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1. Introduction

Imitating expert demonstration is a powerful mechanism

for learning to perform tasks from raw sensory observa-

tions. The current dominant paradigm in learning from

demonstration (LfD) [3,16,19,20] requires the expert to ei-

ther manually move the robot joints (i.e., kinesthetic teach-

ing) or teleoperate the robot to execute the desired task.

The expert typically provides multiple demonstrations of a

task at training time, and this generates data in the form of

observation-action pairs from the agent’s point of view. The

agent then distills this data into a policy for performing the

task of interest. Such a heavily supervised approach, where

it is necessary to provide demonstrations by controlling the

robot, is incredibly tedious for the human expert. Moreover,

for every new task that the robot needs to execute, the expert

is required to provide a new set of demonstrations.

Instead of communicating how to perform a task via

observation-action pairs, a more general formulation allows

the expert to communicate only what needs to be done by

providing the observations of the desired world states via a

video or a sparse sequence of images. This way, the agent

is required to infer how to perform the task (i.e., actions) by

itself. In psychology, this is known as observational learn-

ing [4]. While this is a harder learning problem, it is a more

interesting setting, because the expert can demonstrate mul-

tiple tasks quickly and easily.

In this paper, we follow [1, 13, 18] in pursuing an al-

ternative paradigm, where an agent explores the environ-

ment without any expert supervision and distills this explo-

ration data into goal-directed skills. These skills can then be

used to imitate the visual demonstration provided by the ex-

pert [15]. Here, by skill we mean a function that predicts the

sequence of actions to take the agent from the current obser-

vation to the goal. We call this function a goal-conditioned

skill policy (GSP). The GSP is learned in a self-supervised
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xg
<latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit><latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit><latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit><latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit>

at
<latexit sha1_base64="hwXDxs6Wgyl7kVyCFMQvkgEmKdQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSPe1jv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV4l/Ur+veXaPWbBRplOEETuEcPLiEJtxCC3xgMIRneIU3RzovzrvzsWgtOcXMMfyB8/kDt5WNkg==</latexit><latexit sha1_base64="hwXDxs6Wgyl7kVyCFMQvkgEmKdQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSPe1jv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV4l/Ur+veXaPWbBRplOEETuEcPLiEJtxCC3xgMIRneIU3RzovzrvzsWgtOcXMMfyB8/kDt5WNkg==</latexit><latexit sha1_base64="hwXDxs6Wgyl7kVyCFMQvkgEmKdQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSPe1jv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV4l/Ur+veXaPWbBRplOEETuEcPLiEJtxCC3xgMIRneIU3RzovzrvzsWgtOcXMMfyB8/kDt5WNkg==</latexit><latexit sha1_base64="hwXDxs6Wgyl7kVyCFMQvkgEmKdQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWNLbQhrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuLaiEQ94CTlQUyHSkSCUbTSPe1jv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV4l/Ur+veXaPWbBRplOEETuEcPLiEJtxCC3xgMIRneIU3RzovzrvzsWgtOcXMMfyB8/kDt5WNkg==</latexit>

ât
<latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit>

x̂t+1
<latexit sha1_base64="0x+q3xF7eUb9QxlKb7w4+0biyLg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWMLbQhrLZbtqlmw93J8US8ju8eFDx6p/x5r9x2+agrQ8GHu/NMDPPT6TQaNvf1srq2vrGZmmrvL2zu7dfOTh80HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJHN1O/NeZKizi6x0nCvZAOIhEIRtFIXndIMXvKexmeO3mvUrVr9gxkmTgFqUKBZq/y1e3HLA15hExSrTuOnaCXUYWCSZ6Xu6nmCWUjOuAdQyMacu1ls6NzcmqUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rpBhceZmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQ2ITiLLy8T96J2XXPu6tVGvUijBMdwAmfgwCU04Baa4AKDR3iGV3izxtaL9W59zFtXrGLmCP7A+vwBTp6R8g==</latexit><latexit sha1_base64="0x+q3xF7eUb9QxlKb7w4+0biyLg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWMLbQhrLZbtqlmw93J8US8ju8eFDx6p/x5r9x2+agrQ8GHu/NMDPPT6TQaNvf1srq2vrGZmmrvL2zu7dfOTh80HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJHN1O/NeZKizi6x0nCvZAOIhEIRtFIXndIMXvKexmeO3mvUrVr9gxkmTgFqUKBZq/y1e3HLA15hExSrTuOnaCXUYWCSZ6Xu6nmCWUjOuAdQyMacu1ls6NzcmqUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rpBhceZmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQ2ITiLLy8T96J2XXPu6tVGvUijBMdwAmfgwCU04Baa4AKDR3iGV3izxtaL9W59zFtXrGLmCP7A+vwBTp6R8g==</latexit><latexit sha1_base64="0x+q3xF7eUb9QxlKb7w4+0biyLg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWMLbQhrLZbtqlmw93J8US8ju8eFDx6p/x5r9x2+agrQ8GHu/NMDPPT6TQaNvf1srq2vrGZmmrvL2zu7dfOTh80HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJHN1O/NeZKizi6x0nCvZAOIhEIRtFIXndIMXvKexmeO3mvUrVr9gxkmTgFqUKBZq/y1e3HLA15hExSrTuOnaCXUYWCSZ6Xu6nmCWUjOuAdQyMacu1ls6NzcmqUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rpBhceZmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQ2ITiLLy8T96J2XXPu6tVGvUijBMdwAmfgwCU04Baa4AKDR3iGV3izxtaL9W59zFtXrGLmCP7A+vwBTp6R8g==</latexit><latexit sha1_base64="0x+q3xF7eUb9QxlKb7w4+0biyLg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWMLbQhrLZbtqlmw93J8US8ju8eFDx6p/x5r9x2+agrQ8GHu/NMDPPT6TQaNvf1srq2vrGZmmrvL2zu7dfOTh80HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJHN1O/NeZKizi6x0nCvZAOIhEIRtFIXndIMXvKexmeO3mvUrVr9gxkmTgFqUKBZq/y1e3HLA15hExSrTuOnaCXUYWCSZ6Xu6nmCWUjOuAdQyMacu1ls6NzcmqUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rpBhceZmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQ2ITiLLy8T96J2XXPu6tVGvUijBMdwAmfgwCU04Baa4AKDR3iGV3izxtaL9W59zFtXrGLmCP7A+vwBTp6R8g==</latexit>

