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Recap: Course Overview

MDPs and RL

Imitation Learning Solving POMDPs

Search Motion Planning

Stability/CertificationTrajOpt

Filtering/Smoothing Localization

SLAMMapping



Lecture Outline
Reinforcement Learning: Motivation

Imitation Learning

Policy Gradient and Beyond



When is optimal control + planning not enough?

Challenging to model these environments

Diversity Variability Complexity

Unstructured Environments
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How does a typical robotics pipeline look?

State 
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Modeling 
and 

Prediction
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planning

Low-level 
control



Deep reinforcement learning pipeline for robotics 

State 
Estimation

Modeling 
and 

Prediction

High-level 
planning

Low-level 
planning

Low-level 
control

End to end policy –
perception + control
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What is reinforcement learning?

Agent has:
• Sensing
• Actuation 

Environment accepts:
• Actions from agent

Produces
• Observations for sensors(usually unknown) 

Agent Environment

Observations/Rewards

Actions

Remove assumption for known environment 
model, learn directly from data

Modeling assumptions



Why would you do this?
Remove assumption for known environment 

model, learn directly from data

Modeling assumptions

Pros: 

1. Continual improvement on 
deployment 

2. Avoid significant modeling 
assumptions and simulation

3. Scale across tasks easily!

Cons: 

1. Potentially prohibitive data 
requirements

2. Sometimes unstable, lacks 
guarantees

3. Poor extrapolation

Promising and useful tool in unstructured, dynamic environments



Connection to Optimal Control
Closely related: typically problem of finding control given a plant 
model

Main difference: model known vs unknown
Minor differences: Cost vs reward, discrete vs continuous time
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Is it useful for robotics?
Robots that get better over time, adapting to new environments

iRobot



Is it useful for robotics?

Kalashnikov et al 18

Robots that get better over time, adapting to new objects



Is it useful for robotics?

Miki et al 22

Robots that get better over time, adapting to new terrains



Is it useful for robotics?

Gupta et al 21

Robots that get better over time, adapting to new tasks



Why should we care about RL?
Allows agents to continue improving/adapting on deployment with minimal human 
effort

Agents can overfit to domains at test time rather than per-domain human design 

Locomotion Manipulation



Why should we care about RL?
Hypothesis: By designing algorithms that can improve themselves, we can reach fully intelligent systems

“Instead of trying to produce a programme to 
simulate the adult mind, why not rather try to 
produce one which simulates the child's? If this 
were then subjected to an appropriate course of 
education one would obtain the adult brain” –
Alan Turing

Rather than try to directly replicate behaviors, 
try to replicate adaptative learning 

mechanisms
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States: S
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<latexit sha1_base64="Q3XUr6egFAOTzVnITKKG+KVC2QM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KKfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+KI5Fo</latexit><latexit sha1_base64="Q3XUr6egFAOTzVnITKKG+KVC2QM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KKfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+KI5Fo</latexit><latexit sha1_base64="Q3XUr6egFAOTzVnITKKG+KVC2QM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KKfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+KI5Fo</latexit><latexit sha1_base64="Q3XUr6egFAOTzVnITKKG+KVC2QM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KKfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+KI5Fo</latexit>

s0
<latexit sha1_base64="UWVyB2wrJZ3beswyKti6XLAhHMc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfS9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQKOjZo=</latexit><latexit sha1_base64="UWVyB2wrJZ3beswyKti6XLAhHMc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfS9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQKOjZo=</latexit><latexit sha1_base64="UWVyB2wrJZ3beswyKti6XLAhHMc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfS9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQKOjZo=</latexit><latexit sha1_base64="UWVyB2wrJZ3beswyKti6XLAhHMc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfS9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQKOjZo=</latexit>

s1
<latexit sha1_base64="qD5rxa5Q22zTX+fsRuI7Xxg1hP4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHPJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHOSWNrw==</latexit><latexit sha1_base64="qD5rxa5Q22zTX+fsRuI7Xxg1hP4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHPJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHOSWNrw==</latexit><latexit sha1_base64="qD5rxa5Q22zTX+fsRuI7Xxg1hP4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHPJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHOSWNrw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jRKaSC2cHwFBxT8btwB7oNKeWU0=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygm2FdiiZ9E4bmmSG5I5Qhr6CGxeK+FTufBtn2i609UDg45yE3HuiVElHvv/tVba2d3b3qvu1g/rh0XHjpN51SWYFdkSiEvsUcYdKGuyQJIVPqUWuI4W9aHpX5r1ntE4m5pFmKYaaj42MpeBUWm4Y1IaNpt/yF2KbEKygCSu1h42vwSgRmUZDQnHn+oGfUphzS1IonNcGmcOUiykfY79AwzW6MF/MOmcXhTNicWKLY4gt3N8vcq6dm+mouKk5Tdx6Vpr/Zf2M4pswlybNCI1YfhRnilHCysXZSFoUpGYFcGFlMSsTE265oKKesoRgfeVN6F61Ar8VPPhQhTM4h0sI4Bpu4R7a0AEBE3iBN3j3tPfqfSzrqnir3k7hj7zPHx1YjFk=</latexit><latexit sha1_base64="jRKaSC2cHwFBxT8btwB7oNKeWU0=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygm2FdiiZ9E4bmmSG5I5Qhr6CGxeK+FTufBtn2i609UDg45yE3HuiVElHvv/tVba2d3b3qvu1g/rh0XHjpN51SWYFdkSiEvsUcYdKGuyQJIVPqUWuI4W9aHpX5r1ntE4m5pFmKYaaj42MpeBUWm4Y1IaNpt/yF2KbEKygCSu1h42vwSgRmUZDQnHn+oGfUphzS1IonNcGmcOUiykfY79AwzW6MF/MOmcXhTNicWKLY4gt3N8vcq6dm+mouKk5Tdx6Vpr/Zf2M4pswlybNCI1YfhRnilHCysXZSFoUpGYFcGFlMSsTE265oKKesoRgfeVN6F61Ar8VPPhQhTM4h0sI4Bpu4R7a0AEBE3iBN3j3tPfqfSzrqnir3k7hj7zPHx1YjFk=</latexit><latexit sha1_base64="pKTA4BLumf8ZLQ5QEYO78bcVnwU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHoxWMF0xbaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvTKSw6LrfTmVjc2t7p7pb29s/ODyqH590bJwaxn0Wy9j0Qmq5FJr7KFDyXmI4VaHk3XB6V/jdJ26siPUjzhIeKDrWIhKMYiHZoVcb1htu012ArBOvJA0o0R7WvwajmKWKa2SSWtv33ASDjBoUTPJ5bZBanlA2pWPez6mmitsgW9w6Jxe5MiJRbPLSSBbq74mMKmtnKsw7FcWJXfUK8T+vn2J0E2RCJylyzZaLolQSjEnxOBkJwxnKWU4oMyK/lbAJNZRhHk8Rgrf68jrpXDU9t+k9uI3WbRlHFc7gHC7Bg2towT20wQcGE3iGV3hzlPPivDsfy9aKU86cwh84nz835Y2r</latexit><latexit sha1_base64="qD5rxa5Q22zTX+fsRuI7Xxg1hP4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHPJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHOSWNrw==</latexit><latexit sha1_base64="qD5rxa5Q22zTX+fsRuI7Xxg1hP4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHPJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHOSWNrw==</latexit><latexit sha1_base64="qD5rxa5Q22zTX+fsRuI7Xxg1hP4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHPJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHOSWNrw==</latexit><latexit sha1_base64="qD5rxa5Q22zTX+fsRuI7Xxg1hP4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHPJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHOSWNrw==</latexit><latexit sha1_base64="qD5rxa5Q22zTX+fsRuI7Xxg1hP4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHPJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHOSWNrw==</latexit><latexit sha1_base64="qD5rxa5Q22zTX+fsRuI7Xxg1hP4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHPJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHOSWNrw==</latexit>

s2
<latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit><latexit sha1_base64="Y0GdP2x29WLwKXitorGh3wYlFaw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwWWjZw=</latexit>

s3
<latexit sha1_base64="6LwQF3hT/hjtbKtX2Uutcpnd+1c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwcajZ0=</latexit><latexit sha1_base64="6LwQF3hT/hjtbKtX2Uutcpnd+1c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwcajZ0=</latexit><latexit sha1_base64="6LwQF3hT/hjtbKtX2Uutcpnd+1c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwcajZ0=</latexit><latexit sha1_base64="6LwQF3hT/hjtbKtX2Uutcpnd+1c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwcajZ0=</latexit>

a0
<latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit><latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit><latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit><latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit>

a1
<latexit sha1_base64="wsT5Nu7IRtGXr4hz2Mhzs1hh/ig=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4fj25nffmJK80Q+mknKghiHkkecorHSA/b9vlv1at4cZJX4BalCgUbf/eoNEprFTBoqUOuu76UmyFEZTgWbVnqZZinSMQ5Z11KJMdNBPj91Ss6sMiBRomxJQ+bq74kcY60ncWg7YzQjvezNxP+8bmai6yDnMs0Mk3SxKMoEMQmZ/U0GXDFqxMQSpIrbWwkdoUJqbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmUBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AeiXjYk=</latexit><latexit sha1_base64="wsT5Nu7IRtGXr4hz2Mhzs1hh/ig=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4fj25nffmJK80Q+mknKghiHkkecorHSA/b9vlv1at4cZJX4BalCgUbf/eoNEprFTBoqUOuu76UmyFEZTgWbVnqZZinSMQ5Z11KJMdNBPj91Ss6sMiBRomxJQ+bq74kcY60ncWg7YzQjvezNxP+8bmai6yDnMs0Mk3SxKMoEMQmZ/U0GXDFqxMQSpIrbWwkdoUJqbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmUBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AeiXjYk=</latexit><latexit sha1_base64="wsT5Nu7IRtGXr4hz2Mhzs1hh/ig=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4fj25nffmJK80Q+mknKghiHkkecorHSA/b9vlv1at4cZJX4BalCgUbf/eoNEprFTBoqUOuu76UmyFEZTgWbVnqZZinSMQ5Z11KJMdNBPj91Ss6sMiBRomxJQ+bq74kcY60ncWg7YzQjvezNxP+8bmai6yDnMs0Mk3SxKMoEMQmZ/U0GXDFqxMQSpIrbWwkdoUJqbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmUBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AeiXjYk=</latexit><latexit sha1_base64="wsT5Nu7IRtGXr4hz2Mhzs1hh/ig=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4fj25nffmJK80Q+mknKghiHkkecorHSA/b9vlv1at4cZJX4BalCgUbf/eoNEprFTBoqUOuu76UmyFEZTgWbVnqZZinSMQ5Z11KJMdNBPj91Ss6sMiBRomxJQ+bq74kcY60ncWg7YzQjvezNxP+8bmai6yDnMs0Mk3SxKMoEMQmZ/U0GXDFqxMQSpIrbWwkdoUJqbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmUBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AeiXjYk=</latexit>

a2
<latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit><latexit sha1_base64="m2Y6p5cPedPUatzCzwWRbdkujXw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfy0UwT5kc4kjzkFI2VHnBQG5QrbtVdgKwTLycVyNEclL/6w5imEZOGCtS657mJ8TNUhlPBZqV+qlmCdIIj1rNUYsS0ny1OnZELqwxJGCtb0pCF+nsiw0jraRTYzgjNWK96c/E/r5ea8NrPuExSwyRdLgpTQUxM5n+TIVeMGjG1BKni9lZCx6iQGptOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYURPMMrvDnCeXHenY9la8HJZ07hD5zPH+objYo=</latexit>

a3
<latexit sha1_base64="WVlocJNRIb0SmhNVTQu9mqfyyt4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9i/7JcrbtWdg6wSLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZIzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8NrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+ufjYs=</latexit><latexit sha1_base64="WVlocJNRIb0SmhNVTQu9mqfyyt4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9i/7JcrbtWdg6wSLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZIzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8NrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+ufjYs=</latexit><latexit sha1_base64="WVlocJNRIb0SmhNVTQu9mqfyyt4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9i/7JcrbtWdg6wSLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZIzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8NrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+ufjYs=</latexit><latexit sha1_base64="WVlocJNRIb0SmhNVTQu9mqfyyt4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9i/7JcrbtWdg6wSLycVyNHol796g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZIzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8NrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+ufjYs=</latexit>

r0
<latexit sha1_base64="/GwOr/GuTC1MZc7bnIqArdDCLx8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfe9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQEIjZk=</latexit><latexit sha1_base64="/GwOr/GuTC1MZc7bnIqArdDCLx8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfe9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQEIjZk=</latexit><latexit sha1_base64="/GwOr/GuTC1MZc7bnIqArdDCLx8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfe9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQEIjZk=</latexit><latexit sha1_base64="/GwOr/GuTC1MZc7bnIqArdDCLx8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfe9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQEIjZk=</latexit>

r1
<latexit sha1_base64="QkOxTm/EaHrMYE7sQrVfGL8MRLc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQff9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQKMjZo=</latexit><latexit sha1_base64="QkOxTm/EaHrMYE7sQrVfGL8MRLc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQff9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQKMjZo=</latexit><latexit sha1_base64="QkOxTm/EaHrMYE7sQrVfGL8MRLc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQff9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQKMjZo=</latexit><latexit sha1_base64="QkOxTm/EaHrMYE7sQrVfGL8MRLc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQff9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AQKMjZo=</latexit>

r2
<latexit sha1_base64="iR/vVNMbddHojwWoy2dkmrJC2mc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwQQjZs=</latexit><latexit sha1_base64="iR/vVNMbddHojwWoy2dkmrJC2mc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwQQjZs=</latexit><latexit sha1_base64="iR/vVNMbddHojwWoy2dkmrJC2mc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwQQjZs=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="HUrpLVxnPKfMUCNOSYrtcGXciow=">AAAB33icbZBLSwMxFIXv+Ky1anXrJlgEV2WmG10KblxWtA9oh5JJ77ShmcyQ3BHK0J/gxoUi/it3/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJnfzvPOMxspUP9E0wzDhIy1jKTg569EMGoNqza/7C7FNCFZQg5Wag+pXf5iKPEFNQnFre4GfUVhwQ1IonJX7ucWMiwkfYc+h5gnasFiMOmOXzhmyODXuaGIL9/eLgifWTpPI3Uw4je16Njf/y3o5xTdhIXWWE2qx/CjOFaOUzfdmQ2lQkJo64MJINysTY264INdO2ZUQrK+8Ce1GPfDrwYMPJTiHC7iCAK7hFu6hCS0QMIIXeIN3T3mv3seyri1v1dsZ/JH3+QPo4oxG</latexit><latexit sha1_base64="HUrpLVxnPKfMUCNOSYrtcGXciow=">AAAB33icbZBLSwMxFIXv+Ky1anXrJlgEV2WmG10KblxWtA9oh5JJ77ShmcyQ3BHK0J/gxoUi/it3/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJnfzvPOMxspUP9E0wzDhIy1jKTg569EMGoNqza/7C7FNCFZQg5Wag+pXf5iKPEFNQnFre4GfUVhwQ1IonJX7ucWMiwkfYc+h5gnasFiMOmOXzhmyODXuaGIL9/eLgifWTpPI3Uw4je16Njf/y3o5xTdhIXWWE2qx/CjOFaOUzfdmQ2lQkJo64MJINysTY264INdO2ZUQrK+8Ce1GPfDrwYMPJTiHC7iCAK7hFu6hCS0QMIIXeIN3T3mv3seyri1v1dsZ/JH3+QPo4oxG</latexit><latexit sha1_base64="OJFZF5JPQS01HJoUPj5WtSgrwHg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0l60WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLG5tb2Tnm3srd/cHjkHp+0dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji5nfudJ1SaJ/LRTFMMYjqSPOKMGis9qEF94Fa9mrcAWSd+QapQoDlwv/rDhGUxSsME1brne6kJcqoMZwJnlX6mMaVsQkfYs1TSGHWQL06dkQurDEmUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8Xmai6yDnMs0MSrZcFGWCmITM/yZDrpAZMbWEMsXtrYSNqaLM2HQqNgR/9eV10q7XfK/m33vVxk0RRxnO4BwuwYcraMAdNKEFDEbwDK/w5gjnxXl3PpatJaeYOYU/cD5/AALQjZc=</latexit><latexit sha1_base64="iR/vVNMbddHojwWoy2dkmrJC2mc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwQQjZs=</latexit><latexit sha1_base64="iR/vVNMbddHojwWoy2dkmrJC2mc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwQQjZs=</latexit><latexit sha1_base64="iR/vVNMbddHojwWoy2dkmrJC2mc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwQQjZs=</latexit><latexit sha1_base64="iR/vVNMbddHojwWoy2dkmrJC2mc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwQQjZs=</latexit><latexit sha1_base64="iR/vVNMbddHojwWoy2dkmrJC2mc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwQQjZs=</latexit><latexit sha1_base64="iR/vVNMbddHojwWoy2dkmrJC2mc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPHwQQjZs=</latexit>

