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<latexit sha1_base64="7udpLN5VI/rD35s6vrXFrcKMQ0A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtR/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wfVBY85</latexit><latexit sha1_base64="7udpLN5VI/rD35s6vrXFrcKMQ0A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtR/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wfVBY85</latexit><latexit sha1_base64="7udpLN5VI/rD35s6vrXFrcKMQ0A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtR/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wfVBY85</latexit><latexit sha1_base64="7udpLN5VI/rD35s6vrXFrcKMQ0A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtR/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wfVBY85</latexit>

large language model



exploration

other learning paradigms are about minimization,
reinforcement learning is about maximization



dithering
the prevalent approach to exploration in deep rl

• consider learning a value function

• greedy

• 𝜖-greedy

• 𝜖-Boltzmann

<latexit sha1_base64="LvpG6LqN3s+BpzpzX0SPvO6hPEU=">AAAB9HicbVBNS8NAEN34WetX1aOXYBEqSElEqseiF48t2A9oQ5lsN+3SzSbuTgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5ttbWNza3tnM7+d29/YPDwtFxU0eJoqxBIxGptg+aCS5ZAzkK1o4Vg9AXrOWP7md+a8yU5pF8xEnMvBAGkgecAhrJq/e6OGQIJX0JF71C0Sk7c9irxM1IkWSo9Qpf3X5Ek5BJpAK07rhOjF4KCjkVbJrvJprFQEcwYB1DJYRMe+n86Kl9bpS+HUTKlER7rv6eSCHUehL6pjMEHOplbyb+53USDG69lMs4QSbpYlGQCBsje5aA3eeKURQTQ4Aqbm616RAUUDQ55U0I7vLLq6R5VXYr5Ur9uli9y+LIkVNyRkrEJTekSh5IjTQIJU/kmbySN2tsvVjv1seidc3KZk7IH1ifP8rCkXo=</latexit>

Q✓(s, a)

<latexit sha1_base64="cxefAVnnXi6ORXGkSmsaZYbGH0Q=">AAACHHicbVBNSwMxFMz6bf2qevQSLIKClF0V9SJYvXisaFuhW5a3adoGs9kleSuWpT/Ei3/FiwdFvHgQ/DemtQdtHQgMM/PIexMmUhh03S9nYnJqemZ2bj63sLi0vJJfXauaONWMV1gsY30TguFSKF5BgZLfJJpDFEpeC2/P+37tjmsjYnWN3YQ3Imgr0RIM0EpBfr8UID2hPui2H8F9kAH1haKWY4eBzEq9Hr0MfOxwhO0rm92FnSBfcIvuAHSceENSIEOUg/yH34xZGnGFTIIxdc9NsJGBRsEk7+X81PAE2C20ed1SBRE3jWxwXI9uWaVJW7G2TyEdqL8nMoiM6UahTfaXNqNeX/zPq6fYOm5kQiUpcsV+PmqlkmJM+03RptCcoexaAkwLuytlHdDA0PaZsyV4oyePk+pe0TssHl4eFE7PhnXMkQ2ySbaJR47IKbkgZVIhjDyQJ/JCXp1H59l5c95/ohPOcGad/IHz+Q2lWaB9</latexit>

At = argmax
a2A

Q✓(St, a)

<latexit sha1_base64="oC6L/qcT3VeYWcjA1TXXEjH38EA="></latexit>

At =

⇢
argmaxa2A Q✓(St, a) w.p. 1� ✏
unif(A) w.p. ✏

<latexit sha1_base64="tbYZoo8bBMAFdJf9DH8Wqe/GCOA="></latexit>

At ⇠
eQ✓(St,·)/✏

P
a2A eQ✓(St,a)



Cart-Pole Problem

• Hard case
• Sparse feedback
• Reward for completion
• Requires sophisticated exploration

• Easy case
• Continual feedback
• Distance from goal state
• Solved by basic RL algorithms

tap left tap right



Cart-Pole with Sparse Reward

after 100 episodes after 100 episodesafter 500 episodes after 500 episodesafter 1000 episodes after 1000 episodes

dithering exploration deep exploration



?
motivations

reward learning

immediate myopic
optimization

myopic
exploration

later in 
episode

multi-period
optimization

deep
exploration

how to make this scalable for deep rl?

What is Deep Exploration?



Two Cultures of Reinforcement Learning?

efficient exploration may rely on insight from theory



motivation via simple example

• Thompson sampling for the linear bandit

• ensemble sampling for the linear bandit

• ensemble sampling for deep rl



bandits

agent environment

At
<latexit sha1_base64="FvpXtEYjpd9O9TneyL7cB4FWxGs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+s+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+BBDepwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHx1yjaw=</latexit><latexit sha1_base64="FvpXtEYjpd9O9TneyL7cB4FWxGs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+s+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+BBDepwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHx1yjaw=</latexit><latexit sha1_base64="FvpXtEYjpd9O9TneyL7cB4FWxGs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+s+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+BBDepwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHx1yjaw=</latexit><latexit sha1_base64="FvpXtEYjpd9O9TneyL7cB4FWxGs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+s+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+BBDepwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPHx1yjaw=</latexit>