L(at, ât)
<latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit>

L(xt+1, x̂t+1)
<latexit sha1_base64="SDjSAKsSxy5Txn0eEGxKCs9We10=">AAACCnicbVDLSsNAFJ3UV62vqEs3oUWoKCUpgroruHHhooKxhSaEyXTaDp08mLmRlpC9G3/FjQsVt36BO//GSZuFVg8MnDnnXu69x485k2CaX1ppaXllda28XtnY3Nre0Xf37mSUCEJtEvFIdH0sKWchtYEBp91YUBz4nHb88WXud+6pkCwKb2EaUzfAw5ANGMGgJE+vOgGGEcE8vc7qEy+FYys7cUYY0kk2/x15es1smDMYf4lVkBoq0Pb0T6cfkSSgIRCOpexZZgxuigUwwmlWcRJJY0zGeEh7ioY4oNJNZ7dkxqFS+sYgEuqFYMzUnx0pDqScBr6qzDeXi14u/uf1EhicuykL4wRoSOaDBgk3IDLyYIw+E5QAnyqCiWBqV4OMsMAEVHwVFYK1ePJfYjcbFw3r5rTWahZplNEBqqI6stAZaqEr1EY2IugBPaEX9Ko9as/am/Y+Ly1pRc8++gXt4xsCp5qJ</latexit><latexit sha1_base64="SDjSAKsSxy5Txn0eEGxKCs9We10=">AAACCnicbVDLSsNAFJ3UV62vqEs3oUWoKCUpgroruHHhooKxhSaEyXTaDp08mLmRlpC9G3/FjQsVt36BO//GSZuFVg8MnDnnXu69x485k2CaX1ppaXllda28XtnY3Nre0Xf37mSUCEJtEvFIdH0sKWchtYEBp91YUBz4nHb88WXud+6pkCwKb2EaUzfAw5ANGMGgJE+vOgGGEcE8vc7qEy+FYys7cUYY0kk2/x15es1smDMYf4lVkBoq0Pb0T6cfkSSgIRCOpexZZgxuigUwwmlWcRJJY0zGeEh7ioY4oNJNZ7dkxqFS+sYgEuqFYMzUnx0pDqScBr6qzDeXi14u/uf1EhicuykL4wRoSOaDBgk3IDLyYIw+E5QAnyqCiWBqV4OMsMAEVHwVFYK1ePJfYjcbFw3r5rTWahZplNEBqqI6stAZaqEr1EY2IugBPaEX9Ko9as/am/Y+Ly1pRc8++gXt4xsCp5qJ</latexit><latexit sha1_base64="SDjSAKsSxy5Txn0eEGxKCs9We10=">AAACCnicbVDLSsNAFJ3UV62vqEs3oUWoKCUpgroruHHhooKxhSaEyXTaDp08mLmRlpC9G3/FjQsVt36BO//GSZuFVg8MnDnnXu69x485k2CaX1ppaXllda28XtnY3Nre0Xf37mSUCEJtEvFIdH0sKWchtYEBp91YUBz4nHb88WXud+6pkCwKb2EaUzfAw5ANGMGgJE+vOgGGEcE8vc7qEy+FYys7cUYY0kk2/x15es1smDMYf4lVkBoq0Pb0T6cfkSSgIRCOpexZZgxuigUwwmlWcRJJY0zGeEh7ioY4oNJNZ7dkxqFS+sYgEuqFYMzUnx0pDqScBr6qzDeXi14u/uf1EhicuykL4wRoSOaDBgk3IDLyYIw+E5QAnyqCiWBqV4OMsMAEVHwVFYK1ePJfYjcbFw3r5rTWahZplNEBqqI6stAZaqEr1EY2IugBPaEX9Ko9as/am/Y+Ly1pRc8++gXt4xsCp5qJ</latexit><latexit sha1_base64="SDjSAKsSxy5Txn0eEGxKCs9We10=">AAACCnicbVDLSsNAFJ3UV62vqEs3oUWoKCUpgroruHHhooKxhSaEyXTaDp08mLmRlpC9G3/FjQsVt36BO//GSZuFVg8MnDnnXu69x485k2CaX1ppaXllda28XtnY3Nre0Xf37mSUCEJtEvFIdH0sKWchtYEBp91YUBz4nHb88WXud+6pkCwKb2EaUzfAw5ANGMGgJE+vOgGGEcE8vc7qEy+FYys7cUYY0kk2/x15es1smDMYf4lVkBoq0Pb0T6cfkSSgIRCOpexZZgxuigUwwmlWcRJJY0zGeEh7ioY4oNJNZ7dkxqFS+sYgEuqFYMzUnx0pDqScBr6qzDeXi14u/uf1EhicuykL4wRoSOaDBgk3IDLyYIw+E5QAnyqCiWBqV4OMsMAEVHwVFYK1ePJfYjcbFw3r5rTWahZplNEBqqI6stAZaqEr1EY2IugBPaEX9Ko9as/am/Y+Ly1pRc8++gXt4xsCp5qJ</latexit>

features<latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit><latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit><latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit><latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit>

recurrent
state

<latexit sha1_base64="w0N0cOTT7j6qojQolLXRB+aCdYg=">AAACFXicbVBPS8MwHE3nv1n/VT16CQ7Bi6PdRb0NvHic4NxgLSNNf93C0rQkqTDKPoUXv4oXDypeBW9+G7Otgm4+CLy893skvxdmnCntul9WZWV1bX2jumlvbe/s7jn7B3cqzSWFNk15KrshUcCZgLZmmkM3k0CSkEMnHF1N/c49SMVScavHGQQJGQgWM0q0kfrOmR/CgImCgtAgJ7YEmktpLr5vK0002D6I6MfuOzW37s6Al4lXkhoq0eo7n36U0jwxccqJUj3PzXRQEKkZ5TCx/VxBRuiIDKBnqCAJqKCYrTXBJ0aJcJxKc4TGM/V3oiCJUuMkNJMJ0UO16E3F/7xeruOLoGAiyzUIOn8ozjnWKZ52hCNmatB8bAihkpm/YjokklDTgbJNCd7iysuk3ahf1r2bRq3ZKNuooiN0jE6Rh85RE12jFmojih7QE3pBr9aj9Wy9We/z0YpVZg7RH1gf38KTn+Y=</latexit><latexit sha1_base64="w0N0cOTT7j6qojQolLXRB+aCdYg=">AAACFXicbVBPS8MwHE3nv1n/VT16CQ7Bi6PdRb0NvHic4NxgLSNNf93C0rQkqTDKPoUXv4oXDypeBW9+G7Otgm4+CLy893skvxdmnCntul9WZWV1bX2jumlvbe/s7jn7B3cqzSWFNk15KrshUcCZgLZmmkM3k0CSkEMnHF1N/c49SMVScavHGQQJGQgWM0q0kfrOmR/CgImCgtAgJ7YEmktpLr5vK0002D6I6MfuOzW37s6Al4lXkhoq0eo7n36U0jwxccqJUj3PzXRQEKkZ5TCx/VxBRuiIDKBnqCAJqKCYrTXBJ0aJcJxKc4TGM/V3oiCJUuMkNJMJ0UO16E3F/7xeruOLoGAiyzUIOn8ozjnWKZ52hCNmatB8bAihkpm/YjokklDTgbJNCd7iysuk3ahf1r2bRq3ZKNuooiN0jE6Rh85RE12jFmojih7QE3pBr9aj9Wy9We/z0YpVZg7RH1gf38KTn+Y=</latexit><latexit sha1_base64="w0N0cOTT7j6qojQolLXRB+aCdYg=">AAACFXicbVBPS8MwHE3nv1n/VT16CQ7Bi6PdRb0NvHic4NxgLSNNf93C0rQkqTDKPoUXv4oXDypeBW9+G7Otgm4+CLy893skvxdmnCntul9WZWV1bX2jumlvbe/s7jn7B3cqzSWFNk15KrshUcCZgLZmmkM3k0CSkEMnHF1N/c49SMVScavHGQQJGQgWM0q0kfrOmR/CgImCgtAgJ7YEmktpLr5vK0002D6I6MfuOzW37s6Al4lXkhoq0eo7n36U0jwxccqJUj3PzXRQEKkZ5TCx/VxBRuiIDKBnqCAJqKCYrTXBJ0aJcJxKc4TGM/V3oiCJUuMkNJMJ0UO16E3F/7xeruOLoGAiyzUIOn8ozjnWKZ52hCNmatB8bAihkpm/YjokklDTgbJNCd7iysuk3ahf1r2bRq3ZKNuooiN0jE6Rh85RE12jFmojih7QE3pBr9aj9Wy9We/z0YpVZg7RH1gf38KTn+Y=</latexit><latexit sha1_base64="w0N0cOTT7j6qojQolLXRB+aCdYg=">AAACFXicbVBPS8MwHE3nv1n/VT16CQ7Bi6PdRb0NvHic4NxgLSNNf93C0rQkqTDKPoUXv4oXDypeBW9+G7Otgm4+CLy893skvxdmnCntul9WZWV1bX2jumlvbe/s7jn7B3cqzSWFNk15KrshUcCZgLZmmkM3k0CSkEMnHF1N/c49SMVScavHGQQJGQgWM0q0kfrOmR/CgImCgtAgJ7YEmktpLr5vK0002D6I6MfuOzW37s6Al4lXkhoq0eo7n36U0jwxccqJUj3PzXRQEKkZ5TCx/VxBRuiIDKBnqCAJqKCYrTXBJ0aJcJxKc4TGM/V3oiCJUuMkNJMJ0UO16E3F/7xeruOLoGAiyzUIOn8ozjnWKZ52hCNmatB8bAihkpm/YjokklDTgbJNCd7iysuk3ahf1r2bRq3ZKNuooiN0jE6Rh85RE12jFmojih7QE3pBr9aj9Wy9We/z0YpVZg7RH1gf38KTn+Y=</latexit>

at−1
<latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit><latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit><latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit><latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit>

xt
<latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit><latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit><latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit><latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit>

xg
<latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit><latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit><latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit><latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit>

