKcRoQrzJCUrmMnysuRUBQzMqsMU0kShKdoTFyNHEVEevli9xk81coIhrHQhyu4UH9O5CiSMosC3RkhNZGr3lz8z3NTFTa9nPIkVYTj5UNhyqCK4TwIOKKCYMUyDQgLqneFeIIEwkrHVdEhOKtf/gu9S8tpWI2beq3VLuIog2NwAs6AA65AC7RBB3QBBg/gETyDF2NmPBmvxtuytWQUM0fgVxnvX3UYk3Y=</latexit>

Yi → [0,↑)
is the time until the earliest event 
(or censoring)

<latexit sha1_base64="3bGqz7rtTvNBq9o0k1sPHmyCjKk=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KGWmlNplwU2XFewDOkPJZNI2NJMZkjtCGQpu/BU3LhRx60+4829MH4JWDwQO59zDzT1BIrgGx/m01tY3Nre2czv53b39g0P76Lit41RR1qKxiFU3IJoJLlkLOAjWTRQjUSBYJxhfz/zOHVOax/IWJgnzIzKUfMApASP17VMvZAII9rjEXuYWy0UvjEEXI2/atwtOqebMgJ1S5Zs4C+IuSQEt0ezbHyZL04hJoIJo3XOdBPyMKOBUsGneSzVLCB2TIesZKknEtJ/Nb5jiC6OEeBAr8yTgufozkZFI60kUmMmIwEivejPxP6+XwqDmZ1wmKTBJF4sGqcAQ41khOOSKURATQwhV3PwV0xFRhIKpLW9KcFdP/kva5ZJbLVVvKoV6Y1lHDp2hc3SJXHSF6qiBmqiFKLpHj+gZvVgP1pP1ar0tRtesZeYE/YL1/gVd1Ja/</latexit>

ω → {1, 2, . . . ,m}

<latexit sha1_base64="bokaSUAdHoBv8TTEuvtksXE0r3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQitcuCmy6r2Ac0MUwm03boZBJmJmIJ+RU3LhRx64+482+ctBG0emDgcM693DMnSBiVyrY/jcra+sbmVnW7trO7t39gHtb7Mk4FJj0cs1gMAyQJo5z0FFWMDBNBUBQwMghmV4U/uCdC0pjfqnlCvAhNOB1TjJSWfLM+9KlLuRshNQ2C7Ca/C32zYVstuwC0rYtvYi+JU5IGKNH1zQ83jHEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc3iqlRCOY6EfV3Ch/tzIUCTlPAr0ZJFRrnqF+J83StW45WWUJ6kiHC8PjVMGVQyLImBIBcGKzTVBWFCdFeIpEggrXVdNl+Csfvkv6Z9bTtNqXl802p2yjio4BifgDDjgErRBB3RBD2DwAB7BM3gxcuPJeDXelqMVo9w5Ar9gvH8BSrSUpQ==</latexit>

Xi → Rd

feature vector

<latexit sha1_base64="Invss81l6G9A9OSIVMd1Ub2m0Hs="></latexit>

Fω(t|x) ↭ P
(
!→ = ω, T → t

∣∣ X = x
)

<latexit sha1_base64="I/pGjobw5Z7lcekKnJCxnjJs7Ns="></latexit>

!→ refers to the earliest event type
 refers to the time of the earliest event

<latexit sha1_base64="dwAt90KLAntSUDg6TJ5f7pbmocw="></latexit>

T



Competing Risks Problem Setup

For test feature vector , estimate: (earliest event is  and happens within time  | )<latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
<latexit sha1_base64="7Nuxv7ovJasmRFhz2Y5wd4A5rcE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN11WsA9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLpXeZ3nlBpHskHM4vRD+lY8hFn1FjpsR9SMwmCtDkflCtu1V2ArBMvJxXI0RyUv/rDiCUhSsME1brnubHxU6oMZwLnpX6iMaZsSsfYs1TSELWfLhLPyYVVhmQUKfukIQv190ZKQ61nYWAns4R61cvE/7xeYka3fsplnBiUbPnRKBHERCQ7nwy5QmbEzBLKFLdZCZtQRZmxJZVsCd7qyeukfVX1atXa/XWl3sjrKMIZnMMleHADdWhAE1rAQMIzvMKbo50X5935WI4WnHznFP7A+fwBv7WRAQ==</latexit>P

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="GaUE3/F2Nd/mTO5UR3OhXEg68cY=">AAAB6HicbVBNS8NAEN34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVHFo8lrHuBsyAFApaKFBCN9HAokBCJ5jcz/3OE2gjYvWA0wT8iI2UCAVnaKUmDkplt+IuQNeJl5MyydEYlL76w5inESjkkhnT89wE/YxpFFzCrNhPDSSMT9gIepYqFoHxs8WhM3pplSENY21LIV2ovycyFhkzjQLbGTEcm1VvLv7n9VIM7/xMqCRFUHy5KEwlxZjOv6ZDoYGjnFrCuBb2VsrHTDOONpuiDcFbfXmdtK8rXrVSbd6Ua/U8jgI5JxfkinjkltRInTRIi3AC5Jm8kjfn0Xlx3p2PZeuGk8+ckT9wPn8A5YmNCQ==</latexit>

t <latexit sha1_base64="6yuCsdrpFwL5joYndiIFpM8dW0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOuZjQ0=</latexit>x
Common prediction task:

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)

cumulative incidence function (CIF)

indicates which event happened earliest 
(0 means never left initial state, i.e., censored)

<latexit sha1_base64="rSbSwAY6c2QliS9jGulD5fCYCzs=">AAACBXicbVDLSgMxFM34rPVVdamLYBFclGFGSu2yoIsuK9gHdIYhk6ZtaCYzJHeEMnTjxl9x40IRt/6DO//G9CFo9UDgcM493NwTJoJrcJxPa2V1bX1jM7eV397Z3dsvHBy2dJwqypo0FrHqhEQzwSVrAgfBOoliJAoFa4ejq6nfvmNK81jewjhhfkQGkvc5JWCkoHDiXTMBJODY4xJ7mVNyS14vBl2KvElQKDp21ZkCO3b5mzhz4i5IES3QCAofJkvTiEmggmjddZ0E/Iwo4FSwSd5LNUsIHZEB6xoqScS0n82umOAzo/RwP1bmScAz9WciI5HW4yg0kxGBoV72puJ/XjeFftXPuExSYJLOF/VTgSHG00pwjytGQYwNIVRx81dMh0QRCqa4vCnBXT75L2ld2G7FrtyUi7X6oo4cOkan6By56BLVUB01UBNRdI8e0TN6sR6sJ+vVepuPrliLzBH6Bev9C7Vcl3k=</latexit>

!i → {0, 1, . . . ,m}
<latexit sha1_base64="rLJWazunsueHxso7/8AkVSFCF5E=">AAAB+3icbZBNS8MwGMfT+TbnW51HL8EhKEhpZcwdB152nOBepCslzdItLE1Lkoql7Kt48aCIV7+IN7+N2VZBpw+E/Pj/n4c8+QcJo1LZ9qdRWlvf2Nwqb1d2dvf2D8zDak/GqcCki2MWi0GAJGGUk66iipFBIgiKAkb6wfR67vfviZA05rcqS4gXoTGnIcVIack3q3c+hUPKoWtf6CtU2blv1myrac8L2lb9G+wlOAXUQFEd3/wYjmKcRoQrzJCUrmMnysuRUBQzMqsMU0kShKdoTFyNHEVEevli9xk81coIhrHQhyu4UH9O5CiSMosC3RkhNZGr3lz8z3NTFTa9nPIkVYTj5UNhyqCK4TwIOKKCYMUyDQgLqneFeIIEwkrHVdEhOKtf/gu9S8tpWI2beq3VLuIog2NwAs6AA65AC7RBB3QBBg/gETyDF2NmPBmvxtuytWQUM0fgVxnvX3UYk3Y=</latexit>

Yi → [0,↑)
is the time until the earliest event 
(or censoring)

<latexit sha1_base64="3bGqz7rtTvNBq9o0k1sPHmyCjKk=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KGWmlNplwU2XFewDOkPJZNI2NJMZkjtCGQpu/BU3LhRx60+4829MH4JWDwQO59zDzT1BIrgGx/m01tY3Nre2czv53b39g0P76Lit41RR1qKxiFU3IJoJLlkLOAjWTRQjUSBYJxhfz/zOHVOax/IWJgnzIzKUfMApASP17VMvZAII9rjEXuYWy0UvjEEXI2/atwtOqebMgJ1S5Zs4C+IuSQEt0ezbHyZL04hJoIJo3XOdBPyMKOBUsGneSzVLCB2TIesZKknEtJ/Nb5jiC6OEeBAr8yTgufozkZFI60kUmMmIwEivejPxP6+XwqDmZ1wmKTBJF4sGqcAQ41khOOSKURATQwhV3PwV0xFRhIKpLW9KcFdP/kva5ZJbLVVvKoV6Y1lHDp2hc3SJXHSF6qiBmqiFKLpHj+gZvVgP1pP1ar0tRtesZeYE/YL1/gVd1Ja/</latexit>

ω → {1, 2, . . . ,m}

<latexit sha1_base64="bokaSUAdHoBv8TTEuvtksXE0r3A=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQitcuCmy6r2Ac0MUwm03boZBJmJmIJ+RU3LhRx64+482+ctBG0emDgcM693DMnSBiVyrY/jcra+sbmVnW7trO7t39gHtb7Mk4FJj0cs1gMAyQJo5z0FFWMDBNBUBQwMghmV4U/uCdC0pjfqnlCvAhNOB1TjJSWfLM+9KlLuRshNQ2C7Ca/C32zYVstuwC0rYtvYi+JU5IGKNH1zQ83jHEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc3iqlRCOY6EfV3Ch/tzIUCTlPAr0ZJFRrnqF+J83StW45WWUJ6kiHC8PjVMGVQyLImBIBcGKzTVBWFCdFeIpEggrXVdNl+Csfvkv6Z9bTtNqXl802p2yjio4BifgDDjgErRBB3RBD2DwAB7BM3gxcuPJeDXelqMVo9w5Ar9gvH8BSrSUpQ==</latexit>

Xi → Rd

feature vector

<latexit sha1_base64="Invss81l6G9A9OSIVMd1Ub2m0Hs="></latexit>

Fω(t|x) ↭ P
(
!→ = ω, T → t

∣∣ X = x
)

<latexit sha1_base64="I/pGjobw5Z7lcekKnJCxnjJs7Ns="></latexit>

!→ refers to the earliest event type
 refers to the time of the earliest event

<latexit sha1_base64="dwAt90KLAntSUDg6TJ5f7pbmocw="></latexit>

T

AJ estimator estimates 
population-level version

<latexit sha1_base64="YE1YMFgb2aRDWf7JNvXgMP8C3P0="></latexit>

F pop
ω (t) ↭ P

(
!→ = ω, T → t

)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
Training data:

<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
Training data:

<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# times event 1 happened

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · · <latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · · <latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3

# times event 2 happened <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="qyhP23Wc3rMohxS/09Zw2UMQRq8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiW5dudmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtV6jfw==</latexit>

d2,1
<latexit sha1_base64="fOgNyUJaTiP59zX4KBM5jDKyMB8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2u5t26e4m7G6UEvIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KYUaUd58sqbW2Xd3Yre9X9g8Oj41r9ZKCiRCLSRxGL5CiAijAqSF9TzcgolgTygJFhML/L/eEjkYpG4kEvYuJzOBU0pAhqIw3xJG1dtbJJreE0nSXsTeIWpAEK9CZ1q+zhCCWcCI0YVGrsOrH2Uyg1RYxkVS9RJIZoDqdkbKiAnCg/Xd6b2RdGwXYYSVNC20v190QKuVILHphODvVMrXu5+J83TnR466dUxIkmAq0WhQmzdWTnz9uYSoI0WxgCkaTmVhvNoIRIm4iqf9Zgld9mHhHkCUWcQ4FTjwqcpV6+F6vUzbKqCc5dj2mTDFpNt91s3183Ot0iwgo4A+fgErjgBnRAF/RAHyAwB8/gBbxab9a79WF9rlpLVjFzCv7A+v4BtxejgA==</latexit>

d2,2
<latexit sha1_base64="rQOcIyOL17xm34SaSOwEKHGsxxw=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJkeqx4KUHDxXsBzShbDabdunuJuxulBLyI7zq1V/jTTwJ/hg3bQ629cHA470ZZub5MSVS2fa3UdraLu/sVvbM/YPDo+Nq7aQvo0Qg3EMRjcTQhxJTwnFPEUXxMBYYMp/igT+7y/3BExaSRPxRzWPsMTjhJCQIKi0NgnHavLrPxtW63bAXsDaJU5A6KNAd14yyG0QoYZgrRKGUI8eOlZdCoQiiODPdROIYohmc4JGmHDIsvXRxb2ZdaCWwwkjo4spaqH8nUsiknDNfdzKopnLdy8X/vFGiwlsvJTxOFOZouShMqKUiK3/eCojASNG5JhAJom+10BQKiJSOyFxZE8j8Nv0Ix88oYgzyIHUJD7LUzfcGMnWyzNTBOesxbZJ+s+G0Gq2H63q7U0RYAWfgHFwCB9yANuiALugBBGbgBbyCN+Pd+DA+ja9la8koZk7BCoyfX+Pho5o=</latexit>

d2,L
<latexit sha1_base64="suh8uTEcweWCVttBdqIW0hiitXk=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJleqx4KXHCvYDmlA2m027dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz8/yYEqls+9sobW2Xd3Yre+b+weHRcbV20pdRIhDuoYhGYuhDiSnhuKeIongYCwyZT/HAn93n/uAJC0ki/qjmMfYYnHASEgSVlgbBOG1eXWfjat1u2AtYm8QpSB0U6I5rRtkNIpQwzBWiUMqRY8fKS6FQBFGcmW4icQzRDE7wSFMOGZZeurg3sy60ElhhJHRxZS3UvxMpZFLOma87GVRTue7l4n/eKFHhnZcSHicKc7RcFCbUUpGVP28FRGCk6FwTiATRt1poCgVESkdkrqwJZH6bfoTjZxQxBnmQuoQHWermewOZOllm6uCc9Zg2Sb/ZcFqN1sNNvd0pIqyAM3AOLoEDbkEbdEAX9AACM/ACXsGb8W58GJ/G17K1ZBQzp2AFxs8vuNCjgQ==</latexit>

d2,3

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · · <latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3

# times event 2 happened <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="qyhP23Wc3rMohxS/09Zw2UMQRq8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiW5dudmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtV6jfw==</latexit>

d2,1
<latexit sha1_base64="fOgNyUJaTiP59zX4KBM5jDKyMB8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2u5t26e4m7G6UEvIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KYUaUd58sqbW2Xd3Yre9X9g8Oj41r9ZKCiRCLSRxGL5CiAijAqSF9TzcgolgTygJFhML/L/eEjkYpG4kEvYuJzOBU0pAhqIw3xJG1dtbJJreE0nSXsTeIWpAEK9CZ1q+zhCCWcCI0YVGrsOrH2Uyg1RYxkVS9RJIZoDqdkbKiAnCg/Xd6b2RdGwXYYSVNC20v190QKuVILHphODvVMrXu5+J83TnR466dUxIkmAq0WhQmzdWTnz9uYSoI0WxgCkaTmVhvNoIRIm4iqf9Zgld9mHhHkCUWcQ4FTjwqcpV6+F6vUzbKqCc5dj2mTDFpNt91s3183Ot0iwgo4A+fgErjgBnRAF/RAHyAwB8/gBbxab9a79WF9rlpLVjFzCv7A+v4BtxejgA==</latexit>

d2,2
<latexit sha1_base64="rQOcIyOL17xm34SaSOwEKHGsxxw=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJkeqx4KUHDxXsBzShbDabdunuJuxulBLyI7zq1V/jTTwJ/hg3bQ629cHA470ZZub5MSVS2fa3UdraLu/sVvbM/YPDo+Nq7aQvo0Qg3EMRjcTQhxJTwnFPEUXxMBYYMp/igT+7y/3BExaSRPxRzWPsMTjhJCQIKi0NgnHavLrPxtW63bAXsDaJU5A6KNAd14yyG0QoYZgrRKGUI8eOlZdCoQiiODPdROIYohmc4JGmHDIsvXRxb2ZdaCWwwkjo4spaqH8nUsiknDNfdzKopnLdy8X/vFGiwlsvJTxOFOZouShMqKUiK3/eCojASNG5JhAJom+10BQKiJSOyFxZE8j8Nv0Ix88oYgzyIHUJD7LUzfcGMnWyzNTBOesxbZJ+s+G0Gq2H63q7U0RYAWfgHFwCB9yANuiALugBBGbgBbyCN+Pd+DA+ja9la8koZk7BCoyfX+Pho5o=</latexit>

d2,L
<latexit sha1_base64="suh8uTEcweWCVttBdqIW0hiitXk=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJleqx4KXHCvYDmlA2m027dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz8/yYEqls+9sobW2Xd3Yre+b+weHRcbV20pdRIhDuoYhGYuhDiSnhuKeIongYCwyZT/HAn93n/uAJC0ki/qjmMfYYnHASEgSVlgbBOG1eXWfjat1u2AtYm8QpSB0U6I5rRtkNIpQwzBWiUMqRY8fKS6FQBFGcmW4icQzRDE7wSFMOGZZeurg3sy60ElhhJHRxZS3UvxMpZFLOma87GVRTue7l4n/eKFHhnZcSHicKc7RcFCbUUpGVP28FRGCk6FwTiATRt1poCgVESkdkrqwJZH6bfoTjZxQxBnmQuoQHWermewOZOllm6uCc9Zg2Sb/ZcFqN1sNNvd0pIqyAM3AOLoEDbkEbdEAX9AACM/ACXsGb8W58GJ/G17K1ZBQzp2AFxs8vuNCjgQ==</latexit>

d2,3

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...
<latexit sha1_base64="8OtY0Sg2jjbvtpgcIqwQezVfGNo=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKOVXXjaq1t2Gu4CzSbyC1EGBzqhmlX0coYQToRGDSg09N9ZBCqWmiJHM9hNFYohmcEKGhgrIiQrSxb2Zc2EU7IwjaUpoZ6H+nUghV2rOQ9PJoZ6qdS8X//OGiR7fBSkVcaKJQMtF44Q5OnLy5x1MJUGazQ2BSFJzq4OmUEKkTUT2yhqs8tvMI4I8o4hzKHDqU4Gz1M/3YpV6WWab4Lz1mDZJ77rhNRvNh5t6q11EWAFn4BxcAg/cghZogw7oAgRm4AW8gjfr3fqwPq2vZWvJKmZOwQqsn18bhqO6</latexit>

dm,1
<latexit sha1_base64="5sI+O7G+4qJK71YdTVfQ0Cj1Wmk=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiWZXrWxSazhNZwl7k7gFaYACvUndKnthjFKGuUIUSjl2nUT5GgpFEMVZ1UslTiCawykeG8ohw9LXy3sz+8IooR3FwhRX9lL9PaEhk3LBAtPJoJrJdS8X//PGqYpufU14kirM0WpRlFJbxXb+vB0SgZGiC0MgEsTcaqMZFBApE1H1z5pQ5reZRzh+QjFjkIfaIzzMtJfvDaV2s6xqgnPXY9okg1bTbTfb99eNTreIsALOwDm4BC64AR3QBT3QBwjMwTN4Aa/Wm/VufVifq9aSVcycgj+wvn8AHT+juw==</latexit>

dm,2
<latexit sha1_base64="c+TLsZwphutTsBfbbqXWfTamStQ=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo5Rd3mejat1pOHPY68QtSB0U6IxqVskLBUoY5hpRqNTQdWLtp1BqgijOKl6icAzRFI7x0FAOGVZ+Or83s8+NEtqRkKa4tufq34kUMqVmLDCdDOqJWvVy8T9vmOjo1k8JjxONOVosihJqa2Hnz9shkRhpOjMEIknMrTaaQAmRNhFVltaEKr/NPMLxMxKMQR6mHuFhlnr53lClbpZVTHDuakzrpHfVcJuN5sN1vdUuIiyDU3AGLoALbkALtEEHdAECU/ACXsGb9W59WJ/W16J1wypmTsASrJ9fSgmj1Q==</latexit>

dm,L
<latexit sha1_base64="UFSzdKbCf01YXnCBxp+5a9YDpTs=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKOWX19moWncazhz2OnELUgcFOqOaVfJwhBJOhEYMKjV0nVj7KZSaIkayipcoEkM0hWMyNFRATpSfzu/N7HOjYDuMpCmh7bn6dyKFXKkZD0wnh3qiVr1c/M8bJjq881Mq4kQTgRaLwoTZOrLz521MJUGazQyBSFJzq40mUEKkTUSVpTVY5beZRwR5RhHnUODUowJnqZfvxSp1s6xignNXY1onvauG22w0H27qrXYRYRmcgjNwAVxwC1qgDTqgCxCYghfwCt6sd+vD+rS+Fq0bVjFzApZg/fwCHvijvA==</latexit>

dm,3

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="WaOQsx/28IEphTqGuoWYTvd5v1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0IPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3voZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1buuXt1fVmr1PI4inMApnIMHN1CDOjSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwABgo2m</latexit>n1
<latexit sha1_base64="NC35DFaPLLsp/xFrIJMyV5ZyQ3I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSg+pX+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1Xru4vy7V6HkcBTuEMLsCDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwADBo2n</latexit>n2

<latexit sha1_base64="/QxUWio8Dde6nC1WJWHkBCk+rnA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvVv+2XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9y+rF3XmlVs/jKMIRHMMpeHAFNahDA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbKm6NwQ==</latexit>nL
<latexit sha1_base64="dogALR3w1i677MM6gyaJAHwsZ9I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuykNxkyO7vMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRHBtXPfLKaysrq1vFDdLW9s7u3vl/YOWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsa3M7/9iErzWD6YSYJ+RIeSh5xRY6V72T/vlytu1Z2D/CVeTiqQo9Evf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JSdWGZAwVrakIXP150RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8st/Seus6l1VL+8uKrV6HkcRjuAYTsGDa6hBHRrQBAZDeIIXeHWE8+y8Oe+L1oKTzxzCLzgf3wSKjag=</latexit>n3

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · · <latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3

# times event 2 happened <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="qyhP23Wc3rMohxS/09Zw2UMQRq8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiW5dudmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtV6jfw==</latexit>

d2,1
<latexit sha1_base64="fOgNyUJaTiP59zX4KBM5jDKyMB8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2u5t26e4m7G6UEvIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KYUaUd58sqbW2Xd3Yre9X9g8Oj41r9ZKCiRCLSRxGL5CiAijAqSF9TzcgolgTygJFhML/L/eEjkYpG4kEvYuJzOBU0pAhqIw3xJG1dtbJJreE0nSXsTeIWpAEK9CZ1q+zhCCWcCI0YVGrsOrH2Uyg1RYxkVS9RJIZoDqdkbKiAnCg/Xd6b2RdGwXYYSVNC20v190QKuVILHphODvVMrXu5+J83TnR466dUxIkmAq0WhQmzdWTnz9uYSoI0WxgCkaTmVhvNoIRIm4iqf9Zgld9mHhHkCUWcQ4FTjwqcpV6+F6vUzbKqCc5dj2mTDFpNt91s3183Ot0iwgo4A+fgErjgBnRAF/RAHyAwB8/gBbxab9a79WF9rlpLVjFzCv7A+v4BtxejgA==</latexit>

d2,2
<latexit sha1_base64="rQOcIyOL17xm34SaSOwEKHGsxxw=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJkeqx4KUHDxXsBzShbDabdunuJuxulBLyI7zq1V/jTTwJ/hg3bQ629cHA470ZZub5MSVS2fa3UdraLu/sVvbM/YPDo+Nq7aQvo0Qg3EMRjcTQhxJTwnFPEUXxMBYYMp/igT+7y/3BExaSRPxRzWPsMTjhJCQIKi0NgnHavLrPxtW63bAXsDaJU5A6KNAd14yyG0QoYZgrRKGUI8eOlZdCoQiiODPdROIYohmc4JGmHDIsvXRxb2ZdaCWwwkjo4spaqH8nUsiknDNfdzKopnLdy8X/vFGiwlsvJTxOFOZouShMqKUiK3/eCojASNG5JhAJom+10BQKiJSOyFxZE8j8Nv0Ix88oYgzyIHUJD7LUzfcGMnWyzNTBOesxbZJ+s+G0Gq2H63q7U0RYAWfgHFwCB9yANuiALugBBGbgBbyCN+Pd+DA+ja9la8koZk7BCoyfX+Pho5o=</latexit>

d2,L
<latexit sha1_base64="suh8uTEcweWCVttBdqIW0hiitXk=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJleqx4KXHCvYDmlA2m027dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz8/yYEqls+9sobW2Xd3Yre+b+weHRcbV20pdRIhDuoYhGYuhDiSnhuKeIongYCwyZT/HAn93n/uAJC0ki/qjmMfYYnHASEgSVlgbBOG1eXWfjat1u2AtYm8QpSB0U6I5rRtkNIpQwzBWiUMqRY8fKS6FQBFGcmW4icQzRDE7wSFMOGZZeurg3sy60ElhhJHRxZS3UvxMpZFLOma87GVRTue7l4n/eKFHhnZcSHicKc7RcFCbUUpGVP28FRGCk6FwTiATRt1poCgVESkdkrqwJZH6bfoTjZxQxBnmQuoQHWermewOZOllm6uCc9Zg2Sb/ZcFqN1sNNvd0pIqyAM3AOLoEDbkEbdEAX9AACM/ACXsGb8W58GJ/G17K1ZBQzp2AFxs8vuNCjgQ==</latexit>

d2,3

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...
<latexit sha1_base64="8OtY0Sg2jjbvtpgcIqwQezVfGNo=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKOVXXjaq1t2Gu4CzSbyC1EGBzqhmlX0coYQToRGDSg09N9ZBCqWmiJHM9hNFYohmcEKGhgrIiQrSxb2Zc2EU7IwjaUpoZ6H+nUghV2rOQ9PJoZ6qdS8X//OGiR7fBSkVcaKJQMtF44Q5OnLy5x1MJUGazQ2BSFJzq4OmUEKkTUT2yhqs8tvMI4I8o4hzKHDqU4Gz1M/3YpV6WWab4Lz1mDZJ77rhNRvNh5t6q11EWAFn4BxcAg/cghZogw7oAgRm4AW8gjfr3fqwPq2vZWvJKmZOwQqsn18bhqO6</latexit>

dm,1
<latexit sha1_base64="5sI+O7G+4qJK71YdTVfQ0Cj1Wmk=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiWZXrWxSazhNZwl7k7gFaYACvUndKnthjFKGuUIUSjl2nUT5GgpFEMVZ1UslTiCawykeG8ohw9LXy3sz+8IooR3FwhRX9lL9PaEhk3LBAtPJoJrJdS8X//PGqYpufU14kirM0WpRlFJbxXb+vB0SgZGiC0MgEsTcaqMZFBApE1H1z5pQ5reZRzh+QjFjkIfaIzzMtJfvDaV2s6xqgnPXY9okg1bTbTfb99eNTreIsALOwDm4BC64AR3QBT3QBwjMwTN4Aa/Wm/VufVifq9aSVcycgj+wvn8AHT+juw==</latexit>

dm,2
<latexit sha1_base64="c+TLsZwphutTsBfbbqXWfTamStQ=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo5Rd3mejat1pOHPY68QtSB0U6IxqVskLBUoY5hpRqNTQdWLtp1BqgijOKl6icAzRFI7x0FAOGVZ+Or83s8+NEtqRkKa4tufq34kUMqVmLDCdDOqJWvVy8T9vmOjo1k8JjxONOVosihJqa2Hnz9shkRhpOjMEIknMrTaaQAmRNhFVltaEKr/NPMLxMxKMQR6mHuFhlnr53lClbpZVTHDuakzrpHfVcJuN5sN1vdUuIiyDU3AGLoALbkALtEEHdAECU/ACXsGb9W59WJ/W16J1wypmTsASrJ9fSgmj1Q==</latexit>

dm,L
<latexit sha1_base64="UFSzdKbCf01YXnCBxp+5a9YDpTs=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKOWX19moWncazhz2OnELUgcFOqOaVfJwhBJOhEYMKjV0nVj7KZSaIkayipcoEkM0hWMyNFRATpSfzu/N7HOjYDuMpCmh7bn6dyKFXKkZD0wnh3qiVr1c/M8bJjq881Mq4kQTgRaLwoTZOrLz521MJUGazQyBSFJzq40mUEKkTUSVpTVY5beZRwR5RhHnUODUowJnqZfvxSp1s6xignNXY1onvauG22w0H27qrXYRYRmcgjNwAVxwC1qgDTqgCxCYghfwCt6sd+vD+rS+Fq0bVjFzApZg/fwCHvijvA==</latexit>

dm,3

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



<latexit sha1_base64="3YFjallEiZXTsXYpxC9RXt3Kn+M="></latexit>

F pop
ω (t) →

∑

ε→{1,...,L}
s.t. tω↑t

P
(
experience critical event ω

at time tω

)
Intuition:

AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="WaOQsx/28IEphTqGuoWYTvd5v1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0IPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3voZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1buuXt1fVmr1PI4inMApnIMHN1CDOjSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwABgo2m</latexit>n1
<latexit sha1_base64="NC35DFaPLLsp/xFrIJMyV5ZyQ3I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSg+pX+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1Xru4vy7V6HkcBTuEMLsCDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwADBo2n</latexit>n2

<latexit sha1_base64="/QxUWio8Dde6nC1WJWHkBCk+rnA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvVv+2XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9y+rF3XmlVs/jKMIRHMMpeHAFNahDA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbKm6NwQ==</latexit>nL
<latexit sha1_base64="dogALR3w1i677MM6gyaJAHwsZ9I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuykNxkyO7vMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRHBtXPfLKaysrq1vFDdLW9s7u3vl/YOWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsa3M7/9iErzWD6YSYJ+RIeSh5xRY6V72T/vlytu1Z2D/CVeTiqQo9Evf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JSdWGZAwVrakIXP150RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8st/Seus6l1VL+8uKrV6HkcRjuAYTsGDa6hBHRrQBAZDeIIXeHWE8+y8Oe+L1oKTzxzCLzgf3wSKjag=</latexit>n3

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · · <latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3

# times event 2 happened <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="qyhP23Wc3rMohxS/09Zw2UMQRq8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiW5dudmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtV6jfw==</latexit>

d2,1
<latexit sha1_base64="fOgNyUJaTiP59zX4KBM5jDKyMB8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2u5t26e4m7G6UEvIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KYUaUd58sqbW2Xd3Yre9X9g8Oj41r9ZKCiRCLSRxGL5CiAijAqSF9TzcgolgTygJFhML/L/eEjkYpG4kEvYuJzOBU0pAhqIw3xJG1dtbJJreE0nSXsTeIWpAEK9CZ1q+zhCCWcCI0YVGrsOrH2Uyg1RYxkVS9RJIZoDqdkbKiAnCg/Xd6b2RdGwXYYSVNC20v190QKuVILHphODvVMrXu5+J83TnR466dUxIkmAq0WhQmzdWTnz9uYSoI0WxgCkaTmVhvNoIRIm4iqf9Zgld9mHhHkCUWcQ4FTjwqcpV6+F6vUzbKqCc5dj2mTDFpNt91s3183Ot0iwgo4A+fgErjgBnRAF/RAHyAwB8/gBbxab9a79WF9rlpLVjFzCv7A+v4BtxejgA==</latexit>

d2,2
<latexit sha1_base64="rQOcIyOL17xm34SaSOwEKHGsxxw=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJkeqx4KUHDxXsBzShbDabdunuJuxulBLyI7zq1V/jTTwJ/hg3bQ629cHA470ZZub5MSVS2fa3UdraLu/sVvbM/YPDo+Nq7aQvo0Qg3EMRjcTQhxJTwnFPEUXxMBYYMp/igT+7y/3BExaSRPxRzWPsMTjhJCQIKi0NgnHavLrPxtW63bAXsDaJU5A6KNAd14yyG0QoYZgrRKGUI8eOlZdCoQiiODPdROIYohmc4JGmHDIsvXRxb2ZdaCWwwkjo4spaqH8nUsiknDNfdzKopnLdy8X/vFGiwlsvJTxOFOZouShMqKUiK3/eCojASNG5JhAJom+10BQKiJSOyFxZE8j8Nv0Ix88oYgzyIHUJD7LUzfcGMnWyzNTBOesxbZJ+s+G0Gq2H63q7U0RYAWfgHFwCB9yANuiALugBBGbgBbyCN+Pd+DA+ja9la8koZk7BCoyfX+Pho5o=</latexit>

d2,L
<latexit sha1_base64="suh8uTEcweWCVttBdqIW0hiitXk=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJleqx4KXHCvYDmlA2m027dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz8/yYEqls+9sobW2Xd3Yre+b+weHRcbV20pdRIhDuoYhGYuhDiSnhuKeIongYCwyZT/HAn93n/uAJC0ki/qjmMfYYnHASEgSVlgbBOG1eXWfjat1u2AtYm8QpSB0U6I5rRtkNIpQwzBWiUMqRY8fKS6FQBFGcmW4icQzRDE7wSFMOGZZeurg3sy60ElhhJHRxZS3UvxMpZFLOma87GVRTue7l4n/eKFHhnZcSHicKc7RcFCbUUpGVP28FRGCk6FwTiATRt1poCgVESkdkrqwJZH6bfoTjZxQxBnmQuoQHWermewOZOllm6uCc9Zg2Sb/ZcFqN1sNNvd0pIqyAM3AOLoEDbkEbdEAX9AACM/ACXsGb8W58GJ/G17K1ZBQzp2AFxs8vuNCjgQ==</latexit>

d2,3

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...
<latexit sha1_base64="8OtY0Sg2jjbvtpgcIqwQezVfGNo=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKOVXXjaq1t2Gu4CzSbyC1EGBzqhmlX0coYQToRGDSg09N9ZBCqWmiJHM9hNFYohmcEKGhgrIiQrSxb2Zc2EU7IwjaUpoZ6H+nUghV2rOQ9PJoZ6qdS8X//OGiR7fBSkVcaKJQMtF44Q5OnLy5x1MJUGazQ2BSFJzq4OmUEKkTUT2yhqs8tvMI4I8o4hzKHDqU4Gz1M/3YpV6WWab4Lz1mDZJ77rhNRvNh5t6q11EWAFn4BxcAg/cghZogw7oAgRm4AW8gjfr3fqwPq2vZWvJKmZOwQqsn18bhqO6</latexit>

dm,1
<latexit sha1_base64="5sI+O7G+4qJK71YdTVfQ0Cj1Wmk=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiWZXrWxSazhNZwl7k7gFaYACvUndKnthjFKGuUIUSjl2nUT5GgpFEMVZ1UslTiCawykeG8ohw9LXy3sz+8IooR3FwhRX9lL9PaEhk3LBAtPJoJrJdS8X//PGqYpufU14kirM0WpRlFJbxXb+vB0SgZGiC0MgEsTcaqMZFBApE1H1z5pQ5reZRzh+QjFjkIfaIzzMtJfvDaV2s6xqgnPXY9okg1bTbTfb99eNTreIsALOwDm4BC64AR3QBT3QBwjMwTN4Aa/Wm/VufVifq9aSVcycgj+wvn8AHT+juw==</latexit>

dm,2
<latexit sha1_base64="c+TLsZwphutTsBfbbqXWfTamStQ=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo5Rd3mejat1pOHPY68QtSB0U6IxqVskLBUoY5hpRqNTQdWLtp1BqgijOKl6icAzRFI7x0FAOGVZ+Or83s8+NEtqRkKa4tufq34kUMqVmLDCdDOqJWvVy8T9vmOjo1k8JjxONOVosihJqa2Hnz9shkRhpOjMEIknMrTaaQAmRNhFVltaEKr/NPMLxMxKMQR6mHuFhlnr53lClbpZVTHDuakzrpHfVcJuN5sN1vdUuIiyDU3AGLoALbkALtEEHdAECU/ACXsGb9W59WJ/W16J1wypmTsASrJ9fSgmj1Q==</latexit>

dm,L
<latexit sha1_base64="UFSzdKbCf01YXnCBxp+5a9YDpTs=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKOWX19moWncazhz2OnELUgcFOqOaVfJwhBJOhEYMKjV0nVj7KZSaIkayipcoEkM0hWMyNFRATpSfzu/N7HOjYDuMpCmh7bn6dyKFXKkZD0wnh3qiVr1c/M8bJjq881Mq4kQTgRaLwoTZOrLz521MJUGazQyBSFJzq40mUEKkTUSVpTVY5beZRwR5RhHnUODUowJnqZfvxSp1s6xignNXY1onvauG22w0H27qrXYRYRmcgjNwAVxwC1qgDTqgCxCYghfwCt6sd+vD+rS+Fq0bVjFzApZg/fwCHvijvA==</latexit>

dm,3

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



<latexit sha1_base64="3YFjallEiZXTsXYpxC9RXt3Kn+M="></latexit>

F pop
ω (t) →

∑

ε→{1,...,L}
s.t. tω↑t

P
(
experience critical event ω

at time tω

)
Intuition:

<latexit sha1_base64="cwnANqWmvRVCWe6Qe38cb/3QBsM="></latexit>

F pop
ω (t) →

∑

ε→{1,...,L}
s.t. tω↑t

P
(

earliest event
after time tω→1

)
P
(
experience event type ω

at time tω

∣∣ earliest event
after time tω→1

)

AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="WaOQsx/28IEphTqGuoWYTvd5v1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0IPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3voZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1buuXt1fVmr1PI4inMApnIMHN1CDOjSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwABgo2m</latexit>n1
<latexit sha1_base64="NC35DFaPLLsp/xFrIJMyV5ZyQ3I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSg+pX+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1Xru4vy7V6HkcBTuEMLsCDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwADBo2n</latexit>n2

<latexit sha1_base64="/QxUWio8Dde6nC1WJWHkBCk+rnA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvVv+2XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9y+rF3XmlVs/jKMIRHMMpeHAFNahDA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbKm6NwQ==</latexit>nL
<latexit sha1_base64="dogALR3w1i677MM6gyaJAHwsZ9I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuykNxkyO7vMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRHBtXPfLKaysrq1vFDdLW9s7u3vl/YOWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsa3M7/9iErzWD6YSYJ+RIeSh5xRY6V72T/vlytu1Z2D/CVeTiqQo9Evf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JSdWGZAwVrakIXP150RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8st/Seus6l1VL+8uKrV6HkcRjuAYTsGDa6hBHRrQBAZDeIIXeHWE8+y8Oe+L1oKTzxzCLzgf3wSKjag=</latexit>n3

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · · <latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3

# times event 2 happened <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="qyhP23Wc3rMohxS/09Zw2UMQRq8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiW5dudmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtV6jfw==</latexit>

d2,1
<latexit sha1_base64="fOgNyUJaTiP59zX4KBM5jDKyMB8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2u5t26e4m7G6UEvIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KYUaUd58sqbW2Xd3Yre9X9g8Oj41r9ZKCiRCLSRxGL5CiAijAqSF9TzcgolgTygJFhML/L/eEjkYpG4kEvYuJzOBU0pAhqIw3xJG1dtbJJreE0nSXsTeIWpAEK9CZ1q+zhCCWcCI0YVGrsOrH2Uyg1RYxkVS9RJIZoDqdkbKiAnCg/Xd6b2RdGwXYYSVNC20v190QKuVILHphODvVMrXu5+J83TnR466dUxIkmAq0WhQmzdWTnz9uYSoI0WxgCkaTmVhvNoIRIm4iqf9Zgld9mHhHkCUWcQ4FTjwqcpV6+F6vUzbKqCc5dj2mTDFpNt91s3183Ot0iwgo4A+fgErjgBnRAF/RAHyAwB8/gBbxab9a79WF9rlpLVjFzCv7A+v4BtxejgA==</latexit>

d2,2
<latexit sha1_base64="rQOcIyOL17xm34SaSOwEKHGsxxw=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJkeqx4KUHDxXsBzShbDabdunuJuxulBLyI7zq1V/jTTwJ/hg3bQ629cHA470ZZub5MSVS2fa3UdraLu/sVvbM/YPDo+Nq7aQvo0Qg3EMRjcTQhxJTwnFPEUXxMBYYMp/igT+7y/3BExaSRPxRzWPsMTjhJCQIKi0NgnHavLrPxtW63bAXsDaJU5A6KNAd14yyG0QoYZgrRKGUI8eOlZdCoQiiODPdROIYohmc4JGmHDIsvXRxb2ZdaCWwwkjo4spaqH8nUsiknDNfdzKopnLdy8X/vFGiwlsvJTxOFOZouShMqKUiK3/eCojASNG5JhAJom+10BQKiJSOyFxZE8j8Nv0Ix88oYgzyIHUJD7LUzfcGMnWyzNTBOesxbZJ+s+G0Gq2H63q7U0RYAWfgHFwCB9yANuiALugBBGbgBbyCN+Pd+DA+ja9la8koZk7BCoyfX+Pho5o=</latexit>

d2,L
<latexit sha1_base64="suh8uTEcweWCVttBdqIW0hiitXk=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJleqx4KXHCvYDmlA2m027dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz8/yYEqls+9sobW2Xd3Yre+b+weHRcbV20pdRIhDuoYhGYuhDiSnhuKeIongYCwyZT/HAn93n/uAJC0ki/qjmMfYYnHASEgSVlgbBOG1eXWfjat1u2AtYm8QpSB0U6I5rRtkNIpQwzBWiUMqRY8fKS6FQBFGcmW4icQzRDE7wSFMOGZZeurg3sy60ElhhJHRxZS3UvxMpZFLOma87GVRTue7l4n/eKFHhnZcSHicKc7RcFCbUUpGVP28FRGCk6FwTiATRt1poCgVESkdkrqwJZH6bfoTjZxQxBnmQuoQHWermewOZOllm6uCc9Zg2Sb/ZcFqN1sNNvd0pIqyAM3AOLoEDbkEbdEAX9AACM/ACXsGb8W58GJ/G17K1ZBQzp2AFxs8vuNCjgQ==</latexit>

d2,3

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...
<latexit sha1_base64="8OtY0Sg2jjbvtpgcIqwQezVfGNo=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKOVXXjaq1t2Gu4CzSbyC1EGBzqhmlX0coYQToRGDSg09N9ZBCqWmiJHM9hNFYohmcEKGhgrIiQrSxb2Zc2EU7IwjaUpoZ6H+nUghV2rOQ9PJoZ6qdS8X//OGiR7fBSkVcaKJQMtF44Q5OnLy5x1MJUGazQ2BSFJzq4OmUEKkTUT2yhqs8tvMI4I8o4hzKHDqU4Gz1M/3YpV6WWab4Lz1mDZJ77rhNRvNh5t6q11EWAFn4BxcAg/cghZogw7oAgRm4AW8gjfr3fqwPq2vZWvJKmZOwQqsn18bhqO6</latexit>

dm,1
<latexit sha1_base64="5sI+O7G+4qJK71YdTVfQ0Cj1Wmk=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiWZXrWxSazhNZwl7k7gFaYACvUndKnthjFKGuUIUSjl2nUT5GgpFEMVZ1UslTiCawykeG8ohw9LXy3sz+8IooR3FwhRX9lL9PaEhk3LBAtPJoJrJdS8X//PGqYpufU14kirM0WpRlFJbxXb+vB0SgZGiC0MgEsTcaqMZFBApE1H1z5pQ5reZRzh+QjFjkIfaIzzMtJfvDaV2s6xqgnPXY9okg1bTbTfb99eNTreIsALOwDm4BC64AR3QBT3QBwjMwTN4Aa/Wm/VufVifq9aSVcycgj+wvn8AHT+juw==</latexit>

dm,2
<latexit sha1_base64="c+TLsZwphutTsBfbbqXWfTamStQ=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo5Rd3mejat1pOHPY68QtSB0U6IxqVskLBUoY5hpRqNTQdWLtp1BqgijOKl6icAzRFI7x0FAOGVZ+Or83s8+NEtqRkKa4tufq34kUMqVmLDCdDOqJWvVy8T9vmOjo1k8JjxONOVosihJqa2Hnz9shkRhpOjMEIknMrTaaQAmRNhFVltaEKr/NPMLxMxKMQR6mHuFhlnr53lClbpZVTHDuakzrpHfVcJuN5sN1vdUuIiyDU3AGLoALbkALtEEHdAECU/ACXsGb9W59WJ/W16J1wypmTsASrJ9fSgmj1Q==</latexit>

dm,L
<latexit sha1_base64="UFSzdKbCf01YXnCBxp+5a9YDpTs=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKOWX19moWncazhz2OnELUgcFOqOaVfJwhBJOhEYMKjV0nVj7KZSaIkayipcoEkM0hWMyNFRATpSfzu/N7HOjYDuMpCmh7bn6dyKFXKkZD0wnh3qiVr1c/M8bJjq881Mq4kQTgRaLwoTZOrLz521MJUGazQyBSFJzq40mUEKkTUSVpTVY5beZRwR5RhHnUODUowJnqZfvxSp1s6xignNXY1onvauG22w0H27qrXYRYRmcgjNwAVxwC1qgDTqgCxCYghfwCt6sd+vD+rS+Fq0bVjFzApZg/fwCHvijvA==</latexit>

dm,3

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



<latexit sha1_base64="3YFjallEiZXTsXYpxC9RXt3Kn+M="></latexit>

F pop
ω (t) →

∑

ε→{1,...,L}
s.t. tω↑t

P
(
experience critical event ω

at time tω

)
Intuition:

