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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>

Ac*ons: 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
<latexit sha1_base64="Hcv+NCrZEn8lAUyoJlN12e+vt0g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwWUjZw=</latexit><latexit sha1_base64="Hcv+NCrZEn8lAUyoJlN12e+vt0g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwWUjZw=</latexit><latexit sha1_base64="Hcv+NCrZEn8lAUyoJlN12e+vt0g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwWUjZw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sxCOgnZwftxtXTwQBmeg7dWPaAc=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVmdKFLwY3LirYW2qFk0jttaCYzJHeEMvQR3LhQxLdy59uY/iy09UDg45yE3HuiTElLvv/tlTY2t7Z3yruVver+wWHtqNq2aW4EtkSqUtOJuEUlNbZIksJOZpAnkcKnaHw7y5+e0ViZ6keaZBgmfKhlLAUnZz2Y/mW/Vvcb/lxsHYIl1GGpZr/21RukIk9Qk1Dc2m7gZxQW3JAUCqeVXm4x42LMh9h1qHmCNizmo07ZmXMGLE6NO5rY3P39ouCJtZMkcjcTTiO7ms3M/7JuTvF1WEid5YRaLD6Kc8UoZbO92UAaFKQmDrgw0s3KxIgbLsi1U3ElBKsrr0P7ohH4jeDehzKcwCmcQwBXcAN30IQWCBjCC7zBu6e8V+9jUVfJW/Z2DH/kff4A6luMRw==</latexit><latexit sha1_base64="sxCOgnZwftxtXTwQBmeg7dWPaAc=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVmdKFLwY3LirYW2qFk0jttaCYzJHeEMvQR3LhQxLdy59uY/iy09UDg45yE3HuiTElLvv/tlTY2t7Z3yruVver+wWHtqNq2aW4EtkSqUtOJuEUlNbZIksJOZpAnkcKnaHw7y5+e0ViZ6keaZBgmfKhlLAUnZz2Y/mW/Vvcb/lxsHYIl1GGpZr/21RukIk9Qk1Dc2m7gZxQW3JAUCqeVXm4x42LMh9h1qHmCNizmo07ZmXMGLE6NO5rY3P39ouCJtZMkcjcTTiO7ms3M/7JuTvF1WEid5YRaLD6Kc8UoZbO92UAaFKQmDrgw0s3KxIgbLsi1U3ElBKsrr0P7ohH4jeDehzKcwCmcQwBXcAN30IQWCBjCC7zBu6e8V+9jUVfJW/Z2DH/kff4A6luMRw==</latexit><latexit sha1_base64="E6diI7vmwWrHlEwmfdq7KrRFW/g=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0n0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ndLa+sbmVnm7srO7t3/gHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+5f9t2qV/PmIKvEL0gVCjT67ldvkLAs5gqZpMZ0fS/FIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BD85ZdXSeui5ns1/96r1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AwRUjZg=</latexit><latexit sha1_base64="Hcv+NCrZEn8lAUyoJlN12e+vt0g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwWUjZw=</latexit><latexit sha1_base64="Hcv+NCrZEn8lAUyoJlN12e+vt0g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwWUjZw=</latexit><latexit sha1_base64="Hcv+NCrZEn8lAUyoJlN12e+vt0g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwWUjZw=</latexit><latexit sha1_base64="Hcv+NCrZEn8lAUyoJlN12e+vt0g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwWUjZw=</latexit><latexit sha1_base64="Hcv+NCrZEn8lAUyoJlN12e+vt0g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwWUjZw=</latexit><latexit sha1_base64="Hcv+NCrZEn8lAUyoJlN12e+vt0g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwWUjZw=</latexit>

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

Transi*on 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

Key: MDPs obey the Markov property 
Past is independent of the future conditioned on the present
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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



Lecture Outline
A Formalism for Sequential Decision Making

Imita*on Learning: Behavior Cloning

Imita*on Learning: Improvements – Compounding Error

Imita*on Learning: Improvements – Mul*modality



Imita&on Learning: Intui&on

Given: Demonstra*ons of op*mal behavior

Goal: Train a policy to mimic the demonstrator

Pros: No rewards, online experience needed (?) 



Idea 1: Imita6on Learning via Behavior Cloning
Given: Demonstrations of optimal behavior

Goal: Train a policy to mimic the demonstrator

training
data

supervised
learning

Idea: Treat imita*on learning as a supervised learning problem!



Idea 1: Imita6on Learning via Behavior Cloning
Given: Demonstra*ons of op*mal behavior

Goal: Train a policy to mimic the demonstrator

Discrete vs con:nuous

Maximum likelihood



ALVINN: Autonomous Land Vehicle In a Neural Network
1989

The original deep imita6on learning system



Where we are in 2025?



