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Logistics

n Paper reading teams should start getting together from next week

n Start finding project teams for final projects



Lecture outline

Recap: MDP formalism + why should we care?

Imitation learning: preliminaries and behavior cloning

Multimodality and Underfitting in Imitation 

Compounding Error in Imitation
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States: S
<latexit sha1_base64="6O+j2ReTf7i2r5nTMECVMv5i4AI=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KifUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+LqJFp</latexit><latexit sha1_base64="6O+j2ReTf7i2r5nTMECVMv5i4AI=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KifUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+LqJFp</latexit><latexit sha1_base64="6O+j2ReTf7i2r5nTMECVMv5i4AI=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KifUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+LqJFp</latexit><latexit sha1_base64="6O+j2ReTf7i2r5nTMECVMv5i4AI=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KifUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKRPcwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+LqJFp</latexit>

Actions: A
<latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QiDAGIMSKwDCNXS+Z0794wOEYIs=">AAAB53icbVBNSwMxFHxbv2qtWr16CRbBU9n1okfFi8cK9gO2S8mm2TY0myzJW6Es/RlePCjiP/LmvzHb9qCtA4Fh5j0yb+JMCou+/+1VtrZ3dveq+7WD+uHRceOk3rU6N4x3mJba9GNquRSKd1Cg5P3McJrGkvfi6X3p9565sUKrJ5xlPErpWIlEMIpOCgcpxQmjsribDxtNv+UvQDZJsCJNWKE9bHwNRprlKVfIJLU2DPwMo4IaFEzyeW2QW55RNqVjHjqqaMptVCwiz8mFU0Yk0cY9hWSh/t4oaGrtLI3dZBnRrnul+J8X5pjcRIVQWY5cseVHSS4JalLeT0bCcIZy5ghlRrishE2ooQxdSzVXQrB+8ibpXrUCvxU8+lCFMziHSwjgGm7hAdrQAQYaXuAN3j30Xr2PZV0Vb9XbKfyB9/kDLYuP+g==</latexit><latexit sha1_base64="QiDAGIMSKwDCNXS+Z0794wOEYIs=">AAAB53icbVBNSwMxFHxbv2qtWr16CRbBU9n1okfFi8cK9gO2S8mm2TY0myzJW6Es/RlePCjiP/LmvzHb9qCtA4Fh5j0yb+JMCou+/+1VtrZ3dveq+7WD+uHRceOk3rU6N4x3mJba9GNquRSKd1Cg5P3McJrGkvfi6X3p9565sUKrJ5xlPErpWIlEMIpOCgcpxQmjsribDxtNv+UvQDZJsCJNWKE9bHwNRprlKVfIJLU2DPwMo4IaFEzyeW2QW55RNqVjHjqqaMptVCwiz8mFU0Yk0cY9hWSh/t4oaGrtLI3dZBnRrnul+J8X5pjcRIVQWY5cseVHSS4JalLeT0bCcIZy5ghlRrishE2ooQxdSzVXQrB+8ibpXrUCvxU8+lCFMziHSwjgGm7hAdrQAQYaXuAN3j30Xr2PZV0Vb9XbKfyB9/kDLYuP+g==</latexit><latexit sha1_base64="3AcGxZGU5HnJQ5DIvLkY9qLBGSU=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0m86LHqxWMFWwtpKJvtpl262Q27L0IJ/RlePCji1V/jzX/jps1BWwcWhpn32HkTpYIb9Lxvp7K2vrG5Vd2u7ezu7R/UD4+6RmWasg5VQuleRAwTXLIOchSsl2pGkkiwx2hyW/iPT0wbruQDTlMWJmQkecwpQSsF/YTgmBKRX88G9YbX9OZwV4lfkgaUaA/qX/2holnCJFJBjAl8L8UwJxo5FWxW62eGpYROyIgFlkqSMBPm88gz98wqQzdW2j6J7lz9vZGTxJhpEtnJIqJZ9grxPy/IML4Kcy7TDJmki4/iTLio3OJ+d8g1oyimlhCquc3q0jHRhKJtqWZL8JdPXiXdi6bvNf17r9G6Keuowgmcwjn4cAktuIM2dICCgmd4hTcHnRfn3flYjFaccucY/sD5/AFvDpFT</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit>