<latexit sha1_base64="cwnANqWmvRVCWe6Qe38cb/3QBsM="></latexit>

F pop
ω (t) →

∑

ε→{1,...,L}
s.t. tω↑t

P
(

earliest event
after time tω→1

)
P
(
experience event type ω

at time tω

∣∣ earliest event
after time tω→1

)
<latexit sha1_base64="6T1WOgolKx259j9Ocra3n+2M78Y="></latexit>

→ ŜKM(tω→1)
classical Kaplan-Meier estimator [1958]

AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="WaOQsx/28IEphTqGuoWYTvd5v1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0IPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3voZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1buuXt1fVmr1PI4inMApnIMHN1CDOjSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwABgo2m</latexit>n1
<latexit sha1_base64="NC35DFaPLLsp/xFrIJMyV5ZyQ3I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSg+pX+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1Xru4vy7V6HkcBTuEMLsCDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwADBo2n</latexit>n2

<latexit sha1_base64="/QxUWio8Dde6nC1WJWHkBCk+rnA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvVv+2XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9y+rF3XmlVs/jKMIRHMMpeHAFNahDA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbKm6NwQ==</latexit>nL
<latexit sha1_base64="dogALR3w1i677MM6gyaJAHwsZ9I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuykNxkyO7vMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRHBtXPfLKaysrq1vFDdLW9s7u3vl/YOWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsa3M7/9iErzWD6YSYJ+RIeSh5xRY6V72T/vlytu1Z2D/CVeTiqQo9Evf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JSdWGZAwVrakIXP150RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8st/Seus6l1VL+8uKrV6HkcRjuAYTsGDa6hBHRrQBAZDeIIXeHWE8+y8Oe+L1oKTzxzCLzgf3wSKjag=</latexit>n3

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · · <latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3

# times event 2 happened <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="qyhP23Wc3rMohxS/09Zw2UMQRq8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiW5dudmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtV6jfw==</latexit>

d2,1
<latexit sha1_base64="fOgNyUJaTiP59zX4KBM5jDKyMB8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2u5t26e4m7G6UEvIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KYUaUd58sqbW2Xd3Yre9X9g8Oj41r9ZKCiRCLSRxGL5CiAijAqSF9TzcgolgTygJFhML/L/eEjkYpG4kEvYuJzOBU0pAhqIw3xJG1dtbJJreE0nSXsTeIWpAEK9CZ1q+zhCCWcCI0YVGrsOrH2Uyg1RYxkVS9RJIZoDqdkbKiAnCg/Xd6b2RdGwXYYSVNC20v190QKuVILHphODvVMrXu5+J83TnR466dUxIkmAq0WhQmzdWTnz9uYSoI0WxgCkaTmVhvNoIRIm4iqf9Zgld9mHhHkCUWcQ4FTjwqcpV6+F6vUzbKqCc5dj2mTDFpNt91s3183Ot0iwgo4A+fgErjgBnRAF/RAHyAwB8/gBbxab9a79WF9rlpLVjFzCv7A+v4BtxejgA==</latexit>

d2,2
<latexit sha1_base64="rQOcIyOL17xm34SaSOwEKHGsxxw=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJkeqx4KUHDxXsBzShbDabdunuJuxulBLyI7zq1V/jTTwJ/hg3bQ629cHA470ZZub5MSVS2fa3UdraLu/sVvbM/YPDo+Nq7aQvo0Qg3EMRjcTQhxJTwnFPEUXxMBYYMp/igT+7y/3BExaSRPxRzWPsMTjhJCQIKi0NgnHavLrPxtW63bAXsDaJU5A6KNAd14yyG0QoYZgrRKGUI8eOlZdCoQiiODPdROIYohmc4JGmHDIsvXRxb2ZdaCWwwkjo4spaqH8nUsiknDNfdzKopnLdy8X/vFGiwlsvJTxOFOZouShMqKUiK3/eCojASNG5JhAJom+10BQKiJSOyFxZE8j8Nv0Ix88oYgzyIHUJD7LUzfcGMnWyzNTBOesxbZJ+s+G0Gq2H63q7U0RYAWfgHFwCB9yANuiALugBBGbgBbyCN+Pd+DA+ja9la8koZk7BCoyfX+Pho5o=</latexit>

d2,L
<latexit sha1_base64="suh8uTEcweWCVttBdqIW0hiitXk=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJleqx4KXHCvYDmlA2m027dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz8/yYEqls+9sobW2Xd3Yre+b+weHRcbV20pdRIhDuoYhGYuhDiSnhuKeIongYCwyZT/HAn93n/uAJC0ki/qjmMfYYnHASEgSVlgbBOG1eXWfjat1u2AtYm8QpSB0U6I5rRtkNIpQwzBWiUMqRY8fKS6FQBFGcmW4icQzRDE7wSFMOGZZeurg3sy60ElhhJHRxZS3UvxMpZFLOma87GVRTue7l4n/eKFHhnZcSHicKc7RcFCbUUpGVP28FRGCk6FwTiATRt1poCgVESkdkrqwJZH6bfoTjZxQxBnmQuoQHWermewOZOllm6uCc9Zg2Sb/ZcFqN1sNNvd0pIqyAM3AOLoEDbkEbdEAX9AACM/ACXsGb8W58GJ/G17K1ZBQzp2AFxs8vuNCjgQ==</latexit>

d2,3

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...
<latexit sha1_base64="8OtY0Sg2jjbvtpgcIqwQezVfGNo=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKOVXXjaq1t2Gu4CzSbyC1EGBzqhmlX0coYQToRGDSg09N9ZBCqWmiJHM9hNFYohmcEKGhgrIiQrSxb2Zc2EU7IwjaUpoZ6H+nUghV2rOQ9PJoZ6qdS8X//OGiR7fBSkVcaKJQMtF44Q5OnLy5x1MJUGazQ2BSFJzq4OmUEKkTUT2yhqs8tvMI4I8o4hzKHDqU4Gz1M/3YpV6WWab4Lz1mDZJ77rhNRvNh5t6q11EWAFn4BxcAg/cghZogw7oAgRm4AW8gjfr3fqwPq2vZWvJKmZOwQqsn18bhqO6</latexit>

dm,1
<latexit sha1_base64="5sI+O7G+4qJK71YdTVfQ0Cj1Wmk=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiWZXrWxSazhNZwl7k7gFaYACvUndKnthjFKGuUIUSjl2nUT5GgpFEMVZ1UslTiCawykeG8ohw9LXy3sz+8IooR3FwhRX9lL9PaEhk3LBAtPJoJrJdS8X//PGqYpufU14kirM0WpRlFJbxXb+vB0SgZGiC0MgEsTcaqMZFBApE1H1z5pQ5reZRzh+QjFjkIfaIzzMtJfvDaV2s6xqgnPXY9okg1bTbTfb99eNTreIsALOwDm4BC64AR3QBT3QBwjMwTN4Aa/Wm/VufVifq9aSVcycgj+wvn8AHT+juw==</latexit>

dm,2
<latexit sha1_base64="c+TLsZwphutTsBfbbqXWfTamStQ=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo5Rd3mejat1pOHPY68QtSB0U6IxqVskLBUoY5hpRqNTQdWLtp1BqgijOKl6icAzRFI7x0FAOGVZ+Or83s8+NEtqRkKa4tufq34kUMqVmLDCdDOqJWvVy8T9vmOjo1k8JjxONOVosihJqa2Hnz9shkRhpOjMEIknMrTaaQAmRNhFVltaEKr/NPMLxMxKMQR6mHuFhlnr53lClbpZVTHDuakzrpHfVcJuN5sN1vdUuIiyDU3AGLoALbkALtEEHdAECU/ACXsGb9W59WJ/W16J1wypmTsASrJ9fSgmj1Q==</latexit>

dm,L
<latexit sha1_base64="UFSzdKbCf01YXnCBxp+5a9YDpTs=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKOWX19moWncazhz2OnELUgcFOqOaVfJwhBJOhEYMKjV0nVj7KZSaIkayipcoEkM0hWMyNFRATpSfzu/N7HOjYDuMpCmh7bn6dyKFXKkZD0wnh3qiVr1c/M8bJjq881Mq4kQTgRaLwoTZOrLz521MJUGazQyBSFJzq40mUEKkTUSVpTVY5beZRwR5RhHnUODUowJnqZfvxSp1s6xignNXY1onvauG22w0H27qrXYRYRmcgjNwAVxwC1qgDTqgCxCYghfwCt6sd+vD+rS+Fq0bVjFzApZg/fwCHvijvA==</latexit>

dm,3

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



<latexit sha1_base64="3YFjallEiZXTsXYpxC9RXt3Kn+M="></latexit>

F pop
ω (t) →

∑

ε→{1,...,L}
s.t. tω↑t

P
(
experience critical event ω

at time tω

)
Intuition:

<latexit sha1_base64="cwnANqWmvRVCWe6Qe38cb/3QBsM="></latexit>

F pop
ω (t) →

∑

ε→{1,...,L}
s.t. tω↑t

P
(

earliest event
after time tω→1

)
P
(
experience event type ω

at time tω

∣∣ earliest event
after time tω→1

)
<latexit sha1_base64="6T1WOgolKx259j9Ocra3n+2M78Y="></latexit>

→ ŜKM(tω→1)
classical Kaplan-Meier estimator [1958]

<latexit sha1_base64="uUFLbYSWwPfX6WSovEyTWYWtHWk="></latexit>

→ dω,ε
nε

AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="WaOQsx/28IEphTqGuoWYTvd5v1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0IPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3voZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1buuXt1fVmr1PI4inMApnIMHN1CDOjSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwABgo2m</latexit>n1
<latexit sha1_base64="NC35DFaPLLsp/xFrIJMyV5ZyQ3I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSg+pX+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1Xru4vy7V6HkcBTuEMLsCDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwADBo2n</latexit>n2

<latexit sha1_base64="/QxUWio8Dde6nC1WJWHkBCk+rnA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvVv+2XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9y+rF3XmlVs/jKMIRHMMpeHAFNahDA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbKm6NwQ==</latexit>nL
<latexit sha1_base64="dogALR3w1i677MM6gyaJAHwsZ9I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuykNxkyO7vMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRHBtXPfLKaysrq1vFDdLW9s7u3vl/YOWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsa3M7/9iErzWD6YSYJ+RIeSh5xRY6V72T/vlytu1Z2D/CVeTiqQo9Evf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JSdWGZAwVrakIXP150RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8st/Seus6l1VL+8uKrV6HkcRjuAYTsGDa6hBHRrQBAZDeIIXeHWE8+y8Oe+L1oKTzxzCLzgf3wSKjag=</latexit>n3

# times event 1 happened
<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · · <latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3

# times event 2 happened <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="qyhP23Wc3rMohxS/09Zw2UMQRq8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiW5dudmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtV6jfw==</latexit>

d2,1
<latexit sha1_base64="fOgNyUJaTiP59zX4KBM5jDKyMB8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2u5t26e4m7G6UEvIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KYUaUd58sqbW2Xd3Yre9X9g8Oj41r9ZKCiRCLSRxGL5CiAijAqSF9TzcgolgTygJFhML/L/eEjkYpG4kEvYuJzOBU0pAhqIw3xJG1dtbJJreE0nSXsTeIWpAEK9CZ1q+zhCCWcCI0YVGrsOrH2Uyg1RYxkVS9RJIZoDqdkbKiAnCg/Xd6b2RdGwXYYSVNC20v190QKuVILHphODvVMrXu5+J83TnR466dUxIkmAq0WhQmzdWTnz9uYSoI0WxgCkaTmVhvNoIRIm4iqf9Zgld9mHhHkCUWcQ4FTjwqcpV6+F6vUzbKqCc5dj2mTDFpNt91s3183Ot0iwgo4A+fgErjgBnRAF/RAHyAwB8/gBbxab9a79WF9rlpLVjFzCv7A+v4BtxejgA==</latexit>

d2,2
<latexit sha1_base64="rQOcIyOL17xm34SaSOwEKHGsxxw=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJkeqx4KUHDxXsBzShbDabdunuJuxulBLyI7zq1V/jTTwJ/hg3bQ629cHA470ZZub5MSVS2fa3UdraLu/sVvbM/YPDo+Nq7aQvo0Qg3EMRjcTQhxJTwnFPEUXxMBYYMp/igT+7y/3BExaSRPxRzWPsMTjhJCQIKi0NgnHavLrPxtW63bAXsDaJU5A6KNAd14yyG0QoYZgrRKGUI8eOlZdCoQiiODPdROIYohmc4JGmHDIsvXRxb2ZdaCWwwkjo4spaqH8nUsiknDNfdzKopnLdy8X/vFGiwlsvJTxOFOZouShMqKUiK3/eCojASNG5JhAJom+10BQKiJSOyFxZE8j8Nv0Ix88oYgzyIHUJD7LUzfcGMnWyzNTBOesxbZJ+s+G0Gq2H63q7U0RYAWfgHFwCB9yANuiALugBBGbgBbyCN+Pd+DA+ja9la8koZk7BCoyfX+Pho5o=</latexit>

d2,L
<latexit sha1_base64="suh8uTEcweWCVttBdqIW0hiitXk=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJleqx4KXHCvYDmlA2m027dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz8/yYEqls+9sobW2Xd3Yre+b+weHRcbV20pdRIhDuoYhGYuhDiSnhuKeIongYCwyZT/HAn93n/uAJC0ki/qjmMfYYnHASEgSVlgbBOG1eXWfjat1u2AtYm8QpSB0U6I5rRtkNIpQwzBWiUMqRY8fKS6FQBFGcmW4icQzRDE7wSFMOGZZeurg3sy60ElhhJHRxZS3UvxMpZFLOma87GVRTue7l4n/eKFHhnZcSHicKc7RcFCbUUpGVP28FRGCk6FwTiATRt1poCgVESkdkrqwJZH6bfoTjZxQxBnmQuoQHWermewOZOllm6uCc9Zg2Sb/ZcFqN1sNNvd0pIqyAM3AOLoEDbkEbdEAX9AACM/ACXsGb8W58GJ/G17K1ZBQzp2AFxs8vuNCjgQ==</latexit>

d2,3

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m <latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...
<latexit sha1_base64="8OtY0Sg2jjbvtpgcIqwQezVfGNo=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKOVXXjaq1t2Gu4CzSbyC1EGBzqhmlX0coYQToRGDSg09N9ZBCqWmiJHM9hNFYohmcEKGhgrIiQrSxb2Zc2EU7IwjaUpoZ6H+nUghV2rOQ9PJoZ6qdS8X//OGiR7fBSkVcaKJQMtF44Q5OnLy5x1MJUGazQ2BSFJzq4OmUEKkTUT2yhqs8tvMI4I8o4hzKHDqU4Gz1M/3YpV6WWab4Lz1mDZJ77rhNRvNh5t6q11EWAFn4BxcAg/cghZogw7oAgRm4AW8gjfr3fqwPq2vZWvJKmZOwQqsn18bhqO6</latexit>

dm,1
<latexit sha1_base64="5sI+O7G+4qJK71YdTVfQ0Cj1Wmk=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiWZXrWxSazhNZwl7k7gFaYACvUndKnthjFKGuUIUSjl2nUT5GgpFEMVZ1UslTiCawykeG8ohw9LXy3sz+8IooR3FwhRX9lL9PaEhk3LBAtPJoJrJdS8X//PGqYpufU14kirM0WpRlFJbxXb+vB0SgZGiC0MgEsTcaqMZFBApE1H1z5pQ5reZRzh+QjFjkIfaIzzMtJfvDaV2s6xqgnPXY9okg1bTbTfb99eNTreIsALOwDm4BC64AR3QBT3QBwjMwTN4Aa/Wm/VufVifq9aSVcycgj+wvn8AHT+juw==</latexit>

dm,2
<latexit sha1_base64="c+TLsZwphutTsBfbbqXWfTamStQ=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo5Rd3mejat1pOHPY68QtSB0U6IxqVskLBUoY5hpRqNTQdWLtp1BqgijOKl6icAzRFI7x0FAOGVZ+Or83s8+NEtqRkKa4tufq34kUMqVmLDCdDOqJWvVy8T9vmOjo1k8JjxONOVosihJqa2Hnz9shkRhpOjMEIknMrTaaQAmRNhFVltaEKr/NPMLxMxKMQR6mHuFhlnr53lClbpZVTHDuakzrpHfVcJuN5sN1vdUuIiyDU3AGLoALbkALtEEHdAECU/ACXsGb9W59WJ/W16J1wypmTsASrJ9fSgmj1Q==</latexit>

dm,L
<latexit sha1_base64="UFSzdKbCf01YXnCBxp+5a9YDpTs=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKOWX19moWncazhz2OnELUgcFOqOaVfJwhBJOhEYMKjV0nVj7KZSaIkayipcoEkM0hWMyNFRATpSfzu/N7HOjYDuMpCmh7bn6dyKFXKkZD0wnh3qiVr1c/M8bJjq881Mq4kQTgRaLwoTZOrLz521MJUGazQyBSFJzq40mUEKkTUSVpTVY5beZRwR5RhHnUODUowJnqZfvxSp1s6xignNXY1onvauG22w0H27qrXYRYRmcgjNwAVxwC1qgDTqgCxCYghfwCt6sd+vD+rS+Fq0bVjFzApZg/fwCHvijvA==</latexit>

dm,3

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk

# times event 1 happened

# times event 2 happened

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...

<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1

<latexit sha1_base64="WaOQsx/28IEphTqGuoWYTvd5v1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0IPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3voZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1buuXt1fVmr1PI4inMApnIMHN1CDOjSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwABgo2m</latexit>n1

<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="qyhP23Wc3rMohxS/09Zw2UMQRq8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiW5dudmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtV6jfw==</latexit>

d2,1

<latexit sha1_base64="8OtY0Sg2jjbvtpgcIqwQezVfGNo=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKOVXXjaq1t2Gu4CzSbyC1EGBzqhmlX0coYQToRGDSg09N9ZBCqWmiJHM9hNFYohmcEKGhgrIiQrSxb2Zc2EU7IwjaUpoZ6H+nUghV2rOQ9PJoZ6qdS8X//OGiR7fBSkVcaKJQMtF44Q5OnLy5x1MJUGazQ2BSFJzq4OmUEKkTUT2yhqs8tvMI4I8o4hzKHDqU4Gz1M/3YpV6WWab4Lz1mDZJ77rhNRvNh5t6q11EWAFn4BxcAg/cghZogw7oAgRm4AW8gjfr3fqwPq2vZWvJKmZOwQqsn18bhqO6</latexit>

dm,1

<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2

<latexit sha1_base64="NC35DFaPLLsp/xFrIJMyV5ZyQ3I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSg+pX+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1Xru4vy7V6HkcBTuEMLsCDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwADBo2n</latexit>n2

<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="fOgNyUJaTiP59zX4KBM5jDKyMB8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2u5t26e4m7G6UEvIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KYUaUd58sqbW2Xd3Yre9X9g8Oj41r9ZKCiRCLSRxGL5CiAijAqSF9TzcgolgTygJFhML/L/eEjkYpG4kEvYuJzOBU0pAhqIw3xJG1dtbJJreE0nSXsTeIWpAEK9CZ1q+zhCCWcCI0YVGrsOrH2Uyg1RYxkVS9RJIZoDqdkbKiAnCg/Xd6b2RdGwXYYSVNC20v190QKuVILHphODvVMrXu5+J83TnR466dUxIkmAq0WhQmzdWTnz9uYSoI0WxgCkaTmVhvNoIRIm4iqf9Zgld9mHhHkCUWcQ4FTjwqcpV6+F6vUzbKqCc5dj2mTDFpNt91s3183Ot0iwgo4A+fgErjgBnRAF/RAHyAwB8/gBbxab9a79WF9rlpLVjFzCv7A+v4BtxejgA==</latexit>

d2,2

<latexit sha1_base64="5sI+O7G+4qJK71YdTVfQ0Cj1Wmk=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiWZXrWxSazhNZwl7k7gFaYACvUndKnthjFKGuUIUSjl2nUT5GgpFEMVZ1UslTiCawykeG8ohw9LXy3sz+8IooR3FwhRX9lL9PaEhk3LBAtPJoJrJdS8X//PGqYpufU14kirM0WpRlFJbxXb+vB0SgZGiC0MgEsTcaqMZFBApE1H1z5pQ5reZRzh+QjFjkIfaIzzMtJfvDaV2s6xqgnPXY9okg1bTbTfb99eNTreIsALOwDm4BC64AR3QBT3QBwjMwTN4Aa/Wm/VufVifq9aSVcycgj+wvn8AHT+juw==</latexit>

dm,2

<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL

<latexit sha1_base64="/QxUWio8Dde6nC1WJWHkBCk+rnA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvVv+2XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9y+rF3XmlVs/jKMIRHMMpeHAFNahDA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbKm6NwQ==</latexit>nL

<latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="rQOcIyOL17xm34SaSOwEKHGsxxw=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJkeqx4KUHDxXsBzShbDabdunuJuxulBLyI7zq1V/jTTwJ/hg3bQ629cHA470ZZub5MSVS2fa3UdraLu/sVvbM/YPDo+Nq7aQvo0Qg3EMRjcTQhxJTwnFPEUXxMBYYMp/igT+7y/3BExaSRPxRzWPsMTjhJCQIKi0NgnHavLrPxtW63bAXsDaJU5A6KNAd14yyG0QoYZgrRKGUI8eOlZdCoQiiODPdROIYohmc4JGmHDIsvXRxb2ZdaCWwwkjo4spaqH8nUsiknDNfdzKopnLdy8X/vFGiwlsvJTxOFOZouShMqKUiK3/eCojASNG5JhAJom+10BQKiJSOyFxZE8j8Nv0Ix88oYgzyIHUJD7LUzfcGMnWyzNTBOesxbZJ+s+G0Gq2H63q7U0RYAWfgHFwCB9yANuiALugBBGbgBbyCN+Pd+DA+ja9la8koZk7BCoyfX+Pho5o=</latexit>

d2,L

<latexit sha1_base64="c+TLsZwphutTsBfbbqXWfTamStQ=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo5Rd3mejat1pOHPY68QtSB0U6IxqVskLBUoY5hpRqNTQdWLtp1BqgijOKl6icAzRFI7x0FAOGVZ+Or83s8+NEtqRkKa4tufq34kUMqVmLDCdDOqJWvVy8T9vmOjo1k8JjxONOVosihJqa2Hnz9shkRhpOjMEIknMrTaaQAmRNhFVltaEKr/NPMLxMxKMQR6mHuFhlnr53lClbpZVTHDuakzrpHfVcJuN5sN1vdUuIiyDU3AGLoALbkALtEEHdAECU/ACXsGb9W59WJ/W16J1wypmTsASrJ9fSgmj1Q==</latexit>

dm,L

<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

<latexit sha1_base64="dogALR3w1i677MM6gyaJAHwsZ9I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuykNxkyO7vMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRHBtXPfLKaysrq1vFDdLW9s7u3vl/YOWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsa3M7/9iErzWD6YSYJ+RIeSh5xRY6V72T/vlytu1Z2D/CVeTiqQo9Evf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JSdWGZAwVrakIXP150RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8st/Seus6l1VL+8uKrV6HkcRjuAYTsGDa6hBHRrQBAZDeIIXeHWE8+y8Oe+L1oKTzxzCLzgf3wSKjag=</latexit>n3

<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3
<latexit sha1_base64="suh8uTEcweWCVttBdqIW0hiitXk=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJleqx4KXHCvYDmlA2m027dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz8/yYEqls+9sobW2Xd3Yre+b+weHRcbV20pdRIhDuoYhGYuhDiSnhuKeIongYCwyZT/HAn93n/uAJC0ki/qjmMfYYnHASEgSVlgbBOG1eXWfjat1u2AtYm8QpSB0U6I5rRtkNIpQwzBWiUMqRY8fKS6FQBFGcmW4icQzRDE7wSFMOGZZeurg3sy60ElhhJHRxZS3UvxMpZFLOma87GVRTue7l4n/eKFHhnZcSHicKc7RcFCbUUpGVP28FRGCk6FwTiATRt1poCgVESkdkrqwJZH6bfoTjZxQxBnmQuoQHWermewOZOllm6uCc9Zg2Sb/ZcFqN1sNNvd0pIqyAM3AOLoEDbkEbdEAX9AACM/ACXsGb8W58GJ/G17K1ZBQzp2AFxs8vuNCjgQ==</latexit>

d2,3

<latexit sha1_base64="UFSzdKbCf01YXnCBxp+5a9YDpTs=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKOWX19moWncazhz2OnELUgcFOqOaVfJwhBJOhEYMKjV0nVj7KZSaIkayipcoEkM0hWMyNFRATpSfzu/N7HOjYDuMpCmh7bn6dyKFXKkZD0wnh3qiVr1c/M8bJjq881Mq4kQTgRaLwoTZOrLz521MJUGazQyBSFJzq40mUEKkTUSVpTVY5beZRwR5RhHnUODUowJnqZfvxSp1s6xignNXY1onvauG22w0H27qrXYRYRmcgjNwAVxwC1qgDTqgCxCYghfwCt6sd+vD+rS+Fq0bVjFzApZg/fwCHvijvA==</latexit>

dm,3

3. Output:
<latexit sha1_base64="KgKt5fVpkIwVw6WXRqN0PF3wyAQ="></latexit>

F̂AJ
ω (t) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKM(tε↓1)
dω,ε
nε

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



AJ Estimator for Competing Risks [Aalen-Johansen 1978]
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk

# times event 1 happened

# times event 2 happened

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...

<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1

<latexit sha1_base64="WaOQsx/28IEphTqGuoWYTvd5v1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0IPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3voZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1buuXt1fVmr1PI4inMApnIMHN1CDOjSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwABgo2m</latexit>n1

<latexit sha1_base64="MeHq9cJKYJtoMY9VJcv1mleg9QU=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKPWuvGxUrbsNdwFnk3gFqYMCnVHNKvs4QgknQiMGlRp6bqyDFEpNESOZ7SeKxBDN4IQMDRWQExWki3sz58Io2BlH0pTQzkL9O5FCrtSch6aTQz1V614u/ucNEz2+C1Iq4kQTgZaLxglzdOTkzzuYSoI0mxsCkaTmVgdNoYRIm4jslTVY5beZRwR5RhHnUODUpwJnqZ/vxSr1ssw2wXnrMW2S3nXDazaaDzf1VruIsALOwDm4BB64BS3QBh3QBQjMwAt4BW/Wu/VhfVpfy9aSVcycghVYP7+zo6N+</latexit>

d1,1
<latexit sha1_base64="qyhP23Wc3rMohxS/09Zw2UMQRq8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiW5dudmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtV6jfw==</latexit>

d2,1

<latexit sha1_base64="8OtY0Sg2jjbvtpgcIqwQezVfGNo=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBymJSPVY8NJjBfsBTSib3W27dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz88KYUaVd99sqbW2Xd3Yre/b+weHRcbV20lNRIhHpoohFchBCRRgVpKupZmQQSwJ5yEg/nN3nfv+JSEUj8ajnMQk4nAg6pghqI/XxKOVXXjaq1t2Gu4CzSbyC1EGBzqhmlX0coYQToRGDSg09N9ZBCqWmiJHM9hNFYohmcEKGhgrIiQrSxb2Zc2EU7IwjaUpoZ6H+nUghV2rOQ9PJoZ6qdS8X//OGiR7fBSkVcaKJQMtF44Q5OnLy5x1MJUGazQ2BSFJzq4OmUEKkTUT2yhqs8tvMI4I8o4hzKHDqU4Gz1M/3YpV6WWab4Lz1mDZJ77rhNRvNh5t6q11EWAFn4BxcAg/cghZogw7oAgRm4AW8gjfr3fqwPq2vZWvJKmZOwQqsn18bhqO6</latexit>

dm,1

<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2

<latexit sha1_base64="NC35DFaPLLsp/xFrIJMyV5ZyQ3I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSg+pX+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieOtnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1Xru4vy7V6HkcBTuEMLsCDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1jUnnzmBP3A+fwADBo2n</latexit>n2

<latexit sha1_base64="NlYecgf3t1n9NAGmaOjiS7PnO3E=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiXavWtmk1nCazhL2JnEL0gAFepO6VfbCGKUMc4UolHLsOonyNRSKIIqzqpdKnEA0h1M8NpRDhqWvl/dm9oVRQjuKhSmu7KX6e0JDJuWCBaaTQTWT614u/ueNUxXd+prwJFWYo9WiKKW2iu38eTskAiNFF4ZAJIi51UYzKCBSJqLqnzWhzG8zj3D8hGLGIA+1R3iYaS/fG0rtZlnVBOeux7RJBq2m2262768bnW4RYQWcgXNwCVxwAzqgC3qgDxCYg2fwAl6tN+vd+rA+V60lq5g5BX9gff8AtVyjfw==</latexit>

d1,2
<latexit sha1_base64="fOgNyUJaTiP59zX4KBM5jDKyMB8=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2u5t26e4m7G6UEvIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KYUaUd58sqbW2Xd3Yre9X9g8Oj41r9ZKCiRCLSRxGL5CiAijAqSF9TzcgolgTygJFhML/L/eEjkYpG4kEvYuJzOBU0pAhqIw3xJG1dtbJJreE0nSXsTeIWpAEK9CZ1q+zhCCWcCI0YVGrsOrH2Uyg1RYxkVS9RJIZoDqdkbKiAnCg/Xd6b2RdGwXYYSVNC20v190QKuVILHphODvVMrXu5+J83TnR466dUxIkmAq0WhQmzdWTnz9uYSoI0WxgCkaTmVhvNoIRIm4iqf9Zgld9mHhHkCUWcQ4FTjwqcpV6+F6vUzbKqCc5dj2mTDFpNt91s3183Ot0iwgo4A+fgErjgBnRAF/RAHyAwB8/gBbxab9a79WF9rlpLVjFzCv7A+v4BtxejgA==</latexit>

d2,2

<latexit sha1_base64="5sI+O7G+4qJK71YdTVfQ0Cj1Wmk=">AAACInicbVBNS8NAEN1Uq7V+tXr0EiyCBylJkeqx4KXHCvYDmlA2m027dHcTdjdKWfIjvOrVX+NNPAn+GDdtDtr6YODx3gwz84KEEqkc58sqbW2Xd3Yre9X9g8Oj41r9ZCDjVCDcRzGNxSiAElPCcV8RRfEoERiygOJhML/L/eEjFpLE/EEtEuwzOOUkIggqIw3DiWZXrWxSazhNZwl7k7gFaYACvUndKnthjFKGuUIUSjl2nUT5GgpFEMVZ1UslTiCawykeG8ohw9LXy3sz+8IooR3FwhRX9lL9PaEhk3LBAtPJoJrJdS8X//PGqYpufU14kirM0WpRlFJbxXb+vB0SgZGiC0MgEsTcaqMZFBApE1H1z5pQ5reZRzh+QjFjkIfaIzzMtJfvDaV2s6xqgnPXY9okg1bTbTfb99eNTreIsALOwDm4BC64AR3QBT3QBwjMwTN4Aa/Wm/VufVifq9aSVcycgj+wvn8AHT+juw==</latexit>

dm,2

<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL

<latexit sha1_base64="/QxUWio8Dde6nC1WJWHkBCk+rnA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvVv+2XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9y+rF3XmlVs/jKMIRHMMpeHAFNahDA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbKm6NwQ==</latexit>nL

<latexit sha1_base64="yXeskdLETt9Z38LlEPC2nJ+Q1l0=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo9S9vM9G1brTcOaw14lbkDoo0BnVrJIXCpQwzDWiUKmh68TaT6HUBFGcVbxE4RiiKRzjoaEcMqz8dH5vZp8bJbQjIU1xbc/VvxMpZErNWGA6GdQTterl4n/eMNHRrZ8SHicac7RYFCXU1sLOn7dDIjHSdGYIRJKYW200gRIibSKqLK0JVX6beYTjZyQYgzxMPcLDLPXyvaFK3SyrmODc1ZjWSe+q4TYbzYfreqtdRFgGp+AMXAAX3IAWaIMO6AIEpuAFvII36936sD6tr0XrhlXMnIAlWD+/4iajmQ==</latexit>

d1,L
<latexit sha1_base64="rQOcIyOL17xm34SaSOwEKHGsxxw=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJkeqx4KUHDxXsBzShbDabdunuJuxulBLyI7zq1V/jTTwJ/hg3bQ629cHA470ZZub5MSVS2fa3UdraLu/sVvbM/YPDo+Nq7aQvo0Qg3EMRjcTQhxJTwnFPEUXxMBYYMp/igT+7y/3BExaSRPxRzWPsMTjhJCQIKi0NgnHavLrPxtW63bAXsDaJU5A6KNAd14yyG0QoYZgrRKGUI8eOlZdCoQiiODPdROIYohmc4JGmHDIsvXRxb2ZdaCWwwkjo4spaqH8nUsiknDNfdzKopnLdy8X/vFGiwlsvJTxOFOZouShMqKUiK3/eCojASNG5JhAJom+10BQKiJSOyFxZE8j8Nv0Ix88oYgzyIHUJD7LUzfcGMnWyzNTBOesxbZJ+s+G0Gq2H63q7U0RYAWfgHFwCB9yANuiALugBBGbgBbyCN+Pd+DA+ja9la8koZk7BCoyfX+Pho5o=</latexit>

d2,L

<latexit sha1_base64="c+TLsZwphutTsBfbbqXWfTamStQ=">AAACInicbVDLSsNAFJ2o1VpfrS7dBIvgQkoiUl0W3HThooJ9QBPKZDJph84jzEyUEvIRbnXr17gTV4If46TNwrYeuHA4517uvSeIKVHacb6tjc2t0vZOebeyt39weFStHfeUSCTCXSSokIMAKkwJx11NNMWDWGLIAor7wfQu9/tPWCoi+KOexdhncMxJRBDURuqHo5Rd3mejat1pOHPY68QtSB0U6IxqVskLBUoY5hpRqNTQdWLtp1BqgijOKl6icAzRFI7x0FAOGVZ+Or83s8+NEtqRkKa4tufq34kUMqVmLDCdDOqJWvVy8T9vmOjo1k8JjxONOVosihJqa2Hnz9shkRhpOjMEIknMrTaaQAmRNhFVltaEKr/NPMLxMxKMQR6mHuFhlnr53lClbpZVTHDuakzrpHfVcJuN5sN1vdUuIiyDU3AGLoALbkALtEEHdAECU/ACXsGb9W59WJ/W16J1wypmTsASrJ9fSgmj1Q==</latexit>

dm,L

<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3

<latexit sha1_base64="dogALR3w1i677MM6gyaJAHwsZ9I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuykNxkyO7vMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRHBtXPfLKaysrq1vFDdLW9s7u3vl/YOWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsa3M7/9iErzWD6YSYJ+RIeSh5xRY6V72T/vlytu1Z2D/CVeTiqQo9Evf/YGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JSdWGZAwVrakIXP150RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8st/Seus6l1VL+8uKrV6HkcRjuAYTsGDa6hBHRrQBAZDeIIXeHWE8+y8Oe+L1oKTzxzCLzgf3wSKjag=</latexit>n3

<latexit sha1_base64="4qFxLWnIx1UQvvSS9DcogxK71Bk=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKHUvr7NRte40nDnsdeIWpA4KdEY1q+ThCCWcCI0YVGroOrH2Uyg1RYxkFS9RJIZoCsdkaKiAnCg/nd+b2edGwXYYSVNC23P170QKuVIzHphODvVErXq5+J83THR456dUxIkmAi0WhQmzdWTnz9uYSoI0mxkCkaTmVhtNoIRIm4gqS2uwym8zjwjyjCLOocCpRwXOUi/fi1XqZlnFBOeuxrROelcNt9loPtzUW+0iwjI4BWfgArjgFrRAG3RAFyAwBS/gFbxZ79aH9Wl9LVo3rGLmBCzB+vkFtxWjgA==</latexit>

d1,3
<latexit sha1_base64="suh8uTEcweWCVttBdqIW0hiitXk=">AAACInicbVBNS8NAEN1UqzV+tXr0EiyCBylJleqx4KXHCvYDmlA2m027dHcTdjdKCfkRXvXqr/EmngR/jJs2B9v6YODx3gwz8/yYEqls+9sobW2Xd3Yre+b+weHRcbV20pdRIhDuoYhGYuhDiSnhuKeIongYCwyZT/HAn93n/uAJC0ki/qjmMfYYnHASEgSVlgbBOG1eXWfjat1u2AtYm8QpSB0U6I5rRtkNIpQwzBWiUMqRY8fKS6FQBFGcmW4icQzRDE7wSFMOGZZeurg3sy60ElhhJHRxZS3UvxMpZFLOma87GVRTue7l4n/eKFHhnZcSHicKc7RcFCbUUpGVP28FRGCk6FwTiATRt1poCgVESkdkrqwJZH6bfoTjZxQxBnmQuoQHWermewOZOllm6uCc9Zg2Sb/ZcFqN1sNNvd0pIqyAM3AOLoEDbkEbdEAX9AACM/ACXsGb8W58GJ/G17K1ZBQzp2AFxs8vuNCjgQ==</latexit>

d2,3

<latexit sha1_base64="UFSzdKbCf01YXnCBxp+5a9YDpTs=">AAACInicbVBNS8NAEN2o1Vq/Wj16CRbBg5REpXoseOmxgv2AJpTN7qZdursJuxulhPwIr3r113gTT4I/xk2bg219MPB4b4aZeUHMqNKO821tbG6VtnfKu5W9/YPDo2rtuKeiRCLSRRGL5CCAijAqSFdTzcgglgTygJF+ML3P/f4TkYpG4lHPYuJzOBY0pAhqI/XxKOWX19moWncazhz2OnELUgcFOqOaVfJwhBJOhEYMKjV0nVj7KZSaIkayipcoEkM0hWMyNFRATpSfzu/N7HOjYDuMpCmh7bn6dyKFXKkZD0wnh3qiVr1c/M8bJjq881Mq4kQTgRaLwoTZOrLz521MJUGazQyBSFJzq40mUEKkTUSVpTVY5beZRwR5RhHnUODUowJnqZfvxSp1s6xignNXY1onvauG22w0H27qrXYRYRmcgjNwAVxwC1qgDTqgCxCYghfwCt6sd+vD+rS+Fq0bVjFzApZg/fwCHvijvA==</latexit>

dm,3

3. Output:
<latexit sha1_base64="KgKt5fVpkIwVw6WXRqN0PF3wyAQ="></latexit>

F̂AJ
ω (t) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKM(tε↓1)
dω,ε
nε

<latexit sha1_base64="EtgeX5yJIXNuzLZPHU2526OnY44="></latexit>

ŜKM(t) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω
nω

)

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk

# times event 1 happened

# times event 2 happened

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...

