
Actor-Expert: A Framework for using Action-Value Methods in Continuous Action Spaces

Motivation
Value-based methods are di�icult to use in continuous action spaces,
because of having to solve argmaxaQ(s, a) at each time step.

Past approaches include:
I Constraining the action-value function to an easily maximizable form

(Wire-Fi�ing, PICNN, NAF)
I Solving approximate argmaxaQ(s, a) at each step (PICNN, QT-OPT)

However, these approaches may not learn action-value function
accurately or select greedy actions accurately.

Overview

I We propose Actor-Expert framework for value-based methods in
continuous action spaces, that decouples action-selection (Actor) from
the action-value representation (Expert).

I Our Actor-Expert framework is analogous to Actor-Critic, but the
Expert estimates the optimal value function, while the Actor aids in
action-selection for both exploration and providing Q-learning target.

I We provide an instance of the Actor-Expert, that uses Conditional
Cross Entropy Method to learn the greedy action from the Expert,
and provide a two-timescale analysis to validate asymptotic behavior.

Conditional Cross Entropy Method

We extend the Cross Entropy Method (CEM) to be conditioned on
states. Conditional CEM maintains a distribution over actions, starting
with a wide distribution given state, i.e. π (·|St).

At each step, the goal is to iteratively minimize the KL-divergence to the
uniform distribution over actions where the objective function(Q(St, ·)) is
greater than some threshold. This target distribution can be
approximated with an empirical distribution, by sampling and keeping
the top-percentile action samples.
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<latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit><latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit><latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit><latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit>

c2
<latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

µ1
<latexit sha1_base64="RX77uKFZGkbkW+xU+d+eRcCb/O8=">AAAB+3icbVBLSwMxGMz6rPW11qOXYBE8lV0R9Fj04rGCfUB3WbLZbBuax5JkxbL0r3jxoIhX/4g3/43Zdg/aOhAyzHwfmUycMaqN5307a+sbm1vbtZ367t7+waF71OhpmStMulgyqQYx0oRRQbqGGkYGmSKIx4z048lt6fcfidJUigczzUjI0UjQlGJkrBS5jSCWLNFTbq8i4Pks8iO36bW8OeAq8SvSBBU6kfsVJBLnnAiDGdJ66HuZCQukDMWMzOpBrkmG8ASNyNBSgTjRYTHPPoNnVklgKpU9wsC5+nujQFyX8ewkR2asl71S/M8b5ia9DgsqstwQgRcPpTmDRsKyCJhQRbBhU0sQVtRmhXiMFMLG1lW3JfjLX14lvYuW77X8+8tm+6aqowZOwCk4Bz64Am1wBzqgCzB4As/gFbw5M+fFeXc+FqNrTrVzDP7A+fwBf9+UuA==</latexit><latexit sha1_base64="RX77uKFZGkbkW+xU+d+eRcCb/O8=">AAAB+3icbVBLSwMxGMz6rPW11qOXYBE8lV0R9Fj04rGCfUB3WbLZbBuax5JkxbL0r3jxoIhX/4g3/43Zdg/aOhAyzHwfmUycMaqN5307a+sbm1vbtZ367t7+waF71OhpmStMulgyqQYx0oRRQbqGGkYGmSKIx4z048lt6fcfidJUigczzUjI0UjQlGJkrBS5jSCWLNFTbq8i4Pks8iO36bW8OeAq8SvSBBU6kfsVJBLnnAiDGdJ66HuZCQukDMWMzOpBrkmG8ASNyNBSgTjRYTHPPoNnVklgKpU9wsC5+nujQFyX8ewkR2asl71S/M8b5ia9DgsqstwQgRcPpTmDRsKyCJhQRbBhU0sQVtRmhXiMFMLG1lW3JfjLX14lvYuW77X8+8tm+6aqowZOwCk4Bz64Am1wBzqgCzB4As/gFbw5M+fFeXc+FqNrTrVzDP7A+fwBf9+UuA==</latexit><latexit sha1_base64="RX77uKFZGkbkW+xU+d+eRcCb/O8=">AAAB+3icbVBLSwMxGMz6rPW11qOXYBE8lV0R9Fj04rGCfUB3WbLZbBuax5JkxbL0r3jxoIhX/4g3/43Zdg/aOhAyzHwfmUycMaqN5307a+sbm1vbtZ367t7+waF71OhpmStMulgyqQYx0oRRQbqGGkYGmSKIx4z048lt6fcfidJUigczzUjI0UjQlGJkrBS5jSCWLNFTbq8i4Pks8iO36bW8OeAq8SvSBBU6kfsVJBLnnAiDGdJ66HuZCQukDMWMzOpBrkmG8ASNyNBSgTjRYTHPPoNnVklgKpU9wsC5+nujQFyX8ewkR2asl71S/M8b5ia9DgsqstwQgRcPpTmDRsKyCJhQRbBhU0sQVtRmhXiMFMLG1lW3JfjLX14lvYuW77X8+8tm+6aqowZOwCk4Bz64Am1wBzqgCzB4As/gFbw5M+fFeXc+FqNrTrVzDP7A+fwBf9+UuA==</latexit><latexit sha1_base64="RX77uKFZGkbkW+xU+d+eRcCb/O8=">AAAB+3icbVBLSwMxGMz6rPW11qOXYBE8lV0R9Fj04rGCfUB3WbLZbBuax5JkxbL0r3jxoIhX/4g3/43Zdg/aOhAyzHwfmUycMaqN5307a+sbm1vbtZ367t7+waF71OhpmStMulgyqQYx0oRRQbqGGkYGmSKIx4z048lt6fcfidJUigczzUjI0UjQlGJkrBS5jSCWLNFTbq8i4Pks8iO36bW8OeAq8SvSBBU6kfsVJBLnnAiDGdJ66HuZCQukDMWMzOpBrkmG8ASNyNBSgTjRYTHPPoNnVklgKpU9wsC5+nujQFyX8ewkR2asl71S/M8b5ia9DgsqstwQgRcPpTmDRsKyCJhQRbBhU0sQVtRmhXiMFMLG1lW3JfjLX14lvYuW77X8+8tm+6aqowZOwCk4Bz64Am1wBzqgCzB4As/gFbw5M+fFeXc+FqNrTrVzDP7A+fwBf9+UuA==</latexit>