Rewards: R
<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)
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Markov property

Transition Dynamics - p(st+1|st, at)
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Framework for RL - Markov Decision Process
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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

Discount: 

Augment Markov chain with rewards and actions

Initial state dist: 
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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
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Trajectory sampled using policy



Unpacking the Expectation
7
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Trajectory View - Ancestral sampling along MDP

Initial state
Policy

Dynamics
Policy

Dynamics

Compact 
representation

Stationary View – sampling from stationary dist

(Likelihood of being at state s, action a at time step t)

(Likelihood of being at state s, action a across all steps)

No sequential sampling No sum over rewards

𝛾 subsumed into E



Some notation: Q-functions and V-functions
7

Estimate of how “good” a policy is – estimate of future returns under a policy 𝜋

Q-function V-function

Take one action and then follow policy from s Follow policy from s 

Will be useful soon!

Average value over initial states



Ok so is this just supervised learning?

Supervised learning aims to maximize likelihood of observed data under the model

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

max
✓

E(x,y)⇠D [log p̂✓(y|x)]



Why is this not just supervised learning?
Supervised Learning Reinforcement Learning
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Sampling from expert Sampling from policy
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DKL(p✓||p⇤)IID Non-IID



Why is this not just supervised learning?
Supervised Learning

Reinforcement Learning
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The resulting paradigms are different in many ways: 

1. Optimization and learning dynamics
2. Balancing exploration and exploitation

But many overlapping tools! In fact often we 
try to convert RL into a supervised problem



Ok so why should we care about RL?
Solves sequential decision 

making problems

Has black-box assumptions

Enables continual 
improvement

Reduces burden of human 
data collection



Applications of RL: Robotics/LLMs/Science/Games
RL can enable robotic learning of hard to specify/script behaviors in the presence of contact



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



So is sequential decision making = RL?
14

We conflated sequential decision making and RL! 

RL is sequential decision making under a 
particular set of assumptions: 
1. Sampling access to the environment
2. Access to reward
3. Goal-directed behavior

Trajectory optimization/planning Imitation Learning Unsupervised Decision Making



Trajectory Optimization
14

Sequential decision making with ”known” models

May be hard to construct perfect, known models



Imitation Learning
14

Often called learning from demonstrations

Sequential decision making provided expert data



Self-Supervised Prediction of the World
14

Often called model-based RL 

Sequential decision making without reward – self-supervised prediction



How should we think about designing effective RL algorithms?
14

Stable performant 
optimization algorithms

Easy to specify 
objectives

Efficient data collection



Class Structure
14

Model-free Reinforcement Learning 

Imitation Learning

Model-based Reinforcement Learning 

Unifying Perspectives on RL and IRL

Frontiers

Exploration Learning from Prior Data Learning across tasks

Policy Gradient ADP



Lecture outline

Recap: MDP formalism + why should we care?

Imitation learning: preliminaries and behavior cloning

Multimodality and Underfitting in Imitation 

Compounding Error in Imitation



Class Structure
14

Model-free Reinforcement Learning 

Imitation Learning

Model-based Reinforcement Learning 

Unifying Perspectives on RL and IRL

Frontiers

Exploration Learning from Prior Data Learning across tasks

Policy Gradient ADP



n Fun Video human learning to dance the Gangnam Style?

Liyiming Ke 
(kayke@uw.edu)
Source: The Guardian

“How Psy taught me Gangnam style”



Given: Demonstrations of optimal behavior

Goal: Train a policy to mimic the demonstrator

Pros: No rewards, online experience needed (?) 

Imitation Learning: Intuition



Given: Demonstrations of optimal behavior

Goal: Train a policy to mimic the demonstrator

Pros: Cons: 

Why would we do this?