ât
<latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit>

L(at, ât)
<latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit>

L(xt+1, x̂t+1)
<latexit sha1_base64="SDjSAKsSxy5Txn0eEGxKCs9We10=">AAACCnicbVDLSsNAFJ3UV62vqEs3oUWoKCUpgroruHHhooKxhSaEyXTaDp08mLmRlpC9G3/FjQsVt36BO//GSZuFVg8MnDnnXu69x485k2CaX1ppaXllda28XtnY3Nre0Xf37mSUCEJtEvFIdH0sKWchtYEBp91YUBz4nHb88WXud+6pkCwKb2EaUzfAw5ANGMGgJE+vOgGGEcE8vc7qEy+FYys7cUYY0kk2/x15es1smDMYf4lVkBoq0Pb0T6cfkSSgIRCOpexZZgxuigUwwmlWcRJJY0zGeEh7ioY4oNJNZ7dkxqFS+sYgEuqFYMzUnx0pDqScBr6qzDeXi14u/uf1EhicuykL4wRoSOaDBgk3IDLyYIw+E5QAnyqCiWBqV4OMsMAEVHwVFYK1ePJfYjcbFw3r5rTWahZplNEBqqI6stAZaqEr1EY2IugBPaEX9Ko9as/am/Y+Ly1pRc8++gXt4xsCp5qJ</latexit><latexit sha1_base64="SDjSAKsSxy5Txn0eEGxKCs9We10=">AAACCnicbVDLSsNAFJ3UV62vqEs3oUWoKCUpgroruHHhooKxhSaEyXTaDp08mLmRlpC9G3/FjQsVt36BO//GSZuFVg8MnDnnXu69x485k2CaX1ppaXllda28XtnY3Nre0Xf37mSUCEJtEvFIdH0sKWchtYEBp91YUBz4nHb88WXud+6pkCwKb2EaUzfAw5ANGMGgJE+vOgGGEcE8vc7qEy+FYys7cUYY0kk2/x15es1smDMYf4lVkBoq0Pb0T6cfkSSgIRCOpexZZgxuigUwwmlWcRJJY0zGeEh7ioY4oNJNZ7dkxqFS+sYgEuqFYMzUnx0pDqScBr6qzDeXi14u/uf1EhicuykL4wRoSOaDBgk3IDLyYIw+E5QAnyqCiWBqV4OMsMAEVHwVFYK1ePJfYjcbFw3r5rTWahZplNEBqqI6stAZaqEr1EY2IugBPaEX9Ko9as/am/Y+Ly1pRc8++gXt4xsCp5qJ</latexit><latexit sha1_base64="SDjSAKsSxy5Txn0eEGxKCs9We10=">AAACCnicbVDLSsNAFJ3UV62vqEs3oUWoKCUpgroruHHhooKxhSaEyXTaDp08mLmRlpC9G3/FjQsVt36BO//GSZuFVg8MnDnnXu69x485k2CaX1ppaXllda28XtnY3Nre0Xf37mSUCEJtEvFIdH0sKWchtYEBp91YUBz4nHb88WXud+6pkCwKb2EaUzfAw5ANGMGgJE+vOgGGEcE8vc7qEy+FYys7cUYY0kk2/x15es1smDMYf4lVkBoq0Pb0T6cfkSSgIRCOpexZZgxuigUwwmlWcRJJY0zGeEh7ioY4oNJNZ7dkxqFS+sYgEuqFYMzUnx0pDqScBr6qzDeXi14u/uf1EhicuykL4wRoSOaDBgk3IDLyYIw+E5QAnyqCiWBqV4OMsMAEVHwVFYK1ePJfYjcbFw3r5rTWahZplNEBqqI6stAZaqEr1EY2IugBPaEX9Ko9as/am/Y+Ly1pRc8++gXt4xsCp5qJ</latexit><latexit sha1_base64="SDjSAKsSxy5Txn0eEGxKCs9We10=">AAACCnicbVDLSsNAFJ3UV62vqEs3oUWoKCUpgroruHHhooKxhSaEyXTaDp08mLmRlpC9G3/FjQsVt36BO//GSZuFVg8MnDnnXu69x485k2CaX1ppaXllda28XtnY3Nre0Xf37mSUCEJtEvFIdH0sKWchtYEBp91YUBz4nHb88WXud+6pkCwKb2EaUzfAw5ANGMGgJE+vOgGGEcE8vc7qEy+FYys7cUYY0kk2/x15es1smDMYf4lVkBoq0Pb0T6cfkSSgIRCOpexZZgxuigUwwmlWcRJJY0zGeEh7ioY4oNJNZ7dkxqFS+sYgEuqFYMzUnx0pDqScBr6qzDeXi14u/uf1EhicuykL4wRoSOaDBgk3IDLyYIw+E5QAnyqCiWBqV4OMsMAEVHwVFYK1ePJfYjcbFw3r5rTWahZplNEBqqI6stAZaqEr1EY2IugBPaEX9Ko9as/am/Y+Ly1pRc8++gXt4xsCp5qJ</latexit>
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<latexit sha1_base64="idR6iEhT8e9QSIE61Vqk7+uZSNY=">AAACGXicbVBNS8NAFNz4WeNX1KOXYBE8laQX9Vbw4rGCsYUmlM3mJV262YTdjVJDf4cX/4oXDyoe9eS/cdtG0NaBhWFmHvvehDmjUjnOl7G0vLK6tl7bMDe3tnd2rb39G5kVgoBHMpaJboglMMrBU1Qx6OYCcBoy6ITDi4nfuQUhacav1SiHIMUJpzElWGmpb7l+CAnlJQGuQIzNOBN3WES+bwpICoYFvQdh+sCjn0jfqjsNZwp7kbgVqaMK7b714UcZKVI9ThiWsuc6uQpKLBQlDMamX0jIMRniBHqacpyCDMrpaWP7WCuRrbfSjyt7qv6eKHEq5SgNdTLFaiDnvYn4n9crVHwWlJTnhQJOZh/FBbNVZk96siMqgCg20gQTQfWuNhlggYnuQJq6BHf+5EXiNRvnDfeqWW81qzZq6BAdoRPkolPUQpeojTxE0AN6Qi/o1Xg0no03430WXTKqmQP0B8bnNx7YobQ=</latexit><latexit sha1_base64="idR6iEhT8e9QSIE61Vqk7+uZSNY=">AAACGXicbVBNS8NAFNz4WeNX1KOXYBE8laQX9Vbw4rGCsYUmlM3mJV262YTdjVJDf4cX/4oXDyoe9eS/cdtG0NaBhWFmHvvehDmjUjnOl7G0vLK6tl7bMDe3tnd2rb39G5kVgoBHMpaJboglMMrBU1Qx6OYCcBoy6ITDi4nfuQUhacav1SiHIMUJpzElWGmpb7l+CAnlJQGuQIzNOBN3WES+bwpICoYFvQdh+sCjn0jfqjsNZwp7kbgVqaMK7b714UcZKVI9ThiWsuc6uQpKLBQlDMamX0jIMRniBHqacpyCDMrpaWP7WCuRrbfSjyt7qv6eKHEq5SgNdTLFaiDnvYn4n9crVHwWlJTnhQJOZh/FBbNVZk96siMqgCg20gQTQfWuNhlggYnuQJq6BHf+5EXiNRvnDfeqWW81qzZq6BAdoRPkolPUQpeojTxE0AN6Qi/o1Xg0no03430WXTKqmQP0B8bnNx7YobQ=</latexit><latexit sha1_base64="idR6iEhT8e9QSIE61Vqk7+uZSNY=">AAACGXicbVBNS8NAFNz4WeNX1KOXYBE8laQX9Vbw4rGCsYUmlM3mJV262YTdjVJDf4cX/4oXDyoe9eS/cdtG0NaBhWFmHvvehDmjUjnOl7G0vLK6tl7bMDe3tnd2rb39G5kVgoBHMpaJboglMMrBU1Qx6OYCcBoy6ITDi4nfuQUhacav1SiHIMUJpzElWGmpb7l+CAnlJQGuQIzNOBN3WES+bwpICoYFvQdh+sCjn0jfqjsNZwp7kbgVqaMK7b714UcZKVI9ThiWsuc6uQpKLBQlDMamX0jIMRniBHqacpyCDMrpaWP7WCuRrbfSjyt7qv6eKHEq5SgNdTLFaiDnvYn4n9crVHwWlJTnhQJOZh/FBbNVZk96siMqgCg20gQTQfWuNhlggYnuQJq6BHf+5EXiNRvnDfeqWW81qzZq6BAdoRPkolPUQpeojTxE0AN6Qi/o1Xg0no03430WXTKqmQP0B8bnNx7YobQ=</latexit><latexit sha1_base64="idR6iEhT8e9QSIE61Vqk7+uZSNY=">AAACGXicbVBNS8NAFNz4WeNX1KOXYBE8laQX9Vbw4rGCsYUmlM3mJV262YTdjVJDf4cX/4oXDyoe9eS/cdtG0NaBhWFmHvvehDmjUjnOl7G0vLK6tl7bMDe3tnd2rb39G5kVgoBHMpaJboglMMrBU1Qx6OYCcBoy6ITDi4nfuQUhacav1SiHIMUJpzElWGmpb7l+CAnlJQGuQIzNOBN3WES+bwpICoYFvQdh+sCjn0jfqjsNZwp7kbgVqaMK7b714UcZKVI9ThiWsuc6uQpKLBQlDMamX0jIMRniBHqacpyCDMrpaWP7WCuRrbfSjyt7qv6eKHEq5SgNdTLFaiDnvYn4n9crVHwWlJTnhQJOZh/FBbNVZk96siMqgCg20gQTQfWuNhlggYnuQJq6BHf+5EXiNRvnDfeqWW81qzZq6BAdoRPkolPUQpeojTxE0AN6Qi/o1Xg0no03430WXTKqmQP0B8bnNx7YobQ=</latexit>