µ2
<latexit sha1_base64="P7XEepZCOXIBlEpTeRKVhDhoX8o=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRD0OPQi8cJ7gPWUtI03cKSpiSpOEr/FS8eFPHqP+LN/8Z060E3H4Q83vv9yMsLU0aVdpxvq7axubW9U99t7O0fHB7Zx82BEpnEpI8FE3IUIkUYTUhfU83IKJUE8ZCRYTi7Lf3hI5GKiuRBz1PiczRJaEwx0kYK7KYXChapOTdX7vGsCDqB3XLazgJwnbgVaYEKvcD+8iKBM04SjRlSauw6qfZzJDXFjBQNL1MkRXiGJmRsaII4UX6+yF7Ac6NEMBbSnETDhfp7I0dclfHMJEd6qla9UvzPG2c6vvZzmqSZJglePhRnDGoByyJgRCXBms0NQVhSkxXiKZIIa1NXw5Tgrn55nQw6bddpu/eXre5NVUcdnIIzcAFccAW64A70QB9g8ASewSt4swrrxXq3PpajNavaOQF/YH3+AIFjlLk=</latexit><latexit sha1_base64="P7XEepZCOXIBlEpTeRKVhDhoX8o=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRD0OPQi8cJ7gPWUtI03cKSpiSpOEr/FS8eFPHqP+LN/8Z060E3H4Q83vv9yMsLU0aVdpxvq7axubW9U99t7O0fHB7Zx82BEpnEpI8FE3IUIkUYTUhfU83IKJUE8ZCRYTi7Lf3hI5GKiuRBz1PiczRJaEwx0kYK7KYXChapOTdX7vGsCDqB3XLazgJwnbgVaYEKvcD+8iKBM04SjRlSauw6qfZzJDXFjBQNL1MkRXiGJmRsaII4UX6+yF7Ac6NEMBbSnETDhfp7I0dclfHMJEd6qla9UvzPG2c6vvZzmqSZJglePhRnDGoByyJgRCXBms0NQVhSkxXiKZIIa1NXw5Tgrn55nQw6bddpu/eXre5NVUcdnIIzcAFccAW64A70QB9g8ASewSt4swrrxXq3PpajNavaOQF/YH3+AIFjlLk=</latexit><latexit sha1_base64="P7XEepZCOXIBlEpTeRKVhDhoX8o=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRD0OPQi8cJ7gPWUtI03cKSpiSpOEr/FS8eFPHqP+LN/8Z060E3H4Q83vv9yMsLU0aVdpxvq7axubW9U99t7O0fHB7Zx82BEpnEpI8FE3IUIkUYTUhfU83IKJUE8ZCRYTi7Lf3hI5GKiuRBz1PiczRJaEwx0kYK7KYXChapOTdX7vGsCDqB3XLazgJwnbgVaYEKvcD+8iKBM04SjRlSauw6qfZzJDXFjBQNL1MkRXiGJmRsaII4UX6+yF7Ac6NEMBbSnETDhfp7I0dclfHMJEd6qla9UvzPG2c6vvZzmqSZJglePhRnDGoByyJgRCXBms0NQVhSkxXiKZIIa1NXw5Tgrn55nQw6bddpu/eXre5NVUcdnIIzcAFccAW64A70QB9g8ASewSt4swrrxXq3PpajNavaOQF/YH3+AIFjlLk=</latexit><latexit sha1_base64="P7XEepZCOXIBlEpTeRKVhDhoX8o=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRD0OPQi8cJ7gPWUtI03cKSpiSpOEr/FS8eFPHqP+LN/8Z060E3H4Q83vv9yMsLU0aVdpxvq7axubW9U99t7O0fHB7Zx82BEpnEpI8FE3IUIkUYTUhfU83IKJUE8ZCRYTi7Lf3hI5GKiuRBz1PiczRJaEwx0kYK7KYXChapOTdX7vGsCDqB3XLazgJwnbgVaYEKvcD+8iKBM04SjRlSauw6qfZzJDXFjBQNL1MkRXiGJmRsaII4UX6+yF7Ac6NEMBbSnETDhfp7I0dclfHMJEd6qla9UvzPG2c6vvZzmqSZJglePhRnDGoByyJgRCXBms0NQVhSkxXiKZIIa1NXw5Tgrn55nQw6bddpu/eXre5NVUcdnIIzcAFccAW64A70QB9g8ASewSt4swrrxXq3PpajNavaOQF/YH3+AIFjlLk=</latexit>

