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Value-based Methods Policy Search Methods

Dynamic Programming

Approximate Dynamic Programming

Very large state/action spaces



Reinforcement Learning (RL)

An agent observes the 
world

takes an action and 
its states changes

with the goal of 
achieving long-term 
rewards.

Reinforcement Learning Problem: An agent continually interacts with the environment. How should 
it choose its actions so that its long-term rewards are maximized? 

Also might be called: 
• Adaptive Controller for Stochastic Nonlinear Dynamical Systems 
• Adaptive Situated Agent Design



RL Agent

Xt, RtAt

Agent (Planner)

Environment

At ⇠ ⇡(·|Xt)
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Xt+1 ⇠ P(·|Xt, At)

Rt ⇠ R(·|Xt, At)
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Markov Decision Process (MDP)

Xt, RtAt

Agent (Planner)

Environment

At ⇠ ⇡(·|Xt)
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Xt+1 ⇠ P(·|Xt, At)

Rt ⇠ R(·|Xt, At)
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Other MDP models exist too: average reward, episodic, etc.



Markov Decision Process (MDP)

Xt, RtAt

Agent (Planner)

Environment

At ⇠ ⇡(·|Xt)
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Markov Decision Process (MDP)

Xt, RtAt

Agent (Planner)

Environment

At ⇠ ⇡(·|Xt)
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Xt+1 ⇠ P(·|Xt, At)

Rt ⇠ R(·|Xt, At)
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P(X 0 = 2|X = 3, A = 1)
<latexit sha1_base64="D2ZNZdgkW3Gwk0RERjsYJXBxncw=">AAACKXicdVDNSgMxGMz6W+tf1aMegkVUkLKrgl4K1V4ELxVsXbClZNOvbTDJLklWKGsvPo3gSd/Em3r1HTybbnvQFgdChplv+JIJIs60cd0PZ2p6ZnZuPrOQXVxaXlnNra3XdBgrClUa8lD5AdHAmYSqYYaDHykgIuBwE9yVB/7NPSjNQnltehE0BOlI1maUGCs1c1v1yiUoCXzP38VFfIgfsG/vo4OzorffzOXdgpsCTxJvRPJohEoz911vhTQWIA3lROtbz41MIyHKMMqhn63HGiJC70gHbi2VRIBuJOkv+njHKi3cDpU90uBU/Z1IiNC6JwI7KYjp6nFvIP7nma4Y227ap42EySg2IOlweTvm2IR4UBNuMQXU8J4lhCpm349plyhCjS0zW0+DSTkUgsiW7tuivPFaJkntsOC5Be/qOF86H1WWQZtoG+0hD52gErpAFVRFFD2iJ/SCXp1n5815dz6Ho1POKLOB/sD5+gH3CKR9</latexit><latexit sha1_base64="D2ZNZdgkW3Gwk0RERjsYJXBxncw=">AAACKXicdVDNSgMxGMz6W+tf1aMegkVUkLKrgl4K1V4ELxVsXbClZNOvbTDJLklWKGsvPo3gSd/Em3r1HTybbnvQFgdChplv+JIJIs60cd0PZ2p6ZnZuPrOQXVxaXlnNra3XdBgrClUa8lD5AdHAmYSqYYaDHykgIuBwE9yVB/7NPSjNQnltehE0BOlI1maUGCs1c1v1yiUoCXzP38VFfIgfsG/vo4OzorffzOXdgpsCTxJvRPJohEoz911vhTQWIA3lROtbz41MIyHKMMqhn63HGiJC70gHbi2VRIBuJOkv+njHKi3cDpU90uBU/Z1IiNC6JwI7KYjp6nFvIP7nma4Y227ap42EySg2IOlweTvm2IR4UBNuMQXU8J4lhCpm349plyhCjS0zW0+DSTkUgsiW7tuivPFaJkntsOC5Be/qOF86H1WWQZtoG+0hD52gErpAFVRFFD2iJ/SCXp1n5815dz6Ho1POKLOB/sD5+gH3CKR9</latexit><latexit sha1_base64="D2ZNZdgkW3Gwk0RERjsYJXBxncw=">AAACKXicdVDNSgMxGMz6W+tf1aMegkVUkLKrgl4K1V4ELxVsXbClZNOvbTDJLklWKGsvPo3gSd/Em3r1HTybbnvQFgdChplv+JIJIs60cd0PZ2p6ZnZuPrOQXVxaXlnNra3XdBgrClUa8lD5AdHAmYSqYYaDHykgIuBwE9yVB/7NPSjNQnltehE0BOlI1maUGCs1c1v1yiUoCXzP38VFfIgfsG/vo4OzorffzOXdgpsCTxJvRPJohEoz911vhTQWIA3lROtbz41MIyHKMMqhn63HGiJC70gHbi2VRIBuJOkv+njHKi3cDpU90uBU/Z1IiNC6JwI7KYjp6nFvIP7nma4Y227ap42EySg2IOlweTvm2IR4UBNuMQXU8J4lhCpm349plyhCjS0zW0+DSTkUgsiW7tuivPFaJkntsOC5Be/qOF86H1WWQZtoG+0hD52gErpAFVRFFD2iJ/SCXp1n5815dz6Ho1POKLOB/sD5+gH3CKR9</latexit><latexit sha1_base64="D2ZNZdgkW3Gwk0RERjsYJXBxncw=">AAACKXicdVDNSgMxGMz6W+tf1aMegkVUkLKrgl4K1V4ELxVsXbClZNOvbTDJLklWKGsvPo3gSd/Em3r1HTybbnvQFgdChplv+JIJIs60cd0PZ2p6ZnZuPrOQXVxaXlnNra3XdBgrClUa8lD5AdHAmYSqYYaDHykgIuBwE9yVB/7NPSjNQnltehE0BOlI1maUGCs1c1v1yiUoCXzP38VFfIgfsG/vo4OzorffzOXdgpsCTxJvRPJohEoz911vhTQWIA3lROtbz41MIyHKMMqhn63HGiJC70gHbi2VRIBuJOkv+njHKi3cDpU90uBU/Z1IiNC6JwI7KYjp6nFvIP7nma4Y227ap42EySg2IOlweTvm2IR4UBNuMQXU8J4lhCpm349plyhCjS0zW0+DSTkUgsiW7tuivPFaJkntsOC5Be/qOF86H1WWQZtoG+0hD52gErpAFVRFFD2iJ/SCXp1n5815dz6Ho1POKLOB/sD5+gH3CKR9</latexit>

P(X 0 = 3|X = 3, A = 1)
<latexit sha1_base64="njrO0Ic/miomexU6sGrfJExPqUs=">AAACKXicdVDLSgMxFM3UV62vqktdBItYQcqMCropVLsR3FSwD2hLyaS3bWiSGZKMUMZu/BrBlf6JO3XrP7g2fSy04oGQwzn3cJPjh5xp47rvTmJufmFxKbmcWlldW99Ib25VdBApCmUa8EDVfKKBMwllwwyHWqiACJ9D1e8XR371DpRmgbw1gxCagnQl6zBKjJVa6d1G6RqUBJ6tHeA8PsH3uDa6jy7y3mErnXFz7hj4L/GmJIOmKLXSX412QCMB0lBOtK57bmiaMVGGUQ7DVCPSEBLaJ12oWyqJAN2Mx78Y4n2rtHEnUPZIg8fqz0RMhNYD4dtJQUxPz3oj8T/P9MTMdtM5b8ZMhpEBSSfLOxHHJsCjmnCbKaCGDywhVDH7fkx7RBFqbJmpxjgYFwMhiGzroS3Km63lL6kc5zw3592cZgqX08qSaAftoSzy0BkqoCtUQmVE0QN6RM/oxXlyXp0352MymnCmmW30C87nN/i9pH4=</latexit><latexit sha1_base64="njrO0Ic/miomexU6sGrfJExPqUs=">AAACKXicdVDLSgMxFM3UV62vqktdBItYQcqMCropVLsR3FSwD2hLyaS3bWiSGZKMUMZu/BrBlf6JO3XrP7g2fSy04oGQwzn3cJPjh5xp47rvTmJufmFxKbmcWlldW99Ib25VdBApCmUa8EDVfKKBMwllwwyHWqiACJ9D1e8XR371DpRmgbw1gxCagnQl6zBKjJVa6d1G6RqUBJ6tHeA8PsH3uDa6jy7y3mErnXFz7hj4L/GmJIOmKLXSX412QCMB0lBOtK57bmiaMVGGUQ7DVCPSEBLaJ12oWyqJAN2Mx78Y4n2rtHEnUPZIg8fqz0RMhNYD4dtJQUxPz3oj8T/P9MTMdtM5b8ZMhpEBSSfLOxHHJsCjmnCbKaCGDywhVDH7fkx7RBFqbJmpxjgYFwMhiGzroS3Km63lL6kc5zw3592cZgqX08qSaAftoSzy0BkqoCtUQmVE0QN6RM/oxXlyXp0352MymnCmmW30C87nN/i9pH4=</latexit><latexit sha1_base64="njrO0Ic/miomexU6sGrfJExPqUs=">AAACKXicdVDLSgMxFM3UV62vqktdBItYQcqMCropVLsR3FSwD2hLyaS3bWiSGZKMUMZu/BrBlf6JO3XrP7g2fSy04oGQwzn3cJPjh5xp47rvTmJufmFxKbmcWlldW99Ib25VdBApCmUa8EDVfKKBMwllwwyHWqiACJ9D1e8XR371DpRmgbw1gxCagnQl6zBKjJVa6d1G6RqUBJ6tHeA8PsH3uDa6jy7y3mErnXFz7hj4L/GmJIOmKLXSX412QCMB0lBOtK57bmiaMVGGUQ7DVCPSEBLaJ12oWyqJAN2Mx78Y4n2rtHEnUPZIg8fqz0RMhNYD4dtJQUxPz3oj8T/P9MTMdtM5b8ZMhpEBSSfLOxHHJsCjmnCbKaCGDywhVDH7fkx7RBFqbJmpxjgYFwMhiGzroS3Km63lL6kc5zw3592cZgqX08qSaAftoSzy0BkqoCtUQmVE0QN6RM/oxXlyXp0352MymnCmmW30C87nN/i9pH4=</latexit><latexit sha1_base64="njrO0Ic/miomexU6sGrfJExPqUs=">AAACKXicdVDLSgMxFM3UV62vqktdBItYQcqMCropVLsR3FSwD2hLyaS3bWiSGZKMUMZu/BrBlf6JO3XrP7g2fSy04oGQwzn3cJPjh5xp47rvTmJufmFxKbmcWlldW99Ib25VdBApCmUa8EDVfKKBMwllwwyHWqiACJ9D1e8XR371DpRmgbw1gxCagnQl6zBKjJVa6d1G6RqUBJ6tHeA8PsH3uDa6jy7y3mErnXFz7hj4L/GmJIOmKLXSX412QCMB0lBOtK57bmiaMVGGUQ7DVCPSEBLaJ12oWyqJAN2Mx78Y4n2rtHEnUPZIg8fqz0RMhNYD4dtJQUxPz3oj8T/P9MTMdtM5b8ZMhpEBSSfLOxHHJsCjmnCbKaCGDywhVDH7fkx7RBFqbJmpxjgYFwMhiGzroS3Km63lL6kc5zw3592cZgqX08qSaAftoSzy0BkqoCtUQmVE0QN6RM/oxXlyXp0352MymnCmmW30C87nN/i9pH4=</latexit>

P(X 0 = 4|X = 3, A = 1)
<latexit sha1_base64="cMAyiPT0wKdfAnmbcFQnqkXs4fI=">AAACKXicdVDNSgMxGMz6W+tf1aMegkVUkLKrgl4K1V4ELxVsXbClZNOvbTDJLklWKGsvPo3gSd/Em3r1HTybbnvQFgdChplv+JIJIs60cd0PZ2p6ZnZuPrOQXVxaXlnNra3XdBgrClUa8lD5AdHAmYSqYYaDHykgIuBwE9yVB/7NPSjNQnltehE0BOlI1maUGCs1c1v1yiUoCXzP38VFfIwfsG/vo4OzorffzOXdgpsCTxJvRPJohEoz911vhTQWIA3lROtbz41MIyHKMMqhn63HGiJC70gHbi2VRIBuJOkv+njHKi3cDpU90uBU/Z1IiNC6JwI7KYjp6nFvIP7nma4Y227ap42EySg2IOlweTvm2IR4UBNuMQXU8J4lhCpm349plyhCjS0zW0+DSTkUgsiW7tuivPFaJkntsOC5Be/qOF86H1WWQZtoG+0hD52gErpAFVRFFD2iJ/SCXp1n5815dz6Ho1POKLOB/sD5+gH6cqR/</latexit><latexit sha1_base64="cMAyiPT0wKdfAnmbcFQnqkXs4fI=">AAACKXicdVDNSgMxGMz6W+tf1aMegkVUkLKrgl4K1V4ELxVsXbClZNOvbTDJLklWKGsvPo3gSd/Em3r1HTybbnvQFgdChplv+JIJIs60cd0PZ2p6ZnZuPrOQXVxaXlnNra3XdBgrClUa8lD5AdHAmYSqYYaDHykgIuBwE9yVB/7NPSjNQnltehE0BOlI1maUGCs1c1v1yiUoCXzP38VFfIwfsG/vo4OzorffzOXdgpsCTxJvRPJohEoz911vhTQWIA3lROtbz41MIyHKMMqhn63HGiJC70gHbi2VRIBuJOkv+njHKi3cDpU90uBU/Z1IiNC6JwI7KYjp6nFvIP7nma4Y227ap42EySg2IOlweTvm2IR4UBNuMQXU8J4lhCpm349plyhCjS0zW0+DSTkUgsiW7tuivPFaJkntsOC5Be/qOF86H1WWQZtoG+0hD52gErpAFVRFFD2iJ/SCXp1n5815dz6Ho1POKLOB/sD5+gH6cqR/</latexit><latexit sha1_base64="cMAyiPT0wKdfAnmbcFQnqkXs4fI=">AAACKXicdVDNSgMxGMz6W+tf1aMegkVUkLKrgl4K1V4ELxVsXbClZNOvbTDJLklWKGsvPo3gSd/Em3r1HTybbnvQFgdChplv+JIJIs60cd0PZ2p6ZnZuPrOQXVxaXlnNra3XdBgrClUa8lD5AdHAmYSqYYaDHykgIuBwE9yVB/7NPSjNQnltehE0BOlI1maUGCs1c1v1yiUoCXzP38VFfIwfsG/vo4OzorffzOXdgpsCTxJvRPJohEoz911vhTQWIA3lROtbz41MIyHKMMqhn63HGiJC70gHbi2VRIBuJOkv+njHKi3cDpU90uBU/Z1IiNC6JwI7KYjp6nFvIP7nma4Y227ap42EySg2IOlweTvm2IR4UBNuMQXU8J4lhCpm349plyhCjS0zW0+DSTkUgsiW7tuivPFaJkntsOC5Be/qOF86H1WWQZtoG+0hD52gErpAFVRFFD2iJ/SCXp1n5815dz6Ho1POKLOB/sD5+gH6cqR/</latexit><latexit sha1_base64="cMAyiPT0wKdfAnmbcFQnqkXs4fI=">AAACKXicdVDNSgMxGMz6W+tf1aMegkVUkLKrgl4K1V4ELxVsXbClZNOvbTDJLklWKGsvPo3gSd/Em3r1HTybbnvQFgdChplv+JIJIs60cd0PZ2p6ZnZuPrOQXVxaXlnNra3XdBgrClUa8lD5AdHAmYSqYYaDHykgIuBwE9yVB/7NPSjNQnltehE0BOlI1maUGCs1c1v1yiUoCXzP38VFfIwfsG/vo4OzorffzOXdgpsCTxJvRPJohEoz911vhTQWIA3lROtbz41MIyHKMMqhn63HGiJC70gHbi2VRIBuJOkv+njHKi3cDpU90uBU/Z1IiNC6JwI7KYjp6nFvIP7nma4Y227ap42EySg2IOlweTvm2IR4UBNuMQXU8J4lhCpm349plyhCjS0zW0+DSTkUgsiW7tuivPFaJkntsOC5Be/qOF86H1WWQZtoG+0hD52gErpAFVRFFD2iJ/SCXp1n5815dz6Ho1POKLOB/sD5+gH6cqR/</latexit>
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<latexit sha1_base64="IYbb1JNDX3ZyZAt2tvdIqo6o5O8=">AAACVXicdZBLSwMxFIUzY9VaX60uXLgJFkU3ZUYEXfrYuFSwttApQyaTtsE8huSOUMb5NW7194g/RjB9LLTihcDhO/fAzUkywS0EwafnL1WWV1ara7X1jc2t7Xpj59Hq3FDWplpo002IZYIr1gYOgnUzw4hMBOskTzcTv/PMjOVaPcA4Y31JhooPOCXgUFzfu4oBR5ZLHGX8OKKphpduDCdxvRm0gungvyKciyaaz13c8I6iVNNcMgVUEGt7YZBBvyAGOBWsrEW5ZRmhT2TIek4qIpntF9MflPjQkRQPtHFPAZ7Sn4mCSGvHMnGbksDILnoT+J8HI1n+ZmKoDXeY03+MhWthcNEvuMpyYIrOjh3kAoPGk0pxyg2jIMZOEOrynGI6IoZQcMXXommwuNFSEpXa0jUbLvb4VzyetsKgFd6fNS+v5x1X0T46QMcoROfoEt2iO9RGFJXoFb2hd+/D+/Ir/sps1ffmmV30a/ztb5w+tb4=</latexit><latexit sha1_base64="IYbb1JNDX3ZyZAt2tvdIqo6o5O8=">AAACVXicdZBLSwMxFIUzY9VaX60uXLgJFkU3ZUYEXfrYuFSwttApQyaTtsE8huSOUMb5NW7194g/RjB9LLTihcDhO/fAzUkywS0EwafnL1WWV1ara7X1jc2t7Xpj59Hq3FDWplpo002IZYIr1gYOgnUzw4hMBOskTzcTv/PMjOVaPcA4Y31JhooPOCXgUFzfu4oBR5ZLHGX8OKKphpduDCdxvRm0gungvyKciyaaz13c8I6iVNNcMgVUEGt7YZBBvyAGOBWsrEW5ZRmhT2TIek4qIpntF9MflPjQkRQPtHFPAZ7Sn4mCSGvHMnGbksDILnoT+J8HI1n+ZmKoDXeY03+MhWthcNEvuMpyYIrOjh3kAoPGk0pxyg2jIMZOEOrynGI6IoZQcMXXommwuNFSEpXa0jUbLvb4VzyetsKgFd6fNS+v5x1X0T46QMcoROfoEt2iO9RGFJXoFb2hd+/D+/Ir/sps1ffmmV30a/ztb5w+tb4=</latexit><latexit sha1_base64="IYbb1JNDX3ZyZAt2tvdIqo6o5O8=">AAACVXicdZBLSwMxFIUzY9VaX60uXLgJFkU3ZUYEXfrYuFSwttApQyaTtsE8huSOUMb5NW7194g/RjB9LLTihcDhO/fAzUkywS0EwafnL1WWV1ara7X1jc2t7Xpj59Hq3FDWplpo002IZYIr1gYOgnUzw4hMBOskTzcTv/PMjOVaPcA4Y31JhooPOCXgUFzfu4oBR5ZLHGX8OKKphpduDCdxvRm0gungvyKciyaaz13c8I6iVNNcMgVUEGt7YZBBvyAGOBWsrEW5ZRmhT2TIek4qIpntF9MflPjQkRQPtHFPAZ7Sn4mCSGvHMnGbksDILnoT+J8HI1n+ZmKoDXeY03+MhWthcNEvuMpyYIrOjh3kAoPGk0pxyg2jIMZOEOrynGI6IoZQcMXXommwuNFSEpXa0jUbLvb4VzyetsKgFd6fNS+v5x1X0T46QMcoROfoEt2iO9RGFJXoFb2hd+/D+/Ir/sps1ffmmV30a/ztb5w+tb4=</latexit><latexit sha1_base64="IYbb1JNDX3ZyZAt2tvdIqo6o5O8=">AAACVXicdZBLSwMxFIUzY9VaX60uXLgJFkU3ZUYEXfrYuFSwttApQyaTtsE8huSOUMb5NW7194g/RjB9LLTihcDhO/fAzUkywS0EwafnL1WWV1ara7X1jc2t7Xpj59Hq3FDWplpo002IZYIr1gYOgnUzw4hMBOskTzcTv/PMjOVaPcA4Y31JhooPOCXgUFzfu4oBR5ZLHGX8OKKphpduDCdxvRm0gungvyKciyaaz13c8I6iVNNcMgVUEGt7YZBBvyAGOBWsrEW5ZRmhT2TIek4qIpntF9MflPjQkRQPtHFPAZ7Sn4mCSGvHMnGbksDILnoT+J8HI1n+ZmKoDXeY03+MhWthcNEvuMpyYIrOjh3kAoPGk0pxyg2jIMZOEOrynGI6IoZQcMXXommwuNFSEpXa0jUbLvb4VzyetsKgFd6fNS+v5x1X0T46QMcoROfoEt2iO9RGFJXoFb2hd+/D+/Ir/sps1ffmmV30a/ztb5w+tb4=</latexit>

Xt+1 ⇠ P(·|Xt, At)

Rt ⇠ R(·|Xt, At)
<latexit sha1_base64="aXYr6z9/6gK68dBRP2QS50kJVXI="></latexit><latexit sha1_base64="aXYr6z9/6gK68dBRP2QS50kJVXI="></latexit><latexit sha1_base64="aXYr6z9/6gK68dBRP2QS50kJVXI="></latexit><latexit sha1_base64="aXYr6z9/6gK68dBRP2QS50kJVXI="></latexit>
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<latexit sha1_base64="IYbb1JNDX3ZyZAt2tvdIqo6o5O8=">AAACVXicdZBLSwMxFIUzY9VaX60uXLgJFkU3ZUYEXfrYuFSwttApQyaTtsE8huSOUMb5NW7194g/RjB9LLTihcDhO/fAzUkywS0EwafnL1WWV1ara7X1jc2t7Xpj59Hq3FDWplpo002IZYIr1gYOgnUzw4hMBOskTzcTv/PMjOVaPcA4Y31JhooPOCXgUFzfu4oBR5ZLHGX8OKKphpduDCdxvRm0gungvyKciyaaz13c8I6iVNNcMgVUEGt7YZBBvyAGOBWsrEW5ZRmhT2TIek4qIpntF9MflPjQkRQPtHFPAZ7Sn4mCSGvHMnGbksDILnoT+J8HI1n+ZmKoDXeY03+MhWthcNEvuMpyYIrOjh3kAoPGk0pxyg2jIMZOEOrynGI6IoZQcMXXommwuNFSEpXa0jUbLvb4VzyetsKgFd6fNS+v5x1X0T46QMcoROfoEt2iO9RGFJXoFb2hd+/D+/Ir/sps1ffmmV30a/ztb5w+tb4=</latexit><latexit sha1_base64="IYbb1JNDX3ZyZAt2tvdIqo6o5O8=">AAACVXicdZBLSwMxFIUzY9VaX60uXLgJFkU3ZUYEXfrYuFSwttApQyaTtsE8huSOUMb5NW7194g/RjB9LLTihcDhO/fAzUkywS0EwafnL1WWV1ara7X1jc2t7Xpj59Hq3FDWplpo002IZYIr1gYOgnUzw4hMBOskTzcTv/PMjOVaPcA4Y31JhooPOCXgUFzfu4oBR5ZLHGX8OKKphpduDCdxvRm0gungvyKciyaaz13c8I6iVNNcMgVUEGt7YZBBvyAGOBWsrEW5ZRmhT2TIek4qIpntF9MflPjQkRQPtHFPAZ7Sn4mCSGvHMnGbksDILnoT+J8HI1n+ZmKoDXeY03+MhWthcNEvuMpyYIrOjh3kAoPGk0pxyg2jIMZOEOrynGI6IoZQcMXXommwuNFSEpXa0jUbLvb4VzyetsKgFd6fNS+v5x1X0T46QMcoROfoEt2iO9RGFJXoFb2hd+/D+/Ir/sps1ffmmV30a/ztb5w+tb4=</latexit><latexit sha1_base64="IYbb1JNDX3ZyZAt2tvdIqo6o5O8=">AAACVXicdZBLSwMxFIUzY9VaX60uXLgJFkU3ZUYEXfrYuFSwttApQyaTtsE8huSOUMb5NW7194g/RjB9LLTihcDhO/fAzUkywS0EwafnL1WWV1ara7X1jc2t7Xpj59Hq3FDWplpo002IZYIr1gYOgnUzw4hMBOskTzcTv/PMjOVaPcA4Y31JhooPOCXgUFzfu4oBR5ZLHGX8OKKphpduDCdxvRm0gungvyKciyaaz13c8I6iVNNcMgVUEGt7YZBBvyAGOBWsrEW5ZRmhT2TIek4qIpntF9MflPjQkRQPtHFPAZ7Sn4mCSGvHMnGbksDILnoT+J8HI1n+ZmKoDXeY03+MhWthcNEvuMpyYIrOjh3kAoPGk0pxyg2jIMZOEOrynGI6IoZQcMXXommwuNFSEpXa0jUbLvb4VzyetsKgFd6fNS+v5x1X0T46QMcoROfoEt2iO9RGFJXoFb2hd+/D+/Ir/sps1ffmmV30a/ztb5w+tb4=</latexit><latexit sha1_base64="IYbb1JNDX3ZyZAt2tvdIqo6o5O8=">AAACVXicdZBLSwMxFIUzY9VaX60uXLgJFkU3ZUYEXfrYuFSwttApQyaTtsE8huSOUMb5NW7194g/RjB9LLTihcDhO/fAzUkywS0EwafnL1WWV1ara7X1jc2t7Xpj59Hq3FDWplpo002IZYIr1gYOgnUzw4hMBOskTzcTv/PMjOVaPcA4Y31JhooPOCXgUFzfu4oBR5ZLHGX8OKKphpduDCdxvRm0gungvyKciyaaz13c8I6iVNNcMgVUEGt7YZBBvyAGOBWsrEW5ZRmhT2TIek4qIpntF9MflPjQkRQPtHFPAZ7Sn4mCSGvHMnGbksDILnoT+J8HI1n+ZmKoDXeY03+MhWthcNEvuMpyYIrOjh3kAoPGk0pxyg2jIMZOEOrynGI6IoZQcMXXommwuNFSEpXa0jUbLvb4VzyetsKgFd6fNS+v5x1X0T46QMcoROfoEt2iO9RGFJXoFb2hd+/D+/Ir/sps1ffmmV30a/ztb5w+tb4=</latexit>