x̂t+1
<latexit sha1_base64="0x+q3xF7eUb9QxlKb7w4+0biyLg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWMLbQhrLZbtqlmw93J8US8ju8eFDx6p/x5r9x2+agrQ8GHu/NMDPPT6TQaNvf1srq2vrGZmmrvL2zu7dfOTh80HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJHN1O/NeZKizi6x0nCvZAOIhEIRtFIXndIMXvKexmeO3mvUrVr9gxkmTgFqUKBZq/y1e3HLA15hExSrTuOnaCXUYWCSZ6Xu6nmCWUjOuAdQyMacu1ls6NzcmqUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rpBhceZmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQ2ITiLLy8T96J2XXPu6tVGvUijBMdwAmfgwCU04Baa4AKDR3iGV3izxtaL9W59zFtXrGLmCP7A+vwBTp6R8g==</latexit><latexit sha1_base64="0x+q3xF7eUb9QxlKb7w4+0biyLg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWMLbQhrLZbtqlmw93J8US8ju8eFDx6p/x5r9x2+agrQ8GHu/NMDPPT6TQaNvf1srq2vrGZmmrvL2zu7dfOTh80HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJHN1O/NeZKizi6x0nCvZAOIhEIRtFIXndIMXvKexmeO3mvUrVr9gxkmTgFqUKBZq/y1e3HLA15hExSrTuOnaCXUYWCSZ6Xu6nmCWUjOuAdQyMacu1ls6NzcmqUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rpBhceZmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQ2ITiLLy8T96J2XXPu6tVGvUijBMdwAmfgwCU04Baa4AKDR3iGV3izxtaL9W59zFtXrGLmCP7A+vwBTp6R8g==</latexit><latexit sha1_base64="0x+q3xF7eUb9QxlKb7w4+0biyLg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWMLbQhrLZbtqlmw93J8US8ju8eFDx6p/x5r9x2+agrQ8GHu/NMDPPT6TQaNvf1srq2vrGZmmrvL2zu7dfOTh80HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJHN1O/NeZKizi6x0nCvZAOIhEIRtFIXndIMXvKexmeO3mvUrVr9gxkmTgFqUKBZq/y1e3HLA15hExSrTuOnaCXUYWCSZ6Xu6nmCWUjOuAdQyMacu1ls6NzcmqUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rpBhceZmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQ2ITiLLy8T96J2XXPu6tVGvUijBMdwAmfgwCU04Baa4AKDR3iGV3izxtaL9W59zFtXrGLmCP7A+vwBTp6R8g==</latexit><latexit sha1_base64="0x+q3xF7eUb9QxlKb7w4+0biyLg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWMLbQhrLZbtqlmw93J8US8ju8eFDx6p/x5r9x2+agrQ8GHu/NMDPPT6TQaNvf1srq2vrGZmmrvL2zu7dfOTh80HGqGHdZLGPV9qnmUkTcRYGStxPFaehL3vJHN1O/NeZKizi6x0nCvZAOIhEIRtFIXndIMXvKexmeO3mvUrVr9gxkmTgFqUKBZq/y1e3HLA15hExSrTuOnaCXUYWCSZ6Xu6nmCWUjOuAdQyMacu1ls6NzcmqUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rpBhceZmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQ2ITiLLy8T96J2XXPu6tVGvUijBMdwAmfgwCU04Baa4AKDR3iGV3izxtaL9W59zFtXrGLmCP7A+vwBTp6R8g==</latexit>

features<latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit><latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit><latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit><latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit>

recurrent
state

<latexit sha1_base64="w0N0cOTT7j6qojQolLXRB+aCdYg=">AAACFXicbVBPS8MwHE3nv1n/VT16CQ7Bi6PdRb0NvHic4NxgLSNNf93C0rQkqTDKPoUXv4oXDypeBW9+G7Otgm4+CLy893skvxdmnCntul9WZWV1bX2jumlvbe/s7jn7B3cqzSWFNk15KrshUcCZgLZmmkM3k0CSkEMnHF1N/c49SMVScavHGQQJGQgWM0q0kfrOmR/CgImCgtAgJ7YEmktpLr5vK0002D6I6MfuOzW37s6Al4lXkhoq0eo7n36U0jwxccqJUj3PzXRQEKkZ5TCx/VxBRuiIDKBnqCAJqKCYrTXBJ0aJcJxKc4TGM/V3oiCJUuMkNJMJ0UO16E3F/7xeruOLoGAiyzUIOn8ozjnWKZ52hCNmatB8bAihkpm/YjokklDTgbJNCd7iysuk3ahf1r2bRq3ZKNuooiN0jE6Rh85RE12jFmojih7QE3pBr9aj9Wy9We/z0YpVZg7RH1gf38KTn+Y=</latexit><latexit sha1_base64="w0N0cOTT7j6qojQolLXRB+aCdYg=">AAACFXicbVBPS8MwHE3nv1n/VT16CQ7Bi6PdRb0NvHic4NxgLSNNf93C0rQkqTDKPoUXv4oXDypeBW9+G7Otgm4+CLy893skvxdmnCntul9WZWV1bX2jumlvbe/s7jn7B3cqzSWFNk15KrshUcCZgLZmmkM3k0CSkEMnHF1N/c49SMVScavHGQQJGQgWM0q0kfrOmR/CgImCgtAgJ7YEmktpLr5vK0002D6I6MfuOzW37s6Al4lXkhoq0eo7n36U0jwxccqJUj3PzXRQEKkZ5TCx/VxBRuiIDKBnqCAJqKCYrTXBJ0aJcJxKc4TGM/V3oiCJUuMkNJMJ0UO16E3F/7xeruOLoGAiyzUIOn8ozjnWKZ52hCNmatB8bAihkpm/YjokklDTgbJNCd7iysuk3ahf1r2bRq3ZKNuooiN0jE6Rh85RE12jFmojih7QE3pBr9aj9Wy9We/z0YpVZg7RH1gf38KTn+Y=</latexit><latexit sha1_base64="w0N0cOTT7j6qojQolLXRB+aCdYg=">AAACFXicbVBPS8MwHE3nv1n/VT16CQ7Bi6PdRb0NvHic4NxgLSNNf93C0rQkqTDKPoUXv4oXDypeBW9+G7Otgm4+CLy893skvxdmnCntul9WZWV1bX2jumlvbe/s7jn7B3cqzSWFNk15KrshUcCZgLZmmkM3k0CSkEMnHF1N/c49SMVScavHGQQJGQgWM0q0kfrOmR/CgImCgtAgJ7YEmktpLr5vK0002D6I6MfuOzW37s6Al4lXkhoq0eo7n36U0jwxccqJUj3PzXRQEKkZ5TCx/VxBRuiIDKBnqCAJqKCYrTXBJ0aJcJxKc4TGM/V3oiCJUuMkNJMJ0UO16E3F/7xeruOLoGAiyzUIOn8ozjnWKZ52hCNmatB8bAihkpm/YjokklDTgbJNCd7iysuk3ahf1r2bRq3ZKNuooiN0jE6Rh85RE12jFmojih7QE3pBr9aj9Wy9We/z0YpVZg7RH1gf38KTn+Y=</latexit><latexit sha1_base64="w0N0cOTT7j6qojQolLXRB+aCdYg=">AAACFXicbVBPS8MwHE3nv1n/VT16CQ7Bi6PdRb0NvHic4NxgLSNNf93C0rQkqTDKPoUXv4oXDypeBW9+G7Otgm4+CLy893skvxdmnCntul9WZWV1bX2jumlvbe/s7jn7B3cqzSWFNk15KrshUcCZgLZmmkM3k0CSkEMnHF1N/c49SMVScavHGQQJGQgWM0q0kfrOmR/CgImCgtAgJ7YEmktpLr5vK0002D6I6MfuOzW37s6Al4lXkhoq0eo7n36U0jwxccqJUj3PzXRQEKkZ5TCx/VxBRuiIDKBnqCAJqKCYrTXBJ0aJcJxKc4TGM/V3oiCJUuMkNJMJ0UO16E3F/7xeruOLoGAiyzUIOn8ozjnWKZ52hCNmatB8bAihkpm/YjokklDTgbJNCd7iysuk3ahf1r2bRq3ZKNuooiN0jE6Rh85RE12jFmojih7QE3pBr9aj9Wy9We/z0YpVZg7RH1gf38KTn+Y=</latexit>

at−1
<latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit><latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit><latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit><latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit>

xt
<latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit><latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit><latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit><latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit>

xg
<latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit><latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit><latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit><latexit sha1_base64="0MAnFI/xq7kgWHSMOuVxnicJQbA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+nSzSbsTsRS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmlldW19o7xZ2dre2d2r7h88mDTXjPsslaluh9RwKRT3UaDk7UxzmoSSt8Lh9dRvPXJtRKrucZTxIKGxEpFgFK1099SLe9WaW3dnIMvEK0gNCjR71a9uP2V5whUySY3peG6GwZhqFEzySaWbG55RNqQx71iqaMJNMJ6dOiEnVumTKNW2FJKZ+ntiTBNjRkloOxOKA7PoTcX/vE6O0WUwFirLkSs2XxTlkmBKpn+TvtCcoRxZQpkW9lbCBlRThjadig3BW3x5mfhn9au6d3tea5wXaZThCI7hFDy4gAbcQBN8YBDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AcbhjZw=</latexit>