r3
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p(s1, s2, s3) = p(s3|s2)p(s2|s1)p(s1)
<latexit sha1_base64="ZMfWWsUVFYMIxlVitnM+4FDcEQA=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWtAyaQXdCEU3LivYC7TDkEkzbWjmQpIRytincOOruHGhiFtx59uYmc5CqwcSPv7/HJLzuxFnUlnWl1FYWl5ZXSuulzY2t7Z3zN29jgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe26k6vU795RIVkY3KppRG0fjwLmMYKVlhzzJKpIBx1D6dTTq1GFFzCVGvdaqaZU14QyQlXHLFs1Kyv4F1AOZZBXyzE/B8OQxD4NFOFYyj6yImUnWChGOJ2VBrGkESYTPKJ9jQH2qbSTbK0ZPNLKEHqh0CdQMFN/TiTYl3Lqu7rTx2osF71U/M/rx8o7txMWRLGiAZk/5MUcqhCmGcEhE5QoPtWAiWD6r5CMscBE6SRLOgS0uPJf6NRryKqhm9Ny8zKPowgOwCGoAATOQBNcgxZoAwIewBN4Aa/Go/FsvBnv89aCkc/sg19lfHwDJOGbnQ==</latexit><latexit sha1_base64="ZMfWWsUVFYMIxlVitnM+4FDcEQA=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWtAyaQXdCEU3LivYC7TDkEkzbWjmQpIRytincOOruHGhiFtx59uYmc5CqwcSPv7/HJLzuxFnUlnWl1FYWl5ZXSuulzY2t7Z3zN29jgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe26k6vU795RIVkY3KppRG0fjwLmMYKVlhzzJKpIBx1D6dTTq1GFFzCVGvdaqaZU14QyQlXHLFs1Kyv4F1AOZZBXyzE/B8OQxD4NFOFYyj6yImUnWChGOJ2VBrGkESYTPKJ9jQH2qbSTbK0ZPNLKEHqh0CdQMFN/TiTYl3Lqu7rTx2osF71U/M/rx8o7txMWRLGiAZk/5MUcqhCmGcEhE5QoPtWAiWD6r5CMscBE6SRLOgS0uPJf6NRryKqhm9Ny8zKPowgOwCGoAATOQBNcgxZoAwIewBN4Aa/Go/FsvBnv89aCkc/sg19lfHwDJOGbnQ==</latexit><latexit sha1_base64="ZMfWWsUVFYMIxlVitnM+4FDcEQA=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWtAyaQXdCEU3LivYC7TDkEkzbWjmQpIRytincOOruHGhiFtx59uYmc5CqwcSPv7/HJLzuxFnUlnWl1FYWl5ZXSuulzY2t7Z3zN29jgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe26k6vU795RIVkY3KppRG0fjwLmMYKVlhzzJKpIBx1D6dTTq1GFFzCVGvdaqaZU14QyQlXHLFs1Kyv4F1AOZZBXyzE/B8OQxD4NFOFYyj6yImUnWChGOJ2VBrGkESYTPKJ9jQH2qbSTbK0ZPNLKEHqh0CdQMFN/TiTYl3Lqu7rTx2osF71U/M/rx8o7txMWRLGiAZk/5MUcqhCmGcEhE5QoPtWAiWD6r5CMscBE6SRLOgS0uPJf6NRryKqhm9Ny8zKPowgOwCGoAATOQBNcgxZoAwIewBN4Aa/Go/FsvBnv89aCkc/sg19lfHwDJOGbnQ==</latexit><latexit sha1_base64="ZMfWWsUVFYMIxlVitnM+4FDcEQA=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWtAyaQXdCEU3LivYC7TDkEkzbWjmQpIRytincOOruHGhiFtx59uYmc5CqwcSPv7/HJLzuxFnUlnWl1FYWl5ZXSuulzY2t7Z3zN29jgxjQWibhDwUPRdLyllA24opTnuRoNh3Oe26k6vU795RIVkY3KppRG0fjwLmMYKVlhzzJKpIBx1D6dTTq1GFFzCVGvdaqaZU14QyQlXHLFs1Kyv4F1AOZZBXyzE/B8OQxD4NFOFYyj6yImUnWChGOJ2VBrGkESYTPKJ9jQH2qbSTbK0ZPNLKEHqh0CdQMFN/TiTYl3Lqu7rTx2osF71U/M/rx8o7txMWRLGiAZk/5MUcqhCmGcEhE5QoPtWAiWD6r5CMscBE6SRLOgS0uPJf6NRryKqhm9Ny8zKPowgOwCGoAATOQBNcgxZoAwIewBN4Aa/Go/FsvBnv89aCkc/sg19lfHwDJOGbnQ==</latexit>

Markov property

Transition Dynamics -p(st+1|st, at)
<latexit sha1_base64="pdEz8ZLcsfJjuUUCWCMrweFW9Ho=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSxCRSmJCHosevFYwX5AG8Jmu2mXbjZhdyKEWP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58eCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX88c3U7zwwpXkk7yGNmRuSoeQBpwSM5JUrcU17GZw6k0ftwRkmHpx45apdt2fAy8TJSRXlaHrlr/4goknIJFBBtO45dgxuRhRwKtik1E80iwkdkyHrGSpJyLSbzY6f4GOjDHAQKVMS8Ez9PZGRUOs09E1nSGCkF72p+J/XSyC4cjMu4wSYpPNFQSIwRHiaBB5wxSiI1BBCFTe3YjoiilAweZVMCM7iy8ukfV537Lpzd1FtXOdxFNEhOkI15KBL1EC3qIlaiKIUPaNX9GY9WS/Wu/Uxby1Y+UwF/YH1+QOGWZQG</latexit><latexit sha1_base64="pdEz8ZLcsfJjuUUCWCMrweFW9Ho=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSxCRSmJCHosevFYwX5AG8Jmu2mXbjZhdyKEWP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58eCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX88c3U7zwwpXkk7yGNmRuSoeQBpwSM5JUrcU17GZw6k0ftwRkmHpx45apdt2fAy8TJSRXlaHrlr/4goknIJFBBtO45dgxuRhRwKtik1E80iwkdkyHrGSpJyLSbzY6f4GOjDHAQKVMS8Ez9PZGRUOs09E1nSGCkF72p+J/XSyC4cjMu4wSYpPNFQSIwRHiaBB5wxSiI1BBCFTe3YjoiilAweZVMCM7iy8ukfV537Lpzd1FtXOdxFNEhOkI15KBL1EC3qIlaiKIUPaNX9GY9WS/Wu/Uxby1Y+UwF/YH1+QOGWZQG</latexit><latexit sha1_base64="pdEz8ZLcsfJjuUUCWCMrweFW9Ho=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSxCRSmJCHosevFYwX5AG8Jmu2mXbjZhdyKEWP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58eCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX88c3U7zwwpXkk7yGNmRuSoeQBpwSM5JUrcU17GZw6k0ftwRkmHpx45apdt2fAy8TJSRXlaHrlr/4goknIJFBBtO45dgxuRhRwKtik1E80iwkdkyHrGSpJyLSbzY6f4GOjDHAQKVMS8Ez9PZGRUOs09E1nSGCkF72p+J/XSyC4cjMu4wSYpPNFQSIwRHiaBB5wxSiI1BBCFTe3YjoiilAweZVMCM7iy8ukfV537Lpzd1FtXOdxFNEhOkI15KBL1EC3qIlaiKIUPaNX9GY9WS/Wu/Uxby1Y+UwF/YH1+QOGWZQG</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ot+kh5/Y0yH0lCT6YqXxguhQC3Q=">AAAB8XicbZBLSwMxFIXv1FetVUddugkWoaKUGTe6FNy4rGAf0A5DJs20oZkHyR1hGOtfceNCEf+MO/+N6WOhrQcCH+ck3JsTpFJodJxvq7S2vrG5Vd6u7FR39/btg2pbJ5livMUSmahuQDWXIuYtFCh5N1WcRoHknWB8O807j1xpkcQPmKfci+gwFqFgFI3l20dpXfsFnruTJ+3jBaE+nvl2zWk4M5FVcBdQg4Wavv3VHyQsi3iMTFKte66ToldQhYJJPqn0M81TysZ0yHsGYxpx7RWz5Sfk1DgDEibKnBjJzP39oqCR1nkUmJsRxZFezqbmf1kvw/DaK0ScZshjNh8UZpJgQqZNkIFQnKHMDVCmhNmVsBFVlKHpq2JKcJe/vArty4brNNx7B8pwDCdQBxeu4AbuoAktYJDDC7zBu/VsvVof87pK1qK3Q/gj6/MHJ92Snw==</latexit><latexit sha1_base64="Ot+kh5/Y0yH0lCT6YqXxguhQC3Q=">AAAB8XicbZBLSwMxFIXv1FetVUddugkWoaKUGTe6FNy4rGAf0A5DJs20oZkHyR1hGOtfceNCEf+MO/+N6WOhrQcCH+ck3JsTpFJodJxvq7S2vrG5Vd6u7FR39/btg2pbJ5livMUSmahuQDWXIuYtFCh5N1WcRoHknWB8O807j1xpkcQPmKfci+gwFqFgFI3l20dpXfsFnruTJ+3jBaE+nvl2zWk4M5FVcBdQg4Wavv3VHyQsi3iMTFKte66ToldQhYJJPqn0M81TysZ0yHsGYxpx7RWz5Sfk1DgDEibKnBjJzP39oqCR1nkUmJsRxZFezqbmf1kvw/DaK0ScZshjNh8UZpJgQqZNkIFQnKHMDVCmhNmVsBFVlKHpq2JKcJe/vArty4brNNx7B8pwDCdQBxeu4AbuoAktYJDDC7zBu/VsvVof87pK1qK3Q/gj6/MHJ92Snw==</latexit><latexit sha1_base64="ulA5VSMNPxODFnlQ6GLk5UR/Jgw=">AAAB/HicbVBNS8NAEN34WetXtEcvi0WoKCXxoseiF48V7Ae0IWy2m3bpZhN2J0KI9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tlZW19Y3Nktb5e2d3b19++CwreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY30z9zgNTmsfyHrKEeREZSh5ySsBIvl1JatrP4cydPGofzjHx4dS3q07dmQEvE7cgVVSg6dtf/UFM04hJoIJo3XOdBLycKOBUsEm5n2qWEDomQ9YzVJKIaS+fHT/BJ0YZ4DBWpiTgmfp7IieR1lkUmM6IwEgvelPxP6+XQnjl5VwmKTBJ54vCVGCI8TQJPOCKURCZIYQqbm7FdEQUoWDyKpsQ3MWXl0n7ou46dffOqTauizhK6Agdoxpy0SVqoFvURC1EUYae0St6s56sF+vd+pi3rljFTAX9gfX5A4UZlAI=</latexit><latexit sha1_base64="pdEz8ZLcsfJjuUUCWCMrweFW9Ho=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSxCRSmJCHosevFYwX5AG8Jmu2mXbjZhdyKEWP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58eCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX88c3U7zwwpXkk7yGNmRuSoeQBpwSM5JUrcU17GZw6k0ftwRkmHpx45apdt2fAy8TJSRXlaHrlr/4goknIJFBBtO45dgxuRhRwKtik1E80iwkdkyHrGSpJyLSbzY6f4GOjDHAQKVMS8Ez9PZGRUOs09E1nSGCkF72p+J/XSyC4cjMu4wSYpPNFQSIwRHiaBB5wxSiI1BBCFTe3YjoiilAweZVMCM7iy8ukfV537Lpzd1FtXOdxFNEhOkI15KBL1EC3qIlaiKIUPaNX9GY9WS/Wu/Uxby1Y+UwF/YH1+QOGWZQG</latexit><latexit sha1_base64="pdEz8ZLcsfJjuUUCWCMrweFW9Ho=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSxCRSmJCHosevFYwX5AG8Jmu2mXbjZhdyKEWP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58eCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX88c3U7zwwpXkk7yGNmRuSoeQBpwSM5JUrcU17GZw6k0ftwRkmHpx45apdt2fAy8TJSRXlaHrlr/4goknIJFBBtO45dgxuRhRwKtik1E80iwkdkyHrGSpJyLSbzY6f4GOjDHAQKVMS8Ez9PZGRUOs09E1nSGCkF72p+J/XSyC4cjMu4wSYpPNFQSIwRHiaBB5wxSiI1BBCFTe3YjoiilAweZVMCM7iy8ukfV537Lpzd1FtXOdxFNEhOkI15KBL1EC3qIlaiKIUPaNX9GY9WS/Wu/Uxby1Y+UwF/YH1+QOGWZQG</latexit><latexit sha1_base64="pdEz8ZLcsfJjuUUCWCMrweFW9Ho=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSxCRSmJCHosevFYwX5AG8Jmu2mXbjZhdyKEWP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58eCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX88c3U7zwwpXkk7yGNmRuSoeQBpwSM5JUrcU17GZw6k0ftwRkmHpx45apdt2fAy8TJSRXlaHrlr/4goknIJFBBtO45dgxuRhRwKtik1E80iwkdkyHrGSpJyLSbzY6f4GOjDHAQKVMS8Ez9PZGRUOs09E1nSGCkF72p+J/XSyC4cjMu4wSYpPNFQSIwRHiaBB5wxSiI1BBCFTe3YjoiilAweZVMCM7iy8ukfV537Lpzd1FtXOdxFNEhOkI15KBL1EC3qIlaiKIUPaNX9GY9WS/Wu/Uxby1Y+UwF/YH1+QOGWZQG</latexit><latexit sha1_base64="pdEz8ZLcsfJjuUUCWCMrweFW9Ho=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSxCRSmJCHosevFYwX5AG8Jmu2mXbjZhdyKEWP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58eCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX88c3U7zwwpXkk7yGNmRuSoeQBpwSM5JUrcU17GZw6k0ftwRkmHpx45apdt2fAy8TJSRXlaHrlr/4goknIJFBBtO45dgxuRhRwKtik1E80iwkdkyHrGSpJyLSbzY6f4GOjDHAQKVMS8Ez9PZGRUOs09E1nSGCkF72p+J/XSyC4cjMu4wSYpPNFQSIwRHiaBB5wxSiI1BBCFTe3YjoiilAweZVMCM7iy8ukfV537Lpzd1FtXOdxFNEhOkI15KBL1EC3qIlaiKIUPaNX9GY9WS/Wu/Uxby1Y+UwF/YH1+QOGWZQG</latexit><latexit sha1_base64="pdEz8ZLcsfJjuUUCWCMrweFW9Ho=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSxCRSmJCHosevFYwX5AG8Jmu2mXbjZhdyKEWP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58eCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX88c3U7zwwpXkk7yGNmRuSoeQBpwSM5JUrcU17GZw6k0ftwRkmHpx45apdt2fAy8TJSRXlaHrlr/4goknIJFBBtO45dgxuRhRwKtik1E80iwkdkyHrGSpJyLSbzY6f4GOjDHAQKVMS8Ez9PZGRUOs09E1nSGCkF72p+J/XSyC4cjMu4wSYpPNFQSIwRHiaBB5wxSiI1BBCFTe3YjoiilAweZVMCM7iy8ukfV537Lpzd1FtXOdxFNEhOkI15KBL1EC3qIlaiKIUPaNX9GY9WS/Wu/Uxby1Y+UwF/YH1+QOGWZQG</latexit><latexit sha1_base64="pdEz8ZLcsfJjuUUCWCMrweFW9Ho=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSxCRSmJCHosevFYwX5AG8Jmu2mXbjZhdyKEWP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58eCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX88c3U7zwwpXkk7yGNmRuSoeQBpwSM5JUrcU17GZw6k0ftwRkmHpx45apdt2fAy8TJSRXlaHrlr/4goknIJFBBtO45dgxuRhRwKtik1E80iwkdkyHrGSpJyLSbzY6f4GOjDHAQKVMS8Ez9PZGRUOs09E1nSGCkF72p+J/XSyC4cjMu4wSYpPNFQSIwRHiaBB5wxSiI1BBCFTe3YjoiilAweZVMCM7iy8ukfV537Lpzd1FtXOdxFNEhOkI15KBL1EC3qIlaiKIUPaNX9GY9WS/Wu/Uxby1Y+UwF/YH1+QOGWZQG</latexit>
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⌧ = (s0, a0, r0, s1, a1, r1, . . . , sT , aT , rT )
<latexit sha1_base64="gaqcznTYt8eGBjEyGXrQkITtUW4=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpExEUBCh6MZlhb6gLUMmzbShmQfJHaGUfowbf8WNCx+4cOO3mLRdaOuFHM49994k9wSpFBo878tZWl5ZXVvPbeQ3t7Z3dt29/bpOMsV4jSUyUc2Aai5FzGsgQPJmqjiNAskbweDW1hsPXGmRxFUYprwT0V4sQsEoGMl3r9pAM3yNi9r3TjG1oCxon9iU2NRAu5uAtmrVqlWrVk98t+CVvEngRUJmpIBmUfHdd3MPyyIeA5NU6xbxUuiMqALBJB/n25nmKWUD2uMtQ2Macd0ZTZYc42OjdHGYKHNiwBP198SIRloPo8B0RhT6er5mxf9qrQzCy85IxGkGPGbTh8JMYkiwdQx3heIM5NAQypQwf8WsTxVlYHzNGxPI/MqLpH5WIl6J3J8XyjczO3LoEB2hIiLoApXRHaqgGmLoET2jV/TmPDkvzofzOW1dcmYzB+hPON8/8WCfdw==</latexit><latexit sha1_base64="gaqcznTYt8eGBjEyGXrQkITtUW4=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpExEUBCh6MZlhb6gLUMmzbShmQfJHaGUfowbf8WNCx+4cOO3mLRdaOuFHM49994k9wSpFBo878tZWl5ZXVvPbeQ3t7Z3dt29/bpOMsV4jSUyUc2Aai5FzGsgQPJmqjiNAskbweDW1hsPXGmRxFUYprwT0V4sQsEoGMl3r9pAM3yNi9r3TjG1oCxon9iU2NRAu5uAtmrVqlWrVk98t+CVvEngRUJmpIBmUfHdd3MPyyIeA5NU6xbxUuiMqALBJB/n25nmKWUD2uMtQ2Macd0ZTZYc42OjdHGYKHNiwBP198SIRloPo8B0RhT6er5mxf9qrQzCy85IxGkGPGbTh8JMYkiwdQx3heIM5NAQypQwf8WsTxVlYHzNGxPI/MqLpH5WIl6J3J8XyjczO3LoEB2hIiLoApXRHaqgGmLoET2jV/TmPDkvzofzOW1dcmYzB+hPON8/8WCfdw==</latexit><latexit sha1_base64="gaqcznTYt8eGBjEyGXrQkITtUW4=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpExEUBCh6MZlhb6gLUMmzbShmQfJHaGUfowbf8WNCx+4cOO3mLRdaOuFHM49994k9wSpFBo878tZWl5ZXVvPbeQ3t7Z3dt29/bpOMsV4jSUyUc2Aai5FzGsgQPJmqjiNAskbweDW1hsPXGmRxFUYprwT0V4sQsEoGMl3r9pAM3yNi9r3TjG1oCxon9iU2NRAu5uAtmrVqlWrVk98t+CVvEngRUJmpIBmUfHdd3MPyyIeA5NU6xbxUuiMqALBJB/n25nmKWUD2uMtQ2Macd0ZTZYc42OjdHGYKHNiwBP198SIRloPo8B0RhT6er5mxf9qrQzCy85IxGkGPGbTh8JMYkiwdQx3heIM5NAQypQwf8WsTxVlYHzNGxPI/MqLpH5WIl6J3J8XyjczO3LoEB2hIiLoApXRHaqgGmLoET2jV/TmPDkvzofzOW1dcmYzB+hPON8/8WCfdw==</latexit><latexit sha1_base64="gaqcznTYt8eGBjEyGXrQkITtUW4=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpExEUBCh6MZlhb6gLUMmzbShmQfJHaGUfowbf8WNCx+4cOO3mLRdaOuFHM49994k9wSpFBo878tZWl5ZXVvPbeQ3t7Z3dt29/bpOMsV4jSUyUc2Aai5FzGsgQPJmqjiNAskbweDW1hsPXGmRxFUYprwT0V4sQsEoGMl3r9pAM3yNi9r3TjG1oCxon9iU2NRAu5uAtmrVqlWrVk98t+CVvEngRUJmpIBmUfHdd3MPyyIeA5NU6xbxUuiMqALBJB/n25nmKWUD2uMtQ2Macd0ZTZYc42OjdHGYKHNiwBP198SIRloPo8B0RhT6er5mxf9qrQzCy85IxGkGPGbTh8JMYkiwdQx3heIM5NAQypQwf8WsTxVlYHzNGxPI/MqLpH5WIl6J3J8XyjczO3LoEB2hIiLoApXRHaqgGmLoET2jV/TmPDkvzofzOW1dcmYzB+hPON8/8WCfdw==</latexit>