⊕Avoids need for rewards, exploration

⊕Natural way to do task specification 

⊕Can work well in practice

⊖Requires expert data, can be expensive

⊖Cannot get better on deployment 

⊖Struggles on long horizon tasks



Given: Demonstrations of optimal behavior

Goal: Train a policy to mimic the demonstrator

training
data

supervised
learning

Idea: Treat imitation learning as a supervised learning problem! Behavior Cloning

Idea 1: Imitation Learning via Supervised Learning



Given: Demonstrations of optimal behavior

Goal: Train a policy to mimic the demonstrator

Discrete vs continuous

Maximum likelihood

Idea 1: Imitation Learning via Supervised Learning



Given: Demonstrations of optimal behavior

Goal: Train a policy to mimic the demonstrator

Idea 1: Imitation Learning via Supervised Learning

Tabular Linear Arbitrary function approx
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⇡(a|s) = h�(s, a), wi

In practice, amounts to simple gradient based training with backpropagation 



ALVINN: Autonomous Land Vehicle In a Neural Network
1989

The original deep imitation learning system



Where we are in 2024?



So does behavior cloning really work?

n Imitation Learning ≠ Supervised Learning

Not the same!

Compounding error!



So does behavior cloning really work?
n Fails in practice as well!



What do we actually want?

n Imitation Learning can be formalized as matching the expert

(cost for generating an action 
different than the expert)

Measure deviation from expert 
actions when the policy is rolled out

How bad is behavior cloning? 



How well does BC do?: Intuition
Behavior cloning has quadratically compounding error

Horizon 𝐻

Union bound

If you fall off, 
assume the worst



Let’s try and understand where the problem lies?

Behavior cloning has challenges in both theory and practice

Underfitting Compounding error



Lecture outline

Recap: MDP formalism + why should we care?

Imitation learning: preliminaries and behavior cloning

Multimodality and Underfitting in Imitation 

Compounding Error in Imitation



Let’s try and understand where the problem lies?

Behavior cloning has challenges in both theory and practice

Underfitting Compounding error



But won’t a bigger neural net just solve this?

n Behavior cloning can underfit the data

Q: won’t a bigger model just solve the problem?

Kind of, but there’s a fundamental problem!

May not be able to satisfy this



Distributional Expressivity

n Policy expressivity is a combination of expressivity of the 
function approximator and of the distribution family 

Categorical Gaussian Diffusion policy

Tradeoff between expressivity and tractability



Let us consider a case with Gaussian policy

A combination of distributional expressivity and objective lead to mode averaging

How does this reflect on imitation learning?



Let’s take a closer look at the objective 

Forward KL divergenceLeads to mode averaging

One instance of a broader class of divergences – f diverences

https://timvieira.github.io/blog/post/2014/10/06/kl-divergence-as-an-objective-function/



Effects of choice of f-divergence on behavior
Different divergences lead to different properties

Forward KL (behavior cloning)

Use a richer distribution class! 
(Change 𝜋")

Use a different f-divergence!
(Change f)

or

More general class of divergences

Forward KL (mode covering)

Reverse KL (mode seeking)

So how do we fix BC?



Using alternative f-divergences: Reverse KL

n Reverse KL helps, is mode seeking

n Challenge – requires known expert likelihood

n We need a sample based estimate! 

Go read this!

(Intractable) (Tractable – GAN style optimization)



Effects of choice of f-divergence on behavior
Different divergences lead to different properties

Forward KL (behavior cloning)

Use a richer distribution class! 
(Change 𝜋")

Use a different f-divergence!
(Change f)

or

More general class of divergences

Forward KL (mode covering)

Reverse KL (mode seeking)

So how do we fix BC?



1. Output mixture of Gaussians
2. Latent variable models
3. Autoregressive discretization
4. Diffusion models
5. …

Multimodal behavior à use more expressive probability 
distributions, no mode averaging issues

Using Richer Policy Distribution Classes



Why might we fail to fit the expert?

1. Output mixture of Gaussians
2. Latent variable models
3. Autoregressive discretization
4. Diffusion models
5. …



Why might we fail to fit the expert?

1. Output mixture of Gaussians
2. Latent variable models
3. Autoregressive discretization
4. Diffusion models
5. …



Why might we fail to fit the expert?