ât
<latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit>

L(at, ât)
<latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit>

features<latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit><latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit><latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit><latexit sha1_base64="Nne3Sl4H0qpz7KLzDlxlOEwOwwE=">AAAB7nicbVBNT8JAEJ3iF+IX6tFLIzHxRFou6o3Ei0dMrJBAQ7bLFDZst3V3akIIf8KLBzVe/T3e/Dcu0IOiL5nk5b2ZzMyLMikMed6XU1pb39jcKm9Xdnb39g+qh0f3Js01x4CnMtWdiBmUQmFAgiR2Mo0siSS2o/H13G8/ojYiVXc0yTBM2FCJWHBGVurEyCjXaPrVmlf3FnD/Er8gNSjQ6lc/e4OU5wkq4pIZ0/W9jMIp0yS4xFmllxvMGB+zIXYtVSxBE04X987cM6sM3DjVthS5C/XnxJQlxkySyHYmjEZm1ZuL/3ndnOLLcCpUlhMqvlwU59Kl1J0/7w6ERk5yYgnjWthbXT5imnGyEVVsCP7qy39J0Khf1f3bRq3ZKNIowwmcwjn4cAFNuIEWBMBBwhO8wKvz4Dw7b877srXkFDPH8AvOxzfAk4/r</latexit>

at−1
<latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit><latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit><latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit><latexit sha1_base64="ysq/OZ9vglm5xKNIE5toCuHU+5M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorePFYwdhCG8pmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fDo0SSZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2Ob2d++4lrIxL1gJOUBzEdKhEJRtFKbdrP8cKb9qs1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwll9eJf5l/abu3TdqzUaRRhlO4BTOwYMraMIdtMAHBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AFc/jxA=</latexit>

xt
<latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit><latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit><latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit><latexit sha1_base64="rU0DdKxkxJDs4oKyH3iqbpihi5s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4rGltoQ9lsN+3SzSbsTsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR9dRvPXJtRKLucZzyIKYDJSLBKFrp7qmHvWrNrbszkGXiFaQGBZq96le3n7As5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugxyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BC8xZeXiX9Wv6p7t+e1xnmRRhmO4BhOwYMLaMANNMEHBgN4hld4c6Tz4rw7H/PWklPMHMIfOJ8/2oiNqQ==</latexit>

ât
<latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit><latexit sha1_base64="8Pq4/T3q7jySBKy/bF5sPUI8Vf4=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXjxWMLbShjLZbtqlm03YnQgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6MEmmGfdZIhPdCcFwKRT3UaDknVRziEPJ2+H4Zua3n7g2IlH3OEl5EMNQiUgwQCs99kaAOUz72K/W3Lo7B10lXkFqpECrX/3qDRKWxVwhk2BM13NTDHLQKJjk00ovMzwFNoYh71qqIOYmyOcHT+mZVQY0SrQthXSu/p7IITZmEoe2MwYcmWVvJv7ndTOMroJcqDRDrthiUZRJigmdfU8HQnOGcmIJMC3srZSNQANDm1HFhuAtv7xK/Iv6dd27a9SajSKNMjkhp+SceOSSNMktaRGfMBKTZ/JK3hztvDjvzseiteQUM8fkD5zPH4QkkF8=</latexit>

L(at, ât)
<latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit><latexit sha1_base64="bMtg3EOQoR3kjbw2verd42rypIM=">AAACAnicbVBNS8NAEN3Ur1q/qt70EixCBSlJEdRbwYsHDxWMLTQhTLbbdunmg92JUELBi3/FiwcVr/4Kb/4bt20O2vpg4PHeDDPzgkRwhZb1bRSWlldW14rrpY3Nre2d8u7evYpTSZlDYxHLdgCKCR4xBzkK1k4kgzAQrBUMryZ+64FJxePoDkcJ80LoR7zHKaCW/PKBGwIOKIjsZlwFH0/dAWAGYx9P/HLFqllTmIvEzkmF5Gj65S+3G9M0ZBFSAUp1bCtBLwOJnAo2LrmpYgnQIfRZR9MIQqa8bPrD2DzWStfsxVJXhOZU/T2RQajUKAx05+RiNe9NxP+8Toq9Cy/jUZIii+hsUS8VJsbmJBCzyyWjKEaaAJVc32rSAUigqGMr6RDs+ZcXiVOvXdbs27NKo56nUSSH5IhUiU3OSYNckyZxCCWP5Jm8kjfjyXgx3o2PWWvByGf2yR8Ynz80ppdj</latexit>

feed-forward<latexit sha1_base64="AWl85Eukk0w0XtyqhXMHPz8x0Ks=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyXpRb0VvHisYGyhDWWzmbRLN5uwu1FK6d/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MBNcG9f9dkpr6xubW+Xtys7u3v5B9fDoQae5YuizVKSqE1KNgkv0DTcCO5lCmoQC2+HoZua3H1Fpnsp7M84wSOhA8pgzaqzUixGjizhVT1RF/WrNrbtzkFXiFaQGBVr96lcvSlmeoDRMUK27npuZYEKV4UzgtNLLNWaUjegAu5ZKmqAOJvObp+TMKhGxq21JQ+bq74kJTbQeJ6HtTKgZ6mVvJv7ndXMTXwUTLrPcoGSLRXEuiEnJLAAScYXMiLEllClubyVsSBVlxsZUsSF4yy+vEr9Rv657d41as1GkUYYTOIVz8OASmnALLfCBQQbP8ApvTu68OO/Ox6K15BQzx/AHzucPaLyRag==</latexit><latexit sha1_base64="AWl85Eukk0w0XtyqhXMHPz8x0Ks=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyXpRb0VvHisYGyhDWWzmbRLN5uwu1FK6d/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MBNcG9f9dkpr6xubW+Xtys7u3v5B9fDoQae5YuizVKSqE1KNgkv0DTcCO5lCmoQC2+HoZua3H1Fpnsp7M84wSOhA8pgzaqzUixGjizhVT1RF/WrNrbtzkFXiFaQGBVr96lcvSlmeoDRMUK27npuZYEKV4UzgtNLLNWaUjegAu5ZKmqAOJvObp+TMKhGxq21JQ+bq74kJTbQeJ6HtTKgZ6mVvJv7ndXMTXwUTLrPcoGSLRXEuiEnJLAAScYXMiLEllClubyVsSBVlxsZUsSF4yy+vEr9Rv657d41as1GkUYYTOIVz8OASmnALLfCBQQbP8ApvTu68OO/Ox6K15BQzx/AHzucPaLyRag==</latexit><latexit sha1_base64="AWl85Eukk0w0XtyqhXMHPz8x0Ks=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyXpRb0VvHisYGyhDWWzmbRLN5uwu1FK6d/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MBNcG9f9dkpr6xubW+Xtys7u3v5B9fDoQae5YuizVKSqE1KNgkv0DTcCO5lCmoQC2+HoZua3H1Fpnsp7M84wSOhA8pgzaqzUixGjizhVT1RF/WrNrbtzkFXiFaQGBVr96lcvSlmeoDRMUK27npuZYEKV4UzgtNLLNWaUjegAu5ZKmqAOJvObp+TMKhGxq21JQ+bq74kJTbQeJ6HtTKgZ6mVvJv7ndXMTXwUTLrPcoGSLRXEuiEnJLAAScYXMiLEllClubyVsSBVlxsZUsSF4yy+vEr9Rv657d41as1GkUYYTOIVz8OASmnALLfCBQQbP8ApvTu68OO/Ox6K15BQzx/AHzucPaLyRag==</latexit><latexit sha1_base64="AWl85Eukk0w0XtyqhXMHPz8x0Ks=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyXpRb0VvHisYGyhDWWzmbRLN5uwu1FK6d/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MBNcG9f9dkpr6xubW+Xtys7u3v5B9fDoQae5YuizVKSqE1KNgkv0DTcCO5lCmoQC2+HoZua3H1Fpnsp7M84wSOhA8pgzaqzUixGjizhVT1RF/WrNrbtzkFXiFaQGBVr96lcvSlmeoDRMUK27npuZYEKV4UzgtNLLNWaUjegAu5ZKmqAOJvObp+TMKhGxq21JQ+bq74kJTbQeJ6HtTKgZ6mVvJv7ndXMTXwUTLrPcoGSLRXEuiEnJLAAScYXMiLEllClubyVsSBVlxsZUsSF4yy+vEr9Rv657d41as1GkUYYTOIVz8OASmnALLfCBQQbP8ApvTu68OO/Ox6K15BQzx/AHzucPaLyRag==</latexit>