Trajectory

Framew0rk for RL - Markov Decision ProcessMarkov Decision Processes



State: Camera Images / Joint Encoders

Action: Joint torques/velocities

Reward: Distance from kettle to sink

Task: Place kettle in sink

Transition: World physics

5
MDPs to the Real World



Reinforcement Learning Formalism
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st
<latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit><latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit><latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit><latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit>

at
<latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="DkkViJCT/iMvgcrcupDtRld4LSg=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHcqdNNOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhsuWjxVqelGaIWSWrRIkhLdzAhMIiU60eRunneehbEy1U80zUSY4EjLWHIkZz3igAa1ut/wF2KbEKygDis1B7Wv/jDleSI0cYXW9gI/o7BAQ5IrMav0cysy5BMciZ5DjYmwYbEYdcYunDNkcWrc0cQW7u8XBSbWTpPI3UyQxnY9m5v/Zb2c4puwkDrLSWi+/CjOFaOUzfdmQ2kEJzV1gNxINyvjYzTIybVTcSUE6ytvQvuqEfiN4MGHMpzBOVxCANdwC/fQhBZwGMELvMG7p7xX72NZV8lb9XYKf+R9/gAw+Ix3</latexit><latexit sha1_base64="DkkViJCT/iMvgcrcupDtRld4LSg=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHcqdNNOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhsuWjxVqelGaIWSWrRIkhLdzAhMIiU60eRunneehbEy1U80zUSY4EjLWHIkZz3igAa1ut/wF2KbEKygDis1B7Wv/jDleSI0cYXW9gI/o7BAQ5IrMav0cysy5BMciZ5DjYmwYbEYdcYunDNkcWrc0cQW7u8XBSbWTpPI3UyQxnY9m5v/Zb2c4puwkDrLSWi+/CjOFaOUzfdmQ2kEJzV1gNxINyvjYzTIybVTcSUE6ytvQvuqEfiN4MGHMpzBOVxCANdwC/fQhBZwGMELvMG7p7xX72NZV8lb9XYKf+R9/gAw+Ix3</latexit><latexit sha1_base64="uYflW35VYj5sxRuygbXk/k4ZJL0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpnvWxX63ROp2DrBK/IDUo0OxXv3qDhGex0MgVs7br0xSDnBmUXIlppZdZkTI+ZkPRdVSzWNggn586JWdOGZAoMa40krn6eyJnsbWTOHSdMcORXfZm4n9eN8PoKsilTjMUmi8WRZkimJDZ32QgjeCoJo4wbqS7lfARM4yjS6fiQvCXX14l7Yu6T+v+Ha01ros4ynACp3AOPlxCA26hCS3gMIRneIU3T3kv3rv3sWgtecXMMfyB9/kDTPKNyA==</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit>

Rules for choosing actions

Needs to be learned
Maximize the sum of expected rewards under policy

Policy
⇡✓

<latexit sha1_base64="riz0t/LNVoTRVSQ17Wp0Ib7CnlM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo5+Kvo8jjrRfrbl1dw6ySryC1KBAs1/98gcJy2KukElqTM9zUwxyqlEwyacVPzM8pWxMh7xnqaIxN0E+v3hKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xehtF1kAuVZsgVWyyKMkkwIbP3yUBozlBOLKFMC3srYSOqKUMbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMFDzDK7w5xnlx3p2PRWvJKWaO4Q+czx+oDZDk</latexit><latexit sha1_base64="riz0t/LNVoTRVSQ17Wp0Ib7CnlM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo5+Kvo8jjrRfrbl1dw6ySryC1KBAs1/98gcJy2KukElqTM9zUwxyqlEwyacVPzM8pWxMh7xnqaIxN0E+v3hKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xehtF1kAuVZsgVWyyKMkkwIbP3yUBozlBOLKFMC3srYSOqKUMbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMFDzDK7w5xnlx3p2PRWvJKWaO4Q+czx+oDZDk</latexit><latexit sha1_base64="riz0t/LNVoTRVSQ17Wp0Ib7CnlM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo5+Kvo8jjrRfrbl1dw6ySryC1KBAs1/98gcJy2KukElqTM9zUwxyqlEwyacVPzM8pWxMh7xnqaIxN0E+v3hKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xehtF1kAuVZsgVWyyKMkkwIbP3yUBozlBOLKFMC3srYSOqKUMbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMFDzDK7w5xnlx3p2PRWvJKWaO4Q+czx+oDZDk</latexit><latexit sha1_base64="riz0t/LNVoTRVSQ17Wp0Ib7CnlM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo5+Kvo8jjrRfrbl1dw6ySryC1KBAs1/98gcJy2KukElqTM9zUwxyqlEwyacVPzM8pWxMh7xnqaIxN0E+v3hKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xehtF1kAuVZsgVWyyKMkkwIbP3yUBozlBOLKFMC3srYSOqKUMbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMFDzDK7w5xnlx3p2PRWvJKWaO4Q+czx+oDZDk</latexit>
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Policy

st
<latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit><latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit><latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit><latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit>

at
<latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="DkkViJCT/iMvgcrcupDtRld4LSg=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHcqdNNOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhsuWjxVqelGaIWSWrRIkhLdzAhMIiU60eRunneehbEy1U80zUSY4EjLWHIkZz3igAa1ut/wF2KbEKygDis1B7Wv/jDleSI0cYXW9gI/o7BAQ5IrMav0cysy5BMciZ5DjYmwYbEYdcYunDNkcWrc0cQW7u8XBSbWTpPI3UyQxnY9m5v/Zb2c4puwkDrLSWi+/CjOFaOUzfdmQ2kEJzV1gNxINyvjYzTIybVTcSUE6ytvQvuqEfiN4MGHMpzBOVxCANdwC/fQhBZwGMELvMG7p7xX72NZV8lb9XYKf+R9/gAw+Ix3</latexit><latexit sha1_base64="DkkViJCT/iMvgcrcupDtRld4LSg=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHcqdNNOGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhsuWjxVqelGaIWSWrRIkhLdzAhMIiU60eRunneehbEy1U80zUSY4EjLWHIkZz3igAa1ut/wF2KbEKygDis1B7Wv/jDleSI0cYXW9gI/o7BAQ5IrMav0cysy5BMciZ5DjYmwYbEYdcYunDNkcWrc0cQW7u8XBSbWTpPI3UyQxnY9m5v/Zb2c4puwkDrLSWi+/CjOFaOUzfdmQ2kEJzV1gNxINyvjYzTIybVTcSUE6ytvQvuqEfiN4MGHMpzBOVxCANdwC/fQhBZwGMELvMG7p7xX72NZV8lb9XYKf+R9/gAw+Ix3</latexit><latexit sha1_base64="uYflW35VYj5sxRuygbXk/k4ZJL0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpnvWxX63ROp2DrBK/IDUo0OxXv3qDhGex0MgVs7br0xSDnBmUXIlppZdZkTI+ZkPRdVSzWNggn586JWdOGZAoMa40krn6eyJnsbWTOHSdMcORXfZm4n9eN8PoKsilTjMUmi8WRZkimJDZ32QgjeCoJo4wbqS7lfARM4yjS6fiQvCXX14l7Yu6T+v+Ha01ros4ynACp3AOPlxCA26hCS3gMIRneIU3T3kv3rv3sWgtecXMMfyB9/kDTPKNyA==</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit><latexit sha1_base64="cg9eTEqUtCZqkwCW5khYw4me7mE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfax71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AE4yjcw=</latexit>

Rules for choosing actions

Needs to be learned

max
✓

E⌧⇠⇡✓

"
TX

t=0

r(st, at)

#

<latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit><latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit><latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit><latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit>

⇡✓
<latexit sha1_base64="riz0t/LNVoTRVSQ17Wp0Ib7CnlM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo5+Kvo8jjrRfrbl1dw6ySryC1KBAs1/98gcJy2KukElqTM9zUwxyqlEwyacVPzM8pWxMh7xnqaIxN0E+v3hKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xehtF1kAuVZsgVWyyKMkkwIbP3yUBozlBOLKFMC3srYSOqKUMbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMFDzDK7w5xnlx3p2PRWvJKWaO4Q+czx+oDZDk</latexit><latexit sha1_base64="riz0t/LNVoTRVSQ17Wp0Ib7CnlM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo5+Kvo8jjrRfrbl1dw6ySryC1KBAs1/98gcJy2KukElqTM9zUwxyqlEwyacVPzM8pWxMh7xnqaIxN0E+v3hKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xehtF1kAuVZsgVWyyKMkkwIbP3yUBozlBOLKFMC3srYSOqKUMbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMFDzDK7w5xnlx3p2PRWvJKWaO4Q+czx+oDZDk</latexit><latexit sha1_base64="riz0t/LNVoTRVSQ17Wp0Ib7CnlM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo5+Kvo8jjrRfrbl1dw6ySryC1KBAs1/98gcJy2KukElqTM9zUwxyqlEwyacVPzM8pWxMh7xnqaIxN0E+v3hKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xehtF1kAuVZsgVWyyKMkkwIbP3yUBozlBOLKFMC3srYSOqKUMbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMFDzDK7w5xnlx3p2PRWvJKWaO4Q+czx+oDZDk</latexit><latexit sha1_base64="riz0t/LNVoTRVSQ17Wp0Ib7CnlM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo5+Kvo8jjrRfrbl1dw6ySryC1KBAs1/98gcJy2KukElqTM9zUwxyqlEwyacVPzM8pWxMh7xnqaIxN0E+v3hKzqwyIFGibSkkc/X3RE5jYyZxaDtjiiOz7M3E/7xehtF1kAuVZsgVWyyKMkkwIbP3yUBozlBOLKFMC3srYSOqKUMbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMFDzDK7w5xnlx3p2PRWvJKWaO4Q+czx+oDZDk</latexit>

Trajectory sampled using policy



Why is this not just supervised learning?
Supervised Learning Reinforcement Learning

<latexit sha1_base64="kKuyCdMxFBpsXrwJux4dPMv+ZEQ="></latexit>

max
✓

E(x,y)⇠D [log p̂✓(y|x)] max
✓

E⌧⇠⇡✓

"
TX

t=0

r(st, at)

#

<latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit><latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit><latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit><latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit>

Sampling from expert Sampling from policy
<latexit sha1_base64="DJ/5WGzAz4ZAdXrSV1ReUIm8J/s=">AAACEHicbVC7SgNBFJ2N7/iKWtoMBvFRhF0JailqIWihYBIhG5fZyY0ZMvtg5q4YlnyCjb9iY6GIraWdf+Nk3UKNB2Y4nHMuM/f4sRQabfvTKoyNT0xOTc8UZ+fmFxZLS8t1HSWKQ41HMlJXPtMgRQg1FCjhKlbAAl9Cw+8dDf3GLSgtovAS+zG0AnYTio7gDI3klTaOvdRFuMP09Gww2Iyvt6lr8phdNPZc7AIyuuWVynbFzkBHiZOTMslx7pU+3HbEkwBC5JJp3XTsGFspUyi4hEHRTTTEjPfYDTQNDVkAupVmCw3oulHatBMpc0KkmfpzImWB1v3AN8mAYVf/9Ybif14zwc5+KxVhnCCE/PuhTiIpRnTYDm0LBRxl3xDGlTB/pbzLFONoOiyaEpy/K4+S+k7F2a1UL6rlg8O8jmmyStbIJnHIHjkgJ+Sc1Agn9+SRPJMX68F6sl6tt+9owcpnVsgvWO9fKO6cqQ==</latexit>