Xt+1 ⇠ P(·|Xt, At)

Rt ⇠ R(·|Xt, At)
<latexit sha1_base64="aXYr6z9/6gK68dBRP2QS50kJVXI="></latexit><latexit sha1_base64="aXYr6z9/6gK68dBRP2QS50kJVXI="></latexit><latexit sha1_base64="aXYr6z9/6gK68dBRP2QS50kJVXI="></latexit><latexit sha1_base64="aXYr6z9/6gK68dBRP2QS50kJVXI="></latexit>
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Optimal value function:

Q

⇤(x, a) = sup
⇡

Q

⇡(x, a)

Given Q

⇤, the optimal policy can be obtained as

⇡

⇤(x) argmax
a

Q

⇤(x, a)

The goal of an RL agent is to find a policy ⇡ that is close to optimal, i.e.,
Q

⇤ ⇡ Q

⇤.
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We have the following recursive relationship:
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This is called the Bellman equation and T
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Bellman operator. Similarly, we define the Bellman optimality operator:
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Key observation:
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Value and Policy Iteration
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<latexit sha1_base64="hqa2SZ465rvbuNwSIHpJ8e4/Zoc=">AAACEHicdVDLSsNAFJ34rPVVdelmsAiuSiKCLovduGzBtIUmlslk0g6dR5iZCCX0GwRX+ifuxK1/4I+4dppmoS0euHA45x7u5UQpo9q47peztr6xubVd2anu7u0fHNaOjrtaZgoTH0smVT9CmjAqiG+oYaSfKoJ4xEgvmrTmfu+RKE2luDfTlIQcjQRNKEbGSn7nIUjpsFZ3G24BuEq8ktRBifaw9h3EEmecCIMZ0nrguakJc6QMxYzMqkGmSYrwBI3IwFKBONFhXjw7g+dWiWEilR1hYKH+TuSIaz3lkd3kyIz1sjcX//PMmC9dN8lNmFORZoYIvDieZAwaCedtwJgqgg2bWoKwovZ/iMdIIWxsZ9WgCOYtyTkSsZ7ZorzlWlZJ97LhuQ2vc1Vv3paVVcApOAMXwAPXoAnuQBv4AAMKnsALeHWenTfn3flYrK45ZeYE/IHz+QP5y54f</latexit><latexit sha1_base64="hqa2SZ465rvbuNwSIHpJ8e4/Zoc=">AAACEHicdVDLSsNAFJ34rPVVdelmsAiuSiKCLovduGzBtIUmlslk0g6dR5iZCCX0GwRX+ifuxK1/4I+4dppmoS0euHA45x7u5UQpo9q47peztr6xubVd2anu7u0fHNaOjrtaZgoTH0smVT9CmjAqiG+oYaSfKoJ4xEgvmrTmfu+RKE2luDfTlIQcjQRNKEbGSn7nIUjpsFZ3G24BuEq8ktRBifaw9h3EEmecCIMZ0nrguakJc6QMxYzMqkGmSYrwBI3IwFKBONFhXjw7g+dWiWEilR1hYKH+TuSIaz3lkd3kyIz1sjcX//PMmC9dN8lNmFORZoYIvDieZAwaCedtwJgqgg2bWoKwovZ/iMdIIWxsZ9WgCOYtyTkSsZ7ZorzlWlZJ97LhuQ2vc1Vv3paVVcApOAMXwAPXoAnuQBv4AAMKnsALeHWenTfn3flYrK45ZeYE/IHz+QP5y54f</latexit><latexit sha1_base64="hqa2SZ465rvbuNwSIHpJ8e4/Zoc=">AAACEHicdVDLSsNAFJ34rPVVdelmsAiuSiKCLovduGzBtIUmlslk0g6dR5iZCCX0GwRX+ifuxK1/4I+4dppmoS0euHA45x7u5UQpo9q47peztr6xubVd2anu7u0fHNaOjrtaZgoTH0smVT9CmjAqiG+oYaSfKoJ4xEgvmrTmfu+RKE2luDfTlIQcjQRNKEbGSn7nIUjpsFZ3G24BuEq8ktRBifaw9h3EEmecCIMZ0nrguakJc6QMxYzMqkGmSYrwBI3IwFKBONFhXjw7g+dWiWEilR1hYKH+TuSIaz3lkd3kyIz1sjcX//PMmC9dN8lNmFORZoYIvDieZAwaCedtwJgqgg2bWoKwovZ/iMdIIWxsZ9WgCOYtyTkSsZ7ZorzlWlZJ97LhuQ2vc1Vv3paVVcApOAMXwAPXoAnuQBv4AAMKnsALeHWenTfn3flYrK45ZeYE/IHz+QP5y54f</latexit><latexit sha1_base64="hqa2SZ465rvbuNwSIHpJ8e4/Zoc=">AAACEHicdVDLSsNAFJ34rPVVdelmsAiuSiKCLovduGzBtIUmlslk0g6dR5iZCCX0GwRX+ifuxK1/4I+4dppmoS0euHA45x7u5UQpo9q47peztr6xubVd2anu7u0fHNaOjrtaZgoTH0smVT9CmjAqiG+oYaSfKoJ4xEgvmrTmfu+RKE2luDfTlIQcjQRNKEbGSn7nIUjpsFZ3G24BuEq8ktRBifaw9h3EEmecCIMZ0nrguakJc6QMxYzMqkGmSYrwBI3IwFKBONFhXjw7g+dWiWEilR1hYKH+TuSIaz3lkd3kyIz1sjcX//PMmC9dN8lNmFORZoYIvDieZAwaCedtwJgqgg2bWoKwovZ/iMdIIWxsZ9WgCOYtyTkSsZ7ZorzlWlZJ97LhuQ2vc1Vv3paVVcApOAMXwAPXoAnuQBv4AAMKnsALeHWenTfn3flYrK45ZeYE/IHz+QP5y54f</latexit>



Value Iteration



Value Iteration

Qk+1  T ⇤Qk
<latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit><latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit><latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit><latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit>



Value Iteration

Qk+1  T ⇤Qk
<latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit><latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit><latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit><latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit>

Qk+1(x, a) r(x, a) + �
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X
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0
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0
)

<latexit sha1_base64="yn/wWwi1IHU+pirtY9Y0dMCHR9M="></latexit><latexit sha1_base64="yn/wWwi1IHU+pirtY9Y0dMCHR9M="></latexit><latexit sha1_base64="yn/wWwi1IHU+pirtY9Y0dMCHR9M="></latexit><latexit sha1_base64="yn/wWwi1IHU+pirtY9Y0dMCHR9M="></latexit>
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0
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<latexit sha1_base64="pxhO3YjNQtQRbHqrCANXaZRgvTg=">AAACqHicdZFLa9tAFIXHSh+p+3KSZTdDTRunCUYqhXSZNJtCNzbUsUtkxNX4yp54HmJmlNoo+o/d9o90245tLRqHXBg4fOceGM5Nc8GtC8PfjWDn0eMnT3efNZ+/ePnqdWtv/9LqwjAcMC20GaVgUXCFA8edwFFuEGQqcJjOL1b+8AaN5Vp9d8scxxKmimecgfMoaV33k3J+HFWdxQkc0Vhg5sAY/ZOaDTmm8RSkBBrb Qibl4pDGXNF4NKpo3PuGRqHoeHhLN3kJi6SEeun8vKL9ZO79Ezg8aiatdtgN10Pvi6gWbVJPL9lrvI8nmhUSlWMCrL2KwtyNSzCOM4FVMy4s5sDmMMUrLxVItONyXUpF33kyoZk2/ilH1/T/RAnS2qVM/aYEN7Pb3go+5LmZrO4yMdWGe8zZA8bWb132eVxy lRcOFdt8NisEdZqurkQn3CBzYukFMJ/njLIZGGDO37IZr4PlhfaHURNb+Waj7R7vi8uP3SjsRv1P7bMvdce75A15SzokIqfkjHwlPTIgjPwif8jfBgk+BL1gGPzYrAaNOnNA7kyQ/gOSTc+b</latexit><latexit sha1_base64="pxhO3YjNQtQRbHqrCANXaZRgvTg=">AAACqHicdZFLa9tAFIXHSh+p+3KSZTdDTRunCUYqhXSZNJtCNzbUsUtkxNX4yp54HmJmlNoo+o/d9o90245tLRqHXBg4fOceGM5Nc8GtC8PfjWDn0eMnT3efNZ+/ePnqdWtv/9LqwjAcMC20GaVgUXCFA8edwFFuEGQqcJjOL1b+8AaN5Vp9d8scxxKmimecgfMoaV33k3J+HFWdxQkc0Vhg5sAY/ZOaDTmm8RSkBBrb Qibl4pDGXNF4NKpo3PuGRqHoeHhLN3kJi6SEeun8vKL9ZO79Ezg8aiatdtgN10Pvi6gWbVJPL9lrvI8nmhUSlWMCrL2KwtyNSzCOM4FVMy4s5sDmMMUrLxVItONyXUpF33kyoZk2/ilH1/T/RAnS2qVM/aYEN7Pb3go+5LmZrO4yMdWGe8zZA8bWb132eVxy lRcOFdt8NisEdZqurkQn3CBzYukFMJ/njLIZGGDO37IZr4PlhfaHURNb+Waj7R7vi8uP3SjsRv1P7bMvdce75A15SzokIqfkjHwlPTIgjPwif8jfBgk+BL1gGPzYrAaNOnNA7kyQ/gOSTc+b</latexit><latexit sha1_base64="pxhO3YjNQtQRbHqrCANXaZRgvTg=">AAACqHicdZFLa9tAFIXHSh+p+3KSZTdDTRunCUYqhXSZNJtCNzbUsUtkxNX4yp54HmJmlNoo+o/d9o90245tLRqHXBg4fOceGM5Nc8GtC8PfjWDn0eMnT3efNZ+/ePnqdWtv/9LqwjAcMC20GaVgUXCFA8edwFFuEGQqcJjOL1b+8AaN5Vp9d8scxxKmimecgfMoaV33k3J+HFWdxQkc0Vhg5sAY/ZOaDTmm8RSkBBrb Qibl4pDGXNF4NKpo3PuGRqHoeHhLN3kJi6SEeun8vKL9ZO79Ezg8aiatdtgN10Pvi6gWbVJPL9lrvI8nmhUSlWMCrL2KwtyNSzCOM4FVMy4s5sDmMMUrLxVItONyXUpF33kyoZk2/ilH1/T/RAnS2qVM/aYEN7Pb3go+5LmZrO4yMdWGe8zZA8bWb132eVxy lRcOFdt8NisEdZqurkQn3CBzYukFMJ/njLIZGGDO37IZr4PlhfaHURNb+Waj7R7vi8uP3SjsRv1P7bMvdce75A15SzokIqfkjHwlPTIgjPwif8jfBgk+BL1gGPzYrAaNOnNA7kyQ/gOSTc+b</latexit><latexit sha1_base64="pxhO3YjNQtQRbHqrCANXaZRgvTg=">AAACqHicdZFLa9tAFIXHSh+p+3KSZTdDTRunCUYqhXSZNJtCNzbUsUtkxNX4yp54HmJmlNoo+o/d9o90245tLRqHXBg4fOceGM5Nc8GtC8PfjWDn0eMnT3efNZ+/ePnqdWtv/9LqwjAcMC20GaVgUXCFA8edwFFuEGQqcJjOL1b+8AaN5Vp9d8scxxKmimecgfMoaV33k3J+HFWdxQkc0Vhg5sAY/ZOaDTmm8RSkBBrb Qibl4pDGXNF4NKpo3PuGRqHoeHhLN3kJi6SEeun8vKL9ZO79Ezg8aiatdtgN10Pvi6gWbVJPL9lrvI8nmhUSlWMCrL2KwtyNSzCOM4FVMy4s5sDmMMUrLxVItONyXUpF33kyoZk2/ilH1/T/RAnS2qVM/aYEN7Pb3go+5LmZrO4yMdWGe8zZA8bWb132eVxy lRcOFdt8NisEdZqurkQn3CBzYukFMJ/njLIZGGDO37IZr4PlhfaHURNb+Waj7R7vi8uP3SjsRv1P7bMvdce75A15SzokIqfkjHwlPTIgjPwif8jfBgk+BL1gGPzYrAaNOnNA7kyQ/gOSTc+b</latexit>



Value Iteration

Qk+1  T ⇤Qk
<latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit><latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit><latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit><latexit sha1_base64="haZey1dqVrP3Uw8RTjIo7kpMYuw="></latexit>

Convergence due to the contraction property of the Bellman operator



Contraction Property of the Bellman Operator

kT ⇤Q1 � T ⇤Q2k1  � kQ1 �Q2k1 .
<latexit sha1_base64="/opY/n5b6MMGla+41Pl47Z08sis="></latexit><latexit sha1_base64="/opY/n5b6MMGla+41Pl47Z08sis="></latexit><latexit sha1_base64="/opY/n5b6MMGla+41Pl47Z08sis="></latexit><latexit sha1_base64="/opY/n5b6MMGla+41Pl47Z08sis="></latexit>

Q1
<latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit><latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit><latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit><latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit>

Q2
<latexit sha1_base64="Srj0llwUfl51deTIkafbU9cQdDo=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8cW7QPaUDabTbp0H2F3I5SQn+BVf48/w1/gTbx6c5vmYFsc+GCY+QaG8WNKlHacD6u0tb2zu1ferxwcHh2fVGunfSUSiXAPCSrk0IcKU8JxTxNN8TCWGDKf4oE/ay/8wTOWigj+pOcx9hiMOAkJgtpIj91Jc1KtOw0nh71J3ILUQYHOpGZdjQOBEoa5RhQqNXKdWHsplJogirPKOFE4hmgGIzwylEOGlZfmXTP70iiBHQppjms7V/8mUsiUmjPffDKop2rdW4j/eXrKslWNRkISIxP0j7HWVod3Xkp4nGjM0bJsmFBbC3sxnh0QiZGmc0MgMnmCbDSFEiJtJq6M82DaFoxBHqjMLOuu77hJ+s2G6zTc7k29dV9sXAbn4AJcAxfcghZ4AB3QAwhE4AW8gjfr3fq0vqzv5WvJKjJnYAXWzy+kULB4</latexit><latexit sha1_base64="Srj0llwUfl51deTIkafbU9cQdDo=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8cW7QPaUDabTbp0H2F3I5SQn+BVf48/w1/gTbx6c5vmYFsc+GCY+QaG8WNKlHacD6u0tb2zu1ferxwcHh2fVGunfSUSiXAPCSrk0IcKU8JxTxNN8TCWGDKf4oE/ay/8wTOWigj+pOcx9hiMOAkJgtpIj91Jc1KtOw0nh71J3ILUQYHOpGZdjQOBEoa5RhQqNXKdWHsplJogirPKOFE4hmgGIzwylEOGlZfmXTP70iiBHQppjms7V/8mUsiUmjPffDKop2rdW4j/eXrKslWNRkISIxP0j7HWVod3Xkp4nGjM0bJsmFBbC3sxnh0QiZGmc0MgMnmCbDSFEiJtJq6M82DaFoxBHqjMLOuu77hJ+s2G6zTc7k29dV9sXAbn4AJcAxfcghZ4AB3QAwhE4AW8gjfr3fq0vqzv5WvJKjJnYAXWzy+kULB4</latexit><latexit sha1_base64="Srj0llwUfl51deTIkafbU9cQdDo=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8cW7QPaUDabTbp0H2F3I5SQn+BVf48/w1/gTbx6c5vmYFsc+GCY+QaG8WNKlHacD6u0tb2zu1ferxwcHh2fVGunfSUSiXAPCSrk0IcKU8JxTxNN8TCWGDKf4oE/ay/8wTOWigj+pOcx9hiMOAkJgtpIj91Jc1KtOw0nh71J3ILUQYHOpGZdjQOBEoa5RhQqNXKdWHsplJogirPKOFE4hmgGIzwylEOGlZfmXTP70iiBHQppjms7V/8mUsiUmjPffDKop2rdW4j/eXrKslWNRkISIxP0j7HWVod3Xkp4nGjM0bJsmFBbC3sxnh0QiZGmc0MgMnmCbDSFEiJtJq6M82DaFoxBHqjMLOuu77hJ+s2G6zTc7k29dV9sXAbn4AJcAxfcghZ4AB3QAwhE4AW8gjfr3fq0vqzv5WvJKjJnYAXWzy+kULB4</latexit><latexit sha1_base64="Srj0llwUfl51deTIkafbU9cQdDo=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8cW7QPaUDabTbp0H2F3I5SQn+BVf48/w1/gTbx6c5vmYFsc+GCY+QaG8WNKlHacD6u0tb2zu1ferxwcHh2fVGunfSUSiXAPCSrk0IcKU8JxTxNN8TCWGDKf4oE/ay/8wTOWigj+pOcx9hiMOAkJgtpIj91Jc1KtOw0nh71J3ILUQYHOpGZdjQOBEoa5RhQqNXKdWHsplJogirPKOFE4hmgGIzwylEOGlZfmXTP70iiBHQppjms7V/8mUsiUmjPffDKop2rdW4j/eXrKslWNRkISIxP0j7HWVod3Xkp4nGjM0bJsmFBbC3sxnh0QiZGmc0MgMnmCbDSFEiJtJq6M82DaFoxBHqjMLOuu77hJ+s2G6zTc7k29dV9sXAbn4AJcAxfcghZ4AB3QAwhE4AW8gjfr3fq0vqzv5WvJKjJnYAXWzy+kULB4</latexit>

T ⇤Q1
<latexit sha1_base64="yqJIT7qss5GVGdOiCqx7wCN5G3s=">AAACRXicdVDJSgNBFOxxjXFL9OilMSiewowIegzm4jGBbJKE0NPpJE16GbrfCGGYr/Cq3+M3+BHexKt2loNJSMGDouoVFBVGglvw/U9va3tnd28/c5A9PDo+Oc3lzxpWx4ayOtVCm1ZILBNcsTpwEKwVGUZkKFgzHJenfvOFGcu1qsEkYl1JhooPOCXgpOdOTUeAq72glyv4RX8GvE6CBSmgBSq9vHfd6WsaS6aACmJtO/Aj6CbEAKeCpdlObFlE6JgMWdtRRSSz3WTWOMVXTunjgTbuFOCZ+j+REGntRIbuUxIY2VVvKm7yYCTTZU0MteFO5nSDsdIWBg/dhKsoBqbovOwgFhg0nk6I+9wwCmLiCKEuzymmI2IIBTd0tjMLJmUtJVF9m7plg9Ud10njthj4xaB6Vyg9LjbOoAt0iW5QgO5RCT2hCqojiiR6RW/o3fvwvrxv72f+uuUtMudoCd7vH4EfstY=</latexit><latexit sha1_base64="yqJIT7qss5GVGdOiCqx7wCN5G3s=">AAACRXicdVDJSgNBFOxxjXFL9OilMSiewowIegzm4jGBbJKE0NPpJE16GbrfCGGYr/Cq3+M3+BHexKt2loNJSMGDouoVFBVGglvw/U9va3tnd28/c5A9PDo+Oc3lzxpWx4ayOtVCm1ZILBNcsTpwEKwVGUZkKFgzHJenfvOFGcu1qsEkYl1JhooPOCXgpOdOTUeAq72glyv4RX8GvE6CBSmgBSq9vHfd6WsaS6aACmJtO/Aj6CbEAKeCpdlObFlE6JgMWdtRRSSz3WTWOMVXTunjgTbuFOCZ+j+REGntRIbuUxIY2VVvKm7yYCTTZU0MteFO5nSDsdIWBg/dhKsoBqbovOwgFhg0nk6I+9wwCmLiCKEuzymmI2IIBTd0tjMLJmUtJVF9m7plg9Ud10njthj4xaB6Vyg9LjbOoAt0iW5QgO5RCT2hCqojiiR6RW/o3fvwvrxv72f+uuUtMudoCd7vH4EfstY=</latexit><latexit sha1_base64="yqJIT7qss5GVGdOiCqx7wCN5G3s=">AAACRXicdVDJSgNBFOxxjXFL9OilMSiewowIegzm4jGBbJKE0NPpJE16GbrfCGGYr/Cq3+M3+BHexKt2loNJSMGDouoVFBVGglvw/U9va3tnd28/c5A9PDo+Oc3lzxpWx4ayOtVCm1ZILBNcsTpwEKwVGUZkKFgzHJenfvOFGcu1qsEkYl1JhooPOCXgpOdOTUeAq72glyv4RX8GvE6CBSmgBSq9vHfd6WsaS6aACmJtO/Aj6CbEAKeCpdlObFlE6JgMWdtRRSSz3WTWOMVXTunjgTbuFOCZ+j+REGntRIbuUxIY2VVvKm7yYCTTZU0MteFO5nSDsdIWBg/dhKsoBqbovOwgFhg0nk6I+9wwCmLiCKEuzymmI2IIBTd0tjMLJmUtJVF9m7plg9Ud10njthj4xaB6Vyg9LjbOoAt0iW5QgO5RCT2hCqojiiR6RW/o3fvwvrxv72f+uuUtMudoCd7vH4EfstY=</latexit><latexit sha1_base64="yqJIT7qss5GVGdOiCqx7wCN5G3s=">AAACRXicdVDJSgNBFOxxjXFL9OilMSiewowIegzm4jGBbJKE0NPpJE16GbrfCGGYr/Cq3+M3+BHexKt2loNJSMGDouoVFBVGglvw/U9va3tnd28/c5A9PDo+Oc3lzxpWx4ayOtVCm1ZILBNcsTpwEKwVGUZkKFgzHJenfvOFGcu1qsEkYl1JhooPOCXgpOdOTUeAq72glyv4RX8GvE6CBSmgBSq9vHfd6WsaS6aACmJtO/Aj6CbEAKeCpdlObFlE6JgMWdtRRSSz3WTWOMVXTunjgTbuFOCZ+j+REGntRIbuUxIY2VVvKm7yYCTTZU0MteFO5nSDsdIWBg/dhKsoBqbovOwgFhg0nk6I+9wwCmLiCKEuzymmI2IIBTd0tjMLJmUtJVF9m7plg9Ud10njthj4xaB6Vyg9LjbOoAt0iW5QgO5RCT2hCqojiiR6RW/o3fvwvrxv72f+uuUtMudoCd7vH4EfstY=</latexit>