(d) Forward-consistent GSP
(ours)

<latexit sha1_base64="AvM0k9A7QnqkfACeBS/9IOKXx8o="></latexit><latexit sha1_base64="AvM0k9A7QnqkfACeBS/9IOKXx8o="></latexit><latexit sha1_base64="AvM0k9A7QnqkfACeBS/9IOKXx8o="></latexit><latexit sha1_base64="AvM0k9A7QnqkfACeBS/9IOKXx8o="></latexit>

(c) Forward-regularized GSP
<latexit sha1_base64="QssFByk0cucCCZphg4Fx0+OmJUk=">AAACH3icbVDLSgMxFM34rONr1KWbYBHqwjJThOquIKjLitYW2lIymds2NJMZkoxSh36KG3/FjQsVcde/MX0I2nogcDjnXG7u8WPOlHbdobWwuLS8sppZs9c3Nre2nZ3dOxUlkkKFRjySNZ8o4ExARTPNoRZLIKHPoer3zkd+9R6kYpG41f0YmiHpCNZmlGgjtZxiw4cOEykFoUEO7Bw9wheRfCAyOJbQSTiR7BECfHlTthsggp9gy8m6eXcMPE+8KcmiKcot56sRRDQJzTjlRKm658a6mRKpGeUwsBuJgpjQHulA3VBBQlDNdHzgAB8aJcDtSJonNB6rvydSEirVD32TDInuqllvJP7n1RPdPm2mTMSJBkEni9oJxzrCo7ZwwCRQzfuGECqZ+SumXSIJNR0o25TgzZ48TyqF/Fneuy5kSyfTNjJoHx2gHPJQEZXQFSqjCqLoCb2gN/RuPVuv1of1OYkuWNOZPfQH1vAbAiCjDQ==</latexit><latexit sha1_base64="QssFByk0cucCCZphg4Fx0+OmJUk=">AAACH3icbVDLSgMxFM34rONr1KWbYBHqwjJThOquIKjLitYW2lIymds2NJMZkoxSh36KG3/FjQsVcde/MX0I2nogcDjnXG7u8WPOlHbdobWwuLS8sppZs9c3Nre2nZ3dOxUlkkKFRjySNZ8o4ExARTPNoRZLIKHPoer3zkd+9R6kYpG41f0YmiHpCNZmlGgjtZxiw4cOEykFoUEO7Bw9wheRfCAyOJbQSTiR7BECfHlTthsggp9gy8m6eXcMPE+8KcmiKcot56sRRDQJzTjlRKm658a6mRKpGeUwsBuJgpjQHulA3VBBQlDNdHzgAB8aJcDtSJonNB6rvydSEirVD32TDInuqllvJP7n1RPdPm2mTMSJBkEni9oJxzrCo7ZwwCRQzfuGECqZ+SumXSIJNR0o25TgzZ48TyqF/Fneuy5kSyfTNjJoHx2gHPJQEZXQFSqjCqLoCb2gN/RuPVuv1of1OYkuWNOZPfQH1vAbAiCjDQ==</latexit><latexit sha1_base64="QssFByk0cucCCZphg4Fx0+OmJUk=">AAACH3icbVDLSgMxFM34rONr1KWbYBHqwjJThOquIKjLitYW2lIymds2NJMZkoxSh36KG3/FjQsVcde/MX0I2nogcDjnXG7u8WPOlHbdobWwuLS8sppZs9c3Nre2nZ3dOxUlkkKFRjySNZ8o4ExARTPNoRZLIKHPoer3zkd+9R6kYpG41f0YmiHpCNZmlGgjtZxiw4cOEykFoUEO7Bw9wheRfCAyOJbQSTiR7BECfHlTthsggp9gy8m6eXcMPE+8KcmiKcot56sRRDQJzTjlRKm658a6mRKpGeUwsBuJgpjQHulA3VBBQlDNdHzgAB8aJcDtSJonNB6rvydSEirVD32TDInuqllvJP7n1RPdPm2mTMSJBkEni9oJxzrCo7ZwwCRQzfuGECqZ+SumXSIJNR0o25TgzZ48TyqF/Fneuy5kSyfTNjJoHx2gHPJQEZXQFSqjCqLoCb2gN/RuPVuv1of1OYkuWNOZPfQH1vAbAiCjDQ==</latexit><latexit sha1_base64="QssFByk0cucCCZphg4Fx0+OmJUk=">AAACH3icbVDLSgMxFM34rONr1KWbYBHqwjJThOquIKjLitYW2lIymds2NJMZkoxSh36KG3/FjQsVcde/MX0I2nogcDjnXG7u8WPOlHbdobWwuLS8sppZs9c3Nre2nZ3dOxUlkkKFRjySNZ8o4ExARTPNoRZLIKHPoer3zkd+9R6kYpG41f0YmiHpCNZmlGgjtZxiw4cOEykFoUEO7Bw9wheRfCAyOJbQSTiR7BECfHlTthsggp9gy8m6eXcMPE+8KcmiKcot56sRRDQJzTjlRKm658a6mRKpGeUwsBuJgpjQHulA3VBBQlDNdHzgAB8aJcDtSJonNB6rvydSEirVD32TDInuqllvJP7n1RPdPm2mTMSJBkEni9oJxzrCo7ZwwCRQzfuGECqZ+SumXSIJNR0o25TgzZ48TyqF/Fneuy5kSyfTNjJoHx2gHPJQEZXQFSqjCqLoCb2gN/RuPVuv1of1OYkuWNOZPfQH1vAbAiCjDQ==</latexit>

(b) Multi-step GSP
<latexit sha1_base64="Yc+mcRoDnlO5sXR63/r0rjNGxRg=">AAACFnicbVBNSwMxFMzWr7p+VT16CRahHiy7RVBvBQ96ESpaW+guJZu+tqHZ7JJkhbL0X3jxr3jxoOJVvPlvTNsVtHUgMMy84eVNEHOmtON8WbmFxaXllfyqvba+sblV2N65U1EiKdRpxCPZDIgCzgTUNdMcmrEEEgYcGsHgfOw37kEqFolbPYzBD0lPsC6jRBupXSh7AfSYSCkIDXJkl4JDfJVwzY6Uhhhf3NRsD0Tnx28Xik7ZmQDPEzcjRZSh1i58ep2IJqGJU06UarlOrP2USM0oh5HtJQpiQgekBy1DBQlB+enkrhE+MEoHdyNpntB4ov5OpCRUahgGZjIkuq9mvbH4n9dKdPfUT5mIEw2CThd1E451hMcl4Q6TQDUfGkKoZOavmPaJJNR0oGxTgjt78jypV8pnZfe6UqweZ23k0R7aRyXkohNURZeohuqIogf0hF7Qq/VoPVtv1vt0NGdlmV30B9bHN3W8nwY=</latexit><latexit sha1_base64="Yc+mcRoDnlO5sXR63/r0rjNGxRg=">AAACFnicbVBNSwMxFMzWr7p+VT16CRahHiy7RVBvBQ96ESpaW+guJZu+tqHZ7JJkhbL0X3jxr3jxoOJVvPlvTNsVtHUgMMy84eVNEHOmtON8WbmFxaXllfyqvba+sblV2N65U1EiKdRpxCPZDIgCzgTUNdMcmrEEEgYcGsHgfOw37kEqFolbPYzBD0lPsC6jRBupXSh7AfSYSCkIDXJkl4JDfJVwzY6Uhhhf3NRsD0Tnx28Xik7ZmQDPEzcjRZSh1i58ep2IJqGJU06UarlOrP2USM0oh5HtJQpiQgekBy1DBQlB+enkrhE+MEoHdyNpntB4ov5OpCRUahgGZjIkuq9mvbH4n9dKdPfUT5mIEw2CThd1E451hMcl4Q6TQDUfGkKoZOavmPaJJNR0oGxTgjt78jypV8pnZfe6UqweZ23k0R7aRyXkohNURZeohuqIogf0hF7Qq/VoPVtv1vt0NGdlmV30B9bHN3W8nwY=</latexit><latexit sha1_base64="Yc+mcRoDnlO5sXR63/r0rjNGxRg=">AAACFnicbVBNSwMxFMzWr7p+VT16CRahHiy7RVBvBQ96ESpaW+guJZu+tqHZ7JJkhbL0X3jxr3jxoOJVvPlvTNsVtHUgMMy84eVNEHOmtON8WbmFxaXllfyqvba+sblV2N65U1EiKdRpxCPZDIgCzgTUNdMcmrEEEgYcGsHgfOw37kEqFolbPYzBD0lPsC6jRBupXSh7AfSYSCkIDXJkl4JDfJVwzY6Uhhhf3NRsD0Tnx28Xik7ZmQDPEzcjRZSh1i58ep2IJqGJU06UarlOrP2USM0oh5HtJQpiQgekBy1DBQlB+enkrhE+MEoHdyNpntB4ov5OpCRUahgGZjIkuq9mvbH4n9dKdPfUT5mIEw2CThd1E451hMcl4Q6TQDUfGkKoZOavmPaJJNR0oGxTgjt78jypV8pnZfe6UqweZ23k0R7aRyXkohNURZeohuqIogf0hF7Qq/VoPVtv1vt0NGdlmV30B9bHN3W8nwY=</latexit><latexit sha1_base64="Yc+mcRoDnlO5sXR63/r0rjNGxRg=">AAACFnicbVBNSwMxFMzWr7p+VT16CRahHiy7RVBvBQ96ESpaW+guJZu+tqHZ7JJkhbL0X3jxr3jxoOJVvPlvTNsVtHUgMMy84eVNEHOmtON8WbmFxaXllfyqvba+sblV2N65U1EiKdRpxCPZDIgCzgTUNdMcmrEEEgYcGsHgfOw37kEqFolbPYzBD0lPsC6jRBupXSh7AfSYSCkIDXJkl4JDfJVwzY6Uhhhf3NRsD0Tnx28Xik7ZmQDPEzcjRZSh1i58ep2IJqGJU06UarlOrP2USM0oh5HtJQpiQgekBy1DBQlB+enkrhE+MEoHdyNpntB4ov5OpCRUahgGZjIkuq9mvbH4n9dKdPfUT5mIEw2CThd1E451hMcl4Q6TQDUfGkKoZOavmPaJJNR0oGxTgjt78jypV8pnZfe6UqweZ23k0R7aRyXkohNURZeohuqIogf0hF7Qq/VoPVtv1vt0NGdlmV30B9bHN3W8nwY=</latexit>