DKL(p
⇤||p✓)

<latexit sha1_base64="MiFYQm1VuQqpqzbg7UlySirbBBM=">AAACEHicbVC7SgNBFJ2N7/iKWtoMBvFRhF0JailqIWihYBIhG5fZyY0ZMvtg5q4YlnyCjb9iY6GIraWdf+Nk3UKNB2Y4nHMPM/f4sRQabfvTKoyNT0xOTc8UZ+fmFxZLS8t1HSWKQ41HMlJXPtMgRQg1FCjhKlbAAl9Cw+8dDf3GLSgtovAS+zG0AnYTio7gDI3klTaOvdRFuMP09Gww2Iw9F7uAjLomhNlFaXy9veWVynbFzkBHiZOTMslx7pU+3HbEkwBC5JJp3XTsGFspUyi4hEHRTTTEjPfYDTQNDVkAupVmCw3oulHatBMpc0KkmfozkbJA637gm8mAYVf/9Ybif14zwc5+KxVhnCCE/PuhTiIpRnTYDm0LBRxl3xDGlTB/pbzLFONoOiyaEpy/K4+S+k7F2a1UL6rlg8O8jmmyStbIJnHIHjkgJ+Sc1Agn9+SRPJMX68F6sl6tt+/RgpVnVsgvWO9fL2OcqQ==</latexit>

DKL(p✓||p⇤)IID Non-IID



Main thing to learn - Policies
Policies are mappings from states to optimal actions

Tabular Linear Arbitrary function approx

<latexit sha1_base64="xQvg/c2qzgCBFUrbE0gtmH98LnA=">AAACD3icbVA9SwNBEN2LXzF+RS1tFoOSQAh3EtRGCNpYRjAfkAthbrNJluztHbt7SjjzD2z8KzYWitja2vlv3FxSaOKDgcd7M8zM80LOlLbtbyu1tLyyupZez2xsbm3vZHf36iqIJKE1EvBANj1QlDNBa5ppTpuhpOB7nDa84dXEb9xRqVggbvUopG0f+oL1GAFtpE722A1ZHh5UAV9gl4Poc+qGA5ZXRQyFIr53ZaJ1sjm7ZCfAi8SZkRyaodrJfrndgEQ+FZpwUKrl2KFuxyA1I5yOM26kaAhkCH3aMlSAT1U7Tv4Z4yOjdHEvkKaExon6eyIGX6mR75lOH/RAzXsT8T+vFeneeTtmIow0FWS6qBdxrAM8CQd3maRE85EhQCQzt2IyAAlEmwgzJgRn/uVFUj8pOael8k05V7mcxZFGB+gQ5ZGDzlAFXaMqqiGCHtEzekVv1pP1Yr1bH9PWlDWb2Ud/YH3+AFKwmvg=</latexit>

⇡(a|s) = h�(s, a), wi



Where is Reinforcement Learning not useful?
Not the right call for very safety-critical, repetitive applications



Where is Reinforcement Learning “potentially” useful?

But these domains are not as simple as just running RL algorithms!

Domains which have high diversity, yet relatively cheap autonomous data collection



Learning Algorithms for Robotics

On-Policy Algorithms Off-Policy 
Algorithms

Imitation Learning

Update
Update

Buffer

Simple, performant,
Data inefficient

Data-efficient, 
sometimes unstable

Performant, efficient, but 
compounding error and 
expensive data collection 

Buffer



Objective of Reinforcement Learning
7

Policy

st
<latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit><latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit><latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit><latexit sha1_base64="NO/AVq0yYsPdpG3K5Q5U13QK4ss=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwfSx71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmejd4=</latexit>

at
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Rules for choosing actions

Needs to be learned
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Trajectory sampled using policy



Objective of Reinforcement Learning
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Trajectory sampled using policy

Assumptions: 
1. Rewards are additive
2. Dynamics can be sampled 

from, but functional form is 
unknown

3. Rewards are provided as 
every state is visited, 
functional form is unknown



Lecture Outline
Reinforcement Learning: Motivation

Imitation Learning

Policy Gradient and Beyond



What makes RL hard?

Exploration: Find the right data

Exploitation: Using the exploration data

Exploration is challenging in itself in large state spaces, and 
exploration + exploitation is particularly tough

à let’s avoid for now!



Imitation Learning (IL) in a Nutshell

Given Demonstration

Goal a policy to mimic the demonstrator

Credit: Deep Reinforcemet Learning, Sergey Levine.



Behavior Cloning

Given demonstration                          

Optimize

𝐷∗ = 𝑠"∗, 𝑎"∗ , 𝑠#∗, 𝑎#∗ , …

arg min Ε(%!∗,'!∗)~*∗ 𝐿 𝑎+
∗ 𝜋 𝑎|𝑠+∗ )

Credit: Deep Reinforcement Learning, Sergey Levine.

𝑠! 𝜋" 𝑎!|𝑠! 𝑎!

e.g. (𝜋 𝑠+∗ − 𝑎+∗)#



ALVINN: Autonomous Land Vehicle In a Neural Network



Covariate Shift
n Imitation Learning ≠ Supervised Learning

Video Credit: Skydio Autonomy, “Deep Neural Pilot on Skydio 2”
Image Credit: Deep Reinforcement Learning. Sergey Levin.



Covariate Shift
n Imitation Learning ≠ Supervised Learning

Video Credit: Skydio Autonomy, “Deep Neural Pilot on Skydio 2”
Image Credit: Deep Reinforcement Learning. Sergey Levin.

arg min Ε(%!∗,'!∗)~*∗ 𝐿 𝑎+
∗ 𝜋 𝑎|𝑠+∗ )



Learn to Recover from Mistakes

Is there a more general purpose solution?



DAgger
Reformulate Imitation Learning as an Online Learning
problem



DAgger: Dataset Aggregation, 2011

Query Expert

Credit: “A Reduction of Imitation Learning and Structure Prediction to 
No-Regret Online Learning” Ross 2011. Video Credit: The Bird MURI project.
Drew Bagnell’s group.

1
2
3
4
5
6
7

Combats covariate shift by bringing p𝜃 and ptrain together



Lecture Outline
Reinforcement Learning: Motivation

Imitation Learning

Policy Gradient and Beyond



Let’s revisit the overall RL problem
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Gradient Ascent Dynamic Programming Model-Based Optimization

Each method has it’s own +/-



What if we just performed gradient ascent?
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Gradient wrt expectation variable, not of integrand!
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=

Z
p✓(⌧)R(⌧)d⌧
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r✓Ex⇠p✓(x) [f(x)]
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r✓Ex⇠g(x) [f✓(x)]

Standard gradient descent (supervised learning) REINFORCE gradient descent (RL)



Taking the gradient of sum of rewards
14

J(✓) =

Z
p✓(⌧)R(⌧)d(⌧)

<latexit sha1_base64="d8qE/esKTTTezOvSI38YS1R+n8o=">AAACHHicbVDLSsNAFJ34rPUVdelmsCjtpiQq6EYouhFXVewDmhAmk2k7dPJg5kYooR/ixl9x40IRNy4E/8Zpm4W2Hhju4Zx7mXuPnwiuwLK+jYXFpeWV1cJacX1jc2vb3NltqjiVlDVoLGLZ9oligkesARwEayeSkdAXrOUPrsZ+64FJxePoHoYJc0PSi3iXUwJa8syTm7IDfQakgo8usMMjwImXTaWRtkhawXd5DfLqmSWrak2A54mdkxLKUffMTyeIaRqyCKggSnVsKwE3IxI4FWxUdFLFEkIHpMc6mkYkZMrNJseN8KFWAtyNpX56u4n6eyIjoVLD0NedIYG+mvXG4n9eJ4XuuZvxKEmBRXT6UTcVGGI8TgoHXDIKYqgJoZLrXTHtE0ko6DyLOgR79uR50jyu2lbVvj0t1S7zOApoHx2gMrLRGaqha1RHDUTRI3pGr+jNeDJejHfjY9q6YOQze+gPjK8f1VmfVA==</latexit><latexit sha1_base64="d8qE/esKTTTezOvSI38YS1R+n8o=">AAACHHicbVDLSsNAFJ34rPUVdelmsCjtpiQq6EYouhFXVewDmhAmk2k7dPJg5kYooR/ixl9x40IRNy4E/8Zpm4W2Hhju4Zx7mXuPnwiuwLK+jYXFpeWV1cJacX1jc2vb3NltqjiVlDVoLGLZ9oligkesARwEayeSkdAXrOUPrsZ+64FJxePoHoYJc0PSi3iXUwJa8syTm7IDfQakgo8usMMjwImXTaWRtkhawXd5DfLqmSWrak2A54mdkxLKUffMTyeIaRqyCKggSnVsKwE3IxI4FWxUdFLFEkIHpMc6mkYkZMrNJseN8KFWAtyNpX56u4n6eyIjoVLD0NedIYG+mvXG4n9eJ4XuuZvxKEmBRXT6UTcVGGI8TgoHXDIKYqgJoZLrXTHtE0ko6DyLOgR79uR50jyu2lbVvj0t1S7zOApoHx2gMrLRGaqha1RHDUTRI3pGr+jNeDJejHfjY9q6YOQze+gPjK8f1VmfVA==</latexit><latexit sha1_base64="d8qE/esKTTTezOvSI38YS1R+n8o=">AAACHHicbVDLSsNAFJ34rPUVdelmsCjtpiQq6EYouhFXVewDmhAmk2k7dPJg5kYooR/ixl9x40IRNy4E/8Zpm4W2Hhju4Zx7mXuPnwiuwLK+jYXFpeWV1cJacX1jc2vb3NltqjiVlDVoLGLZ9oligkesARwEayeSkdAXrOUPrsZ+64FJxePoHoYJc0PSi3iXUwJa8syTm7IDfQakgo8usMMjwImXTaWRtkhawXd5DfLqmSWrak2A54mdkxLKUffMTyeIaRqyCKggSnVsKwE3IxI4FWxUdFLFEkIHpMc6mkYkZMrNJseN8KFWAtyNpX56u4n6eyIjoVLD0NedIYG+mvXG4n9eJ4XuuZvxKEmBRXT6UTcVGGI8TgoHXDIKYqgJoZLrXTHtE0ko6DyLOgR79uR50jyu2lbVvj0t1S7zOApoHx2gMrLRGaqha1RHDUTRI3pGr+jNeDJejHfjY9q6YOQze+gPjK8f1VmfVA==</latexit><latexit sha1_base64="d8qE/esKTTTezOvSI38YS1R+n8o=">AAACHHicbVDLSsNAFJ34rPUVdelmsCjtpiQq6EYouhFXVewDmhAmk2k7dPJg5kYooR/ixl9x40IRNy4E/8Zpm4W2Hhju4Zx7mXuPnwiuwLK+jYXFpeWV1cJacX1jc2vb3NltqjiVlDVoLGLZ9oligkesARwEayeSkdAXrOUPrsZ+64FJxePoHoYJc0PSi3iXUwJa8syTm7IDfQakgo8usMMjwImXTaWRtkhawXd5DfLqmSWrak2A54mdkxLKUffMTyeIaRqyCKggSnVsKwE3IxI4FWxUdFLFEkIHpMc6mkYkZMrNJseN8KFWAtyNpX56u4n6eyIjoVLD0NedIYG+mvXG4n9eJ4XuuZvxKEmBRXT6UTcVGGI8TgoHXDIKYqgJoZLrXTHtE0ko6DyLOgR79uR50jyu2lbVvj0t1S7zOApoHx2gMrLRGaqha1RHDUTRI3pGr+jNeDJejHfjY9q6YOQze+gPjK8f1VmfVA==</latexit>

r✓J(✓) = r✓

Z
p✓(⌧)R(⌧)d(⌧)

=

Z
r✓p✓(⌧)R(⌧)d(⌧)

<latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fdNhjRsFcbAFICimAplgz+ZAq68="></latexit><latexit sha1_base64="fdNhjRsFcbAFICimAplgz+ZAq68="></latexit><latexit sha1_base64="KbQyEfAiPlGqZ/cbEFHiVE7LYpM="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fdNhjRsFcbAFICimAplgz+ZAq68="></latexit><latexit sha1_base64="fdNhjRsFcbAFICimAplgz+ZAq68="></latexit><latexit sha1_base64="KbQyEfAiPlGqZ/cbEFHiVE7LYpM="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit>

=

Z
p✓(⌧)

p✓(⌧)
r✓p✓(⌧)R(⌧)d(⌧)

<latexit sha1_base64="aRIjfDlzPYVLStPJ4YB+yA7Qf4Q=">AAACSnicbVA9SwNBEN2LXzF+RS1tFoOgTbgTQRshaGMZxUQhF8LcZi9Zsrd37M4J4cjvs7Gy80fYWChi4yY5RBMHlnm894bZeUEihUHXfXEKC4tLyyvF1dLa+sbmVnl7p2niVDPeYLGM9X0AhkuheAMFSn6faA5RIPldMLgc63cPXBsRq1scJrwdQU+JUDBAS3XKcE59oZD6oQaWJZ3Mxz5HGB36COnRaJ6hvoJAwg9NZx30Ju/dae+UK27VnRSdB14OKiSveqf87HdjlkZcIZNgTMtzE2xnoFEwyUclPzU8ATaAHm9ZqCDipp1NohjRA8t0aRhr++xZE/b3RAaRMcMosM4IsG9mtTH5n9ZKMTxrZ0IlKXLFpovCVFKM6ThX2hWaM5RDC4BpYf9KWR9sqGjTL9kQvNmT50HzuOq5Ve/6pFK7yOMokj2yTw6JR05JjVyROmkQRh7JK3knH86T8+Z8Ol9Ta8HJZ3bJnyosfgP2UrNZ</latexit><latexit sha1_base64="aRIjfDlzPYVLStPJ4YB+yA7Qf4Q=">AAACSnicbVA9SwNBEN2LXzF+RS1tFoOgTbgTQRshaGMZxUQhF8LcZi9Zsrd37M4J4cjvs7Gy80fYWChi4yY5RBMHlnm894bZeUEihUHXfXEKC4tLyyvF1dLa+sbmVnl7p2niVDPeYLGM9X0AhkuheAMFSn6faA5RIPldMLgc63cPXBsRq1scJrwdQU+JUDBAS3XKcE59oZD6oQaWJZ3Mxz5HGB36COnRaJ6hvoJAwg9NZx30Ju/dae+UK27VnRSdB14OKiSveqf87HdjlkZcIZNgTMtzE2xnoFEwyUclPzU8ATaAHm9ZqCDipp1NohjRA8t0aRhr++xZE/b3RAaRMcMosM4IsG9mtTH5n9ZKMTxrZ0IlKXLFpovCVFKM6ThX2hWaM5RDC4BpYf9KWR9sqGjTL9kQvNmT50HzuOq5Ve/6pFK7yOMokj2yTw6JR05JjVyROmkQRh7JK3knH86T8+Z8Ol9Ta8HJZ3bJnyosfgP2UrNZ</latexit><latexit sha1_base64="aRIjfDlzPYVLStPJ4YB+yA7Qf4Q=">AAACSnicbVA9SwNBEN2LXzF+RS1tFoOgTbgTQRshaGMZxUQhF8LcZi9Zsrd37M4J4cjvs7Gy80fYWChi4yY5RBMHlnm894bZeUEihUHXfXEKC4tLyyvF1dLa+sbmVnl7p2niVDPeYLGM9X0AhkuheAMFSn6faA5RIPldMLgc63cPXBsRq1scJrwdQU+JUDBAS3XKcE59oZD6oQaWJZ3Mxz5HGB36COnRaJ6hvoJAwg9NZx30Ju/dae+UK27VnRSdB14OKiSveqf87HdjlkZcIZNgTMtzE2xnoFEwyUclPzU8ATaAHm9ZqCDipp1NohjRA8t0aRhr++xZE/b3RAaRMcMosM4IsG9mtTH5n9ZKMTxrZ0IlKXLFpovCVFKM6ThX2hWaM5RDC4BpYf9KWR9sqGjTL9kQvNmT50HzuOq5Ve/6pFK7yOMokj2yTw6JR05JjVyROmkQRh7JK3knH86T8+Z8Ol9Ta8HJZ3bJnyosfgP2UrNZ</latexit><latexit sha1_base64="aRIjfDlzPYVLStPJ4YB+yA7Qf4Q=">AAACSnicbVA9SwNBEN2LXzF+RS1tFoOgTbgTQRshaGMZxUQhF8LcZi9Zsrd37M4J4cjvs7Gy80fYWChi4yY5RBMHlnm894bZeUEihUHXfXEKC4tLyyvF1dLa+sbmVnl7p2niVDPeYLGM9X0AhkuheAMFSn6faA5RIPldMLgc63cPXBsRq1scJrwdQU+JUDBAS3XKcE59oZD6oQaWJZ3Mxz5HGB36COnRaJ6hvoJAwg9NZx30Ju/dae+UK27VnRSdB14OKiSveqf87HdjlkZcIZNgTMtzE2xnoFEwyUclPzU8ATaAHm9ZqCDipp1NohjRA8t0aRhr++xZE/b3RAaRMcMosM4IsG9mtTH5n9ZKMTxrZ0IlKXLFpovCVFKM6ThX2hWaM5RDC4BpYf9KWR9sqGjTL9kQvNmT50HzuOq5Ve/6pFK7yOMokj2yTw6JR05JjVyROmkQRh7JK3knH86T8+Z8Ol9Ta8HJZ3bJnyosfgP2UrNZ</latexit>