Ot+1
<latexit sha1_base64="pyKjiVCmWLdDd6LzoSOHdb4yHgs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXizgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt1L7vZ3jhTfvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/Nz52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjtZ0IlKXLFFovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LWZdVzq95DrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/QZ482</latexit><latexit sha1_base64="pyKjiVCmWLdDd6LzoSOHdb4yHgs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXizgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt1L7vZ3jhTfvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/Nz52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjtZ0IlKXLFFovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LWZdVzq95DrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/QZ482</latexit><latexit sha1_base64="pyKjiVCmWLdDd6LzoSOHdb4yHgs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXizgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt1L7vZ3jhTfvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/Nz52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjtZ0IlKXLFFovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LWZdVzq95DrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/QZ482</latexit><latexit sha1_base64="pyKjiVCmWLdDd6LzoSOHdb4yHgs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXizgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmt5+4NiJWjzhJuB/RoRKhYBSt1L7vZ3jhTfvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/Nz52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjtZ0IlKXLFFovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LWZdVzq95DrVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/QZ482</latexit>

Rt+1
<latexit sha1_base64="7udpLN5VI/rD35s6vrXFrcKMQ0A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtR/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wfVBY85</latexit><latexit sha1_base64="7udpLN5VI/rD35s6vrXFrcKMQ0A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtR/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wfVBY85</latexit><latexit sha1_base64="7udpLN5VI/rD35s6vrXFrcKMQ0A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtR/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wfVBY85</latexit><latexit sha1_base64="7udpLN5VI/rD35s6vrXFrcKMQ0A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtR/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wfVBY85</latexit>

bandit: action influences only the next observation



linear bandit

<latexit sha1_base64="GCUYZTZyBeAsOuOhdCfC3UJe11U=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiCEJJRKoboejGnVXsBdoQJtNpO3QyCTMnSol9FDcuFHHrk7jzbZy2WWjrDwMf/zmHc+YPYsE1OM63lVtaXlldy68XNja3tnfs4m5DR4mirE4jEalWQDQTXLI6cBCsFStGwkCwZjC8mtSbD0xpHsl7GMXMC0lf8h6nBIzl28U7P4Vjd4wv8M2MfLvklJ2p8CK4GZRQpppvf3W6EU1CJoEKonXbdWLwUqKAU8HGhU6iWUzokPRZ26AkIdNeOj19jA+N08W9SJknAU/d3xMpCbUehYHpDAkM9HxtYv5XayfQO/dSLuMEmKSzRb1EYIjwJAfc5YpRECMDhCpubsV0QBShYNIqmBDc+S8vQuOk7FbKldvTUvUyiyOP9tEBOkIuOkNVdI1qqI4oekTP6BW9WU/Wi/Vufcxac1Y2s4f+yPr8AV8fksw=</latexit>

Rt+1 = Ot+1

<latexit sha1_base64="StegKk9muPgH7ysOszAqmpODLS4=">AAACDHicbVDLSgMxFM34rPVVdekmWAShUGZEqhuh6sZlFfuAzjhk0kwbmskMyR2hDP0AN/6KGxeKuPUD3Pk3po+Fth4IHM45l5t7gkRwDbb9bS0sLi2vrObW8usbm1vbhZ3dho5TRVmdxiJWrYBoJrhkdeAgWCtRjESBYM2gfzXymw9MaR7LOxgkzItIV/KQUwJG8gvFWz+DkjPE59iFHgNy70Kc4AsfcAk3J55J2WV7DDxPnCkpoilqfuHL7cQ0jZgEKojWbcdOwMuIAk4FG+bdVLOE0D7psrahkkRMe9n4mCE+NEoHh7EyTwIeq78nMhJpPYgCk4wI9PSsNxL/89ophGdexmWSApN0sihMBYYYj5rBHa4YBTEwhFDFzV8x7RFFKJj+8qYEZ/bkedI4LjuVcuXmpFi9nNaRQ/voAB0hB52iKrpGNVRHFD2iZ/SK3qwn68V6tz4m0QVrOrOH/sD6/AHqUZmm</latexit>

Rt+1 = ✓>At +Wt+1

<latexit sha1_base64="Rfqrax6y5jj/UBdvqrOnRn4Zsv0=">AAACEHicbVBNS8NAEN34WetX1KOXxSIqSElE1GPRiyepaFVoSphst+3ibhJ2J0IJ/Qle/CtePCji1aM3/42btge/Hgw83pthZl6USmHQ8z6dicmp6ZnZ0lx5fmFxadldWb0ySaYZb7BEJvomAsOliHkDBUp+k2oOKpL8Oro9KfzrO66NSOJL7Ke8paAbi45ggFYK3a0AexyBBkYoGijAHgOZnw22A5WF3m5wIboKQm8ndCte1RuC/iX+mFTIGPXQ/QjaCcsUj5FJMKbpeym2ctAomOSDcpAZngK7hS5vWhqD4qaVDx8a0E2rtGkn0bZipEP1+0QOypi+imxncbL57RXif14zw85RKxdxmiGP2WhRJ5MUE1qkQ9tCc4aybwkwLeytlPVAA0ObYdmG4P9++S+52qv6B9WD8/1K7XgcR4mskw2yTXxySGrklNRJgzByTx7JM3lxHpwn59V5G7VOOOOZNfIDzvsXcI6cNQ==</latexit>