<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3
<latexit sha1_base64="H4Ljht6BGeZQODZWResVBalbtzA=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYeJcOGnt+XxYrtp1ew5rnTg5qYIc7WHFKLpBiGKGuUIUSjlw7Eh5CRSKIIpT040ljiCawjEeaMohw9JL5ien1plWAmsUCl1cWXP170QCmZQz5utOBtVErnqZ+J83iNXoxksIj2KFOVosGsXUUqGV/W8FRGCk6EwTiATRt1poAgVESqdkLq0JZHabfoTjJxQyBnmQuIQHaeJmewOZOGlq6uCc1ZjWSfey7jTqjburarOVR1gCJ+AU1IADrkETtEAbdAACHLyAV/BmvBsfxqfxtWgtGPnMMViC8fMLhE6kZQ==</latexit>

d1,1(x)
<latexit sha1_base64="M4MfzFZirtFy8aD89AIkhtC1XfQ=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+6aTV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgykZg==</latexit>

d2,1(x)

<latexit sha1_base64="qYJqDIdrB7ikNYV/LR98WF5MtXg=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYcIunLT2fD4sV+26PYe1TpycVEGO9rBiFN0gRDHDXCEKpRw4dqS8BApFEMWp6cYSRxBN4RgPNOWQYekl85NT60wrgTUKhS6urLn6dyKBTMoZ83Ung2oiV71M/M8bxGp04yWER7HCHC0WjWJqqdDK/rcCIjBSdKYJRILoWy00gQIipVMyl9YEMrtNP8LxEwoZgzxIXMKDNHGzvYFMnDQ1dXDOakzrpHtZdxr1xt1VtdnKIyyBE3AKasAB16AJWqANOgABDl7AK3gz3o0P49P4WrQWjHzmGCzB+PkF7NakoQ==</latexit>

dm,1(x)
<latexit sha1_base64="hgzWelXal6/afP3J/uVTPonBZhM=">AAACIXicbVBNS8NAEN2o1Rq/Wj16CRahXkoiUj0WvPRYwX5AE8pms2nX7m7C7kYtIf/Bq179Nd7Em/hn3LQ52NYHA4/3ZpiZ58eUSGXb38bG5lZpe6e8a+7tHxweVarHPRklAuEuimgkBj6UmBKOu4ooigexwJD5FPf96W3u9x+xkCTi92oWY4/BMSchQVBpqcdHTv35YlSp2Q17DmudOAWpgQKdUdUouUGEEoa5QhRKOXTsWHkpFIogijPTTSSOIZrCMR5qyiHD0kvn52bWuVYCK4yELq6sufp3IoVMyhnzdSeDaiJXvVz8zxsmKrzxUsLjRGGOFovChFoqsvLfrYAIjBSdaQKRIPpWC02ggEjphMylNYHMb9OPcPyEIsYgD1KX8CBL3XxvIFMny0wdnLMa0zrpXTacZqN5d1VrtYsIy+AUnIE6cMA1aIE26IAuQOABvIBX8Ga8Gx/Gp/G1aN0wipkTsATj5xesxKLy</latexit>

n1(x)

<latexit sha1_base64="UYW0zdJceYZNyRaTCzWMg81pLVc=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew8S5rKfV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgqkZg==</latexit>

d1,2(x)
<latexit sha1_base64="vWIDzdAKMmfV6k6yENhoekKzxLo=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+WU+rzxfDUsWu2XNY68TJSQXkaA/LRsENQhQzzBWiUMqBY0fKS6BQBFGcmm4scQTRFI7xQFMOGZZeMj85tc61ElijUOjiypqrfycSyKScMV93MqgmctXLxP+8QaxGN15CeBQrzNFi0Simlgqt7H8rIAIjRWeaQCSIvtVCEyggUjolc2lNILPb9CMcP6GQMciDxCU8SBM32xvIxElTUwfnrMa0Trr1mtOoNe6uKs1WHmERnIIzUAUOuAZN0AJt0AEIcPACXsGb8W58GJ/G16J1w8hnTsASjJ9fh8ikZw==</latexit>

d2,2(x)

<latexit sha1_base64="RxBmhzu1P5FbhLfaU4vCamX/X7o=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew4Rd1tPq88WwVLFr9hzWOnFyUgE52sOyUXCDEMUMc4UolHLg2JHyEigUQRSnphtLHEE0hWM80JRDhqWXzE9OrXOtBNYoFLq4subq34kEMilnzNedDKqJXPUy8T9vEKvRjZcQHsUKc7RYNIqppUIr+98KiMBI0ZkmEAmib7XQBAqIlE7JXFoTyOw2/QjHTyhkDPIgcQkP0sTN9gYycdLU1ME5qzGtk2695jRqjburSrOVR1gEp+AMVIEDrkETtEAbdAACHLyAV/BmvBsfxqfxtWjdMPKZE7AE4+cX7pKkog==</latexit>

dm,2(x)
<latexit sha1_base64="lMKhZE82rFNjMok1+PQhMdJOVdA=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9ISgx5JvHDERD4S2pDtdgsru9tmd6uSpv/Bq179Nd6MN+OfcQscBHzJJC/vzWRmnh9TIpVtfxuFre3izm5pz9w/ODw6LldOejJKBMJdFNFIDHwoMSUcdxVRFA9igSHzKe7709vc7z9iIUnE79Usxh6DY05CgqDSUo+PGrXny1G5atftOaxN4ixJFSzRGVWMohtEKGGYK0ShlEPHjpWXQqEIojgz3UTiGKIpHOOhphwyLL10fm5mXWglsMJI6OLKmqt/J1LIpJwxX3cyqCZy3cvF/7xhosIbLyU8ThTmaLEoTKilIiv/3QqIwEjRmSYQCaJvtdAECoiUTshcWRPI/Db9CMdPKGIM8iB1CQ+y1M33BjJ1sszUwTnrMW2SXqPuNOvNu6tqq72MsATOwDmoAQdcgxZogw7oAgQewAt4BW/Gu/FhfBpfi9aCsZw5BSswfn4Brn+i8w==</latexit>

n2(x)

<latexit sha1_base64="19r2G7K2f/tNH1YbGkq27VlHFmc=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YWKfX6a157NhuWrVrRnMVWLnpApytIcVo+D4IYoZ5gpRKOXAtiLlJlAogihOS04scQTRBI7wQFMOGZZuMjs5NU+14ptBKHRxZc7UvxMJZFJOmac7GVRjuexl4n/eIFbBjZsQHsUKczRfFMTUVKGZ/W/6RGCk6FQTiATRt5poDAVESqdUWljjy+w2/QjHTyhkDHI/cQj308TJ9voysdO0pIOzl2NaJd2Lut2oN+6uqs1WHmERHIMTUAM2uAZN0AJt0AEIcPACXsGb8W58GJ/G17x1zchnjsACjJ9fh8akZw==</latexit>

d1,3(x)
<latexit sha1_base64="/0/g2IPD3NUG1bTRfhLY6jwpd90=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJleqx4KXHCvYDm1A2m227dHcTdjdqCfkXXvXqr/Emgif/ips2B9v6YODx3gwz87yQEqks69vIbWzmt7YLO8Xdvf2Dw1L5qCuDSCDcQQENRN+DElPCcUcRRXE/FBgyj+KeN71N/d4jFpIE/F7NQuwyOOZkRBBUWnrwh3H94jKpPp8PSxWrZs1hrhM7IxWQoT0sG3nHD1DEMFeIQikHthUqN4ZCEURxUnQiiUOIpnCMB5pyyLB04/nJiXmmFd8cBUIXV+Zc/TsRQybljHm6k0E1kateKv7nDSI1unFjwsNIYY4Wi0YRNVVgpv+bPhEYKTrTBCJB9K0mmkABkdIpFZfW+DK9TT/C8RMKGIPcjx3C/SR20r2+jO0kKerg7NWY1km3XrMbtcbdVaXZyiIsgBNwCqrABtegCVqgDToAAQ5ewCt4M96ND+PT+Fq05oxs5hgswfj5BYmEpGg=</latexit>

d2,3(x)

<latexit sha1_base64="cgeVFYZeEUW8NGRDhXISUVbQEjE=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YcLOL9Pa89mwXLXq1gzmKrFzUgU52sOKUXD8EMUMc4UolHJgW5FyEygUQRSnJSeWOIJoAkd4oCmHDEs3mZ2cmqda8c0gFLq4Mmfq34kEMimnzNOdDKqxXPYy8T9vEKvgxk0Ij2KFOZovCmJqqtDM/jd9IjBSdKoJRILoW000hgIipVMqLazxZXabfoTjJxQyBrmfOIT7aeJke32Z2Gla0sHZyzGtku5F3W7UG3dX1WYrj7AIjsEJqAEbXIMmaIE26AAEOHgBr+DNeDc+jE/ja966ZuQzR2ABxs8v8E6kow==</latexit>

dm,3(x)
<latexit sha1_base64="/sSpMEd+Q3Qi4vDpaGC2sL2g0+E=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9KqQY8kXjhiIh8JNGS73cLK7rbZ3aqk6X/wqld/jTfjzfhn3EIPAr5kkpf3ZjIzz4sokcq2v43CxmZxa7u0Y+7u7R8clitHXRnGAuEOCmko+h6UmBKOO4ooivuRwJB5FPe86W3m9x6xkCTk92oWYZfBMScBQVBpqctHl7Xn81G5atftOax14uSkCnK0RxWjOPRDFDPMFaJQyoFjR8pNoFAEUZyaw1jiCKIpHOOBphwyLN1kfm5qnWnFt4JQ6OLKmqt/JxLIpJwxT3cyqCZy1cvE/7xBrIIbNyE8ihXmaLEoiKmlQiv73fKJwEjRmSYQCaJvtdAECoiUTshcWuPL7Db9CMdPKGQMcj8ZEu6nyTDb68vESVNTB+esxrROuhd1p1Fv3F1Vm608whI4AaegBhxwDZqgBdqgAxB4AC/gFbwZ78aH8Wl8LVoLRj5zDJZg/PwCsDqi9A==</latexit>

n3(x)

<latexit sha1_base64="guNq4cjadABZb//SM/W6aY60E0E=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MPEPr9Na89nw3LVqlszmKvEzkkV5GgPK0bB8UMUM8wVolDKgW1Fyk2gUARRnJacWOIIogkc4YGmHDIs3WR2cmqeasU3g1Do4sqcqX8nEsiknDJPdzKoxnLZy8T/vEGsgms3ITyKFeZoviiIqalCM/vf9InASNGpJhAJom810RgKiJROqbSwxpfZbfoRjp9QyBjkfuIQ7qeJk+31ZWKnaUkHZy/HtEq6F3W7UW/cXVabrTzCIjgGJ6AGbHAFmqAF2qADEODgBbyCN+Pd+DA+ja9565qRzxyBBRg/v7MipIA=</latexit>

d1,L(x)
<latexit sha1_base64="VtpN2EMegx4yvKObXriRsZzQA1M=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJkeqx4KUHDxXsBzahbDbbdunuJuxu1BLyL7zq1V/jTQRP/hU3bQ629cHA470ZZuZ5ISVSWda3kdvYzG9tF3aKu3v7B4el8lFXBpFAuIMCGoi+ByWmhOOOIorifigwZB7FPW96k/q9RywkCfi9moXYZXDMyYggqLT04A/j+sVtUn0+H5YqVs2aw1wndkYqIEN7WDbyjh+giGGuEIVSDmwrVG4MhSKI4qToRBKHEE3hGA805ZBh6cbzkxPzTCu+OQqELq7Mufp3IoZMyhnzdCeDaiJXvVT8zxtEanTtxoSHkcIcLRaNImqqwEz/N30iMFJ0pglEguhbTTSBAiKlUyourfFlept+hOMnFDAGuR87hPtJ7KR7fRnbSVLUwdmrMa2Tbr1mN2qNu8tKs5VFWAAn4BRUgQ2uQBO0QBt0AAIcvIBX8Ga8Gx/Gp/G1aM0Z2cwxWILx8wu04KSB</latexit>

d2,L(x)

<latexit sha1_base64="prfTAMbICWt+ZPMiFaRXfyhUtHY=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MOEnd+mteezYblq1a0ZzFVi56QKcrSHFaPg+CGKGeYKUSjlwLYi5SZQKIIoTktOLHEE0QSO8EBTDhmWbjI7OTVPteKbQSh0cWXO1L8TCWRSTpmnOxlUY7nsZeJ/3iBWwbWbEB7FCnM0XxTE1FShmf1v+kRgpOhUE4gE0beaaAwFREqnVFpY48vsNv0Ix08oZAxyP3EI99PEyfb6MrHTtKSDs5djWiXdi7rdqDfuLqvNVh5hERyDE1ADNrgCTdACbdABCHDwAl7Bm/FufBifxte8dc3IZ47AAoyfXxu5pLw=</latexit>

dm,L(x)
<latexit sha1_base64="bHhO51TLuCq7r91Me8gOrpqfsoo=">AAACIXicbVBNS8NAEN1UqzV+tXr0EixCvZREpHoseOnBQwX7AW0om82mXbu7CbsbtYT8B6969dd4E2/in3HT5mBbHww83pthZp4XUSKVbX8bhY3N4tZ2acfc3ds/OCxXjroyjAXCHRTSUPQ9KDElHHcUURT3I4Eh8yjuedObzO89YiFJyO/VLMIug2NOAoKg0lKXj25rz+ejctWu23NY68TJSRXkaI8qRnHohyhmmCtEoZQDx46Um0ChCKI4NYexxBFEUzjGA005ZFi6yfzc1DrTim8FodDFlTVX/04kkEk5Y57uZFBN5KqXif95g1gF125CeBQrzNFiURBTS4VW9rvlE4GRojNNIBJE32qhCRQQKZ2QubTGl9lt+hGOn1DIGOR+MiTcT5NhtteXiZOmpg7OWY1pnXQv6k6j3ri7rDZbeYQlcAJOQQ044Ao0QQu0QQcg8ABewCt4M96ND+PT+Fq0Fox85hgswfj5Bdt9ow0=</latexit>

nL(x)

3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk

# times event 1 happened

# times event 2 happened

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...

<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3
<latexit sha1_base64="H4Ljht6BGeZQODZWResVBalbtzA=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYeJcOGnt+XxYrtp1ew5rnTg5qYIc7WHFKLpBiGKGuUIUSjlw7Eh5CRSKIIpT040ljiCawjEeaMohw9JL5ien1plWAmsUCl1cWXP170QCmZQz5utOBtVErnqZ+J83iNXoxksIj2KFOVosGsXUUqGV/W8FRGCk6EwTiATRt1poAgVESqdkLq0JZHabfoTjJxQyBnmQuIQHaeJmewOZOGlq6uCc1ZjWSfey7jTqjburarOVR1gCJ+AU1IADrkETtEAbdAACHLyAV/BmvBsfxqfxtWgtGPnMMViC8fMLhE6kZQ==</latexit>

d1,1(x)
<latexit sha1_base64="M4MfzFZirtFy8aD89AIkhtC1XfQ=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+6aTV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgykZg==</latexit>

d2,1(x)

<latexit sha1_base64="qYJqDIdrB7ikNYV/LR98WF5MtXg=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYcIunLT2fD4sV+26PYe1TpycVEGO9rBiFN0gRDHDXCEKpRw4dqS8BApFEMWp6cYSRxBN4RgPNOWQYekl85NT60wrgTUKhS6urLn6dyKBTMoZ83Ung2oiV71M/M8bxGp04yWER7HCHC0WjWJqqdDK/rcCIjBSdKYJRILoWy00gQIipVMyl9YEMrtNP8LxEwoZgzxIXMKDNHGzvYFMnDQ1dXDOakzrpHtZdxr1xt1VtdnKIyyBE3AKasAB16AJWqANOgABDl7AK3gz3o0P49P4WrQWjHzmGCzB+PkF7NakoQ==</latexit>

dm,1(x)
<latexit sha1_base64="hgzWelXal6/afP3J/uVTPonBZhM=">AAACIXicbVBNS8NAEN2o1Rq/Wj16CRahXkoiUj0WvPRYwX5AE8pms2nX7m7C7kYtIf/Bq179Nd7Em/hn3LQ52NYHA4/3ZpiZ58eUSGXb38bG5lZpe6e8a+7tHxweVarHPRklAuEuimgkBj6UmBKOu4ooigexwJD5FPf96W3u9x+xkCTi92oWY4/BMSchQVBpqcdHTv35YlSp2Q17DmudOAWpgQKdUdUouUGEEoa5QhRKOXTsWHkpFIogijPTTSSOIZrCMR5qyiHD0kvn52bWuVYCK4yELq6sufp3IoVMyhnzdSeDaiJXvVz8zxsmKrzxUsLjRGGOFovChFoqsvLfrYAIjBSdaQKRIPpWC02ggEjphMylNYHMb9OPcPyEIsYgD1KX8CBL3XxvIFMny0wdnLMa0zrpXTacZqN5d1VrtYsIy+AUnIE6cMA1aIE26IAuQOABvIBX8Ga8Gx/Gp/G1aN0wipkTsATj5xesxKLy</latexit>

n1(x)

<latexit sha1_base64="UYW0zdJceYZNyRaTCzWMg81pLVc=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew8S5rKfV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgqkZg==</latexit>

d1,2(x)
<latexit sha1_base64="vWIDzdAKMmfV6k6yENhoekKzxLo=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+WU+rzxfDUsWu2XNY68TJSQXkaA/LRsENQhQzzBWiUMqBY0fKS6BQBFGcmm4scQTRFI7xQFMOGZZeMj85tc61ElijUOjiypqrfycSyKScMV93MqgmctXLxP+8QaxGN15CeBQrzNFi0Simlgqt7H8rIAIjRWeaQCSIvtVCEyggUjolc2lNILPb9CMcP6GQMciDxCU8SBM32xvIxElTUwfnrMa0Trr1mtOoNe6uKs1WHmERnIIzUAUOuAZN0AJt0AEIcPACXsGb8W58GJ/G16J1w8hnTsASjJ9fh8ikZw==</latexit>

d2,2(x)

<latexit sha1_base64="RxBmhzu1P5FbhLfaU4vCamX/X7o=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew4Rd1tPq88WwVLFr9hzWOnFyUgE52sOyUXCDEMUMc4UolHLg2JHyEigUQRSnphtLHEE0hWM80JRDhqWXzE9OrXOtBNYoFLq4subq34kEMilnzNedDKqJXPUy8T9vEKvRjZcQHsUKc7RYNIqppUIr+98KiMBI0ZkmEAmib7XQBAqIlE7JXFoTyOw2/QjHTyhkDPIgcQkP0sTN9gYycdLU1ME5qzGtk2695jRqjburSrOVR1gEp+AMVIEDrkETtEAbdAACHLyAV/BmvBsfxqfxtWjdMPKZE7AE4+cX7pKkog==</latexit>

dm,2(x)
<latexit sha1_base64="lMKhZE82rFNjMok1+PQhMdJOVdA=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9ISgx5JvHDERD4S2pDtdgsru9tmd6uSpv/Bq179Nd6MN+OfcQscBHzJJC/vzWRmnh9TIpVtfxuFre3izm5pz9w/ODw6LldOejJKBMJdFNFIDHwoMSUcdxVRFA9igSHzKe7709vc7z9iIUnE79Usxh6DY05CgqDSUo+PGrXny1G5atftOaxN4ixJFSzRGVWMohtEKGGYK0ShlEPHjpWXQqEIojgz3UTiGKIpHOOhphwyLL10fm5mXWglsMJI6OLKmqt/J1LIpJwxX3cyqCZy3cvF/7xhosIbLyU8ThTmaLEoTKilIiv/3QqIwEjRmSYQCaJvtdAECoiUTshcWRPI/Db9CMdPKGIM8iB1CQ+y1M33BjJ1sszUwTnrMW2SXqPuNOvNu6tqq72MsATOwDmoAQdcgxZogw7oAgQewAt4BW/Gu/FhfBpfi9aCsZw5BSswfn4Brn+i8w==</latexit>

n2(x)

<latexit sha1_base64="19r2G7K2f/tNH1YbGkq27VlHFmc=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YWKfX6a157NhuWrVrRnMVWLnpApytIcVo+D4IYoZ5gpRKOXAtiLlJlAogihOS04scQTRBI7wQFMOGZZuMjs5NU+14ptBKHRxZc7UvxMJZFJOmac7GVRjuexl4n/eIFbBjZsQHsUKczRfFMTUVKGZ/W/6RGCk6FQTiATRt5poDAVESqdUWljjy+w2/QjHTyhkDHI/cQj308TJ9voysdO0pIOzl2NaJd2Lut2oN+6uqs1WHmERHIMTUAM2uAZN0AJt0AEIcPACXsGb8W58GJ/G17x1zchnjsACjJ9fh8akZw==</latexit>

d1,3(x)
<latexit sha1_base64="/0/g2IPD3NUG1bTRfhLY6jwpd90=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJleqx4KXHCvYDm1A2m227dHcTdjdqCfkXXvXqr/Emgif/ips2B9v6YODx3gwz87yQEqks69vIbWzmt7YLO8Xdvf2Dw1L5qCuDSCDcQQENRN+DElPCcUcRRXE/FBgyj+KeN71N/d4jFpIE/F7NQuwyOOZkRBBUWnrwh3H94jKpPp8PSxWrZs1hrhM7IxWQoT0sG3nHD1DEMFeIQikHthUqN4ZCEURxUnQiiUOIpnCMB5pyyLB04/nJiXmmFd8cBUIXV+Zc/TsRQybljHm6k0E1kateKv7nDSI1unFjwsNIYY4Wi0YRNVVgpv+bPhEYKTrTBCJB9K0mmkABkdIpFZfW+DK9TT/C8RMKGIPcjx3C/SR20r2+jO0kKerg7NWY1km3XrMbtcbdVaXZyiIsgBNwCqrABtegCVqgDToAAQ5ewCt4M96ND+PT+Fq05oxs5hgswfj5BYmEpGg=</latexit>

d2,3(x)

<latexit sha1_base64="cgeVFYZeEUW8NGRDhXISUVbQEjE=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YcLOL9Pa89mwXLXq1gzmKrFzUgU52sOKUXD8EMUMc4UolHJgW5FyEygUQRSnJSeWOIJoAkd4oCmHDEs3mZ2cmqda8c0gFLq4Mmfq34kEMimnzNOdDKqxXPYy8T9vEKvgxk0Ij2KFOZovCmJqqtDM/jd9IjBSdKoJRILoW000hgIipVMqLazxZXabfoTjJxQyBrmfOIT7aeJke32Z2Gla0sHZyzGtku5F3W7UG3dX1WYrj7AIjsEJqAEbXIMmaIE26AAEOHgBr+DNeDc+jE/ja966ZuQzR2ABxs8v8E6kow==</latexit>

dm,3(x)
<latexit sha1_base64="/sSpMEd+Q3Qi4vDpaGC2sL2g0+E=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9KqQY8kXjhiIh8JNGS73cLK7rbZ3aqk6X/wqld/jTfjzfhn3EIPAr5kkpf3ZjIzz4sokcq2v43CxmZxa7u0Y+7u7R8clitHXRnGAuEOCmko+h6UmBKOO4ooivuRwJB5FPe86W3m9x6xkCTk92oWYZfBMScBQVBpqctHl7Xn81G5atftOax14uSkCnK0RxWjOPRDFDPMFaJQyoFjR8pNoFAEUZyaw1jiCKIpHOOBphwyLN1kfm5qnWnFt4JQ6OLKmqt/JxLIpJwxT3cyqCZy1cvE/7xBrIIbNyE8ihXmaLEoiKmlQiv73fKJwEjRmSYQCaJvtdAECoiUTshcWuPL7Db9CMdPKGQMcj8ZEu6nyTDb68vESVNTB+esxrROuhd1p1Fv3F1Vm608whI4AaegBhxwDZqgBdqgAxB4AC/gFbwZ78aH8Wl8LVoLRj5zDJZg/PwCsDqi9A==</latexit>

n3(x)

<latexit sha1_base64="guNq4cjadABZb//SM/W6aY60E0E=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MPEPr9Na89nw3LVqlszmKvEzkkV5GgPK0bB8UMUM8wVolDKgW1Fyk2gUARRnJacWOIIogkc4YGmHDIs3WR2cmqeasU3g1Do4sqcqX8nEsiknDJPdzKoxnLZy8T/vEGsgms3ITyKFeZoviiIqalCM/vf9InASNGpJhAJom810RgKiJROqbSwxpfZbfoRjp9QyBjkfuIQ7qeJk+31ZWKnaUkHZy/HtEq6F3W7UW/cXVabrTzCIjgGJ6AGbHAFmqAF2qADEODgBbyCN+Pd+DA+ja9565qRzxyBBRg/v7MipIA=</latexit>

d1,L(x)
<latexit sha1_base64="VtpN2EMegx4yvKObXriRsZzQA1M=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJkeqx4KUHDxXsBzahbDbbdunuJuxu1BLyL7zq1V/jTQRP/hU3bQ629cHA470ZZuZ5ISVSWda3kdvYzG9tF3aKu3v7B4el8lFXBpFAuIMCGoi+ByWmhOOOIorifigwZB7FPW96k/q9RywkCfi9moXYZXDMyYggqLT04A/j+sVtUn0+H5YqVs2aw1wndkYqIEN7WDbyjh+giGGuEIVSDmwrVG4MhSKI4qToRBKHEE3hGA805ZBh6cbzkxPzTCu+OQqELq7Mufp3IoZMyhnzdCeDaiJXvVT8zxtEanTtxoSHkcIcLRaNImqqwEz/N30iMFJ0pglEguhbTTSBAiKlUyourfFlept+hOMnFDAGuR87hPtJ7KR7fRnbSVLUwdmrMa2Tbr1mN2qNu8tKs5VFWAAn4BRUgQ2uQBO0QBt0AAIcvIBX8Ga8Gx/Gp/G1aM0Z2cwxWILx8wu04KSB</latexit>

d2,L(x)

<latexit sha1_base64="prfTAMbICWt+ZPMiFaRXfyhUtHY=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MOEnd+mteezYblq1a0ZzFVi56QKcrSHFaPg+CGKGeYKUSjlwLYi5SZQKIIoTktOLHEE0QSO8EBTDhmWbjI7OTVPteKbQSh0cWXO1L8TCWRSTpmnOxlUY7nsZeJ/3iBWwbWbEB7FCnM0XxTE1FShmf1v+kRgpOhUE4gE0beaaAwFREqnVFpY48vsNv0Ix08oZAxyP3EI99PEyfb6MrHTtKSDs5djWiXdi7rdqDfuLqvNVh5hERyDE1ADNrgCTdACbdABCHDwAl7Bm/FufBifxte8dc3IZ47AAoyfXxu5pLw=</latexit>

dm,L(x)
<latexit sha1_base64="bHhO51TLuCq7r91Me8gOrpqfsoo=">AAACIXicbVBNS8NAEN1UqzV+tXr0EixCvZREpHoseOnBQwX7AW0om82mXbu7CbsbtYT8B6969dd4E2/in3HT5mBbHww83pthZp4XUSKVbX8bhY3N4tZ2acfc3ds/OCxXjroyjAXCHRTSUPQ9KDElHHcUURT3I4Eh8yjuedObzO89YiFJyO/VLMIug2NOAoKg0lKXj25rz+ejctWu23NY68TJSRXkaI8qRnHohyhmmCtEoZQDx46Um0ChCKI4NYexxBFEUzjGA005ZFi6yfzc1DrTim8FodDFlTVX/04kkEk5Y57uZFBN5KqXif95g1gF125CeBQrzNFiURBTS4VW9rvlE4GRojNNIBJE32qhCRQQKZ2QubTGl9lt+hGOn1DIGOR+MiTcT5NhtteXiZOmpg7OWY1pnXQv6k6j3ri7rDZbeYQlcAJOQQ044Ao0QQu0QQcg8ABewCt4M96ND+PT+Fq0Fox85hgswfj5Bdt9ow0=</latexit>

nL(x)

3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

Training data:
<latexit sha1_base64="7eAup8UsK065w2wiiVGK09h2b1E=">AAACJ3icbZDLSsNAFIYn9VbrrerSTbAILZSSBKmupKCLLivYi7QhTKbTduhkEmZOhBL6Nm58FTeCiujSN3F6A209cODn+89czu9HnCmwrC8jtba+sbmV3s7s7O7tH2QPjxoqjCWhdRLyULZ8rChngtaBAaetSFIc+Jw2/eH1xG8+UKlYKO5gFFE3wH3Beoxg0MjLXuVbnl281925oRywZxeKGjkaOQvkFIqdbghqYghtiIUhCl42Z5WsaZmrwp6LHJpXzcu+6qtIHFABhGOl2rYVgZtgCYxwOs50YkUjTIa4T9taChxQ5SbTPcfmmSZdsxdK3QLMKf19IsGBUqPA15MBhoFa9ibwP68dQ+/STZiIYqCCzB7qxdyE0JyEZnaZpAT4SAtMJNN/NckAS0xAR5vRIdjLK6+KhlOyy6Xy7XmuUp3HkUYn6BTlkY0uUAVVUQ3VEUGP6Bm9oXfjyXgxPozP2WjKmJ85Rn/K+P4B8pKibA==</latexit>

(X1, Y1,!1), (X2, Y2,!2), . . . , (Xn, Yn,!n)



Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk

# times event 1 happened

# times event 2 happened

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...

<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3
<latexit sha1_base64="H4Ljht6BGeZQODZWResVBalbtzA=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYeJcOGnt+XxYrtp1ew5rnTg5qYIc7WHFKLpBiGKGuUIUSjlw7Eh5CRSKIIpT040ljiCawjEeaMohw9JL5ien1plWAmsUCl1cWXP170QCmZQz5utOBtVErnqZ+J83iNXoxksIj2KFOVosGsXUUqGV/W8FRGCk6EwTiATRt1poAgVESqdkLq0JZHabfoTjJxQyBnmQuIQHaeJmewOZOGlq6uCc1ZjWSfey7jTqjburarOVR1gCJ+AU1IADrkETtEAbdAACHLyAV/BmvBsfxqfxtWgtGPnMMViC8fMLhE6kZQ==</latexit>

d1,1(x)
<latexit sha1_base64="M4MfzFZirtFy8aD89AIkhtC1XfQ=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+6aTV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgykZg==</latexit>

d2,1(x)

<latexit sha1_base64="qYJqDIdrB7ikNYV/LR98WF5MtXg=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYcIunLT2fD4sV+26PYe1TpycVEGO9rBiFN0gRDHDXCEKpRw4dqS8BApFEMWp6cYSRxBN4RgPNOWQYekl85NT60wrgTUKhS6urLn6dyKBTMoZ83Ung2oiV71M/M8bxGp04yWER7HCHC0WjWJqqdDK/rcCIjBSdKYJRILoWy00gQIipVMyl9YEMrtNP8LxEwoZgzxIXMKDNHGzvYFMnDQ1dXDOakzrpHtZdxr1xt1VtdnKIyyBE3AKasAB16AJWqANOgABDl7AK3gz3o0P49P4WrQWjHzmGCzB+PkF7NakoQ==</latexit>

dm,1(x)
<latexit sha1_base64="hgzWelXal6/afP3J/uVTPonBZhM=">AAACIXicbVBNS8NAEN2o1Rq/Wj16CRahXkoiUj0WvPRYwX5AE8pms2nX7m7C7kYtIf/Bq179Nd7Em/hn3LQ52NYHA4/3ZpiZ58eUSGXb38bG5lZpe6e8a+7tHxweVarHPRklAuEuimgkBj6UmBKOu4ooigexwJD5FPf96W3u9x+xkCTi92oWY4/BMSchQVBpqcdHTv35YlSp2Q17DmudOAWpgQKdUdUouUGEEoa5QhRKOXTsWHkpFIogijPTTSSOIZrCMR5qyiHD0kvn52bWuVYCK4yELq6sufp3IoVMyhnzdSeDaiJXvVz8zxsmKrzxUsLjRGGOFovChFoqsvLfrYAIjBSdaQKRIPpWC02ggEjphMylNYHMb9OPcPyEIsYgD1KX8CBL3XxvIFMny0wdnLMa0zrpXTacZqN5d1VrtYsIy+AUnIE6cMA1aIE26IAuQOABvIBX8Ga8Gx/Gp/G1aN0wipkTsATj5xesxKLy</latexit>

n1(x)

<latexit sha1_base64="UYW0zdJceYZNyRaTCzWMg81pLVc=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew8S5rKfV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgqkZg==</latexit>

d1,2(x)
<latexit sha1_base64="vWIDzdAKMmfV6k6yENhoekKzxLo=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+WU+rzxfDUsWu2XNY68TJSQXkaA/LRsENQhQzzBWiUMqBY0fKS6BQBFGcmm4scQTRFI7xQFMOGZZeMj85tc61ElijUOjiypqrfycSyKScMV93MqgmctXLxP+8QaxGN15CeBQrzNFi0Simlgqt7H8rIAIjRWeaQCSIvtVCEyggUjolc2lNILPb9CMcP6GQMciDxCU8SBM32xvIxElTUwfnrMa0Trr1mtOoNe6uKs1WHmERnIIzUAUOuAZN0AJt0AEIcPACXsGb8W58GJ/G16J1w8hnTsASjJ9fh8ikZw==</latexit>

d2,2(x)

<latexit sha1_base64="RxBmhzu1P5FbhLfaU4vCamX/X7o=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew4Rd1tPq88WwVLFr9hzWOnFyUgE52sOyUXCDEMUMc4UolHLg2JHyEigUQRSnphtLHEE0hWM80JRDhqWXzE9OrXOtBNYoFLq4subq34kEMilnzNedDKqJXPUy8T9vEKvRjZcQHsUKc7RYNIqppUIr+98KiMBI0ZkmEAmib7XQBAqIlE7JXFoTyOw2/QjHTyhkDPIgcQkP0sTN9gYycdLU1ME5qzGtk2695jRqjburSrOVR1gEp+AMVIEDrkETtEAbdAACHLyAV/BmvBsfxqfxtWjdMPKZE7AE4+cX7pKkog==</latexit>

dm,2(x)
<latexit sha1_base64="lMKhZE82rFNjMok1+PQhMdJOVdA=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9ISgx5JvHDERD4S2pDtdgsru9tmd6uSpv/Bq179Nd6MN+OfcQscBHzJJC/vzWRmnh9TIpVtfxuFre3izm5pz9w/ODw6LldOejJKBMJdFNFIDHwoMSUcdxVRFA9igSHzKe7709vc7z9iIUnE79Usxh6DY05CgqDSUo+PGrXny1G5atftOaxN4ixJFSzRGVWMohtEKGGYK0ShlEPHjpWXQqEIojgz3UTiGKIpHOOhphwyLL10fm5mXWglsMJI6OLKmqt/J1LIpJwxX3cyqCZy3cvF/7xhosIbLyU8ThTmaLEoTKilIiv/3QqIwEjRmSYQCaJvtdAECoiUTshcWRPI/Db9CMdPKGIM8iB1CQ+y1M33BjJ1sszUwTnrMW2SXqPuNOvNu6tqq72MsATOwDmoAQdcgxZogw7oAgQewAt4BW/Gu/FhfBpfi9aCsZw5BSswfn4Brn+i8w==</latexit>

n2(x)

<latexit sha1_base64="19r2G7K2f/tNH1YbGkq27VlHFmc=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YWKfX6a157NhuWrVrRnMVWLnpApytIcVo+D4IYoZ5gpRKOXAtiLlJlAogihOS04scQTRBI7wQFMOGZZuMjs5NU+14ptBKHRxZc7UvxMJZFJOmac7GVRjuexl4n/eIFbBjZsQHsUKczRfFMTUVKGZ/W/6RGCk6FQTiATRt5poDAVESqdUWljjy+w2/QjHTyhkDHI/cQj308TJ9voysdO0pIOzl2NaJd2Lut2oN+6uqs1WHmERHIMTUAM2uAZN0AJt0AEIcPACXsGb8W58GJ/G17x1zchnjsACjJ9fh8akZw==</latexit>

d1,3(x)
<latexit sha1_base64="/0/g2IPD3NUG1bTRfhLY6jwpd90=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJleqx4KXHCvYDm1A2m227dHcTdjdqCfkXXvXqr/Emgif/ips2B9v6YODx3gwz87yQEqks69vIbWzmt7YLO8Xdvf2Dw1L5qCuDSCDcQQENRN+DElPCcUcRRXE/FBgyj+KeN71N/d4jFpIE/F7NQuwyOOZkRBBUWnrwh3H94jKpPp8PSxWrZs1hrhM7IxWQoT0sG3nHD1DEMFeIQikHthUqN4ZCEURxUnQiiUOIpnCMB5pyyLB04/nJiXmmFd8cBUIXV+Zc/TsRQybljHm6k0E1kateKv7nDSI1unFjwsNIYY4Wi0YRNVVgpv+bPhEYKTrTBCJB9K0mmkABkdIpFZfW+DK9TT/C8RMKGIPcjx3C/SR20r2+jO0kKerg7NWY1km3XrMbtcbdVaXZyiIsgBNwCqrABtegCVqgDToAAQ5ewCt4M96ND+PT+Fq05oxs5hgswfj5BYmEpGg=</latexit>

d2,3(x)

<latexit sha1_base64="cgeVFYZeEUW8NGRDhXISUVbQEjE=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YcLOL9Pa89mwXLXq1gzmKrFzUgU52sOKUXD8EMUMc4UolHJgW5FyEygUQRSnJSeWOIJoAkd4oCmHDEs3mZ2cmqda8c0gFLq4Mmfq34kEMimnzNOdDKqxXPYy8T9vEKvgxk0Ij2KFOZovCmJqqtDM/jd9IjBSdKoJRILoW000hgIipVMqLazxZXabfoTjJxQyBrmfOIT7aeJke32Z2Gla0sHZyzGtku5F3W7UG3dX1WYrj7AIjsEJqAEbXIMmaIE26AAEOHgBr+DNeDc+jE/ja966ZuQzR2ABxs8v8E6kow==</latexit>

dm,3(x)
<latexit sha1_base64="/sSpMEd+Q3Qi4vDpaGC2sL2g0+E=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9KqQY8kXjhiIh8JNGS73cLK7rbZ3aqk6X/wqld/jTfjzfhn3EIPAr5kkpf3ZjIzz4sokcq2v43CxmZxa7u0Y+7u7R8clitHXRnGAuEOCmko+h6UmBKOO4ooivuRwJB5FPe86W3m9x6xkCTk92oWYZfBMScBQVBpqctHl7Xn81G5atftOax14uSkCnK0RxWjOPRDFDPMFaJQyoFjR8pNoFAEUZyaw1jiCKIpHOOBphwyLN1kfm5qnWnFt4JQ6OLKmqt/JxLIpJwxT3cyqCZy1cvE/7xBrIIbNyE8ihXmaLEoiKmlQiv73fKJwEjRmSYQCaJvtdAECoiUTshcWuPL7Db9CMdPKGQMcj8ZEu6nyTDb68vESVNTB+esxrROuhd1p1Fv3F1Vm608whI4AaegBhxwDZqgBdqgAxB4AC/gFbwZ78aH8Wl8LVoLRj5zDJZg/PwCsDqi9A==</latexit>

n3(x)

<latexit sha1_base64="guNq4cjadABZb//SM/W6aY60E0E=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MPEPr9Na89nw3LVqlszmKvEzkkV5GgPK0bB8UMUM8wVolDKgW1Fyk2gUARRnJacWOIIogkc4YGmHDIs3WR2cmqeasU3g1Do4sqcqX8nEsiknDJPdzKoxnLZy8T/vEGsgms3ITyKFeZoviiIqalCM/vf9InASNGpJhAJom810RgKiJROqbSwxpfZbfoRjp9QyBjkfuIQ7qeJk+31ZWKnaUkHZy/HtEq6F3W7UW/cXVabrTzCIjgGJ6AGbHAFmqAF2qADEODgBbyCN+Pd+DA+ja9565qRzxyBBRg/v7MipIA=</latexit>

d1,L(x)
<latexit sha1_base64="VtpN2EMegx4yvKObXriRsZzQA1M=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJkeqx4KUHDxXsBzahbDbbdunuJuxu1BLyL7zq1V/jTQRP/hU3bQ629cHA470ZZuZ5ISVSWda3kdvYzG9tF3aKu3v7B4el8lFXBpFAuIMCGoi+ByWmhOOOIorifigwZB7FPW96k/q9RywkCfi9moXYZXDMyYggqLT04A/j+sVtUn0+H5YqVs2aw1wndkYqIEN7WDbyjh+giGGuEIVSDmwrVG4MhSKI4qToRBKHEE3hGA805ZBh6cbzkxPzTCu+OQqELq7Mufp3IoZMyhnzdCeDaiJXvVT8zxtEanTtxoSHkcIcLRaNImqqwEz/N30iMFJ0pglEguhbTTSBAiKlUyourfFlept+hOMnFDAGuR87hPtJ7KR7fRnbSVLUwdmrMa2Tbr1mN2qNu8tKs5VFWAAn4BRUgQ2uQBO0QBt0AAIcvIBX8Ga8Gx/Gp/G1aM0Z2cwxWILx8wu04KSB</latexit>

d2,L(x)

<latexit sha1_base64="prfTAMbICWt+ZPMiFaRXfyhUtHY=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MOEnd+mteezYblq1a0ZzFVi56QKcrSHFaPg+CGKGeYKUSjlwLYi5SZQKIIoTktOLHEE0QSO8EBTDhmWbjI7OTVPteKbQSh0cWXO1L8TCWRSTpmnOxlUY7nsZeJ/3iBWwbWbEB7FCnM0XxTE1FShmf1v+kRgpOhUE4gE0beaaAwFREqnVFpY48vsNv0Ix08oZAxyP3EI99PEyfb6MrHTtKSDs5djWiXdi7rdqDfuLqvNVh5hERyDE1ADNrgCTdACbdABCHDwAl7Bm/FufBifxte8dc3IZ47AAoyfXxu5pLw=</latexit>

dm,L(x)
<latexit sha1_base64="bHhO51TLuCq7r91Me8gOrpqfsoo=">AAACIXicbVBNS8NAEN1UqzV+tXr0EixCvZREpHoseOnBQwX7AW0om82mXbu7CbsbtYT8B6969dd4E2/in3HT5mBbHww83pthZp4XUSKVbX8bhY3N4tZ2acfc3ds/OCxXjroyjAXCHRTSUPQ9KDElHHcUURT3I4Eh8yjuedObzO89YiFJyO/VLMIug2NOAoKg0lKXj25rz+ejctWu23NY68TJSRXkaI8qRnHohyhmmCtEoZQDx46Um0ChCKI4NYexxBFEUzjGA005ZFi6yfzc1DrTim8FodDFlTVX/04kkEk5Y57uZFBN5KqXif95g1gF125CeBQrzNFiURBTS4VW9rvlE4GRojNNIBJE32qhCRQQKZ2QubTGl9lt+hGOn1DIGOR+MiTcT5NhtteXiZOmpg7OWY1pnXQv6k6j3ri7rDZbeYQlcAJOQQ044Ao0QQu0QQcg8ABewCt4M96ND+PT+Fq0Fox85hgswfj5Bdt9ow0=</latexit>

nL(x)

3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x



Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk

# times event 1 happened

# times event 2 happened

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...