T ⇤Q2
<latexit sha1_base64="TrsWdF6gWobKWXPGYUF2As5sxHQ=">AAACRXicdVBLS0JBGJ1rL7OX1rLNkBSt5F4Jaim5aangK1Rk7jjq4DwuM98N5OKvaFu/p9/Qj2gXbWt8LFLxwAeHc74DhxNGglvw/U8vtbO7t3+QPswcHZ+cnmVz5w2rY0NZnWqhTSsklgmuWB04CNaKDCMyFKwZjsszv/nCjOVa1WASsa4kQ8UHnBJw0nOnpiPA1V6xl837BX8OvEmCJcmjJSq9nHfT6WsaS6aACmJtO/Aj6CbEAKeCTTOd2LKI0DEZsrajikhmu8m88RRfO6WPB9q4U4Dn6v9EQqS1Exm6T0lgZNe9mbjNg5GcrmpiqA13MqdbjLW2MHjoJlxFMTBFF2UHscCg8WxC3OeGURATRwh1eU4xHRFDKLihM515MClrKYnq26lbNljfcZM0ioXALwTVu3zpcblxGl2iK3SLAnSPSugJVVAdUSTRK3pD796H9+V9ez+L15S3zFygFXi/f4L4stc=</latexit><latexit sha1_base64="TrsWdF6gWobKWXPGYUF2As5sxHQ=">AAACRXicdVBLS0JBGJ1rL7OX1rLNkBSt5F4Jaim5aangK1Rk7jjq4DwuM98N5OKvaFu/p9/Qj2gXbWt8LFLxwAeHc74DhxNGglvw/U8vtbO7t3+QPswcHZ+cnmVz5w2rY0NZnWqhTSsklgmuWB04CNaKDCMyFKwZjsszv/nCjOVa1WASsa4kQ8UHnBJw0nOnpiPA1V6xl837BX8OvEmCJcmjJSq9nHfT6WsaS6aACmJtO/Aj6CbEAKeCTTOd2LKI0DEZsrajikhmu8m88RRfO6WPB9q4U4Dn6v9EQqS1Exm6T0lgZNe9mbjNg5GcrmpiqA13MqdbjLW2MHjoJlxFMTBFF2UHscCg8WxC3OeGURATRwh1eU4xHRFDKLihM515MClrKYnq26lbNljfcZM0ioXALwTVu3zpcblxGl2iK3SLAnSPSugJVVAdUSTRK3pD796H9+V9ez+L15S3zFygFXi/f4L4stc=</latexit><latexit sha1_base64="TrsWdF6gWobKWXPGYUF2As5sxHQ=">AAACRXicdVBLS0JBGJ1rL7OX1rLNkBSt5F4Jaim5aangK1Rk7jjq4DwuM98N5OKvaFu/p9/Qj2gXbWt8LFLxwAeHc74DhxNGglvw/U8vtbO7t3+QPswcHZ+cnmVz5w2rY0NZnWqhTSsklgmuWB04CNaKDCMyFKwZjsszv/nCjOVa1WASsa4kQ8UHnBJw0nOnpiPA1V6xl837BX8OvEmCJcmjJSq9nHfT6WsaS6aACmJtO/Aj6CbEAKeCTTOd2LKI0DEZsrajikhmu8m88RRfO6WPB9q4U4Dn6v9EQqS1Exm6T0lgZNe9mbjNg5GcrmpiqA13MqdbjLW2MHjoJlxFMTBFF2UHscCg8WxC3OeGURATRwh1eU4xHRFDKLihM515MClrKYnq26lbNljfcZM0ioXALwTVu3zpcblxGl2iK3SLAnSPSugJVVAdUSTRK3pD796H9+V9ez+L15S3zFygFXi/f4L4stc=</latexit><latexit sha1_base64="TrsWdF6gWobKWXPGYUF2As5sxHQ=">AAACRXicdVBLS0JBGJ1rL7OX1rLNkBSt5F4Jaim5aangK1Rk7jjq4DwuM98N5OKvaFu/p9/Qj2gXbWt8LFLxwAeHc74DhxNGglvw/U8vtbO7t3+QPswcHZ+cnmVz5w2rY0NZnWqhTSsklgmuWB04CNaKDCMyFKwZjsszv/nCjOVa1WASsa4kQ8UHnBJw0nOnpiPA1V6xl837BX8OvEmCJcmjJSq9nHfT6WsaS6aACmJtO/Aj6CbEAKeCTTOd2LKI0DEZsrajikhmu8m88RRfO6WPB9q4U4Dn6v9EQqS1Exm6T0lgZNe9mbjNg5GcrmpiqA13MqdbjLW2MHjoJlxFMTBFF2UHscCg8WxC3OeGURATRwh1eU4xHRFDKLihM515MClrKYnq26lbNljfcZM0ioXALwTVu3zpcblxGl2iK3SLAnSPSugJVVAdUSTRK3pD796H9+V9ez+L15S3zFygFXi/f4L4stc=</latexit>

T ⇤
(or T⇡

)

<latexit sha1_base64="1NtZU9jecEK2cV+EB72GcN1Qgh0=">AAACUXicdVA9TwJBFHx3fiF+gZY2G0GjDbmj0ZJIY6mJCIkQsrfswcb9uOy+MyEXfout/h4rf4qdC1IoxqkmM2/yJpNkUjiMoo8gXFvf2NwqbZd3dvf2DyrVwwdncst4hxlpbC+hjkuheQcFSt7LLKcqkbybPLXnfveZWyeMvsdpxgeKjrVIBaPopWHlqN6/NxnWybmxxPNM1C+GlVrUiBYgf0m8JDVY4nZYDc76I8NyxTUySZ17jKMMBwW1KJjks3I/dzyj7ImO+aOnmiruBsWi/YycemVEUv8/NRrJQv2ZKKhybqoSf6koTtyqNxf/83CiZr81OTZWeFmwf4yVtpheDQqhsxy5Zt9l01wSNGQ+JxkJyxnKqSeU+bxghE2opQz96OX+Ili0jVJUj9zMLxuv7viXPDQbcdSI75q11vVy4xIcwwmcQwyX0IIbuIUOMJjCC7zCW/AefIYQht+nYbDMHMEvhDtfC02y9g==</latexit><latexit sha1_base64="1NtZU9jecEK2cV+EB72GcN1Qgh0=">AAACUXicdVA9TwJBFHx3fiF+gZY2G0GjDbmj0ZJIY6mJCIkQsrfswcb9uOy+MyEXfout/h4rf4qdC1IoxqkmM2/yJpNkUjiMoo8gXFvf2NwqbZd3dvf2DyrVwwdncst4hxlpbC+hjkuheQcFSt7LLKcqkbybPLXnfveZWyeMvsdpxgeKjrVIBaPopWHlqN6/NxnWybmxxPNM1C+GlVrUiBYgf0m8JDVY4nZYDc76I8NyxTUySZ17jKMMBwW1KJjks3I/dzyj7ImO+aOnmiruBsWi/YycemVEUv8/NRrJQv2ZKKhybqoSf6koTtyqNxf/83CiZr81OTZWeFmwf4yVtpheDQqhsxy5Zt9l01wSNGQ+JxkJyxnKqSeU+bxghE2opQz96OX+Ili0jVJUj9zMLxuv7viXPDQbcdSI75q11vVy4xIcwwmcQwyX0IIbuIUOMJjCC7zCW/AefIYQht+nYbDMHMEvhDtfC02y9g==</latexit><latexit sha1_base64="1NtZU9jecEK2cV+EB72GcN1Qgh0=">AAACUXicdVA9TwJBFHx3fiF+gZY2G0GjDbmj0ZJIY6mJCIkQsrfswcb9uOy+MyEXfout/h4rf4qdC1IoxqkmM2/yJpNkUjiMoo8gXFvf2NwqbZd3dvf2DyrVwwdncst4hxlpbC+hjkuheQcFSt7LLKcqkbybPLXnfveZWyeMvsdpxgeKjrVIBaPopWHlqN6/NxnWybmxxPNM1C+GlVrUiBYgf0m8JDVY4nZYDc76I8NyxTUySZ17jKMMBwW1KJjks3I/dzyj7ImO+aOnmiruBsWi/YycemVEUv8/NRrJQv2ZKKhybqoSf6koTtyqNxf/83CiZr81OTZWeFmwf4yVtpheDQqhsxy5Zt9l01wSNGQ+JxkJyxnKqSeU+bxghE2opQz96OX+Ili0jVJUj9zMLxuv7viXPDQbcdSI75q11vVy4xIcwwmcQwyX0IIbuIUOMJjCC7zCW/AefIYQht+nYbDMHMEvhDtfC02y9g==</latexit><latexit sha1_base64="1NtZU9jecEK2cV+EB72GcN1Qgh0=">AAACUXicdVA9TwJBFHx3fiF+gZY2G0GjDbmj0ZJIY6mJCIkQsrfswcb9uOy+MyEXfout/h4rf4qdC1IoxqkmM2/yJpNkUjiMoo8gXFvf2NwqbZd3dvf2DyrVwwdncst4hxlpbC+hjkuheQcFSt7LLKcqkbybPLXnfveZWyeMvsdpxgeKjrVIBaPopWHlqN6/NxnWybmxxPNM1C+GlVrUiBYgf0m8JDVY4nZYDc76I8NyxTUySZ17jKMMBwW1KJjks3I/dzyj7ImO+aOnmiruBsWi/YycemVEUv8/NRrJQv2ZKKhybqoSf6koTtyqNxf/83CiZr81OTZWeFmwf4yVtpheDQqhsxy5Zt9l01wSNGQ+JxkJyxnKqSeU+bxghE2opQz96OX+Ili0jVJUj9zMLxuv7viXPDQbcdSI75q11vVy4xIcwwmcQwyX0IIbuIUOMJjCC7zCW/AefIYQht+nYbDMHMEvhDtfC02y9g==</latexit>

�
<latexit sha1_base64="kcy9StiPGnILhHdxgpheFrNPU8w=">AAACQnicdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWMF+4AmlM1mk67dR9jdCCXkP3jV3+Of8C94E68e3KY52EoHPhhmvoFhgoQSpR3nw6psbG5t71R3a3v7B4dH9cZxX4lUItxDggo5DKDClHDc00RTPEwkhiygeBBMO3N/8IylIoI/6lmCfQZjTiKCoDZS34shY3Bcbzotp4D9n7glaYIS3XHDuvBCgVKGuUYUKjVynUT7GZSaIIrzmpcqnEA0hTEeGcohw8rPirq5fW6U0I6ENMe1Xah/ExlkSs1YYD4Z1BO16s3FdZ6esHxZo7GQxMgErTFW2uro1s8IT1KNOVqUjVJqa2HP97NDIjHSdGYIRCZPkI0mUEKkzco1rwhmHWFW5aHKzbLu6o7/Sf+q5Tot9+G62b4rN66CU3AGLoELbkAb3IMu6AEEnsALeAVv1rv1aX1Z34vXilVmTsASrJ9f2QCyEw==</latexit><latexit sha1_base64="kcy9StiPGnILhHdxgpheFrNPU8w=">AAACQnicdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWMF+4AmlM1mk67dR9jdCCXkP3jV3+Of8C94E68e3KY52EoHPhhmvoFhgoQSpR3nw6psbG5t71R3a3v7B4dH9cZxX4lUItxDggo5DKDClHDc00RTPEwkhiygeBBMO3N/8IylIoI/6lmCfQZjTiKCoDZS34shY3Bcbzotp4D9n7glaYIS3XHDuvBCgVKGuUYUKjVynUT7GZSaIIrzmpcqnEA0hTEeGcohw8rPirq5fW6U0I6ENMe1Xah/ExlkSs1YYD4Z1BO16s3FdZ6esHxZo7GQxMgErTFW2uro1s8IT1KNOVqUjVJqa2HP97NDIjHSdGYIRCZPkI0mUEKkzco1rwhmHWFW5aHKzbLu6o7/Sf+q5Tot9+G62b4rN66CU3AGLoELbkAb3IMu6AEEnsALeAVv1rv1aX1Z34vXilVmTsASrJ9f2QCyEw==</latexit><latexit sha1_base64="kcy9StiPGnILhHdxgpheFrNPU8w=">AAACQnicdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWMF+4AmlM1mk67dR9jdCCXkP3jV3+Of8C94E68e3KY52EoHPhhmvoFhgoQSpR3nw6psbG5t71R3a3v7B4dH9cZxX4lUItxDggo5DKDClHDc00RTPEwkhiygeBBMO3N/8IylIoI/6lmCfQZjTiKCoDZS34shY3Bcbzotp4D9n7glaYIS3XHDuvBCgVKGuUYUKjVynUT7GZSaIIrzmpcqnEA0hTEeGcohw8rPirq5fW6U0I6ENMe1Xah/ExlkSs1YYD4Z1BO16s3FdZ6esHxZo7GQxMgErTFW2uro1s8IT1KNOVqUjVJqa2HP97NDIjHSdGYIRCZPkI0mUEKkzco1rwhmHWFW5aHKzbLu6o7/Sf+q5Tot9+G62b4rN66CU3AGLoELbkAb3IMu6AEEnsALeAVv1rv1aX1Z34vXilVmTsASrJ9f2QCyEw==</latexit><latexit sha1_base64="kcy9StiPGnILhHdxgpheFrNPU8w=">AAACQnicdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWMF+4AmlM1mk67dR9jdCCXkP3jV3+Of8C94E68e3KY52EoHPhhmvoFhgoQSpR3nw6psbG5t71R3a3v7B4dH9cZxX4lUItxDggo5DKDClHDc00RTPEwkhiygeBBMO3N/8IylIoI/6lmCfQZjTiKCoDZS34shY3Bcbzotp4D9n7glaYIS3XHDuvBCgVKGuUYUKjVynUT7GZSaIIrzmpcqnEA0hTEeGcohw8rPirq5fW6U0I6ENMe1Xah/ExlkSs1YYD4Z1BO16s3FdZ6esHxZo7GQxMgErTFW2uro1s8IT1KNOVqUjVJqa2HP97NDIjHSdGYIRCZPkI0mUEKkzco1rwhmHWFW5aHKzbLu6o7/Sf+q5Tot9+G62b4rN66CU3AGLoELbkAb3IMu6AEEnsALeAVv1rv1aX1Z34vXilVmTsASrJ9f2QCyEw==</latexit>

1
<latexit sha1_base64="93BFzOY2xSaeRGRWOyKXTZ+MQlU=">AAACPXicdVDNSsNAGNzUv1r/Wj16WSyKp5KIoMdiLx5bsLXQhrLZbNql+xN2N0IJeQKv+jw+hw/gTbx6dZvmYFs68MEw8w0ME8SMauO6n05pa3tnd6+8Xzk4PDo+qdZOe1omCpMulkyqfoA0YVSQrqGGkX6sCOIBI8/BtDX3n1+I0lSKJzOLic/RWNCIYmSs1PFG1brbcHPAdeIVpA4KtEc152oYSpxwIgxmSOuB58bGT5EyFDOSVYaJJjHCUzQmA0sF4kT7ad40g5dWCWEklT1hYK7+T6SIaz3jgf3kyEz0qjcXN3lmwrNljY2lolameIOx0tZE935KRZwYIvCibJQwaCScTwdDqgg2bGYJwjZPMcQTpBA2duDKMA+mLck5EqHO7LLe6o7rpHfT8NyG17mtNx+KjcvgHFyAa+CBO9AEj6ANugADAl7BG3h3Ppwv59v5WbyWnCJzBpbg/P4BEcOvsw==</latexit><latexit sha1_base64="93BFzOY2xSaeRGRWOyKXTZ+MQlU=">AAACPXicdVDNSsNAGNzUv1r/Wj16WSyKp5KIoMdiLx5bsLXQhrLZbNql+xN2N0IJeQKv+jw+hw/gTbx6dZvmYFs68MEw8w0ME8SMauO6n05pa3tnd6+8Xzk4PDo+qdZOe1omCpMulkyqfoA0YVSQrqGGkX6sCOIBI8/BtDX3n1+I0lSKJzOLic/RWNCIYmSs1PFG1brbcHPAdeIVpA4KtEc152oYSpxwIgxmSOuB58bGT5EyFDOSVYaJJjHCUzQmA0sF4kT7ad40g5dWCWEklT1hYK7+T6SIaz3jgf3kyEz0qjcXN3lmwrNljY2lolameIOx0tZE935KRZwYIvCibJQwaCScTwdDqgg2bGYJwjZPMcQTpBA2duDKMA+mLck5EqHO7LLe6o7rpHfT8NyG17mtNx+KjcvgHFyAa+CBO9AEj6ANugADAl7BG3h3Ppwv59v5WbyWnCJzBpbg/P4BEcOvsw==</latexit><latexit sha1_base64="93BFzOY2xSaeRGRWOyKXTZ+MQlU=">AAACPXicdVDNSsNAGNzUv1r/Wj16WSyKp5KIoMdiLx5bsLXQhrLZbNql+xN2N0IJeQKv+jw+hw/gTbx6dZvmYFs68MEw8w0ME8SMauO6n05pa3tnd6+8Xzk4PDo+qdZOe1omCpMulkyqfoA0YVSQrqGGkX6sCOIBI8/BtDX3n1+I0lSKJzOLic/RWNCIYmSs1PFG1brbcHPAdeIVpA4KtEc152oYSpxwIgxmSOuB58bGT5EyFDOSVYaJJjHCUzQmA0sF4kT7ad40g5dWCWEklT1hYK7+T6SIaz3jgf3kyEz0qjcXN3lmwrNljY2lolameIOx0tZE935KRZwYIvCibJQwaCScTwdDqgg2bGYJwjZPMcQTpBA2duDKMA+mLck5EqHO7LLe6o7rpHfT8NyG17mtNx+KjcvgHFyAa+CBO9AEj6ANugADAl7BG3h3Ppwv59v5WbyWnCJzBpbg/P4BEcOvsw==</latexit><latexit sha1_base64="93BFzOY2xSaeRGRWOyKXTZ+MQlU=">AAACPXicdVDNSsNAGNzUv1r/Wj16WSyKp5KIoMdiLx5bsLXQhrLZbNql+xN2N0IJeQKv+jw+hw/gTbx6dZvmYFs68MEw8w0ME8SMauO6n05pa3tnd6+8Xzk4PDo+qdZOe1omCpMulkyqfoA0YVSQrqGGkX6sCOIBI8/BtDX3n1+I0lSKJzOLic/RWNCIYmSs1PFG1brbcHPAdeIVpA4KtEc152oYSpxwIgxmSOuB58bGT5EyFDOSVYaJJjHCUzQmA0sF4kT7ad40g5dWCWEklT1hYK7+T6SIaz3jgf3kyEz0qjcXN3lmwrNljY2lolameIOx0tZE935KRZwYIvCibJQwaCScTwdDqgg2bGYJwjZPMcQTpBA2duDKMA+mLck5EqHO7LLe6o7rpHfT8NyG17mtNx+KjcvgHFyAa+CBO9AEj6ANugADAl7BG3h3Ppwv59v5WbyWnCJzBpbg/P4BEcOvsw==</latexit>



Contraction Property of the Bellman Operator 
(Detail)
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Therefore, we get that

sup
(x,a)2X⇥A

|(T ⇤
Q1)(x, a)� (T ⇤

Q2)(x, a)|  � sup
(x,a)2X⇥A

|Q1(x, a)�Q2(x, a)| .

Or more succinctly,

kT ⇤
Q1 � T

⇤
Q2k1  � kQ1 �Q2k1 .

We also have a similar result for the Bellman operator of a policy ⇡:

kT⇡

Q1 � T

⇡

Q2k1  � kQ1 �Q2k1 .
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Convergence of Value Iteration
Banach’s fixed-point theorem can be used to show the existence and uniqueness
of the (optimal) value function. Moreover, it shows that VI converges to that
fixed point.
To see this (somehow non-rigorously): Note that Q⇤ = T ⇤Q⇤. So

kT ⇤Q0 �Q⇤k1 = kT ⇤Q0 � T ⇤Q⇤k1  � kQ0 �Q⇤k1 .

Therefore, for VI where Qk+1  T ⇤Qk, we have

kQk �Q⇤k1 =
���(T ⇤)(k)Q0 � T ⇤Q⇤

���
1
 �k kQ0 �Q⇤k1 .

As k ! 1, the RHS converges to zero, showing that kQk �Q⇤k1 ! 0. This
shows that Qk ! Q⇤.
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To make it rigorous, we first need to show the existence of a limit (which requires the completeness of the space) and its uniqueness. Banach’s 
fixed-point theorem takes care of this. We also haven’t shown that the obtained optimal value function corresponds to any policy. But in fact, it 
is the case.



Challenges

Large state space


Exact representation of the value function is infeasible


The exact integration in the Bellman operator is 
challenging


Dynamics is not known (so is Bellman operator)

X ⇢ Rd
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Qk+1(x, a) r(x, a) + �

Z

X
P(dx

0|x, a)max

a02A
Qk(x

0
, a

0
)
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Q(x, a) for all (x, a) 2 X ⇥A
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Is there any hope?



(Batch) RL and  
Approximate Dynamic Programming

Dn = {(Xi, Ai, Ri, X
0
i)}ni=1

(Xi, Ai) ⇠ ⌫

X 0
i ⇠ P(·|Xi, Ai)

Ri ⇠ R(·|Xi, Ai)
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X ⇢ Rd
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X3
<latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit>

X4
<latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit>

X5
<latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit> X 0

5
<latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit>

X 0
4

<latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit>

X 0
3

<latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit>

X 0
2

<latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit>

X 0
1

<latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit>

X6
<latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit>

X 0
6

<latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit>



X ⇢ Rd
<latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit>

X1
<latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit>

X2
<latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit>

X3
<latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit>

X4
<latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit>

X5
<latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit> X 0

5
<latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit>

X 0
4

<latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit>

X 0
3

<latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit>

X 0
2

<latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit>

X 0
1

<latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit>

X6
<latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit>

X 0
6

<latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit>

(Batch) RL and  
Approximate Dynamic Programming

Dn = {(Xi, Ai, Ri, X
0
i)}ni=1

(Xi, Ai) ⇠ ⌫

X 0
i ⇠ P(·|Xi, Ai)

Ri ⇠ R(·|Xi, Ai)
<latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit><latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit><latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit><latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit>

X ⇢ Rd
<latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit>

X1
<latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit>

X2
<latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit>

X3
<latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit>

X4
<latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit>

X5
<latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit>

X6
<latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit>

X7
<latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit><latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit><latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit><latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit>

X 0
7

<latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit><latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit><latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit><latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit>

X8
<latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit><latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit><latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit><latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit>

X 0
5

<latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit>

X 0
4

<latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit>

X 0
3
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Independent samples Dependent samples (single trajectory)



Approximate Value Iteration 
(AVI)



Approximate Value Iteration
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Regression problem



Approximate Value Iteration
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Regression problem
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Solve the following estimation problem at each iteration:

AVI is also known as Fitted Value Iteration (FVI) or Fitted Q-Iteration (FQI).



Common Choices of Function Space
• Linear function space with features �: F |A| =

�
Q(x, a) = �

>(x, a)w : w 2 Rp
 

• Trees, Randomized Trees, etc.

• Reproducing Kernel Hilbert Spaces (RKHS)

• (Deep) Neural Networks
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Choice of the Function Space?