✓ ⇠ N (µ0,⌃0)

<latexit sha1_base64="KyxiCouwW1KFEpPJ1jHXQ+Xu+0U=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoKCUpUl0W3biSCvYBTQyT6bQOnUnCzEQoIT/gxl9x40IRt+7d+TdO2iy09cCFwzn3cu89fsSoVJb1bRQWFpeWV4qrpbX1jc0tc3unLcNYYNLCIQtF10eSMBqQlqKKkW4kCOI+Ix1/dJn5nQciJA2DWzWOiMvRMKADipHSkmcedLxEHdspdCTl0OFI3WPEkuu0Yp1oacjRXe3IM8tW1ZoAzhM7J2WQo+mZX04/xDEngcIMSdmzrUi5CRKKYkbSkhNLEiE8QkPS0zRAnEg3mXyTwkOt9OEgFLoCBSfq74kEcSnH3Ned2bly1svE/7xerAbnbkKDKFYkwNNFg5hBFcIsGtingmDFxpogLKi+FeJ7JBBWOsCSDsGefXmetGtVu16t35yWGxd5HEWwB/ZBBdjgDDTAFWiCFsDgETyDV/BmPBkvxrvxMW0tGPnMLvgD4/MHnpCapw==</latexit>

Wt+1 ⇠ N (0,�2)

<latexit sha1_base64="T1cLNE66rO1BD617gMh+8bZhHqw=">AAACEnicbVA9SwNBEN2LXzF+RS1tFoOgTbgTiZZRG8sI5gNyIextJsmSvb1zd04IR36DjX/FxkIRWys7/42bj0ITHww83pthZl4QS2HQdb+dzNLyyupadj23sbm1vZPf3auZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFyP/foDaCMidYfDGFoh6ynRFZyhldr5Ez9k2OdMppcj6pskMIBwTyeqDtNECfRpwKQctfMFt+hOQBeJNyMFMkOlnf/yOxFPQlDIJTOm6bkxtlKmUXAJo5yfGIgZH7AeNC1VLATTSicvjeiRVTq0G2lbCulE/T2RstCYYRjYzvGpZt4bi/95zQS7F61UqDhBUHy6qJtIihEd50M7QgNHObSEcS3srZT3mWYcbYo5G4I3//IiqZ0WvVKxdHtWKF/N4siSA3JIjolHzkmZ3JAKqRJOHskzeSVvzpPz4rw7H9PWjDOb2Sd/4Hz+AD0rnns=</latexit>

A ✓ unit ball

<latexit sha1_base64="Py3d7AwpItCyagAasylqljtrjv0="></latexit>

Regret(T ) =
T�1X

t=0

(max
a2A

✓>a� ✓>At)



Thompson sampling for the linear bandit

<latexit sha1_base64="Q9xj0Qo9xbtGFv7+rU5qS6Y3bSQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgopSkSHUjFN24rGAf0IQymUzboZMHMzdCCV258VfcuFDErd/gzr9x0mahrQcGDufcy5x7vFhwBZb1bRRWVtfWN4qbpa3tnd09c/+graJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vsn8zgOTikfhPUxi5gZkGPIBpwS01DePnYDASAbpIJJT7GC4sip2pVZxhB+B6ptlq2rNgJeJnZMyytHsm1+OH9EkYCFQQZTq2VYMbkokcCrYtOQkisWEjsmQ9TQNScCUm87OmOJTrfhYB9EvBDxTf2+kJFBqEnh6MgutFr1M/M/rJTC4dFMexgmwkM4/GiQCQ4SzTrDPJaMgJpoQKrnOiumISEJBN1fSJdiLJy+Tdq1q16v1u/Ny4zqvo4iO0Ak6Qza6QA10i5qohSh6RM/oFb0ZT8aL8W58zEcLRr5ziP7A+PwBhWWX4g==</latexit>

for t = 0, 1, 2, . . .
<latexit sha1_base64="bw/PS9rXbSPxHzqiMKz4GUm8xfk=">AAACGHicbVBNS8NAEN34WetX1aOXxSIoSE1E1KPoxZNUtCo0IUy2m3bpbhJ2J0IJ/Rle/CtePCjitTf/jduPg18PBh7vzTAzL8qkMOi6n87U9Mzs3Hxpoby4tLyyWllbvzVprhlvsFSm+j4Cw6VIeAMFSn6faQ4qkvwu6p4P/bsHro1IkxvsZTxQ0E5ELBiglcLKvt8BLHzscIR+iNQ3QlFfAXYYyOKyv+OrPMQ9/1q0FYS4G1aqbs0dgf4l3oRUyQT1sDLwWynLFU+QSTCm6bkZBgVoFEzyftnPDc+AdaHNm5YmoLgJitFjfbptlRaNU20rQTpSv08UoIzpqch2Dk82v72h+J/XzDE+CQqRZDnyhI0XxbmkmNJhSrQlNGcoe5YA08LeSlkHNDC0WZZtCN7vl/+S24Oad1Q7ujqsnp5N4iiRTbJFdohHjskpuSB10iCMPJJn8krenCfnxXl3PsatU85kZoP8gDP4Ah93oHE=</latexit>