1. Output mixture of Gaussians
2. Latent variable models
3. Autoregressive discretization
4. Diffusion models
5. …



Let’s try and understand where the problem lies?

Richer policy class Alternative Divergence

Behavior cloning has challenges in both theory and practice

Underfitting Compounding error



Lecture outline

Recap: MDP formalism + why should we care?

Imitation learning: preliminaries and behavior cloning

Multimodality and Underfitting in Imitation 

Compounding Error in Imitation



Let’s try and understand where the problem lies?

Behavior cloning has challenges in both theory and practice

Underfitting Compounding error



Can we avoid compounding error in special cases?

Video: Bojarski et al. ‘16, NVIDIA



Why did that work?

Bojarski et al. ‘16, NVIDIA



What is the general principle?

time

state (x)

co
st

stability

Corrective labels that bring you 
back to the data 



What might this mean mathematically?



Concrete Instantation: DAgger

DAgger: Dataset Aggregation

Ross et al. ‘11



DAgger Example

Ross et al. ‘13



What’s the problem?



How might we fix this?

”Generate” 
corrective labels 

automatically

Do at data 
collection time



How might we fix this?

Ross et al. ‘11

Do at data 
collection time



Noising the Data Collection Process
Key idea: force the human to correct for noise during training

Maximize likelihood 

Under noise during data collection

DART: Noise Injection for Robust Imitation Learning, Laskey et al CoRL ‘17



Why might this not be enough?
Key idea: force the human to correct for noise during training

Assumes that the expert can actually perform behaviors under noise
à Not always possible!

DART: Noise Injection for Robust Imitation Learning, Laskey et al CoRL ‘17



How might we fix this?

Ross et al. ‘11

”Generate” 
corrective labels 

automatically



How can we find corrective labels?

How might we obtain these corrections?

(Learned) Dynamics model can help find corrective labels 
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ks⇤t+1 � f(st, at)k  ✏

Augment D with states (st), actions (at) that lead 
back to optimal states under dynamics

<latexit sha1_base64="7vV0JGAjbyerqcSMc7neZuskjUA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEilIS8bURim5cVrAPaEuYTCft0MkkzNwIJRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nv8WHANjvNt5RYWl5ZX8quFtfWNzS17e6euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx/cjv3GI1OaR/IBhjHrhKQnecApASN59p72Ujh2R/gaByXtwQkmHhx5dtEpOxPgeeJmpIgyVD37q92NaBIyCVQQrVuuE0MnJQo4FWxUaCeaxYQOSI+1DJUkZLqTTs4f4UOjdHEQKVMS8ET9PZGSUOth6JvOkEBfz3pj8T+vlUBw1Um5jBNgkk4XBYnAEOFxFrjLFaMghoYQqri5FdM+UYSCSaxgQnBnX54n9dOye1E+vz8rVm6yOPJoHx2gEnLRJaqgO1RFNURRip7RK3qznqwX6936mLbmrGxmF/2B9fkDzQmUGw==</latexit>

st+1 = f(st, at)

*with caveatsCCIL: Continuity-based Data Augmentation for Corrective Imitation Learning, Ke et al ‘24



Overall Learning Pipeline with Corrective Labels

Standard behavior cloning Corrective labels



Lecture outline

Recap: MDP formalism + why should we care?

Imitation learning: preliminaries and behavior cloning

Multimodality and Underfitting in Imitation 

Compounding Error in Imitation



So does this solve all the issues in imitation?



Frontiers in Imitation Learning
Non-Markovian Demonstrators

Action-Free Data

Characterizing generalization



Frontiers in Imitation Learning
Data Curation and Quality

Teleoperation Interfaces

Embodiment Shift



Some cool imitation videos



1x and tesla humanoid robots



ALOHA and CherryBot Fine Manipulation



TRI Diffusion Policies



Perspectives on Imitation – don’t believe everything you see online

n Pros:

n Easy to use, no additional infra

n Can sometimes be unreasonably effective

n Cons:

n Challenges of compounding error, multimodality

n Doesn’t really generalize

n Very expensive in terms of data collection!

training
data

supervised
learning