The analysis of the approximation/estimation errors of an estimator is a subject of statistical learning theory. It has studied mostly in the 
supervised learning context. There are corresponding results for the RL/ADP context too.

approximation error

Estimation error

T ⇤
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Qk
<latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit>



Choice of the Function Space?

approximation error

Estimation error

Function space is too small: under-fitting Function space has the right size Function space is too large: overfitting



Regularized Fitted Q-Iteration

Solve the following estimation problem at each iteration:

Qk+1  argmin
Q2F |A|

1

n

nX

i=1

���Q(Xi, Ai)� (T̂ ⇤Qk)(Xi, Ai)
���
2
+ �Q,nJ

2(Q)
<latexit sha1_base64="fXvtwiAQCseq/E74XYA7RXkJ+Ks="></latexit><latexit sha1_base64="fXvtwiAQCseq/E74XYA7RXkJ+Ks="></latexit><latexit sha1_base64="fXvtwiAQCseq/E74XYA7RXkJ+Ks="></latexit><latexit sha1_base64="cuSsFJoIOVgvmnarkDjO75lQVbk=">AAACLnicdVFLSwMxGMzWV12rtmcvwaJ4Krte9Cj04rGCfUC7lGw224bmsSTfCmXZP+DV3+MP8exN/BGmj4Nt6UBgmMnAMF+cCW4hCL68ysHh0fFJ9dQ/q/nnF5f1Ws/q3FDWpVpoM4iJZYIr1gUOgg0yw4iMBevHs/bC778xY7lWrzDPWCTJRPGUUwJO6ozrzaAVLIF3SbgmTbTGuOHdjhJNc8kUUEGsHYZBBlFBDHAqWOmPcssyQmdkwoaOKiKZjYplzxLfOCXBqTbuKcBL9X+iINLauYzdT0lgare9hbjPg6ksNzUx0YY7mdM9xlZbSB+jgqssB6boqmyaCwwaL4bDCTeMgpg7QqjLc4rplBhCwc3rj5bBoq2lJCqxpRs23J5xl/TuW2HQCl8CVEVX6BrdoRA9oCf0jDqoiyhK0Dv68D69b+9ndYCKt75EA23A+/0D4f6s4Q==</latexit><latexit sha1_base64="YQ6CJfxJDRU1A+HyLolc2uyvM4o="></latexit><latexit sha1_base64="YQ6CJfxJDRU1A+HyLolc2uyvM4o="></latexit><latexit sha1_base64="KNVYGzITl3b86/kT8kbCEXTAwDY="></latexit><latexit sha1_base64="fXvtwiAQCseq/E74XYA7RXkJ+Ks="></latexit><latexit sha1_base64="fXvtwiAQCseq/E74XYA7RXkJ+Ks="></latexit><latexit sha1_base64="fXvtwiAQCseq/E74XYA7RXkJ+Ks="></latexit><latexit sha1_base64="fXvtwiAQCseq/E74XYA7RXkJ+Ks="></latexit><latexit sha1_base64="fXvtwiAQCseq/E74XYA7RXkJ+Ks="></latexit><latexit sha1_base64="fXvtwiAQCseq/E74XYA7RXkJ+Ks="></latexit>

Qk+1  argmin
Q2H

1

n

nX

i=1

���Q(Xi, Ai)� (T̂ ⇤Qk)(Xi, Ai)
���
2
+ �Q,n kQk2H

<latexit sha1_base64="BKnryM1WeNpPsKYguNRh70f/xJw="></latexit><latexit sha1_base64="BKnryM1WeNpPsKYguNRh70f/xJw="></latexit><latexit sha1_base64="BKnryM1WeNpPsKYguNRh70f/xJw="></latexit><latexit sha1_base64="BKnryM1WeNpPsKYguNRh70f/xJw="></latexit>

Reproducing Kernel Hilbert Space (RKHS)

approximation error

Estimation error

Main Idea: Start from a large function space (e.g., 
dense in the space of continuous functions) and control 
its complexity using regularization. 



Regularized Fitted Q-Iteration
Qk+1  argmin

Q2H
1

n

nX

i=1

���Q(Xi, Ai)� (T̂ ⇤Qk)(Xi, Ai)
���
2
+ �Q,n kQk2H

<latexit sha1_base64="BKnryM1WeNpPsKYguNRh70f/xJw="></latexit><latexit sha1_base64="BKnryM1WeNpPsKYguNRh70f/xJw="></latexit><latexit sha1_base64="BKnryM1WeNpPsKYguNRh70f/xJw="></latexit><latexit sha1_base64="BKnryM1WeNpPsKYguNRh70f/xJw="></latexit>
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<latexit sha1_base64="FcoQ9KrOTBDq82gMO/vRE8TRUXg="></latexit><latexit sha1_base64="FcoQ9KrOTBDq82gMO/vRE8TRUXg="></latexit><latexit sha1_base64="FcoQ9KrOTBDq82gMO/vRE8TRUXg="></latexit><latexit sha1_base64="FcoQ9KrOTBDq82gMO/vRE8TRUXg="></latexit>

approximation error

Estimation error

radius (size) of F |A|
is inversely proportional to �Q,n

<latexit sha1_base64="jobmaKLVuu60TTsNFd34Hyw4Um0="></latexit><latexit sha1_base64="jobmaKLVuu60TTsNFd34Hyw4Um0="></latexit><latexit sha1_base64="jobmaKLVuu60TTsNFd34Hyw4Um0="></latexit><latexit sha1_base64="jobmaKLVuu60TTsNFd34Hyw4Um0="></latexit>

Proof (rough upper bound)



Approximate Policy Iteration 
(API)



Policy 
Evaluation

Policy 
Improvement

Q⇡
<latexit sha1_base64="hqa2SZ465rvbuNwSIHpJ8e4/Zoc=">AAACEHicdVDLSsNAFJ34rPVVdelmsAiuSiKCLovduGzBtIUmlslk0g6dR5iZCCX0GwRX+ifuxK1/4I+4dppmoS0euHA45x7u5UQpo9q47peztr6xubVd2anu7u0fHNaOjrtaZgoTH0smVT9CmjAqiG+oYaSfKoJ4xEgvmrTmfu+RKE2luDfTlIQcjQRNKEbGSn7nIUjpsFZ3G24BuEq8ktRBifaw9h3EEmecCIMZ0nrguakJc6QMxYzMqkGmSYrwBI3IwFKBONFhXjw7g+dWiWEilR1hYKH+TuSIaz3lkd3kyIz1sjcX//PMmC9dN8lNmFORZoYIvDieZAwaCedtwJgqgg2bWoKwovZ/iMdIIWxsZ9WgCOYtyTkSsZ7ZorzlWlZJ97LhuQ2vc1Vv3paVVcApOAMXwAPXoAnuQBv4AAMKnsALeHWenTfn3flYrK45ZeYE/IHz+QP5y54f</latexit><latexit sha1_base64="hqa2SZ465rvbuNwSIHpJ8e4/Zoc=">AAACEHicdVDLSsNAFJ34rPVVdelmsAiuSiKCLovduGzBtIUmlslk0g6dR5iZCCX0GwRX+ifuxK1/4I+4dppmoS0euHA45x7u5UQpo9q47peztr6xubVd2anu7u0fHNaOjrtaZgoTH0smVT9CmjAqiG+oYaSfKoJ4xEgvmrTmfu+RKE2luDfTlIQcjQRNKEbGSn7nIUjpsFZ3G24BuEq8ktRBifaw9h3EEmecCIMZ0nrguakJc6QMxYzMqkGmSYrwBI3IwFKBONFhXjw7g+dWiWEilR1hYKH+TuSIaz3lkd3kyIz1sjcX//PMmC9dN8lNmFORZoYIvDieZAwaCedtwJgqgg2bWoKwovZ/iMdIIWxsZ9WgCOYtyTkSsZ7ZorzlWlZJ97LhuQ2vc1Vv3paVVcApOAMXwAPXoAnuQBv4AAMKnsALeHWenTfn3flYrK45ZeYE/IHz+QP5y54f</latexit><latexit sha1_base64="hqa2SZ465rvbuNwSIHpJ8e4/Zoc=">AAACEHicdVDLSsNAFJ34rPVVdelmsAiuSiKCLovduGzBtIUmlslk0g6dR5iZCCX0GwRX+ifuxK1/4I+4dppmoS0euHA45x7u5UQpo9q47peztr6xubVd2anu7u0fHNaOjrtaZgoTH0smVT9CmjAqiG+oYaSfKoJ4xEgvmrTmfu+RKE2luDfTlIQcjQRNKEbGSn7nIUjpsFZ3G24BuEq8ktRBifaw9h3EEmecCIMZ0nrguakJc6QMxYzMqkGmSYrwBI3IwFKBONFhXjw7g+dWiWEilR1hYKH+TuSIaz3lkd3kyIz1sjcX//PMmC9dN8lNmFORZoYIvDieZAwaCedtwJgqgg2bWoKwovZ/iMdIIWxsZ9WgCOYtyTkSsZ7ZorzlWlZJ97LhuQ2vc1Vv3paVVcApOAMXwAPXoAnuQBv4AAMKnsALeHWenTfn3flYrK45ZeYE/IHz+QP5y54f</latexit><latexit sha1_base64="hqa2SZ465rvbuNwSIHpJ8e4/Zoc=">AAACEHicdVDLSsNAFJ34rPVVdelmsAiuSiKCLovduGzBtIUmlslk0g6dR5iZCCX0GwRX+ifuxK1/4I+4dppmoS0euHA45x7u5UQpo9q47peztr6xubVd2anu7u0fHNaOjrtaZgoTH0smVT9CmjAqiG+oYaSfKoJ4xEgvmrTmfu+RKE2luDfTlIQcjQRNKEbGSn7nIUjpsFZ3G24BuEq8ktRBifaw9h3EEmecCIMZ0nrguakJc6QMxYzMqkGmSYrwBI3IwFKBONFhXjw7g+dWiWEilR1hYKH+TuSIaz3lkd3kyIz1sjcX//PMmC9dN8lNmFORZoYIvDieZAwaCedtwJgqgg2bWoKwovZ/iMdIIWxsZ9WgCOYtyTkSsZ7ZorzlWlZJ97LhuQ2vc1Vv3paVVcApOAMXwAPXoAnuQBv4AAMKnsALeHWenTfn3flYrK45ZeYE/IHz+QP5y54f</latexit>

⇡0  argmax

a2A
Q⇡

(·, a)
<latexit sha1_base64="NR0cCefjHmN7ZXisck/HMGLNYdc="></latexit><latexit sha1_base64="NR0cCefjHmN7ZXisck/HMGLNYdc="></latexit><latexit sha1_base64="NR0cCefjHmN7ZXisck/HMGLNYdc="></latexit><latexit sha1_base64="NR0cCefjHmN7ZXisck/HMGLNYdc="></latexit>

Policy Iteration

T⇡Q⇡ = Q⇡
<latexit sha1_base64="47VKMQbOYqxmvab+j+/1xqSZFIQ=">AAACTnicdVDLagIxFM3Yl7WvsV12EyotXclMKbSbgtRNlwpaBWeQTIwazGNIMoIM8yfdtt/TbX+ku9LG0UVVvJDcwzn3wOFEMaPaeN6XU9jZ3ds/KB6Wjo5PTs/c8vmrlonCpI0lk6obIU0YFaRtqGGkGyuCeMRIJ5rU53pnSpSmUrTMLCYhRyNBhxQjY6m+6watmMKgab+nfPXdilf18oGbwF+CClhOo192boKBxAknwmCGtO75XmzCFClDMSNZKUg0iRGeoBHpWSgQJzpM8+gZvLbMAA6lsk8YmLP/HSniWs94ZC85MmO9rs3JbZoZ82yVYyOpqKUp3iKspTXDxzClIk4MEXgRdpgwaCScdwkHVBFs2MwChK2fYojHSCFsbOOlIDemdck5EgOd2Wb99R43wetd1feqfvO+UntedlwEl+AK3AIfPIAaeAEN0AYYTMEbeAcfzqfz7fw4v4vTgrP0XICVKRT/ACj5tHw=</latexit><latexit sha1_base64="47VKMQbOYqxmvab+j+/1xqSZFIQ=">AAACTnicdVDLagIxFM3Yl7WvsV12EyotXclMKbSbgtRNlwpaBWeQTIwazGNIMoIM8yfdtt/TbX+ku9LG0UVVvJDcwzn3wOFEMaPaeN6XU9jZ3ds/KB6Wjo5PTs/c8vmrlonCpI0lk6obIU0YFaRtqGGkGyuCeMRIJ5rU53pnSpSmUrTMLCYhRyNBhxQjY6m+6watmMKgab+nfPXdilf18oGbwF+CClhOo192boKBxAknwmCGtO75XmzCFClDMSNZKUg0iRGeoBHpWSgQJzpM8+gZvLbMAA6lsk8YmLP/HSniWs94ZC85MmO9rs3JbZoZ82yVYyOpqKUp3iKspTXDxzClIk4MEXgRdpgwaCScdwkHVBFs2MwChK2fYojHSCFsbOOlIDemdck5EgOd2Wb99R43wetd1feqfvO+UntedlwEl+AK3AIfPIAaeAEN0AYYTMEbeAcfzqfz7fw4v4vTgrP0XICVKRT/ACj5tHw=</latexit><latexit sha1_base64="47VKMQbOYqxmvab+j+/1xqSZFIQ=">AAACTnicdVDLagIxFM3Yl7WvsV12EyotXclMKbSbgtRNlwpaBWeQTIwazGNIMoIM8yfdtt/TbX+ku9LG0UVVvJDcwzn3wOFEMaPaeN6XU9jZ3ds/KB6Wjo5PTs/c8vmrlonCpI0lk6obIU0YFaRtqGGkGyuCeMRIJ5rU53pnSpSmUrTMLCYhRyNBhxQjY6m+6watmMKgab+nfPXdilf18oGbwF+CClhOo192boKBxAknwmCGtO75XmzCFClDMSNZKUg0iRGeoBHpWSgQJzpM8+gZvLbMAA6lsk8YmLP/HSniWs94ZC85MmO9rs3JbZoZ82yVYyOpqKUp3iKspTXDxzClIk4MEXgRdpgwaCScdwkHVBFs2MwChK2fYojHSCFsbOOlIDemdck5EgOd2Wb99R43wetd1feqfvO+UntedlwEl+AK3AIfPIAaeAEN0AYYTMEbeAcfzqfz7fw4v4vTgrP0XICVKRT/ACj5tHw=</latexit><latexit sha1_base64="47VKMQbOYqxmvab+j+/1xqSZFIQ=">AAACTnicdVDLagIxFM3Yl7WvsV12EyotXclMKbSbgtRNlwpaBWeQTIwazGNIMoIM8yfdtt/TbX+ku9LG0UVVvJDcwzn3wOFEMaPaeN6XU9jZ3ds/KB6Wjo5PTs/c8vmrlonCpI0lk6obIU0YFaRtqGGkGyuCeMRIJ5rU53pnSpSmUrTMLCYhRyNBhxQjY6m+6watmMKgab+nfPXdilf18oGbwF+CClhOo192boKBxAknwmCGtO75XmzCFClDMSNZKUg0iRGeoBHpWSgQJzpM8+gZvLbMAA6lsk8YmLP/HSniWs94ZC85MmO9rs3JbZoZ82yVYyOpqKUp3iKspTXDxzClIk4MEXgRdpgwaCScdwkHVBFs2MwChK2fYojHSCFsbOOlIDemdck5EgOd2Wb99R43wetd1feqfvO+UntedlwEl+AK3AIfPIAaeAEN0AYYTMEbeAcfzqfz7fw4v4vTgrP0XICVKRT/ACj5tHw=</latexit>

If we find a Q such that T⇡Q = Q, then Q = Q⇡.
<latexit sha1_base64="WUhCLlPFnjmYjqIzOQj680tXucQ="></latexit><latexit sha1_base64="WUhCLlPFnjmYjqIzOQj680tXucQ="></latexit><latexit sha1_base64="WUhCLlPFnjmYjqIzOQj680tXucQ="></latexit><latexit sha1_base64="WUhCLlPFnjmYjqIzOQj680tXucQ="></latexit>



Policy 
Evaluation

Policy 
Improvement

Q⇡
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Policy Evaluation
If we find a Q such that T

⇡

Q = Q, then Q = Q

⇡

. Assuming that P and r are

known, we have some possibilities:

• Linear System of Equation: Solve the linear system of equations: Q(x, a) =

r(x, a) + �

P
x

02X P(x

0|x, a)Q(x

0
,⇡(x

0
)) (for all (x, a) 2 X ⇥A)

• Value Iteration: Iteratively perform Q

k+1  T

⇡

Q

k

. As T

⇡

is a contrac-

tion operator, we will have Q

k

! Q

⇡

.

• Bellman Error Minimization: Solve min

Q2F |A| kQ� T

⇡

Qk over the space

of F |A|
= RX⇥A

.
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Policy Improvement

Policy 
Evaluation

Policy 
Improvement
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⇡0  argmax

a2A
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(·, a)
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Proposition: Suppose that the improved policy ⇡0 is the greedy policy w.r.t.
Q⇡, i.e., T⇡0

Q⇡ = T ⇤Q⇡. We have Q⇡0 � Q⇡.

Proof. As T⇡0
Q⇡ = T ⇤Q⇡ � Q⇡, for k � 1, we have

(T⇡0
)(k)Q⇡ = (T⇡0

)(k�1)(T⇡0
Q⇡

| {z }
=T⇤Q⇡

) � (T⇡0
)(k�1)Q⇡ � · · · � Q⇡.

Take the limit of k ! 1. The LHS converges to Q⇡0
. So Q⇡0 � Q⇡.

<latexit sha1_base64="z+9UySoAS8WcZqZG98GXZCLD744="></latexit><latexit sha1_base64="z+9UySoAS8WcZqZG98GXZCLD744="></latexit><latexit sha1_base64="z+9UySoAS8WcZqZG98GXZCLD744="></latexit><latexit sha1_base64="z+9UySoAS8WcZqZG98GXZCLD744="></latexit>

This is a simplified result. We haven’t shown that this converges to the optimal policy.
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Approximate Policy Iteration

Approximate 
Policy 

Evaluation
Policy 

Improvement

⇡0  argmax

a2A
ˆQ⇡

(·, a)
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Challenges 

Large state space


Exact representation of the value function is infeasible


The exact integration in the Bellman operator is challenging


Dynamics is not known



Approximate Policy Evaluation?

Q⇡ = T⇡Q⇡
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Q̂ ⇡ T⇡Q̂
<latexit sha1_base64="8kVS0q46nNBG+IeEBr3dZfIwfBQ=">AAACVnicdZBLSwMxFIUz47u+qm4EN8GiuCozIuhSdONSwarglHInTdtgXiR3xDLUX+NWf4/+GTEdu9CKFwKH79wDNye3UnhMko8onpmdm19YXKotr6yurdc3Nm+8KRzjLWakcXc5eC6F5i0UKPmddRxULvlt/nA+9m8fufPC6GscWt5W0NeiJxhgQJ36dnY1AKQZWOvME82uraAV6tQbSTOphv4V6UQ0yGQuOxvRftY1rFBcI5Pg/X2aWGyX4FAwyUe1rPDcAnuAPr8PUoPivl1WXxjRvUC6tGdceBppRX8mSlDeD1UeNhXgwE97Y/ifhwM1+s1k3zgRsGD/GFPXYu+kXQptC+SafR/bKyRFQ8ed0q5wnKEcBgEs5AWjbAAOGIbma1kVLM+NUqC7fhSaTad7/CtuDptp0kyvjhqnZ5OOF8kO2SUHJCXH5JRckEvSIow8kxfySt6i9+gznosXvlfjaJLZIr8mrn8Bx5S2Tw==</latexit><latexit sha1_base64="8kVS0q46nNBG+IeEBr3dZfIwfBQ=">AAACVnicdZBLSwMxFIUz47u+qm4EN8GiuCozIuhSdONSwarglHInTdtgXiR3xDLUX+NWf4/+GTEdu9CKFwKH79wDNye3UnhMko8onpmdm19YXKotr6yurdc3Nm+8KRzjLWakcXc5eC6F5i0UKPmddRxULvlt/nA+9m8fufPC6GscWt5W0NeiJxhgQJ36dnY1AKQZWOvME82uraAV6tQbSTOphv4V6UQ0yGQuOxvRftY1rFBcI5Pg/X2aWGyX4FAwyUe1rPDcAnuAPr8PUoPivl1WXxjRvUC6tGdceBppRX8mSlDeD1UeNhXgwE97Y/ifhwM1+s1k3zgRsGD/GFPXYu+kXQptC+SafR/bKyRFQ8ed0q5wnKEcBgEs5AWjbAAOGIbma1kVLM+NUqC7fhSaTad7/CtuDptp0kyvjhqnZ5OOF8kO2SUHJCXH5JRckEvSIow8kxfySt6i9+gznosXvlfjaJLZIr8mrn8Bx5S2Tw==</latexit><latexit sha1_base64="8kVS0q46nNBG+IeEBr3dZfIwfBQ=">AAACVnicdZBLSwMxFIUz47u+qm4EN8GiuCozIuhSdONSwarglHInTdtgXiR3xDLUX+NWf4/+GTEdu9CKFwKH79wDNye3UnhMko8onpmdm19YXKotr6yurdc3Nm+8KRzjLWakcXc5eC6F5i0UKPmddRxULvlt/nA+9m8fufPC6GscWt5W0NeiJxhgQJ36dnY1AKQZWOvME82uraAV6tQbSTOphv4V6UQ0yGQuOxvRftY1rFBcI5Pg/X2aWGyX4FAwyUe1rPDcAnuAPr8PUoPivl1WXxjRvUC6tGdceBppRX8mSlDeD1UeNhXgwE97Y/ifhwM1+s1k3zgRsGD/GFPXYu+kXQptC+SafR/bKyRFQ8ed0q5wnKEcBgEs5AWjbAAOGIbma1kVLM+NUqC7fhSaTad7/CtuDptp0kyvjhqnZ5OOF8kO2SUHJCXH5JRckEvSIow8kxfySt6i9+gznosXvlfjaJLZIr8mrn8Bx5S2Tw==</latexit><latexit sha1_base64="8kVS0q46nNBG+IeEBr3dZfIwfBQ=">AAACVnicdZBLSwMxFIUz47u+qm4EN8GiuCozIuhSdONSwarglHInTdtgXiR3xDLUX+NWf4/+GTEdu9CKFwKH79wDNye3UnhMko8onpmdm19YXKotr6yurdc3Nm+8KRzjLWakcXc5eC6F5i0UKPmddRxULvlt/nA+9m8fufPC6GscWt5W0NeiJxhgQJ36dnY1AKQZWOvME82uraAV6tQbSTOphv4V6UQ0yGQuOxvRftY1rFBcI5Pg/X2aWGyX4FAwyUe1rPDcAnuAPr8PUoPivl1WXxjRvUC6tGdceBppRX8mSlDeD1UeNhXgwE97Y/ifhwM1+s1k3zgRsGD/GFPXYu+kXQptC+SafR/bKyRFQ8ed0q5wnKEcBgEs5AWjbAAOGIbma1kVLM+NUqC7fhSaTad7/CtuDptp0kyvjhqnZ5OOF8kO2SUHJCXH5JRckEvSIow8kxfySt6i9+gznosXvlfjaJLZIr8mrn8Bx5S2Tw==</latexit>



X ⇢ Rd
<latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit>

X1
<latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit>

X2
<latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit>

X3
<latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit>

X4
<latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit>

X5
<latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit> X 0

5
<latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit>

X 0
4

<latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit>

X 0
3

<latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit>

X 0
2

<latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit>

X 0
1

<latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit>

X6
<latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit>

X 0
6

<latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit>

Approximate Policy Evaluation with a Data Batch

Dn = {(Xi, Ai, Ri, X
0
i)}ni=1

(Xi, Ai) ⇠ ⌫

X 0
i ⇠ P(·|Xi, Ai)

Ri ⇠ R(·|Xi, Ai)
<latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit><latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit><latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit><latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit>

X ⇢ Rd
<latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit>

X1
<latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit>

X2
<latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit>

X3
<latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit>

X4
<latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit>

X5
<latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit>

X6
<latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit>

X7
<latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit><latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit><latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit><latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit>

X 0
7

<latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit><latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit><latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit><latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit>

X8
<latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit><latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit><latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit><latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit>

X 0
5

<latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit>

X 0
4

<latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit>

X 0
3

<latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit>

X 0
2

<latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit>

X 0
1

<latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit>

X 0
6

<latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit>

If we find a Q such that T

⇡

Q = Q, then Q = Q

⇡

. Assuming that P and r are

known, we have some possibilities:

• Linear System of Equation: Solve the linear system of equations: Q(x, a) =

r(x, a) + �

P
x

02X P(x

0|x, a)Q(x

0
,⇡(x

0
)) (for all (x, a) 2 X ⇥A)

• Value Iteration: Iteratively perform Q

k+1  T

⇡

Q

k

. As T

⇡

is a contrac-

tion operator, we will have Q

k

! Q

⇡

.