✓̂t ⇠ N (µt,⌃t)
<latexit sha1_base64="j1Mtb7mNiJaQZhnTTlyAcsM4nxA=">AAACIXicbZDLSsNAFIYnXmu9VV26GSyCq5KIqBvBy8ZlBauFpoaT6bQdOpmEmROxhLyKG1/FjQtFuhNfxknbhbcfBj7+cw5zzh8mUhh03Q9nZnZufmGxtFReXlldW69sbN6YONWMN1gsY90MwXApFG+gQMmbieYQhZLfhoOLon57z7URsbrGYcLbEfSU6AoGaK2gcnwWID2hPuieH8FDkAH1haKWsc9AZmd5Tv0+YOZjnyPkAd75GCcUgkrVrblj0b/gTaFKpqoHlZHfiVkacYVMgjEtz02wnYFGwSTPy35qeAJsAD3esqgg4qadjS/M6a51OrQba/sU0rH7fSKDyJhhFNrOYnPzu1aY/9VaKXaP25lQSYpcsclH3VRSjGkRF+0IzRnKoQVgWthdKeuDBoY21LINwft98l+42a95h7XDq4Pq6fk0jhLZJjtkj3jkiJySS1InDcLII3kmr+TNeXJenHdnNGmdcaYzW+SHnM8vg7qjzQ==</latexit>

At = argmax
a2A

✓̂>t a

<latexit sha1_base64="T5ugjJgiba8S+T4SwwzPNoRIxMI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQklEqsuiG5dV7AOaECbTm3bo5MHMpFBCwY2/4saFIm79CXf+jZM2C209cOFwzr3ce4+fcCaVZX0bS8srq2vrpY3y5tb2zq65t9+ScSooNGnMY9HxiQTOImgqpjh0EgEk9Dm0/eFN7rdHICSLowc1TsANST9iAaNEackzD52QqIEIs9iXIEYwwQ6+9zJ1Zk88s2JVrSnwIrELUkEFGp755fRimoYQKcqJlF3bSpSbEaEY5TApO6mEhNAh6UNX04iEIN1s+sMEn2ilh4NY6IoUnqq/JzISSjkOfd2ZXyznvVz8z+umKrhyMxYlqYKIzhYFKccqxnkguMcEUMXHmhAqmL4V0wERhCodW1mHYM+/vEha51W7Vq3dXVTq10UcJXSEjtEpstElqqNb1EBNRNEjekav6M14Ml6Md+Nj1rpkFDMH6A+Mzx/RIZei</latexit>

observe Rt+1

<latexit sha1_base64="TmltclMDvObDd4hED5MClet+gdw=">AAACHnicbVDNS8MwHE39nPOr6tFLcAiCMlrR6XHoxeNE9wFrKWmWbWFJU5JUGKV/iRf/FS8eFBE86X9juvWgmw8CL+/9fiTvhTGjSjvOt7WwuLS8slpaK69vbG5t2zu7LSUSiUkTCyZkJ0SKMBqRpqaakU4sCeIhI+1wdJ377QciFRXRvR7HxOdoENE+xUgbKbDPPY70UPIUCx4nmngwFkoTSYXMoAc9ngSpPnazE+jd0QFH01tgV5yqMwGcJ25BKqBAI7A/vZ7ACSeRxgwp1XWdWPspkppiRrKylygSIzxCA9I1NEKcKD+dxMvgoVF6sC+kOZGGE/X3Roq4UmMemsk8jJr1cvE/r5vo/qWf0igPHuHpQ/2EQS1g3hXsUUmwZmNDEJbU/BXiIZIIm4JU2ZTgzkaeJ63Tqlur1m7PKvWroo4S2AcH4Ai44ALUwQ1ogCbA4BE8g1fwZj1ZL9a79TEdXbCKnT3wB9bXD6aDosY=</latexit>

compute posterior µt+1,⌃t+1

<latexit sha1_base64="OBwwtTRnT9Xi7WZBntmOCIHeHn8="></latexit>

E[Regret(T )] = d

vuutT log

 
3 +

3
p
2T

d

!
<latexit sha1_base64="GYkznFufUPbfxglVL10LX1L0OL4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7GNzO//Ui1YUre20lCQ4GHksWMYOukh55I+z66Qn6/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKvW7s4r9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fKKSPWQ==</latexit>

µ0 = 0
<latexit sha1_base64="MJm13gUG44vnX+TDf8PmOhajBJM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6Eohe9VbQf0F1KNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OLqZ+u0nqjSL5aMZJzQQeCBZxAg2VvL9BzYQuOeiK3TXK1fcqjsDWiZeTiqQo9Erf/n9mKSCSkM41rrruYkJMqwMI5xOSn6qaYLJCA9o11KJBdVBNrt5gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eNzXRZZAxmaSGSjJfFKUcmRhNA0B9pigxfGwJJorZWxEZYoWJsTGVbAje4svLpHVW9WrV2v15pX6dx1GEIziGU/DgAupwCw1oAoEEnuEV3pzUeXHenY95a8HJZw7hD5zPH2MHkJ8=</latexit>