(a) Inverse Model
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xt+1
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Figure 1: The goal-conditioned skill policy (GSP) takes as

input the current and goal observations and outputs an ac-

tion sequence that would lead to that goal. We compare

the performance of the following GSP models: (a) Simple

inverse model; (b) Mutli-step GSP with previous action his-

tory; (c) Mutli-step GSP with previous action history and a

forward model as regularizer, but no forward consistency;

(d) Mutli-step GSP with forward consistency loss.

way by re-labeling the states visited during the agent’s ex-

ploration of the environment as goals and the actions exe-

cuted by the agent as the prediction targets, similar to [1,2].

One critical challenge in learning the GSP is that, in gen-

eral, there are multiple possible ways of going from one

state to another: that is, the distribution of trajectories be-

tween states is multi-modal. We address this issue with our

novel forward consistency loss based on the intuition that,

for most tasks, reaching the goal is more important than

how it is reached; details follow in method section. To ac-

count for varying number of steps required to reach differ-

ent goals, we propose to jointly optimize the GSP with a

goal recognizer that determines if the current goal has been

satisfied. See Figure 1 for a schematic illustration.

We call our method zero-shot because the agent never

has access to expert actions, neither during training of the

GSP nor for task demonstration at inference. In contrast,

most recent work on one-shot imitation learning requires

full knowledge of actions and a wealth of expert demon-

strations during training [6, 7]. In summary, we propose
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a method that (1) does not require any extrinsic reward or

expert supervision during learning, (2) only needs demon-

strations during inference, and (3) restricts demonstrations

to visual observations alone rather than full state-actions.

Instead of learning by imitation, our agent learns to imitate.

2. Imitation without Expert Supervision

Let S : {x1, a1, x2, a2, ..., xT } be the sequence of obser-

vations and actions generated by the agent as it explores its

environment using the policy a = πE(s). This exploration

data is used to learn the goal-conditioned skill policy (GSP).

π takes as input a pair of observations (xi, xg) and outputs

sequence of actions (~aτ : a1, a2...aK) required to reach the

goal observation (xg) from the current observation (xi).

~aτ = π(xi, xg; θπ) (1)

where states xi, xg are sampled from the S . The number of

actions, K, is also inferred by the model. We represent π

by a deep network with parameters θπ in order to capture

complex mappings from visual observations (x) to actions.

π can be thought of as a variable-step generalization of the

inverse dynamics model [9], or as the policy corresponding

to a universal value function [8,21], with the difference that

xg need not be the end goal of a task but can also be an

intermediate sub-goal.

Let the task to be imitated be provided as a sequence

of images D : {xd
1, x

d
2, ..., x

d
N} captured when the expert

demonstrates the task. This sequence of images D could

either be temporally dense or sparse. Our agent uses the

learned GSP π to imitate the sequence of visual observa-

tions D starting from its initial state x0 by following actions

predicted by π(x0, x
d
1; θπ). Let the observation after execut-

ing the predicted action be x′

0. Since multiple actions might

be required to reach close to xd
1, the agent queries a separate

goal recognizer network to ascertain if the current observa-

tion is close to the goal or not. If the answer is negative, the

agent executes the action a = π(x′

0, x
d
1; θπ). This process

is repeated iteratively until the goal recognizer outputs that

agent is near the goal, or a maximum number of steps are

reached. Let the observation of the agent at this point be

x̂1. After reaching close to the first observation (xd
1) in the

demonstration, the agent sets its goal as (xd
2) and repeats

the process. The agent stops when all observations in the

demonstrations are processed.

2.1. Goal­conditioned Skill Policy (GSP)

We first describe the one-step version of GSP, and de-

scribe the multi-step extension and feature space general-

ization in the main paper 1. One-step trajectories take the

form of (xt, at, xt+1).

1Full ICLR 2018 paper at https://pathak22.github.io/

zeroshot-imitation/

Forward Consistency Loss Instead of penalizing the ac-

tions predicted by the GSP to match the ground truth, we

propose to learn the parameters of GSP by minimizing the

distance between observation x̂t+1 resulting by executing

the predicted action ât = π(xt, xt+1; θπ) and the observa-

tion xt+1, which is the result of executing the ground truth

action at being used to train the GSP. In this formulation,

even if the predicted and ground-truth action are different,

the predicted action will not be penalized if it leads to the

same next state as the ground-truth action. We call this

penalty the forward consistency loss.

In this work, we learn the forward dynamics f model

from the data, and is defined as x̃t+1 = f(xt, at; θf ). Let

x̂t+1 = f(xt, ât; θf ) be the state prediction for the ac-

tion predicted by π. In order to make the outcome of ac-

tion predicted by the GSP and the ground-truth action to be

consistent with each other, we include an additional term,

‖xt+1 − x̂t+1‖
2
2 in our loss function and infer the parame-

ters θf by minimizing ‖xt+1−x̃t+1‖
2
2 + λ‖xt+1−x̂t+1‖

2
2,

where λ is a scalar hyper-parameter. The first term ensures

that the learned forward model explains ground truth tran-

sitions (xt, at, xt+1) collected by the agent and the second

term ensures consistency. The joint objective for training

GSP with forward model consistency is:

min
θπ,θf

‖xt+1 − x̃t+1‖
2
2 + λ‖xt+1 − x̂t+1‖

2
2 + L(at, ât)

s.t. x̃t+1 = f(xt, at; θf )

x̂t+1 = f(xt, ât; θf )

ât = π(xt, xt+1; θπ)

3. Experiments

Following methods will be evaluated: (1) Inverse Model:

Nair et al. [15] leverage vanilla inverse dynamics to follow

demonstration in rope manipulation setup. We compare to

their method in both visual navigation and manipulation.

(2) GSP-NoPrevAction-NoFwdConst is the ablation of our

recurrent GSP without previous action history and without

forward consistency loss. (3) GSP-NoFwdConst refers to

our recurrent GSP with previous action history, but without

forward consistency objective. (4) GSP-FwdRegularizer

refers to the model where forward prediction is only used

to regularize the features of GSP but has no role to play in

the loss function of predicted actions. The purpose of this

variant is to particularly ablate the benefit of consistency

loss function with respect to just having forward model as

feature regularizer. (5) GSP refers to our complete method

with all the components.