=

Z
p✓(⌧)r✓ log p✓(⌧)R(⌧)d(⌧)

<latexit sha1_base64="oaYTODa/3cX4sYzKeKFqrgj0A2o=">AAACNnicbVBNSwMxEM3Wr1q/qh69BIugl7Irgl6EohcvQhWrhW4ps2nahmazSzIrlKW/you/w1svHhTx6k8wbRfR1gdhHu/NMJkXxFIYdN2Rk1tYXFpeya8W1tY3NreK2zv3Jko04zUWyUjXAzBcCsVrKFDyeqw5hIHkD0H/cuw/PHJtRKTucBDzZghdJTqCAVqpVbw+p75QSONW6mOPIwwPfYTkiPoKAgk/KvVl1J3vus1qe1pbxZJbdieg88TLSIlkqLaKL347YknIFTIJxjQ8N8ZmChoFk3xY8BPDY2B96PKGpQpCbprp5OwhPbBKm3YibZ89YaL+nkghNGYQBrYzBOyZWW8s/uc1EuycNVOh4gS5YtNFnURSjOg4Q9oWmjOUA0uAaWH/SlkPNDC0SRdsCN7syfPk/rjsuWXv5qRUucjiyJM9sk8OiUdOSYVckSqpEUaeyIi8kXfn2Xl1PpzPaWvOyWZ2yR84X9+kO6s2</latexit><latexit sha1_base64="oaYTODa/3cX4sYzKeKFqrgj0A2o=">AAACNnicbVBNSwMxEM3Wr1q/qh69BIugl7Irgl6EohcvQhWrhW4ps2nahmazSzIrlKW/you/w1svHhTx6k8wbRfR1gdhHu/NMJkXxFIYdN2Rk1tYXFpeya8W1tY3NreK2zv3Jko04zUWyUjXAzBcCsVrKFDyeqw5hIHkD0H/cuw/PHJtRKTucBDzZghdJTqCAVqpVbw+p75QSONW6mOPIwwPfYTkiPoKAgk/KvVl1J3vus1qe1pbxZJbdieg88TLSIlkqLaKL347YknIFTIJxjQ8N8ZmChoFk3xY8BPDY2B96PKGpQpCbprp5OwhPbBKm3YibZ89YaL+nkghNGYQBrYzBOyZWW8s/uc1EuycNVOh4gS5YtNFnURSjOg4Q9oWmjOUA0uAaWH/SlkPNDC0SRdsCN7syfPk/rjsuWXv5qRUucjiyJM9sk8OiUdOSYVckSqpEUaeyIi8kXfn2Xl1PpzPaWvOyWZ2yR84X9+kO6s2</latexit><latexit sha1_base64="oaYTODa/3cX4sYzKeKFqrgj0A2o=">AAACNnicbVBNSwMxEM3Wr1q/qh69BIugl7Irgl6EohcvQhWrhW4ps2nahmazSzIrlKW/you/w1svHhTx6k8wbRfR1gdhHu/NMJkXxFIYdN2Rk1tYXFpeya8W1tY3NreK2zv3Jko04zUWyUjXAzBcCsVrKFDyeqw5hIHkD0H/cuw/PHJtRKTucBDzZghdJTqCAVqpVbw+p75QSONW6mOPIwwPfYTkiPoKAgk/KvVl1J3vus1qe1pbxZJbdieg88TLSIlkqLaKL347YknIFTIJxjQ8N8ZmChoFk3xY8BPDY2B96PKGpQpCbprp5OwhPbBKm3YibZ89YaL+nkghNGYQBrYzBOyZWW8s/uc1EuycNVOh4gS5YtNFnURSjOg4Q9oWmjOUA0uAaWH/SlkPNDC0SRdsCN7syfPk/rjsuWXv5qRUucjiyJM9sk8OiUdOSYVckSqpEUaeyIi8kXfn2Xl1PpzPaWvOyWZ2yR84X9+kO6s2</latexit><latexit sha1_base64="oaYTODa/3cX4sYzKeKFqrgj0A2o=">AAACNnicbVBNSwMxEM3Wr1q/qh69BIugl7Irgl6EohcvQhWrhW4ps2nahmazSzIrlKW/you/w1svHhTx6k8wbRfR1gdhHu/NMJkXxFIYdN2Rk1tYXFpeya8W1tY3NreK2zv3Jko04zUWyUjXAzBcCsVrKFDyeqw5hIHkD0H/cuw/PHJtRKTucBDzZghdJTqCAVqpVbw+p75QSONW6mOPIwwPfYTkiPoKAgk/KvVl1J3vus1qe1pbxZJbdieg88TLSIlkqLaKL347YknIFTIJxjQ8N8ZmChoFk3xY8BPDY2B96PKGpQpCbprp5OwhPbBKm3YibZ89YaL+nkghNGYQBrYzBOyZWW8s/uc1EuycNVOh4gS5YtNFnURSjOg4Q9oWmjOUA0uAaWH/SlkPNDC0SRdsCN7syfPk/rjsuWXv5qRUucjiyJM9sk8OiUdOSYVckSqpEUaeyIi8kXfn2Xl1PpzPaWvOyWZ2yR84X9+kO6s2</latexit>

= Ep✓(⌧) [r✓ log p✓(⌧)R(⌧)]
<latexit sha1_base64="HzuI8G6Zlq9euP44/tN35N/homQ="></latexit><latexit sha1_base64="HzuI8G6Zlq9euP44/tN35N/homQ="></latexit><latexit sha1_base64="HzuI8G6Zlq9euP44/tN35N/homQ="></latexit><latexit sha1_base64="HzuI8G6Zlq9euP44/tN35N/homQ="></latexit>

r✓J(✓) = r✓

Z
p✓(⌧)R(⌧)d(⌧)

=

Z
r✓p✓(⌧)R(⌧)d(⌧)

<latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fdNhjRsFcbAFICimAplgz+ZAq68="></latexit><latexit sha1_base64="fdNhjRsFcbAFICimAplgz+ZAq68="></latexit><latexit sha1_base64="KbQyEfAiPlGqZ/cbEFHiVE7LYpM="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fdNhjRsFcbAFICimAplgz+ZAq68="></latexit><latexit sha1_base64="fdNhjRsFcbAFICimAplgz+ZAq68="></latexit><latexit sha1_base64="KbQyEfAiPlGqZ/cbEFHiVE7LYpM="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit><latexit sha1_base64="usc/IeQMlT6vdK75r2DJcs16YpE="></latexit>

REINFORCE trick



Taking the gradient of return
15

p✓(⌧) = p(s0)⇧
T�1
t=0 p(st+1|st, at)⇡(at|st)

<latexit sha1_base64="9wJw4pGqNWX1mTOpKrc32AyHl8U="></latexit><latexit sha1_base64="9wJw4pGqNWX1mTOpKrc32AyHl8U="></latexit><latexit sha1_base64="9wJw4pGqNWX1mTOpKrc32AyHl8U="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="bowqiUtHTngvOZFQeIiF3znh4tY="></latexit><latexit sha1_base64="bowqiUtHTngvOZFQeIiF3znh4tY="></latexit><latexit sha1_base64="LPZ4lplViOspHoFXD0QZdyVQn0k="></latexit><latexit sha1_base64="9wJw4pGqNWX1mTOpKrc32AyHl8U="></latexit><latexit sha1_base64="9wJw4pGqNWX1mTOpKrc32AyHl8U="></latexit><latexit sha1_base64="9wJw4pGqNWX1mTOpKrc32AyHl8U="></latexit><latexit sha1_base64="9wJw4pGqNWX1mTOpKrc32AyHl8U="></latexit><latexit sha1_base64="9wJw4pGqNWX1mTOpKrc32AyHl8U="></latexit><latexit sha1_base64="9wJw4pGqNWX1mTOpKrc32AyHl8U="></latexit>

log p✓(⌧) = log p(s0) +
T�1X

t=0

log p(st+1|st, at) + log ⇡(at|st)
<latexit sha1_base64="b0JCduaMGt4Ijd8p+kjRfFCsYYg="></latexit><latexit sha1_base64="b0JCduaMGt4Ijd8p+kjRfFCsYYg="></latexit><latexit sha1_base64="b0JCduaMGt4Ijd8p+kjRfFCsYYg="></latexit><latexit sha1_base64="b0JCduaMGt4Ijd8p+kjRfFCsYYg="></latexit>

r✓ log p✓(⌧) = r✓ log p(s0) +
T�1X

t=0

r✓ log p(st+1|st, at) +r✓ log ⇡(at|st)
<latexit sha1_base64="UaxZslKJl0EtHotJ0Ir9Z+lm6F8="></latexit><latexit sha1_base64="UaxZslKJl0EtHotJ0Ir9Z+lm6F8="></latexit><latexit sha1_base64="UaxZslKJl0EtHotJ0Ir9Z+lm6F8="></latexit><latexit sha1_base64="UaxZslKJl0EtHotJ0Ir9Z+lm6F8="></latexit>

r✓ log p✓(⌧) =
T�1X

t=0

r✓ log ⇡(at|st)
<latexit sha1_base64="GhBHJCeBewIT8QGvxYVLtdWw0nI="></latexit><latexit sha1_base64="GhBHJCeBewIT8QGvxYVLtdWw0nI="></latexit><latexit sha1_base64="GhBHJCeBewIT8QGvxYVLtdWw0nI="></latexit><latexit sha1_base64="GhBHJCeBewIT8QGvxYVLtdWw0nI="></latexit>

Model Free!!

Dynamics PolicyInitial State



Taking the gradient of return
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r✓J(✓) = E⌧⇠p✓(⌧)

"
r✓ log p✓(⌧)

TX

t=0

r(st, at)

#

<latexit sha1_base64="vyjNZvGGYmtBiCrD+SNZqxDWmB4="></latexit><latexit sha1_base64="vyjNZvGGYmtBiCrD+SNZqxDWmB4="></latexit><latexit sha1_base64="vyjNZvGGYmtBiCrD+SNZqxDWmB4="></latexit><latexit sha1_base64="vyjNZvGGYmtBiCrD+SNZqxDWmB4="></latexit>

r✓J(✓) = E s0⇠p(s0)
st+1⇠p(st+1|st,at)

at⇠⇡(at|st)

"
TX

t=0

r✓ log ⇡✓(at|st)
TX

t0=0

r(st, at)

#

<latexit sha1_base64="5RrVWP0QuhC5PWGoLmnx0HOKV+I="></latexit><latexit sha1_base64="5RrVWP0QuhC5PWGoLmnx0HOKV+I="></latexit><latexit sha1_base64="5RrVWP0QuhC5PWGoLmnx0HOKV+I="></latexit><latexit sha1_base64="5RrVWP0QuhC5PWGoLmnx0HOKV+I="></latexit>

⇡ 1

N

NX

i=0

TX

t=0

r✓ log ⇡✓(a
i
t|sit)

TX

t0=0

r(sit0 , a
i
t0)

<latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="XPy93Lla4KCO4tGQBCoCnSkrHcY="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit>

(approximating using samples)



What does this mean?
17

r✓J(✓) =

Z
p✓(⌧)r✓ log p✓(⌧)d⌧

<latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="oGz+vFjJl3NXcWrTbh/Ne4zJSUQ=">AAACRnicbVC7SgNBFL0b3/EVtbQZDII2YddGG0G0ESsFo0J2CXcnk2RwdnaZuSuEJV9nY23nJ9hYKGLr5IFo4oVhDufB3DlxpqQl33/xSjOzc/MLi0vl5ZXVtfXKxuaNTXPDRZ2nKjV3MVqhpBZ1kqTEXWYEJrESt/H92UC/fRDGylRfUy8TUYIdLduSIzmqWYlCjbHCZhFSVxD22cXeCO2zYxZKTSz70ZyC+T6bTIQq7Uy7WoOrWan6NX84bBoEY1CF8Vw2K89hK+V5IjRxhdY2Aj+jqEBDkivRL4e5FRnye+yIhoMaE2GjYlhDn+06psXaqXHHLT5kfycKTKztJbFzJkhdO6kNyP+0Rk7to6iQOstJaD56qJ0rRikbdMpa0ghOqucAciPdrox30SAn13zZlRBMfnka3BzUAr8WXPnVk9NxHYuwDTuwBwEcwgmcwyXUgcMjvMI7fHhP3pv36X2NrCVvnNmCP1OCbx5zsYk=</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit>

Increase the likelihood of actions in high return trajectories
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r(sit0 , a
i
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<latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="XPy93Lla4KCO4tGQBCoCnSkrHcY="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit>



Resulting Algorithm (REINFORCE)
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r✓J(✓) =

Z
p✓(⌧)r✓ log p✓(⌧)d⌧

<latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="oGz+vFjJl3NXcWrTbh/Ne4zJSUQ=">AAACRnicbVC7SgNBFL0b3/EVtbQZDII2YddGG0G0ESsFo0J2CXcnk2RwdnaZuSuEJV9nY23nJ9hYKGLr5IFo4oVhDufB3DlxpqQl33/xSjOzc/MLi0vl5ZXVtfXKxuaNTXPDRZ2nKjV3MVqhpBZ1kqTEXWYEJrESt/H92UC/fRDGylRfUy8TUYIdLduSIzmqWYlCjbHCZhFSVxD22cXeCO2zYxZKTSz70ZyC+T6bTIQq7Uy7WoOrWan6NX84bBoEY1CF8Vw2K89hK+V5IjRxhdY2Aj+jqEBDkivRL4e5FRnye+yIhoMaE2GjYlhDn+06psXaqXHHLT5kfycKTKztJbFzJkhdO6kNyP+0Rk7to6iQOstJaD56qJ0rRikbdMpa0ghOqucAciPdrox30SAn13zZlRBMfnka3BzUAr8WXPnVk9NxHYuwDTuwBwEcwgmcwyXUgcMjvMI7fHhP3pv36X2NrCVvnNmCP1OCbx5zsYk=</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit>