⌃0 = I



Thompson sampling via data perturbation

<latexit sha1_base64="Q9xj0Qo9xbtGFv7+rU5qS6Y3bSQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgopSkSHUjFN24rGAf0IQymUzboZMHMzdCCV258VfcuFDErd/gzr9x0mahrQcGDufcy5x7vFhwBZb1bRRWVtfWN4qbpa3tnd09c/+graJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vsn8zgOTikfhPUxi5gZkGPIBpwS01DePnYDASAbpIJJT7GC4sip2pVZxhB+B6ptlq2rNgJeJnZMyytHsm1+OH9EkYCFQQZTq2VYMbkokcCrYtOQkisWEjsmQ9TQNScCUm87OmOJTrfhYB9EvBDxTf2+kJFBqEnh6MgutFr1M/M/rJTC4dFMexgmwkM4/GiQCQ4SzTrDPJaMgJpoQKrnOiumISEJBN1fSJdiLJy+Tdq1q16v1u/Ny4zqvo4iO0Ak6Qza6QA10i5qohSh6RM/oFb0ZT8aL8W58zEcLRr5ziP7A+PwBhWWX4g==</latexit>

for t = 0, 1, 2, . . .

<latexit sha1_base64="j1Mtb7mNiJaQZhnTTlyAcsM4nxA=">AAACIXicbZDLSsNAFIYnXmu9VV26GSyCq5KIqBvBy8ZlBauFpoaT6bQdOpmEmROxhLyKG1/FjQtFuhNfxknbhbcfBj7+cw5zzh8mUhh03Q9nZnZufmGxtFReXlldW69sbN6YONWMN1gsY90MwXApFG+gQMmbieYQhZLfhoOLon57z7URsbrGYcLbEfSU6AoGaK2gcnwWID2hPuieH8FDkAH1haKWsc9AZmd5Tv0+YOZjnyPkAd75GCcUgkrVrblj0b/gTaFKpqoHlZHfiVkacYVMgjEtz02wnYFGwSTPy35qeAJsAD3esqgg4qadjS/M6a51OrQba/sU0rH7fSKDyJhhFNrOYnPzu1aY/9VaKXaP25lQSYpcsclH3VRSjGkRF+0IzRnKoQVgWthdKeuDBoY21LINwft98l+42a95h7XDq4Pq6fk0jhLZJjtkj3jkiJySS1InDcLII3kmr+TNeXJenHdnNGmdcaYzW+SHnM8vg7qjzQ==</latexit>

At = argmax
a2A

✓̂>t a

<latexit sha1_base64="T5ugjJgiba8S+T4SwwzPNoRIxMI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQklEqsuiG5dV7AOaECbTm3bo5MHMpFBCwY2/4saFIm79CXf+jZM2C209cOFwzr3ce4+fcCaVZX0bS8srq2vrpY3y5tb2zq65t9+ScSooNGnMY9HxiQTOImgqpjh0EgEk9Dm0/eFN7rdHICSLowc1TsANST9iAaNEackzD52QqIEIs9iXIEYwwQ6+9zJ1Zk88s2JVrSnwIrELUkEFGp755fRimoYQKcqJlF3bSpSbEaEY5TApO6mEhNAh6UNX04iEIN1s+sMEn2ilh4NY6IoUnqq/JzISSjkOfd2ZXyznvVz8z+umKrhyMxYlqYKIzhYFKccqxnkguMcEUMXHmhAqmL4V0wERhCodW1mHYM+/vEha51W7Vq3dXVTq10UcJXSEjtEpstElqqNb1EBNRNEjekav6M14Ml6Md+Nj1rpkFDMH6A+Mzx/RIZei</latexit>

observe Rt+1

<latexit sha1_base64="zTTXS6X6AaEdjg4muc/tuYc3FVE=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSBEDGE3SPQY9OJJIpgHZGOYnUySITO7y0yvEJb9CS/+ihcPingVvPk3Th4HTSxoKKq66e7yI8E1OM63tbS8srq2ntnIbm5t7+zae/t1HcaKshoNRaiaPtFM8IDVgINgzUgxIn3BGv7wauw3HpjSPAzuYBSxtiT9gPc4JWCkjl3wgIsuSxppJ4FTN8We5hJ7ksCAEpHcpHmnYKS+JPelk46dc4rOBHiRuDOSQzNUO/aX1w1pLFkAVBCtW64TQTshCjgVLM16sWYRoUPSZy1DAyKZbieTr1J8bJQu7oXKVAB4ov6eSIjUeiR90zk+V897Y/E/rxVD76Kd8CCKgQV0uqgXCwwhHkeEu1wxCmJkCKGKm1sxHRBFKJggsyYEd/7lRVIvFd1ysXx7lqtczuLIoEN0hPLIReeogq5RFdUQRY/oGb2iN+vJerHerY9p65I1mzlAf2B9/gB1rZ5d</latexit>

W̃t+1 ⇠ N (0,�2)