<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3
<latexit sha1_base64="H4Ljht6BGeZQODZWResVBalbtzA=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYeJcOGnt+XxYrtp1ew5rnTg5qYIc7WHFKLpBiGKGuUIUSjlw7Eh5CRSKIIpT040ljiCawjEeaMohw9JL5ien1plWAmsUCl1cWXP170QCmZQz5utOBtVErnqZ+J83iNXoxksIj2KFOVosGsXUUqGV/W8FRGCk6EwTiATRt1poAgVESqdkLq0JZHabfoTjJxQyBnmQuIQHaeJmewOZOGlq6uCc1ZjWSfey7jTqjburarOVR1gCJ+AU1IADrkETtEAbdAACHLyAV/BmvBsfxqfxtWgtGPnMMViC8fMLhE6kZQ==</latexit>

d1,1(x)
<latexit sha1_base64="M4MfzFZirtFy8aD89AIkhtC1XfQ=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+6aTV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgykZg==</latexit>

d2,1(x)

<latexit sha1_base64="qYJqDIdrB7ikNYV/LR98WF5MtXg=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYcIunLT2fD4sV+26PYe1TpycVEGO9rBiFN0gRDHDXCEKpRw4dqS8BApFEMWp6cYSRxBN4RgPNOWQYekl85NT60wrgTUKhS6urLn6dyKBTMoZ83Ung2oiV71M/M8bxGp04yWER7HCHC0WjWJqqdDK/rcCIjBSdKYJRILoWy00gQIipVMyl9YEMrtNP8LxEwoZgzxIXMKDNHGzvYFMnDQ1dXDOakzrpHtZdxr1xt1VtdnKIyyBE3AKasAB16AJWqANOgABDl7AK3gz3o0P49P4WrQWjHzmGCzB+PkF7NakoQ==</latexit>

dm,1(x)
<latexit sha1_base64="hgzWelXal6/afP3J/uVTPonBZhM=">AAACIXicbVBNS8NAEN2o1Rq/Wj16CRahXkoiUj0WvPRYwX5AE8pms2nX7m7C7kYtIf/Bq179Nd7Em/hn3LQ52NYHA4/3ZpiZ58eUSGXb38bG5lZpe6e8a+7tHxweVarHPRklAuEuimgkBj6UmBKOu4ooigexwJD5FPf96W3u9x+xkCTi92oWY4/BMSchQVBpqcdHTv35YlSp2Q17DmudOAWpgQKdUdUouUGEEoa5QhRKOXTsWHkpFIogijPTTSSOIZrCMR5qyiHD0kvn52bWuVYCK4yELq6sufp3IoVMyhnzdSeDaiJXvVz8zxsmKrzxUsLjRGGOFovChFoqsvLfrYAIjBSdaQKRIPpWC02ggEjphMylNYHMb9OPcPyEIsYgD1KX8CBL3XxvIFMny0wdnLMa0zrpXTacZqN5d1VrtYsIy+AUnIE6cMA1aIE26IAuQOABvIBX8Ga8Gx/Gp/G1aN0wipkTsATj5xesxKLy</latexit>

n1(x)

<latexit sha1_base64="UYW0zdJceYZNyRaTCzWMg81pLVc=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew8S5rKfV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgqkZg==</latexit>

d1,2(x)
<latexit sha1_base64="vWIDzdAKMmfV6k6yENhoekKzxLo=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+WU+rzxfDUsWu2XNY68TJSQXkaA/LRsENQhQzzBWiUMqBY0fKS6BQBFGcmm4scQTRFI7xQFMOGZZeMj85tc61ElijUOjiypqrfycSyKScMV93MqgmctXLxP+8QaxGN15CeBQrzNFi0Simlgqt7H8rIAIjRWeaQCSIvtVCEyggUjolc2lNILPb9CMcP6GQMciDxCU8SBM32xvIxElTUwfnrMa0Trr1mtOoNe6uKs1WHmERnIIzUAUOuAZN0AJt0AEIcPACXsGb8W58GJ/G16J1w8hnTsASjJ9fh8ikZw==</latexit>

d2,2(x)

<latexit sha1_base64="RxBmhzu1P5FbhLfaU4vCamX/X7o=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew4Rd1tPq88WwVLFr9hzWOnFyUgE52sOyUXCDEMUMc4UolHLg2JHyEigUQRSnphtLHEE0hWM80JRDhqWXzE9OrXOtBNYoFLq4subq34kEMilnzNedDKqJXPUy8T9vEKvRjZcQHsUKc7RYNIqppUIr+98KiMBI0ZkmEAmib7XQBAqIlE7JXFoTyOw2/QjHTyhkDPIgcQkP0sTN9gYycdLU1ME5qzGtk2695jRqjburSrOVR1gEp+AMVIEDrkETtEAbdAACHLyAV/BmvBsfxqfxtWjdMPKZE7AE4+cX7pKkog==</latexit>

dm,2(x)
<latexit sha1_base64="lMKhZE82rFNjMok1+PQhMdJOVdA=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9ISgx5JvHDERD4S2pDtdgsru9tmd6uSpv/Bq179Nd6MN+OfcQscBHzJJC/vzWRmnh9TIpVtfxuFre3izm5pz9w/ODw6LldOejJKBMJdFNFIDHwoMSUcdxVRFA9igSHzKe7709vc7z9iIUnE79Usxh6DY05CgqDSUo+PGrXny1G5atftOaxN4ixJFSzRGVWMohtEKGGYK0ShlEPHjpWXQqEIojgz3UTiGKIpHOOhphwyLL10fm5mXWglsMJI6OLKmqt/J1LIpJwxX3cyqCZy3cvF/7xhosIbLyU8ThTmaLEoTKilIiv/3QqIwEjRmSYQCaJvtdAECoiUTshcWRPI/Db9CMdPKGIM8iB1CQ+y1M33BjJ1sszUwTnrMW2SXqPuNOvNu6tqq72MsATOwDmoAQdcgxZogw7oAgQewAt4BW/Gu/FhfBpfi9aCsZw5BSswfn4Brn+i8w==</latexit>

n2(x)

<latexit sha1_base64="19r2G7K2f/tNH1YbGkq27VlHFmc=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YWKfX6a157NhuWrVrRnMVWLnpApytIcVo+D4IYoZ5gpRKOXAtiLlJlAogihOS04scQTRBI7wQFMOGZZuMjs5NU+14ptBKHRxZc7UvxMJZFJOmac7GVRjuexl4n/eIFbBjZsQHsUKczRfFMTUVKGZ/W/6RGCk6FQTiATRt5poDAVESqdUWljjy+w2/QjHTyhkDHI/cQj308TJ9voysdO0pIOzl2NaJd2Lut2oN+6uqs1WHmERHIMTUAM2uAZN0AJt0AEIcPACXsGb8W58GJ/G17x1zchnjsACjJ9fh8akZw==</latexit>

d1,3(x)
<latexit sha1_base64="/0/g2IPD3NUG1bTRfhLY6jwpd90=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJleqx4KXHCvYDm1A2m227dHcTdjdqCfkXXvXqr/Emgif/ips2B9v6YODx3gwz87yQEqks69vIbWzmt7YLO8Xdvf2Dw1L5qCuDSCDcQQENRN+DElPCcUcRRXE/FBgyj+KeN71N/d4jFpIE/F7NQuwyOOZkRBBUWnrwh3H94jKpPp8PSxWrZs1hrhM7IxWQoT0sG3nHD1DEMFeIQikHthUqN4ZCEURxUnQiiUOIpnCMB5pyyLB04/nJiXmmFd8cBUIXV+Zc/TsRQybljHm6k0E1kateKv7nDSI1unFjwsNIYY4Wi0YRNVVgpv+bPhEYKTrTBCJB9K0mmkABkdIpFZfW+DK9TT/C8RMKGIPcjx3C/SR20r2+jO0kKerg7NWY1km3XrMbtcbdVaXZyiIsgBNwCqrABtegCVqgDToAAQ5ewCt4M96ND+PT+Fq05oxs5hgswfj5BYmEpGg=</latexit>

d2,3(x)

<latexit sha1_base64="cgeVFYZeEUW8NGRDhXISUVbQEjE=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YcLOL9Pa89mwXLXq1gzmKrFzUgU52sOKUXD8EMUMc4UolHJgW5FyEygUQRSnJSeWOIJoAkd4oCmHDEs3mZ2cmqda8c0gFLq4Mmfq34kEMimnzNOdDKqxXPYy8T9vEKvgxk0Ij2KFOZovCmJqqtDM/jd9IjBSdKoJRILoW000hgIipVMqLazxZXabfoTjJxQyBrmfOIT7aeJke32Z2Gla0sHZyzGtku5F3W7UG3dX1WYrj7AIjsEJqAEbXIMmaIE26AAEOHgBr+DNeDc+jE/ja966ZuQzR2ABxs8v8E6kow==</latexit>

dm,3(x)
<latexit sha1_base64="/sSpMEd+Q3Qi4vDpaGC2sL2g0+E=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9KqQY8kXjhiIh8JNGS73cLK7rbZ3aqk6X/wqld/jTfjzfhn3EIPAr5kkpf3ZjIzz4sokcq2v43CxmZxa7u0Y+7u7R8clitHXRnGAuEOCmko+h6UmBKOO4ooivuRwJB5FPe86W3m9x6xkCTk92oWYZfBMScBQVBpqctHl7Xn81G5atftOax14uSkCnK0RxWjOPRDFDPMFaJQyoFjR8pNoFAEUZyaw1jiCKIpHOOBphwyLN1kfm5qnWnFt4JQ6OLKmqt/JxLIpJwxT3cyqCZy1cvE/7xBrIIbNyE8ihXmaLEoiKmlQiv73fKJwEjRmSYQCaJvtdAECoiUTshcWuPL7Db9CMdPKGQMcj8ZEu6nyTDb68vESVNTB+esxrROuhd1p1Fv3F1Vm608whI4AaegBhxwDZqgBdqgAxB4AC/gFbwZ78aH8Wl8LVoLRj5zDJZg/PwCsDqi9A==</latexit>

n3(x)

<latexit sha1_base64="guNq4cjadABZb//SM/W6aY60E0E=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MPEPr9Na89nw3LVqlszmKvEzkkV5GgPK0bB8UMUM8wVolDKgW1Fyk2gUARRnJacWOIIogkc4YGmHDIs3WR2cmqeasU3g1Do4sqcqX8nEsiknDJPdzKoxnLZy8T/vEGsgms3ITyKFeZoviiIqalCM/vf9InASNGpJhAJom810RgKiJROqbSwxpfZbfoRjp9QyBjkfuIQ7qeJk+31ZWKnaUkHZy/HtEq6F3W7UW/cXVabrTzCIjgGJ6AGbHAFmqAF2qADEODgBbyCN+Pd+DA+ja9565qRzxyBBRg/v7MipIA=</latexit>

d1,L(x)
<latexit sha1_base64="VtpN2EMegx4yvKObXriRsZzQA1M=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJkeqx4KUHDxXsBzahbDbbdunuJuxu1BLyL7zq1V/jTQRP/hU3bQ629cHA470ZZuZ5ISVSWda3kdvYzG9tF3aKu3v7B4el8lFXBpFAuIMCGoi+ByWmhOOOIorifigwZB7FPW96k/q9RywkCfi9moXYZXDMyYggqLT04A/j+sVtUn0+H5YqVs2aw1wndkYqIEN7WDbyjh+giGGuEIVSDmwrVG4MhSKI4qToRBKHEE3hGA805ZBh6cbzkxPzTCu+OQqELq7Mufp3IoZMyhnzdCeDaiJXvVT8zxtEanTtxoSHkcIcLRaNImqqwEz/N30iMFJ0pglEguhbTTSBAiKlUyourfFlept+hOMnFDAGuR87hPtJ7KR7fRnbSVLUwdmrMa2Tbr1mN2qNu8tKs5VFWAAn4BRUgQ2uQBO0QBt0AAIcvIBX8Ga8Gx/Gp/G1aM0Z2cwxWILx8wu04KSB</latexit>

d2,L(x)

<latexit sha1_base64="prfTAMbICWt+ZPMiFaRXfyhUtHY=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MOEnd+mteezYblq1a0ZzFVi56QKcrSHFaPg+CGKGeYKUSjlwLYi5SZQKIIoTktOLHEE0QSO8EBTDhmWbjI7OTVPteKbQSh0cWXO1L8TCWRSTpmnOxlUY7nsZeJ/3iBWwbWbEB7FCnM0XxTE1FShmf1v+kRgpOhUE4gE0beaaAwFREqnVFpY48vsNv0Ix08oZAxyP3EI99PEyfb6MrHTtKSDs5djWiXdi7rdqDfuLqvNVh5hERyDE1ADNrgCTdACbdABCHDwAl7Bm/FufBifxte8dc3IZ47AAoyfXxu5pLw=</latexit>

dm,L(x)
<latexit sha1_base64="bHhO51TLuCq7r91Me8gOrpqfsoo=">AAACIXicbVBNS8NAEN1UqzV+tXr0EixCvZREpHoseOnBQwX7AW0om82mXbu7CbsbtYT8B6969dd4E2/in3HT5mBbHww83pthZp4XUSKVbX8bhY3N4tZ2acfc3ds/OCxXjroyjAXCHRTSUPQ9KDElHHcUURT3I4Eh8yjuedObzO89YiFJyO/VLMIug2NOAoKg0lKXj25rz+ejctWu23NY68TJSRXkaI8qRnHohyhmmCtEoZQDx46Um0ChCKI4NYexxBFEUzjGA005ZFi6yfzc1DrTim8FodDFlTVX/04kkEk5Y57uZFBN5KqXif95g1gF125CeBQrzNFiURBTS4VW9rvlE4GRojNNIBJE32qhCRQQKZ2QubTGl9lt+hGOn1DIGOR+MiTcT5NhtteXiZOmpg7OWY1pnXQv6k6j3ri7rDZbeYQlcAJOQQ044Ao0QQu0QQcg8ABewCt4M96ND+PT+Fq0Fox85hgswfj5Bdt9ow0=</latexit>

nL(x)

3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>

Xj



Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

2. Build table below

# at risk

# times event 1 happened

# times event 2 happened

# times event  happened<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·
<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="M/PXqCve4qMyu0GqHH5+MPgHdU8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PAS44RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHobua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1ev7i8rtXoeRxFO4BTOwYcbqEEdGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALNljz8=</latexit>· · ·

<latexit sha1_base64="XATLbIIQlCNw/mOTe5Pe9PEAywM=">AAACIXicbVDLSsNAFJ2o1RpfrS7dBIvgqiQi1WXBTZcV7AOaUCaTaTt2HmFmUikh/+BWt36NO3En/oyTNgvbeuDC4Zx7ufeeMKZEadf9tra2d0q7e+V9++Dw6PikUj3tKpFIhDtIUCH7IVSYEo47mmiK+7HEkIUU98Lpfe73ZlgqIvijnsc4YHDMyYggqI3U9WeR0GpYqbl1dwFnk3gFqYEC7WHVKvmRQAnDXCMKlRp4bqyDFEpNEMWZ7ScKxxBN4RgPDOWQYRWki3Mz59IokTMS0hTXzkL9O5FCptSchaaTQT1R614u/ucNEj26C1LC40RjjpaLRgl1tHDy352ISIw0nRsCkSTmVgdNoIRIm4TslTWRym8zj3D8jARjkEepT3iUpX6+N1Kpl2W2Cc5bj2mTdK/rXqPeeLipNVtFhGVwDi7AFfDALWiCFmiDDkDgCbyAV/BmvVsf1qf1tWzdsoqZM7AC6+cXAJ+jtw==</latexit>...

<latexit sha1_base64="yeea6YxARQAZ/o54dqYyllEdcLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Xr+4vK7V6HkcRTuAUzsGDG6hBHRrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwqmjaw=</latexit>

t1
<latexit sha1_base64="GRAV9el/rGFaGPdeOjS2fBnnQHY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjwkmNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94iThfkSHSoSCUbTSA/ar/VLZrbhzkFXi5aQMORr90ldvELM04gqZpMZ0PTdBP6MaBZN8WuylhieUjemQdy1VNOLGz+anTsm5VQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPUzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2hC85ZdXSata8a4rV/eX5Vo9j6MAp3AGF+DBDdSgDg1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwwqja0=</latexit>

t2
<latexit sha1_base64="2ajRr8mON41hOEEa/aiyB6Jo62Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eIpoHJEuYncwmQ2Znl5leISz5BC8eFPHqF3nzb5wke9BoQUNR1U13V5BIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvs3/bLFbfqzkH+Ei8nFcjR6Jc/e4OYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKTqwyIGGsbSkkc/XnREYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2//Je0zqreZfXi7rxSq+dxFOEIjuEUPLiCGtShAU1gMIQneIFXRzrPzpvzvmgtOPnMIfyC8/ENM5KNxw==</latexit>

tL
<latexit sha1_base64="5tPe2w82ig23Pa14NJ8oMliy8uA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga85BjRPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSvdY/+8X664VXcO8pd4OalAjka//NkbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mpU3JilQEJY21LIZmrPycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nRKNgRv+eW/pHVW9a6ql3cXlVo9j6MIR3AMp+DBNdSgDg1oAoMhPMELvDrSeXbenPdFa8HJZw7hF5yPbw2uja4=</latexit>

t3
<latexit sha1_base64="H4Ljht6BGeZQODZWResVBalbtzA=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYeJcOGnt+XxYrtp1ew5rnTg5qYIc7WHFKLpBiGKGuUIUSjlw7Eh5CRSKIIpT040ljiCawjEeaMohw9JL5ien1plWAmsUCl1cWXP170QCmZQz5utOBtVErnqZ+J83iNXoxksIj2KFOVosGsXUUqGV/W8FRGCk6EwTiATRt1poAgVESqdkLq0JZHabfoTjJxQyBnmQuIQHaeJmewOZOGlq6uCc1ZjWSfey7jTqjburarOVR1gCJ+AU1IADrkETtEAbdAACHLyAV/BmvBsfxqfxtWgtGPnMMViC8fMLhE6kZQ==</latexit>

d1,1(x)
<latexit sha1_base64="M4MfzFZirtFy8aD89AIkhtC1XfQ=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+6aTV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgykZg==</latexit>

d2,1(x)

<latexit sha1_base64="qYJqDIdrB7ikNYV/LR98WF5MtXg=">AAACJXicbVBNS8NAEN1UqzV+tXr0EixCBSmJSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W0UNjaLW9ulHXN3b//gsFw56sowFgh3UEhD0fehxJRw3FFEUdyPBIbMp7jnT28zv/eIhSQhv1ezCHsMjjkZEQSVlh6CYcIunLT2fD4sV+26PYe1TpycVEGO9rBiFN0gRDHDXCEKpRw4dqS8BApFEMWp6cYSRxBN4RgPNOWQYekl85NT60wrgTUKhS6urLn6dyKBTMoZ83Ung2oiV71M/M8bxGp04yWER7HCHC0WjWJqqdDK/rcCIjBSdKYJRILoWy00gQIipVMyl9YEMrtNP8LxEwoZgzxIXMKDNHGzvYFMnDQ1dXDOakzrpHtZdxr1xt1VtdnKIyyBE3AKasAB16AJWqANOgABDl7AK3gz3o0P49P4WrQWjHzmGCzB+PkF7NakoQ==</latexit>

dm,1(x)
<latexit sha1_base64="hgzWelXal6/afP3J/uVTPonBZhM=">AAACIXicbVBNS8NAEN2o1Rq/Wj16CRahXkoiUj0WvPRYwX5AE8pms2nX7m7C7kYtIf/Bq179Nd7Em/hn3LQ52NYHA4/3ZpiZ58eUSGXb38bG5lZpe6e8a+7tHxweVarHPRklAuEuimgkBj6UmBKOu4ooigexwJD5FPf96W3u9x+xkCTi92oWY4/BMSchQVBpqcdHTv35YlSp2Q17DmudOAWpgQKdUdUouUGEEoa5QhRKOXTsWHkpFIogijPTTSSOIZrCMR5qyiHD0kvn52bWuVYCK4yELq6sufp3IoVMyhnzdSeDaiJXvVz8zxsmKrzxUsLjRGGOFovChFoqsvLfrYAIjBSdaQKRIPpWC02ggEjphMylNYHMb9OPcPyEIsYgD1KX8CBL3XxvIFMny0wdnLMa0zrpXTacZqN5d1VrtYsIy+AUnIE6cMA1aIE26IAuQOABvIBX8Ga8Gx/Gp/G1aN0wipkTsATj5xesxKLy</latexit>

n1(x)

<latexit sha1_base64="UYW0zdJceYZNyRaTCzWMg81pLVc=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew8S5rKfV54thqWLX7DmsdeLkpAJytIdlo+AGIYoZ5gpRKOXAsSPlJVAogihOTTeWOIJoCsd4oCmHDEsvmZ+cWudaCaxRKHRxZc3VvxMJZFLOmK87GVQTuepl4n/eIFajGy8hPIoV5mixaBRTS4VW9r8VEIGRojNNIBJE32qhCRQQKZ2SubQmkNlt+hGOn1DIGORB4hIepImb7Q1k4qSpqYNzVmNaJ916zWnUGndXlWYrj7AITsEZqAIHXIMmaIE26AAEOHgBr+DNeDc+jE/ja9G6YeQzJ2AJxs8vhgqkZg==</latexit>

d1,2(x)
<latexit sha1_base64="vWIDzdAKMmfV6k6yENhoekKzxLo=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew6R+WU+rzxfDUsWu2XNY68TJSQXkaA/LRsENQhQzzBWiUMqBY0fKS6BQBFGcmm4scQTRFI7xQFMOGZZeMj85tc61ElijUOjiypqrfycSyKScMV93MqgmctXLxP+8QaxGN15CeBQrzNFi0Simlgqt7H8rIAIjRWeaQCSIvtVCEyggUjolc2lNILPb9CMcP6GQMciDxCU8SBM32xvIxElTUwfnrMa0Trr1mtOoNe6uKs1WHmERnIIzUAUOuAZN0AJt0AEIcPACXsGb8W58GJ/G16J1w8hnTsASjJ9fh8ikZw==</latexit>

d2,2(x)

<latexit sha1_base64="RxBmhzu1P5FbhLfaU4vCamX/X7o=">AAACJXicbVBNS8NAEN2o1Rq/Wj16CRahgpSkSPVY8NJjBfuBTSibzbZdursJuxu1hPwLr3r113gTwZN/xU2bg219MPB4b4aZeX5EiVS2/W1sbG4VtneKu+be/sHhUal83JVhLBDuoJCGou9DiSnhuKOIorgfCQyZT3HPn95mfu8RC0lCfq9mEfYYHHMyIggqLT0Ew4Rd1tPq88WwVLFr9hzWOnFyUgE52sOyUXCDEMUMc4UolHLg2JHyEigUQRSnphtLHEE0hWM80JRDhqWXzE9OrXOtBNYoFLq4subq34kEMilnzNedDKqJXPUy8T9vEKvRjZcQHsUKc7RYNIqppUIr+98KiMBI0ZkmEAmib7XQBAqIlE7JXFoTyOw2/QjHTyhkDPIgcQkP0sTN9gYycdLU1ME5qzGtk2695jRqjburSrOVR1gEp+AMVIEDrkETtEAbdAACHLyAV/BmvBsfxqfxtWjdMPKZE7AE4+cX7pKkog==</latexit>

dm,2(x)
<latexit sha1_base64="lMKhZE82rFNjMok1+PQhMdJOVdA=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9ISgx5JvHDERD4S2pDtdgsru9tmd6uSpv/Bq179Nd6MN+OfcQscBHzJJC/vzWRmnh9TIpVtfxuFre3izm5pz9w/ODw6LldOejJKBMJdFNFIDHwoMSUcdxVRFA9igSHzKe7709vc7z9iIUnE79Usxh6DY05CgqDSUo+PGrXny1G5atftOaxN4ixJFSzRGVWMohtEKGGYK0ShlEPHjpWXQqEIojgz3UTiGKIpHOOhphwyLL10fm5mXWglsMJI6OLKmqt/J1LIpJwxX3cyqCZy3cvF/7xhosIbLyU8ThTmaLEoTKilIiv/3QqIwEjRmSYQCaJvtdAECoiUTshcWRPI/Db9CMdPKGIM8iB1CQ+y1M33BjJ1sszUwTnrMW2SXqPuNOvNu6tqq72MsATOwDmoAQdcgxZogw7oAgQewAt4BW/Gu/FhfBpfi9aCsZw5BSswfn4Brn+i8w==</latexit>

n2(x)

<latexit sha1_base64="19r2G7K2f/tNH1YbGkq27VlHFmc=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YWKfX6a157NhuWrVrRnMVWLnpApytIcVo+D4IYoZ5gpRKOXAtiLlJlAogihOS04scQTRBI7wQFMOGZZuMjs5NU+14ptBKHRxZc7UvxMJZFJOmac7GVRjuexl4n/eIFbBjZsQHsUKczRfFMTUVKGZ/W/6RGCk6FQTiATRt5poDAVESqdUWljjy+w2/QjHTyhkDHI/cQj308TJ9voysdO0pIOzl2NaJd2Lut2oN+6uqs1WHmERHIMTUAM2uAZN0AJt0AEIcPACXsGb8W58GJ/G17x1zchnjsACjJ9fh8akZw==</latexit>

d1,3(x)
<latexit sha1_base64="/0/g2IPD3NUG1bTRfhLY6jwpd90=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJleqx4KXHCvYDm1A2m227dHcTdjdqCfkXXvXqr/Emgif/ips2B9v6YODx3gwz87yQEqks69vIbWzmt7YLO8Xdvf2Dw1L5qCuDSCDcQQENRN+DElPCcUcRRXE/FBgyj+KeN71N/d4jFpIE/F7NQuwyOOZkRBBUWnrwh3H94jKpPp8PSxWrZs1hrhM7IxWQoT0sG3nHD1DEMFeIQikHthUqN4ZCEURxUnQiiUOIpnCMB5pyyLB04/nJiXmmFd8cBUIXV+Zc/TsRQybljHm6k0E1kateKv7nDSI1unFjwsNIYY4Wi0YRNVVgpv+bPhEYKTrTBCJB9K0mmkABkdIpFZfW+DK9TT/C8RMKGIPcjx3C/SR20r2+jO0kKerg7NWY1km3XrMbtcbdVaXZyiIsgBNwCqrABtegCVqgDToAAQ5ewCt4M96ND+PT+Fq05oxs5hgswfj5BYmEpGg=</latexit>

d2,3(x)

<latexit sha1_base64="cgeVFYZeEUW8NGRDhXISUVbQEjE=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpXoseOmxgv3AJpTNZtMu3d2E3Y1aQv6FV736a7yJ4Mm/4qbNwbY+GHi8N8PMPC+iRCrL+jbW1jcKm1vF7dLO7t7+Qbly2JVhLBDuoJCGou9BiSnhuKOIorgfCQyZR3HPm9xmfu8RC0lCfq+mEXYZHHESEASVlh78YcLOL9Pa89mwXLXq1gzmKrFzUgU52sOKUXD8EMUMc4UolHJgW5FyEygUQRSnJSeWOIJoAkd4oCmHDEs3mZ2cmqda8c0gFLq4Mmfq34kEMimnzNOdDKqxXPYy8T9vEKvgxk0Ij2KFOZovCmJqqtDM/jd9IjBSdKoJRILoW000hgIipVMqLazxZXabfoTjJxQyBrmfOIT7aeJke32Z2Gla0sHZyzGtku5F3W7UG3dX1WYrj7AIjsEJqAEbXIMmaIE26AAEOHgBr+DNeDc+jE/ja966ZuQzR2ABxs8v8E6kow==</latexit>

dm,3(x)
<latexit sha1_base64="/sSpMEd+Q3Qi4vDpaGC2sL2g0+E=">AAACIXicbVBNT8JAEN2iKNYv0KOXRmKCF9KqQY8kXjhiIh8JNGS73cLK7rbZ3aqk6X/wqld/jTfjzfhn3EIPAr5kkpf3ZjIzz4sokcq2v43CxmZxa7u0Y+7u7R8clitHXRnGAuEOCmko+h6UmBKOO4ooivuRwJB5FPe86W3m9x6xkCTk92oWYZfBMScBQVBpqctHl7Xn81G5atftOax14uSkCnK0RxWjOPRDFDPMFaJQyoFjR8pNoFAEUZyaw1jiCKIpHOOBphwyLN1kfm5qnWnFt4JQ6OLKmqt/JxLIpJwxT3cyqCZy1cvE/7xBrIIbNyE8ihXmaLEoiKmlQiv73fKJwEjRmSYQCaJvtdAECoiUTshcWuPL7Db9CMdPKGQMcj8ZEu6nyTDb68vESVNTB+esxrROuhd1p1Fv3F1Vm608whI4AaegBhxwDZqgBdqgAxB4AC/gFbwZ78aH8Wl8LVoLRj5zDJZg/PwCsDqi9A==</latexit>

n3(x)

<latexit sha1_base64="guNq4cjadABZb//SM/W6aY60E0E=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MPEPr9Na89nw3LVqlszmKvEzkkV5GgPK0bB8UMUM8wVolDKgW1Fyk2gUARRnJacWOIIogkc4YGmHDIs3WR2cmqeasU3g1Do4sqcqX8nEsiknDJPdzKoxnLZy8T/vEGsgms3ITyKFeZoviiIqalCM/vf9InASNGpJhAJom810RgKiJROqbSwxpfZbfoRjp9QyBjkfuIQ7qeJk+31ZWKnaUkHZy/HtEq6F3W7UW/cXVabrTzCIjgGJ6AGbHAFmqAF2qADEODgBbyCN+Pd+DA+ja9565qRzxyBBRg/v7MipIA=</latexit>

d1,L(x)
<latexit sha1_base64="VtpN2EMegx4yvKObXriRsZzQA1M=">AAACJXicbVBNS8NAEN1Uq7V+tXr0EixCBSlJkeqx4KUHDxXsBzahbDbbdunuJuxu1BLyL7zq1V/jTQRP/hU3bQ629cHA470ZZuZ5ISVSWda3kdvYzG9tF3aKu3v7B4el8lFXBpFAuIMCGoi+ByWmhOOOIorifigwZB7FPW96k/q9RywkCfi9moXYZXDMyYggqLT04A/j+sVtUn0+H5YqVs2aw1wndkYqIEN7WDbyjh+giGGuEIVSDmwrVG4MhSKI4qToRBKHEE3hGA805ZBh6cbzkxPzTCu+OQqELq7Mufp3IoZMyhnzdCeDaiJXvVT8zxtEanTtxoSHkcIcLRaNImqqwEz/N30iMFJ0pglEguhbTTSBAiKlUyourfFlept+hOMnFDAGuR87hPtJ7KR7fRnbSVLUwdmrMa2Tbr1mN2qNu8tKs5VFWAAn4BRUgQ2uQBO0QBt0AAIcvIBX8Ga8Gx/Gp/G1aM0Z2cwxWILx8wu04KSB</latexit>

d2,L(x)

<latexit sha1_base64="prfTAMbICWt+ZPMiFaRXfyhUtHY=">AAACJXicbVBNS8NAEN2o1Vq/Wj16CRahgpREpHoseOnBQwX7gU0om82mXbq7CbsbtYT8C6969dd4E8GTf8VNm4NtfTDweG+GmXleRIlUlvVtrK1vFDa3itulnd29/YNy5bArw1gg3EEhDUXfgxJTwnFHEUVxPxIYMo/inje5yfzeIxaShPxeTSPsMjjiJCAIKi09+MOEnd+mteezYblq1a0ZzFVi56QKcrSHFaPg+CGKGeYKUSjlwLYi5SZQKIIoTktOLHEE0QSO8EBTDhmWbjI7OTVPteKbQSh0cWXO1L8TCWRSTpmnOxlUY7nsZeJ/3iBWwbWbEB7FCnM0XxTE1FShmf1v+kRgpOhUE4gE0beaaAwFREqnVFpY48vsNv0Ix08oZAxyP3EI99PEyfb6MrHTtKSDs5djWiXdi7rdqDfuLqvNVh5hERyDE1ADNrgCTdACbdABCHDwAl7Bm/FufBifxte8dc3IZ47AAoyfXxu5pLw=</latexit>

dm,L(x)
<latexit sha1_base64="bHhO51TLuCq7r91Me8gOrpqfsoo=">AAACIXicbVBNS8NAEN1UqzV+tXr0EixCvZREpHoseOnBQwX7AW0om82mXbu7CbsbtYT8B6969dd4E2/in3HT5mBbHww83pthZp4XUSKVbX8bhY3N4tZ2acfc3ds/OCxXjroyjAXCHRTSUPQ9KDElHHcUURT3I4Eh8yjuedObzO89YiFJyO/VLMIug2NOAoKg0lKXj25rz+ejctWu23NY68TJSRXkaI8qRnHohyhmmCtEoZQDx46Um0ChCKI4NYexxBFEUzjGA005ZFi6yfzc1DrTim8FodDFlTVX/04kkEk5Y57uZFBN5KqXif95g1gF125CeBQrzNFiURBTS4VW9rvlE4GRojNNIBJE32qhCRQQKZ2QubTGl9lt+hGOn1DIGOR+MiTcT5NhtteXiZOmpg7OWY1pnXQv6k6j3ri7rDZbeYQlcAJOQQ044Ao0QQu0QQcg8ABewCt4M96ND+PT+Fq0Fox85hgswfj5Bdt9ow0=</latexit>

nL(x)

3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

<latexit sha1_base64="Wklrd/3Y/MDejb0OnsnHDtaz7uE="></latexit>

nω(x) ↭
n∑

j=1

1{Yj → tω}K(x,Xj)

# at risk at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

among patients who look like <latexit sha1_base64="OmFsgrO/dDsgFOV6A2EwuYVVdtI=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5JIqT0W9OCxBfsBbSmbzbRdursJuxu1hPwCr3r113gTr4L/xk0bQasPBh7vzTAzzwsZVdpxPq3cxmZ+a7uwU9zd2z84LJWPuiqIJIEOCVgg+x5WwKiAjqaaQT+UgLnHoOfNr1K/dwdS0UDc6kUII46ngk4owdpI7YdxqeJUG04K26nWvomzIm5GKihDa1y28kM/IBEHoQnDSg1cJ9SjGEtNCYOkOIwUhJjM8RQGhgrMQY3i5aWJfWYU354E0pTQ9lL9ORFjrtSCe6aTYz1T614q/ucNIj1pjGIqwkiDIKtFk4jZOrDTt22fSiCaLQzBRFJzq01mWGKiTTjFX2t8ld5mHhFwTwLOsfDjIRV+Eg/Tvb6K3SQpmuDc9Zj+ku5F1a1X6+1apXmdRVhAJ+gUnSMXXaImukEt1EEEAXpET+jZerFerTfrfdWas7KZY/QL1scXwUaheQ==</latexit>x

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>

Xj



3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

<latexit sha1_base64="Wklrd/3Y/MDejb0OnsnHDtaz7uE="></latexit>

nω(x) ↭
n∑

j=1

1{Yj → tω}K(x,Xj)

# at risk at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>

Xj



3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

Example kernel functions:

Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

<latexit sha1_base64="Wklrd/3Y/MDejb0OnsnHDtaz7uE="></latexit>

nω(x) ↭
n∑

j=1

1{Yj → tω}K(x,Xj)

# at risk at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>

Xj



3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

Example kernel functions:

<latexit sha1_base64="EOLJRmzKHMRIHzTtOymAVfAeX8o=">AAACJnicbVDLSgMxFM3UV62vqks3wSIqSJkRUTdCwU3BTQWrwnQomUymDc1jSDLaMsxnuNWtX+NOxJ2fYqbtQqsXAodz7uWcnDBhVBvX/XRKc/MLi0vl5crK6tr6RnVz61bLVGHSxpJJdR8iTRgVpG2oYeQ+UQTxkJG7cHBZ6HcPRGkqxY0ZJSTgqCdoTDEylvKvDoZHw/1DeAG9brXm1t3xwL/Am4IamE6ru+ksdCKJU06EwQxp7XtuYoIMKUMxI3mlk2qSIDxAPeJbKBAnOsjGmXO4Z5kIxlLZJwwcsz8vMsS1HvHQbnJk+npWK8j/ND818XmQUZGkhgg8MYpTBo2ERQEwoopgw0YWIKyozQpxHymEja2p8ssm0kU2+xFBHrHkHIko61AR5Vmn8I105uV5xRbnzdb0F9we173T+un1Sa3RnFZYBjtgFxwAD5yBBmiCFmgDDCR4As/gxXl13px352OyWnKmN9vg1zhf38Ruo+o=</latexit>

K(x, x→) = 1 for all
<latexit sha1_base64="4OYLBMFPLXVlq7Rqnc2aOLvejp8=">AAACH3icbVBNS8NAEN2o1Rq/Wj16CRbRg5REpHoseOmxgv2AJpTNZtMu3d2E3Y22hPwFr3r113gTr/03btocbOuDgcd7M8zM82NKpLLtubG1vVPa3SvvmweHR8cnleppV0aJQLiDIhqJvg8lpoTjjiKK4n4sMGQ+xT1/8pj7vRcsJIn4s5rF2GNwxElIEFS5NL2ZXg0rNbtuL2BtEqcgNVCgPawaJTeIUMIwV4hCKQeOHSsvhUIRRHFmuonEMUQTOMIDTTlkWHrp4tjMutRKYIWR0MWVtVD/TqSQSTljvu5kUI3lupeL/3mDRIUPXkp4nCjM0XJRmFBLRVb+uRUQgZGiM00gEkTfaqExFBApnY+5siaQ+W36EY5fUcQY5EHqEh5kqZvvDWTqZJmpg3PWY9ok3du606g3nu5qzVYRYRmcgwtwDRxwD5qgBdqgAxAYgzfwDj6MT+PL+DZ+lq1bRjFzBlZgzH8BfNKiWg==</latexit>

x, x→

Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

<latexit sha1_base64="Wklrd/3Y/MDejb0OnsnHDtaz7uE="></latexit>

nω(x) ↭
n∑

j=1

1{Yj → tω}K(x,Xj)

# at risk at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>

Xj



3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

Example kernel functions:

<latexit sha1_base64="EOLJRmzKHMRIHzTtOymAVfAeX8o=">AAACJnicbVDLSgMxFM3UV62vqks3wSIqSJkRUTdCwU3BTQWrwnQomUymDc1jSDLaMsxnuNWtX+NOxJ2fYqbtQqsXAodz7uWcnDBhVBvX/XRKc/MLi0vl5crK6tr6RnVz61bLVGHSxpJJdR8iTRgVpG2oYeQ+UQTxkJG7cHBZ6HcPRGkqxY0ZJSTgqCdoTDEylvKvDoZHw/1DeAG9brXm1t3xwL/Am4IamE6ru+ksdCKJU06EwQxp7XtuYoIMKUMxI3mlk2qSIDxAPeJbKBAnOsjGmXO4Z5kIxlLZJwwcsz8vMsS1HvHQbnJk+npWK8j/ND818XmQUZGkhgg8MYpTBo2ERQEwoopgw0YWIKyozQpxHymEja2p8ssm0kU2+xFBHrHkHIko61AR5Vmn8I105uV5xRbnzdb0F9we173T+un1Sa3RnFZYBjtgFxwAD5yBBmiCFmgDDCR4As/gxXl13px352OyWnKmN9vg1zhf38Ruo+o=</latexit>

K(x, x→) = 1 for all
<latexit sha1_base64="4OYLBMFPLXVlq7Rqnc2aOLvejp8=">AAACH3icbVBNS8NAEN2o1Rq/Wj16CRbRg5REpHoseOmxgv2AJpTNZtMu3d2E3Y22hPwFr3r113gTr/03btocbOuDgcd7M8zM82NKpLLtubG1vVPa3SvvmweHR8cnleppV0aJQLiDIhqJvg8lpoTjjiKK4n4sMGQ+xT1/8pj7vRcsJIn4s5rF2GNwxElIEFS5NL2ZXg0rNbtuL2BtEqcgNVCgPawaJTeIUMIwV4hCKQeOHSsvhUIRRHFmuonEMUQTOMIDTTlkWHrp4tjMutRKYIWR0MWVtVD/TqSQSTljvu5kUI3lupeL/3mDRIUPXkp4nCjM0XJRmFBLRVb+uRUQgZGiM00gEkTfaqExFBApnY+5siaQ+W36EY5fUcQY5EHqEh5kqZvvDWTqZJmpg3PWY9ok3du606g3nu5qzVYRYRmcgwtwDRxwD5qgBdqgAxAYgzfwDj6MT+PL+DZ+lq1bRjFzBlZgzH8BfNKiWg==</latexit>

x, x→ <latexit sha1_base64="6AgtlBPm6MYQhIClLI7XtEIyMZY=">AAACJnicbVDLSsNAFJ2o1VpfrS7dBIvgqiQi1WXBTZdV7AOSUCaTaTt0HmFmYikhn+FWt36NOxF3foqTNgvbemHgcM69nDMnjClR2nG+ra3tndLuXnm/cnB4dHxSrZ32lEgkwl0kqJCDECpMCcddTTTFg1hiyEKK++H0Ptf7z1gqIviTnsc4YHDMyYggqA3l+Y9kPNFQSjEbVutOw1mMvQncAtRBMZ1hzSr5kUAJw1wjCpXyXCfWQQqlJojirOInCscQTeEYewZyyLAK0kXmzL40TGSPhDSPa3vB/r1IIVNqzkKzyaCeqHUtJ//TvESP7oKU8DjRmKOl0SihthZ2XoAdEYmRpnMDIJLEZLXRBEqItKmpsmITqTyb+QjHMyQYgzxKfcKjLPVz30ilbpZVTHHuek2boHfdcJuN5sNNvdUuKiyDc3ABroALbkELtEEHdAECAryAV/BmvVsf1qf1tVzdsoqbM7Ay1s8vLeOl4g==</latexit>→ recover classical (population-level) AJ estimator

Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

<latexit sha1_base64="Wklrd/3Y/MDejb0OnsnHDtaz7uE="></latexit>

nω(x) ↭
n∑

j=1

1{Yj → tω}K(x,Xj)

# at risk at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>

Xj



3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

Example kernel functions:

<latexit sha1_base64="EOLJRmzKHMRIHzTtOymAVfAeX8o=">AAACJnicbVDLSgMxFM3UV62vqks3wSIqSJkRUTdCwU3BTQWrwnQomUymDc1jSDLaMsxnuNWtX+NOxJ2fYqbtQqsXAodz7uWcnDBhVBvX/XRKc/MLi0vl5crK6tr6RnVz61bLVGHSxpJJdR8iTRgVpG2oYeQ+UQTxkJG7cHBZ6HcPRGkqxY0ZJSTgqCdoTDEylvKvDoZHw/1DeAG9brXm1t3xwL/Am4IamE6ru+ksdCKJU06EwQxp7XtuYoIMKUMxI3mlk2qSIDxAPeJbKBAnOsjGmXO4Z5kIxlLZJwwcsz8vMsS1HvHQbnJk+npWK8j/ND818XmQUZGkhgg8MYpTBo2ERQEwoopgw0YWIKyozQpxHymEja2p8ssm0kU2+xFBHrHkHIko61AR5Vmn8I105uV5xRbnzdb0F9we173T+un1Sa3RnFZYBjtgFxwAD5yBBmiCFmgDDCR4As/gxXl13px352OyWnKmN9vg1zhf38Ruo+o=</latexit>

K(x, x→) = 1 for all
<latexit sha1_base64="4OYLBMFPLXVlq7Rqnc2aOLvejp8=">AAACH3icbVBNS8NAEN2o1Rq/Wj16CRbRg5REpHoseOmxgv2AJpTNZtMu3d2E3Y22hPwFr3r113gTr/03btocbOuDgcd7M8zM82NKpLLtubG1vVPa3SvvmweHR8cnleppV0aJQLiDIhqJvg8lpoTjjiKK4n4sMGQ+xT1/8pj7vRcsJIn4s5rF2GNwxElIEFS5NL2ZXg0rNbtuL2BtEqcgNVCgPawaJTeIUMIwV4hCKQeOHSsvhUIRRHFmuonEMUQTOMIDTTlkWHrp4tjMutRKYIWR0MWVtVD/TqSQSTljvu5kUI3lupeL/3mDRIUPXkp4nCjM0XJRmFBLRVb+uRUQgZGiM00gEkTfaqExFBApnY+5siaQ+W36EY5fUcQY5EHqEh5kqZvvDWTqZJmpg3PWY9ok3du606g3nu5qzVYRYRmcgwtwDRxwD5qgBdqgAxAYgzfwDj6MT+PL+DZ+lq1bRjFzBlZgzH8BfNKiWg==</latexit>

x, x→ <latexit sha1_base64="6AgtlBPm6MYQhIClLI7XtEIyMZY=">AAACJnicbVDLSsNAFJ2o1VpfrS7dBIvgqiQi1WXBTZdV7AOSUCaTaTt0HmFmYikhn+FWt36NOxF3foqTNgvbemHgcM69nDMnjClR2nG+ra3tndLuXnm/cnB4dHxSrZ32lEgkwl0kqJCDECpMCcddTTTFg1hiyEKK++H0Ptf7z1gqIviTnsc4YHDMyYggqA3l+Y9kPNFQSjEbVutOw1mMvQncAtRBMZ1hzSr5kUAJw1wjCpXyXCfWQQqlJojirOInCscQTeEYewZyyLAK0kXmzL40TGSPhDSPa3vB/r1IIVNqzkKzyaCeqHUtJ//TvESP7oKU8DjRmKOl0SihthZ2XoAdEYmRpnMDIJLEZLXRBEqItKmpsmITqTyb+QjHMyQYgzxKfcKjLPVz30ilbpZVTHHuek2boHfdcJuN5sNNvdUuKiyDc3ABroALbkELtEEHdAECAryAV/BmvVsf1qf1tVzdsoqbM7Ay1s8vLeOl4g==</latexit>→ recover classical (population-level) AJ estimator

kernel function parameterized by 
an "encoder" neural net  

<latexit sha1_base64="fLT2nadtLUNWpDzO7YwP1lCn8P4="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2) <latexit sha1_base64="WxgPly6JyjVpi1z3ADs9dinkEsA=">AAACLHicbVDLSsNAFJ34tr6qLt0Ei6Cbkoio4EZw41LBPqApZTK5sYPzCDM3Sgn5Ere69WvciLj1O5zULrR6YeBwzr2cMyfOBLcYBG/ezOzc/MLi0nJtZXVtfaO+udW2OjcMWkwLbboxtSC4ghZyFNDNDFAZC+jEdxeV3rkHY7lWNzjKoC/preIpZxQdNahvpPsRSzSeRTgEpAeDeiNoBuPx/4JwAhpkMleDTW8+SjTLJShkglrbC4MM+wU1yJmAshblFjLK7ugt9BxUVILtF+Pkpb/nmMRPtXFPoT9mf14UVFo7krHblBSHdlqryP+0Xo7pab/gKssRFPs2SnPho/arGvyEG2AoRg5QZrjL6rMhNZShK6v2yyaxVTb3EQUPTEtJVVJEXCVlEVW+iS3Csqy54sLpmv6C9mEzPG4eXx81zi8nFS6RHbJL9klITsg5uSRXpEUYyckjeSLP3ov36r17H9+rM97kZpv8Gu/zC9qfpyA=</latexit>

f(·; ω)

Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

<latexit sha1_base64="Wklrd/3Y/MDejb0OnsnHDtaz7uE="></latexit>

nω(x) ↭
n∑

j=1

1{Yj → tω}K(x,Xj)

# at risk at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>

Xj



3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

<latexit sha1_base64="fLT2nadtLUNWpDzO7YwP1lCn8P4="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2) kernel function parameterized by 
an "encoder" neural net  

<latexit sha1_base64="WxgPly6JyjVpi1z3ADs9dinkEsA=">AAACLHicbVDLSsNAFJ34tr6qLt0Ei6Cbkoio4EZw41LBPqApZTK5sYPzCDM3Sgn5Ere69WvciLj1O5zULrR6YeBwzr2cMyfOBLcYBG/ezOzc/MLi0nJtZXVtfaO+udW2OjcMWkwLbboxtSC4ghZyFNDNDFAZC+jEdxeV3rkHY7lWNzjKoC/preIpZxQdNahvpPsRSzSeRTgEpAeDeiNoBuPx/4JwAhpkMleDTW8+SjTLJShkglrbC4MM+wU1yJmAshblFjLK7ugt9BxUVILtF+Pkpb/nmMRPtXFPoT9mf14UVFo7krHblBSHdlqryP+0Xo7pab/gKssRFPs2SnPho/arGvyEG2AoRg5QZrjL6rMhNZShK6v2yyaxVTb3EQUPTEtJVVJEXCVlEVW+iS3Csqy54sLpmv6C9mEzPG4eXx81zi8nFS6RHbJL9klITsg5uSRXpEUYyckjeSLP3ov36r17H9+rM97kZpv8Gu/zC9qfpyA=</latexit>

f(·; ω)

Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

<latexit sha1_base64="Wklrd/3Y/MDejb0OnsnHDtaz7uE="></latexit>

nω(x) ↭
n∑

j=1

1{Yj → tω}K(x,Xj)

# at risk at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>

Xj



3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

<latexit sha1_base64="fLT2nadtLUNWpDzO7YwP1lCn8P4="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2) kernel function parameterized by 
an "encoder" neural net  

<latexit sha1_base64="WxgPly6JyjVpi1z3ADs9dinkEsA=">AAACLHicbVDLSsNAFJ34tr6qLt0Ei6Cbkoio4EZw41LBPqApZTK5sYPzCDM3Sgn5Ere69WvciLj1O5zULrR6YeBwzr2cMyfOBLcYBG/ezOzc/MLi0nJtZXVtfaO+udW2OjcMWkwLbboxtSC4ghZyFNDNDFAZC+jEdxeV3rkHY7lWNzjKoC/preIpZxQdNahvpPsRSzSeRTgEpAeDeiNoBuPx/4JwAhpkMleDTW8+SjTLJShkglrbC4MM+wU1yJmAshblFjLK7ugt9BxUVILtF+Pkpb/nmMRPtXFPoT9mf14UVFo7krHblBSHdlqryP+0Xo7pab/gKssRFPs2SnPho/arGvyEG2AoRg5QZrjL6rMhNZShK6v2yyaxVTb3EQUPTEtJVVJEXCVlEVW+iS3Csqy54sLpmv6C9mEzPG4eXx81zi8nFS6RHbJL9klITsg5uSRXpEUYyckjeSLP3ov36r17H9+rM97kZpv8Gu/zC9qfpyA=</latexit>

f(·; ω)

Can learn neural net parameters using maximum likelihood 
(train in minibatches via minibatch gradient descent)

Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

<latexit sha1_base64="Wklrd/3Y/MDejb0OnsnHDtaz7uE="></latexit>

nω(x) ↭
n∑

j=1

1{Yj → tω}K(x,Xj)

# at risk at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>
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f(·; ω̂ )
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood
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f(·; ω̂ )

Raw feature space
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood
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<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )
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Raw feature space
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f(·; ω̂ )

encoder learned via 
maximum likelihood
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<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

<latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

Raw feature space
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood

<latexit sha1_base64="M6Qak1eUM7EbF6o2fuB/2N4lxaI="></latexit>

x̃ = f(x; ω̂)

Embedding space 
(a circle in this example)
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<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

<latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

Raw feature space
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood

<latexit sha1_base64="M6Qak1eUM7EbF6o2fuB/2N4lxaI="></latexit>

x̃ = f(x; ω̂)

Embedding space 
(a circle in this example)

Colored points 
correspond to 

different clusters



radius <latexit sha1_base64="F3bbt2J/0bFV6HX4V/ZWe0e3Hd0="></latexit>⌧
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<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

<latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

Raw feature space
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood

<latexit sha1_base64="M6Qak1eUM7EbF6o2fuB/2N4lxaI="></latexit>

x̃ = f(x; ω̂)

Embedding space 
(a circle in this example)

Colored points 
correspond to 

different clusters



radius <latexit sha1_base64="F3bbt2J/0bFV6HX4V/ZWe0e3Hd0="></latexit>⌧

DKAJ High-Level Idea

<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

<latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

Raw feature space
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood

<latexit sha1_base64="M6Qak1eUM7EbF6o2fuB/2N4lxaI="></latexit>

x̃ = f(x; ω̂)

Embedding space 
(a circle in this example)

Colored points 
correspond to 

different clusters

Predicted CIF for  only depends 
on clusters within the shaded ball

<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x



radius <latexit sha1_base64="F3bbt2J/0bFV6HX4V/ZWe0e3Hd0="></latexit>⌧

DKAJ High-Level Idea

<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

<latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

Raw feature space
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood

<latexit sha1_base64="M6Qak1eUM7EbF6o2fuB/2N4lxaI="></latexit>

x̃ = f(x; ω̂)

Embedding space 
(a circle in this example)

Colored points 
correspond to 

different clusters



radius <latexit sha1_base64="F3bbt2J/0bFV6HX4V/ZWe0e3Hd0="></latexit>⌧

DKAJ High-Level Idea

<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

<latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

Raw feature space
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood

<latexit sha1_base64="M6Qak1eUM7EbF6o2fuB/2N4lxaI="></latexit>

x̃ = f(x; ω̂)

Embedding space 
(a circle in this example)

Colored points 
correspond to 

different clusters



radius <latexit sha1_base64="F3bbt2J/0bFV6HX4V/ZWe0e3Hd0="></latexit>⌧

DKAJ High-Level Idea

<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

<latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

Raw feature space
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood

<latexit sha1_base64="M6Qak1eUM7EbF6o2fuB/2N4lxaI="></latexit>

x̃ = f(x; ω̂)

Embedding space 
(a circle in this example)

Colored points 
correspond to 

different clusters

If the shaded ball only has 1 cluster 
 prediction is AJ estimator restricted to 

training data in that one cluster!

<latexit sha1_base64="jatAovMhU38bhF2CNTHJdOHVsvw=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARXIVEpHZZcNNlFXuBNJTJdNIOnWTCzIlSQh/DjQtF3Po07nwbJ20Erf4w8PGfc5hz/iARXIPjfFqltfWNza3ydmVnd2//oHp41NUyVZR1qBRS9QOimeAx6wAHwfqJYiQKBOsF0+u83rtnSnMZ38EsYX5ExjEPOSVgLG9wy8cTIErJh2G15tgNJxd27MtvcJbgFlBDhdrD6sdgJGkasRioIFp7rpOAnxEFnAo2rwxSzRJCp2TMPIMxiZj2s8XKc3xmnBEOpTIvBrxwf05kJNJ6FgWmMyIw0au13Pyv5qUQNvyMx0kKLKbLj8JUYJA4vx+PuGIUxMwAoYqbXTGdEEUomJQqJgR39eS/0L2w3bpdv7msNVtFHGV0gk7ROXLRFWqiFmqjDqJIokf0jF4ssJ6sV+tt2Vqyiplj9EvW+xeoP5GK</latexit>→



DKAJ Training
Recall: kernel function is

<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Learn neural net 
parameters 

<latexit sha1_base64="a5E3DzEUofH9uYASiVdSFA8u9kk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+plQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukfVX1atXa/XWl3sjjKMIZnMMleHADdWhAE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8fqVePOQ==</latexit>

ω

<latexit sha1_base64="lDTytnqwdFX10fLVXbeISdlgNrw=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lUSkeix46bGC/YAmlM1m0izdfLA7qZTQf+LFgyJe/Sfe/Ddu2xy09cHA470ZZub5meAKbfvb2Njc2t7ZrexV9w8Oj47Nk9OuSnPJoMNSkcq+TxUInkAHOQroZxJo7Avo+eP7ud+bgFQ8TR5xmoEX01HCQ84oamlomu4TDyCiWLgYAdLZ0KzZdXsBa504JamREu2h+eUGKctjSJAJqtTAsTP0CiqRMwGzqpsryCgb0xEMNE1oDMorFpfPrEutBFaYSl0JWgv190RBY6Wmsa87Y4qRWvXm4n/eIMfwzit4kuUICVsuCnNhYWrNY7ACLoGhmGpCmeT6VotFVFKGOqyqDsFZfXmddK/rTqPeeLipNVtlHBVyTi7IFXHILWmSFmmTDmFkQp7JK3kzCuPFeDc+lq0bRjlzRv7A+PwBJmqUCA==</latexit>

ω̂

Step 1

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Neural net 
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

Learn neural net 
parameters 

<latexit sha1_base64="a5E3DzEUofH9uYASiVdSFA8u9kk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+plQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukfVX1atXa/XWl3sjjKMIZnMMleHADdWhAE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8fqVePOQ==</latexit>

ω

<latexit sha1_base64="lDTytnqwdFX10fLVXbeISdlgNrw=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lUSkeix46bGC/YAmlM1m0izdfLA7qZTQf+LFgyJe/Sfe/Ddu2xy09cHA470ZZub5meAKbfvb2Njc2t7ZrexV9w8Oj47Nk9OuSnPJoMNSkcq+TxUInkAHOQroZxJo7Avo+eP7ud+bgFQ8TR5xmoEX01HCQ84oamlomu4TDyCiWLgYAdLZ0KzZdXsBa504JamREu2h+eUGKctjSJAJqtTAsTP0CiqRMwGzqpsryCgb0xEMNE1oDMorFpfPrEutBFaYSl0JWgv190RBY6Wmsa87Y4qRWvXm4n/eIMfwzit4kuUICVsuCnNhYWrNY7ACLoGhmGpCmeT6VotFVFKGOqyqDsFZfXmddK/rTqPeeLipNVtlHBVyTi7IFXHILWmSFmmTDmFkQp7JK3kzCuPFeDc+lq0bRjlzRv7A+PwBJmqUCA==</latexit>

ω̂

Step 1

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Neural net 
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

Learn neural net 
parameters 

<latexit sha1_base64="a5E3DzEUofH9uYASiVdSFA8u9kk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+plQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukfVX1atXa/XWl3sjjKMIZnMMleHADdWhAE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8fqVePOQ==</latexit>

ω

<latexit sha1_base64="lDTytnqwdFX10fLVXbeISdlgNrw=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lUSkeix46bGC/YAmlM1m0izdfLA7qZTQf+LFgyJe/Sfe/Ddu2xy09cHA470ZZub5meAKbfvb2Njc2t7ZrexV9w8Oj47Nk9OuSnPJoMNSkcq+TxUInkAHOQroZxJo7Avo+eP7ud+bgFQ8TR5xmoEX01HCQ84oamlomu4TDyCiWLgYAdLZ0KzZdXsBa504JamREu2h+eUGKctjSJAJqtTAsTP0CiqRMwGzqpsryCgb0xEMNE1oDMorFpfPrEutBFaYSl0JWgv190RBY6Wmsa87Y4qRWvXm4n/eIMfwzit4kuUICVsuCnNhYWrNY7ACLoGhmGpCmeT6VotFVFKGOqyqDsFZfXmddK/rTqPeeLipNVtlHBVyTi7IFXHILWmSFmmTDmFkQp7JK3kzCuPFeDc+lq0bRjlzRv7A+PwBJmqUCA==</latexit>

ω̂

Step 1

Training feature vectors
<latexit sha1_base64="nqNgfTGzE2l3EaT47LUVTkbU4ds=">AAAB9HicbVBNS8NAFHzxs9avqkcvwSJ4KCURqR4LXnqsYNtAG8Jmu2mXbjZx96VQSn+HFw+KePXHePPfuG1z0NaBhWHmDe/thKngGh3n29rY3Nre2S3sFfcPDo+OSyenbZ1kirIWTUSivJBoJrhkLeQomJcqRuJQsE44up/7nTFTmifyEScp82MykDzilKCRfC9wK71+grriBTIolZ2qs4C9TtyclCFHMyh9mSzNYiaRCqJ113VS9KdEIaeCzYq9TLOU0BEZsK6hksRM+9PF0TP70ih9O0qUeRLthfo7MSWx1pM4NJMxwaFe9ebif143w+jOn3KZZsgkXS6KMmFjYs8bsPtcMYpiYgihiptbbTokilA0PRVNCe7ql9dJ+7rq1qq1h5tyvZHXUYBzuIArcOEW6tCAJrSAwhM8wyu8WWPrxXq3PpajG1aeOYM/sD5/ANVVkYg=</latexit>

X1, . . . , Xn

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Neural net 
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

Learn neural net 
parameters 

<latexit sha1_base64="a5E3DzEUofH9uYASiVdSFA8u9kk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+plQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukfVX1atXa/XWl3sjjKMIZnMMleHADdWhAE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8fqVePOQ==</latexit>

ω

<latexit sha1_base64="lDTytnqwdFX10fLVXbeISdlgNrw=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lUSkeix46bGC/YAmlM1m0izdfLA7qZTQf+LFgyJe/Sfe/Ddu2xy09cHA470ZZub5meAKbfvb2Njc2t7ZrexV9w8Oj47Nk9OuSnPJoMNSkcq+TxUInkAHOQroZxJo7Avo+eP7ud+bgFQ8TR5xmoEX01HCQ84oamlomu4TDyCiWLgYAdLZ0KzZdXsBa504JamREu2h+eUGKctjSJAJqtTAsTP0CiqRMwGzqpsryCgb0xEMNE1oDMorFpfPrEutBFaYSl0JWgv190RBY6Wmsa87Y4qRWvXm4n/eIMfwzit4kuUICVsuCnNhYWrNY7ACLoGhmGpCmeT6VotFVFKGOqyqDsFZfXmddK/rTqPeeLipNVtlHBVyTi7IFXHILWmSFmmTDmFkQp7JK3kzCuPFeDc+lq0bRjlzRv7A+PwBJmqUCA==</latexit>

ω̂

Step 1

Training feature vectors
<latexit sha1_base64="nqNgfTGzE2l3EaT47LUVTkbU4ds=">AAAB9HicbVBNS8NAFHzxs9avqkcvwSJ4KCURqR4LXnqsYNtAG8Jmu2mXbjZx96VQSn+HFw+KePXHePPfuG1z0NaBhWHmDe/thKngGh3n29rY3Nre2S3sFfcPDo+OSyenbZ1kirIWTUSivJBoJrhkLeQomJcqRuJQsE44up/7nTFTmifyEScp82MykDzilKCRfC9wK71+grriBTIolZ2qs4C9TtyclCFHMyh9mSzNYiaRCqJ113VS9KdEIaeCzYq9TLOU0BEZsK6hksRM+9PF0TP70ih9O0qUeRLthfo7MSWx1pM4NJMxwaFe9ebif143w+jOn3KZZsgkXS6KMmFjYs8bsPtcMYpiYgihiptbbTokilA0PRVNCe7ql9dJ+7rq1qq1h5tyvZHXUYBzuIArcOEW6tCAJrSAwhM8wyu8WWPrxXq3PpajG1aeOYM/sD5/ANVVkYg=</latexit>

X1, . . . , Xn

<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Training 
embedding 

vectors

Step 2

<latexit sha1_base64="XG49nyeBdtphicSVvNHFrKEBqe0="></latexit>

X̃i = f(Xi; ω̂ )

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Neural net 
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

Learn neural net 
parameters 

<latexit sha1_base64="a5E3DzEUofH9uYASiVdSFA8u9kk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+plQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukfVX1atXa/XWl3sjjKMIZnMMleHADdWhAE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8fqVePOQ==</latexit>

ω

<latexit sha1_base64="lDTytnqwdFX10fLVXbeISdlgNrw=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lUSkeix46bGC/YAmlM1m0izdfLA7qZTQf+LFgyJe/Sfe/Ddu2xy09cHA470ZZub5meAKbfvb2Njc2t7ZrexV9w8Oj47Nk9OuSnPJoMNSkcq+TxUInkAHOQroZxJo7Avo+eP7ud+bgFQ8TR5xmoEX01HCQ84oamlomu4TDyCiWLgYAdLZ0KzZdXsBa504JamREu2h+eUGKctjSJAJqtTAsTP0CiqRMwGzqpsryCgb0xEMNE1oDMorFpfPrEutBFaYSl0JWgv190RBY6Wmsa87Y4qRWvXm4n/eIMfwzit4kuUICVsuCnNhYWrNY7ACLoGhmGpCmeT6VotFVFKGOqyqDsFZfXmddK/rTqPeeLipNVtlHBVyTi7IFXHILWmSFmmTDmFkQp7JK3kzCuPFeDc+lq0bRjlzRv7A+PwBJmqUCA==</latexit>

ω̂

Step 1

Training feature vectors
<latexit sha1_base64="nqNgfTGzE2l3EaT47LUVTkbU4ds=">AAAB9HicbVBNS8NAFHzxs9avqkcvwSJ4KCURqR4LXnqsYNtAG8Jmu2mXbjZx96VQSn+HFw+KePXHePPfuG1z0NaBhWHmDe/thKngGh3n29rY3Nre2S3sFfcPDo+OSyenbZ1kirIWTUSivJBoJrhkLeQomJcqRuJQsE44up/7nTFTmifyEScp82MykDzilKCRfC9wK71+grriBTIolZ2qs4C9TtyclCFHMyh9mSzNYiaRCqJ113VS9KdEIaeCzYq9TLOU0BEZsK6hksRM+9PF0TP70ih9O0qUeRLthfo7MSWx1pM4NJMxwaFe9ebif143w+jOn3KZZsgkXS6KMmFjYs8bsPtcMYpiYgihiptbbTokilA0PRVNCe7ql9dJ+7rq1qq1h5tyvZHXUYBzuIArcOEW6tCAJrSAwhM8wyu8WWPrxXq3PpajG1aeOYM/sD5/ANVVkYg=</latexit>

X1, . . . , Xn

<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Training 
embedding 

vectors

Step 2

<latexit sha1_base64="XG49nyeBdtphicSVvNHFrKEBqe0="></latexit>

X̃i = f(Xi; ω̂ )

Exemplar-based 
clustering

<latexit sha1_base64="Jy1U1GG7dWj0QJfVy+J0LdvHT+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBTZct2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6Wt7Z3dvfJ+5eDw6PikenrWMyrVlHWpEkoPQmKY4JJ1gYNgg0QzEoeC9cPZQ+73n5g2XMlHmCcsiMlE8ohTAlbyhzGBKSUi6yxG1Zpbd5fAm8QrSA0VaI+qX8OxomnMJFBBjPE9N4EgIxo4FWxRGaaGJYTOyIT5lkoSMxNky8gLfGWVMY6Utk8CXqq/NzISGzOPQzuZRzTrXi7+5/kpRPdBxmWSApN09VGUCgwK5/fjMdeMgphbQqjmNiumU6IJBdtSxZbgrZ+8SXo3da9Rb3Rua81WUUcZXaBLdI08dIeaqIXaqIsoUugZvaI3B5wX5935WI2WnGLnHP2B8/kDjf6ReA==</latexit>

Q
Set of exemplars 

(each training patient 
assigned to 1 exemplar)

Step 3

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Neural net 
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

Learn neural net 
parameters 

<latexit sha1_base64="a5E3DzEUofH9uYASiVdSFA8u9kk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+plQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukfVX1atXa/XWl3sjjKMIZnMMleHADdWhAE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8fqVePOQ==</latexit>

ω

<latexit sha1_base64="lDTytnqwdFX10fLVXbeISdlgNrw=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lUSkeix46bGC/YAmlM1m0izdfLA7qZTQf+LFgyJe/Sfe/Ddu2xy09cHA470ZZub5meAKbfvb2Njc2t7ZrexV9w8Oj47Nk9OuSnPJoMNSkcq+TxUInkAHOQroZxJo7Avo+eP7ud+bgFQ8TR5xmoEX01HCQ84oamlomu4TDyCiWLgYAdLZ0KzZdXsBa504JamREu2h+eUGKctjSJAJqtTAsTP0CiqRMwGzqpsryCgb0xEMNE1oDMorFpfPrEutBFaYSl0JWgv190RBY6Wmsa87Y4qRWvXm4n/eIMfwzit4kuUICVsuCnNhYWrNY7ACLoGhmGpCmeT6VotFVFKGOqyqDsFZfXmddK/rTqPeeLipNVtlHBVyTi7IFXHILWmSFmmTDmFkQp7JK3kzCuPFeDc+lq0bRjlzRv7A+PwBJmqUCA==</latexit>

ω̂

Step 1

Training feature vectors
<latexit sha1_base64="nqNgfTGzE2l3EaT47LUVTkbU4ds=">AAAB9HicbVBNS8NAFHzxs9avqkcvwSJ4KCURqR4LXnqsYNtAG8Jmu2mXbjZx96VQSn+HFw+KePXHePPfuG1z0NaBhWHmDe/thKngGh3n29rY3Nre2S3sFfcPDo+OSyenbZ1kirIWTUSivJBoJrhkLeQomJcqRuJQsE44up/7nTFTmifyEScp82MykDzilKCRfC9wK71+grriBTIolZ2qs4C9TtyclCFHMyh9mSzNYiaRCqJ113VS9KdEIaeCzYq9TLOU0BEZsK6hksRM+9PF0TP70ih9O0qUeRLthfo7MSWx1pM4NJMxwaFe9ebif143w+jOn3KZZsgkXS6KMmFjYs8bsPtcMYpiYgihiptbbTokilA0PRVNCe7ql9dJ+7rq1qq1h5tyvZHXUYBzuIArcOEW6tCAJrSAwhM8wyu8WWPrxXq3PpajG1aeOYM/sD5/ANVVkYg=</latexit>

X1, . . . , Xn

<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Training 
embedding 

vectors

Step 2

<latexit sha1_base64="XG49nyeBdtphicSVvNHFrKEBqe0="></latexit>

X̃i = f(Xi; ω̂ )

Exemplar-based 
clustering

<latexit sha1_base64="Jy1U1GG7dWj0QJfVy+J0LdvHT+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBTZct2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6Wt7Z3dvfJ+5eDw6PikenrWMyrVlHWpEkoPQmKY4JJ1gYNgg0QzEoeC9cPZQ+73n5g2XMlHmCcsiMlE8ohTAlbyhzGBKSUi6yxG1Zpbd5fAm8QrSA0VaI+qX8OxomnMJFBBjPE9N4EgIxo4FWxRGaaGJYTOyIT5lkoSMxNky8gLfGWVMY6Utk8CXqq/NzISGzOPQzuZRzTrXi7+5/kpRPdBxmWSApN09VGUCgwK5/fjMdeMgphbQqjmNiumU6IJBdtSxZbgrZ+8SXo3da9Rb3Rua81WUUcZXaBLdI08dIeaqIXaqIsoUugZvaI3B5wX5935WI2WnGLnHP2B8/kDjf6ReA==</latexit>

Q
Set of exemplars 

(each training patient 
assigned to 1 exemplar)

Step 3

Step 4 
For each exemplar , compute summary functions:

<latexit sha1_base64="DsgQHL18qZ5CAHgM7ey32yxRvOc=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IRPJVEpHoseOmxBdsKTSib7aZdutnE3Y1QQ3+JFw+KePWnePPfuGlz0NaBhWHmPd7sBAlnSjvOt1Xa2Nza3invVvb2Dw6r9tFxT8WpJLRLYh7L+wArypmgXc00p/eJpDgKOO0H09vc7z9SqVgs7vQsoX6Ex4KFjGBtpKFdffCY8CKsJwTzrDMf2jWn7iyA1olbkBoUaA/tL28UkzSiQhOOlRq4TqL9DEvNCKfzipcqmmAyxWM6MFTgiCo/WwSfo3OjjFAYS/OERgv190aGI6VmUWAm84hq1cvF/7xBqsMbP2MiSTUVZHkoTDnSMcpbQCMmKdF8ZggmkpmsiEywxESbriqmBHf1y+ukd1l3G/VG56rWbBV1lOEUzuACXLiGJrSgDV0gkMIzvMKb9WS9WO/Wx3K0ZBU7J/AH1ucPKuuTdQ==</latexit>

q → Q
<latexit sha1_base64="ds3OUJXH5IZYBmyVHnPxxsYp8ec=">AAACDXicbVDJSgNBEO1xjXGLevQyGIUIEmZEohch4CXHCGaBTAw9PZWkSc9id40YhvkBL/6KFw+KePXuzb+xsxw08UHB470qquq5keAKLevbWFhcWl5Zzaxl1zc2t7ZzO7t1FcaSQY2FIpRNlyoQPIAachTQjCRQ3xXQcAdXI79xD1LxMLjBYQRtn/YC3uWMopY6uUOvkzgeCKQnDgiR3iYOwgMmTMQKQaZp4e74spPLW0VrDHOe2FOSJ1NUO7kvxwtZ7EOATFClWrYVYTuhEjkTkGadWEFE2YD2oKVpQH1Q7WT8TWoeacUzu6HUFaA5Vn9PJNRXaui7utOn2Fez3kj8z2vF2L1oJzyIYoSATRZ1Y2FiaI6iMT0ugaEYakKZ5PpWk/WppEwHobI6BHv25XlSPy3apWLp+ixfrkzjyJB9ckAKxCbnpEwqpEpqhJFH8kxeyZvxZLwY78bHpHXBmM7skT8wPn8Aeh6ceg==</latexit>

dclusterω,ε (q) =
<latexit sha1_base64="kDYrCrvfwAVr+9srUFFsnG+iBb0=">AAACBnicbVDLSgNBEJyNrxhfUY8iLAYhXsKuSPQiBLzkGME8IIlhdtJJhszOrjO9Ylj25MVf8eJBEa9+gzf/xsnjoIkFDUVVN91dXii4Rsf5tlJLyyura+n1zMbm1vZOdnevpoNIMaiyQASq4VENgkuoIkcBjVAB9T0BdW94Nfbr96A0D+QNjkJo+7QveY8zikbqZA9lJ26BEMlt3EJ4wJiJSCOoJMnfnVx2sjmn4ExgLxJ3RnJkhkon+9XqBizyQSITVOum64TYjqlCzgQkmVakIaRsSPvQNFRSH3Q7nryR2MdG6dq9QJmSaE/U3xMx9bUe+Z7p9CkO9Lw3Fv/zmhH2Ltoxl2GEINl0US8SNgb2OBO7yxUwFCNDKFPc3GqzAVWUmSB0xoTgzr+8SGqnBbdYKF6f5UrlWRxpckCOSJ645JyUSJlUSJUw8kieySt5s56sF+vd+pi2pqzZzD75A+vzB0xBmaw=</latexit>

ncluster
ω (q) =

# times event  happened at time  among patients in 's cluster 

# at risk at time  among patients in 's cluster 

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="NyL1Frz/rEy6hugcUk3ER4Ymkus=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsJ+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EptHPRBykG54lbdBeg68XJSITmag/JXfxjzNAKFXDJjep6boJ8xjYJLmJX6qYGE8QkbQc9SxSIwfra4dkYvrDKkYaxtKaQL9fdExiJjplFgOyOGY7PqzcX/vF6K4a2fCZWkCIovF4WppBjT+et0KDRwlFNLGNfC3kr5mGnG0QZUsiF4qy+vk/ZV1atVa/fXlXojj6NIzsg5uSQeuSF10iBN0iKcPJJn8krenNh5cd6dj2VrwclnTskfOJ8/oDePMw==</latexit>

tω

<latexit sha1_base64="NyL1Frz/rEy6hugcUk3ER4Ymkus=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsJ+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EptHPRBykG54lbdBeg68XJSITmag/JXfxjzNAKFXDJjep6boJ8xjYJLmJX6qYGE8QkbQc9SxSIwfra4dkYvrDKkYaxtKaQL9fdExiJjplFgOyOGY7PqzcX/vF6K4a2fCZWkCIovF4WppBjT+et0KDRwlFNLGNfC3kr5mGnG0QZUsiF4qy+vk/ZV1atVa/fXlXojj6NIzsg5uSQeuSF10iBN0iKcPJJn8krenNh5cd6dj2VrwclnTskfOJ8/oDePMw==</latexit>

tω
<latexit sha1_base64="LWH3FUzeq2RHfIYAwJT2HP+f61U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOD9jQY=</latexit>q

<latexit sha1_base64="LWH3FUzeq2RHfIYAwJT2HP+f61U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOD9jQY=</latexit>q

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training
We use -net clustering<latexit sha1_base64="91NlVWf40cA4Jeffd8FLtnLQACk=">AAACJnicbVBNS8NAFNxUq7V+VT16CRbBU0iKVI8FLx4rWBWSUjabl7q4H2F3UykhP8OrXv013kS8+VPc2B6s9cHCMPMeMztxxqg2vv/p1FZW62vrjY3m5tb2zm5rb/9Gy1wRGBDJpLqLsQZGBQwMNQzuMgWYxwxu44eLSr+dgNJUimszzWDI8VjQlBJsLBVGE6wg05RJMWq1fa/jV+P6XncGAs9fBG00n/5oz6lHiSQ5B2EIw1qHgZ+ZYYGVoYRB2YxyDRkmD3gMoYUCc9DD4idz6R5bJnFTqewTxv1hf18UmGs95bHd5Njc679aRf6nhblJz4cFFVluQJCZUZoz10i3KsBNqAJi2NQCTBS1WV1yjxUmxtbUXLBJdJXNfkTAI5GcY5EUERVJWUSVb6KLoCybtrilmpbBTccLul736rTdu5xX2ECH6AidoACdoR66RH00QARJ9ISe0Yvz6rw5787HbLXmzG8O0MI4X99q26YF</latexit>ω

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Neural net 
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

Learn neural net 
parameters 

<latexit sha1_base64="a5E3DzEUofH9uYASiVdSFA8u9kk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+plQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukfVX1atXa/XWl3sjjKMIZnMMleHADdWhAE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8fqVePOQ==</latexit>

ω

<latexit sha1_base64="lDTytnqwdFX10fLVXbeISdlgNrw=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lUSkeix46bGC/YAmlM1m0izdfLA7qZTQf+LFgyJe/Sfe/Ddu2xy09cHA470ZZub5meAKbfvb2Njc2t7ZrexV9w8Oj47Nk9OuSnPJoMNSkcq+TxUInkAHOQroZxJo7Avo+eP7ud+bgFQ8TR5xmoEX01HCQ84oamlomu4TDyCiWLgYAdLZ0KzZdXsBa504JamREu2h+eUGKctjSJAJqtTAsTP0CiqRMwGzqpsryCgb0xEMNE1oDMorFpfPrEutBFaYSl0JWgv190RBY6Wmsa87Y4qRWvXm4n/eIMfwzit4kuUICVsuCnNhYWrNY7ACLoGhmGpCmeT6VotFVFKGOqyqDsFZfXmddK/rTqPeeLipNVtlHBVyTi7IFXHILWmSFmmTDmFkQp7JK3kzCuPFeDc+lq0bRjlzRv7A+PwBJmqUCA==</latexit>

ω̂

Step 1

Training feature vectors
<latexit sha1_base64="nqNgfTGzE2l3EaT47LUVTkbU4ds=">AAAB9HicbVBNS8NAFHzxs9avqkcvwSJ4KCURqR4LXnqsYNtAG8Jmu2mXbjZx96VQSn+HFw+KePXHePPfuG1z0NaBhWHmDe/thKngGh3n29rY3Nre2S3sFfcPDo+OSyenbZ1kirIWTUSivJBoJrhkLeQomJcqRuJQsE44up/7nTFTmifyEScp82MykDzilKCRfC9wK71+grriBTIolZ2qs4C9TtyclCFHMyh9mSzNYiaRCqJ113VS9KdEIaeCzYq9TLOU0BEZsK6hksRM+9PF0TP70ih9O0qUeRLthfo7MSWx1pM4NJMxwaFe9ebif143w+jOn3KZZsgkXS6KMmFjYs8bsPtcMYpiYgihiptbbTokilA0PRVNCe7ql9dJ+7rq1qq1h5tyvZHXUYBzuIArcOEW6tCAJrSAwhM8wyu8WWPrxXq3PpajG1aeOYM/sD5/ANVVkYg=</latexit>

X1, . . . , Xn

<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Training 
embedding 

vectors

Step 2

<latexit sha1_base64="XG49nyeBdtphicSVvNHFrKEBqe0="></latexit>

X̃i = f(Xi; ω̂ )

Exemplar-based 
clustering

<latexit sha1_base64="Jy1U1GG7dWj0QJfVy+J0LdvHT+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBTZct2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6Wt7Z3dvfJ+5eDw6PikenrWMyrVlHWpEkoPQmKY4JJ1gYNgg0QzEoeC9cPZQ+73n5g2XMlHmCcsiMlE8ohTAlbyhzGBKSUi6yxG1Zpbd5fAm8QrSA0VaI+qX8OxomnMJFBBjPE9N4EgIxo4FWxRGaaGJYTOyIT5lkoSMxNky8gLfGWVMY6Utk8CXqq/NzISGzOPQzuZRzTrXi7+5/kpRPdBxmWSApN09VGUCgwK5/fjMdeMgphbQqjmNiumU6IJBdtSxZbgrZ+8SXo3da9Rb3Rua81WUUcZXaBLdI08dIeaqIXaqIsoUugZvaI3B5wX5935WI2WnGLnHP2B8/kDjf6ReA==</latexit>

Q
Set of exemplars 

(each training patient 
assigned to 1 exemplar)

Step 3

Step 4 
For each exemplar , compute summary functions:

<latexit sha1_base64="DsgQHL18qZ5CAHgM7ey32yxRvOc=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IRPJVEpHoseOmxBdsKTSib7aZdutnE3Y1QQ3+JFw+KePWnePPfuGlz0NaBhWHmPd7sBAlnSjvOt1Xa2Nza3invVvb2Dw6r9tFxT8WpJLRLYh7L+wArypmgXc00p/eJpDgKOO0H09vc7z9SqVgs7vQsoX6Ex4KFjGBtpKFdffCY8CKsJwTzrDMf2jWn7iyA1olbkBoUaA/tL28UkzSiQhOOlRq4TqL9DEvNCKfzipcqmmAyxWM6MFTgiCo/WwSfo3OjjFAYS/OERgv190aGI6VmUWAm84hq1cvF/7xBqsMbP2MiSTUVZHkoTDnSMcpbQCMmKdF8ZggmkpmsiEywxESbriqmBHf1y+ukd1l3G/VG56rWbBV1lOEUzuACXLiGJrSgDV0gkMIzvMKb9WS9WO/Wx3K0ZBU7J/AH1ucPKuuTdQ==</latexit>

q → Q
<latexit sha1_base64="ds3OUJXH5IZYBmyVHnPxxsYp8ec=">AAACDXicbVDJSgNBEO1xjXGLevQyGIUIEmZEohch4CXHCGaBTAw9PZWkSc9id40YhvkBL/6KFw+KePXuzb+xsxw08UHB470qquq5keAKLevbWFhcWl5Zzaxl1zc2t7ZzO7t1FcaSQY2FIpRNlyoQPIAachTQjCRQ3xXQcAdXI79xD1LxMLjBYQRtn/YC3uWMopY6uUOvkzgeCKQnDgiR3iYOwgMmTMQKQaZp4e74spPLW0VrDHOe2FOSJ1NUO7kvxwtZ7EOATFClWrYVYTuhEjkTkGadWEFE2YD2oKVpQH1Q7WT8TWoeacUzu6HUFaA5Vn9PJNRXaui7utOn2Fez3kj8z2vF2L1oJzyIYoSATRZ1Y2FiaI6iMT0ugaEYakKZ5PpWk/WppEwHobI6BHv25XlSPy3apWLp+ixfrkzjyJB9ckAKxCbnpEwqpEpqhJFH8kxeyZvxZLwY78bHpHXBmM7skT8wPn8Aeh6ceg==</latexit>

dclusterω,ε (q) =
<latexit sha1_base64="kDYrCrvfwAVr+9srUFFsnG+iBb0=">AAACBnicbVDLSgNBEJyNrxhfUY8iLAYhXsKuSPQiBLzkGME8IIlhdtJJhszOrjO9Ylj25MVf8eJBEa9+gzf/xsnjoIkFDUVVN91dXii4Rsf5tlJLyyura+n1zMbm1vZOdnevpoNIMaiyQASq4VENgkuoIkcBjVAB9T0BdW94Nfbr96A0D+QNjkJo+7QveY8zikbqZA9lJ26BEMlt3EJ4wJiJSCOoJMnfnVx2sjmn4ExgLxJ3RnJkhkon+9XqBizyQSITVOum64TYjqlCzgQkmVakIaRsSPvQNFRSH3Q7nryR2MdG6dq9QJmSaE/U3xMx9bUe+Z7p9CkO9Lw3Fv/zmhH2Ltoxl2GEINl0US8SNgb2OBO7yxUwFCNDKFPc3GqzAVWUmSB0xoTgzr+8SGqnBbdYKF6f5UrlWRxpckCOSJ645JyUSJlUSJUw8kieySt5s56sF+vd+pi2pqzZzD75A+vzB0xBmaw=</latexit>

ncluster
ω (q) =

# times event  happened at time  among patients in 's cluster 

# at risk at time  among patients in 's cluster 

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="NyL1Frz/rEy6hugcUk3ER4Ymkus=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsJ+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EptHPRBykG54lbdBeg68XJSITmag/JXfxjzNAKFXDJjep6boJ8xjYJLmJX6qYGE8QkbQc9SxSIwfra4dkYvrDKkYaxtKaQL9fdExiJjplFgOyOGY7PqzcX/vF6K4a2fCZWkCIovF4WppBjT+et0KDRwlFNLGNfC3kr5mGnG0QZUsiF4qy+vk/ZV1atVa/fXlXojj6NIzsg5uSQeuSF10iBN0iKcPJJn8krenNh5cd6dj2VrwclnTskfOJ8/oDePMw==</latexit>

tω

<latexit sha1_base64="NyL1Frz/rEy6hugcUk3ER4Ymkus=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsJ+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EptHPRBykG54lbdBeg68XJSITmag/JXfxjzNAKFXDJjep6boJ8xjYJLmJX6qYGE8QkbQc9SxSIwfra4dkYvrDKkYaxtKaQL9fdExiJjplFgOyOGY7PqzcX/vF6K4a2fCZWkCIovF4WppBjT+et0KDRwlFNLGNfC3kr5mGnG0QZUsiF4qy+vk/ZV1atVa/fXlXojj6NIzsg5uSQeuSF10iBN0iKcPJJn8krenNh5cd6dj2VrwclnTskfOJ8/oDePMw==</latexit>

tω
<latexit sha1_base64="LWH3FUzeq2RHfIYAwJT2HP+f61U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOD9jQY=</latexit>q