Collect Data Take Gradient 
Step

On-policy



How is this related to supervised learning?
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PG = select good data + increase likelihood of selected data

r✓J(✓) =

Z
p✓(⌧)r✓ log p✓(⌧)d⌧

<latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="oGz+vFjJl3NXcWrTbh/Ne4zJSUQ=">AAACRnicbVC7SgNBFL0b3/EVtbQZDII2YddGG0G0ESsFo0J2CXcnk2RwdnaZuSuEJV9nY23nJ9hYKGLr5IFo4oVhDufB3DlxpqQl33/xSjOzc/MLi0vl5ZXVtfXKxuaNTXPDRZ2nKjV3MVqhpBZ1kqTEXWYEJrESt/H92UC/fRDGylRfUy8TUYIdLduSIzmqWYlCjbHCZhFSVxD22cXeCO2zYxZKTSz70ZyC+T6bTIQq7Uy7WoOrWan6NX84bBoEY1CF8Vw2K89hK+V5IjRxhdY2Aj+jqEBDkivRL4e5FRnye+yIhoMaE2GjYlhDn+06psXaqXHHLT5kfycKTKztJbFzJkhdO6kNyP+0Rk7to6iQOstJaD56qJ0rRikbdMpa0ghOqucAciPdrox30SAn13zZlRBMfnka3BzUAr8WXPnVk9NxHYuwDTuwBwEcwgmcwyXUgcMjvMI7fHhP3pv36X2NrCVvnNmCP1OCbx5zsYk=</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit>
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E(x,y)⇠D [log p✓(y|x)]
<latexit sha1_base64="eyxMgmB/c4OW9kDrcdgaGdT+wLU="></latexit><latexit sha1_base64="eyxMgmB/c4OW9kDrcdgaGdT+wLU="></latexit><latexit sha1_base64="eyxMgmB/c4OW9kDrcdgaGdT+wLU="></latexit><latexit sha1_base64="eyxMgmB/c4OW9kDrcdgaGdT+wLU="></latexit>
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r✓ log p✓(y
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<latexit sha1_base64="17PuyQUvUth95dyAuFiATtwoj58="></latexit><latexit sha1_base64="17PuyQUvUth95dyAuFiATtwoj58="></latexit><latexit sha1_base64="17PuyQUvUth95dyAuFiATtwoj58="></latexit><latexit sha1_base64="17PuyQUvUth95dyAuFiATtwoj58="></latexit>
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N
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i=0
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r✓ log ⇡✓(a
i
t|sit)

TX

t0=0

r(sit0 , a
i
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<latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="XPy93Lla4KCO4tGQBCoCnSkrHcY="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit>
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r✓J(✓) =

Z
p✓(⌧)r✓ log p✓(⌧)d⌧

<latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="oGz+vFjJl3NXcWrTbh/Ne4zJSUQ=">AAACRnicbVC7SgNBFL0b3/EVtbQZDII2YddGG0G0ESsFo0J2CXcnk2RwdnaZuSuEJV9nY23nJ9hYKGLr5IFo4oVhDufB3DlxpqQl33/xSjOzc/MLi0vl5ZXVtfXKxuaNTXPDRZ2nKjV3MVqhpBZ1kqTEXWYEJrESt/H92UC/fRDGylRfUy8TUYIdLduSIzmqWYlCjbHCZhFSVxD22cXeCO2zYxZKTSz70ZyC+T6bTIQq7Uy7WoOrWan6NX84bBoEY1CF8Vw2K89hK+V5IjRxhdY2Aj+jqEBDkivRL4e5FRnye+yIhoMaE2GjYlhDn+06psXaqXHHLT5kfycKTKztJbFzJkhdO6kNyP+0Rk7to6iQOstJaD56qJ0rRikbdMpa0ghOqucAciPdrox30SAn13zZlRBMfnka3BzUAr8WXPnVk9NxHYuwDTuwBwEcwgmcwyXUgcMjvMI7fHhP3pv36X2NrCVvnNmCP1OCbx5zsYk=</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit>
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Variance Reduction with Causality
Idea: Trajectory returns depend on past and future, but we only care about the 
future, since actions cannot affect the past. Instead, consider “return-to-go”
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Can we reduce variance further?

Arbitrarily uncentered, scaled returns can lead to huge variance:
à Imagine all rewards were positive, every action would be pushed up, some more than others
à What if instead, we pushed down some actions and pushed up some others (even if rewards are positive)

Credit: Sergey Levine

high variance



Variance Reduction with a Baseline
Idea: We can reduce variance by subtracting a current state dependent function 
from the policy gradient return 

Baseline: Centers the returns, reduces variance

But does this increase bias??
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Variance Reduction with a Baseline

Let us show this is 0!
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Variance Reduction with a Baseline
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<latexit sha1_base64="fndzScJ2RJQtgx2sMTWd0crkuqU=">AAACMXicbZDNSgMxFIUz/tb6V3XpJliEuikzIuiy6MZlBauFThnuZNI2mMkMyR2hjH0lN76JuHGhiFtfwnRaRFsvhHycey65OWEqhUHXfXUWFpeWV1ZLa+X1jc2t7crO7o1JMs14iyUy0e0QDJdC8RYKlLydag5xKPlteHcx7t/ec21Eoq5xmPJuDH0leoIBWimoXPpCIU1rJsAjGk4uX0EoIch9HHCEES0sfip+lBoE+FBYI0s0skiDStWtu0XRefCmUCXTagaVZz9KWBZzhUyCMR3PTbGbg0bBJB+V/czwFNgd9HnHooKYm25e/HhED60S0V6i7bHLFerviRxiY4ZxaJ0x4MDM9sbif71Ohr2zbi5UmiFXbPJQL5MUEzqOj0ZCc4ZyaAGYFnZXygaggaENuWxD8Ga/PA83x3XPrXtXJ9XG+TSOEtknB6RGPHJKGuSSNEmLMPJIXsgbeXeenFfnw/mcWBec6cwe+VPO1zfsaalz</latexit><latexit sha1_base64="fndzScJ2RJQtgx2sMTWd0crkuqU=">AAACMXicbZDNSgMxFIUz/tb6V3XpJliEuikzIuiy6MZlBauFThnuZNI2mMkMyR2hjH0lN76JuHGhiFtfwnRaRFsvhHycey65OWEqhUHXfXUWFpeWV1ZLa+X1jc2t7crO7o1JMs14iyUy0e0QDJdC8RYKlLydag5xKPlteHcx7t/ec21Eoq5xmPJuDH0leoIBWimoXPpCIU1rJsAjGk4uX0EoIch9HHCEES0sfip+lBoE+FBYI0s0skiDStWtu0XRefCmUCXTagaVZz9KWBZzhUyCMR3PTbGbg0bBJB+V/czwFNgd9HnHooKYm25e/HhED60S0V6i7bHLFerviRxiY4ZxaJ0x4MDM9sbif71Ohr2zbi5UmiFXbPJQL5MUEzqOj0ZCc4ZyaAGYFnZXygaggaENuWxD8Ga/PA83x3XPrXtXJ9XG+TSOEtknB6RGPHJKGuSSNEmLMPJIXsgbeXeenFfnw/mcWBec6cwe+VPO1zfsaalz</latexit><latexit sha1_base64="fndzScJ2RJQtgx2sMTWd0crkuqU=">AAACMXicbZDNSgMxFIUz/tb6V3XpJliEuikzIuiy6MZlBauFThnuZNI2mMkMyR2hjH0lN76JuHGhiFtfwnRaRFsvhHycey65OWEqhUHXfXUWFpeWV1ZLa+X1jc2t7crO7o1JMs14iyUy0e0QDJdC8RYKlLydag5xKPlteHcx7t/ec21Eoq5xmPJuDH0leoIBWimoXPpCIU1rJsAjGk4uX0EoIch9HHCEES0sfip+lBoE+FBYI0s0skiDStWtu0XRefCmUCXTagaVZz9KWBZzhUyCMR3PTbGbg0bBJB+V/czwFNgd9HnHooKYm25e/HhED60S0V6i7bHLFerviRxiY4ZxaJ0x4MDM9sbif71Ohr2zbi5UmiFXbPJQL5MUEzqOj0ZCc4ZyaAGYFnZXygaggaENuWxD8Ga/PA83x3XPrXtXJ9XG+TSOEtknB6RGPHJKGuSSNEmLMPJIXsgbeXeenFfnw/mcWBec6cwe+VPO1zfsaalz</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="teZTkw6SeyHl6HNO/F+TjfsSuTw=">AAACJnicbZBNSwMxEIZn/bZ+Va9egkWol7LrRY+CF48KVgvdssxmUxvMZpdkVihr/5IX/4l48aCIv8R0W0RbB0Ie3ndCZt44V9KS7795C4tLyyura+u1jc2t7Z367uaNzQrDRZtnKjOdGK1QUos2SVKikxuBaazEbXx/PvZvH4SxMtPXNMxFL8U7LfuSIzkpql+EUhPLmzaiIxZPrlBjrDAqQxoIwhGrWsJc/ihNjOixak0cscQhi+oNv+VXxeYhmEIDpnUZ1V/CJONFKjRxhdZ2Az+nXomGJFdiVAsLK3Lk93gnug41psL2ymrjETt0SsL6mXHHDVepv1+UmFo7TGPXmSIN7Kw3Fv/zugX1T3ul1HlBQvPJR/1CMcrYOD6WSCM4qaED5Ea6WRkfoEFOLuSaCyGYXXkebo5bgd8KrnxYg304gCYEcAJncAGX0AYOT/AK7/DhPXtv3uckrgVvmtse/Cnv6xurtafX</latexit><latexit sha1_base64="teZTkw6SeyHl6HNO/F+TjfsSuTw=">AAACJnicbZBNSwMxEIZn/bZ+Va9egkWol7LrRY+CF48KVgvdssxmUxvMZpdkVihr/5IX/4l48aCIv8R0W0RbB0Ie3ndCZt44V9KS7795C4tLyyura+u1jc2t7Z367uaNzQrDRZtnKjOdGK1QUos2SVKikxuBaazEbXx/PvZvH4SxMtPXNMxFL8U7LfuSIzkpql+EUhPLmzaiIxZPrlBjrDAqQxoIwhGrWsJc/ihNjOixak0cscQhi+oNv+VXxeYhmEIDpnUZ1V/CJONFKjRxhdZ2Az+nXomGJFdiVAsLK3Lk93gnug41psL2ymrjETt0SsL6mXHHDVepv1+UmFo7TGPXmSIN7Kw3Fv/zugX1T3ul1HlBQvPJR/1CMcrYOD6WSCM4qaED5Ea6WRkfoEFOLuSaCyGYXXkebo5bgd8KrnxYg304gCYEcAJncAGX0AYOT/AK7/DhPXtv3uckrgVvmtse/Cnv6xurtafX</latexit><latexit sha1_base64="dtNrL/vR4rFds8YvQR6WQWLnJNE=">AAACMXicbZDLSsQwFIZTr+N4G3XpJjgI42Zo3ehSdONSwbnAtJTTNHWCaVqSU2Go80pufBNx40IRt76Emc4g3g6EfPznP+Tkj3IpDLruszM3v7C4tFxbqa+urW9sNra2uyYrNOMdlslM9yMwXArFOyhQ8n6uOaSR5L3o5mzS791ybUSmrnCU8yCFayUSwQCtFDbOfaGQ5i0T4gGNppevIJIQlj4OOcKYVhY/F19KC0K8q6yxJRpbpGGj6bbdquhf8GbQJLO6CBuPfpyxIuUKmQRjBp6bY1CCRsEkH9f9wvAc2A1c84FFBSk3QVn9eEz3rRLTJNP22OUq9ftECakxozSyzhRwaH73JuJ/vUGByXFQCpUXyBWbPpQUkmJGJ/HRWGjOUI4sANPC7krZEDQwtCHXbQje7y//he5h23Pb3qXbPDmdxVEju2SPtIhHjsgJOScXpEMYuSdP5IW8Og/Os/PmvE+tc85sZof8KOfjE+spqW8=</latexit><latexit sha1_base64="fndzScJ2RJQtgx2sMTWd0crkuqU=">AAACMXicbZDNSgMxFIUz/tb6V3XpJliEuikzIuiy6MZlBauFThnuZNI2mMkMyR2hjH0lN76JuHGhiFtfwnRaRFsvhHycey65OWEqhUHXfXUWFpeWV1ZLa+X1jc2t7crO7o1JMs14iyUy0e0QDJdC8RYKlLydag5xKPlteHcx7t/ec21Eoq5xmPJuDH0leoIBWimoXPpCIU1rJsAjGk4uX0EoIch9HHCEES0sfip+lBoE+FBYI0s0skiDStWtu0XRefCmUCXTagaVZz9KWBZzhUyCMR3PTbGbg0bBJB+V/czwFNgd9HnHooKYm25e/HhED60S0V6i7bHLFerviRxiY4ZxaJ0x4MDM9sbif71Ohr2zbi5UmiFXbPJQL5MUEzqOj0ZCc4ZyaAGYFnZXygaggaENuWxD8Ga/PA83x3XPrXtXJ9XG+TSOEtknB6RGPHJKGuSSNEmLMPJIXsgbeXeenFfnw/mcWBec6cwe+VPO1zfsaalz</latexit><latexit sha1_base64="fndzScJ2RJQtgx2sMTWd0crkuqU=">AAACMXicbZDNSgMxFIUz/tb6V3XpJliEuikzIuiy6MZlBauFThnuZNI2mMkMyR2hjH0lN76JuHGhiFtfwnRaRFsvhHycey65OWEqhUHXfXUWFpeWV1ZLa+X1jc2t7crO7o1JMs14iyUy0e0QDJdC8RYKlLydag5xKPlteHcx7t/ec21Eoq5xmPJuDH0leoIBWimoXPpCIU1rJsAjGk4uX0EoIch9HHCEES0sfip+lBoE+FBYI0s0skiDStWtu0XRefCmUCXTagaVZz9KWBZzhUyCMR3PTbGbg0bBJB+V/czwFNgd9HnHooKYm25e/HhED60S0V6i7bHLFerviRxiY4ZxaJ0x4MDM9sbif71Ohr2zbi5UmiFXbPJQL5MUEzqOj0ZCc4ZyaAGYFnZXygaggaENuWxD8Ga/PA83x3XPrXtXJ9XG+TSOEtknB6RGPHJKGuSSNEmLMPJIXsgbeXeenFfnw/mcWBec6cwe+VPO1zfsaalz</latexit><latexit sha1_base64="fndzScJ2RJQtgx2sMTWd0crkuqU=">AAACMXicbZDNSgMxFIUz/tb6V3XpJliEuikzIuiy6MZlBauFThnuZNI2mMkMyR2hjH0lN76JuHGhiFtfwnRaRFsvhHycey65OWEqhUHXfXUWFpeWV1ZLa+X1jc2t7crO7o1JMs14iyUy0e0QDJdC8RYKlLydag5xKPlteHcx7t/ec21Eoq5xmPJuDH0leoIBWimoXPpCIU1rJsAjGk4uX0EoIch9HHCEES0sfip+lBoE+FBYI0s0skiDStWtu0XRefCmUCXTagaVZz9KWBZzhUyCMR3PTbGbg0bBJB+V/czwFNgd9HnHooKYm25e/HhED60S0V6i7bHLFerviRxiY4ZxaJ0x4MDM9sbif71Ohr2zbi5UmiFXbPJQL5MUEzqOj0ZCc4ZyaAGYFnZXygaggaENuWxD8Ga/PA83x3XPrXtXJ9XG+TSOEtknB6RGPHJKGuSSNEmLMPJIXsgbeXeenFfnw/mcWBec6cwe+VPO1zfsaalz</latexit><latexit sha1_base64="fndzScJ2RJQtgx2sMTWd0crkuqU=">AAACMXicbZDNSgMxFIUz/tb6V3XpJliEuikzIuiy6MZlBauFThnuZNI2mMkMyR2hjH0lN76JuHGhiFtfwnRaRFsvhHycey65OWEqhUHXfXUWFpeWV1ZLa+X1jc2t7crO7o1JMs14iyUy0e0QDJdC8RYKlLydag5xKPlteHcx7t/ec21Eoq5xmPJuDH0leoIBWimoXPpCIU1rJsAjGk4uX0EoIch9HHCEES0sfip+lBoE+FBYI0s0skiDStWtu0XRefCmUCXTagaVZz9KWBZzhUyCMR3PTbGbg0bBJB+V/czwFNgd9HnHooKYm25e/HhED60S0V6i7bHLFerviRxiY4ZxaJ0x4MDM9sbif71Ohr2zbi5UmiFXbPJQL5MUEzqOj0ZCc4ZyaAGYFnZXygaggaENuWxD8Ga/PA83x3XPrXtXJ9XG+TSOEtknB6RGPHJKGuSSNEmLMPJIXsgbeXeenFfnw/mcWBec6cwe+VPO1zfsaalz</latexit><latexit sha1_base64="fndzScJ2RJQtgx2sMTWd0crkuqU=">AAACMXicbZDNSgMxFIUz/tb6V3XpJliEuikzIuiy6MZlBauFThnuZNI2mMkMyR2hjH0lN76JuHGhiFtfwnRaRFsvhHycey65OWEqhUHXfXUWFpeWV1ZLa+X1jc2t7crO7o1JMs14iyUy0e0QDJdC8RYKlLydag5xKPlteHcx7t/ec21Eoq5xmPJuDH0leoIBWimoXPpCIU1rJsAjGk4uX0EoIch9HHCEES0sfip+lBoE+FBYI0s0skiDStWtu0XRefCmUCXTagaVZz9KWBZzhUyCMR3PTbGbg0bBJB+V/czwFNgd9HnHooKYm25e/HhED60S0V6i7bHLFerviRxiY4ZxaJ0x4MDM9sbif71Ohr2zbi5UmiFXbPJQL5MUEzqOj0ZCc4ZyaAGYFnZXygaggaENuWxD8Ga/PA83x3XPrXtXJ9XG+TSOEtknB6RGPHJKGuSSNEmLMPJIXsgbeXeenFfnw/mcWBec6cwe+VPO1zfsaalz</latexit><latexit sha1_base64="fndzScJ2RJQtgx2sMTWd0crkuqU=">AAACMXicbZDNSgMxFIUz/tb6V3XpJliEuikzIuiy6MZlBauFThnuZNI2mMkMyR2hjH0lN76JuHGhiFtfwnRaRFsvhHycey65OWEqhUHXfXUWFpeWV1ZLa+X1jc2t7crO7o1JMs14iyUy0e0QDJdC8RYKlLydag5xKPlteHcx7t/ec21Eoq5xmPJuDH0leoIBWimoXPpCIU1rJsAjGk4uX0EoIch9HHCEES0sfip+lBoE+FBYI0s0skiDStWtu0XRefCmUCXTagaVZz9KWBZzhUyCMR3PTbGbg0bBJB+V/czwFNgd9HnHooKYm25e/HhED60S0V6i7bHLFerviRxiY4ZxaJ0x4MDM9sbif71Ohr2zbi5UmiFXbPJQL5MUEzqOj0ZCc4ZyaAGYFnZXygaggaENuWxD8Ga/PA83x3XPrXtXJ9XG+TSOEtknB6RGPHJKGuSSNEmLMPJIXsgbeXeenFfnw/mcWBec6cwe+VPO1zfsaalz</latexit>