• Bellman Error Minimization: Solve min

Q2F |A| kQ� T

⇡

Qk over the space

of F |A|
= RX⇥A

.

<latexit sha1_base64="eAG+pulxPxV9dAJoxYNssVG/d7c="></latexit><latexit sha1_base64="eAG+pulxPxV9dAJoxYNssVG/d7c="></latexit><latexit sha1_base64="eAG+pulxPxV9dAJoxYNssVG/d7c="></latexit><latexit sha1_base64="eAG+pulxPxV9dAJoxYNssVG/d7c="></latexit>

Recipe for (exact) Policy Evaluation



Approximate Policy Evaluation with a Data Batch

Dn = {(Xi, Ai, Ri, X
0
i)}ni=1

(Xi, Ai) ⇠ ⌫

X 0
i ⇠ P(·|Xi, Ai)

Ri ⇠ R(·|Xi, Ai)
<latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit><latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit><latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit><latexit sha1_base64="ruZ2Ouj6hMlJ7Hq6NqO0AxWiOJs="></latexit>

X ⇢ Rd
<latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit>

X1
<latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit>

X2
<latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit>

X3
<latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit>

X4
<latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit>

X5
<latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit>

X6
<latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit>

X7
<latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit><latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit><latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit><latexit sha1_base64="ZVBVz0LIRbQAIx1l/Lhnd4Xn25M=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR6rHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRru4229dV9sXAbn4AJcAxc0QQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+6irCE</latexit>

X 0
7

<latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit><latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit><latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit><latexit sha1_base64="B2rRf99qOTNmtPcykGDco1zOTQU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi1GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T3f11kOxcRmcgwtwA1zQBC3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38o07C1</latexit>

X8
<latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit><latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit><latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit><latexit sha1_base64="N++IhMmphzlnnIPI/qepGBDQTFM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR7LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01WHTSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkzbgjHIA5WZZd3VHddJ76bhOg338bbeui82LoNzcAGugQvuQAs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+8Y7CF</latexit>

X 0
5

<latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit>

X 0
4

<latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit>

X 0
3

<latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit>

X 0
2

<latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit>

X 0
1

<latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit>

X 0
6

<latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit>

Recipe for Approximate Policy Evaluation

If we find a Q such that T⇡Q ⇡ Q, then Q ⇡ Q⇡
. Assuming that P and r are

known, we have some possibilities:

• Approximate Value Iteration: Iteratively perform Qk+1 ⇡ T⇡Qk.

• Bellman Error Minimization: Solve minQ2F |A| kQ� T⇡Qk over a repre-

sentative enough function space F |A|
.

• Least Squares Temporal Di↵erence (LSTD)

<latexit sha1_base64="j8h4lSy7b0YVAIxL1zSc/lLXt0k="></latexit><latexit sha1_base64="j8h4lSy7b0YVAIxL1zSc/lLXt0k="></latexit><latexit sha1_base64="j8h4lSy7b0YVAIxL1zSc/lLXt0k="></latexit><latexit sha1_base64="j8h4lSy7b0YVAIxL1zSc/lLXt0k="></latexit>

X ⇢ Rd
<latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit>

X1
<latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit>

X2
<latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit>

X3
<latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit>

X4
<latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit>

X5
<latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit> X 0

5
<latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit>

X 0
4

<latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit>

X 0
3

<latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit>

X 0
2

<latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit>

X 0
1

<latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit>

X6
<latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit>

X 0
6

<latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit>



Bellman Residual/Error Minimization

We represent the value function Q within the function space F |A|
. For example,

F |A|
=

�
Q(x, a) = �

>
(x, a)w : w 2 Rp

 
.

The e↵ect of applying T

⇡
on a Q 2 F |A|

might be outside F |A|
.

<latexit sha1_base64="9FShupzHZ+WlD31HZR46szeGRo8="></latexit><latexit sha1_base64="9FShupzHZ+WlD31HZR46szeGRo8="></latexit><latexit sha1_base64="9FShupzHZ+WlD31HZR46szeGRo8="></latexit><latexit sha1_base64="9FShupzHZ+WlD31HZR46szeGRo8="></latexit>

Q1
<latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit><latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit><latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit><latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit>

T⇡Q1
<latexit sha1_base64="+Q43UDA5cQRddSMx7aXjrbmrbfg=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWyMGsxjSbIFWfZP9Nr+nv6H/ofeSq+lcd1DVRz4YJj5BoYJQs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UZEmtEUUV7obYEM5k7RlmeW0G2qKRcBpJ5jVFn7nhWrDlGzaeUgHAk8kGzOCrZO6/WbIUGPoD4tlr+KlQJvEz0gZZKgPS/CmP1IkElRawrExPd8L7SDG2jLCaVLoR4aGmMzwhPYclVhQM4jTwgm6dsoIjZV2Jy1K1f+JGAtj5iJwnwLbqVn3FuI2z05FsqrxidLMyYxsMdba2vHjIGYyjCyVZFl2HHFkFVosiEZMU2L53BFMXJ4RRKZYY2LdzoV+GoxrSggsRyZxy/rrO26S9l3F9yp+475cfco2zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX+WrzmYZS7ACuDvH3bpslI=</latexit><latexit sha1_base64="+Q43UDA5cQRddSMx7aXjrbmrbfg=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWyMGsxjSbIFWfZP9Nr+nv6H/ofeSq+lcd1DVRz4YJj5BoYJQs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UZEmtEUUV7obYEM5k7RlmeW0G2qKRcBpJ5jVFn7nhWrDlGzaeUgHAk8kGzOCrZO6/WbIUGPoD4tlr+KlQJvEz0gZZKgPS/CmP1IkElRawrExPd8L7SDG2jLCaVLoR4aGmMzwhPYclVhQM4jTwgm6dsoIjZV2Jy1K1f+JGAtj5iJwnwLbqVn3FuI2z05FsqrxidLMyYxsMdba2vHjIGYyjCyVZFl2HHFkFVosiEZMU2L53BFMXJ4RRKZYY2LdzoV+GoxrSggsRyZxy/rrO26S9l3F9yp+475cfco2zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX+WrzmYZS7ACuDvH3bpslI=</latexit><latexit sha1_base64="+Q43UDA5cQRddSMx7aXjrbmrbfg=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWyMGsxjSbIFWfZP9Nr+nv6H/ofeSq+lcd1DVRz4YJj5BoYJQs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UZEmtEUUV7obYEM5k7RlmeW0G2qKRcBpJ5jVFn7nhWrDlGzaeUgHAk8kGzOCrZO6/WbIUGPoD4tlr+KlQJvEz0gZZKgPS/CmP1IkElRawrExPd8L7SDG2jLCaVLoR4aGmMzwhPYclVhQM4jTwgm6dsoIjZV2Jy1K1f+JGAtj5iJwnwLbqVn3FuI2z05FsqrxidLMyYxsMdba2vHjIGYyjCyVZFl2HHFkFVosiEZMU2L53BFMXJ4RRKZYY2LdzoV+GoxrSggsRyZxy/rrO26S9l3F9yp+475cfco2zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX+WrzmYZS7ACuDvH3bpslI=</latexit><latexit sha1_base64="+Q43UDA5cQRddSMx7aXjrbmrbfg=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWyMGsxjSbIFWfZP9Nr+nv6H/ofeSq+lcd1DVRz4YJj5BoYJQs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UZEmtEUUV7obYEM5k7RlmeW0G2qKRcBpJ5jVFn7nhWrDlGzaeUgHAk8kGzOCrZO6/WbIUGPoD4tlr+KlQJvEz0gZZKgPS/CmP1IkElRawrExPd8L7SDG2jLCaVLoR4aGmMzwhPYclVhQM4jTwgm6dsoIjZV2Jy1K1f+JGAtj5iJwnwLbqVn3FuI2z05FsqrxidLMyYxsMdba2vHjIGYyjCyVZFl2HHFkFVosiEZMU2L53BFMXJ4RRKZYY2LdzoV+GoxrSggsRyZxy/rrO26S9l3F9yp+475cfco2zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX+WrzmYZS7ACuDvH3bpslI=</latexit>Bellman residual

Q1 � T⇡Q1
<latexit sha1_base64="/L4ycZSTfgh6GcVKkqBvEsOQpTU=">AAACSnicdVBPSwJBHJ01K7N/WscuQ1J0SXYjqKPkpaOC/8DdZHZ21MH5s8zMBrL4PbrW5+kL9DW6RZfG1UMqPvjB473fg8cLY0a1cd0vJ7eT393bLxwUD4+OT05L5bOOlonCpI0lk6oXIk0YFaRtqGGkFyuCeMhIN5zU5373lShNpWiZaUwCjkaCDilGxkovzYEHb6Hfiim0dFCquFU3A9wk3pJUwBKNQdm59iOJE06EwQxp3ffc2AQpUoZiRmZFP9EkRniCRqRvqUCc6CDNas/glVUiOJTKnjAwU/8nUsS1nvLQfnJkxnrdm4vbPDPms1WNjaSiVqZ4i7HW1gwfg5SKODFE4EXZYcKgkXC+I4yoItiwqSUI2zzFEI+RQtjYtYt+FkzrknMkIj2zy3rrO26Szl3Vc6te875Se1puXAAX4BLcAA88gBp4Bg3QBhgo8AbewYfz6Xw7P87v4jXnLDPnYAW5/B/Nf7Ld</latexit><latexit sha1_base64="/L4ycZSTfgh6GcVKkqBvEsOQpTU=">AAACSnicdVBPSwJBHJ01K7N/WscuQ1J0SXYjqKPkpaOC/8DdZHZ21MH5s8zMBrL4PbrW5+kL9DW6RZfG1UMqPvjB473fg8cLY0a1cd0vJ7eT393bLxwUD4+OT05L5bOOlonCpI0lk6oXIk0YFaRtqGGkFyuCeMhIN5zU5373lShNpWiZaUwCjkaCDilGxkovzYEHb6Hfiim0dFCquFU3A9wk3pJUwBKNQdm59iOJE06EwQxp3ffc2AQpUoZiRmZFP9EkRniCRqRvqUCc6CDNas/glVUiOJTKnjAwU/8nUsS1nvLQfnJkxnrdm4vbPDPms1WNjaSiVqZ4i7HW1gwfg5SKODFE4EXZYcKgkXC+I4yoItiwqSUI2zzFEI+RQtjYtYt+FkzrknMkIj2zy3rrO26Szl3Vc6te875Se1puXAAX4BLcAA88gBp4Bg3QBhgo8AbewYfz6Xw7P87v4jXnLDPnYAW5/B/Nf7Ld</latexit><latexit sha1_base64="/L4ycZSTfgh6GcVKkqBvEsOQpTU=">AAACSnicdVBPSwJBHJ01K7N/WscuQ1J0SXYjqKPkpaOC/8DdZHZ21MH5s8zMBrL4PbrW5+kL9DW6RZfG1UMqPvjB473fg8cLY0a1cd0vJ7eT393bLxwUD4+OT05L5bOOlonCpI0lk6oXIk0YFaRtqGGkFyuCeMhIN5zU5373lShNpWiZaUwCjkaCDilGxkovzYEHb6Hfiim0dFCquFU3A9wk3pJUwBKNQdm59iOJE06EwQxp3ffc2AQpUoZiRmZFP9EkRniCRqRvqUCc6CDNas/glVUiOJTKnjAwU/8nUsS1nvLQfnJkxnrdm4vbPDPms1WNjaSiVqZ4i7HW1gwfg5SKODFE4EXZYcKgkXC+I4yoItiwqSUI2zzFEI+RQtjYtYt+FkzrknMkIj2zy3rrO26Szl3Vc6te875Se1puXAAX4BLcAA88gBp4Bg3QBhgo8AbewYfz6Xw7P87v4jXnLDPnYAW5/B/Nf7Ld</latexit><latexit sha1_base64="/L4ycZSTfgh6GcVKkqBvEsOQpTU=">AAACSnicdVBPSwJBHJ01K7N/WscuQ1J0SXYjqKPkpaOC/8DdZHZ21MH5s8zMBrL4PbrW5+kL9DW6RZfG1UMqPvjB473fg8cLY0a1cd0vJ7eT393bLxwUD4+OT05L5bOOlonCpI0lk6oXIk0YFaRtqGGkFyuCeMhIN5zU5373lShNpWiZaUwCjkaCDilGxkovzYEHb6Hfiim0dFCquFU3A9wk3pJUwBKNQdm59iOJE06EwQxp3ffc2AQpUoZiRmZFP9EkRniCRqRvqUCc6CDNas/glVUiOJTKnjAwU/8nUsS1nvLQfnJkxnrdm4vbPDPms1WNjaSiVqZ4i7HW1gwfg5SKODFE4EXZYcKgkXC+I4yoItiwqSUI2zzFEI+RQtjYtYt+FkzrknMkIj2zy3rrO26Szl3Vc6te875Se1puXAAX4BLcAA88gBp4Bg3QBhgo8AbewYfz6Xw7P87v4jXnLDPnYAW5/B/Nf7Ld</latexit>



Bellman Residual/Error Minimization

We represent the value function Q within the function space F |A|
. For example,

F |A|
=

�
Q(x, a) = �

>
(x, a)w : w 2 Rp

 
.

The e↵ect of applying T

⇡
on a Q 2 F |A|

might be outside F |A|
.

<latexit sha1_base64="9FShupzHZ+WlD31HZR46szeGRo8="></latexit><latexit sha1_base64="9FShupzHZ+WlD31HZR46szeGRo8="></latexit><latexit sha1_base64="9FShupzHZ+WlD31HZR46szeGRo8="></latexit><latexit sha1_base64="9FShupzHZ+WlD31HZR46szeGRo8="></latexit>

Q1
<latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit><latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit><latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit><latexit sha1_base64="bX6D+T8jAyDiXs6lV4RQJXyswVM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT52xO67WnYaTw14nbkHqoEB7XLOuRoFACcNcIwqVGrpOrL0USk0QxVlllCgcQzSFER4ayiHDykvzrpl9aZTADoU0x7Wdq/8TKWRKzZhvPhnUE7XqzcVNnp6wbFmjkZDEyARtMFba6vDeSwmPE405WpQNE2prYc/HswMiMdJ0ZghEJk+QjSZQQqTNxJVRHkxbgjHIA5WZZd3VHddJ76bhOg23c1tvPhQbl8E5uADXwAV3oAkeQRt0AQIReAVv4N36sL6sb+tn8VqyiswZWIL1+weid7B3</latexit>

Q2
<latexit sha1_base64="Srj0llwUfl51deTIkafbU9cQdDo=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8cW7QPaUDabTbp0H2F3I5SQn+BVf48/w1/gTbx6c5vmYFsc+GCY+QaG8WNKlHacD6u0tb2zu1ferxwcHh2fVGunfSUSiXAPCSrk0IcKU8JxTxNN8TCWGDKf4oE/ay/8wTOWigj+pOcx9hiMOAkJgtpIj91Jc1KtOw0nh71J3ILUQYHOpGZdjQOBEoa5RhQqNXKdWHsplJogirPKOFE4hmgGIzwylEOGlZfmXTP70iiBHQppjms7V/8mUsiUmjPffDKop2rdW4j/eXrKslWNRkISIxP0j7HWVod3Xkp4nGjM0bJsmFBbC3sxnh0QiZGmc0MgMnmCbDSFEiJtJq6M82DaFoxBHqjMLOuu77hJ+s2G6zTc7k29dV9sXAbn4AJcAxfcghZ4AB3QAwhE4AW8gjfr3fq0vqzv5WvJKjJnYAXWzy+kULB4</latexit><latexit sha1_base64="Srj0llwUfl51deTIkafbU9cQdDo=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8cW7QPaUDabTbp0H2F3I5SQn+BVf48/w1/gTbx6c5vmYFsc+GCY+QaG8WNKlHacD6u0tb2zu1ferxwcHh2fVGunfSUSiXAPCSrk0IcKU8JxTxNN8TCWGDKf4oE/ay/8wTOWigj+pOcx9hiMOAkJgtpIj91Jc1KtOw0nh71J3ILUQYHOpGZdjQOBEoa5RhQqNXKdWHsplJogirPKOFE4hmgGIzwylEOGlZfmXTP70iiBHQppjms7V/8mUsiUmjPffDKop2rdW4j/eXrKslWNRkISIxP0j7HWVod3Xkp4nGjM0bJsmFBbC3sxnh0QiZGmc0MgMnmCbDSFEiJtJq6M82DaFoxBHqjMLOuu77hJ+s2G6zTc7k29dV9sXAbn4AJcAxfcghZ4AB3QAwhE4AW8gjfr3fq0vqzv5WvJKjJnYAXWzy+kULB4</latexit><latexit sha1_base64="Srj0llwUfl51deTIkafbU9cQdDo=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8cW7QPaUDabTbp0H2F3I5SQn+BVf48/w1/gTbx6c5vmYFsc+GCY+QaG8WNKlHacD6u0tb2zu1ferxwcHh2fVGunfSUSiXAPCSrk0IcKU8JxTxNN8TCWGDKf4oE/ay/8wTOWigj+pOcx9hiMOAkJgtpIj91Jc1KtOw0nh71J3ILUQYHOpGZdjQOBEoa5RhQqNXKdWHsplJogirPKOFE4hmgGIzwylEOGlZfmXTP70iiBHQppjms7V/8mUsiUmjPffDKop2rdW4j/eXrKslWNRkISIxP0j7HWVod3Xkp4nGjM0bJsmFBbC3sxnh0QiZGmc0MgMnmCbDSFEiJtJq6M82DaFoxBHqjMLOuu77hJ+s2G6zTc7k29dV9sXAbn4AJcAxfcghZ4AB3QAwhE4AW8gjfr3fq0vqzv5WvJKjJnYAXWzy+kULB4</latexit><latexit sha1_base64="Srj0llwUfl51deTIkafbU9cQdDo=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8cW7QPaUDabTbp0H2F3I5SQn+BVf48/w1/gTbx6c5vmYFsc+GCY+QaG8WNKlHacD6u0tb2zu1ferxwcHh2fVGunfSUSiXAPCSrk0IcKU8JxTxNN8TCWGDKf4oE/ay/8wTOWigj+pOcx9hiMOAkJgtpIj91Jc1KtOw0nh71J3ILUQYHOpGZdjQOBEoa5RhQqNXKdWHsplJogirPKOFE4hmgGIzwylEOGlZfmXTP70iiBHQppjms7V/8mUsiUmjPffDKop2rdW4j/eXrKslWNRkISIxP0j7HWVod3Xkp4nGjM0bJsmFBbC3sxnh0QiZGmc0MgMnmCbDSFEiJtJq6M82DaFoxBHqjMLOuu77hJ+s2G6zTc7k29dV9sXAbn4AJcAxfcghZ4AB3QAwhE4AW8gjfr3fq0vqzv5WvJKjJnYAXWzy+kULB4</latexit>

Q3
<latexit sha1_base64="meWYSixjV+vctehuMBTfePFHDuc=">AAACP3icdVBLS8NAGNz4rPXV6tFLsCieSqKCHou9eGzRPqANZbPZpEv3EXY3Qgn5CV719/gz/AXexKs3t2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Jb2yvsHh0fHlepJV4lEItxBggrZ96HClHDc0URT3I8lhsynuOdPmjO/94KlIoI/62mMPQYjTkKCoDbSU3t0M6rUnLqTw14lbkFqoEBrVLUuh4FACcNcIwqVGrhOrL0USk0QxVl5mCgcQzSBER4YyiHDykvzrpl9YZTADoU0x7Wdq/8TKWRKTZlvPhnUY7XszcR1nh6zbFGjkZDEyAStMZba6vDeSwmPE405mpcNE2prYc/GswMiMdJ0aghEJk+QjcZQQqTNxOVhHkybgjHIA5WZZd3lHVdJ97ruOnW3fVtrPBQbl8AZOAdXwAV3oAEeQQt0AAIReAVv4N36sL6sb+tn/rphFZlTsADr9w+mKbB5</latexit><latexit sha1_base64="meWYSixjV+vctehuMBTfePFHDuc=">AAACP3icdVBLS8NAGNz4rPXV6tFLsCieSqKCHou9eGzRPqANZbPZpEv3EXY3Qgn5CV719/gz/AXexKs3t2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Jb2yvsHh0fHlepJV4lEItxBggrZ96HClHDc0URT3I8lhsynuOdPmjO/94KlIoI/62mMPQYjTkKCoDbSU3t0M6rUnLqTw14lbkFqoEBrVLUuh4FACcNcIwqVGrhOrL0USk0QxVl5mCgcQzSBER4YyiHDykvzrpl9YZTADoU0x7Wdq/8TKWRKTZlvPhnUY7XszcR1nh6zbFGjkZDEyAStMZba6vDeSwmPE405mpcNE2prYc/GswMiMdJ0aghEJk+QjcZQQqTNxOVhHkybgjHIA5WZZd3lHVdJ97ruOnW3fVtrPBQbl8AZOAdXwAV3oAEeQQt0AAIReAVv4N36sL6sb+tn/rphFZlTsADr9w+mKbB5</latexit><latexit sha1_base64="meWYSixjV+vctehuMBTfePFHDuc=">AAACP3icdVBLS8NAGNz4rPXV6tFLsCieSqKCHou9eGzRPqANZbPZpEv3EXY3Qgn5CV719/gz/AXexKs3t2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Jb2yvsHh0fHlepJV4lEItxBggrZ96HClHDc0URT3I8lhsynuOdPmjO/94KlIoI/62mMPQYjTkKCoDbSU3t0M6rUnLqTw14lbkFqoEBrVLUuh4FACcNcIwqVGrhOrL0USk0QxVl5mCgcQzSBER4YyiHDykvzrpl9YZTADoU0x7Wdq/8TKWRKTZlvPhnUY7XszcR1nh6zbFGjkZDEyAStMZba6vDeSwmPE405mpcNE2prYc/GswMiMdJ0aghEJk+QjcZQQqTNxOVhHkybgjHIA5WZZd3lHVdJ97ruOnW3fVtrPBQbl8AZOAdXwAV3oAEeQQt0AAIReAVv4N36sL6sb+tn/rphFZlTsADr9w+mKbB5</latexit><latexit sha1_base64="meWYSixjV+vctehuMBTfePFHDuc=">AAACP3icdVBLS8NAGNz4rPXV6tFLsCieSqKCHou9eGzRPqANZbPZpEv3EXY3Qgn5CV719/gz/AXexKs3t2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Jb2yvsHh0fHlepJV4lEItxBggrZ96HClHDc0URT3I8lhsynuOdPmjO/94KlIoI/62mMPQYjTkKCoDbSU3t0M6rUnLqTw14lbkFqoEBrVLUuh4FACcNcIwqVGrhOrL0USk0QxVl5mCgcQzSBER4YyiHDykvzrpl9YZTADoU0x7Wdq/8TKWRKTZlvPhnUY7XszcR1nh6zbFGjkZDEyAStMZba6vDeSwmPE405mpcNE2prYc/GswMiMdJ0aghEJk+QjcZQQqTNxOVhHkybgjHIA5WZZd3lHVdJ97ruOnW3fVtrPBQbl8AZOAdXwAV3oAEeQQt0AAIReAVv4N36sL6sb+tn/rphFZlTsADr9w+mKbB5</latexit>