3.1. Rope Manipulation

Manipulation of non-rigid and deformable objects, e.g.,

rope, is a challenging problem in robotics. To test whether
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Method Success %

Inverse Model [Nair et.al. 2017] 36% ± 9.6%
Forward-regularized GSP 44% ± 9.9%
Forward-consistent GSP [Ours] 60% ± 9.8%

(a) TPS-RPM error for ‘S’ shape manipulation
<latexit sha1_base64="+MwVkN1OAH67HmygYYuFUpId50Q=">AAACFHicbVC7SgNBFJ31GeMramkzGEQFDbs2ahewsRFWkzVCEvTu5K4ZnJ1dZmaFEPITNv6KjYWKrYWdf+Mk2cLXgYHDOecy954wFVwb1/10JianpmdmC3PF+YXFpeXSyuqFTjLFMGCJSNRlCBoFlxgYbgRepgohDgU2wtvjod+4Q6V5Iuuml2I7hhvJI87AWOmqtLsNO7Tu1/bO/VOKSiWKRvZd17ao7kKKNAbJ00zk8bJbcUegf4mXkzLJ4V+VPlqdhGUxSsMEaN303NS0+6AMZwIHxVamMQV2CzfYtFRCjLrdH101oJtW6Yy2iRJp6Ej9PtGHWOteHNpkDKarf3tD8T+vmZnosN3nMs0MSjb+KMoENQkdVkQ7XCEzomcJMMXtrpR1QQEztsiiLcH7ffJfEuxXjire2X656uZtFMg62SDbxCMHpEpOiE8Cwsg9eSTP5MV5cJ6cV+dtHJ1w8pk18gPO+xcLB50V</latexit><latexit sha1_base64="+MwVkN1OAH67HmygYYuFUpId50Q=">AAACFHicbVC7SgNBFJ31GeMramkzGEQFDbs2ahewsRFWkzVCEvTu5K4ZnJ1dZmaFEPITNv6KjYWKrYWdf+Mk2cLXgYHDOecy954wFVwb1/10JianpmdmC3PF+YXFpeXSyuqFTjLFMGCJSNRlCBoFlxgYbgRepgohDgU2wtvjod+4Q6V5Iuuml2I7hhvJI87AWOmqtLsNO7Tu1/bO/VOKSiWKRvZd17ao7kKKNAbJ00zk8bJbcUegf4mXkzLJ4V+VPlqdhGUxSsMEaN303NS0+6AMZwIHxVamMQV2CzfYtFRCjLrdH101oJtW6Yy2iRJp6Ej9PtGHWOteHNpkDKarf3tD8T+vmZnosN3nMs0MSjb+KMoENQkdVkQ7XCEzomcJMMXtrpR1QQEztsiiLcH7ffJfEuxXjire2X656uZtFMg62SDbxCMHpEpOiE8Cwsg9eSTP5MV5cJ6cV+dtHJ1w8pk18gPO+xcLB50V</latexit><latexit sha1_base64="+MwVkN1OAH67HmygYYuFUpId50Q=">AAACFHicbVC7SgNBFJ31GeMramkzGEQFDbs2ahewsRFWkzVCEvTu5K4ZnJ1dZmaFEPITNv6KjYWKrYWdf+Mk2cLXgYHDOecy954wFVwb1/10JianpmdmC3PF+YXFpeXSyuqFTjLFMGCJSNRlCBoFlxgYbgRepgohDgU2wtvjod+4Q6V5Iuuml2I7hhvJI87AWOmqtLsNO7Tu1/bO/VOKSiWKRvZd17ao7kKKNAbJ00zk8bJbcUegf4mXkzLJ4V+VPlqdhGUxSsMEaN303NS0+6AMZwIHxVamMQV2CzfYtFRCjLrdH101oJtW6Yy2iRJp6Ej9PtGHWOteHNpkDKarf3tD8T+vmZnosN3nMs0MSjb+KMoENQkdVkQ7XCEzomcJMMXtrpR1QQEztsiiLcH7ffJfEuxXjire2X656uZtFMg62SDbxCMHpEpOiE8Cwsg9eSTP5MV5cJ6cV+dtHJ1w8pk18gPO+xcLB50V</latexit><latexit sha1_base64="+MwVkN1OAH67HmygYYuFUpId50Q=">AAACFHicbVC7SgNBFJ31GeMramkzGEQFDbs2ahewsRFWkzVCEvTu5K4ZnJ1dZmaFEPITNv6KjYWKrYWdf+Mk2cLXgYHDOecy954wFVwb1/10JianpmdmC3PF+YXFpeXSyuqFTjLFMGCJSNRlCBoFlxgYbgRepgohDgU2wtvjod+4Q6V5Iuuml2I7hhvJI87AWOmqtLsNO7Tu1/bO/VOKSiWKRvZd17ao7kKKNAbJ00zk8bJbcUegf4mXkzLJ4V+VPlqdhGUxSsMEaN303NS0+6AMZwIHxVamMQV2CzfYtFRCjLrdH101oJtW6Yy2iRJp6Ej9PtGHWOteHNpkDKarf3tD8T+vmZnosN3nMs0MSjb+KMoENQkdVkQ7XCEzomcJMMXtrpR1QQEztsiiLcH7ffJfEuxXjire2X656uZtFMg62SDbxCMHpEpOiE8Cwsg9eSTP5MV5cJ6cV+dtHJ1w8pk18gPO+xcLB50V</latexit>

(b) Success rate for Knot-tying
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Figure 2: GSP trained using forward consistency loss sig-

nificantly outperforms the baselines at the task of (a) ma-

nipulating rope into ‘S’ shape as measured by TPS-RPM

error and (b) knot-tying where we report success rate with

bootstrap standard deviation.

our agent could manipulate ropes by simply observing a hu-

man, we use the data collected by Nair et al. [15], where a

Baxter robot manipulated a rope kept on the table in front

of it. During exploration, the robot interacts with the rope

by using a pick and place primitive that chooses a random

point on the rope, and displaces it by a randomly chosen

length and direction. This process is repeated number of

times to collect about 60K interaction pairs of the form

(xt, at, xt+1) that are used to train the GSP. During infer-

ence, our proposed approach is tasked to follow a visual

demonstration provided by a human expert for manipulat-

ing the rope into a complex ‘S’ shape and tying a knot.

We compare our approach to the baseline that deploys an

inverse model which takes as input a pair of current and goal

images to output the desired action to reach goal [15]. We

re-implement the baseline and train in our setup for a fair

comparison. To further ablate the importance of consistency

loss, we compare to a baseline that just uses forward model

as a regularizer of features. The results in Figure 2 show that

our method significantly outperforms the baseline at task

of manipulating the rope in the ‘S’ shape and achieves a

success rate of 60% in comparison to 36% for knot tying.

3.2. Navigation in Indoor Office Environments

For navigation, both real-world and simulation, we

check generalization by testing on a novel building/floor.

We used TurtleBot2 which has an onboard RGB camera for

indoor office navigation. For learning the GSP, an auto-

mated self-supervised scheme for data collection was de-

vised that required no human supervision. The robot col-

lected number of trajectories that contain 230K interactions

data, i.e. (xt, at, xt+1), from two floors of a academic

building. We then deployed the learned model on a sepa-

rate floor of a building with substantially different textures

and layout for visual imitation at test time.

We tested if the GSP learned by the TurtleBot can en-

able it to find its way to a goal that is within the same room

Model Name Success Rate

Random Search 0/8

Inverse Model [Nair et. al. 2017] 0/8

GSP-NoPrevAction-NoFwdConst 2/8

GSP-NoFwdConst 4/8

GSP (Ours) 6/8

Table 1: Quantitative evaluation of various methods on the

task of navigating using a single image of goal in an unseen

environment. Our full GSP model outperforms the base-

lines significantly.

from just a single image of the goal. To test an extrapolative

generalization, we keep the Turtlebot approximately 20-30

steps away from the target location in a way that current

and goal observation has no overlap. We judge the robot

to be successful if it stops close to the goal and failure if

it crashed into furniture or does not reach the goal within

200 steps. Since the initial and goal images have no over-

lap, classical techniques such as structure from motion that

rely on feature matching cannot be used to infer the robot’s

action. In order to reach the goal, the robot must explore its

surroundings. We find that our GSP model outperforms the

baseline models in reaching the target location. Our model

learns the exploratory behavior of rotating at its location un-

til it encounters overlap between its current image and goal

image. Results are shown in Table 1 and videos are avail-

able at the website 2.

4. Related Work

Nair et al. [15] observe a sequence of images from

the expert demonstration for performing rope manipula-

tions. Sermanet et al. [22] imitate humans with robots

by self-supervised learning but require expert supervision

at training time. Third person imitation learning [23]

and the concurrent work of imitation-from-observation [14]

learn to translate expert observations into agent observa-

tions such that they can do policy optimization to mini-

mize the distance between the agent trajectory and the trans-

lated demonstration, but they require demonstrations for

learning.Visual servoing is a standard problem in robotics

[5, 10–12, 24, 26] that seeks to take actions that align the

agent’s observation with carefully-designed visual features

or raw pixel intensities. The works of Jordan et al. [9];

Wolpert et al. [25]; Agrawal et al. [1]; Pathak et al. [17]

jointly learn forward and inverse dynamics model but do

not optimize for consistency between the forward and in-

verse dynamics. We empirically show that learning models

by our forward consistency loss significantly improves task

performance.

2https://pathak22.github.io/zeroshot-imitation/
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