Z
p(st)b(st)r✓(1)dst

<latexit sha1_base64="fhgdP8UHL9lx1+3SspjFvZ2FBx4=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoOQIIQ7EbQM2lhGMImQC8fcZpMs2ds7dueEcORH2PhXbCwUsbWw89+4+Sg08cGyj/dmmJkXJlIYdN1vJ7eyura+kd8sbG3v7O4V9w+aJk414w0Wy1jfh2C4FIo3UKDk94nmEIWSt8Lh9cRvPXBtRKzucJTwTgR9JXqCAVopKJ76QiFNyibACg1nn68glBBkPg44wrjsVWjXGjQoltyqOwVdJt6clMgc9aD45XdjlkZcIZNgTNtzE+xkoFEwyccFPzU8ATaEPm9bqiDippNNjxrTE6t0aS/W9tkVp+rvjgwiY0ZRaCsjwIFZ9Cbif147xd5lJxMqSZErNhvUSyXFmE4Sol2hOUM5sgSYFnZXygaggaHNsWBD8BZPXibNs6rnVr3b81Ltah5HnhyRY1ImHrkgNXJD6qRBGHkkz+SVvDlPzovz7nzMSnPOvOeQ/IHz+QMREZzv</latexit><latexit sha1_base64="fhgdP8UHL9lx1+3SspjFvZ2FBx4=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoOQIIQ7EbQM2lhGMImQC8fcZpMs2ds7dueEcORH2PhXbCwUsbWw89+4+Sg08cGyj/dmmJkXJlIYdN1vJ7eyura+kd8sbG3v7O4V9w+aJk414w0Wy1jfh2C4FIo3UKDk94nmEIWSt8Lh9cRvPXBtRKzucJTwTgR9JXqCAVopKJ76QiFNyibACg1nn68glBBkPg44wrjsVWjXGjQoltyqOwVdJt6clMgc9aD45XdjlkZcIZNgTNtzE+xkoFEwyccFPzU8ATaEPm9bqiDippNNjxrTE6t0aS/W9tkVp+rvjgwiY0ZRaCsjwIFZ9Cbif147xd5lJxMqSZErNhvUSyXFmE4Sol2hOUM5sgSYFnZXygaggaHNsWBD8BZPXibNs6rnVr3b81Ltah5HnhyRY1ImHrkgNXJD6qRBGHkkz+SVvDlPzovz7nzMSnPOvOeQ/IHz+QMREZzv</latexit><latexit sha1_base64="fhgdP8UHL9lx1+3SspjFvZ2FBx4=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoOQIIQ7EbQM2lhGMImQC8fcZpMs2ds7dueEcORH2PhXbCwUsbWw89+4+Sg08cGyj/dmmJkXJlIYdN1vJ7eyura+kd8sbG3v7O4V9w+aJk414w0Wy1jfh2C4FIo3UKDk94nmEIWSt8Lh9cRvPXBtRKzucJTwTgR9JXqCAVopKJ76QiFNyibACg1nn68glBBkPg44wrjsVWjXGjQoltyqOwVdJt6clMgc9aD45XdjlkZcIZNgTNtzE+xkoFEwyccFPzU8ATaEPm9bqiDippNNjxrTE6t0aS/W9tkVp+rvjgwiY0ZRaCsjwIFZ9Cbif147xd5lJxMqSZErNhvUSyXFmE4Sol2hOUM5sgSYFnZXygaggaHNsWBD8BZPXibNs6rnVr3b81Ltah5HnhyRY1ImHrkgNXJD6qRBGHkkz+SVvDlPzovz7nzMSnPOvOeQ/IHz+QMREZzv</latexit><latexit sha1_base64="fhgdP8UHL9lx1+3SspjFvZ2FBx4=">AAACFHicbVA9SwNBEN2LXzF+RS1tFoOQIIQ7EbQM2lhGMImQC8fcZpMs2ds7dueEcORH2PhXbCwUsbWw89+4+Sg08cGyj/dmmJkXJlIYdN1vJ7eyura+kd8sbG3v7O4V9w+aJk414w0Wy1jfh2C4FIo3UKDk94nmEIWSt8Lh9cRvPXBtRKzucJTwTgR9JXqCAVopKJ76QiFNyibACg1nn68glBBkPg44wrjsVWjXGjQoltyqOwVdJt6clMgc9aD45XdjlkZcIZNgTNtzE+xkoFEwyccFPzU8ATaEPm9bqiDippNNjxrTE6t0aS/W9tkVp+rvjgwiY0ZRaCsjwIFZ9Cbif147xd5lJxMqSZErNhvUSyXFmE4Sol2hOUM5sgSYFnZXygaggaHNsWBD8BZPXibNs6rnVr3b81Ltah5HnhyRY1ImHrkgNXJD6qRBGHkkz+SVvDlPzovz7nzMSnPOvOeQ/IHz+QMREZzv</latexit>

Unbiased!
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Learning Baselines
Baselines are typically learned as deep neural nets from Rs à R1

Minimize with Monte-carlo regression at 
every iteration, club with policy loss

<latexit sha1_base64="BtYyZR3ZxcxH1jWbJjIevzhPmn0="></latexit>
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<latexit sha1_base64="ZXUILgfgQ7i5xNK0ZLt0SYq4KoU=">AAACHHicbVBNS0JBFJ1nX2ZfVss2QxIqlLxXUm0Eq01LA79A7TFvHHVw3gcz9wXy8Ie06a+0aVFEmxZB/6Z56qK0AxcO59zLvfc4geAKTPPbSCwtr6yuJddTG5tb2zvp3b268kNJWY36wpdNhygmuMdqwEGwZiAZcR3BGs7wJvYbD0wq7ntVGAWs45K+x3ucEtCSnT67yikbjjGxIY9LuK1C144gW4LxfRXL2MtOzGwe4xNcj4W8nc6YBXMCvEisGcmgGSp2+rPd9WnoMg+oIEq1LDOATkQkcCrYONUOFQsIHZI+a2nqEZepTjR5boyPtNLFPV/q8gBP1N8TEXGVGrmO7nQJDNS8F4v/ea0QepediHtBCMyj00W9UGDwcZwU7nLJKIiRJoRKrm/FdEAkoaDzTOkQrPmXF0n9tGCdF4p3xUz5ehZHEh2gQ5RDFrpAZXSLKqiGKHpEz+gVvRlPxovxbnxMWxPGbGYf/YHx9QOqNJ3+</latexit>
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Allows us to define advantages
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Take a deeper look at REINFORCE
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<latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="XPy93Lla4KCO4tGQBCoCnSkrHcY="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit>

r✓J(✓) =

Z
p✓(⌧)r✓ log p✓(⌧)d⌧

<latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="oGz+vFjJl3NXcWrTbh/Ne4zJSUQ=">AAACRnicbVC7SgNBFL0b3/EVtbQZDII2YddGG0G0ESsFo0J2CXcnk2RwdnaZuSuEJV9nY23nJ9hYKGLr5IFo4oVhDufB3DlxpqQl33/xSjOzc/MLi0vl5ZXVtfXKxuaNTXPDRZ2nKjV3MVqhpBZ1kqTEXWYEJrESt/H92UC/fRDGylRfUy8TUYIdLduSIzmqWYlCjbHCZhFSVxD22cXeCO2zYxZKTSz70ZyC+T6bTIQq7Uy7WoOrWan6NX84bBoEY1CF8Vw2K89hK+V5IjRxhdY2Aj+jqEBDkivRL4e5FRnye+yIhoMaE2GjYlhDn+06psXaqXHHLT5kfycKTKztJbFzJkhdO6kNyP+0Rk7to6iQOstJaD56qJ0rRikbdMpa0ghOqucAciPdrox30SAn13zZlRBMfnka3BzUAr8WXPnVk9NxHYuwDTuwBwEcwgmcwyXUgcMjvMI7fHhP3pv36X2NrCVvnNmCP1OCbx5zsYk=</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit>

Gradient descent is steepest descent on linear approximation under the Euclidean metric!
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<latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit><latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit><latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit><latexit sha1_base64="X8hBjFt2JPPVEIoy2642W0B+4t0="></latexit>

<latexit sha1_base64="+fDqhJjlYEUl0iDTgFpK4c0o6sc=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUS9C0Yt4qmA/YLuUbJptQ7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++2srK6tb2wWtorbO7t7+6WDw5ZRqaasSZVQuhMSwwSXrAkcBOskmpE4FKwdjm6nfvuJacOVfIRxwoKYDCSPOCVgJf8a31e6MGRAznqlslt1Z8DLxMtJGeVo9Epf3b6iacwkUEGM8T03gSAjGjgVbFLspoYlhI7IgPmWShIzE2Szkyf41Cp9HCltSwKeqb8nMhIbM45D2xkTGJpFbyr+5/kpRFdBxmWSApN0vihKBQaFp//jPteMghhbQqjm9lZMh0QTCjalog3BW3x5mbTOq95FtfZQK9dv8jgK6BidoAry0CWqozvUQE1EkULP6BW9OeC8OO/Ox7x1xclnjtAfOJ8/4PmQWw==</latexit>

= J(✓)
<latexit sha1_base64="3k4nI6q7r8TE8xPX7leUD5MvSE8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGlf9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AElRJAN</latexit>

✓i

<latexit sha1_base64="3Rmx9HJLQXhqYpKSzEqUPiZz3M0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRT0WvXisYD+gCWWz3bZLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkgNl0LxJgqUvJNoTqNQ8nY4vpv57SeujYjVI04SHkR0qMRAMIpW8n0ccaS9TFx401654lbdOcgq8XJSgRyNXvnL78csjbhCJqkxXc9NMMioRsEkn5b81PCEsjEd8q6likbcBNn85ik5s0qfDGJtSyGZq78nMhoZM4lC2xlRHJllbyb+53VTHNwEmVBJilyxxaJBKgnGZBYA6QvNGcqJJZRpYW8lbEQ1ZWhjKtkQvOWXV0nrsupdVWsPtUr9No+jCCdwCufgwTXU4R4a0AQGCTzDK7w5qfPivDsfi9aCk88cwx84nz/LeJGJ</latexit>

✓i+1



Take a deeper look at REINFORCE
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<latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="SDYjVcTpQXnDIMaGsK4YgBTScVQ="></latexit><latexit sha1_base64="XPy93Lla4KCO4tGQBCoCnSkrHcY="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit><latexit sha1_base64="cYAjdXOFvMdhRQzg29nN8ojFza0="></latexit>
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p✓(⌧)r✓ log p✓(⌧)d⌧

<latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="CxHuwvD1IJWel5f6cgkGaxxVsT8=">AAACO3icbZA9SwNBEIbn/IzxK9raLAZBm3Bno40g2IhVBKOB3BHmNptkcW/v2J0TwpFfZ2Nt50+wsVDE1s0HookDyz687ww7+8aZkpZ8/8VbWFxaXlktrZXXNza3tis7G7c2zQ0XDZ6q1DRjtEJJLRokSYlmZgQmsRJ38f3FyL97EMbKVN/QIBNRgj0tu5IjOaldiUKNscJ2EVJfEA7Z1eGEjtgZC6Umlv14zsH8iM1OhCrtzXd1Rle7UvVr/rjYPARTqMK06u3Kc9hJeZ4ITVyhta3Azygq0JDkSgzLYW5Fhvwee6LlUGMibFSMYxiyA6d0WDc17rjFx+rviQITawdJ7DoTpL6d9Ubif14rp+5pVEid5SQ0nzzUzRWjlI0yZR1pBCc1cIDcSLcr4300yMklX3YhBLNfnofb41rg14JrH0qwB/twCAGcwDlcQh0awOERXuEdPrwn7837nMS14E1z24U/5X19A3+hsNs=</latexit><latexit sha1_base64="oGz+vFjJl3NXcWrTbh/Ne4zJSUQ=">AAACRnicbVC7SgNBFL0b3/EVtbQZDII2YddGG0G0ESsFo0J2CXcnk2RwdnaZuSuEJV9nY23nJ9hYKGLr5IFo4oVhDufB3DlxpqQl33/xSjOzc/MLi0vl5ZXVtfXKxuaNTXPDRZ2nKjV3MVqhpBZ1kqTEXWYEJrESt/H92UC/fRDGylRfUy8TUYIdLduSIzmqWYlCjbHCZhFSVxD22cXeCO2zYxZKTSz70ZyC+T6bTIQq7Uy7WoOrWan6NX84bBoEY1CF8Vw2K89hK+V5IjRxhdY2Aj+jqEBDkivRL4e5FRnye+yIhoMaE2GjYlhDn+06psXaqXHHLT5kfycKTKztJbFzJkhdO6kNyP+0Rk7to6iQOstJaD56qJ0rRikbdMpa0ghOqucAciPdrox30SAn13zZlRBMfnka3BzUAr8WXPnVk9NxHYuwDTuwBwEcwgmcwyXUgcMjvMI7fHhP3pv36X2NrCVvnNmCP1OCbx5zsYk=</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit><latexit sha1_base64="3gB1Ja1ETH9flFH1q8rDzEhB+kE=">AAACRnicbVDLSiNBFL2d8RkfE8elm8Ig6CZ0i+BshOBsxJWCSYR0E25XKklhdXVTdVsITb7OjWt38wluZjEibq08EE28UNThPKhbJ86UtOT7f73Sj6XlldW19fLG5tb2z8rOr6ZNc8NFg6cqNbcxWqGkFg2SpMRtZgQmsRKt+O7PWG/dC2Nlqm9omIkowb6WPcmRHNWpRKHGWGGnCGkgCEfs8nCKjtgZC6Umln1oTsH8iM0nQpX2F13d8dWpVP2aPxm2CIIZqMJsrjqVp7Cb8jwRmrhCa9uBn1FUoCHJlRiVw9yKDPkd9kXbQY2JsFExqWHEDhzTZb3UuOMWn7CfEwUm1g6T2DkTpIGd18bkd1o7p97vqJA6y0loPn2olytGKRt3yrrSCE5q6AByI92ujA/QICfXfNmVEMx/eRE0j2uBXwuuT6r181kda7AH+3AIAZxCHS7gChrA4QGe4T+8eI/eP+/Ve5taS94sswtfpgTvH7OxjQ==</latexit>