<latexit sha1_base64="XpaGLXihxmTZJ80l3dpAhiO5BWI=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKChF2R6FH04kkUjQrZsPROOsngzO4y0yuEJd/hxV/x4kERb+LFv3ESc/BV0FBUddPdFWdKWvL9D29sfGJyanpmtjQ3v7C4VF5eubRpbgTWRapScx2DRSUTrJMkhdeZQdCxwqv45mjgX92isTJNLqiXYVNDJ5FtKYCcFJWDkKRqYRFSFwn6EfHQSs1DDdQVoIqT/mao88jfDs9lR0Pkb0Xlil/1h+B/STAiFTbCaVR+C1upyDUmJBRY2wj8jJoFGJJCYb8U5hYzEDfQwYajCWi0zWL4Wp9vOKXF26lxlRAfqt8nCtDW9nTsOgcn29/eQPzPa+TU3m8WMslywkR8LWrnilPKBznxljQoSPUcAWGku5WLLhgQ5NIsuRCC3y//JZc71aBWrZ3tVg4OR3HMsDW2zjZZwPbYATtmp6zOBLtjD+yJPXv33qP34r1+tY55o5lV9gPe+ycDo6DS</latexit>

✓̃t ⇠ N (µ0,⌃0)

<latexit sha1_base64="CnT1iFWSXzgd+pDei1DymK/H+Ug="></latexit>

✓̂t = argmin
✓

1

�2

t�1X

k=0

(Rt+1 � ✓>At + W̃t+1)
2 + (✓ � ✓̃t)

>⌃�1
0 (✓ � ✓̃t)



ensemble sampling
<latexit sha1_base64="Q9xj0Qo9xbtGFv7+rU5qS6Y3bSQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgopSkSHUjFN24rGAf0IQymUzboZMHMzdCCV258VfcuFDErd/gzr9x0mahrQcGDufcy5x7vFhwBZb1bRRWVtfWN4qbpa3tnd09c/+graJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vsn8zgOTikfhPUxi5gZkGPIBpwS01DePnYDASAbpIJJT7GC4sip2pVZxhB+B6ptlq2rNgJeJnZMyytHsm1+OH9EkYCFQQZTq2VYMbkokcCrYtOQkisWEjsmQ9TQNScCUm87OmOJTrfhYB9EvBDxTf2+kJFBqEnh6MgutFr1M/M/rJTC4dFMexgmwkM4/GiQCQ4SzTrDPJaMgJpoQKrnOiumISEJBN1fSJdiLJy+Tdq1q16v1u/Ny4zqvo4iO0Ak6Qza6QA10i5qohSh6RM/oFb0ZT8aL8W58zEcLRr5ziP7A+PwBhWWX4g==</latexit>

for t = 0, 1, 2, . . .

<latexit sha1_base64="T5ugjJgiba8S+T4SwwzPNoRIxMI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQklEqsuiG5dV7AOaECbTm3bo5MHMpFBCwY2/4saFIm79CXf+jZM2C209cOFwzr3ce4+fcCaVZX0bS8srq2vrpY3y5tb2zq65t9+ScSooNGnMY9HxiQTOImgqpjh0EgEk9Dm0/eFN7rdHICSLowc1TsANST9iAaNEackzD52QqIEIs9iXIEYwwQ6+9zJ1Zk88s2JVrSnwIrELUkEFGp755fRimoYQKcqJlF3bSpSbEaEY5TApO6mEhNAh6UNX04iEIN1s+sMEn2ilh4NY6IoUnqq/JzISSjkOfd2ZXyznvVz8z+umKrhyMxYlqYKIzhYFKccqxnkguMcEUMXHmhAqmL4V0wERhCodW1mHYM+/vEha51W7Vq3dXVTq10UcJXSEjtEpstElqqNb1EBNRNEjekav6M14Ml6Md+Nj1rpkFDMH6A+Mzx/RIZei</latexit>

observe Rt+1

<latexit sha1_base64="Y3EK+cdNHLLnUj4A8XmAzD7HesU=">AAACIXicbZDLSsNAFIYnXmu9VV26GSyCq5KIqBvBy8ZlBauFpoaT6bQdOpmEmROxhLyKG1/FjQtFuhNfxknbhbcfBj7+cw5zzh8mUhh03Q9nZnZufmGxtFReXlldW69sbN6YONWMN1gsY90MwXApFG+gQMmbieYQhZLfhoOLon57z7URsbrGYcLbEfSU6AoGaK2gcnwWID2hPuieH8FDkAH1haKWsc9AZmd5Tv0+YOZjnyPkgbrzMU4oBJWqW3PHon/Bm0KVTFUPKiO/E7M04gqZBGNanptgOwONgkmel/3U8ATYAHq8ZVFBxE07G1+Y013rdGg31vYppGP3+0QGkTHDKLSdxebmd60w/6u1UuwetzOhkhS5YpOPuqmkGNMiLtoRmjOUQwvAtLC7UtYHDQxtqGUbgvf75L9ws1/zDmuHVwfV0/NpHCWyTXbIHvHIETkll6ROGoSRR/JMXsmb8+S8OO/OaNI640xntsgPOZ9fenijxw==</latexit>

At = argmax
a2A

✓̂>n a

<latexit sha1_base64="7f8ZVkyRfOp9pWIBsWCi6JnbPbc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiUl0W3biSCvYBTSiTybQdOjMJMxOhhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjSjvOt1VYWV1b3yhulra2d3b37P2DtooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB+DrzOw9EKhqJez2Jic/RUNABxUgbqW9DAT1FOfQ40iPJ08SY04pb9VgYaVW9Pe3bZafmzACXiZuTMsjR7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZKhAnyk9nn0zhiVFCOIikKaHhTP09kSKu1IQHpjM7WC16mfif10v04NJPqYgTTQSeLxokDOoIZrHAkEqCNZsYgrCk5laIR0girE14JROCu/jyMmmf1dx6rX53Xm5c5XEUwRE4BhXgggvQADegCVoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH2JbmYI=</latexit>

n ⇠ unif(1, . . . , N)