<latexit sha1_base64="LWH3FUzeq2RHfIYAwJT2HP+f61U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOD9jQY=</latexit>q

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training
We use -net clustering<latexit sha1_base64="91NlVWf40cA4Jeffd8FLtnLQACk=">AAACJnicbVBNS8NAFNxUq7V+VT16CRbBU0iKVI8FLx4rWBWSUjabl7q4H2F3UykhP8OrXv013kS8+VPc2B6s9cHCMPMeMztxxqg2vv/p1FZW62vrjY3m5tb2zm5rb/9Gy1wRGBDJpLqLsQZGBQwMNQzuMgWYxwxu44eLSr+dgNJUimszzWDI8VjQlBJsLBVGE6wg05RJMWq1fa/jV+P6XncGAs9fBG00n/5oz6lHiSQ5B2EIw1qHgZ+ZYYGVoYRB2YxyDRkmD3gMoYUCc9DD4idz6R5bJnFTqewTxv1hf18UmGs95bHd5Njc679aRf6nhblJz4cFFVluQJCZUZoz10i3KsBNqAJi2NQCTBS1WV1yjxUmxtbUXLBJdJXNfkTAI5GcY5EUERVJWUSVb6KLoCybtrilmpbBTccLul736rTdu5xX2ECH6AidoACdoR66RH00QARJ9ISe0Yvz6rw5787HbLXmzG8O0MI4X99q26YF</latexit>ω

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Neural net 
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

Learn neural net 
parameters 

<latexit sha1_base64="a5E3DzEUofH9uYASiVdSFA8u9kk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+plQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukfVX1atXa/XWl3sjjKMIZnMMleHADdWhAE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8fqVePOQ==</latexit>

ω

<latexit sha1_base64="lDTytnqwdFX10fLVXbeISdlgNrw=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lUSkeix46bGC/YAmlM1m0izdfLA7qZTQf+LFgyJe/Sfe/Ddu2xy09cHA470ZZub5meAKbfvb2Njc2t7ZrexV9w8Oj47Nk9OuSnPJoMNSkcq+TxUInkAHOQroZxJo7Avo+eP7ud+bgFQ8TR5xmoEX01HCQ84oamlomu4TDyCiWLgYAdLZ0KzZdXsBa504JamREu2h+eUGKctjSJAJqtTAsTP0CiqRMwGzqpsryCgb0xEMNE1oDMorFpfPrEutBFaYSl0JWgv190RBY6Wmsa87Y4qRWvXm4n/eIMfwzit4kuUICVsuCnNhYWrNY7ACLoGhmGpCmeT6VotFVFKGOqyqDsFZfXmddK/rTqPeeLipNVtlHBVyTi7IFXHILWmSFmmTDmFkQp7JK3kzCuPFeDc+lq0bRjlzRv7A+PwBJmqUCA==</latexit>

ω̂

Step 1

Training feature vectors
<latexit sha1_base64="nqNgfTGzE2l3EaT47LUVTkbU4ds=">AAAB9HicbVBNS8NAFHzxs9avqkcvwSJ4KCURqR4LXnqsYNtAG8Jmu2mXbjZx96VQSn+HFw+KePXHePPfuG1z0NaBhWHmDe/thKngGh3n29rY3Nre2S3sFfcPDo+OSyenbZ1kirIWTUSivJBoJrhkLeQomJcqRuJQsE44up/7nTFTmifyEScp82MykDzilKCRfC9wK71+grriBTIolZ2qs4C9TtyclCFHMyh9mSzNYiaRCqJ113VS9KdEIaeCzYq9TLOU0BEZsK6hksRM+9PF0TP70ih9O0qUeRLthfo7MSWx1pM4NJMxwaFe9ebif143w+jOn3KZZsgkXS6KMmFjYs8bsPtcMYpiYgihiptbbTokilA0PRVNCe7ql9dJ+7rq1qq1h5tyvZHXUYBzuIArcOEW6tCAJrSAwhM8wyu8WWPrxXq3PpajG1aeOYM/sD5/ANVVkYg=</latexit>

X1, . . . , Xn

<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Training 
embedding 

vectors

Step 2

<latexit sha1_base64="XG49nyeBdtphicSVvNHFrKEBqe0="></latexit>

X̃i = f(Xi; ω̂ )

Exemplar-based 
clustering

<latexit sha1_base64="Jy1U1GG7dWj0QJfVy+J0LdvHT+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBTZct2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6Wt7Z3dvfJ+5eDw6PikenrWMyrVlHWpEkoPQmKY4JJ1gYNgg0QzEoeC9cPZQ+73n5g2XMlHmCcsiMlE8ohTAlbyhzGBKSUi6yxG1Zpbd5fAm8QrSA0VaI+qX8OxomnMJFBBjPE9N4EgIxo4FWxRGaaGJYTOyIT5lkoSMxNky8gLfGWVMY6Utk8CXqq/NzISGzOPQzuZRzTrXi7+5/kpRPdBxmWSApN09VGUCgwK5/fjMdeMgphbQqjmNiumU6IJBdtSxZbgrZ+8SXo3da9Rb3Rua81WUUcZXaBLdI08dIeaqIXaqIsoUugZvaI3B5wX5935WI2WnGLnHP2B8/kDjf6ReA==</latexit>

Q
Set of exemplars 

(each training patient 
assigned to 1 exemplar)

Step 3

Step 4 
For each exemplar , compute summary functions:

<latexit sha1_base64="DsgQHL18qZ5CAHgM7ey32yxRvOc=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IRPJVEpHoseOmxBdsKTSib7aZdutnE3Y1QQ3+JFw+KePWnePPfuGlz0NaBhWHmPd7sBAlnSjvOt1Xa2Nza3invVvb2Dw6r9tFxT8WpJLRLYh7L+wArypmgXc00p/eJpDgKOO0H09vc7z9SqVgs7vQsoX6Ex4KFjGBtpKFdffCY8CKsJwTzrDMf2jWn7iyA1olbkBoUaA/tL28UkzSiQhOOlRq4TqL9DEvNCKfzipcqmmAyxWM6MFTgiCo/WwSfo3OjjFAYS/OERgv190aGI6VmUWAm84hq1cvF/7xBqsMbP2MiSTUVZHkoTDnSMcpbQCMmKdF8ZggmkpmsiEywxESbriqmBHf1y+ukd1l3G/VG56rWbBV1lOEUzuACXLiGJrSgDV0gkMIzvMKb9WS9WO/Wx3K0ZBU7J/AH1ucPKuuTdQ==</latexit>

q → Q
<latexit sha1_base64="ds3OUJXH5IZYBmyVHnPxxsYp8ec=">AAACDXicbVDJSgNBEO1xjXGLevQyGIUIEmZEohch4CXHCGaBTAw9PZWkSc9id40YhvkBL/6KFw+KePXuzb+xsxw08UHB470qquq5keAKLevbWFhcWl5Zzaxl1zc2t7ZzO7t1FcaSQY2FIpRNlyoQPIAachTQjCRQ3xXQcAdXI79xD1LxMLjBYQRtn/YC3uWMopY6uUOvkzgeCKQnDgiR3iYOwgMmTMQKQaZp4e74spPLW0VrDHOe2FOSJ1NUO7kvxwtZ7EOATFClWrYVYTuhEjkTkGadWEFE2YD2oKVpQH1Q7WT8TWoeacUzu6HUFaA5Vn9PJNRXaui7utOn2Fez3kj8z2vF2L1oJzyIYoSATRZ1Y2FiaI6iMT0ugaEYakKZ5PpWk/WppEwHobI6BHv25XlSPy3apWLp+ixfrkzjyJB9ckAKxCbnpEwqpEpqhJFH8kxeyZvxZLwY78bHpHXBmM7skT8wPn8Aeh6ceg==</latexit>

dclusterω,ε (q) =
<latexit sha1_base64="kDYrCrvfwAVr+9srUFFsnG+iBb0=">AAACBnicbVDLSgNBEJyNrxhfUY8iLAYhXsKuSPQiBLzkGME8IIlhdtJJhszOrjO9Ylj25MVf8eJBEa9+gzf/xsnjoIkFDUVVN91dXii4Rsf5tlJLyyura+n1zMbm1vZOdnevpoNIMaiyQASq4VENgkuoIkcBjVAB9T0BdW94Nfbr96A0D+QNjkJo+7QveY8zikbqZA9lJ26BEMlt3EJ4wJiJSCOoJMnfnVx2sjmn4ExgLxJ3RnJkhkon+9XqBizyQSITVOum64TYjqlCzgQkmVakIaRsSPvQNFRSH3Q7nryR2MdG6dq9QJmSaE/U3xMx9bUe+Z7p9CkO9Lw3Fv/zmhH2Ltoxl2GEINl0US8SNgb2OBO7yxUwFCNDKFPc3GqzAVWUmSB0xoTgzr+8SGqnBbdYKF6f5UrlWRxpckCOSJ645JyUSJlUSJUw8kieySt5s56sF+vd+pi2pqzZzD75A+vzB0xBmaw=</latexit>

ncluster
ω (q) =

# times event  happened at time  among patients in 's cluster 

# at risk at time  among patients in 's cluster 

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="NyL1Frz/rEy6hugcUk3ER4Ymkus=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsJ+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EptHPRBykG54lbdBeg68XJSITmag/JXfxjzNAKFXDJjep6boJ8xjYJLmJX6qYGE8QkbQc9SxSIwfra4dkYvrDKkYaxtKaQL9fdExiJjplFgOyOGY7PqzcX/vF6K4a2fCZWkCIovF4WppBjT+et0KDRwlFNLGNfC3kr5mGnG0QZUsiF4qy+vk/ZV1atVa/fXlXojj6NIzsg5uSQeuSF10iBN0iKcPJJn8krenNh5cd6dj2VrwclnTskfOJ8/oDePMw==</latexit>

tω

<latexit sha1_base64="NyL1Frz/rEy6hugcUk3ER4Ymkus=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsJ+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EptHPRBykG54lbdBeg68XJSITmag/JXfxjzNAKFXDJjep6boJ8xjYJLmJX6qYGE8QkbQc9SxSIwfra4dkYvrDKkYaxtKaQL9fdExiJjplFgOyOGY7PqzcX/vF6K4a2fCZWkCIovF4WppBjT+et0KDRwlFNLGNfC3kr5mGnG0QZUsiF4qy+vk/ZV1atVa/fXlXojj6NIzsg5uSQeuSF10iBN0iKcPJJn8krenNh5cd6dj2VrwclnTskfOJ8/oDePMw==</latexit>

tω
<latexit sha1_base64="LWH3FUzeq2RHfIYAwJT2HP+f61U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOD9jQY=</latexit>q

<latexit sha1_base64="LWH3FUzeq2RHfIYAwJT2HP+f61U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOD9jQY=</latexit>q

•  means every point 
is its own cluster

<latexit sha1_base64="MgZdSssxuSIc73+UoM1WBsxFR+4=">AAACKHicbVBNS8NAFNxUq7V+VT16CRbBU0iKVC+C4KXHClaFJshm89ou3Y+4u6mUkN/hVa/+Gm/Sq7/Eje3Bqg8Whpn3mNmJU0a18f2ZU1lZra6t1zbqm1vbO7uNvf1bLTNFoEckk+o+xhoYFdAz1DC4TxVgHjO4i8dXpX43AaWpFDdmmkLE8VDQASXYWCoKJ1hBqimT4sJ/aDR9r+WX4/peew4Cz18GTbSY7sOeUw0TSTIOwhCGte4HfmqiHCtDCYOiHmYaUkzGeAh9CwXmoKP8O3XhHlsmcQdS2SeM+83+vMgx13rKY7vJsRnp31pJ/qf1MzM4j3Iq0syAIHOjQcZcI92yAjehCohhUwswUdRmdckIK0yMLaq+ZJPoMpv9iIAnIjnHIslDKpIiD0vfROdBUdRtcX9q+gtuW17Q9trXp83LzqLCGjpER+gEBegMXaIO6qIeIugRPaMX9Oq8Oe/OhzObr1acxc0BWhrn8wt6F6aG</latexit>

ω = 0

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



DKAJ Training
We use -net clustering<latexit sha1_base64="91NlVWf40cA4Jeffd8FLtnLQACk=">AAACJnicbVBNS8NAFNxUq7V+VT16CRbBU0iKVI8FLx4rWBWSUjabl7q4H2F3UykhP8OrXv013kS8+VPc2B6s9cHCMPMeMztxxqg2vv/p1FZW62vrjY3m5tb2zm5rb/9Gy1wRGBDJpLqLsQZGBQwMNQzuMgWYxwxu44eLSr+dgNJUimszzWDI8VjQlBJsLBVGE6wg05RJMWq1fa/jV+P6XncGAs9fBG00n/5oz6lHiSQ5B2EIw1qHgZ+ZYYGVoYRB2YxyDRkmD3gMoYUCc9DD4idz6R5bJnFTqewTxv1hf18UmGs95bHd5Njc679aRf6nhblJz4cFFVluQJCZUZoz10i3KsBNqAJi2NQCTBS1WV1yjxUmxtbUXLBJdJXNfkTAI5GcY5EUERVJWUSVb6KLoCybtrilmpbBTccLul736rTdu5xX2ECH6AidoACdoR66RH00QARJ9ISe0Yvz6rw5787HbLXmzG8O0MI4X99q26YF</latexit>ω

Training data
<latexit sha1_base64="eIU5mJVfyt3DZjnS+FshZ+8N5WY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSK0WEoiUl0WdNFlBfuQtoTJdNIOnUzCzI1QQj/Cjb/ixoUibl2482+cthG09cCFwzn33pl7vIgzBbb9ZWRWVtfWN7Kbua3tnd09c/+gqcJYEtogIQ9l28OKciZoAxhw2o4kxYHHacsbXU391j2VioXiFsYR7QV4IJjPCAYtueZpoe06pTtd3WvKAbtOsdTth6BK2hDaED+GKLpm3i7bM1jLxElJHqWou+anXkXigAogHCvVcewIegmWwAink1w3VjTCZIQHtKOpwAFVvWR21MQ60Urf8kOpS4A1U39PJDhQahx4ujPAMFSL3lT8z+vE4F/2EiaiGKgg84f8mFsQWtOErD6TlAAfa4KJZPqvFhliiQnoHHM6BGfx5GXSPCs7lXLl5jxfraVxZNEROkYF5KALVEU1VEcNRNADekIv6NV4NJ6NN+N93pox0plD9AfGxze5nZwv</latexit>

(X1, Y1,!1), . . . , (Xn, Yn,!n)

Neural net 
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

Learn neural net 
parameters 

<latexit sha1_base64="a5E3DzEUofH9uYASiVdSFA8u9kk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+plQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukfVX1atXa/XWl3sjjKMIZnMMleHADdWhAE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8fqVePOQ==</latexit>

ω

<latexit sha1_base64="lDTytnqwdFX10fLVXbeISdlgNrw=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8lUSkeix46bGC/YAmlM1m0izdfLA7qZTQf+LFgyJe/Sfe/Ddu2xy09cHA470ZZub5meAKbfvb2Njc2t7ZrexV9w8Oj47Nk9OuSnPJoMNSkcq+TxUInkAHOQroZxJo7Avo+eP7ud+bgFQ8TR5xmoEX01HCQ84oamlomu4TDyCiWLgYAdLZ0KzZdXsBa504JamREu2h+eUGKctjSJAJqtTAsTP0CiqRMwGzqpsryCgb0xEMNE1oDMorFpfPrEutBFaYSl0JWgv190RBY6Wmsa87Y4qRWvXm4n/eIMfwzit4kuUICVsuCnNhYWrNY7ACLoGhmGpCmeT6VotFVFKGOqyqDsFZfXmddK/rTqPeeLipNVtlHBVyTi7IFXHILWmSFmmTDmFkQp7JK3kzCuPFeDc+lq0bRjlzRv7A+PwBJmqUCA==</latexit>

ω̂

Step 1

Training feature vectors
<latexit sha1_base64="nqNgfTGzE2l3EaT47LUVTkbU4ds=">AAAB9HicbVBNS8NAFHzxs9avqkcvwSJ4KCURqR4LXnqsYNtAG8Jmu2mXbjZx96VQSn+HFw+KePXHePPfuG1z0NaBhWHmDe/thKngGh3n29rY3Nre2S3sFfcPDo+OSyenbZ1kirIWTUSivJBoJrhkLeQomJcqRuJQsE44up/7nTFTmifyEScp82MykDzilKCRfC9wK71+grriBTIolZ2qs4C9TtyclCFHMyh9mSzNYiaRCqJ113VS9KdEIaeCzYq9TLOU0BEZsK6hksRM+9PF0TP70ih9O0qUeRLthfo7MSWx1pM4NJMxwaFe9ebif143w+jOn3KZZsgkXS6KMmFjYs8bsPtcMYpiYgihiptbbTokilA0PRVNCe7ql9dJ+7rq1qq1h5tyvZHXUYBzuIArcOEW6tCAJrSAwhM8wyu8WWPrxXq3PpajG1aeOYM/sD5/ANVVkYg=</latexit>

X1, . . . , Xn

<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Training 
embedding 

vectors

Step 2

<latexit sha1_base64="XG49nyeBdtphicSVvNHFrKEBqe0="></latexit>

X̃i = f(Xi; ω̂ )

Exemplar-based 
clustering

<latexit sha1_base64="Jy1U1GG7dWj0QJfVy+J0LdvHT+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXBTZct2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6Wt7Z3dvfJ+5eDw6PikenrWMyrVlHWpEkoPQmKY4JJ1gYNgg0QzEoeC9cPZQ+73n5g2XMlHmCcsiMlE8ohTAlbyhzGBKSUi6yxG1Zpbd5fAm8QrSA0VaI+qX8OxomnMJFBBjPE9N4EgIxo4FWxRGaaGJYTOyIT5lkoSMxNky8gLfGWVMY6Utk8CXqq/NzISGzOPQzuZRzTrXi7+5/kpRPdBxmWSApN09VGUCgwK5/fjMdeMgphbQqjmNiumU6IJBdtSxZbgrZ+8SXo3da9Rb3Rua81WUUcZXaBLdI08dIeaqIXaqIsoUugZvaI3B5wX5935WI2WnGLnHP2B8/kDjf6ReA==</latexit>

Q
Set of exemplars 

(each training patient 
assigned to 1 exemplar)

Step 3

Step 4 
For each exemplar , compute summary functions:

<latexit sha1_base64="DsgQHL18qZ5CAHgM7ey32yxRvOc=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IRPJVEpHoseOmxBdsKTSib7aZdutnE3Y1QQ3+JFw+KePWnePPfuGlz0NaBhWHmPd7sBAlnSjvOt1Xa2Nza3invVvb2Dw6r9tFxT8WpJLRLYh7L+wArypmgXc00p/eJpDgKOO0H09vc7z9SqVgs7vQsoX6Ex4KFjGBtpKFdffCY8CKsJwTzrDMf2jWn7iyA1olbkBoUaA/tL28UkzSiQhOOlRq4TqL9DEvNCKfzipcqmmAyxWM6MFTgiCo/WwSfo3OjjFAYS/OERgv190aGI6VmUWAm84hq1cvF/7xBqsMbP2MiSTUVZHkoTDnSMcpbQCMmKdF8ZggmkpmsiEywxESbriqmBHf1y+ukd1l3G/VG56rWbBV1lOEUzuACXLiGJrSgDV0gkMIzvMKb9WS9WO/Wx3K0ZBU7J/AH1ucPKuuTdQ==</latexit>

q → Q
<latexit sha1_base64="ds3OUJXH5IZYBmyVHnPxxsYp8ec=">AAACDXicbVDJSgNBEO1xjXGLevQyGIUIEmZEohch4CXHCGaBTAw9PZWkSc9id40YhvkBL/6KFw+KePXuzb+xsxw08UHB470qquq5keAKLevbWFhcWl5Zzaxl1zc2t7ZzO7t1FcaSQY2FIpRNlyoQPIAachTQjCRQ3xXQcAdXI79xD1LxMLjBYQRtn/YC3uWMopY6uUOvkzgeCKQnDgiR3iYOwgMmTMQKQaZp4e74spPLW0VrDHOe2FOSJ1NUO7kvxwtZ7EOATFClWrYVYTuhEjkTkGadWEFE2YD2oKVpQH1Q7WT8TWoeacUzu6HUFaA5Vn9PJNRXaui7utOn2Fez3kj8z2vF2L1oJzyIYoSATRZ1Y2FiaI6iMT0ugaEYakKZ5PpWk/WppEwHobI6BHv25XlSPy3apWLp+ixfrkzjyJB9ckAKxCbnpEwqpEpqhJFH8kxeyZvxZLwY78bHpHXBmM7skT8wPn8Aeh6ceg==</latexit>

dclusterω,ε (q) =
<latexit sha1_base64="kDYrCrvfwAVr+9srUFFsnG+iBb0=">AAACBnicbVDLSgNBEJyNrxhfUY8iLAYhXsKuSPQiBLzkGME8IIlhdtJJhszOrjO9Ylj25MVf8eJBEa9+gzf/xsnjoIkFDUVVN91dXii4Rsf5tlJLyyura+n1zMbm1vZOdnevpoNIMaiyQASq4VENgkuoIkcBjVAB9T0BdW94Nfbr96A0D+QNjkJo+7QveY8zikbqZA9lJ26BEMlt3EJ4wJiJSCOoJMnfnVx2sjmn4ExgLxJ3RnJkhkon+9XqBizyQSITVOum64TYjqlCzgQkmVakIaRsSPvQNFRSH3Q7nryR2MdG6dq9QJmSaE/U3xMx9bUe+Z7p9CkO9Lw3Fv/zmhH2Ltoxl2GEINl0US8SNgb2OBO7yxUwFCNDKFPc3GqzAVWUmSB0xoTgzr+8SGqnBbdYKF6f5UrlWRxpckCOSJ645JyUSJlUSJUw8kieySt5s56sF+vd+pi2pqzZzD75A+vzB0xBmaw=</latexit>

ncluster
ω (q) =

# times event  happened at time  among patients in 's cluster 

# at risk at time  among patients in 's cluster 

<latexit sha1_base64="GYfmQ7TKvAOXD4nbQz3AGs3WrWI=">AAAB7XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48V7Ae0oWw203btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WNza3tneJuaW//4PCofHzSNirVDFpMCaW7ITUguIQWchTQTTTQOBTQCSd3c7/zBNpwJR9wmkAQ05HkQ84oWqndj0AgHZQrXtVbwF0nfk4qJEdzUP7qR4qlMUhkghrT870Eg4xq5EzArNRPDSSUTegIepZKGoMJssW1M/fCKpE7VNqWRHeh/p7IaGzMNA5tZ0xxbFa9ufif10txeBtkXCYpgmTLRcNUuKjc+etuxDUwFFNLKNPc3uqyMdWUoQ2oZEPwV19eJ+2rql+r1u6vK/VGHkeRnJFzckl8ckPqpEGapEUYeSTP5JW8Ocp5cd6dj2VrwclnTskfOJ8/luyPLQ==</latexit>

ω
<latexit sha1_base64="NyL1Frz/rEy6hugcUk3ER4Ymkus=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsJ+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EptHPRBykG54lbdBeg68XJSITmag/JXfxjzNAKFXDJjep6boJ8xjYJLmJX6qYGE8QkbQc9SxSIwfra4dkYvrDKkYaxtKaQL9fdExiJjplFgOyOGY7PqzcX/vF6K4a2fCZWkCIovF4WppBjT+et0KDRwlFNLGNfC3kr5mGnG0QZUsiF4qy+vk/ZV1atVa/fXlXojj6NIzsg5uSQeuSF10iBN0iKcPJJn8krenNh5cd6dj2VrwclnTskfOJ8/oDePMw==</latexit>

tω

<latexit sha1_base64="NyL1Frz/rEy6hugcUk3ER4Ymkus=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseClx4r2A9oQ9lsJ+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5m/udJ9BGxOoBpwn4ERspEQrO0EptHPRBykG54lbdBeg68XJSITmag/JXfxjzNAKFXDJjep6boJ8xjYJLmJX6qYGE8QkbQc9SxSIwfra4dkYvrDKkYaxtKaQL9fdExiJjplFgOyOGY7PqzcX/vF6K4a2fCZWkCIovF4WppBjT+et0KDRwlFNLGNfC3kr5mGnG0QZUsiF4qy+vk/ZV1atVa/fXlXojj6NIzsg5uSQeuSF10iBN0iKcPJJn8krenNh5cd6dj2VrwclnTskfOJ8/oDePMw==</latexit>

tω
<latexit sha1_base64="LWH3FUzeq2RHfIYAwJT2HP+f61U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOD9jQY=</latexit>q

<latexit sha1_base64="LWH3FUzeq2RHfIYAwJT2HP+f61U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXjhCIo8ENmR2aGBkdnadmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSTvzTRGP6QjyYecUWOlxmO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ466dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7KXqVcaVyXqrUsjjycwTlcggc3UIUa1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOD9jQY=</latexit>q

•  means every point 
is its own cluster

<latexit sha1_base64="MgZdSssxuSIc73+UoM1WBsxFR+4=">AAACKHicbVBNS8NAFNxUq7V+VT16CRbBU0iKVC+C4KXHClaFJshm89ou3Y+4u6mUkN/hVa/+Gm/Sq7/Eje3Bqg8Whpn3mNmJU0a18f2ZU1lZra6t1zbqm1vbO7uNvf1bLTNFoEckk+o+xhoYFdAz1DC4TxVgHjO4i8dXpX43AaWpFDdmmkLE8VDQASXYWCoKJ1hBqimT4sJ/aDR9r+WX4/peew4Cz18GTbSY7sOeUw0TSTIOwhCGte4HfmqiHCtDCYOiHmYaUkzGeAh9CwXmoKP8O3XhHlsmcQdS2SeM+83+vMgx13rKY7vJsRnp31pJ/qf1MzM4j3Iq0syAIHOjQcZcI92yAjehCohhUwswUdRmdckIK0yMLaq+ZJPoMpv9iIAnIjnHIslDKpIiD0vfROdBUdRtcX9q+gtuW17Q9trXp83LzqLCGjpER+gEBegMXaIO6qIeIugRPaMX9Oq8Oe/OhzObr1acxc0BWhrn8wt6F6aG</latexit>

ω = 0

• Larger   fewer clusters<latexit sha1_base64="91NlVWf40cA4Jeffd8FLtnLQACk=">AAACJnicbVBNS8NAFNxUq7V+VT16CRbBU0iKVI8FLx4rWBWSUjabl7q4H2F3UykhP8OrXv013kS8+VPc2B6s9cHCMPMeMztxxqg2vv/p1FZW62vrjY3m5tb2zm5rb/9Gy1wRGBDJpLqLsQZGBQwMNQzuMgWYxwxu44eLSr+dgNJUimszzWDI8VjQlBJsLBVGE6wg05RJMWq1fa/jV+P6XncGAs9fBG00n/5oz6lHiSQ5B2EIw1qHgZ+ZYYGVoYRB2YxyDRkmD3gMoYUCc9DD4idz6R5bJnFTqewTxv1hf18UmGs95bHd5Njc679aRf6nhblJz4cFFVluQJCZUZoz10i3KsBNqAJi2NQCTBS1WV1yjxUmxtbUXLBJdJXNfkTAI5GcY5EUERVJWUSVb6KLoCybtrilmpbBTccLul736rTdu5xX2ECH6AidoACdoR66RH00QARJ9ISe0Yvz6rw5787HbLXmzG8O0MI4X99q26YF</latexit>ω
<latexit sha1_base64="OE15Q/3H7Ov84AniNdKamizhEf0=">AAACJnicbVDLSsNAFJ2o1VpfrS7dBIvgKiRFqsuCmy6r2AckoUwm03boPMLMxFJCPsOtbv0adyLu/BQnbRfWemHgcM69nDMnSihR2nW/rK3tndLuXnm/cnB4dHxSrZ32lEglwl0kqJCDCCpMCcddTTTFg0RiyCKK+9H0rtD7T1gqIvijnic4ZHDMyYggqA3lBw9kPNFQSjEbVuuu03CLsV2nuQSe466DOlhNZ1izSkEsUMow14hCpXzPTXSYQakJojivBKnCCURTOMa+gRwyrMJskTm3Lw0T2yMhzePaXrC/LzLIlJqzyGwyqCfqr1aQ/2l+qke3YUZ4kmrM0dJolFJbC7sowI6JxEjTuQEQSWKy2mgCJUTa1FRZs4lVkc18hOMZEoxBHmcB4XGeBYVvrDIvzyumuI2aNkGv4XhNp3l/XW+1VxWWwTm4AFfAAzegBdqgA7oAAQGewQt4td6sd+vD+lyublmrmzOwNtb3Dzzfpes=</latexit>→

Recall: kernel function is
<latexit sha1_base64="QxnMBdzciQHJThl2tH6Oac6iYEc="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2)



radius <latexit sha1_base64="F3bbt2J/0bFV6HX4V/ZWe0e3Hd0="></latexit>⌧

Reminder: DKAJ High-Level Idea

<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

<latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

Raw feature space
<latexit sha1_base64="IH0A4nLdg43a/fZBLHX8H0mrSio=">AAACEnicbVA9SwNBEN3zM8avqKXNYRCSwnAnGgWbgE3KCCYRciHs7c3llux9sDunhCP+BRv/io2FIrZWdv4bNx+FRh8MPN6bYWaemwiu0LK+jIXFpeWV1dxafn1jc2u7sLPbUnEqGTRZLGJ541IFgkfQRI4CbhIJNHQFtN3B5dhv34JUPI6ucZhAN6T9iPucUdRSr1D2Sw7zYrxw7rgHAcXMwQCQju6dQCWUQXZkV04THJV7haJVsSYw/xJ7Ropkhkav8Ol4MUtDiJAJqlTHthLsZlQiZwJGeSdVoDcMaB86mkY0BNXNJi+NzEOteKYfS10RmhP150RGQ6WGoas7Q4qBmvfG4n9eJ0X/vJvxKEkRIjZd5KfCxNgc52N6XAJDMdSEMsn1rSYLqKQMdYp5HYI9//Jf0jqu2NVK9eqkWKvP4siRfXJASsQmZ6RG6qRBmoSRB/JEXsir8Wg8G2/G+7R1wZjN7JFfMD6+AU4JneU=</latexit>

f(·; ω̂ )

encoder learned via 
maximum likelihood

<latexit sha1_base64="M6Qak1eUM7EbF6o2fuB/2N4lxaI="></latexit>

x̃ = f(x; ω̂)

Embedding space 
(a circle in this example)

Colored points 
correspond to 

different clusters

Predicted CIF for  only depends 
on clusters within the shaded ball

<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x



DKAJ Prediction



DKAJ Prediction
<latexit sha1_base64="x9nPRhGc6vP8Pvlz/TdkXec1yL4="></latexit>

F̂DKAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

Ŝ(tε↓1|x)
dDKAJ
ω,ε (x)

nDKAJ
ε (x)

<latexit sha1_base64="R4TUThlZSYmfu4Sz9zTROvF0QW0="></latexit>

Ŝ(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 d

DKAJ
ε,ω (x)

nDKAJ
ω (x)

)



DKAJ Prediction

exemplar 
 within distance  of  
(in embedding space)

<latexit sha1_base64="Y8aL9E4mbxL2d3ISXuc0CMcNdWc=">AAACH3icbVDLSsNAFJ1UqzW+Wl26CRbBVUlEqsuiG5cV7AOaUCaTSTt0HmFmopSQX3CrW7/Gnbjt3zhps7DVAxcO59zLvfeECSVKu+7CqmxtV3d2a3v2/sHh0XG9cdJXIpUI95CgQg5DqDAlHPc00RQPE4khCykehLP7wh88Y6mI4E96nuCAwQknMUFQF5KvYTquN92Wu4Tzl3glaYIS3XHDqvqRQCnDXCMKlRp5bqKDDEpNEMW57acKJxDN4ASPDOWQYRVky2Nz58IokRMLaYprZ6n+nsggU2rOQtPJoJ6qTa8Q//NGqY5vg4zwJNWYo9WiOKWOFk7xuRMRiZGmc0MgksTc6qAplBBpk4+9tiZSxW3mEY5fkGAM8ijzCY/yzC/2Rirz8tw2wXmbMf0l/auW1261H6+bnbsywho4A+fgEnjgBnTAA+iCHkBgCl7BG3i3PqxP68v6XrVWrHLmFKzBWvwAJWCitw==</latexit>ω <latexit sha1_base64="Umzgr9dIGE3DLeBZ4IAi2J92sWM=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3Y3agl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQSpaCQe9DQGj+ORoCElWBup9TwsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeSMQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXrHihaw==</latexit>x

<latexit sha1_base64="bYuuhdOYLIzB64EPCUA3/7ElJwE=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3c3Sgl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQKpaCQe9DQGj+ORoCElWBup9TgsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeScQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXoHChZA==</latexit>q

<latexit sha1_base64="qYswsvD5RTrNJkS+Pz7v7P5SXSA="></latexit>

dDKAJ
ω,ε (x) ↭

∑

q→Q(x;ϑ)

K(x,Xq)d
cluster
ω,ε (q)

<latexit sha1_base64="x9nPRhGc6vP8Pvlz/TdkXec1yL4="></latexit>

F̂DKAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

Ŝ(tε↓1|x)
dDKAJ
ω,ε (x)

nDKAJ
ε (x)

<latexit sha1_base64="R4TUThlZSYmfu4Sz9zTROvF0QW0="></latexit>

Ŝ(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 d

DKAJ
ε,ω (x)

nDKAJ
ω (x)

)



DKAJ Prediction

exemplar 
 within distance  of  
(in embedding space)

<latexit sha1_base64="Y8aL9E4mbxL2d3ISXuc0CMcNdWc=">AAACH3icbVDLSsNAFJ1UqzW+Wl26CRbBVUlEqsuiG5cV7AOaUCaTSTt0HmFmopSQX3CrW7/Gnbjt3zhps7DVAxcO59zLvfeECSVKu+7CqmxtV3d2a3v2/sHh0XG9cdJXIpUI95CgQg5DqDAlHPc00RQPE4khCykehLP7wh88Y6mI4E96nuCAwQknMUFQF5KvYTquN92Wu4Tzl3glaYIS3XHDqvqRQCnDXCMKlRp5bqKDDEpNEMW57acKJxDN4ASPDOWQYRVky2Nz58IokRMLaYprZ6n+nsggU2rOQtPJoJ6qTa8Q//NGqY5vg4zwJNWYo9WiOKWOFk7xuRMRiZGmc0MgksTc6qAplBBpk4+9tiZSxW3mEY5fkGAM8ijzCY/yzC/2Rirz8tw2wXmbMf0l/auW1261H6+bnbsywho4A+fgEnjgBnTAA+iCHkBgCl7BG3i3PqxP68v6XrVWrHLmFKzBWvwAJWCitw==</latexit>ω <latexit sha1_base64="Umzgr9dIGE3DLeBZ4IAi2J92sWM=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3Y3agl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQSpaCQe9DQGj+ORoCElWBup9TwsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeSMQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXrHihaw==</latexit>x

<latexit sha1_base64="bYuuhdOYLIzB64EPCUA3/7ElJwE=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3c3Sgl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQKpaCQe9DQGj+ORoCElWBup9TgsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeScQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXoHChZA==</latexit>q

<latexit sha1_base64="qYswsvD5RTrNJkS+Pz7v7P5SXSA="></latexit>

dDKAJ
ω,ε (x) ↭

∑

q→Q(x;ϑ)

K(x,Xq)d
cluster
ω,ε (q)

<latexit sha1_base64="x9nPRhGc6vP8Pvlz/TdkXec1yL4="></latexit>

F̂DKAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

Ŝ(tε↓1|x)
dDKAJ
ω,ε (x)

nDKAJ
ε (x)

<latexit sha1_base64="R4TUThlZSYmfu4Sz9zTROvF0QW0="></latexit>

Ŝ(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 d

DKAJ
ε,ω (x)

nDKAJ
ω (x)

)



DKAJ Prediction

exemplar 
 within distance  of  
(in embedding space)

<latexit sha1_base64="Y8aL9E4mbxL2d3ISXuc0CMcNdWc=">AAACH3icbVDLSsNAFJ1UqzW+Wl26CRbBVUlEqsuiG5cV7AOaUCaTSTt0HmFmopSQX3CrW7/Gnbjt3zhps7DVAxcO59zLvfeECSVKu+7CqmxtV3d2a3v2/sHh0XG9cdJXIpUI95CgQg5DqDAlHPc00RQPE4khCykehLP7wh88Y6mI4E96nuCAwQknMUFQF5KvYTquN92Wu4Tzl3glaYIS3XHDqvqRQCnDXCMKlRp5bqKDDEpNEMW57acKJxDN4ASPDOWQYRVky2Nz58IokRMLaYprZ6n+nsggU2rOQtPJoJ6qTa8Q//NGqY5vg4zwJNWYo9WiOKWOFk7xuRMRiZGmc0MgksTc6qAplBBpk4+9tiZSxW3mEY5fkGAM8ijzCY/yzC/2Rirz8tw2wXmbMf0l/auW1261H6+bnbsywho4A+fgEnjgBnTAA+iCHkBgCl7BG3i3PqxP68v6XrVWrHLmFKzBWvwAJWCitw==</latexit>ω <latexit sha1_base64="Umzgr9dIGE3DLeBZ4IAi2J92sWM=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3Y3agl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQSpaCQe9DQGj+ORoCElWBup9TwsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeSMQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXrHihaw==</latexit>x

<latexit sha1_base64="bYuuhdOYLIzB64EPCUA3/7ElJwE=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3c3Sgl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQKpaCQe9DQGj+ORoCElWBup9TgsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeScQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXoHChZA==</latexit>q

<latexit sha1_base64="qYswsvD5RTrNJkS+Pz7v7P5SXSA="></latexit>

dDKAJ
ω,ε (x) ↭

∑

q→Q(x;ϑ)

K(x,Xq)d
cluster
ω,ε (q)

<latexit sha1_base64="x9nPRhGc6vP8Pvlz/TdkXec1yL4="></latexit>

F̂DKAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

Ŝ(tε↓1|x)
dDKAJ
ω,ε (x)

nDKAJ
ε (x)

<latexit sha1_base64="R4TUThlZSYmfu4Sz9zTROvF0QW0="></latexit>

Ŝ(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 d

DKAJ
ε,ω (x)

nDKAJ
ω (x)

)

exemplar 
 within distance  of  
(in embedding space)

<latexit sha1_base64="Y8aL9E4mbxL2d3ISXuc0CMcNdWc=">AAACH3icbVDLSsNAFJ1UqzW+Wl26CRbBVUlEqsuiG5cV7AOaUCaTSTt0HmFmopSQX3CrW7/Gnbjt3zhps7DVAxcO59zLvfeECSVKu+7CqmxtV3d2a3v2/sHh0XG9cdJXIpUI95CgQg5DqDAlHPc00RQPE4khCykehLP7wh88Y6mI4E96nuCAwQknMUFQF5KvYTquN92Wu4Tzl3glaYIS3XHDqvqRQCnDXCMKlRp5bqKDDEpNEMW57acKJxDN4ASPDOWQYRVky2Nz58IokRMLaYprZ6n+nsggU2rOQtPJoJ6qTa8Q//NGqY5vg4zwJNWYo9WiOKWOFk7xuRMRiZGmc0MgksTc6qAplBBpk4+9tiZSxW3mEY5fkGAM8ijzCY/yzC/2Rirz8tw2wXmbMf0l/auW1261H6+bnbsywho4A+fgEnjgBnTAA+iCHkBgCl7BG3i3PqxP68v6XrVWrHLmFKzBWvwAJWCitw==</latexit>ω <latexit sha1_base64="Umzgr9dIGE3DLeBZ4IAi2J92sWM=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3Y3agl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQSpaCQe9DQGj+ORoCElWBup9TwsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeSMQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXrHihaw==</latexit>x

<latexit sha1_base64="bYuuhdOYLIzB64EPCUA3/7ElJwE=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3c3Sgl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQKpaCQe9DQGj+ORoCElWBup9TgsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeScQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXoHChZA==</latexit>q

<latexit sha1_base64="CG9oT5B3+02j4DPg6M4AwEIlapY="></latexit>

nDKAJ
ω (q) ↭

∑

q→Q(x;ε)

K(x,Xq)n
cluster
ω (q)



DKAJ Prediction

exemplar 
 within distance  of  
(in embedding space)