<latexit sha1_base64="qtQRNIyTwnfhZ8gMU82/wViWuKo=">AAACNnicbZDNSgMxFIUz/lv/qi7dBItQEcqMiLoRRDciCBWsFjpluJOmbTCTGZI7Qhn6VG58DnfduFDErY9g2s5CWy8EPs65N8k9YSKFQdcdODOzc/MLi0vLhZXVtfWN4ubWvYlTzXiNxTLW9RAMl0LxGgqUvJ5oDlEo+UP4eDn0H564NiJWd9hLeDOCjhJtwQCtFBRvfOxyBHpGxxAIekB9kEkXqK8glBDkHdflMexTX9sbMcimRvtBseRW3FHRafByKJG8qkHx1W/FLI24QibBmIbnJtjMQKNgkvcLfmp4AuwROrxhUUHETTMbrd2ne1Zp0Xas7VFIR+rviQwiY3pRaDsjwK6Z9Ibif14jxfZpMxMqSZErNn6onUqKMR1mSFtCc4ayZwGYFvavlHVBA0ObdMGG4E2uPA33hxXvuHJ0e1Q6v8jjWCI7ZJeUiUdOyDm5IlVSI4w8kwF5Jx/Oi/PmfDpf49YZJ5/ZJn/K+f4BnbKrUw==</latexit>

✓ = ✓i + ↵r✓J(✓)|✓=✓i

Linear approximation

Quadratic Constraint

<latexit sha1_base64="3k4nI6q7r8TE8xPX7leUD5MvSE8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGlf9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AElRJAN</latexit>

✓i

<latexit sha1_base64="3Rmx9HJLQXhqYpKSzEqUPiZz3M0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRT0WvXisYD+gCWWz3bZLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkgNl0LxJgqUvJNoTqNQ8nY4vpv57SeujYjVI04SHkR0qMRAMIpW8n0ccaS9TFx401654lbdOcgq8XJSgRyNXvnL78csjbhCJqkxXc9NMMioRsEkn5b81PCEsjEd8q6likbcBNn85ik5s0qfDGJtSyGZq78nMhoZM4lC2xlRHJllbyb+53VTHNwEmVBJilyxxaJBKgnGZBYA6QvNGcqJJZRpYW8lbEQ1ZWhjKtkQvOWXV0nrsupdVWsPtUr9No+jCCdwCufgwTXU4R4a0AQGCTzDK7w5qfPivDsfi9aCk88cwx84nz/LeJGJ</latexit>

✓i+1

Gradient descent is steepest descent on linear approximation under the Euclidean metric!



When might this fail?
Large step sizes may cause collapse Sensitive to Policy Parameterization

Must use very small step sizes, slow! Can struggle for a deep neural network!

<latexit sha1_base64="3k4nI6q7r8TE8xPX7leUD5MvSE8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGlf9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5vfOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2fNkIDRnKCeWUKaFvZWwEdWUoY2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AElRJAN</latexit>

✓i

<latexit sha1_base64="3Rmx9HJLQXhqYpKSzEqUPiZz3M0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEoiRT0WvXisYD+gCWWz3bZLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkgNl0LxJgqUvJNoTqNQ8nY4vpv57SeujYjVI04SHkR0qMRAMIpW8n0ccaS9TFx401654lbdOcgq8XJSgRyNXvnL78csjbhCJqkxXc9NMMioRsEkn5b81PCEsjEd8q6likbcBNn85ik5s0qfDGJtSyGZq78nMhoZM4lC2xlRHJllbyb+53VTHNwEmVBJilyxxaJBKgnGZBYA6QvNGcqJJZRpYW8lbEQ1ZWhjKtkQvOWXV0nrsupdVWsPtUr9No+jCCdwCufgwTXU4R4a0AQGCTzDK7w5qfPivDsfi9aCk88cwx84nz/LeJGJ</latexit>

✓i+1

Very different!



Parameterization dependence of PG
Sensitive to Policy Parameterization

Not covariant!

<latexit sha1_base64="zbmPlgYHqALtpPU16xM/GUXYk9Q=">AAACCHicbZC7SgNBFIZn4y3G26qlhYNBiAhhNwS1EYI2FhYRzAWSZZmdzCZDZi/MnBXCktLGV7GxUMTWR7DzbZwkK2j0h4GP/5zDmfN7seAKLOvTyC0sLi2v5FcLa+sbm1vm9k5TRYmkrEEjEcm2RxQTPGQN4CBYO5aMBJ5gLW94Oam37phUPApvYRQzJyD9kPucEtCWa+5fl7owYECO8DmekWvj42+suGbRKltT4b9gZ1BEmequ+dHtRTQJWAhUEKU6thWDkxIJnAo2LnQTxWJCh6TPOhpDEjDlpNNDxvhQOz3sR1K/EPDU/TmRkkCpUeDpzoDAQM3XJuZ/tU4C/pmT8jBOgIV0tshPBIYIT1LBPS4ZBTHSQKjk+q+YDogkFHR2BR2CPX/yX2hWyvZJuXpTLdYusjjyaA8doBKy0SmqoStURw1E0T16RM/oxXgwnoxX423WmjOymV30S8b7F7qzl+Y=</latexit>

L(✓) = ✓1 + ✓2
<latexit sha1_base64="5B8EH9NGn/UxzYZ0MwnZ+0oBb/0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiSlqBuh6MZlBfuAJobJdNIMnTyYuRFKqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7j58KrsCyvo3S2vrG5lZ5u7Kzu7d/YB4edVWSSco6NBGJ7PtEMcFj1gEOgvVTyUjkC9bzxzczv/fIpOJJfA+TlLkRGcU84JSAljyz6qQh92x8hR0IGRDPfmh4Zs2qW3PgVWIXpIYKtD3zyxkmNItYDFQQpQa2lYKbEwmcCjatOJliKaFjMmIDTWMSMeXm8+On+FQrQxwkUlcMeK7+nshJpNQk8nVnRCBUy95M/M8bZBBcujmP0wxYTBeLgkxgSPAsCTzkklEQE00IlVzfimlIJKGg86roEOzll1dJt1G3z+vNu2atdV3EUUbH6ASdIRtdoBa6RW3UQRRN0DN6RW/Gk/FivBsfi9aSUcxU0R8Ynz/xqpOu</latexit>

�1 = ✓21
<latexit sha1_base64="zEaDy9PROdyNgBDMGDvfOAKty9I=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR3FiSUtSNUHTjsoJ9QBPDZDpphk4ezNwIJXbhr7hxoYhbf8Odf+P0sdDWAxcO59zLvff4qeAKLOvbKCwtr6yuFddLG5tb2zvm7l5LJZmkrEkTkciOTxQTPGZN4CBYJ5WMRL5gbX9wPfbbD0wqnsR3MEyZG5F+zANOCWjJMw+cNOReFV9iB0IGxKve56f2yDPLVsWaAC8Se0bKaIaGZ345vYRmEYuBCqJU17ZScHMigVPBRiUnUywldED6rKtpTCKm3Hxy/wgfa6WHg0TqigFP1N8TOYmUGka+7owIhGreG4v/ed0Mggs353GaAYvpdFGQCQwJHoeBe1wyCmKoCaGS61sxDYkkFHRkJR2CPf/yImlVK/ZZpXZbK9evZnEU0SE6QifIRueojm5QAzURRY/oGb2iN+PJeDHejY9pa8GYzeyjPzA+fwAzGZTy</latexit>

�2 = ✓�1
2

<latexit sha1_base64="4bjtsxJNfRPEnCnfqrHew+BruxQ=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAVIaqkKo8FqYKFgaFI9CG1aeS4TmvVech2kKooP8DCr7AwgBArOxt/g9NmgJYjWT4+515d3+OEjAppGN9abmFxaXklv1pYW9/Y3NK3d5oiiDgmDRywgLcdJAijPmlIKhlph5wgz2Gk5YyuU7/1QLiggX8vxyGxPDTwqUsxkkqy9YPbUjcc0iN4CdPbNnuxUT5N4PH0WenFJ2Zi60WjbEwA54mZkSLIULf1r24/wJFHfIkZEqJjGqG0YsQlxYwkhW4kSIjwCA1IR1EfeURY8WSbBB4qpQ/dgKvjSzhRf3fEyBNi7Dmq0kNyKGa9VPzP60TSvbBi6oeRJD6eDnIjBmUA02hgn3KCJRsrgjCn6q8QDxFHWKoACyoEc3bledKslM2zcvWuWqxdZXHkwR7YByVggnNQAzegDhoAg0fwDF7Bm/akvWjv2se0NKdlPbvgD7TPH1DRmTY=</latexit>

L(�) = �0.5
1 + ��1

2

<latexit sha1_base64="ENlfdFwZ8rX+9alCmJsv9sMT7gk=">AAACAHicbVA9SwNBEN3zM8avUwsLm8UgWIU7CWojBG0sLCKYD0jCMbfZJEv29o7dOSEcafwrNhaK2Poz7Pw3bj4KTXww8Hhvhpl5YSKFQc/7dpaWV1bX1nMb+c2t7Z1dd2+/ZuJUM15lsYx1IwTDpVC8igIlbySaQxRKXg8HN2O//si1EbF6wGHC2xH0lOgKBmilwD1sKQglBFkL+xwh8Ef0jl5RP3ALXtGbgC4Sf0YKZIZK4H61OjFLI66QSTCm6XsJtjPQKJjko3wrNTwBNoAeb1qqIOKmnU0eGNETq3RoN9a2FNKJ+nsig8iYYRTazgiwb+a9sfif10yxe9nOhEpS5IpNF3VTSTGm4zRoR2jOUA4tAaaFvZWyPmhgaDPL2xD8+ZcXSe2s6J8XS/elQvl6FkeOHJFjckp8ckHK5JZUSJUwMiLP5JW8OU/Oi/PufExbl5zZzAH5A+fzBw4PlWc=</latexit>r✓1L = 1
<latexit sha1_base64="jChabuMcBhVZi5PWWZUO8QLoRJI=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYBXuQlAbIWhjYRHBfEASjrnNJlmyt3fszgnhSONfsbFQxNafYee/cfNRaOKDgcd7M8zMC2IpDLrut5NZWV1b38hu5ra2d3b38vsHdRMlmvEai2SkmwEYLoXiNRQoeTPWHMJA8kYwvJn4jUeujYjUA45i3gmhr0RPMEAr+fmjtoJAgp+2ccAR/NKY3tEr6vn5glt0p6DLxJuTApmj6ue/2t2IJSFXyCQY0/LcGDspaBRM8nGunRgeAxtCn7csVRBy00mnD4zpqVW6tBdpWwrpVP09kUJozCgMbGcIODCL3kT8z2sl2LvspELFCXLFZot6iaQY0UkatCs0ZyhHlgDTwt5K2QA0MLSZ5WwI3uLLy6ReKnrnxfJ9uVC5nseRJcfkhJwRj1yQCrklVVIjjIzJM3klb86T8+K8Ox+z1owznzkkf+B8/gAPmpVo</latexit>r✓2L = 1

<latexit sha1_base64="gdGJ+G90j1CZXfrWG3wun/vJzkw=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBC8GHbF10UIevHgQcEkQjYuvZNJMmR2dpnpFcKyv+LFX/HiQRFv4s84eRzUWDBQXdVNT1eYSGHQdT+dmdm5+YXFwlJxeWV1bb20sVk3caoZr7FYxvouBMOlULyGAiW/SzSHKJS8EfYvhn7jgWsjYnWLg4S3Iugq0REM0EpB6dRXEEoIMj/picDL6RU9o27liI7r+2zfFvlY87HHEUailwelsltxR6DTxJuQMpngOih9+O2YpRFXyCQY0/TcBFsZaBRM8rzop4YnwPrQ5U1LFUTctLLRhTndtUqbdmJtn0I6Un9OZBAZM4hC2xkB9sxfbyj+5zVT7Jy2MqGSFLli40WdVFKM6TAu2haaM5QDS4BpYf9KWQ80MLShFm0I3t+Tp0n9oOIdVw5vDsvV80kcBbJNdsge8cgJqZJLck1qhJFH8kxeyZvz5Lw4787HuHXGmcxskV9wvr4BJCqgZw==</latexit>

r�1L = 0.5��0.5
1 = 0.5✓�1

1
<latexit sha1_base64="Gv9pjTNim22+4cf+6aGfG3T1Ihg=">AAACGXicbVA9SwNBEN3zM8avqKXNYhBsDHdB1EYQbSwsIpgPSOIxt9kkS/b2jt05IRz5Gzb+FRsLRSy18t+4l6TQ6IOFN+/NMDsviKUw6Lpfztz8wuLScm4lv7q2vrFZ2NqumSjRjFdZJCPdCMBwKRSvokDJG7HmEAaS14PBZebX77k2IlK3OIx5O4SeEl3BAK3kF9yWgkCCn7bivvDLI3pNz+jhpLhLD62QldjnCJlQHvmFoltyx6B/iTclRTJFxS98tDoRS0KukEkwpum5MbZT0CiY5KN8KzE8BjaAHm9aqiDkpp2OLxvRfat0aDfS9imkY/XnRAqhMcMwsJ0hYN/Mepn4n9dMsHvaToWKE+SKTRZ1E0kxollMtCM0ZyiHlgDTwv6Vsj5oYGjDzNsQvNmT/5JaueQdl45ujornF9M4cmSX7JED4pETck6uSIVUCSMP5Im8kFfn0Xl23pz3SeucM53ZIb/gfH4DU1WeoQ==</latexit>

r�2L = ���2
2 = �✓22



Modified Constraint on Policy Gradient
<latexit sha1_base64="H0mhbXj3uZoIlzxlvlj36dg0glM="></latexit>

max J(✓i) +r✓J(✓)|✓=✓i(✓ � ✓i)

(✓ � ✓i)
TG(✓ � ✓i)  ✏

<latexit sha1_base64="hbhRz3xACejaxLvJs0+EuKm7RVQ="></latexit>

✓i+1 = ✓i + ↵G�1r✓J(✓)|✓=✓i

Rescales according to G-1

Adaptive choice of G can avoid sensitivity to policy parameterization!



Covariant Policy Gradient Updates

What should G be?

Let us use the constraint 
as KL divergence on the 

policy
(2nd order Taylor 

expansion)

<latexit sha1_base64="H0mhbXj3uZoIlzxlvlj36dg0glM="></latexit>

max J(✓i) +r✓J(✓)|✓=✓i(✓ � ✓i)

(✓ � ✓i)
TG(✓ � ✓i)  ✏

<latexit sha1_base64="Y95LIZP3jPvfPKaGkewi/nDEuVg="></latexit>

max J(✓i) +r✓J(✓)|✓=✓i(✓ � ✓i)

DKL(⇡✓||⇡✓i)  ✏

Measures functional distance, not parameter distance



Resulting “Natural” Policy Gradient
<latexit sha1_base64="Y95LIZP3jPvfPKaGkewi/nDEuVg="></latexit>

max J(✓i) +r✓J(✓)|✓=✓i(✓ � ✓i)

DKL(⇡✓||⇡✓i)  ✏

2nd order approximation of KL à Fisher Information Metric
<latexit sha1_base64="LxkMQolp2ox7bgoOnhNCMa1GBP8="></latexit>

F = E⇡✓

⇥
(r✓ log ⇡✓)(r✓ log ⇡✓)

T
⇤

<latexit sha1_base64="VVMxZBYEpr7vGJjCOkQsvKBvKM0="></latexit>

max J(✓i) +r✓J(✓)|✓=✓i(✓ � ✓i)

(✓ � ✓i)
TF (✓ � ✓i)  ✏

<latexit sha1_base64="j5MYLuv2OSw7xqLtQ3ot3P2ZYos="></latexit>

✓i+1 = ✓i + ↵F�1r✓J(✓)|✓=✓iResulting update Covariant to parameterization



Natural Policy Gradient in Action

Peters, Schaal ‘08



Recap: Course Overview

MDPs and RL

Imitation Learning Solving POMDPs

Search Motion Planning

Stability/CertificationTrajOpt

Filtering/Smoothing Localization

SLAMMapping