<latexit sha1_base64="WV0vjKhxIGTpdT+mQ1bMVx6pVR8=">AAACH3icbZC7SgNBFIZnvcZ4i1raDAZBm7ArEm2EoI2FRQRzgWxYzk4myZDZ2WXmrBCWvImNr2JjoYjY5W2cXAo1Hhj4+f5zmHP+MJHCoOuOnaXlldW19dxGfnNre2e3sLdfN3GqGa+xWMa6GYLhUiheQ4GSNxPNIQolb4SDm4nfeOTaiFg94DDh7Qh6SnQFA7QoKJT9PmDmY58jjAJFr6gPuudHQgUzSP0IsM9AZnfWP5nB06BQdEvutOii8OaiSOZVDQpffidmacQVMgnGtDw3wXYGGgWTfJT3U8MTYAPo8ZaVCiJu2tn0vhE9tqRDu7G2TyGd0p8TGUTGDKPQdk6WNX+9CfzPa6XYvWxnQiUpcsVmH3VTSTGmk7BoR2jOUA6tAKaF3ZWyPmhgaCPN2xC8vycvivpZySuXyvfnxcr1PI4cOSRH5IR45IJUyC2pkhph5Im8kDfy7jw7r86H8zlrXXLmMwfkVznjb5Q5o1A=</latexit>

✓̂n = argmin
✓

Ln(✓)

as N grows, ensemble sampling approximates TS

<latexit sha1_base64="XFdTaZT3DPBT0JNAnma1vGOaqzM="></latexit>

Ln(✓) =
1

�2

t�1X

k=0

(Rt+1 � ✓>At + W̃t,n)
2 + (✓ � ✓̃n)

>⌃0(✓ � ✓̃n)



ensemble sampling with incremental updating
<latexit sha1_base64="Q9xj0Qo9xbtGFv7+rU5qS6Y3bSQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgopSkSHUjFN24rGAf0IQymUzboZMHMzdCCV258VfcuFDErd/gzr9x0mahrQcGDufcy5x7vFhwBZb1bRRWVtfWN4qbpa3tnd09c/+graJEUtaikYhk1yOKCR6yFnAQrBtLRgJPsI43vsn8zgOTikfhPUxi5gZkGPIBpwS01DePnYDASAbpIJJT7GC4sip2pVZxhB+B6ptlq2rNgJeJnZMyytHsm1+OH9EkYCFQQZTq2VYMbkokcCrYtOQkisWEjsmQ9TQNScCUm87OmOJTrfhYB9EvBDxTf2+kJFBqEnh6MgutFr1M/M/rJTC4dFMexgmwkM4/GiQCQ4SzTrDPJaMgJpoQKrnOiumISEJBN1fSJdiLJy+Tdq1q16v1u/Ny4zqvo4iO0Ak6Qza6QA10i5qohSh6RM/oFb0ZT8aL8W58zEcLRr5ziP7A+PwBhWWX4g==</latexit>

for t = 0, 1, 2, . . .

<latexit sha1_base64="T5ugjJgiba8S+T4SwwzPNoRIxMI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQklEqsuiG5dV7AOaECbTm3bo5MHMpFBCwY2/4saFIm79CXf+jZM2C209cOFwzr3ce4+fcCaVZX0bS8srq2vrpY3y5tb2zq65t9+ScSooNGnMY9HxiQTOImgqpjh0EgEk9Dm0/eFN7rdHICSLowc1TsANST9iAaNEackzD52QqIEIs9iXIEYwwQ6+9zJ1Zk88s2JVrSnwIrELUkEFGp755fRimoYQKcqJlF3bSpSbEaEY5TApO6mEhNAh6UNX04iEIN1s+sMEn2ilh4NY6IoUnqq/JzISSjkOfd2ZXyznvVz8z+umKrhyMxYlqYKIzhYFKccqxnkguMcEUMXHmhAqmL4V0wERhCodW1mHYM+/vEha51W7Vq3dXVTq10UcJXSEjtEpstElqqNb1EBNRNEjekav6M14Ml6Md+Nj1rpkFDMH6A+Mzx/RIZei</latexit>

observe Rt+1

<latexit sha1_base64="Y3EK+cdNHLLnUj4A8XmAzD7HesU=">AAACIXicbZDLSsNAFIYnXmu9VV26GSyCq5KIqBvBy8ZlBauFpoaT6bQdOpmEmROxhLyKG1/FjQtFuhNfxknbhbcfBj7+cw5zzh8mUhh03Q9nZnZufmGxtFReXlldW69sbN6YONWMN1gsY90MwXApFG+gQMmbieYQhZLfhoOLon57z7URsbrGYcLbEfSU6AoGaK2gcnwWID2hPuieH8FDkAH1haKWsc9AZmd5Tv0+YOZjnyPkgbrzMU4oBJWqW3PHon/Bm0KVTFUPKiO/E7M04gqZBGNanptgOwONgkmel/3U8ATYAHq8ZVFBxE07G1+Y013rdGg31vYppGP3+0QGkTHDKLSdxebmd60w/6u1UuwetzOhkhS5YpOPuqmkGNMiLtoRmjOUQwvAtLC7UtYHDQxtqGUbgvf75L9ws1/zDmuHVwfV0/NpHCWyTXbIHvHIETkll6ROGoSRR/JMXsmb8+S8OO/OaNI640xntsgPOZ9fenijxw==</latexit>