<latexit sha1_base64="Y8aL9E4mbxL2d3ISXuc0CMcNdWc=">AAACH3icbVDLSsNAFJ1UqzW+Wl26CRbBVUlEqsuiG5cV7AOaUCaTSTt0HmFmopSQX3CrW7/Gnbjt3zhps7DVAxcO59zLvfeECSVKu+7CqmxtV3d2a3v2/sHh0XG9cdJXIpUI95CgQg5DqDAlHPc00RQPE4khCykehLP7wh88Y6mI4E96nuCAwQknMUFQF5KvYTquN92Wu4Tzl3glaYIS3XHDqvqRQCnDXCMKlRp5bqKDDEpNEMW57acKJxDN4ASPDOWQYRVky2Nz58IokRMLaYprZ6n+nsggU2rOQtPJoJ6qTa8Q//NGqY5vg4zwJNWYo9WiOKWOFk7xuRMRiZGmc0MgksTc6qAplBBpk4+9tiZSxW3mEY5fkGAM8ijzCY/yzC/2Rirz8tw2wXmbMf0l/auW1261H6+bnbsywho4A+fgEnjgBnTAA+iCHkBgCl7BG3i3PqxP68v6XrVWrHLmFKzBWvwAJWCitw==</latexit>ω <latexit sha1_base64="Umzgr9dIGE3DLeBZ4IAi2J92sWM=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3Y3agl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQSpaCQe9DQGj+ORoCElWBup9TwsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeSMQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXrHihaw==</latexit>x

<latexit sha1_base64="bYuuhdOYLIzB64EPCUA3/7ElJwE=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3c3Sgl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQKpaCQe9DQGj+ORoCElWBup9TgsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeScQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXoHChZA==</latexit>q

<latexit sha1_base64="qYswsvD5RTrNJkS+Pz7v7P5SXSA="></latexit>

dDKAJ
ω,ε (x) ↭

∑

q→Q(x;ϑ)

K(x,Xq)d
cluster
ω,ε (q)

Takeaway: CIFs for  are predicted using only close-enough exemplars 
(in embedding space)

<latexit sha1_base64="1lC+OFfNpLrMrSHpXs37xZsF3AM=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0iKVI8FLz22YD+gKWWzmbZLdzdhd6OWkF/gVa/+Gm/iVfDfuGl7sNYHA4/3ZpiZF8SMKu2639bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+wFWwKiAjqaaQT+WgHnAoBfM7nK/9wBS0Ujc63kMQ44ngo4pwdpI7adRueo6NTeH7Tr1JfEcd51U0QqtUcUq+GFEEg5CE4aVGnhurIcplpoSBlnJTxTEmMzwBAaGCsxBDdPFpZl9aZTQHkfSlND2Qv09kWKu1JwHppNjPVV/vVz8zxskenw7TKmIEw2CLBeNE2bryM7ftkMqgWg2NwQTSc2tNpliiYk24ZTW1oQqv808IuCRRJxjEaY+FWGW+vneUKVelpVMcBsxbZJuzfHqTr19XW00VxEW0Tm6QFfIQzeogZqohTqIIEDP6AW9Wm/Wu/VhfS5bt6zVzBlag/X1A71CoXo=</latexit>x

<latexit sha1_base64="x9nPRhGc6vP8Pvlz/TdkXec1yL4="></latexit>

F̂DKAJ
ω (t|x) ↭
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ε→{1,...,L}
s.t. tω↑t

Ŝ(tε↓1|x)
dDKAJ
ω,ε (x)

nDKAJ
ε (x)

<latexit sha1_base64="R4TUThlZSYmfu4Sz9zTROvF0QW0="></latexit>

Ŝ(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 d

DKAJ
ε,ω (x)

nDKAJ
ω (x)

)

exemplar 
 within distance  of  
(in embedding space)

<latexit sha1_base64="Y8aL9E4mbxL2d3ISXuc0CMcNdWc=">AAACH3icbVDLSsNAFJ1UqzW+Wl26CRbBVUlEqsuiG5cV7AOaUCaTSTt0HmFmopSQX3CrW7/Gnbjt3zhps7DVAxcO59zLvfeECSVKu+7CqmxtV3d2a3v2/sHh0XG9cdJXIpUI95CgQg5DqDAlHPc00RQPE4khCykehLP7wh88Y6mI4E96nuCAwQknMUFQF5KvYTquN92Wu4Tzl3glaYIS3XHDqvqRQCnDXCMKlRp5bqKDDEpNEMW57acKJxDN4ASPDOWQYRVky2Nz58IokRMLaYprZ6n+nsggU2rOQtPJoJ6qTa8Q//NGqY5vg4zwJNWYo9WiOKWOFk7xuRMRiZGmc0MgksTc6qAplBBpk4+9tiZSxW3mEY5fkGAM8ijzCY/yzC/2Rirz8tw2wXmbMf0l/auW1261H6+bnbsywho4A+fgEnjgBnTAA+iCHkBgCl7BG3i3PqxP68v6XrVWrHLmFKzBWvwAJWCitw==</latexit>ω <latexit sha1_base64="Umzgr9dIGE3DLeBZ4IAi2J92sWM=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3Y3agl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQSpaCQe9DQGj+ORoCElWBup9TwsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeSMQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXrHihaw==</latexit>x

<latexit sha1_base64="bYuuhdOYLIzB64EPCUA3/7ElJwE=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseiF48t2A9oQ9lsJu3S3U3c3Sgl5Bd41au/xpt4Ffw3btoebOuDgcd7M8zM82NGlXacH2tjc6uwvVPcLe3tHxwelSvHHRUlkkCbRCySPR8rYFRAW1PNoBdLwNxn0PUnd7nffQKpaCQe9DQGj+ORoCElWBup9TgsV52aM4O9TtwFqaIFmsOKVRgEEUk4CE0YVqrvOrH2Uiw1JQyy0iBREGMywSPoGyowB+Wls0sz+9wogR1G0pTQ9kz9O5FirtSU+6aTYz1Wq14u/uf1Ex3eeCkVcaJBkPmiMGG2juz8bTugEohmU0MwkdTcapMxlphoE05paU2g8tvMIwKeScQ5FkE6oCLI0kG+N1Cpm2UlE5y7GtM66VzW3Hqt3rqqNm4XERbRKTpDF8hF16iB7lETtRFBgF7QK3qz3q0P69P6mrduWIuZE7QE6/sXoHChZA==</latexit>q

<latexit sha1_base64="CG9oT5B3+02j4DPg6M4AwEIlapY="></latexit>

nDKAJ
ω (q) ↭

∑

q→Q(x;ε)

K(x,Xq)n
cluster
ω (q)
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Benchmark
• 4 standard datasets 

each with 56/14/30 
train/val/test split

• Evaluation metrics: 
Ctd [Antolini et al 2015], 
paper also has IBS

• Val. set is for tuning 
hyperparameters



Dataset Method Critical Event 1 Critical Event 2

PBC 
[Fleming & Harrington 1991] 

N=1945, 
# features=15

Fine & Gray 0.8212±0.0119 0.8769±0.0203
Cause-specific Cox 0.8292±0.0100 0.9091±0.0134

DeepHit 0.8407±0.0131 0.9060±0.0130
DSM 0.8319±0.0115 0.9039±0.0189

NeuralFG 0.8363±0.0150 0.9120±0.0149
SurvivalBoost 0.8719±0.0107 0.9360±0.0114
DKAJ (ours) 0.8351±0.0106 0.8782±0.0412

Framingham 
[Kannel & McGee 1979] 

N=4434, 
# features=18

Fine & Gray 0.7733±0.0106 0.7144±0.0182
Cause-specific Cox 0.7751±0.0107 0.7160±0.0174

DeepHit 0.7423±0.0198 0.6957±0.0195
DSM 0.7664±0.0170 0.7095±0.0184

NeuralFG 0.6833±0.0619 0.6978±0.0287
SurvivalBoost 0.7645±0.0152 0.7031±0.0156
DKAJ (ours) 0.7656±0.0147 0.7034±0.0185

SEER 
[https://seer.cancer.gov] 

N=24907, 
# features=22
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Main contribution: new interpretable deep competing risks model that is 
competitive with various baselines

Some possible extensions:

• Train with other loss functions (e.g., proper scoring rule by Alberge et al [2025])

• Try other kernel functions 
(e.g., other parametric form, time-dependent, event-specific)

• Establish convergence rate guarantee (only have theory for  [Chen 2024])
<latexit sha1_base64="FN6QQg7pF/UVVpM7UUF8Bk6PnME=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwEuOEY0JJEuYncwmQ+axzMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3RQlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHj0almtAWUVzpToQN5UzSlmWW006iKRYRp+1ofDvz209UG6bkg50kNBR4KFnMCLZOuhc3Qb9c8av+HGiVBDmpQI5mv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5qVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmv2NBkxTYvnEEUw0c7ciMsIaE+vSKbkQguWXV8njRTWoVWt3l5V6I4+jCCdwCucQwBXUoQFNaAGBITzDK7x53Hvx3r2PRWvBy2eO4Q+8zx/MlY2E</latexit>

m = 1

• Generalize to multistate processes (the general setting AJ was designed for)

can make cluster-level & individual-level 
visualizations + probe kernel function structure

• Try other clustering methods (aside from one based on -nets)<latexit sha1_base64="y8bZpg2gi/Og5iyoq40F+axPUnA=">AAACJnicbVDLSsNAFJ1U6yM+q0s3wSK4KolIdVlw02UFa4UmyGRy0w6dR5iZKCXkM9zq1q9xJ+LOT3HSdqHVCwOHc+7lnDlxxqg2vv/p1FZW62vrG5vu1vbO7t5+4+BWy1wR6BPJpLqLsQZGBfQNNQzuMgWYxwwG8eSq0gcPoDSV4sZMM4g4HgmaUoKNpYbhA1aQacqkuN9v+i1/Nt5fECxAEy2md99w6mEiSc5BGMKw1sPAz0xUYGUoYVC6Ya4hw2SCRzC0UGAOOipmmUvvxDKJl0plnzDejP15UWCu9ZTHdpNjM9bLWkX+pw1zk15GBRVZbkCQuVGaM89IryrAS6gCYtjUAkwUtVk9MsYKE2Nrcn/ZJLrKZj8i4JFIzrFIipCKpCzCyjfRRVCWri0uWK7pL7g9awXtVvv6vNnpLircQEfoGJ2iAF2gDuqiHuojgiR6Qs/oxXl13px352O+WnMWN4fo1zhf31vfpfw=</latexit>ω

Paper: https://arxiv.org/abs/2512.08063 
Code: https://github.com/xiaobin-xs/dkaj

https://arxiv.org/abs/2512.08063
https://github.com/xiaobin-xs/dkaj
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Also Important: The Survival Function

The survival function also shows up in later equations:
<latexit sha1_base64="tj056b5Q0ao+0TcAx6LJ2lMrZCM="></latexit>

S(t|x) ↭ P(T > t | X = x)

This is the probability that a patient with feature vector  
experiences their earliest critical event (any of the  events) after time 

<latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x
<latexit sha1_base64="fDFQqfeYbOWha7x1q3DibDw76oc=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSh48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+bXqFm</latexit>m

<latexit sha1_base64="z0ZLSwzEq33kjWETvx+A/Zc74Ok=">AAACHHicbVBNS8NAEN1Uq7V+tXr0EiyCp5KIVI8FLz22YD+gDWWzmbRLdzdhd6OUkF/gVa/+Gm/iVfDfuGl7sK0PBh7vzTAzz48ZVdpxfqzCzm5xb790UD48Oj45rVTPeipKJIEuiVgkBz5WwKiArqaawSCWgLnPoO/PHnK//wRS0Ug86nkMHscTQUNKsDZSR48rNafuLGBvE3dFamiF9rhqFUdBRBIOQhOGlRq6Tqy9FEtNCYOsPEoUxJjM8ASGhgrMQXnp4tLMvjJKYIeRNCW0vVD/TqSYKzXnvunkWE/VppeL/3nDRIf3XkpFnGgQZLkoTJitIzt/2w6oBKLZ3BBMJDW32mSKJSbahFNeWxOo/DbziIBnEnGORZCOqAiydJTvDVTqZlnZBOduxrRNejd1t1FvdG5rzdYqwhK6QJfoGrnoDjVRC7VRFxEE6AW9ojfr3fqwPq2vZWvBWs2cozVY37+nZqFt</latexit>

t

Knowing CIFs enables us to recover the survival function:

<latexit sha1_base64="BD/j9Fm7jb3eyAbZ1t/KMM+aCRg=">AAACF3icbVDLSgMxFM3UV62vqks3wSLUhWVGpLopFATpsqJ9QFtLJk3b0GRmSO6IZexfuPFX3LhQxK3u/BvTaQVtPRA4OedcknvcQHANtv1lJRYWl5ZXkquptfWNza309k5V+6GirEJ94au6SzQT3GMV4CBYPVCMSFewmjs4H/u1W6Y0971rGAasJUnP411OCRipnc5dZeH+7hAXsIOPcFOHsh01O0wAKTijG4kvfq6jONdOZ+ycHQPPE2dKMmiKcjv92ez4NJTMAyqI1g3HDqAVEQWcCjZKNUPNAkIHpMcahnpEMt2K4r1G+MAoHdz1lTke4Fj9PRERqfVQuiYpCfT1rDcW//MaIXTPWhH3ghCYRycPdUOBwcfjknCHK0ZBDA0hVHHzV0z7RBEKpsqUKcGZXXmeVI9zTj6XvzzJFEvTOpJoD+2jLHLQKSqiEiqjCqLoAT2hF/RqPVrP1pv1PokmrOnMLvoD6+MbPw6eMg==</latexit>

S(t|x) = 1→
m∑

ω=1

Fω(t|x)

The AJ estimator will depend on the population-level survival function:
<latexit sha1_base64="GQ/EqG2o+h6+bTvBn7Of3SIdoa0="></latexit>

Spop(t) ↭ P(T > t)
This can be estimated by the 
Kaplan-Meier estimator [1958]



Loss Function: Negative Log Likelihood
Recall that the CIF for event  is

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="F8keWv02jPqSJAuKt6UMuZkmHn0="></latexit>

Fω(t|x) = P(!→ = ω, T → t | X = x)

A transformed version of the CIF yields the cause-specific hazard function:

<latexit sha1_base64="/SXad+VyoQVr6+HByavzeh6O240=">AAACL3icbVBNSwMxFMz6WetX1aOXYBH0YNkVUS+CIJQeFa0K3Vqy2VcNJrtL8lYt6/4jL/6VXkQU8eq/MK09aO1AYJh5w8ubIJHCoOu+OmPjE5NT04WZ4uzc/MJiaWn53MSp5lDnsYz1ZcAMSBFBHQVKuEw0MBVIuAhuj3r+xR1oI+LoDDsJNBW7jkRbcIZWapWqpxv4+LBJD6hHt6hvUtXK/HsRAgoZQuaHIJHlB15+pWh1lJX3861S2a24fdD/xBuQMhnguFXq+mHMUwURcsmMaXhugs2MaRRcQl70UwMJ47fsGhqWRkyBaWb9e3O6bpWQtmNtX4S0r/5OZEwZ01GBnVQMb8yw1xNHeY0U2/vNTERJihDxn0XtVFKMaa88GgoNHGXHEsa1sH+l/IZpxtFWXLQleMMn/yfn2xVvt7J7slM+rA3qKJBVskY2iEf2yCGpkWNSJ5w8kS55I+/Os/PifDifP6NjziCzQv7A+foGGLapQA==</latexit>

S(t|x) = 1→
m∑

ω̃=1

Fω̃(t|x)where

<latexit sha1_base64="NYhZt7jqA2dPtWsrefELwMqH9f4="></latexit>

ωω(t|x) =
1

S(t|x)
dFω(t|x)

dt

Standard competing risks likelihood (under uninformative censoring):
<latexit sha1_base64="92/y6/9CeEUko7bTqC15LQLaUks="></latexit>

L =
n∏

i=1

(
ω!i(Yi|Xi)

)1{!i →=0}
S(Yi|Xi)

If we exclude feature vectors, the classical AJ estimator maximizes this likelihood 
(with some pre- and post-processing steps)

 can use loss<latexit sha1_base64="v/piDeYQTJNbosgzeu95Af+XFKc=">AAACJnicbVDLSsNAFJ1Uq7W+Wl26CRbBVUlEapcFN11WsQ9IQplMpu3QeYSZiaWEfIZb3fo17kTc+SlO2gq2emHgcM69nDMnjClR2nE+rcLWdnFnt7RX3j84PDquVE96SiQS4S4SVMhBCBWmhOOuJpriQSwxZCHF/XB6m+v9RywVEfxBz2McMDjmZEQQ1Iby/HsynmgopZgNKzWn3nTysZ369Q9wlsBdgRpYTWdYtYp+JFDCMNeIQqU814l1kEKpCaI4K/uJwjFEUzjGnoEcMqyCdJE5sy8ME9kjIc3j2l6wvy9SyJSas9BsMqgnalPLyf80L9GjZpASHicac7Q0GiXU1sLOC7AjIjHSdG4ARJKYrDaaQAmRNjWV12wilWczH+F4hgRjkEepT3iUpX7uG6nUzbKyKc7drOkv6F3V3Ua9cXdda7VXFZbAGTgHl8AFN6AF2qADugABAZ7AM3ixXq036936WK4WrNXNKVgb6+sbQhel7g==</latexit>→
<latexit sha1_base64="7gCOZHCXtbGlXSUSLOt3pNhbnj4="></latexit>

→ logL



3. Output:
<latexit sha1_base64="cIly2nKAK22PSZo7W9pX3S54wak="></latexit>

F̂KAJ
ω (t|x) ↭

∑

ε→{1,...,L}
s.t. tω↑t

ŜKKM(tε↓1|x)
dω,ε(x)

nε(x)

<latexit sha1_base64="9g9fi4bWfFzoZt9ZTxLBU+OwFtA="></latexit>

ŜKKM(t|x) ↭
∏

ω→{1,...,L}
s.t. tω↑t

(
1→

∑m
ε=1 dε,ω(x)

nω(x)

)

kernel function parameterized 
by a neural net 

<latexit sha1_base64="fLT2nadtLUNWpDzO7YwP1lCn8P4="></latexit>

K(x, x→) = exp(→↑f(x; ω)→ f(x→; ω)↑2) <latexit sha1_base64="WxgPly6JyjVpi1z3ADs9dinkEsA=">AAACLHicbVDLSsNAFJ34tr6qLt0Ei6Cbkoio4EZw41LBPqApZTK5sYPzCDM3Sgn5Ere69WvciLj1O5zULrR6YeBwzr2cMyfOBLcYBG/ezOzc/MLi0nJtZXVtfaO+udW2OjcMWkwLbboxtSC4ghZyFNDNDFAZC+jEdxeV3rkHY7lWNzjKoC/preIpZxQdNahvpPsRSzSeRTgEpAeDeiNoBuPx/4JwAhpkMleDTW8+SjTLJShkglrbC4MM+wU1yJmAshblFjLK7ugt9BxUVILtF+Pkpb/nmMRPtXFPoT9mf14UVFo7krHblBSHdlqryP+0Xo7pab/gKssRFPs2SnPho/arGvyEG2AoRg5QZrjL6rMhNZShK6v2yyaxVTb3EQUPTEtJVVJEXCVlEVW+iS3Csqy54sLpmv6C9mEzPG4eXx81zi8nFS6RHbJL9klITsg5uSRXpEUYyckjeSLP3ov36r17H9+rM97kZpv8Gu/zC9qfpyA=</latexit>

f(·; ω)

What loss function do we use to train this neural net?
<latexit sha1_base64="470MoY6ARLyjwJbd32BmKjPYb3U="></latexit>

= → logL = → log

{ n∏

i=1

(
ω!i(Yi|Xi)

)1{!i →=0}
S(Yi|Xi)

}
loss 

By just coding these equations up in standard neural net software (e.g., PyTorch), 
we can use minibatch gradient descent to learn neural net parameters 

<latexit sha1_base64="8ezRkOITRLDuSiFZ2ZtPSrAqI6E=">AAACIXicbVBNS8NAEN1U60f9avXoJVgETyWRUj0KXnqsYD+gKWWzmdrV3U3YnSgl5D941au/xpt4E/+MG1vBrwcDj/dmmJkXJoIb9Lw3p7S0XF5ZXVuvbGxube9Ua7s9E6eaQZfFItaDkBoQXEEXOQoYJBqoDAX0w5vzwu/fgjY8Vpc4S2Ak6ZXiE84oWqkX4BSQjqt1r3HqFXC9RvOLeHPiL0idLNAZ15xyEMUslaCQCWrM0PcSHGVUI2cC8kqQGkgou6FXMLRUUQlmlH2em7uHVoncSaxtKXQ/1e8TGZXGzGRoOyXFqfntFeJ/3jDFyeko4ypJERSbL5qkwsXYLX53I66BoZhZQpnm9laXTammDG1ClR9rIlPcZh9RcMdiKamKsoCrKM+CYm9kMj/PKzY4/3dMf0nvuOG3Gq2LZv2svYhwjeyTA3JEfHJCzkibdEiXMHJN7skDeXSenGfnxXmdt5acxcwe+QHn/QPoBKOp</latexit>

ω

Kernel Aalen-Johansen Estimator
1. Find all unique times in which any critical event occurred

<latexit sha1_base64="RQ6enBL/U0iJksn9Kx1lmkUbZ5o=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFcFWS4m3RRcFNFy4q2Au0IUwmk3boZBJmToQaiq/ixoUibn0Pd76N0zYLbf3hwMd/zmHO/H7CmQLb/jYKK6tr6xvFzdLW9s7unrl/0FZxKgltkZjHsutjRTkTtAUMOO0mkuLI57Tjj26m/c4DlYrF4h7GCXUjPBAsZASDtjzzyK6B5+iq1vokiEFpvPXMsl2xZ7KWwcmhjHI1PfOrH8QkjagAwrFSPcdOwM2wBEY4nZT6qaIJJiM8oD2NAkdUudns+ol1qp3ACmOpS4A1c39vZDhSahz5ejLCMFSLvan5X6+XQnjtZkwkKVBB5g+FKbcgtqZRWAGTlAAfa8BEMn2rRYZYYgI6sJIOwVn88jK0qxXnsnJxd16uN/I4iugYnaAz5KArVEcN1EQtRNAjekav6M14Ml6Md+NjPlow8p1D9EfG5w/lXpRE</latexit>

0 < t1 < t2 < · · · < tL  = # unique times of any critical event
<latexit sha1_base64="IrQfbTk4aeI2iZx3qxiyzAxM2YE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PASw4eEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+6fFW/LFWqWRx5OIFTOAcPbqACVahBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCol4zg</latexit>

L

<latexit sha1_base64="0WPJe1X1y9+XpfQ193vCbkken1U="></latexit>

dω,ε(x) ↭
n∑

j=1

1{!j = ω, Yj = tε}K(x,Xj)

# times event  occurs at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

<latexit sha1_base64="Wklrd/3Y/MDejb0OnsnHDtaz7uE="></latexit>

nω(x) ↭
n∑

j=1

1{Yj → tω}K(x,Xj)

# at risk at time 
among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x

<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

measures how similar  and  are<latexit sha1_base64="7rlxdY5wKBFHAGKdW1zxyP/kQ+c=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5KI1B4LXnpswX5AW8pmM22X7m7C7kYtIb/Aq179Nd7Eq+C/cdNWsNUHA4/3ZpiZ50eMKu26X1Zuazu/s1vYs/cPDo+Oi6WTjgpjSaBNQhbKno8VMCqgralm0IskYO4z6Pqz28zv3oNUNBR3eh7BkOOJoGNKsDZS63FULLuVmpvBcSvXP8RdEm9FymiF5qhk5QdBSGIOQhOGlep7bqSHCZaaEgapPYgVRJjM8AT6hgrMQQ2TxaWpc2GUwBmH0pTQzkL9PZFgrtSc+6aTYz1Vm14m/uf1Yz2uDRMqoliDIMtF45g5OnSyt52ASiCazQ3BRFJzq0OmWGKiTTj22ppAZbeZRwQ8kJBzLIJkQEWQJoNsb6ASL01tE5y3GdNf0rmqeNVKtXVdrjdWERbQGTpHl8hDN6iOGqiJ2oggQE/oGb1Yr9ab9W59LFtz1mrmFK3B+vwGwnqhfQ==</latexit>x
<latexit sha1_base64="Hp0+MIHVQHscW3K5HEfhcZjLomI=">AAACHnicbVBNS8NAEN1Uq7V+tXr0EiyCp5CI1B4LXnqsaD+gCWWz2bRrdzdhd6OUkJ/gVa/+Gm/iVf+NmzaCrT4YeLw3w8w8P6ZEKtv+Mkobm+Wt7cpOdXdv/+CwVj/qyygRCPdQRCMx9KHElHDcU0RRPIwFhsyneODPrnN/8ICFJBG/U/MYewxOOAkJgkpLt8Px/bjWsK2WncO0rcsfYi+JU5AGKNAd142yG0QoYZgrRKGUI8eOlZdCoQiiOKu6icQxRDM4wSNNOWRYeuni1sw800pghpHQxZW5UH9PpJBJOWe+7mRQTeW6l4v/eaNEhS0vJTxOFOZouShMqKkiM3/cDIjASNG5JhAJom810RQKiJSOp7qyJpD5bfoRjh9RxBjkQeoSHmSpm+8NZOpkWVUH56zH9Jf0LyynaTVvLhvtThFhBZyAU3AOHHAF2qADuqAHEJiAJ/AMXoxX4814Nz6WrSWjmDkGKzA+vwEwUaI6</latexit>

Xj



Problem: -th training point's loss function uses hazard function prediction that 
has access to the -th training point's ground truth

<latexit sha1_base64="Iwkf3MyN3x8byECRvhRPGVjI7WE=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5AUqR4LXnpswX5AW8pmM22X7m7C7kYpIb/Aq179Nd7Eq+C/cdP2YK0PBh7vzTAzL4gZVdrzvq3Czm5xb790YB8eHZ+clitnXRUlkkCHRCyS/QArYFRAR1PNoB9LwDxg0Avm97nfewSpaCQe9CKGEcdTQSeUYG2kNh2Xq55b83I4nltfEd/1NkkVrdEaV6ziMIxIwkFowrBSA9+L9SjFUlPCILOHiYIYkzmewsBQgTmoUbq8NHOujBI6k0iaEtpZqr8nUsyVWvDAdHKsZ+qvl4v/eYNET+5GKRVxokGQ1aJJwhwdOfnbTkglEM0WhmAiqbnVITMsMdEmHHtjTajy28wjAp5IxDkWYTqkIszSYb43VKmfZbYJbiumbdKtuX7drbdvqo3mOsISukCX6Br56BY1UBO1UAcRBOgZvaBX6816tz6sz1VrwVrPnKMNWF8/o3qhaw==</latexit>

i
<latexit sha1_base64="Iwkf3MyN3x8byECRvhRPGVjI7WE=">AAACHHicbVBNS8NAEN1UqzV+tXr0EiyCp5AUqR4LXnpswX5AW8pmM22X7m7C7kYpIb/Aq179Nd7Eq+C/cdP2YK0PBh7vzTAzL4gZVdrzvq3Czm5xb790YB8eHZ+clitnXRUlkkCHRCyS/QArYFRAR1PNoB9LwDxg0Avm97nfewSpaCQe9CKGEcdTQSeUYG2kNh2Xq55b83I4nltfEd/1NkkVrdEaV6ziMIxIwkFowrBSA9+L9SjFUlPCILOHiYIYkzmewsBQgTmoUbq8NHOujBI6k0iaEtpZqr8nUsyVWvDAdHKsZ+qvl4v/eYNET+5GKRVxokGQ1aJJwhwdOfnbTkglEM0WhmAiqbnVITMsMdEmHHtjTajy28wjAp5IxDkWYTqkIszSYb43VKmfZbYJbiumbdKtuX7drbdvqo3mOsISukCX6Br56BY1UBO1UAcRBOgZvaBX6816tz6sz1VrwVrPnKMNWF8/o3qhaw==</latexit>

i

Discrete time index 
corresponding to 

<latexit sha1_base64="0LJY4CM3yzIT/1iAJZ1yPyvqs8I=">AAACHnicbVBNS8NAEN1UqzV+tXr0EiyCp5BIqT0WvPRY0X5IE8pms22X7m7C7kYpIT/Bq179Nd7Eq/4bN20ErT4YeLw3w8y8IKZEKsf5NEobm+Wt7cqOubu3f3BYrR31ZZQIhHsoopEYBlBiSjjuKaIoHsYCQxZQPAjmV7k/uMdCkojfqkWMfQannEwIgkpLN3djMq7WHbvl5LAcu/FNnBVxC1IHBbrjmlH2wgglDHOFKJRy5Dqx8lMoFEEUZ6aXSBxDNIdTPNKUQ4alny5vzawzrYTWJBK6uLKW6s+JFDIpFyzQnQyqmVz3cvE/b5SoSctPCY8ThTlaLZok1FKRlT9uhURgpOhCE4gE0bdaaAYFRErHY/5aE8r8Nv0Ixw8oYgzyMPUID7PUy/eGMnWzzNTBuesx/SX9C9tt2s3rRr3dKSKsgBNwCs6BCy5BG3RAF/QAAlPwCJ7As/FivBpvxvuqtWQUM8fgF4yPLzBTojo=</latexit>

Yi

Training Loss (First Attempt)

With a bit of algebra, can write the negative log likelihood loss:

<latexit sha1_base64="VH/U0zAUB4Oy51HHdFbdOc1ueGs="></latexit>

ωω,ε(x; ε) =

∑n
j=11{!j=ϑ, Yj= tε} exp(→↑f(x; ε)→f(Xj ; ε)↑2)∑n

j=11{Yj↓ tε} exp(→↑f(x; ε)→f(Xj ; ε)↑2)

where

loss

# patients at risk at time  among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω

# times event  happens at time  among those who look like <latexit sha1_base64="oplPaZRI9pqZbV4ZosJo48u4O+8=">AAACHHicbVBNS8NAEN2o1Vq/Wj16CRbBU0lEqseClx5bsB/QhrLZTNqlu5uwu1FLyC/wqld/jTfxKvhv3LQ92NYHA4/3ZpiZ58eMKu04P9bW9k5hd6+4Xzo4PDo+KVdOuypKJIEOiVgk+z5WwKiAjqaaQT+WgLnPoOdP73O/9whS0Ug86FkMHsdjQUNKsDZS+3lUrjo1Zw57k7hLUkVLtEYVqzAMIpJwEJowrNTAdWLtpVhqShhkpWGiIMZkiscwMFRgDspL55dm9qVRAjuMpCmh7bn6dyLFXKkZ900nx3qi1r1c/M8bJDq881Iq4kSDIItFYcJsHdn523ZAJRDNZoZgIqm51SYTLDHRJpzSyppA5beZRwQ8kYhzLIJ0SEWQpcN8b6BSN8tKJjh3PaZN0r2uufVavX1TbTSXERbRObpAV8hFt6iBmqiFOoggQC/oFb1Z79aH9Wl9LVq3rOXMGVqB9f0LrkahcQ==</latexit>x
<latexit sha1_base64="FEMX20CjhVyTmTDpYypJ9oV/Lwc=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U0UMfGBuWq27NncPZJN6SVNESrWHFKvphRBIOQhOGlep7bqwHKZaaEgaZ7ScKYkymeAx9QwXmoAbp/NzMuTBK6IwiaUpoZ67+nUgxV2rGA9PJsZ6odS8X//P6iR7dDlIq4kSDIItFo4Q5OnLy352QSiCazQzBRFJzq0MmWGKiTUL2yppQ5beZRwQ8k4hzLMLUpyLMUj/fG6rUyzLbBOetx7RJOlc1r16r319XG81lhCV0hs7RJfLQDWqgJmqhNiLoEb2gV/RmvVsf1qf1tWgtWMuZU7QC6+cXyXijlw==</latexit>

tω
<latexit sha1_base64="jcUUdXLXUCpWqTwe1xQ1lGNdcWI=">AAACIXicbVBNS8NAEN1UqzV+tXr0EiyCp5KIVI8FLz1WsB/QlLLZTNu1u5uwu1FKyH/wqld/jTfxJv4ZN20PtvXBwOO9GWbmBTGjSrvut1XY2i7u7Jb27P2Dw6PjcuWko6JEEmiTiEWyF2AFjApoa6oZ9GIJmAcMusH0Lve7TyAVjcSDnsUw4Hgs6IgSrI3U8UNgGg/LVbfmzuFsEm9JqmiJ1rBiFf0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mXBgldEaRNCW0M1f/TqSYKzXjgenkWE/UupeL/3n9RI9uBykVcaJBkMWiUcIcHTn5705IJRDNZoZgIqm51SETLDHRJiF7ZU2o8tvMIwKeScQ5FmHqUxFmqZ/vDVXqZZltgvPWY9oknauaV6/V76+rjeYywhI6Q+foEnnoBjVQE7VQGxH0iF7QK3qz3q0P69P6WrQWrOXMKVqB9fMLvvWjkQ==</latexit>

ω

<latexit sha1_base64="kXTOumysgCgvONGf5M4PostSOl0="></latexit>

→ logL(ω) =
n∑

i=1

m∑

ω=1

[
→ 1{!i=ε} logϑω,ε(Yi)(Xi; ω) +

ε(Yi)∑

ϑ=1

ϑω,ϑ(Xi; ω)

]
+constant

(this is a predicted cause-specific hazard value)

<latexit sha1_base64="VH/U0zAUB4Oy51HHdFbdOc1ueGs="></latexit>

ωω,ε(x; ε) =

∑n
j=11{!j=ϑ, Yj= tε} exp(→↑f(x; ε)→f(Xj ; ε)↑2)∑n

j=11{Yj↓ tε} exp(→↑f(x; ε)→f(Xj ; ε)↑2)



Training Loss

where
<latexit sha1_base64="IJNYauvEEbFxSGLlsny3bbY2QLY="></latexit>

ω¬i
ω,ε(x; ε) =

∑
j →=i1{!j=ϑ, Yj= tε} exp(→↑f(x; ε)→f(Xj ; ε)↑2)∑

j →=i1{Yj↓ tε} exp(→↑f(x; ε)→f(Xj ; ε)↑2)

Solution: use a leave-one-out estimate instead

With a bit of algebra, can write the negative log likelihood loss:

(this is a predicted cause-specific hazard value)

LOO loss

<latexit sha1_base64="exNDzSDLf14fiI0Rv/F0jlseSDc="></latexit>

→ logL(ω) =
n∑

i=1

m∑

ω=1

[
→ 1{!i=ε} logϑ¬i

ω,ε(Yi)
(Xi; ω) +

ε(Yi)∑

ϑ=1

ϑ¬i
ω,ϑ(Xi; ω)

]
+constant

Discrete time index 
corresponding to 

<latexit sha1_base64="0LJY4CM3yzIT/1iAJZ1yPyvqs8I=">AAACHnicbVBNS8NAEN1UqzV+tXr0EiyCp5BIqT0WvPRY0X5IE8pms22X7m7C7kYpIT/Bq179Nd7Eq/4bN20ErT4YeLw3w8y8IKZEKsf5NEobm+Wt7cqOubu3f3BYrR31ZZQIhHsoopEYBlBiSjjuKaIoHsYCQxZQPAjmV7k/uMdCkojfqkWMfQannEwIgkpLN3djMq7WHbvl5LAcu/FNnBVxC1IHBbrjmlH2wgglDHOFKJRy5Dqx8lMoFEEUZ6aXSBxDNIdTPNKUQ4alny5vzawzrYTWJBK6uLKW6s+JFDIpFyzQnQyqmVz3cvE/b5SoSctPCY8ThTlaLZok1FKRlT9uhURgpOhCE4gE0bdaaAYFRErHY/5aE8r8Nv0Ixw8oYgzyMPUID7PUy/eGMnWzzNTBuesx/SX9C9tt2s3rRr3dKSKsgBNwCs6BCy5BG3RAF/QAAlPwCJ7As/FivBpvxvuqtWQUM8fgF4yPLzBTojo=</latexit>

Yi



DKAJ Special Cases

• If  (shaded ball has infinite radius):<latexit sha1_base64="0GrytV4JZN/cJdC1KAB00uLpVdA=">AAACKHicbVBNS8NAFNyo9aN+VT16WSyCp5KIVC+C4MVjBWsLTSibzcYu3d3E3RelhPwOr3r113iTXv0lbmoO2vpgYZh5j5mdMBXcgOtOnaXlldrq2vpGfXNre2e3sbd/b5JMU9aliUh0PySGCa5YFzgI1k81IzIUrBeOr0u998S04Ym6g0nKAkkeFI85JWCpwAeS4UvscxXDZNhoui13NngReBVoomo6wz2n5kcJzSRTQAUxZuC5KQQ50cCpYEXdzwxLCR2TBzawUBHJTJDPUhf42DIRjhNtnwI8Y39f5EQaM5Gh3ZQERmZeK8n/tEEG8UWQc5VmwBT9MYozgSHBZQU44ppREBMLCNXcZsV0RDShYIuq/7GJTJnNfkSxZ5pISVSU27KiIvdL38jkXlHUbXHefE2L4P605bVb7duz5tVNVeE6OkRH6AR56BxdoRvUQV1E0SN6Qa/ozXl3PpxPZ/qzuuRUNwfozzhf37tBpho=</latexit>ω = →

• If # event types , we get my earlier survival kernets model [Chen 2024] 
(a deep kernel Kaplan-Meier estimator)

<latexit sha1_base64="0OvpGPsUCcC+/p8jHuAKzHJgBdA=">AAACHnicbVBNS8NAEN2o1Vq/Wj16WSyCp5KIVC9CwUuPFe0HNKFsNpt26e4m7G6UEvITvOrVX+NNvOq/cdPmYFsfDDzem2Fmnh8zqrRt/1gbm1ul7Z3ybmVv/+DwqFo77qkokZh0ccQiOfCRIowK0tVUMzKIJUHcZ6TvT+9yv/9EpKKReNSzmHgcjQUNKUbaSA/81hlV63bDngOuE6cgdVCgM6pZJTeIcMKJ0JghpYaOHWsvRVJTzEhWcRNFYoSnaEyGhgrEifLS+a0ZPDdKAMNImhIaztW/EyniSs24bzo50hO16uXif94w0eGNl1IRJ5oIvFgUJgzqCOaPw4BKgjWbGYKwpOZWiCdIIqxNPJWlNYHKbzOPCPKMI86RCFKXiiBL3XxvoFInyyomOGc1pnXSu2w4zUbz/qreahcRlsEpOAMXwAHXoAXaoAO6AIMxeAGv4M16tz6sT+tr0bphFTMnYAnW9y+jxqHo</latexit>

m = 1

• If  (each training point is in its own cluster), 
we get an approach that is almost the same as that of the 
conditional AJ estimator by Bladt & Furrer [2025]

<latexit sha1_base64="MsHEhL7Kmxb2E2NeoD1WvwsJofs=">AAACKHicbVDLSsQwFE19jvU16tJNcBBcDa2IuhEG3LgcwXnAtEia3mowj5qkylD6HW5169e4E7d+iek4C3W8EDiccy/n5CQ5Z8YGwYc3N7+wuLTcWPFX19Y3Nptb232jCk2hRxVXepgQA5xJ6FlmOQxzDUQkHAbJ3XmtDx5AG6bklR3nEAtyI1nGKLGOiqMHoiE3jCt5Flw3W0E7mAyeBeEUtNB0utdb3mKUKloIkJZyYswoDHIbl0RbRjlUflQYyAm9IzcwclASASYuJ6krvO+YFGdKuyctnrA/L0oijBmLxG0KYm/NX60m/9NGhc1O45LJvLAg6bdRVnBsFa4rwCnTQC0fO0CoZi4rprdEE2pdUf4vm9TU2dxHJDxSJQSRaRkxmVZlVPumpgyrynfFhX9rmgX9w3Z43D6+PGp1LqYVNtAu2kMHKEQnqIMuUBf1EEX36Ak9oxfv1Xvz3r2P79U5b3qzg36N9/kFaxumfQ==</latexit>

ω = 0

• If  for -net clustering (all training points are in the same cluster), 
we get the classical AJ estimator [Aalen-Johansen 1978]

<latexit sha1_base64="F71uwdx4SO4MMr2THkDYoqseyr0="></latexit>ω = → <latexit sha1_base64="y8bZpg2gi/Og5iyoq40F+axPUnA=">AAACJnicbVDLSsNAFJ1U6yM+q0s3wSK4KolIdVlw02UFa4UmyGRy0w6dR5iZKCXkM9zq1q9xJ+LOT3HSdqHVCwOHc+7lnDlxxqg2vv/p1FZW62vrG5vu1vbO7t5+4+BWy1wR6BPJpLqLsQZGBfQNNQzuMgWYxwwG8eSq0gcPoDSV4sZMM4g4HgmaUoKNpYbhA1aQacqkuN9v+i1/Nt5fECxAEy2md99w6mEiSc5BGMKw1sPAz0xUYGUoYVC6Ya4hw2SCRzC0UGAOOipmmUvvxDKJl0plnzDejP15UWCu9ZTHdpNjM9bLWkX+pw1zk15GBRVZbkCQuVGaM89IryrAS6gCYtjUAkwUtVk9MsYKE2Nrcn/ZJLrKZj8i4JFIzrFIipCKpCzCyjfRRVCWri0uWK7pL7g9awXtVvv6vNnpLircQEfoGJ2iAF2gDuqiHuojgiR6Qs/oxXl13px352O+WnMWN4fo1zhf31vfpfw=</latexit>ω

• If furthermore the kernel function always outputs 1, 
we also get the classical AJ estimator [Aalen-Johansen 1978]



DKAJ Visualization of the Learned Kernel Function

• After learning the kernel function, 
can apply it to all training points to 
produce a kernel matrix

• Sort rows & columns by cluster index

• Finding: very clear block structure

• Also possible (although we haven't 
experimented with this yet): 
can understand hierarchical structure 
via hierarchical clustering algorithms 
that take a kernel matrix as input



Statistical Setup for Training Data



Statistical Setup for Training Data
Model each generic training point                  to be sampled as follows:

<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)



Statistical Setup for Training Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

Model each generic training point                  to be sampled as follows:
<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)



Statistical Setup for Training Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

Model each generic training point                  to be sampled as follows:
<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)



Statistical Setup for Training Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1

Model each generic training point                  to be sampled as follows:
<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)



Statistical Setup for Training Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Model each generic training point                  to be sampled as follows:
<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)



Statistical Setup for Training Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!