So does behavior cloning really work?

n Imitation Learning ≠ Supervised Learning

Not the same!



So does behavior cloning really work?
n Fails in prac+ce as well!



So is all hope lost?



Lecture Outline
A Formalism for Sequen7al Decision Making

Imita7on Learning: Behavior Cloning

Imita*on Learning: Improvements – Compounding Error

Imita*on Learning: Improvements – Mul*modality



Can it work in special cases?

Video: Bojarski et al. ‘16, NVIDIA



Why did that work?

Bojarski et al. ‘16, NVIDIA



What is the general principle?

:me

state (x)

co
st

stability

Correc*ve labels that bring you 
back to the data 



What might this mean mathematically?



Concrete Instanta4on: 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 
collec:on :me



How might we fix this?

Ross et al. ‘11

Do at data 
collec/on /me



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 Injec0on for Robust Imita0on Learning, Laskey et al CoRL ‘17



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

DART: Noise Injec0on for Robust Imita0on 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” 
correc/ve labels 

automa/cally



How can we find corrective labels?

How might we obtain these correc:ons?

A known/approximate dynamics model can help find correc:ve labels 

<latexit sha1_base64="9C14XrrcTuRVQaMUe/hRA/5vx3k=">AAACEnicbVC7SgNBFJ2N7/iKWtoMBsFn2BVfpWhjqWBMIBuX2cndZMjsw5m7QljzDTb+io2FIrZWdv6Nk5hCEw8MHM45lzv3+IkUGm37y8qNjU9MTk3P5Gfn5hcWC0vL1zpOFYcyj2Wsqj7TIEUEZRQooZooYKEvoeK3z3p+5Q6UFnF0hZ0E6iFrRiIQnKGRvMKme69vtrwMt50u3aXBhvZwhzIPjUFdCbfUhUQL2csW7ZLdBx0lzoAUyQAXXuHTbcQ8DSFCLpnWNcdOsJ4xhYJL6ObdVEPCeJs1oWZoxELQ9ax/UpeuG6VBg1iZFyHtq78nMhZq3Ql9kwwZtvSw1xP/82opBsf1TERJihDxn0VBKinGtNcPbQgFHGXHEMaVMH+lvMUU42hazJsSnOGTR8n1Xsk5LB1c7hdPTgd1TJNVskY2iEOOyAk5JxekTDh5IE/khbxaj9az9Wa9/0Rz1mBmhfyB9fENpmWcPw==</latexit>

ks⇤t+1 � f(st, at)k  ✏

Key insight: 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)

CCIL: Continuity-based data augmentation for corrective imitation learning, Ke et al ICLR ‘24



Generating Corrective Labels for Imitation Learning

Easy with known dynamics
More machinery needed with learned dynamics!

Intui7on: find labels to bring OOD states back in distribu*on (where policy can be trusted)

<latexit sha1_base64="9C14XrrcTuRVQaMUe/hRA/5vx3k=">AAACEnicbVC7SgNBFJ2N7/iKWtoMBsFn2BVfpWhjqWBMIBuX2cndZMjsw5m7QljzDTb+io2FIrZWdv6Nk5hCEw8MHM45lzv3+IkUGm37y8qNjU9MTk3P5Gfn5hcWC0vL1zpOFYcyj2Wsqj7TIEUEZRQooZooYKEvoeK3z3p+5Q6UFnF0hZ0E6iFrRiIQnKGRvMKme69vtrwMt50u3aXBhvZwhzIPjUFdCbfUhUQL2csW7ZLdBx0lzoAUyQAXXuHTbcQ8DSFCLpnWNcdOsJ4xhYJL6ObdVEPCeJs1oWZoxELQ9ax/UpeuG6VBg1iZFyHtq78nMhZq3Ql9kwwZtvSw1xP/82opBsf1TERJihDxn0VBKinGtNcPbQgFHGXHEMaVMH+lvMUU42hazJsSnOGTR8n1Xsk5LB1c7hdPTgd1TJNVskY2iEOOyAk5JxekTDh5IE/khbxaj9az9Wa9/0Rz1mBmhfyB9fENpmWcPw==</latexit>