⇡(a|st) = c1 N (µ1,⌃1)

+ c2 N (µ2,⌃2)
<latexit sha1_base64="VYxwlKwM94IiuThrB/C8LDpLkx4="></latexit><latexit sha1_base64="VYxwlKwM94IiuThrB/C8LDpLkx4="></latexit><latexit sha1_base64="VYxwlKwM94IiuThrB/C8LDpLkx4="></latexit><latexit sha1_base64="VYxwlKwM94IiuThrB/C8LDpLkx4="></latexit>

Q(st,at)
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Figure: Actor-Expert
with Conditional CEM,
with a bimodal
distribution. The policy
π (·|St) is a conditional
mixture model, with
coe�icients ci, means µi
and diagonal covariances
Σi

Actor-Expert with Conditional CEM

High-level Algorithm:
Algorithm 1: Actor-Expert (with Conditional CEM)

Initialize Actor parameters w and Expert parameters θ .
for t=1, 2, ... do
Observe St, sample At ∼ πw(·|St)
Observe Rt+1, St+1
Obtain maximum action a′ from Actor πw(·|St+1)
Update expert θ , using Q-learning with a′

Obtain empirical distribution Î (St) = {a∗1, . . . , a
∗
h}

based on a1, . . . , aN
. Increase likelihood for high-value actions
w← w + αt

∑
j∈Î (St)∇w lnπw(a∗j |St)

Two Methods of Obtaining the Empirical Distribution:
Algorithm 2: �antile Empirical Distribution [AE]

Sample N actions ai ∼ πw(·|St)
Evaluate and sort in descending order:
Qθ(St, ai1) ≥ . . . ≥ Qθ(St, aiN)
. get top (1 − ρ) quantile, e.g. ρ = 0.2
return Î (St) = {ai1, . . . , aih} (where h = dρN e )

Algorithm 3: Optimized �antile Empirical Distr. [AE+]

For each ai, do n steps of gradient ascent from Qθ(St, ai)
return �antile Empirical Distribution({a∗1, . . . , a

∗
N })

Experiments: Benchmark Domains

ActorExpert (AE) and ActorExpert+(AE+) performs similarly or
be�er than other baseline methods in standard benchmark
domains.
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Experiments: Toy Bandit Domain

The optimal action-value
function is bimodal, and
methods that constrain the
action-value function su�er
while AE and AE+ do not.

Q*(a)

action

Q*(-1.0) = 1.0

Q*(1.0) = 1.5

-2 -1 0 1 2

I Constrained action-value function may try to fit both peaks, finding
worse greedy action. (NAF)

I Solving approximate argmaxaQ(s, a) may not be as robust. (PICNN)
I Random external exploration may lead to suboptimal greedy action.
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Conclusion and Future Work

I Like the Actor-Critic framework, we hope Actor-Expert framework can
facilitate use of value-based methods in continuous action spaces.

I Under this framework, we can start a more systematic comparison
between the advantages of value-based methods and policy gradient
methods.
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