Model each generic training point                  to be sampled as follows:
<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)



Statistical Setup for Training Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!
 Denote the time until the earliest event by 

 
and the earliest event by

<latexit sha1_base64="PCzjl/8g7iQBFsynIq8IJdVDn/g=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8SNkVqR4LXnqs0GqhW5ZsOq3BJLsms0JZ+j+8+Fe8eFDEk+DBf2P6cdDqg4HHezPJzItTKSz6/pe3sLi0vLJaWCuub2xubZd2dq9skhkOLZ7IxLRjZkEKDS0UKKGdGmAqlnAd316M/et7MFYkuonDFLqKDbToC87QSVHppElDNILpgYQ7GiqhozzsgUQWCh3mwXHYS9Aeq3A0akZTIyqV/Yo/Af1LghkpkxkaUenDPcIzBRq5ZNZ2Aj/Fbs4MCi5hVAwzCynjt2wAHUc1U2C7+eS2ET10So/2E+NKI52oPydypqwdqth1KoY3dt4bi/95nQz7591c6DRD0Hz6UT+TFBM6Dor2hAGOcugI40a4XSm/YYZxdHEWXQjB/Ml/ydVJJahWqpen5Vp9FkeB7JMDckQCckZqpE4apEU4eSBP5IW8eo/es/fmvU9bF7zZzB75Be/zG5GKocw=</latexit>

T ↭ min
ω→{1,...,m}

Tω

<latexit sha1_base64="h29+lFIZItwBDxEANKchxCOrJWM="></latexit>

!→ ↭ arg min
ω↑{1,...,m}

Tω

Model each generic training point                  to be sampled as follows:
<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)



Statistical Setup for Training Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!
 Denote the time until the earliest event by 

 
and the earliest event by

<latexit sha1_base64="PCzjl/8g7iQBFsynIq8IJdVDn/g=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8SNkVqR4LXnqs0GqhW5ZsOq3BJLsms0JZ+j+8+Fe8eFDEk+DBf2P6cdDqg4HHezPJzItTKSz6/pe3sLi0vLJaWCuub2xubZd2dq9skhkOLZ7IxLRjZkEKDS0UKKGdGmAqlnAd316M/et7MFYkuonDFLqKDbToC87QSVHppElDNILpgYQ7GiqhozzsgUQWCh3mwXHYS9Aeq3A0akZTIyqV/Yo/Af1LghkpkxkaUenDPcIzBRq5ZNZ2Aj/Fbs4MCi5hVAwzCynjt2wAHUc1U2C7+eS2ET10So/2E+NKI52oPydypqwdqth1KoY3dt4bi/95nQz7591c6DRD0Hz6UT+TFBM6Dor2hAGOcugI40a4XSm/YYZxdHEWXQjB/Ml/ydVJJahWqpen5Vp9FkeB7JMDckQCckZqpE4apEU4eSBP5IW8eo/es/fmvU9bF7zZzB75Be/zG5GKocw=</latexit>

T ↭ min
ω→{1,...,m}

Tω

<latexit sha1_base64="h29+lFIZItwBDxEANKchxCOrJWM="></latexit>

!→ ↭ arg min
ω↑{1,...,m}

Tω

3. Sample a censoring time  from
<latexit sha1_base64="vVKKGMMJpGPKHJBHElTTwz+mUBQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXDhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2AmmtYXfeUKleSQfzCxGP6RjyUecUWOlZm1QLLlldwmySbyMlCBDY1D86g8jloQoDRNU657nxsZPqTKcCZwX+onGmLIpHWPPUklD1H66PHROrqwyJKNI2ZKGLNXfEykNtZ6Fge0MqZnodW8h/uf1EjO691Mu48SgZKtFo0QQE5HF12TIFTIjZpZQpri9lbAJVZQZm03BhuCtv7xJ2jdlr1KuNG9L1XoWRx4u4BKuwYM7qEIdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/m0WM2A==</latexit>

C
<latexit sha1_base64="H4/dHEktfl1eGEHXlRoCerWyOBY=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFaEkItVloZsuK9gLNCFMJpN26GQSZiZCSfMQbnwVNy4UcevCnW/jNI2grT8MfPznHOac34spEdI0v7TS2vrG5lZ5u7Kzu7d/oB8e9USUcIS7KKIRH3hQYEoY7koiKR7EHMPQo7jvTVrzev8ec0EidienMXZCOGIkIAhKZbn6hR1COfa8tJO5ac4iSFvZ7AcHWVazkR/J2eDc1atm3cxlrIJVQBUU6rj6p+1HKAkxk4hCIYaWGUsnhVwSRHFWsROBY4gmcISHChkMsXDS/KjMOFOObwQRV49JI3d/T6QwFGIaeqoz33W5Njf/qw0TGdw4KWFxIjFDi4+ChBoyMuYJGT7hGEk6VQARJ2pXA40hh0iqHCsqBGv55FXoXdatRr1xe1Vttos4yuAEnIIasMA1aII26IAuQOABPIEX8Ko9as/am/a+aC1pxcwx+CPt4xuEBJ/D</latexit>

PC|X(·|X)

Model each generic training point                  to be sampled as follows:
<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)



Statistical Setup for Training Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!
 Denote the time until the earliest event by 

 
and the earliest event by

<latexit sha1_base64="PCzjl/8g7iQBFsynIq8IJdVDn/g=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8SNkVqR4LXnqs0GqhW5ZsOq3BJLsms0JZ+j+8+Fe8eFDEk+DBf2P6cdDqg4HHezPJzItTKSz6/pe3sLi0vLJaWCuub2xubZd2dq9skhkOLZ7IxLRjZkEKDS0UKKGdGmAqlnAd316M/et7MFYkuonDFLqKDbToC87QSVHppElDNILpgYQ7GiqhozzsgUQWCh3mwXHYS9Aeq3A0akZTIyqV/Yo/Af1LghkpkxkaUenDPcIzBRq5ZNZ2Aj/Fbs4MCi5hVAwzCynjt2wAHUc1U2C7+eS2ET10So/2E+NKI52oPydypqwdqth1KoY3dt4bi/95nQz7591c6DRD0Hz6UT+TFBM6Dor2hAGOcugI40a4XSm/YYZxdHEWXQjB/Ml/ydVJJahWqpen5Vp9FkeB7JMDckQCckZqpE4apEU4eSBP5IW8eo/es/fmvU9bF7zZzB75Be/zG5GKocw=</latexit>

T ↭ min
ω→{1,...,m}

Tω

<latexit sha1_base64="h29+lFIZItwBDxEANKchxCOrJWM="></latexit>

!→ ↭ arg min
ω↑{1,...,m}

Tω

3. Sample a censoring time  from
<latexit sha1_base64="vVKKGMMJpGPKHJBHElTTwz+mUBQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXDhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2AmmtYXfeUKleSQfzCxGP6RjyUecUWOlZm1QLLlldwmySbyMlCBDY1D86g8jloQoDRNU657nxsZPqTKcCZwX+onGmLIpHWPPUklD1H66PHROrqwyJKNI2ZKGLNXfEykNtZ6Fge0MqZnodW8h/uf1EjO691Mu48SgZKtFo0QQE5HF12TIFTIjZpZQpri9lbAJVZQZm03BhuCtv7xJ2jdlr1KuNG9L1XoWRx4u4BKuwYM7qEIdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/m0WM2A==</latexit>

C
<latexit sha1_base64="H4/dHEktfl1eGEHXlRoCerWyOBY=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFaEkItVloZsuK9gLNCFMJpN26GQSZiZCSfMQbnwVNy4UcevCnW/jNI2grT8MfPznHOac34spEdI0v7TS2vrG5lZ5u7Kzu7d/oB8e9USUcIS7KKIRH3hQYEoY7koiKR7EHMPQo7jvTVrzev8ec0EidienMXZCOGIkIAhKZbn6hR1COfa8tJO5ac4iSFvZ7AcHWVazkR/J2eDc1atm3cxlrIJVQBUU6rj6p+1HKAkxk4hCIYaWGUsnhVwSRHFWsROBY4gmcISHChkMsXDS/KjMOFOObwQRV49JI3d/T6QwFGIaeqoz33W5Njf/qw0TGdw4KWFxIjFDi4+ChBoyMuYJGT7hGEk6VQARJ2pXA40hh0iqHCsqBGv55FXoXdatRr1xe1Vttos4yuAEnIIasMA1aII26IAuQOABPIEX8Ko9as/am/a+aC1pxcwx+CPt4xuEBJ/D</latexit>

PC|X(·|X)

Model each generic training point                  to be sampled as follows:
<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)

assume ties in times happen 
with prob. 0, which we get if, 
e.g.,                 &                 are 

absolutely continuous 
for all <latexit sha1_base64="j5eIbCGaa47p2Lod6ihBjdwUtEU=">AAAB6HicbZDLSsNAFIYn9VbrrerSzWARXIVESu2y4KbLFuwF2lAm05N27GQSZiZiCX0CNy4UcesjufNtnLQRtPrDwMd/zmHO+f2YM6Ud59MqbGxube8Ud0t7+weHR+Xjk66KEkmhQyMeyb5PFHAmoKOZ5tCPJZDQ59DzZzdZvXcPUrFI3Op5DF5IJoIFjBJtrPbDqFxx7LqTCTt29RucFbg5VFCu1qj8MRxHNAlBaMqJUgPXibWXEqkZ5bAoDRMFMaEzMoGBQUFCUF66XHSBL4wzxkEkzRMaL92fEykJlZqHvukMiZ6q9Vpm/lcbJDqoeykTcaJB0NVHQcKxjnB2NR4zCVTzuQFCJTO7YjolklBtsimZENz1k/9C98p2a3atXa00mnkcRXSGztElctE1aqAmaqEOogjQI3pGL9ad9WS9Wm+r1oKVz5yiX7LevwD9XY0Z</latexit>x

<latexit sha1_base64="24NtcRdlUp2eHzemYmFYGwRtiDs=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahIoRESu2y0E2XFewFmhAmk0k7dHJhZiKWNA/hxldx40IRty7c+TZO2hS0+sPAx3/OYc753ZgSLgzjS1lb39jc2i7tlHf39g8O1aPjHo8ShnAXRTRiAxdyTEmIu4IIigcxwzBwKe67k1Ze799hxkkU3oppjO0AjkLiEwSFtBz10gqgGLtu2smcdM7cT1vZbImDLKtayIvE7P7CUSuG3jByaYZeW4KxALOACijUcdRPy4tQEuBQIAo5H5pGLOwUMkEQxVnZSjiOIZrAER5KDGGAuZ3Oj8q0c+l4mh8x+UKhzd2fEykMOJ8Gruyc77pay83/asNE+A07JWGcCByixUd+QjURaXlCmkcYRoJOJUDEiNxVQ2PIIBIyx7IMwVw9+S/0rnSzrtdvapVmu4ijBE7BGagCE1yDJmiDDugCBB7AE3gBr8qj8qy8Ke+L1jWlmDkBv6R8fAPGaJ/v</latexit>

PC|X(·|x)
<latexit sha1_base64="wtiQ7gcMpCTHpKYJ9OGfqiWKSgo=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9RISKbXHgpceK/QFTQibzaZdunmwuxFLmi/ixa/ixYMiHryI38Ztk4JWB5b98Z8ZZubvxpRwYRhfSmljc2t7p7xb2ds/ODxSj0/6PEoYwj0U0YgNXcgxJSHuCSIoHsYMw8CleOBObxb5wR1mnERhV8xibAdwHBKfICik5Kh1K4Bi4rppJ3PSnP38537azbL5iodZVrOQF4n5/aWjVg29aSxCM/T6CowczAKqoIiOo35YXoSSAIcCUcj5yDRiYaeQCYIozipWwnEM0RSO8UhiCAPM7XR5XaZdSMXT/IjJFwptqf7sSGHA+SxwZeVy1/XcQvwvN0qE37RTEsaJwCHKB/kJ1USkLazSPMIwEnQmASJG5K4amkAGkZCGVqQJ5vrJf6F/pZsNvXFbr7bahR1lcAbOQQ2Y4Bq0QBt0QA8g8ACewAt4VR6VZ+VNec9LS0rRcwp+hfL5DZmKpCA=</latexit>

PT|X(·|x)



Statistical Setup for Training Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!
 Denote the time until the earliest event by 

 
and the earliest event by

<latexit sha1_base64="PCzjl/8g7iQBFsynIq8IJdVDn/g=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8SNkVqR4LXnqs0GqhW5ZsOq3BJLsms0JZ+j+8+Fe8eFDEk+DBf2P6cdDqg4HHezPJzItTKSz6/pe3sLi0vLJaWCuub2xubZd2dq9skhkOLZ7IxLRjZkEKDS0UKKGdGmAqlnAd316M/et7MFYkuonDFLqKDbToC87QSVHppElDNILpgYQ7GiqhozzsgUQWCh3mwXHYS9Aeq3A0akZTIyqV/Yo/Af1LghkpkxkaUenDPcIzBRq5ZNZ2Aj/Fbs4MCi5hVAwzCynjt2wAHUc1U2C7+eS2ET10So/2E+NKI52oPydypqwdqth1KoY3dt4bi/95nQz7591c6DRD0Hz6UT+TFBM6Dor2hAGOcugI40a4XSm/YYZxdHEWXQjB/Ml/ydVJJahWqpen5Vp9FkeB7JMDckQCckZqpE4apEU4eSBP5IW8eo/es/fmvU9bF7zZzB75Be/zG5GKocw=</latexit>

T ↭ min
ω→{1,...,m}

Tω

<latexit sha1_base64="h29+lFIZItwBDxEANKchxCOrJWM="></latexit>

!→ ↭ arg min
ω↑{1,...,m}

Tω

3. Sample a censoring time  from
<latexit sha1_base64="vVKKGMMJpGPKHJBHElTTwz+mUBQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXDhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2AmmtYXfeUKleSQfzCxGP6RjyUecUWOlZm1QLLlldwmySbyMlCBDY1D86g8jloQoDRNU657nxsZPqTKcCZwX+onGmLIpHWPPUklD1H66PHROrqwyJKNI2ZKGLNXfEykNtZ6Fge0MqZnodW8h/uf1EjO691Mu48SgZKtFo0QQE5HF12TIFTIjZpZQpri9lbAJVZQZm03BhuCtv7xJ2jdlr1KuNG9L1XoWRx4u4BKuwYM7qEIdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/m0WM2A==</latexit>

C
<latexit sha1_base64="H4/dHEktfl1eGEHXlRoCerWyOBY=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFaEkItVloZsuK9gLNCFMJpN26GQSZiZCSfMQbnwVNy4UcevCnW/jNI2grT8MfPznHOac34spEdI0v7TS2vrG5lZ5u7Kzu7d/oB8e9USUcIS7KKIRH3hQYEoY7koiKR7EHMPQo7jvTVrzev8ec0EidienMXZCOGIkIAhKZbn6hR1COfa8tJO5ac4iSFvZ7AcHWVazkR/J2eDc1atm3cxlrIJVQBUU6rj6p+1HKAkxk4hCIYaWGUsnhVwSRHFWsROBY4gmcISHChkMsXDS/KjMOFOObwQRV49JI3d/T6QwFGIaeqoz33W5Njf/qw0TGdw4KWFxIjFDi4+ChBoyMuYJGT7hGEk6VQARJ2pXA40hh0iqHCsqBGv55FXoXdatRr1xe1Vttos4yuAEnIIasMA1aII26IAuQOABPIEX8Ko9as/am/a+aC1pxcwx+CPt4xuEBJ/D</latexit>

PC|X(·|X)

Model each generic training point                  to be sampled as follows:
<latexit sha1_base64="4REWqxAKyhwNifhm9rayO6nxQK8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAihLArEj0G9JBjBPOQ7BJmJ73JkNkHM7NCCPkNLx4U8erPePNvnCR70MSChqKqm+4uPxFcadv+ttbWNza3tnM7+d29/YPDwtFxS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PZHtzO//YRS8Th60OMEvZAOIh5wRrWR3FKn/Fh271BoetErFO2KPQdZJU5GipCh0St8uf2YpSFGmgmqVNexE+1NqNScCZzm3VRhQtmIDrBraERDVN5kfvOUnBulT4JYmoo0mau/JyY0VGoc+qYzpHqolr2Z+J/XTXVw4014lKQaI7ZYFKSC6JjMAiB9LpFpMTaEMsnNrYQNqaRMm5jyJgRn+eVV0rqsONVK9f6qWKtnceTgFM6gBA5cQw3q0IAmMEjgGV7hzUqtF+vd+li0rlnZzAn8gfX5A10pkKM=</latexit>

(X,Y,!)

4. Finally, set                            , and 
<latexit sha1_base64="aph2zBhV/t+IR9I/b7Ms+iEt+Z0=">AAACAXicbVBNS8NAEN34WetX1IvgZbEIHqQkItVjoZceK/RLmlA22227dLOJuxOhhHrxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBLLgGx/m2VlbX1jc2c1v57Z3dvX374LCpo0RR1qCRiFQ7IJoJLlkDOAjWjhUjYSBYKxhVpn7rgSnNI1mHccz8kAwk73NKwEhd+/gOe6A4kQPB7rEXcuml9YuKN+naBafozICXiZuRAspQ69pfXi+iScgkUEG07rhODH5KFHAq2CTvJZrFhI7IgHUMlSRk2k9nH0zwmVF6uB8pUxLwTP09kZJQ63EYmM6QwFAvelPxP6+TQP/GT7mME2CSzhf1E4EhwtM4cI8rRkGMDSFUcXMrpkOiCAUTWt6E4C6+vEyal0W3VCzdXhXK1SyOHDpBp+gcuegalVEV1VADUfSIntErerOerBfr3fqYt65Y2cwR+gPr8wfA9JZ7</latexit>

Y ↭ min{T,C}

<latexit sha1_base64="ZXE99QaHLvSxb7TPX/SWOIE4giQ="></latexit>

! ↭
{
0 if Y = C

!→ otherwise

assume ties in times happen 
with prob. 0, which we get if, 
e.g.,                 &                 are 

absolutely continuous 
for all <latexit sha1_base64="j5eIbCGaa47p2Lod6ihBjdwUtEU=">AAAB6HicbZDLSsNAFIYn9VbrrerSzWARXIVESu2y4KbLFuwF2lAm05N27GQSZiZiCX0CNy4UcesjufNtnLQRtPrDwMd/zmHO+f2YM6Ud59MqbGxube8Ud0t7+weHR+Xjk66KEkmhQyMeyb5PFHAmoKOZ5tCPJZDQ59DzZzdZvXcPUrFI3Op5DF5IJoIFjBJtrPbDqFxx7LqTCTt29RucFbg5VFCu1qj8MRxHNAlBaMqJUgPXibWXEqkZ5bAoDRMFMaEzMoGBQUFCUF66XHSBL4wzxkEkzRMaL92fEykJlZqHvukMiZ6q9Vpm/lcbJDqoeykTcaJB0NVHQcKxjnB2NR4zCVTzuQFCJTO7YjolklBtsimZENz1k/9C98p2a3atXa00mnkcRXSGztElctE1aqAmaqEOogjQI3pGL9ad9WS9Wm+r1oKVz5yiX7LevwD9XY0Z</latexit>x

<latexit sha1_base64="24NtcRdlUp2eHzemYmFYGwRtiDs=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahIoRESu2y0E2XFewFmhAmk0k7dHJhZiKWNA/hxldx40IRty7c+TZO2hS0+sPAx3/OYc753ZgSLgzjS1lb39jc2i7tlHf39g8O1aPjHo8ShnAXRTRiAxdyTEmIu4IIigcxwzBwKe67k1Ze799hxkkU3oppjO0AjkLiEwSFtBz10gqgGLtu2smcdM7cT1vZbImDLKtayIvE7P7CUSuG3jByaYZeW4KxALOACijUcdRPy4tQEuBQIAo5H5pGLOwUMkEQxVnZSjiOIZrAER5KDGGAuZ3Oj8q0c+l4mh8x+UKhzd2fEykMOJ8Gruyc77pay83/asNE+A07JWGcCByixUd+QjURaXlCmkcYRoJOJUDEiNxVQ2PIIBIyx7IMwVw9+S/0rnSzrtdvapVmu4ijBE7BGagCE1yDJmiDDugCBB7AE3gBr8qj8qy8Ke+L1jWlmDkBv6R8fAPGaJ/v</latexit>

PC|X(·|x)
<latexit sha1_base64="wtiQ7gcMpCTHpKYJ9OGfqiWKSgo=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9RISKbXHgpceK/QFTQibzaZdunmwuxFLmi/ixa/ixYMiHryI38Ztk4JWB5b98Z8ZZubvxpRwYRhfSmljc2t7p7xb2ds/ODxSj0/6PEoYwj0U0YgNXcgxJSHuCSIoHsYMw8CleOBObxb5wR1mnERhV8xibAdwHBKfICik5Kh1K4Bi4rppJ3PSnP38537azbL5iodZVrOQF4n5/aWjVg29aSxCM/T6CowczAKqoIiOo35YXoSSAIcCUcj5yDRiYaeQCYIozipWwnEM0RSO8UhiCAPM7XR5XaZdSMXT/IjJFwptqf7sSGHA+SxwZeVy1/XcQvwvN0qE37RTEsaJwCHKB/kJ1USkLazSPMIwEnQmASJG5K4amkAGkZCGVqQJ5vrJf6F/pZsNvXFbr7bahR1lcAbOQQ2Y4Bq0QBt0QA8g8ACewAt4VR6VZ+VNec9LS0rRcwp+hfL5DZmKpCA=</latexit>

PT|X(·|x)



Statistical Setup for Test Data

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!
 Denote the time until the earliest event by 

 
and the earliest event by

<latexit sha1_base64="PCzjl/8g7iQBFsynIq8IJdVDn/g=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8SNkVqR4LXnqs0GqhW5ZsOq3BJLsms0JZ+j+8+Fe8eFDEk+DBf2P6cdDqg4HHezPJzItTKSz6/pe3sLi0vLJaWCuub2xubZd2dq9skhkOLZ7IxLRjZkEKDS0UKKGdGmAqlnAd316M/et7MFYkuonDFLqKDbToC87QSVHppElDNILpgYQ7GiqhozzsgUQWCh3mwXHYS9Aeq3A0akZTIyqV/Yo/Af1LghkpkxkaUenDPcIzBRq5ZNZ2Aj/Fbs4MCi5hVAwzCynjt2wAHUc1U2C7+eS2ET10So/2E+NKI52oPydypqwdqth1KoY3dt4bi/95nQz7591c6DRD0Hz6UT+TFBM6Dor2hAGOcugI40a4XSm/YYZxdHEWXQjB/Ml/ydVJJahWqpen5Vp9FkeB7JMDckQCckZqpE4apEU4eSBP5IW8eo/es/fmvU9bF7zZzB75Be/zG5GKocw=</latexit>

T ↭ min
ω→{1,...,m}

Tω

<latexit sha1_base64="h29+lFIZItwBDxEANKchxCOrJWM="></latexit>

!→ ↭ arg min
ω↑{1,...,m}

Tω



Statistical Setup for Test Data
For test data, we do not 
model censoring times

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!
 Denote the time until the earliest event by 

 
and the earliest event by

<latexit sha1_base64="PCzjl/8g7iQBFsynIq8IJdVDn/g=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8SNkVqR4LXnqs0GqhW5ZsOq3BJLsms0JZ+j+8+Fe8eFDEk+DBf2P6cdDqg4HHezPJzItTKSz6/pe3sLi0vLJaWCuub2xubZd2dq9skhkOLZ7IxLRjZkEKDS0UKKGdGmAqlnAd316M/et7MFYkuonDFLqKDbToC87QSVHppElDNILpgYQ7GiqhozzsgUQWCh3mwXHYS9Aeq3A0akZTIyqV/Yo/Af1LghkpkxkaUenDPcIzBRq5ZNZ2Aj/Fbs4MCi5hVAwzCynjt2wAHUc1U2C7+eS2ET10So/2E+NKI52oPydypqwdqth1KoY3dt4bi/95nQz7591c6DRD0Hz6UT+TFBM6Dor2hAGOcugI40a4XSm/YYZxdHEWXQjB/Ml/ydVJJahWqpen5Vp9FkeB7JMDckQCckZqpE4apEU4eSBP5IW8eo/es/fmvU9bF7zZzB75Be/zG5GKocw=</latexit>

T ↭ min
ω→{1,...,m}

Tω

<latexit sha1_base64="h29+lFIZItwBDxEANKchxCOrJWM="></latexit>

!→ ↭ arg min
ω↑{1,...,m}

Tω



Statistical Setup for Test Data
Model each generic test point                   to be sampled as follows:

<latexit sha1_base64="nE15/LluiLaJPtKNQpFJC1AtKGQ=">AAACKXicbVDLSgMxFM1U66O+Wl26GSxClVJmRKpLQRcuFfqCTpVM5rYNTTJDklHKMP/hVrd+jTt164+YabuwrRcCh3Pu5ZwcP2JUacf5snIrq/m19Y3Nwtb2zu5esbTfUmEsCTRJyELZ8bECRgU0NdUMOpEEzH0GbX90nentJ5CKhqKhxxH0OB4I2qcEa0M9VDrVRtW7Aabxw+nJY7Hs1JzJ2MvAnYEyms3dY8nKe0FIYg5CE4aV6rpOpHsJlpoSBmnBixVEmIzwALoGCsxB9ZJJ7NQ+Nkxg90NpntD2hP17kWCu1Jj7ZpNjPVSLWkb+p3Vj3b/sJVREsQZBpkb9mNk6tLMO7IBKIJqNDcBEUpPVJkMsMdGmqcKcTaCybOYjAp5JyDkWQeJREaSJl/kGKnHTtGCKcxdrWgats5pbr9Xvz8tXt7MKN9AhOkIV5KILdIVu0R1qIoIkekGv6M16tz6sT+t7upqzZjcHaG6sn1/5aaWe</latexit>

(X,T,!→)

For test data, we do not 
model censoring times

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!
 Denote the time until the earliest event by 

 
and the earliest event by

<latexit sha1_base64="PCzjl/8g7iQBFsynIq8IJdVDn/g=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8SNkVqR4LXnqs0GqhW5ZsOq3BJLsms0JZ+j+8+Fe8eFDEk+DBf2P6cdDqg4HHezPJzItTKSz6/pe3sLi0vLJaWCuub2xubZd2dq9skhkOLZ7IxLRjZkEKDS0UKKGdGmAqlnAd316M/et7MFYkuonDFLqKDbToC87QSVHppElDNILpgYQ7GiqhozzsgUQWCh3mwXHYS9Aeq3A0akZTIyqV/Yo/Af1LghkpkxkaUenDPcIzBRq5ZNZ2Aj/Fbs4MCi5hVAwzCynjt2wAHUc1U2C7+eS2ET10So/2E+NKI52oPydypqwdqth1KoY3dt4bi/95nQz7591c6DRD0Hz6UT+TFBM6Dor2hAGOcugI40a4XSm/YYZxdHEWXQjB/Ml/ydVJJahWqpen5Vp9FkeB7JMDckQCckZqpE4apEU4eSBP5IW8eo/es/fmvU9bF7zZzB75Be/zG5GKocw=</latexit>

T ↭ min
ω→{1,...,m}

Tω

<latexit sha1_base64="h29+lFIZItwBDxEANKchxCOrJWM="></latexit>

!→ ↭ arg min
ω↑{1,...,m}

Tω



Statistical Setup for Test Data
Model each generic test point                   to be sampled as follows:

<latexit sha1_base64="nE15/LluiLaJPtKNQpFJC1AtKGQ=">AAACKXicbVDLSgMxFM1U66O+Wl26GSxClVJmRKpLQRcuFfqCTpVM5rYNTTJDklHKMP/hVrd+jTt164+YabuwrRcCh3Pu5ZwcP2JUacf5snIrq/m19Y3Nwtb2zu5esbTfUmEsCTRJyELZ8bECRgU0NdUMOpEEzH0GbX90nentJ5CKhqKhxxH0OB4I2qcEa0M9VDrVRtW7Aabxw+nJY7Hs1JzJ2MvAnYEyms3dY8nKe0FIYg5CE4aV6rpOpHsJlpoSBmnBixVEmIzwALoGCsxB9ZJJ7NQ+Nkxg90NpntD2hP17kWCu1Jj7ZpNjPVSLWkb+p3Vj3b/sJVREsQZBpkb9mNk6tLMO7IBKIJqNDcBEUpPVJkMsMdGmqcKcTaCybOYjAp5JyDkWQeJREaSJl/kGKnHTtGCKcxdrWgats5pbr9Xvz8tXt7MKN9AhOkIV5KILdIVu0R1qIoIkekGv6M16tz6sT+t7upqzZjcHaG6sn1/5aaWe</latexit>

(X,T,!→)

For test data, we do not 
model censoring times

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!
 Denote the time until the earliest event by 

 
and the earliest event by

<latexit sha1_base64="PCzjl/8g7iQBFsynIq8IJdVDn/g=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8SNkVqR4LXnqs0GqhW5ZsOq3BJLsms0JZ+j+8+Fe8eFDEk+DBf2P6cdDqg4HHezPJzItTKSz6/pe3sLi0vLJaWCuub2xubZd2dq9skhkOLZ7IxLRjZkEKDS0UKKGdGmAqlnAd316M/et7MFYkuonDFLqKDbToC87QSVHppElDNILpgYQ7GiqhozzsgUQWCh3mwXHYS9Aeq3A0akZTIyqV/Yo/Af1LghkpkxkaUenDPcIzBRq5ZNZ2Aj/Fbs4MCi5hVAwzCynjt2wAHUc1U2C7+eS2ET10So/2E+NKI52oPydypqwdqth1KoY3dt4bi/95nQz7591c6DRD0Hz6UT+TFBM6Dor2hAGOcugI40a4XSm/YYZxdHEWXQjB/Ml/ydVJJahWqpen5Vp9FkeB7JMDckQCckZqpE4apEU4eSBP5IW8eo/es/fmvU9bF7zZzB75Be/zG5GKocw=</latexit>

T ↭ min
ω→{1,...,m}

Tω

<latexit sha1_base64="h29+lFIZItwBDxEANKchxCOrJWM="></latexit>

!→ ↭ arg min
ω↑{1,...,m}

Tω

Formally, the CIF is defined as:
<latexit sha1_base64="EAQQoLRc5iYlrxWqvRn2TnJsm7U="></latexit>

Fω(t|x) ↭ P
(
!→ = ω, T → t

∣∣ X = x
)



Statistical Setup for Test Data
Model each generic test point                   to be sampled as follows:

<latexit sha1_base64="nE15/LluiLaJPtKNQpFJC1AtKGQ=">AAACKXicbVDLSgMxFM1U66O+Wl26GSxClVJmRKpLQRcuFfqCTpVM5rYNTTJDklHKMP/hVrd+jTt164+YabuwrRcCh3Pu5ZwcP2JUacf5snIrq/m19Y3Nwtb2zu5esbTfUmEsCTRJyELZ8bECRgU0NdUMOpEEzH0GbX90nentJ5CKhqKhxxH0OB4I2qcEa0M9VDrVRtW7Aabxw+nJY7Hs1JzJ2MvAnYEyms3dY8nKe0FIYg5CE4aV6rpOpHsJlpoSBmnBixVEmIzwALoGCsxB9ZJJ7NQ+Nkxg90NpntD2hP17kWCu1Jj7ZpNjPVSLWkb+p3Vj3b/sJVREsQZBpkb9mNk6tLMO7IBKIJqNDcBEUpPVJkMsMdGmqcKcTaCybOYjAp5JyDkWQeJREaSJl/kGKnHTtGCKcxdrWgats5pbr9Xvz8tXt7MKN9AhOkIV5KILdIVu0R1qIoIkekGv6M16tz6sT+t7upqzZjcHaG6sn1/5aaWe</latexit>

(X,T,!→)

For test data, we do not 
model censoring times

1. Sample feature vector  from 
<latexit sha1_base64="vlXHNykThYo+ctGyhaoJbwR0aCw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzU7A5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXavCnX6nkcBTiHC7gCD26hBnVoQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBuxmM7Q==</latexit>

X
<latexit sha1_base64="WKCQE5SHWhMx7nJSNw0yCrUn12I=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVSUSqy4KbLivYWmhDmEwn7dDJJMxMhBKy8VXcuFDErY/hzrdxmmahrQcGPs69l7n3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnopTSWiXxDyW/QArypmgXc00p/1EUhwFnD4E09t5/eGRSsVica9nCfUiPBYsZARrY/n2yTDCehIEWSf3s4JVmPXz3LfrTsMphFbBLaEOpTq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwKHFHlZcUBOTo3zgiFsTRPaFS4vycyHCk1iwLTWay4XJub/9UGqQ5vvIyJJNVUkMVHYcqRjtE8DTRikhLNZwYwkczsisgES0y0yaxmQnCXT16F3mXDbTaad1f1VruMowqncAYX4MI1tKANHegCgRye4RXerCfrxXq3PhatFaucOYY/sj5/AM5mlzo=</latexit>PX

2. Sample the time until each of the  events happens; we do this in a "joint" 
fashion by sampling the length-  vector                       from

<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m
<latexit sha1_base64="5AZCCVPvPObMZfLYUFmrC4cIELo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUjAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A2u2NAg==</latexit>m

<latexit sha1_base64="bVDq4X7ZviBvSU8zR4gTR6XnmGo=">AAAB+HicbVDLSgMxFL1TX7U+OurSzWARKpQyI1JdFtx0WaEvaIchk6ZtaJIZkoxQh36JGxeKuPVT3Pk3pu0stPVA4HDOPdybE8aMKu2631Zua3tndy+/Xzg4PDou2ienHRUlEpM2jlgkeyFShFFB2ppqRnqxJIiHjHTD6f3C7z4SqWgkWnoWE5+jsaAjipE2UmAXy63AqwyGkVaVVsCvArvkVt0lnE3iZaQEGZqB/WXCOOFEaMyQUn3PjbWfIqkpZmReGCSKxAhP0Zj0DRWIE+Wny8PnzqVRhs4okuYJ7SzV34kUcaVmPDSTHOmJWvcW4n9eP9GjOz+lIk40EXi1aJQwR0fOogVnSCXBms0MQVhSc6uDJ0girE1XBVOCt/7lTdK5rnq1au3hplRvZHXk4RwuoAwe3EIdGtCENmBI4Ble4c16sl6sd+tjNZqzsswZ/IH1+QMKrJIV</latexit>

(T1, . . . , Tm)
<latexit sha1_base64="UjMZPq0oINEQRIbScTrnWKish4I=">AAACHXicbZBLS8NAEMc39VXrK+rRS7AI9VISKdVjwUuPFfoINCFsNpt26ebB7kYoab6IF7+KFw+KePAifhu3SQRtHVj2x39mmJm/G1PCha5/KZWNza3tnepubW//4PBIPT4Z8ihhCA9QRCNmupBjSkI8EERQbMYMw8CleOTObpf50T1mnERhX8xjbAdwEhKfICik5KgtK4Bi6rppL3PSgv3i537az7LFD5tZ1rCQF4mFeemodb2p56Gtg1FCHZTRc9QPy4tQEuBQIAo5Hxt6LOwUMkEQxVnNSjiOIZrBCR5LDGGAuZ3m12XahVQ8zY+YfKHQcvV3RwoDzueBKyvzXVdzS/G/3DgR/o2dkjBOBA5RMchPqCYibWmV5hGGkaBzCRAxInfV0BQyiIQ0tCZNMFZPXofhVdNoN9t3rXqnW9pRBWfgHDSAAa5BB3RBDwwAAg/gCbyAV+VReVbelPeitKKUPafgTyif31cmo/Q=</latexit>

PT|X(·|X)

time until critical event 1 time until critical event <latexit sha1_base64="4nsWwFvdUdKaxSjWN2ww26bw8cc=">AAAB6HicbZDNSgMxFIUz9a/Wv6pLN8EiuBpmpNQuC266bMG2QjuUTHqnjU0yQ5IRSukTuHGhiFsfyZ1vY6YdQasHAh/n3kvuPWHCmTae9+kUNja3tneKu6W9/YPDo/LxSVfHqaLQoTGP1V1INHAmoWOY4XCXKCAi5NALpzdZvfcASrNY3ppZAoEgY8kiRomxVlsMyxXPrXuZsOdWv8FbgZ9DBeVqDcsfg1FMUwHSUE607vteYoI5UYZRDovSINWQEDolY+hblESADubLRRf4wjojHMXKPmnw0v05MSdC65kIbacgZqLXa5n5X62fmqgezJlMUgOSrj6KUo5NjLOr8YgpoIbPLBCqmN0V0wlRhBqbTcmG4K+f/Be6V65fc2vtaqXRzOMoojN0ji6Rj65RAzVRC3UQRYAe0TN6ce6dJ+fVeVu1Fpx85hT9kvP+BeyxjQ4=</latexit>m

Note: it is possible for these times to be correlated!
 Denote the time until the earliest event by 

 
and the earliest event by

<latexit sha1_base64="PCzjl/8g7iQBFsynIq8IJdVDn/g=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8SNkVqR4LXnqs0GqhW5ZsOq3BJLsms0JZ+j+8+Fe8eFDEk+DBf2P6cdDqg4HHezPJzItTKSz6/pe3sLi0vLJaWCuub2xubZd2dq9skhkOLZ7IxLRjZkEKDS0UKKGdGmAqlnAd316M/et7MFYkuonDFLqKDbToC87QSVHppElDNILpgYQ7GiqhozzsgUQWCh3mwXHYS9Aeq3A0akZTIyqV/Yo/Af1LghkpkxkaUenDPcIzBRq5ZNZ2Aj/Fbs4MCi5hVAwzCynjt2wAHUc1U2C7+eS2ET10So/2E+NKI52oPydypqwdqth1KoY3dt4bi/95nQz7591c6DRD0Hz6UT+TFBM6Dor2hAGOcugI40a4XSm/YYZxdHEWXQjB/Ml/ydVJJahWqpen5Vp9FkeB7JMDckQCckZqpE4apEU4eSBP5IW8eo/es/fmvU9bF7zZzB75Be/zG5GKocw=</latexit>

T ↭ min
ω→{1,...,m}

Tω

<latexit sha1_base64="h29+lFIZItwBDxEANKchxCOrJWM="></latexit>

!→ ↭ arg min
ω↑{1,...,m}

Tω

The AJ estimator estimates the population-level version:
<latexit sha1_base64="YNqxka558xLAqDgG21q+WBwz2tE="></latexit>

F pop
ω (t) ↭ P(!→ = ω, T → t)

Formally, the CIF is defined as:
<latexit sha1_base64="EAQQoLRc5iYlrxWqvRn2TnJsm7U="></latexit>

Fω(t|x) ↭ P
(
!→ = ω, T → t

∣∣ X = x
)



Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"
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Everything is done in the embedding space (output space of neural net)



Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"
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Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"
Everything is done in the embedding space (output space of neural net)

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n



Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"
Everything is done in the embedding space (output space of neural net)

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n



Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"
Everything is done in the embedding space (output space of neural net)

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

1. Pick a point 
without cluster 

assignment



Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"
Everything is done in the embedding space (output space of neural net)

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

1. Pick a point 
without cluster 

assignment



<latexit sha1_base64="gtBLDGG+MEOuTGL3g99yC3/kJ0E="></latexit>"

Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"
Everything is done in the embedding space (output space of neural net)

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

1. Pick a point 
without cluster 

assignment



<latexit sha1_base64="gtBLDGG+MEOuTGL3g99yC3/kJ0E="></latexit>"

Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

1. Pick a point 
without cluster 

assignment
2. Assign points in 

shaded ball not 
already clustered to 

new cluster

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Everything is done in the embedding space (output space of neural net)



Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Everything is done in the embedding space (output space of neural net)
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X̃1, . . . , X̃n

Everything is done in the embedding space (output space of neural net)



Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Everything is done in the embedding space (output space of neural net)



<latexit sha1_base64="gtBLDGG+MEOuTGL3g99yC3/kJ0E="></latexit>"

Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Everything is done in the embedding space (output space of neural net)



<latexit sha1_base64="gtBLDGG+MEOuTGL3g99yC3/kJ0E="></latexit>"

Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Everything is done in the embedding space (output space of neural net)



Clustering with an -net<latexit sha1_base64="RWkkHBDFa4YvB+n91Wo3K4MgeUc="></latexit>"

Parameter:  
<latexit sha1_base64="HUOqBZ6+dW+nNBxfFsv+Zit9CCI="></latexit>

" > 0

Outlined points are the exemplars
<latexit sha1_base64="cn4kffE5zAtHS9BFGLeXurDQqmE=">AAACJnicbVDLSsNAFJ1UqzW+Wl26CRbBVUlEqsuCmy5bsA9oQ5lMpu3QeYSZiVJCPsOtbv0adyLu/BQnaRa29cDA4Zx7uWdOEFGitOt+W6Wd3fLefuXAPjw6Pjmt1s76SsQS4R4SVMhhABWmhOOeJpriYSQxZAHFg2DxkPmDJywVEfxRLyPsMzjjZEoQ1EYajRnUcwRp0k0n1brbcHM428QrSB0U6ExqVnkcChQzzDWiUKmR50baT6DUBFGc2uNY4QiiBZzhkaEcMqz8JM+cOldGCZ2pkOZx7eTq340EMqWWLDCTWUa16WXif94o1tN7PyE8ijXmaHVoGlNHCycrwAmJxEjTpSEQSWKyOmgOJUTa1GSvnQlVls18hONnJBiDPEzGhIdpkvcWqsRLU9sU523WtE36Nw2v2Wh2b+utdlFhBVyAS3ANPHAHWqANOqAHEBDgBbyCN+vd+rA+ra/VaMkqds7BGqyfXyQupdw=</latexit>

Q

These gray points are
<latexit sha1_base64="SweiJIhvS1EpHfb1NbcEPhxBCJ0=">AAACDnicbVC7SgNBFJ2NrxhfUUubxRCwCGFXJFoGbFJGMA9IljA7ezcZMvtg5q4SlnyBjb9iY6GIrbWdf+Mk2cIkHhg4nHPuzNzjxoIrtKwfI7exubW9k98t7O0fHB4Vj0/aKkokgxaLRCS7LlUgeAgt5CigG0uggSug445vZ37nAaTiUXiPkxicgA5D7nNGUUuDYrn/yD1ALjxIu9OBXel7EarKsqpzJatqzWGuEzsjJZKhOSh+63tYEkCITFClerYVo5NSiZwJmBb6iYKYsjEdQk/TkAagnHS+ztQsa8Uz/UjqE6I5V/9OpDRQahK4OhlQHKlVbyb+5/US9G+clIdxghCyxUN+IkyMzFk3psclMBQTTSiTXP/VZCMqKUPdYEGXYK+uvE7al1W7Vq3dXZXqjayOPDkj5+SC2OSa1EmDNEmLMPJEXsgbeTeejVfjw/hcRHNGNnNKlmB8/QILuZzH</latexit>

X̃1, . . . , X̃n

Everything is done in the embedding space (output space of neural net)