ks⇤t+1 � f(st, at)k  ✏

Find states (st), ac*ons (at) that lead back 
to op*mal states under true dynamics<latexit sha1_base64="7vV0JGAjbyerqcSMc7neZuskjUA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEilIS8bURim5cVrAPaEuYTCft0MkkzNwIJRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nv8WHANjvNt5RYWl5ZX8quFtfWNzS17e6euo0RRVqORiFTTJ5oJLlkNOAjWjBUjoS9Ywx/cjv3GI1OaR/IBhjHrhKQnecApASN59p72Ujh2R/gaByXtwQkmHhx5dtEpOxPgeeJmpIgyVD37q92NaBIyCVQQrVuuE0MnJQo4FWxUaCeaxYQOSI+1DJUkZLqTTs4f4UOjdHEQKVMS8ET9PZGSUOth6JvOkEBfz3pj8T+vlUBw1Um5jBNgkk4XBYnAEOFxFrjLFaMghoYQqri5FdM+UYSCSaxgQnBnX54n9dOye1E+vz8rVm6yOPJoHx2gEnLRJaqgO1RFNURRip7RK3qznqwX6936mLbmrGxmF/2B9fkDzQmUGw==</latexit>

st+1 = f(st, at)

<latexit sha1_base64="7Tu8+6Xydx0Fh1J5mPcDUIeH+u8=">AAACInicbVDLSgMxFM34tr6qLt0Ei+CzzIjPXdGNSwWrQqcOmfSOBjOZMbkjlGm/xY2/4saFoq4EP8a0VvB1IHA45x5u7glTKQy67pvT1z8wODQ8MloYG5+YnCpOz5yYJNMcqjyRiT4LmQEpFFRRoISzVAOLQwmn4dV+xz+9AW1Eoo6xmUI9ZhdKRIIztFJQ3PVjoYLcBLhKWYBt6rfM+XKQ44rXpms0WvxylvwW9SVcUx9SI2QnW3LLbhf0L/F6pER6OAyKL34j4VkMCrlkxtQ8N8V6zjQKLqFd8DMDKeNX7AJqlioWg6nn3RPbdMEqDRol2j6FtKt+T+QsNqYZh3YyZnhpfnsd8T+vlmG0U8+FSjMExT8XRZmkmNBOX7QhNHCUTUsY18L+lfJLphlH22rBluD9PvkvOVkve1vlzaONUmWvV8cImSPzZJF4ZJtUyAE5JFXCyS25J4/kyblzHpxn5/VztM/pZWbJDzjvH/8porw=</latexit>

min
st,at

ks⇤t+1 � f(st, at)k  ✏

But dynamics are not known!

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

st+1 = f(st, at)

CCIL: Continuity-based data augmentation for corrective imitation learning, Ke et al ICLR ‘24



Generating Corrective Labels for Imitation Learning with Learned Dynamics

Find states (st), actions (at) that lead back to 
optimal states under true learned dynamics, 

where learned dynamics can be trusted

<latexit sha1_base64="rNbxLUUFjLt5RA1pqLeU40zBeIE=">AAACHXicbVDJSgNBFOyJe9yiHr00BsE1zIjbMejFo4IxQiYOPZ03SZOexe43QpjkR7z4K148KOLBi/g3dmIOaixoKKpe8fqVn0ih0bY/rdzY+MTk1PRMfnZufmGxsLR8peNUcajwWMbq2mcapIigggIlXCcKWOhLqPrt075fvQOlRRxdYieBesiakQgEZ2gkr7DvdvXNlpfhttOju9RtMcyCnucmLbGhPdyhzMNNt0tdCbfUhUQL2Y8V7ZI9AB0lzpAUyRDnXuHdbcQ8DSFCLpnWNcdOsJ4xhYJL6OXdVEPCeJs1oWZoxELQ9WxwXY+uG6VBg1iZFyEdqD8TGQu17oS+mQwZtvRfry/+59VSDI7rmYiSFCHi34uCVFKMab8q2hAKOMqOIYwrYf5KeYspxtEUmjclOH9PHiVXeyXnsHRwsV8snwzrmCarZI1sEIcckTI5I+ekQji5J4/kmbxYD9aT9Wq9fY/mrGFmhfyC9fEF6XWhOg==</latexit>

ks⇤t+1 � f̂�(st, at)k  ✏

Under approximately Lipschitz smooth 
models, trust models around training data

When can we trust learned dynamics     ?
<latexit sha1_base64="j0x2/oc/IRPRAtS4Bz0Pq+ote80=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haaUDbbTbt0swm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCanhUijeQoGSd1LNaRxK3g5Ht1O//cS1EYl6wHHKg5gOlIgEo2gl3x9SzKNJz0+HoletuXV3BrJMvILUoECzV/3y+wnLYq6QSWpM13NTDHKqUTDJJxU/MzylbEQHvGupojE3QT67eUJOrNInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vG6G0XWQC5VmyBWbL4oySTAh0wBIX2jOUI4toUwLeythQ6opQxtTxYbgLb68TB7P6t5l/eL+vNa4KeIowxEcwyl4cAUNuIMmtIBBCs/wCm9O5rw4787HvLXkFDOH8AfO5w9lvZHv</latexit>