T⇡Q3
<latexit sha1_base64="NudnkCtKa/d2VM3D5zGMpDtK4QU=">AAACRHicdVBLS8NAGNz4rPXV6tHLYlE8lUQFPRZ78dhCX9CEstls26X7CLsboYT8Ca/6e/wP/gdv4lXctjnYlg58MMx8A8OEMaPauO6ns7W9s7u3XzgoHh4dn5yWymcdLROFSRtLJlUvRJowKkjbUMNIL1YE8ZCRbjipz/zuC1GaStEy05gEHI0EHVKMjJV6fiumsDm4G5QqbtWdA64TLycVkKMxKDvXfiRxwokwmCGt+54bmyBFylDMSFb0E01ihCdoRPqWCsSJDtJ54QxeWSWCQ6nsCQPn6v9EirjWUx7aT47MWK96M3GTZ8Y8W9bYSCpqZYo3GCttzfAxSKmIE0MEXpQdJgwaCWcLwogqgg2bWoKwzVMM8RgphI3duejPg2ldco5EpDO7rLe64zrp3FY9t+o17yu1p3zjArgAl+AGeOAB1MAzaIA2wICBV/AG3p0P58v5dn4Wr1tOnjkHS3B+/wB6m7JU</latexit><latexit sha1_base64="NudnkCtKa/d2VM3D5zGMpDtK4QU=">AAACRHicdVBLS8NAGNz4rPXV6tHLYlE8lUQFPRZ78dhCX9CEstls26X7CLsboYT8Ca/6e/wP/gdv4lXctjnYlg58MMx8A8OEMaPauO6ns7W9s7u3XzgoHh4dn5yWymcdLROFSRtLJlUvRJowKkjbUMNIL1YE8ZCRbjipz/zuC1GaStEy05gEHI0EHVKMjJV6fiumsDm4G5QqbtWdA64TLycVkKMxKDvXfiRxwokwmCGt+54bmyBFylDMSFb0E01ihCdoRPqWCsSJDtJ54QxeWSWCQ6nsCQPn6v9EirjWUx7aT47MWK96M3GTZ8Y8W9bYSCpqZYo3GCttzfAxSKmIE0MEXpQdJgwaCWcLwogqgg2bWoKwzVMM8RgphI3duejPg2ldco5EpDO7rLe64zrp3FY9t+o17yu1p3zjArgAl+AGeOAB1MAzaIA2wICBV/AG3p0P58v5dn4Wr1tOnjkHS3B+/wB6m7JU</latexit><latexit sha1_base64="NudnkCtKa/d2VM3D5zGMpDtK4QU=">AAACRHicdVBLS8NAGNz4rPXV6tHLYlE8lUQFPRZ78dhCX9CEstls26X7CLsboYT8Ca/6e/wP/gdv4lXctjnYlg58MMx8A8OEMaPauO6ns7W9s7u3XzgoHh4dn5yWymcdLROFSRtLJlUvRJowKkjbUMNIL1YE8ZCRbjipz/zuC1GaStEy05gEHI0EHVKMjJV6fiumsDm4G5QqbtWdA64TLycVkKMxKDvXfiRxwokwmCGt+54bmyBFylDMSFb0E01ihCdoRPqWCsSJDtJ54QxeWSWCQ6nsCQPn6v9EirjWUx7aT47MWK96M3GTZ8Y8W9bYSCpqZYo3GCttzfAxSKmIE0MEXpQdJgwaCWcLwogqgg2bWoKwzVMM8RgphI3duejPg2ldco5EpDO7rLe64zrp3FY9t+o17yu1p3zjArgAl+AGeOAB1MAzaIA2wICBV/AG3p0P58v5dn4Wr1tOnjkHS3B+/wB6m7JU</latexit><latexit sha1_base64="NudnkCtKa/d2VM3D5zGMpDtK4QU=">AAACRHicdVBLS8NAGNz4rPXV6tHLYlE8lUQFPRZ78dhCX9CEstls26X7CLsboYT8Ca/6e/wP/gdv4lXctjnYlg58MMx8A8OEMaPauO6ns7W9s7u3XzgoHh4dn5yWymcdLROFSRtLJlUvRJowKkjbUMNIL1YE8ZCRbjipz/zuC1GaStEy05gEHI0EHVKMjJV6fiumsDm4G5QqbtWdA64TLycVkKMxKDvXfiRxwokwmCGt+54bmyBFylDMSFb0E01ihCdoRPqWCsSJDtJ54QxeWSWCQ6nsCQPn6v9EirjWUx7aT47MWK96M3GTZ8Y8W9bYSCpqZYo3GCttzfAxSKmIE0MEXpQdJgwaCWcLwogqgg2bWoKwzVMM8RgphI3duejPg2ldco5EpDO7rLe64zrp3FY9t+o17yu1p3zjArgAl+AGeOAB1MAzaIA2wICBV/AG3p0P58v5dn4Wr1tOnjkHS3B+/wB6m7JU</latexit>

T⇡Q2
<latexit sha1_base64="ypb6pNfEObypNmYXV2uQyYXq1Wk=">AAACRHicdVBLawIxGEz6tPal7bGXUGnpSXal0B6lXnpU8AXuItkYNZjHkmQLsvgnem1/T/9D/0NvpdfSqHuoigMfDDPfwDBRzJmxnvcJd3b39g8Oc0f545PTs/NC8aJtVKIJbRHFle5G2FDOJG1ZZjntxppiEXHaiSa1ud95odowJZt2GtNQ4JFkQ0awdVI3aMYMNfqVfqHklb0F0CbxM1ICGer9IrwNBookgkpLODam53uxDVOsLSOczvJBYmiMyQSPaM9RiQU1YbooPEM3ThmgodLupEUL9X8ixcKYqYjcp8B2bNa9ubjNs2MxW9X4SGnmZEa2GGtt7fAxTJmME0slWZYdJhxZheYLogHTlFg+dQQTl2cEkTHWmFi3cz5YBNOaEgLLgZm5Zf31HTdJu1L2vbLfuC9Vn7KNc+AKXIM74IMHUAXPoA5agAAOXsEbeIcf8At+w5/l6w7MMpdgBfD3D3jCslM=</latexit><latexit sha1_base64="ypb6pNfEObypNmYXV2uQyYXq1Wk=">AAACRHicdVBLawIxGEz6tPal7bGXUGnpSXal0B6lXnpU8AXuItkYNZjHkmQLsvgnem1/T/9D/0NvpdfSqHuoigMfDDPfwDBRzJmxnvcJd3b39g8Oc0f545PTs/NC8aJtVKIJbRHFle5G2FDOJG1ZZjntxppiEXHaiSa1ud95odowJZt2GtNQ4JFkQ0awdVI3aMYMNfqVfqHklb0F0CbxM1ICGer9IrwNBookgkpLODam53uxDVOsLSOczvJBYmiMyQSPaM9RiQU1YbooPEM3ThmgodLupEUL9X8ixcKYqYjcp8B2bNa9ubjNs2MxW9X4SGnmZEa2GGtt7fAxTJmME0slWZYdJhxZheYLogHTlFg+dQQTl2cEkTHWmFi3cz5YBNOaEgLLgZm5Zf31HTdJu1L2vbLfuC9Vn7KNc+AKXIM74IMHUAXPoA5agAAOXsEbeIcf8At+w5/l6w7MMpdgBfD3D3jCslM=</latexit><latexit sha1_base64="ypb6pNfEObypNmYXV2uQyYXq1Wk=">AAACRHicdVBLawIxGEz6tPal7bGXUGnpSXal0B6lXnpU8AXuItkYNZjHkmQLsvgnem1/T/9D/0NvpdfSqHuoigMfDDPfwDBRzJmxnvcJd3b39g8Oc0f545PTs/NC8aJtVKIJbRHFle5G2FDOJG1ZZjntxppiEXHaiSa1ud95odowJZt2GtNQ4JFkQ0awdVI3aMYMNfqVfqHklb0F0CbxM1ICGer9IrwNBookgkpLODam53uxDVOsLSOczvJBYmiMyQSPaM9RiQU1YbooPEM3ThmgodLupEUL9X8ixcKYqYjcp8B2bNa9ubjNs2MxW9X4SGnmZEa2GGtt7fAxTJmME0slWZYdJhxZheYLogHTlFg+dQQTl2cEkTHWmFi3cz5YBNOaEgLLgZm5Zf31HTdJu1L2vbLfuC9Vn7KNc+AKXIM74IMHUAXPoA5agAAOXsEbeIcf8At+w5/l6w7MMpdgBfD3D3jCslM=</latexit><latexit sha1_base64="ypb6pNfEObypNmYXV2uQyYXq1Wk=">AAACRHicdVBLawIxGEz6tPal7bGXUGnpSXal0B6lXnpU8AXuItkYNZjHkmQLsvgnem1/T/9D/0NvpdfSqHuoigMfDDPfwDBRzJmxnvcJd3b39g8Oc0f545PTs/NC8aJtVKIJbRHFle5G2FDOJG1ZZjntxppiEXHaiSa1ud95odowJZt2GtNQ4JFkQ0awdVI3aMYMNfqVfqHklb0F0CbxM1ICGer9IrwNBookgkpLODam53uxDVOsLSOczvJBYmiMyQSPaM9RiQU1YbooPEM3ThmgodLupEUL9X8ixcKYqYjcp8B2bNa9ubjNs2MxW9X4SGnmZEa2GGtt7fAxTJmME0slWZYdJhxZheYLogHTlFg+dQQTl2cEkTHWmFi3cz5YBNOaEgLLgZm5Zf31HTdJu1L2vbLfuC9Vn7KNc+AKXIM74IMHUAXPoA5agAAOXsEbeIcf8At+w5/l6w7MMpdgBfD3D3jCslM=</latexit>

T⇡Q1
<latexit sha1_base64="+Q43UDA5cQRddSMx7aXjrbmrbfg=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWyMGsxjSbIFWfZP9Nr+nv6H/ofeSq+lcd1DVRz4YJj5BoYJQs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UZEmtEUUV7obYEM5k7RlmeW0G2qKRcBpJ5jVFn7nhWrDlGzaeUgHAk8kGzOCrZO6/WbIUGPoD4tlr+KlQJvEz0gZZKgPS/CmP1IkElRawrExPd8L7SDG2jLCaVLoR4aGmMzwhPYclVhQM4jTwgm6dsoIjZV2Jy1K1f+JGAtj5iJwnwLbqVn3FuI2z05FsqrxidLMyYxsMdba2vHjIGYyjCyVZFl2HHFkFVosiEZMU2L53BFMXJ4RRKZYY2LdzoV+GoxrSggsRyZxy/rrO26S9l3F9yp+475cfco2zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX+WrzmYZS7ACuDvH3bpslI=</latexit><latexit sha1_base64="+Q43UDA5cQRddSMx7aXjrbmrbfg=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWyMGsxjSbIFWfZP9Nr+nv6H/ofeSq+lcd1DVRz4YJj5BoYJQs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UZEmtEUUV7obYEM5k7RlmeW0G2qKRcBpJ5jVFn7nhWrDlGzaeUgHAk8kGzOCrZO6/WbIUGPoD4tlr+KlQJvEz0gZZKgPS/CmP1IkElRawrExPd8L7SDG2jLCaVLoR4aGmMzwhPYclVhQM4jTwgm6dsoIjZV2Jy1K1f+JGAtj5iJwnwLbqVn3FuI2z05FsqrxidLMyYxsMdba2vHjIGYyjCyVZFl2HHFkFVosiEZMU2L53BFMXJ4RRKZYY2LdzoV+GoxrSggsRyZxy/rrO26S9l3F9yp+475cfco2zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX+WrzmYZS7ACuDvH3bpslI=</latexit><latexit sha1_base64="+Q43UDA5cQRddSMx7aXjrbmrbfg=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWyMGsxjSbIFWfZP9Nr+nv6H/ofeSq+lcd1DVRz4YJj5BoYJQs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UZEmtEUUV7obYEM5k7RlmeW0G2qKRcBpJ5jVFn7nhWrDlGzaeUgHAk8kGzOCrZO6/WbIUGPoD4tlr+KlQJvEz0gZZKgPS/CmP1IkElRawrExPd8L7SDG2jLCaVLoR4aGmMzwhPYclVhQM4jTwgm6dsoIjZV2Jy1K1f+JGAtj5iJwnwLbqVn3FuI2z05FsqrxidLMyYxsMdba2vHjIGYyjCyVZFl2HHFkFVosiEZMU2L53BFMXJ4RRKZYY2LdzoV+GoxrSggsRyZxy/rrO26S9l3F9yp+475cfco2zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX+WrzmYZS7ACuDvH3bpslI=</latexit><latexit sha1_base64="+Q43UDA5cQRddSMx7aXjrbmrbfg=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWyMGsxjSbIFWfZP9Nr+nv6H/ofeSq+lcd1DVRz4YJj5BoYJQs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UZEmtEUUV7obYEM5k7RlmeW0G2qKRcBpJ5jVFn7nhWrDlGzaeUgHAk8kGzOCrZO6/WbIUGPoD4tlr+KlQJvEz0gZZKgPS/CmP1IkElRawrExPd8L7SDG2jLCaVLoR4aGmMzwhPYclVhQM4jTwgm6dsoIjZV2Jy1K1f+JGAtj5iJwnwLbqVn3FuI2z05FsqrxidLMyYxsMdba2vHjIGYyjCyVZFl2HHFkFVosiEZMU2L53BFMXJ4RRKZYY2LdzoV+GoxrSggsRyZxy/rrO26S9l3F9yp+475cfco2zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX+WrzmYZS7ACuDvH3bpslI=</latexit>



Bellman Residual/Error Minimization (Detail)
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<latexit sha1_base64="ENqXXELC8ww43kTPj8pQgNpEkGQ="></latexit><latexit sha1_base64="ENqXXELC8ww43kTPj8pQgNpEkGQ="></latexit><latexit sha1_base64="ENqXXELC8ww43kTPj8pQgNpEkGQ="></latexit><latexit sha1_base64="ENqXXELC8ww43kTPj8pQgNpEkGQ="></latexit>

Bellman residual

Q̂
<latexit sha1_base64="TfCBHPrYTf/vbH7PyqxBzhONpDU=">AAACQXicdVDNSgJRGL1jf2Z/Wss2Q1K0kpkIaim5aanQmKAid+7c0Yv3Z7j3m0AGn6FtPU9P0SO0i7ZtuuosUvHAB4dzvgOHEyacGfC8T6ewtb2zu1fcLx0cHh2flCunbaNSTWhAFFe6E2JDOZM0AAacdhJNsQg5fQ7HjZn//EK1YUo+wSShfYGHksWMYLBS0GuNMAzKVa/mzeGuEz8nVZSjOag4V71IkVRQCYRjY7q+l0A/wxoY4XRa6qWGJpiM8ZB2LZVYUNPP5m2n7qVVIjdW2p4Ed67+T2RYGDMRof0UGEZm1ZuJmzwYiemyxodKMyszssFYaQvxfT9jMkmBSrIoG6fcBeXO5nMjpikBPrEEE5tnxCUjrDEBO3KpNw9mDSUElpGZ2mX91R3XSfum5ns1v3VbrT/kGxfRObpA18hHd6iOHlETBYgghl7RG3p3Ppwv59v5WbwWnDxzhpbg/P4B2UWxlA==</latexit><latexit sha1_base64="TfCBHPrYTf/vbH7PyqxBzhONpDU=">AAACQXicdVDNSgJRGL1jf2Z/Wss2Q1K0kpkIaim5aanQmKAid+7c0Yv3Z7j3m0AGn6FtPU9P0SO0i7ZtuuosUvHAB4dzvgOHEyacGfC8T6ewtb2zu1fcLx0cHh2flCunbaNSTWhAFFe6E2JDOZM0AAacdhJNsQg5fQ7HjZn//EK1YUo+wSShfYGHksWMYLBS0GuNMAzKVa/mzeGuEz8nVZSjOag4V71IkVRQCYRjY7q+l0A/wxoY4XRa6qWGJpiM8ZB2LZVYUNPP5m2n7qVVIjdW2p4Ed67+T2RYGDMRof0UGEZm1ZuJmzwYiemyxodKMyszssFYaQvxfT9jMkmBSrIoG6fcBeXO5nMjpikBPrEEE5tnxCUjrDEBO3KpNw9mDSUElpGZ2mX91R3XSfum5ns1v3VbrT/kGxfRObpA18hHd6iOHlETBYgghl7RG3p3Ppwv59v5WbwWnDxzhpbg/P4B2UWxlA==</latexit><latexit sha1_base64="TfCBHPrYTf/vbH7PyqxBzhONpDU=">AAACQXicdVDNSgJRGL1jf2Z/Wss2Q1K0kpkIaim5aanQmKAid+7c0Yv3Z7j3m0AGn6FtPU9P0SO0i7ZtuuosUvHAB4dzvgOHEyacGfC8T6ewtb2zu1fcLx0cHh2flCunbaNSTWhAFFe6E2JDOZM0AAacdhJNsQg5fQ7HjZn//EK1YUo+wSShfYGHksWMYLBS0GuNMAzKVa/mzeGuEz8nVZSjOag4V71IkVRQCYRjY7q+l0A/wxoY4XRa6qWGJpiM8ZB2LZVYUNPP5m2n7qVVIjdW2p4Ed67+T2RYGDMRof0UGEZm1ZuJmzwYiemyxodKMyszssFYaQvxfT9jMkmBSrIoG6fcBeXO5nMjpikBPrEEE5tnxCUjrDEBO3KpNw9mDSUElpGZ2mX91R3XSfum5ns1v3VbrT/kGxfRObpA18hHd6iOHlETBYgghl7RG3p3Ppwv59v5WbwWnDxzhpbg/P4B2UWxlA==</latexit><latexit sha1_base64="TfCBHPrYTf/vbH7PyqxBzhONpDU=">AAACQXicdVDNSgJRGL1jf2Z/Wss2Q1K0kpkIaim5aanQmKAid+7c0Yv3Z7j3m0AGn6FtPU9P0SO0i7ZtuuosUvHAB4dzvgOHEyacGfC8T6ewtb2zu1fcLx0cHh2flCunbaNSTWhAFFe6E2JDOZM0AAacdhJNsQg5fQ7HjZn//EK1YUo+wSShfYGHksWMYLBS0GuNMAzKVa/mzeGuEz8nVZSjOag4V71IkVRQCYRjY7q+l0A/wxoY4XRa6qWGJpiM8ZB2LZVYUNPP5m2n7qVVIjdW2p4Ed67+T2RYGDMRof0UGEZm1ZuJmzwYiemyxodKMyszssFYaQvxfT9jMkmBSrIoG6fcBeXO5nMjpikBPrEEE5tnxCUjrDEBO3KpNw9mDSUElpGZ2mX91R3XSfum5ns1v3VbrT/kGxfRObpA18hHd6iOHlETBYgghl7RG3p3Ppwv59v5WbwWnDxzhpbg/P4B2UWxlA==</latexit>

T⇡Q̂
<latexit sha1_base64="arVx5RlXllz6ujXgKezxDZHDMWY=">AAACRnicdVBLSgNBFHwTfzH+oi7dNAbFVZgRQZdBNy4jGBPMBOnpdJIm/Rm63whhyC3c6nm8gpdwJ27txCxMJAUPiqpXUFSSSuEwDD+Cwsrq2vpGcbO0tb2zu1feP3hwJrOMN5iRxrYS6rgUmjdQoOSt1HKqEsmbyfBm4jefuXXC6HscpbyjaF+LnmAUvfQY36eCxHcDik/lSlgNpyD/STQjFZih/rQfnMZdwzLFNTJJnWtHYYqdnFoUTPJxKc4cTykb0j5ve6qp4q6TTyuPyYlXuqRnrD+NZKr+TeRUOTdSif9UFAdu0ZuIyzwcqPG8JvvGCi8LtsRYaIu9q04udJoh1+y3bC+TBA2ZbEi6wnKGcuQJZT4vGGEDailDv3QpngbzG6MU1V039stGizv+Jw/n1SisRncXldr1bOMiHMExnEEEl1CDW6hDAxhoeIFXeAveg8/gK/j+fS0Es8whzKEAP7AfsnA=</latexit><latexit sha1_base64="arVx5RlXllz6ujXgKezxDZHDMWY=">AAACRnicdVBLSgNBFHwTfzH+oi7dNAbFVZgRQZdBNy4jGBPMBOnpdJIm/Rm63whhyC3c6nm8gpdwJ27txCxMJAUPiqpXUFSSSuEwDD+Cwsrq2vpGcbO0tb2zu1feP3hwJrOMN5iRxrYS6rgUmjdQoOSt1HKqEsmbyfBm4jefuXXC6HscpbyjaF+LnmAUvfQY36eCxHcDik/lSlgNpyD/STQjFZih/rQfnMZdwzLFNTJJnWtHYYqdnFoUTPJxKc4cTykb0j5ve6qp4q6TTyuPyYlXuqRnrD+NZKr+TeRUOTdSif9UFAdu0ZuIyzwcqPG8JvvGCi8LtsRYaIu9q04udJoh1+y3bC+TBA2ZbEi6wnKGcuQJZT4vGGEDailDv3QpngbzG6MU1V039stGizv+Jw/n1SisRncXldr1bOMiHMExnEEEl1CDW6hDAxhoeIFXeAveg8/gK/j+fS0Es8whzKEAP7AfsnA=</latexit><latexit sha1_base64="arVx5RlXllz6ujXgKezxDZHDMWY=">AAACRnicdVBLSgNBFHwTfzH+oi7dNAbFVZgRQZdBNy4jGBPMBOnpdJIm/Rm63whhyC3c6nm8gpdwJ27txCxMJAUPiqpXUFSSSuEwDD+Cwsrq2vpGcbO0tb2zu1feP3hwJrOMN5iRxrYS6rgUmjdQoOSt1HKqEsmbyfBm4jefuXXC6HscpbyjaF+LnmAUvfQY36eCxHcDik/lSlgNpyD/STQjFZih/rQfnMZdwzLFNTJJnWtHYYqdnFoUTPJxKc4cTykb0j5ve6qp4q6TTyuPyYlXuqRnrD+NZKr+TeRUOTdSif9UFAdu0ZuIyzwcqPG8JvvGCi8LtsRYaIu9q04udJoh1+y3bC+TBA2ZbEi6wnKGcuQJZT4vGGEDailDv3QpngbzG6MU1V039stGizv+Jw/n1SisRncXldr1bOMiHMExnEEEl1CDW6hDAxhoeIFXeAveg8/gK/j+fS0Es8whzKEAP7AfsnA=</latexit><latexit sha1_base64="arVx5RlXllz6ujXgKezxDZHDMWY=">AAACRnicdVBLSgNBFHwTfzH+oi7dNAbFVZgRQZdBNy4jGBPMBOnpdJIm/Rm63whhyC3c6nm8gpdwJ27txCxMJAUPiqpXUFSSSuEwDD+Cwsrq2vpGcbO0tb2zu1feP3hwJrOMN5iRxrYS6rgUmjdQoOSt1HKqEsmbyfBm4jefuXXC6HscpbyjaF+LnmAUvfQY36eCxHcDik/lSlgNpyD/STQjFZih/rQfnMZdwzLFNTJJnWtHYYqdnFoUTPJxKc4cTykb0j5ve6qp4q6TTyuPyYlXuqRnrD+NZKr+TeRUOTdSif9UFAdu0ZuIyzwcqPG8JvvGCi8LtsRYaIu9q04udJoh1+y3bC+TBA2ZbEi6wnKGcuQJZT4vGGEDailDv3QpngbzG6MU1V039stGizv+Jw/n1SisRncXldr1bOMiHMExnEEEl1CDW6hDAxhoeIFXeAveg8/gK/j+fS0Es8whzKEAP7AfsnA=</latexit>

Q⇡
<latexit sha1_base64="tN17cmUKTmRh2/N0khF+hf+6TYc=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48t2FpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRH8Sc9j7DM44SQiCOpc8noxGdebTsspYK8TtyRNUKI7blhXXihQwjDXiEKlRq4Taz+FUhNEcVbzEoVjiGZwgkeGcsiw8tOibGZfGiW0IyHNcW0X6v9ECplScxaYTwb1VK16ubjJ01OWLWt0IiQxMkEbjJW2Orr3U8LjRGOOFmWjhNpa2Pl6dkgkRprODYHI5Amy0RRKiLTZuOYVwbQjGIM8VJlZ1l3dcZ0Mblqu03J7t832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD5xbEm</latexit><latexit sha1_base64="tN17cmUKTmRh2/N0khF+hf+6TYc=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48t2FpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRH8Sc9j7DM44SQiCOpc8noxGdebTsspYK8TtyRNUKI7blhXXihQwjDXiEKlRq4Taz+FUhNEcVbzEoVjiGZwgkeGcsiw8tOibGZfGiW0IyHNcW0X6v9ECplScxaYTwb1VK16ubjJ01OWLWt0IiQxMkEbjJW2Orr3U8LjRGOOFmWjhNpa2Pl6dkgkRprODYHI5Amy0RRKiLTZuOYVwbQjGIM8VJlZ1l3dcZ0Mblqu03J7t832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD5xbEm</latexit><latexit sha1_base64="tN17cmUKTmRh2/N0khF+hf+6TYc=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48t2FpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRH8Sc9j7DM44SQiCOpc8noxGdebTsspYK8TtyRNUKI7blhXXihQwjDXiEKlRq4Taz+FUhNEcVbzEoVjiGZwgkeGcsiw8tOibGZfGiW0IyHNcW0X6v9ECplScxaYTwb1VK16ubjJ01OWLWt0IiQxMkEbjJW2Orr3U8LjRGOOFmWjhNpa2Pl6dkgkRprODYHI5Amy0RRKiLTZuOYVwbQjGIM8VJlZ1l3dcZ0Mblqu03J7t832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD5xbEm</latexit><latexit sha1_base64="tN17cmUKTmRh2/N0khF+hf+6TYc=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48t2FpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRH8Sc9j7DM44SQiCOpc8noxGdebTsspYK8TtyRNUKI7blhXXihQwjDXiEKlRq4Taz+FUhNEcVbzEoVjiGZwgkeGcsiw8tOibGZfGiW0IyHNcW0X6v9ECplScxaYTwb1VK16ubjJ01OWLWt0IiQxMkEbjJW2Orr3U8LjRGOOFmWjhNpa2Pl6dkgkRprODYHI5Amy0RRKiLTZuOYVwbQjGIM8VJlZ1l3dcZ0Mblqu03J7t832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD5xbEm</latexit>

���Q⇡ � Q̂
���
1

 1

1� �

���T⇡Q̂� Q̂
���
1

<latexit sha1_base64="58t7wMoWSP9U6084iJoFKTZCdN0="></latexit><latexit sha1_base64="58t7wMoWSP9U6084iJoFKTZCdN0="></latexit><latexit sha1_base64="58t7wMoWSP9U6084iJoFKTZCdN0="></latexit><latexit sha1_base64="58t7wMoWSP9U6084iJoFKTZCdN0="></latexit>

Proof



Bellman Residual/Error Minimization
If we find a Q such that Q = T⇡Q, we have Q = Q⇡

. We define a loss function:

LBRM (Q;⇡) , kQ� T⇡Qk2⌫ .

Choose a function space F |A|
and solve:

ˆQ argmin

Q2F |A|
LBRM (Q;⇡).

<latexit sha1_base64="313rNK9tSHD97wEQ5wIFegNzKRk="></latexit><latexit sha1_base64="313rNK9tSHD97wEQ5wIFegNzKRk="></latexit><latexit sha1_base64="313rNK9tSHD97wEQ5wIFegNzKRk="></latexit><latexit sha1_base64="313rNK9tSHD97wEQ5wIFegNzKRk="></latexit>

X ⇢ Rd
<latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit><latexit sha1_base64="mZ5OteK2Bi58vZ+aC8Ptz9L8jV8=">AAACUXicdVBNSxtRFL0z1moTbaMuu3k0tHQVZkSoy2A2Lm1pNJBJw5s3N8nD9zG8d0cIQ36LW/09rvwp7nyJWdSIBy4czrkHDicvlfSUJI9RvPVh++PO7qdGc2//85fWweGlt5UT2BdWWTfIuUclDfZJksJB6ZDrXOFVft1b+lc36Ly05i/NSxxpPjVyIgWnII1bR9lgwDJf5R6JZX+Qq3/FuNVOOskK7C1J16QNa1yMD6IfWWFFpdGQUNz7YZqUNKq5IykULhpZ5bHk4ppPcRio4Rr9qF61X7DvQSnYxLpwhthK/T9Rc+39XOfhU3Oa+U1vKb7n0UwvXmtqap0MshTvGBttaXI6qqUpK0IjXspOKsXIsuWcrJAOBal5IFyEvBRMzLjjgsLojWwVrHtWa24KvwjLpps7viWXx5006aS/T9rds/XGu/AVvsFPSOEXdOEcLqAPAuZwC3dwHz1ETzHE8ctrHK0zR/AKcfMZhW60Sg==</latexit>

X1
<latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit><latexit sha1_base64="55k9MfzWMuudnUp46SUpYwhQ9wU=">AAACP3icdVBLS8NAGNz4rPXV6tHLYlE8lUQEPRZ78VjRPqANZbPZpEv3EXY3Qgn9CV719/gz/AXexKs3t2kOtqUDHwwz38AwQcKoNq776Wxsbm3v7Jb2yvsHh0fHlepJR8tUYdLGkknVC5AmjArSNtQw0ksUQTxgpBuMmzO/+0KUplI8m0lCfI5iQSOKkbHSU2/oDSs1t+7mgKvEK0gNFGgNq87lIJQ45UQYzJDWfc9NjJ8hZShmZFoepJokCI9RTPqWCsSJ9rO86xReWCWEkVT2hIG5+j+RIa71hAf2kyMz0sveTFznmRGfLmoslopameI1xlJbE935GRVJaojA87JRyqCRcDYeDKki2LCJJQjbPMUQj5BC2NiJy4M8mDUl50iEemqX9ZZ3XCWd67rn1r3Hm1rjvti4BM7AObgCHrgFDfAAWqANMIjBK3gD786H8+V8Oz/z1w2nyJyCBTi/f690sH4=</latexit>

X2
<latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit><latexit sha1_base64="GbYfn9UXcCPHlhDQigTGYozP4aw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVJIi6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66TXrPhOg338abeui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+xTbB/</latexit>

X3
<latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit><latexit sha1_base64="Sd6QjxJcBKZdMTU/Bx5LHOR/l/c=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIV9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oelStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru4029eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+zJrCA</latexit>

X4
<latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit>

X5
<latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit> X 0

5
<latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit>

X 0
4

<latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit>

X 0
3

<latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit>

X 0
2

<latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit>

X 0
1

<latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit>

X6
<latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit>

X 0
6

<latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit>

Since we only have access to data Dn = {(Xi, Ai, Ri, X 0
i)}ni=1 with (Xi, Ai) ⇠ ⌫

and X 0
i ⇠ P(·|Xi, Ai) Ri ⇠ R(·|Xi, Ai), it may seem reasonable to minimize the

empirical loss:
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<latexit sha1_base64="lJ14VM9VzbFwQZvUIwlMjim3pIA="></latexit><latexit sha1_base64="lJ14VM9VzbFwQZvUIwlMjim3pIA="></latexit><latexit sha1_base64="lJ14VM9VzbFwQZvUIwlMjim3pIA="></latexit><latexit sha1_base64="lJ14VM9VzbFwQZvUIwlMjim3pIA="></latexit>



Empirical Bellman Error is Biased
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6= kQ� T⇡Qk2,⌫
<latexit sha1_base64="9UGyAWMsH3KTO617yDX9NCWYGgg="></latexit><latexit sha1_base64="9UGyAWMsH3KTO617yDX9NCWYGgg="></latexit><latexit sha1_base64="9UGyAWMsH3KTO617yDX9NCWYGgg="></latexit><latexit sha1_base64="9UGyAWMsH3KTO617yDX9NCWYGgg="></latexit>

Minimizing the empirical Bellman error minimizes an objective different from the Bellman error.

The extra bias depends on the value function. This is different from the supervised learning where the 
extra bias is independent of the estimator (it would be related to the variance of the target).

If the dynamics is deterministic, this is fine. Otherwise, not.

Related to the double sampling issue.



Empirical Bellman Error is Biased 
(Detail)
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2E [(Q(X,A)� T⇡Q(X,A)) (T⇡Q(X,A)� (R+ �Q(X 0,⇡(X 0))))]

= kQ� T⇡Qk22,⌫ + E
h
|T⇡Q(X,A)� (R+ �Q(X 0,⇡(X 0)))|2
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Least Squares Temporal Difference (LSTD)

Minimized by LSTD

• The original formulation of LSTD finds a solution to the fixed-point equa-

tion Q = ⇧⌫T⇡Q, where ⇧⌫Q = ⇧⌫,F |A|Q argminh2F |A| kh�Qk2⌫ .

• The operator ⇧⌫T⇡
is not a contraction for arbitrary choice of ⌫ (except

when ⌫ is the stationary distribution induced by ⇡).

• Instead: Find the minimizer of kQ�⇧⌫T⇡Qk2⌫ .

• Whenever ⌫ is the stationary distribution of ⇡, the solution of this opti-

mization problem is the same as the fixed-point of Q = ⇧⌫T⇡Q.
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Least Squares Temporal Difference (LSTD)

Minimized by LSTD

min
Q2F |A|

kQ�⇧⌫T
⇡Qk2⌫
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h(·;Q) = argmin
h02F |A|

kh0 � T⇡Qk2⌫ ,

QLSTD = argmin
Q2F |A|

kQ� h(·;Q)k2⌫ ,
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Or equivalently:

ĥn(·;Q) = argmin
h2F |A|

���h� T̂⇡Q
���
2

Dn

= argmin
h2F |A|

1

n

nX

i=1

|h(Xi, Ai)� (Ri + �Q(X 0
i,⇡(X

0
i)))|

2

Q̂LSTD = argmin
Q2F |A|

���Q� ĥn(·;Q)
���
2

Dn

= argmin
Q2F |A|

1

n

nX

i=1

���Q(Xi, Ai)� ĥn(Xi, Ai;Q)
���
2
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Empirical Version:

X ⇢ Rd
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X4
<latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit><latexit sha1_base64="co+CWoOgIEA0lNwo3V1FCYBaByw=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIp6LHYi8eK9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc/9/guWigj+rGcx9hiMOAkJgtpIT4Nxc1ytOw0nh71O3ILUQYHOuGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eGdlxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BWOQByozy7qrO66T3k3DdRruY7Peui82LoNzcAGugQtuQQs8gA7oAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w+0/7CB</latexit>

X5
<latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit><latexit sha1_base64="thn6DmvMmtOs8gKAO8j3tps7lwI=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBJR9FjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+22LCC</latexit> X 0

5
<latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit><latexit sha1_base64="UApSWrXuOAFjxirtJFb156gRxsU=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSSi6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJR+wsw==</latexit>

X 0
4

<latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit><latexit sha1_base64="uw3lavk2VgWWq4jA3xrYzEGkO0E=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRS0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOercN12m4T81666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38jRbCy</latexit>

X 0
3

<latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit><latexit sha1_base64="YUyDFPAGAiuhhDxHytLeU8o2/rE=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQq6LHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qOby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4T7f15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AIWuwsQ==</latexit>

X 0
2

<latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit><latexit sha1_base64="mK7eGUOnQrOasA+bOAaCgGT7/Us=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSRF0GOxF48V7APaUDabTbt0H2F3I5SQv+BVf4//wn/gTbx6cpPmYFs68MEw8w0M40eUKO04n1Zpa3tnd6+8Xzk4PDo+qdZOe0rEEuEuElTIgQ8VpoTjriaa4kEkMWQ+xX1/1s78/guWigj+rOcR9hiccBISBHUmDcbN63G17jScHPY6cQtSBwU645p1NQoEihnmGlGo1NB1Iu0lUGqCKE4ro1jhCKIZnOChoRwyrLwkL5val0YJ7FBIc1zbufo/kUCm1Jz55pNBPVWrXiZu8vSUpcsanQhJjEzQBmOlrQ7vvYTwKNaYo0XZMKa2Fna2nh0QiZGmc0MgMnmCbDSFEiJtNq6M8mDSFoxBHqjULOuu7rhOes2G6zTcp9t666HYuAzOwQW4AS64Ay3wCDqgCxCYglfwBt6tD+vL+rZ+Fq8lq8icgSVYv38fkbCw</latexit>

X 0
1

<latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit><latexit sha1_base64="qRvfLRt/Pi/jYgkdoqVYyUOWauY=">AAACQHicdVBLS8NAGNz4rPXV6tFLsPg4lUQEPRZ78VjBPqANZbPZNEv3EXY3Qgn5C1719/gv/AfexKsnN2kOtqUDHwwz38AwfkyJ0o7zaW1sbm3v7Fb2qvsHh0fHtfpJT4lEItxFggo58KHClHDc1URTPIglhsynuO9P27nff8FSEcGf9SzGHoMTTkKCoM6lwdi9GtcaTtMpYK8StyQNUKIzrluXo0CghGGuEYVKDV0n1l4KpSaI4qw6ShSOIZrCCR4ayiHDykuLspl9YZTADoU0x7VdqP8TKWRKzZhvPhnUkVr2cnGdpyOWLWp0IiQxMkFrjKW2Orz3UsLjRGOO5mXDhNpa2Pl6dkAkRprODIHI5AmyUQQlRNpsXB0VwbQtGIM8UJlZ1l3ecZX0bpqu03Sfbhuth3LjCjgD5+AauOAOtMAj6IAuQCACr+ANvFsf1pf1bf3MXzesMnMKFmD9/gEdt7Cv</latexit>

X6
<latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit><latexit sha1_base64="AjXadG2ATjfoiPkleN+nNdjlTmM=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9VjsxWNF+4A2lM1mky7dR9jdCCXkJ3jV3+PP8Bd4E6/e3KY52JYOfDDMfAPD+DElSjvOp1Xa2Nza3invVvb2Dw6PqrXjrhKJRLiDBBWy70OFKeG4o4mmuB9LDJlPcc+ftGZ+7wVLRQR/1tMYewxGnIQEQW2kp/7oZlStOw0nh71K3ILUQYH2qGZdDAOBEoa5RhQqNXCdWHsplJogirPKMFE4hmgCIzwwlEOGlZfmXTP73CiBHQppjms7V/8nUsiUmjLffDKox2rZm4nrPD1m2aJGIyGJkQlaYyy11eGdlxIeJxpzNC8bJtTWwp6NZwdEYqTp1BCITJ4gG42hhEibiSvDPJi2BGOQByozy7rLO66S7lXDdRru43W9eV9sXAan4AxcAhfcgiZ4AG3QAQhE4BW8gXfrw/qyvq2f+WvJKjInYAHW7x+4sbCD</latexit>

X 0
6

<latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit><latexit sha1_base64="lrEqhHYTgJFSXUbkuivfVO4aLQA=">AAACQHicdVBLS8NAGNzUV62vVo9egsXHqSQi6rHYi8cK9gFtKJvNpl26j7C7EUrIX/Cqv8d/4T/wJl49uUlzsC0d+GCY+QaG8SNKlHacT6u0sbm1vVPereztHxweVWvHXSViiXAHCSpk34cKU8JxRxNNcT+SGDKf4p4/bWV+7wVLRQR/1rMIewyOOQkJgjqT+qPby1G17jScHPYqcQtSBwXao5p1MQwEihnmGlGo1MB1Iu0lUGqCKE4rw1jhCKIpHOOBoRwyrLwkL5va50YJ7FBIc1zbufo/kUCm1Iz55pNBPVHLXiau8/SEpYsaHQtJjEzQGmOprQ7vvYTwKNaYo3nZMKa2Fna2nh0QiZGmM0MgMnmCbDSBEiJtNq4M82DSEoxBHqjULOsu77hKutcN12m4Tzf15kOxcRmcgjNwBVxwB5rgEbRBByAwAa/gDbxbH9aX9W39zF9LVpE5AQuwfv8AJvmwtA==</latexit>



Regularized LSTD
approximation error

Estimation errorMain Idea: Start from a large function space 
(e.g., dense in the space of continuous 
functions) and control its complexity using 
regularization. 

Minimized by REG-LSTDĥn(·;Q) = argmin
h2F |A|
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Q̂(k) = argmin
Q2F |A|
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where J : F |A| ! R is the regularizer and �(k)
h,n,�

(k)
Q,n > 0 are regularization

coe�cients. The regularizer can be any pseudo-norm defined on F |A|, e.g.,
J2(·) = k·kH for an RKHS F |A| = H.

<latexit sha1_base64="nX/0nOLHRDJgsqiyF6qklBtPHN8="></latexit><latexit sha1_base64="nX/0nOLHRDJgsqiyF6qklBtPHN8="></latexit><latexit sha1_base64="nX/0nOLHRDJgsqiyF6qklBtPHN8="></latexit><latexit sha1_base64="nX/0nOLHRDJgsqiyF6qklBtPHN8="></latexit>



(Regularized) Least Squares Policy Iteration (LSPI)

REG-LSTD Policy 
Improvement

⇡0  argmax

a2A
ˆQ⇡

(·, a)
<latexit sha1_base64="JIrd3Iie+aMTwFY20aIq7jY3djs="></latexit><latexit sha1_base64="JIrd3Iie+aMTwFY20aIq7jY3djs="></latexit><latexit sha1_base64="JIrd3Iie+aMTwFY20aIq7jY3djs="></latexit><latexit sha1_base64="JIrd3Iie+aMTwFY20aIq7jY3djs="></latexit>

Q̂⇡[⇡ Q⇡]
<latexit sha1_base64="ewG7b8k65uu8tR801/a7FicJf38=">AAACJnicdVDLSitBFOzxdTW+oq7ETWMQXIUZEXQp141LA0aFzBjOdDqmsV90n7ncMAS/RnClf+JOxJ1f4dpOzEIjFjQUVac4pyu3UniM49doanpmdu7P/EJlcWl5ZbW6tn7uTeEYbzIjjbvMwXMpNG+iQMkvreOgcskv8pvjoX/xjzsvjD7DvuWZgmstuoIBBqld3UwbPcCr1AraoilY68x/mjasyNrVWlyPR6A/STImNTLGabv6nnYMKxTXyCR430pii1kJDgWTfFBJC88tsBu45q1ANSjus3L0hQHdCUqHdo0LTyMdqV8TJSjv+yoPkwqw5ye9ofibhz01sR27h1kptC2Qa/a5vFtIioYOO6Id4ThD2Q8EmBPhfsp64IBhaLKSjoLlsVEKdMcPQlHJZC0/yflePYnrSWO/dvR3XNk82SLbZJck5IAckRNySpqEkVtyRx7IY3QfPUXP0cvn6FQ0zmyQb4jePgCqCKZF</latexit><latexit sha1_base64="ewG7b8k65uu8tR801/a7FicJf38=">AAACJnicdVDLSitBFOzxdTW+oq7ETWMQXIUZEXQp141LA0aFzBjOdDqmsV90n7ncMAS/RnClf+JOxJ1f4dpOzEIjFjQUVac4pyu3UniM49doanpmdu7P/EJlcWl5ZbW6tn7uTeEYbzIjjbvMwXMpNG+iQMkvreOgcskv8pvjoX/xjzsvjD7DvuWZgmstuoIBBqld3UwbPcCr1AraoilY68x/mjasyNrVWlyPR6A/STImNTLGabv6nnYMKxTXyCR430pii1kJDgWTfFBJC88tsBu45q1ANSjus3L0hQHdCUqHdo0LTyMdqV8TJSjv+yoPkwqw5ye9ofibhz01sR27h1kptC2Qa/a5vFtIioYOO6Id4ThD2Q8EmBPhfsp64IBhaLKSjoLlsVEKdMcPQlHJZC0/yflePYnrSWO/dvR3XNk82SLbZJck5IAckRNySpqEkVtyRx7IY3QfPUXP0cvn6FQ0zmyQb4jePgCqCKZF</latexit><latexit sha1_base64="ewG7b8k65uu8tR801/a7FicJf38=">AAACJnicdVDLSitBFOzxdTW+oq7ETWMQXIUZEXQp141LA0aFzBjOdDqmsV90n7ncMAS/RnClf+JOxJ1f4dpOzEIjFjQUVac4pyu3UniM49doanpmdu7P/EJlcWl5ZbW6tn7uTeEYbzIjjbvMwXMpNG+iQMkvreOgcskv8pvjoX/xjzsvjD7DvuWZgmstuoIBBqld3UwbPcCr1AraoilY68x/mjasyNrVWlyPR6A/STImNTLGabv6nnYMKxTXyCR430pii1kJDgWTfFBJC88tsBu45q1ANSjus3L0hQHdCUqHdo0LTyMdqV8TJSjv+yoPkwqw5ye9ofibhz01sR27h1kptC2Qa/a5vFtIioYOO6Id4ThD2Q8EmBPhfsp64IBhaLKSjoLlsVEKdMcPQlHJZC0/yflePYnrSWO/dvR3XNk82SLbZJck5IAckRNySpqEkVtyRx7IY3QfPUXP0cvn6FQ0zmyQb4jePgCqCKZF</latexit><latexit sha1_base64="ewG7b8k65uu8tR801/a7FicJf38=">AAACJnicdVDLSitBFOzxdTW+oq7ETWMQXIUZEXQp141LA0aFzBjOdDqmsV90n7ncMAS/RnClf+JOxJ1f4dpOzEIjFjQUVac4pyu3UniM49doanpmdu7P/EJlcWl5ZbW6tn7uTeEYbzIjjbvMwXMpNG+iQMkvreOgcskv8pvjoX/xjzsvjD7DvuWZgmstuoIBBqld3UwbPcCr1AraoilY68x/mjasyNrVWlyPR6A/STImNTLGabv6nnYMKxTXyCR430pii1kJDgWTfFBJC88tsBu45q1ANSjus3L0hQHdCUqHdo0LTyMdqV8TJSjv+yoPkwqw5ye9ofibhz01sR27h1kptC2Qa/a5vFtIioYOO6Id4ThD2Q8EmBPhfsp64IBhaLKSjoLlsVEKdMcPQlHJZC0/yflePYnrSWO/dvR3XNk82SLbZJck5IAckRNySpqEkVtyRx7IY3QfPUXP0cvn6FQ0zmyQb4jePgCqCKZF</latexit>

Minimized by REG-LSTD



Theoretical Analysis



Why Theory?
Soundness of algorithm


Does it even work after feeding it a lot of data? Conditions when it works?


Efficiency of algorithm


How fast can it learn? Does it learn faster if the problem is easier? Is it 
adaptive to the difficulty of the problem?


The limit of what/how fast can be learned


Can we learn any function if we have enough data?