f̂�

<latexit sha1_base64="j0x2/oc/IRPRAtS4Bz0Pq+ote80=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haaUDbbTbt0swm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCanhUijeQoGSd1LNaRxK3g5Ht1O//cS1EYl6wHHKg5gOlIgEo2gl3x9SzKNJz0+HoletuXV3BrJMvILUoECzV/3y+wnLYq6QSWpM13NTDHKqUTDJJxU/MzylbEQHvGupojE3QT67eUJOrNInUaJtKSQz9fdETmNjxnFoO2OKQ7PoTcX/vG6G0XWQC5VmyBWbL4oySTAh0wBIX2jOUI4toUwLeythQ6opQxtTxYbgLb68TB7P6t5l/eL+vNa4KeIowxEcwyl4cAUNuIMmtIBBCs/wCm9O5rw4787HvLXkFDOH8AfO5w9lvZHv</latexit>

f̂�

minimizing MSE on expert data
+ spectral norm

CCIL: Continuity-based data augmentation for corrective imitation learning, Ke et al ICLR ‘24



Overall Learning Pipeline with Corrective Labels

D = {s, a, s’}

<latexit sha1_base64="iSp4VLJRCxGWyDQ5etgshz0658U="></latexit>

max
✓

E(s,a)⇠D log ⇡✓(a|s)
Supervised learning

Expert Data Collection

<latexit sha1_base64="lZLrr5e70m9etB6ss0KGJe3O/ck="></latexit>

argmin
f̂

Es⇤j ,a
⇤
j ,s
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Genera0ng Correc0ve Labels



How well does generating corrective labels work?

With corrective labels Without corrective labels

CCIL: Continuity-based Data Augmentation for Corrective Imitation Learning, Ke et al ‘24
Data Efficient Behavior Cloning for Fine Manipulation via Continuity-based Corrective Labels, Deshpande et al ‘24
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So does this solve all the issues in imita6on?



Lecture Outline
A Formalism for Sequen7al Decision Making

Imita7on Learning: Behavior Cloning

Imita7on Learning: Improvements – Compounding Error

Imita*on Learning: Improvements – Mul*modality



Can we make it work without more data?

n DAgger addresses the problem of 
distribu+onal “dri>”

n What if our model is so good that it 
doesn’t dri>?

n Need to mimic expert behavior very 
accurately

n But don’t overfit!



Why might we fail to fit the expert?
Mul/modal behavior.. amongst other reasons

Not a maXer of network size! It’s about distribu*onal expressivity



Why might we fail to fit the expert?

1. Output mixture of Gaussians
2. Latent variable models
3. Autoregressive discre*za*on
4. Diffusion models
5. …

Mul+modal behavior à use more expressive probability distribu+ons



Why might we fail to fit the expert?

1. Output mixture of Gaussians
2. Latent variable models
3. Autoregressive discre=za=on
4. Diffusion models
5. …



Why might we fail to fit the expert?

1. Output mixture of Gaussians
2. Latent variable models
3. Autoregressive discre=za=on
4. Diffusion models
5. …



Lecture Outline
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Imita7on Learning: Behavior Cloning

Imita7on Learning: Improvements – Compounding Error

Imitation Learning: Improvements – Multimodality



Taking Imitation a Step Further: VLAs
Recast imitation learning for robotics as a vision language prediction problem

Inherit generalization/semantic properties of VLMs

PI0, Black et al, 2024



Taking Imitation a Step Further: VLAs



What about the embodiment gap?
Universal Manipulation Interface

Extract motion through SLAM for imitation learning – minimal embodiment gap

UMI, Chi et al, 2024



What about the embodiment gap?

UMI, Chi et al, 2024



Some cool imitation videos



1x and tesla humanoid robots



ALOHA Manipulation



TRI Diffusion Policies



Generalist – Robot Policies with Large Scale Imitation



Perspec/ves on Imita/on – don’t believe everything you see online

n Pros:

n Easy to use, no addi0onal infra

n Can some0mes be unreasonably effec0ve

n Cons:

n Challenges of compounding error, mul0modality

n Doesn’t really generalize

n Very expensive in terms of data collec0on!

training
data

supervised
learning
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Imita7on Learning: Behavior Cloning

Imitation Learning: Improvements – Compounding Error

Imita7on Learning: Improvements – Mul7modality



Class Outline
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