Design of new algorithms



Two-Part Analysis

Statistical analysis of each step


Error Propagation



Brief Analysis of AVI

Qk+1  T ⇤Qk
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Contraction Property

kQk �Q⇤k1  �k kQ0 �Q⇤k1 .
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Brief Analysis of AVI
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=⇧⌫n,F |A| T̂ ⇤Qk

⇡⇧⌫,F |A|T ⇤Qk
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Not a contraction operator

approximation 

Estimation 

T ⇤
<latexit sha1_base64="BC14HbYC2aaBwmPbwjx3Rb6Ems4=">AAACQnicdVDJSgNBFOyJW4xbokcvg0HxFGZE0GMwF48RskEyhJ6eTtKml6H7jRCG/INX/R5/wl/wJl492JnkYBJS8KCoegVFhTFnBjzv08ltbe/s7uX3CweHR8cnxdJpy6hEE9okiivdCbGhnEnaBAacdmJNsQg5bYfj2sxvv1BtmJINmMQ0EHgo2YARDFZq9RoqhkK/WPYqXgZ3nfgLUkYL1Psl56oXKZIIKoFwbEzX92IIUqyBEU6nhV5iaIzJGA9p11KJBTVBmtWdupdWidyB0vYkuJn6P5FiYcxEhPZTYBiZVW8mbvJgJKbLGh8qzazMyAZjpS0M7oOUyTgBKsm87CDhLih3tp8bMU0J8IklmNg8Iy4ZYY0J2JULvSyY1pQQWEZmapf1V3dcJ62biu9V/KfbcvVhsXEenaMLdI18dIeq6BHVURMR9Ixe0Rt6dz6cL+fb+Zm/5pxF5gwtwfn9A0FpscE=</latexit><latexit sha1_base64="BC14HbYC2aaBwmPbwjx3Rb6Ems4=">AAACQnicdVDJSgNBFOyJW4xbokcvg0HxFGZE0GMwF48RskEyhJ6eTtKml6H7jRCG/INX/R5/wl/wJl492JnkYBJS8KCoegVFhTFnBjzv08ltbe/s7uX3CweHR8cnxdJpy6hEE9okiivdCbGhnEnaBAacdmJNsQg5bYfj2sxvv1BtmJINmMQ0EHgo2YARDFZq9RoqhkK/WPYqXgZ3nfgLUkYL1Psl56oXKZIIKoFwbEzX92IIUqyBEU6nhV5iaIzJGA9p11KJBTVBmtWdupdWidyB0vYkuJn6P5FiYcxEhPZTYBiZVW8mbvJgJKbLGh8qzazMyAZjpS0M7oOUyTgBKsm87CDhLih3tp8bMU0J8IklmNg8Iy4ZYY0J2JULvSyY1pQQWEZmapf1V3dcJ62biu9V/KfbcvVhsXEenaMLdI18dIeq6BHVURMR9Ixe0Rt6dz6cL+fb+Zm/5pxF5gwtwfn9A0FpscE=</latexit><latexit sha1_base64="BC14HbYC2aaBwmPbwjx3Rb6Ems4=">AAACQnicdVDJSgNBFOyJW4xbokcvg0HxFGZE0GMwF48RskEyhJ6eTtKml6H7jRCG/INX/R5/wl/wJl492JnkYBJS8KCoegVFhTFnBjzv08ltbe/s7uX3CweHR8cnxdJpy6hEE9okiivdCbGhnEnaBAacdmJNsQg5bYfj2sxvv1BtmJINmMQ0EHgo2YARDFZq9RoqhkK/WPYqXgZ3nfgLUkYL1Psl56oXKZIIKoFwbEzX92IIUqyBEU6nhV5iaIzJGA9p11KJBTVBmtWdupdWidyB0vYkuJn6P5FiYcxEhPZTYBiZVW8mbvJgJKbLGh8qzazMyAZjpS0M7oOUyTgBKsm87CDhLih3tp8bMU0J8IklmNg8Iy4ZYY0J2JULvSyY1pQQWEZmapf1V3dcJ62biu9V/KfbcvVhsXEenaMLdI18dIeq6BHVURMR9Ixe0Rt6dz6cL+fb+Zm/5pxF5gwtwfn9A0FpscE=</latexit><latexit sha1_base64="BC14HbYC2aaBwmPbwjx3Rb6Ems4=">AAACQnicdVDJSgNBFOyJW4xbokcvg0HxFGZE0GMwF48RskEyhJ6eTtKml6H7jRCG/INX/R5/wl/wJl492JnkYBJS8KCoegVFhTFnBjzv08ltbe/s7uX3CweHR8cnxdJpy6hEE9okiivdCbGhnEnaBAacdmJNsQg5bYfj2sxvv1BtmJINmMQ0EHgo2YARDFZq9RoqhkK/WPYqXgZ3nfgLUkYL1Psl56oXKZIIKoFwbEzX92IIUqyBEU6nhV5iaIzJGA9p11KJBTVBmtWdupdWidyB0vYkuJn6P5FiYcxEhPZTYBiZVW8mbvJgJKbLGh8qzazMyAZjpS0M7oOUyTgBKsm87CDhLih3tp8bMU0J8IklmNg8Iy4ZYY0J2JULvSyY1pQQWEZmapf1V3dcJ62biu9V/KfbcvVhsXEenaMLdI18dIeq6BHVURMR9Ixe0Rt6dz6cL+fb+Zm/5pxF5gwtwfn9A0FpscE=</latexit>

Qk
<latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit>



Brief Analysis of AVI - Error Propagation 
(Policy Evaluation)
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<latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit><latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit><latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit><latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit>

Qk+1
<latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit><latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit><latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit><latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit>

Qk
<latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit>
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<latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit><latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit><latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit><latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit>

"k , T⇡Qk �Qk+1
<latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit><latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit><latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit><latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit>

Q⇡ �Qk+1 = T⇡Q⇡ � T⇡Qk + "k

= �P⇡(Q⇡ �Qk) + "k

· · · )Q⇡ �QK =
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(�P⇡)K�1�k "k + (�P⇡)K (Q⇡ �Q0)
<latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit><latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit><latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit><latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit>

Error in approximation



Brief Analysis of AVI (Policy Evaluation)

Qk+1  argmin
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���Q(Xi, Ai)� (T̂ ⇤Qk)(Xi, Ai)
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<latexit sha1_base64="9sMDwDdVEf66drFvba9SUANZ5mU="></latexit><latexit sha1_base64="9sMDwDdVEf66drFvba9SUANZ5mU="></latexit><latexit sha1_base64="9sMDwDdVEf66drFvba9SUANZ5mU="></latexit><latexit sha1_base64="9sMDwDdVEf66drFvba9SUANZ5mU="></latexit>

T⇡
<latexit sha1_base64="8RKsAzUEMUbN29SI7+s06rBix1c=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48V2lpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRG8p+cx9hmccBIRBHUueb2YjOtNp+UUsNeJW5ImKNEdN6wrLxQoYZhrRKFSI9eJtZ9CqQmiOKt5icIxRDM4wSNDOWRY+WlRNrMvjRLakZDmuLYL9X8ihUypOQvMJ4N6qla9XNzk6SnLljU6EZIYmaANxkpbHd37KeFxojFHi7JRQm0t7Hw9OyQSI03nhkBk8gTZaAolRNpsXPOKYNoRjEEeqsws667uuE4GNy3XablPt832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD/VrEp</latexit><latexit sha1_base64="8RKsAzUEMUbN29SI7+s06rBix1c=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48V2lpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRG8p+cx9hmccBIRBHUueb2YjOtNp+UUsNeJW5ImKNEdN6wrLxQoYZhrRKFSI9eJtZ9CqQmiOKt5icIxRDM4wSNDOWRY+WlRNrMvjRLakZDmuLYL9X8ihUypOQvMJ4N6qla9XNzk6SnLljU6EZIYmaANxkpbHd37KeFxojFHi7JRQm0t7Hw9OyQSI03nhkBk8gTZaAolRNpsXPOKYNoRjEEeqsws667uuE4GNy3XablPt832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD/VrEp</latexit><latexit sha1_base64="8RKsAzUEMUbN29SI7+s06rBix1c=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48V2lpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRG8p+cx9hmccBIRBHUueb2YjOtNp+UUsNeJW5ImKNEdN6wrLxQoYZhrRKFSI9eJtZ9CqQmiOKt5icIxRDM4wSNDOWRY+WlRNrMvjRLakZDmuLYL9X8ihUypOQvMJ4N6qla9XNzk6SnLljU6EZIYmaANxkpbHd37KeFxojFHi7JRQm0t7Hw9OyQSI03nhkBk8gTZaAolRNpsXPOKYNoRjEEeqsws667uuE4GNy3XablPt832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD/VrEp</latexit><latexit sha1_base64="8RKsAzUEMUbN29SI7+s06rBix1c=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48V2lpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRG8p+cx9hmccBIRBHUueb2YjOtNp+UUsNeJW5ImKNEdN6wrLxQoYZhrRKFSI9eJtZ9CqQmiOKt5icIxRDM4wSNDOWRY+WlRNrMvjRLakZDmuLYL9X8ihUypOQvMJ4N6qla9XNzk6SnLljU6EZIYmaANxkpbHd37KeFxojFHi7JRQm0t7Hw9OyQSI03nhkBk8gTZaAolRNpsXPOKYNoRjEEeqsws667uuE4GNy3XablPt832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD/VrEp</latexit>

T⇡Qk
<latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit><latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit><latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit><latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit>
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<latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit>

(T̂⇡Qk)(Xi, Ai) , Ri + �Qk(X
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<latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit><latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit><latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit><latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit>

"k , T⇡Qk �Qk+1
<latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit><latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit><latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit><latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit>

Q⇡ �Qk+1 = T⇡Q⇡ � T⇡Qk + "k

= �P⇡(Q⇡ �Qk) + "k

· · · )Q⇡ �QK =
K�1X

k=0

(�P⇡)K�1�k "k + (�P⇡)K (Q⇡ �Q0)
<latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit><latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit><latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit><latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit>

• This equality relates the errors "k at each iteration of AVI (Policy Eval-

uation case) to the quality of policy evaluation, i.e., how close QK to Q⇡

is.

• If we make no errors ("k = 0), Q⇡ �QK = �K
(P⇡

)

K
(Q⇡ �Q0). The error

decays as fast as �K
. Taking the supremum norm of both sides, we get

kQ⇡ �QKk1  �K kQ⇡ �Q0k1 .

• The supremum norm is conservative. Machine learning methods do not

often minimize it; they minimize the L2-norm or alike.

• Can we have a tighter Lp-based upper bound?

<latexit sha1_base64="tLSpTnPsdUidkUQ4hFjblnEZtyA=">AAAExnicdVNbaxNBFN628RavVd9EOdhVWmiXTV8URLwUQalCC7YK3Rgms2ezQ+ayzsymxBDwzd/on/A3eGaTtBpxXvbwzfed/c5l+pUUzqfpz5XVtdaFi5cuX2lfvXb9xs1b67ePnaktxyNupLGf+8yhFBqPvPASP1cWmepL/NQf7oX7TyO0Thj90Y8r7Co20KIQnHmCeuurP7I+DoSeCI9KfMNpOwsRfCyFA/xaMyn8GCxK5t </latexit><latexit sha1_base64="tLSpTnPsdUidkUQ4hFjblnEZtyA=">AAAExnicdVNbaxNBFN628RavVd9EOdhVWmiXTV8URLwUQalCC7YK3Rgms2ezQ+ayzsymxBDwzd/on/A3eGaTtBpxXvbwzfed/c5l+pUUzqfpz5XVtdaFi5cuX2lfvXb9xs1b67ePnaktxyNupLGf+8yhFBqPvPASP1cWmepL/NQf7oX7TyO0Thj90Y8r7Co20KIQnHmCeuurP7I+DoSeCI9KfMNpOwsRfCyFA/xaMyn8GCxK5t </latexit><latexit sha1_base64="tLSpTnPsdUidkUQ4hFjblnEZtyA=">AAAExnicdVNbaxNBFN628RavVd9EOdhVWmiXTV8URLwUQalCC7YK3Rgms2ezQ+ayzsymxBDwzd/on/A3eGaTtBpxXvbwzfed/c5l+pUUzqfpz5XVtdaFi5cuX2lfvXb9xs1b67ePnaktxyNupLGf+8yhFBqPvPASP1cWmepL/NQf7oX7TyO0Thj90Y8r7Co20KIQnHmCeuurP7I+DoSeCI9KfMNpOwsRfCyFA/xaMyn8GCxK5t </latexit><latexit sha1_base64="tLSpTnPsdUidkUQ4hFjblnEZtyA=">AAAExnicdVNbaxNBFN628RavVd9EOdhVWmiXTV8URLwUQalCC7YK3Rgms2ezQ+ayzsymxBDwzd/on/A3eGaTtBpxXvbwzfed/c5l+pUUzqfpz5XVtdaFi5cuX2lfvXb9xs1b67ePnaktxyNupLGf+8yhFBqPvPASP1cWmepL/NQf7oX7TyO0Thj90Y8r7Co20KIQnHmCeuurP7I+DoSeCI9KfMNpOwsRfCyFA/xaMyn8GCxK5t </latexit>



Brief Analysis of AVI (Policy Evaluation)

Qk+1  argmin
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T⇡Qk
<latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit><latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit><latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit><latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit>

T̂⇡Qk
<latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit><latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit><latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit><latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit>

Qk+1
<latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit><latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit><latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit><latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit>

Qk
<latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit>

(T̂⇡Qk)(Xi, Ai) , Ri + �Qk(X
0
i,⇡(X

0
i))

<latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit><latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit><latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit><latexit sha1_base64="yS7l5zoefjH3fnA31xWrU/hSJ6g="></latexit>

"k , T⇡Qk �Qk+1
<latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit><latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit><latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit><latexit sha1_base64="smocJSFukNuhO+aLTcxVIuuEz1s="></latexit>

Q⇡ �Qk+1 = T⇡Q⇡ � T⇡Qk + "k

= �P⇡(Q⇡ �Qk) + "k

· · · )Q⇡ �QK =
K�1X

k=0

(�P⇡)K�1�k "k + (�P⇡)K (Q⇡ �Q0)
<latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit><latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit><latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit><latexit sha1_base64="uk7Ty2XdX50H7L7AUcFmsP9IeVk="></latexit>

Consider a distribution ⇢. We have:

⇢ |Q⇡ �QK | ⇢

�����

K�1X

k=0

(�P⇡
)

K�1�k
"k

�����+ ⇢

���(�P⇡
)

K
(Q

⇡ �Q0)

���


K�1X

k=0

�

K�1�k
⇢ (P⇡

)

K�1�k |"k|+ ⇢ (�P⇡
)

K |Q⇡ �Q0| .

Suppose that ⇢ = ⇢

⇡
is the stationary distribution of policy ⇡, i.e., ⇢

⇡P⇡
= ⇢

⇡
.

This implies that ⇢

⇡
(P⇡

)

k
= ⇢

⇡
. So we can simplify

⇢

⇡ |Q⇡ �QK | 
K�1X

k=0

�

K�1�k
⇢

⇡|"k|+ �

K
⇢

⇡ |Q⇡ �Q0| .

Denote kf(X)kp,⇢ = [

R
f

p
(x)d⇢]

1/p
. Using the fact that kf(X)k1,⇢  kf(X)k2,⇢

(from Jensen’s inequality), we get

kQ⇡ �QKk1,⇢⇡ 
K�1X

k=0

�

K�1�k k"kk2,⇢⇡ + �

K kQ⇡ �Q0k2,⇢⇡ .

<latexit sha1_base64="YN7t0Cvx7PmiPiZ2+u8if4bcwUY="></latexit><latexit sha1_base64="YN7t0Cvx7PmiPiZ2+u8if4bcwUY="></latexit><latexit sha1_base64="YN7t0Cvx7PmiPiZ2+u8if4bcwUY="></latexit><latexit sha1_base64="YN7t0Cvx7PmiPiZ2+u8if4bcwUY="></latexit>



Brief Analysis of AVI (Policy Evaluation)

Qk+1  argmin
Q2F |A|

1

n

nX

i=1

���Q(Xi, Ai)� (T̂ ⇤Qk)(Xi, Ai)
���
2

<latexit sha1_base64="9sMDwDdVEf66drFvba9SUANZ5mU="></latexit><latexit sha1_base64="9sMDwDdVEf66drFvba9SUANZ5mU="></latexit><latexit sha1_base64="9sMDwDdVEf66drFvba9SUANZ5mU="></latexit><latexit sha1_base64="9sMDwDdVEf66drFvba9SUANZ5mU="></latexit>

T⇡
<latexit sha1_base64="8RKsAzUEMUbN29SI7+s06rBix1c=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48V2lpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRG8p+cx9hmccBIRBHUueb2YjOtNp+UUsNeJW5ImKNEdN6wrLxQoYZhrRKFSI9eJtZ9CqQmiOKt5icIxRDM4wSNDOWRY+WlRNrMvjRLakZDmuLYL9X8ihUypOQvMJ4N6qla9XNzk6SnLljU6EZIYmaANxkpbHd37KeFxojFHi7JRQm0t7Hw9OyQSI03nhkBk8gTZaAolRNpsXPOKYNoRjEEeqsws667uuE4GNy3XablPt832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD/VrEp</latexit><latexit sha1_base64="8RKsAzUEMUbN29SI7+s06rBix1c=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48V2lpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRG8p+cx9hmccBIRBHUueb2YjOtNp+UUsNeJW5ImKNEdN6wrLxQoYZhrRKFSI9eJtZ9CqQmiOKt5icIxRDM4wSNDOWRY+WlRNrMvjRLakZDmuLYL9X8ihUypOQvMJ4N6qla9XNzk6SnLljU6EZIYmaANxkpbHd37KeFxojFHi7JRQm0t7Hw9OyQSI03nhkBk8gTZaAolRNpsXPOKYNoRjEEeqsws667uuE4GNy3XablPt832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD/VrEp</latexit><latexit sha1_base64="8RKsAzUEMUbN29SI7+s06rBix1c=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48V2lpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRG8p+cx9hmccBIRBHUueb2YjOtNp+UUsNeJW5ImKNEdN6wrLxQoYZhrRKFSI9eJtZ9CqQmiOKt5icIxRDM4wSNDOWRY+WlRNrMvjRLakZDmuLYL9X8ihUypOQvMJ4N6qla9XNzk6SnLljU6EZIYmaANxkpbHd37KeFxojFHi7JRQm0t7Hw9OyQSI03nhkBk8gTZaAolRNpsXPOKYNoRjEEeqsws667uuE4GNy3XablPt832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD/VrEp</latexit><latexit sha1_base64="8RKsAzUEMUbN29SI7+s06rBix1c=">AAACQHicdVDNSsNAGNzUv1r/Wj16CRbFU0lE0GOxF48V2lpoQtlsNu3S/Qm7G6GEvIJXfR7fwjfwJl49uUlzsC0d+GCY+QaGCWJKlHacT6uytb2zu1fdrx0cHh2f1BunAyUSiXAfCSrkMIAKU8JxXxNN8TCWGLKA4udg1sn95xcsFRG8p+cx9hmccBIRBHUueb2YjOtNp+UUsNeJW5ImKNEdN6wrLxQoYZhrRKFSI9eJtZ9CqQmiOKt5icIxRDM4wSNDOWRY+WlRNrMvjRLakZDmuLYL9X8ihUypOQvMJ4N6qla9XNzk6SnLljU6EZIYmaANxkpbHd37KeFxojFHi7JRQm0t7Hw9OyQSI03nhkBk8gTZaAolRNpsXPOKYNoRjEEeqsws667uuE4GNy3XablPt832Q7lxFZyDC3ANXHAH2uARdEEfIDAFr+ANvFsf1pf1bf0sXitWmTkDS7B+/wD/VrEp</latexit>

T⇡Qk
<latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit><latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit><latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit><latexit sha1_base64="oEHNnaUmuzYs2fwYST1FQL998X0=">AAACRHicdVBLawIxGEzsy9qXtsdeQqWlJ9kthfYo9dKjgi9QkWw2q8E8liRbkMU/0Wv7e/of+h96K72WxtVDVRz4YJj5BoYJYs6M9bxPmNvZ3ds/yB8Wjo5PTs+KpfO2UYkmtEUUV7obYEM5k7RlmeW0G2uKRcBpJ5jU5n7nhWrDlGzaaUwHAo8kixjB1kndfjNmqDGcDItlr+JlQJvEX5IyWKI+LMGbfqhIIqi0hGNjer4X20GKtWWE01mhnxgaYzLBI9pzVGJBzSDNCs/QtVNCFCntTlqUqf8TKRbGTEXgPgW2Y7PuzcVtnh2L2arGR0ozJzOyxVhra6PHQcpknFgqyaJslHBkFZoviEKmKbF86ggmLs8IImOsMbFu50I/C6Y1JQSWoZm5Zf31HTdJ+67iexW/cV+uPi03zoNLcAVugQ8eQBU8gzpoAQI4eAVv4B1+wC/4DX8Wrzm4zFyAFcDfP+ITsow=</latexit>

T̂⇡Qk
<latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit><latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit><latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit><latexit sha1_base64="CAdbJg4OD39f5P1R++Lfui9Qd/k=">AAACR3icdVBLS0JBGJ1rL7OX1rLNkBSt5N4Iaim5aamgKehF5s4ddXAel5nvBnLxZ7St39NP6Fe0i5aNj0UqHvjgcM534HCiRHALvv/l5XZ29/YP8oeFo+OT07Ni6fzF6tRQ1qJaaNOJiGWCK9YCDoJ1EsOIjARrR+PazG+/MmO5Vk2YJCyUZKj4gFMCTur2mgkfEcCN/rhfLPsVfw68SYIlKaMl6v2Sd9OLNU0lU0AFsbYb+AmEGTHAqWDTQi+1LCF0TIas66giktkwm3ee4munxHigjTsFeK7+T2REWjuRkfuUBEZ23ZuJ2zwYyemqJobacCdzusVYawuDxzDjKkmBKbooO0gFBo1nI+KYG0ZBTBwh1OU5xXREDKHgpi705sGspqUkKrZTt2ywvuMmebmrBH4laNyXq0/LjfPoEl2hWxSgB1RFz6iOWogijd7QO/rwPr1v78f7XbzmvGXmAq0g5/0BpZKy6A==</latexit>

Qk+1
<latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit><latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit><latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit><latexit sha1_base64="5EuMGLsGnEf5t7HVE6jHymc3T1g=">AAACQ3icdVBLS8NAGNzUV62vVo9egkURhJKIoMdiLx5bsA9oQ9lsNu3SfYTdjVBCfoRX/T3+CH+DN/EquElzsC0d+GCY+QaG8SNKlHacT6u0tb2zu1ferxwcHh2fVGunPSViiXAXCSrkwIcKU8JxVxNN8SCSGDKf4r4/a2V+/wVLRQR/1vMIewxOOAkJgtpI/c44md246bhadxpODnuduAWpgwLtcc26GgUCxQxzjShUaug6kfYSKDVBFKeVUaxwBNEMTvDQUA4ZVl6S903tS6MEdiikOa7tXP2fSCBTas5888mgnqpVLxM3eXrK0mWNToQkRiZog7HSVocPXkJ4FGvM0aJsGFNbCzsb0A6IxEjTuSEQmTxBNppCCZE2M1dGeTBpCcYgD1S2rLu64zrp3TZcp+F27urNx2LjMjgHF+AauOAeNMETaIMuQGAGXsEbeLc+rC/r2/pZvJasInMGlmD9/gEdhbIt</latexit>

Qk
<latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit><latexit sha1_base64="epksjTdAT3Gc3nuw31n0NsgkJXc=">AAACP3icdVBLS8NAGNzUV62vVo9egkXxVBIR9FjsxWOL9gFtKJvNJl26j7C7EUrIT/Cqv8ef4S/wJl69uU1zsC0d+GCY+QaG8WNKlHacT6u0tb2zu1ferxwcHh2fVGunPSUSiXAXCSrkwIcKU8JxVxNN8SCWGDKf4r4/bc39/guWigj+rGcx9hiMOAkJgtpIT53xdFytOw0nh71O3ILUQYH2uGZdjQKBEoa5RhQqNXSdWHsplJogirPKKFE4hmgKIzw0lEOGlZfmXTP70iiBHQppjms7V/8nUsiUmjHffDKoJ2rVm4ubPD1h2bJGIyGJkQnaYKy01eG9lxIeJxpztCgbJtTWwp6PZwdEYqTpzBCITJ4gG02ghEibiSujPJi2BGOQByozy7qrO66T3k3DdRpu57befCg2LoNzcAGugQvuQBM8gjboAgQi8ArewLv1YX1Z39bP4rVkFZkzsATr9w8NsLCx</latexit>
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Regression errorGeometric decay

• If the quality of policy evaluation is weighed according to the stationary

distribution ⇢⇡, the regression error is also measured according to the same

distribution. This is the on-policy sampling scenario.

• Not all iterations are the same. Earlier errors will be forgotten.

• It remains to provide an upper bound on k"kk2,⇢⇡ . What is the relation

between the number of samples n, the properties of MDP, and this norm?

This is the statistical analysis.
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Statistical Analysis of (Batch) RL
Differences with the usual supervised learning setting


Moving target (for AVI)


Not a standard objective function (API - Policy Evaluation using BRM or 
LSTD)


Dependent data


Off-policy and distribution mismatch 


One can still obtain fast convergence rates, e.g., for REG-LSTD and RFQI



Statistical Guarantee for REG-LSTD
Theorem (REG-LSTD). For any fixed policy ⇡, let Q̂ be the solution to the

REG-LSTD optimization problem with the choice of �h,n = �Q,n =
h

1
nJ2(Q⇡)

i 1
1+↵
.

Under certain conditions, there exists c(�) > 0 such that for any n 2 N and
0 < � < 1, we have

���Q̂� T⇡Q̂
���
2

⌫
 c(�)n� 1

1+↵ ,

with probability at least 1� �. Here 0 < ↵ < 1 is a measure of the complexity
of the function space F |A|.
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Conclusion



What has been Covered?

VI and PI


From VI to AVI


From PI to API


Bellman Residual Minimization


LSTD


Theoretical Analysis


Error Propagation

Minimized by LSTD



What has not been Covered?
Statistical analysis

Other Ideas from Dynamic Programming


Modified Policy Iteration (between VI and PI)

FA for Policy Space


Classification-based Approximate Policy Iteration (and Actor-Critic)

How to choose FA?


Feature Generation, Nonparametric, DNN

Computational concerns


From Batch to Online

How to collect data efficiently?
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