At = argmax
a2A

✓̂>n a

<latexit sha1_base64="7f8ZVkyRfOp9pWIBsWCi6JnbPbc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiUl0W3biSCvYBTSiTybQdOjMJMxOhhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjSjvOt1VYWV1b3yhulra2d3b37P2DtooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB+DrzOw9EKhqJez2Jic/RUNABxUgbqW9DAT1FOfQ40iPJ08SY04pb9VgYaVW9Pe3bZafmzACXiZuTMsjR7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZKhAnyk9nn0zhiVFCOIikKaHhTP09kSKu1IQHpjM7WC16mfif10v04NJPqYgTTQSeLxokDOoIZrHAkEqCNZsYgrCk5laIR0girE14JROCu/jyMmmf1dx6rX53Xm5c5XEUwRE4BhXgggvQADegCVoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH2JbmYI=</latexit>

n ⇠ unif(1, . . . , N)

<latexit sha1_base64="j0xHpGWnZOy2GWWorrKj8n/RBVQ="></latexit>

✓̂n  ✓̂n � ↵rLn(✓̂n)

as N grows, ensemble sampling approximates TS

<latexit sha1_base64="XFdTaZT3DPBT0JNAnma1vGOaqzM="></latexit>

Ln(✓) =
1

�2

t�1X

k=0

(Rt+1 � ✓>At + W̃t,n)
2 + (✓ � ✓̃n)

>⌃0(✓ � ✓̃n)



from the linear bandit to deep rl

• consider learning value functions

• minimize perturbed loss functions

<latexit sha1_base64="md3Q+7CgiP5ljngwalmRQ7uxQXs=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJKIVJdFN66kBfuAJoTJdNoOnTyYuRFKyN6Nv+LGhSJu/QF3/o3TNqC2HrhwOOde7r3HjwVXYFlfxsrq2vrGZmGruL2zu7dvHhy2VZRIylo0EpHs+kQxwUPWAg6CdWPJSOAL1vHH11O/c8+k4lF4B5OYuQEZhnzAKQEteWap6aUOjBgQz84q2BH9CFQF/6i3mWeWrao1A14mdk7KKEfDMz+dfkSTgIVABVGqZ1sxuCmRwKlgWdFJFIsJHZMh62kakoApN539kuETrfTxIJK6QsAz9fdESgKlJoGvOwMCI7XoTcX/vF4Cg0s35WGcAAvpfNEgERgiPA0G97lkFMREE0Il17diOiKSUNDxFXUI9uLLy6R9VrVr1VrzvFy/yuMooGNUQqfIRheojm5QA7UQRQ/oCb2gV+PReDbejPd564qRzxyhPzA+vgFE8ZqV</latexit>

Q✓1 , . . . , Q✓N

<latexit sha1_base64="j0xHpGWnZOy2GWWorrKj8n/RBVQ="></latexit>

✓̂n  ✓̂n � ↵rLn(✓̂n)

<latexit sha1_base64="7f8ZVkyRfOp9pWIBsWCi6JnbPbc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoiUl0W3biSCvYBTSiTybQdOjMJMxOhhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjSjvOt1VYWV1b3yhulra2d3b37P2DtooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB+DrzOw9EKhqJez2Jic/RUNABxUgbqW9DAT1FOfQ40iPJ08SY04pb9VgYaVW9Pe3bZafmzACXiZuTMsjR7NtfXhjhhBOhMUNK9Vwn1n6KpKaYkWnJSxSJER6jIekZKhAnyk9nn0zhiVFCOIikKaHhTP09kSKu1IQHpjM7WC16mfif10v04NJPqYgTTQSeLxokDOoIZrHAkEqCNZsYgrCk5laIR0girE14JROCu/jyMmmf1dx6rX53Xm5c5XEUwRE4BhXgggvQADegCVoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH2JbmYI=</latexit>

n ⇠ unif(1, . . . , N)

<latexit sha1_base64="yXazpj/J/VgiJv98lh7X18kmjk4=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCqzIjUl0W3bisYB/QDiWTpm1oMhmSjDAMBX/FjQtF3Pod7vwbM+0stPVA4HDuudyTE8acaeN5387K6tr6xmZpq7y9s7u37x4ctrRMFKFNIrlUnRBryllEm4YZTjuxoliEnLbDyW0+bz9SpZmMHkwa00DgUcSGjGBjpb573BPYjJXIJCE4d2HO02nfrXhVbwa0TPyCVKBAo+9+9QaSJIJGhnCsddf3YhNkWBlGOJ2We4mmMSYTPKJdSyMsqA6yWfwpOrPKAA2lsi8yaKb+3siw0DoVoXXmYfXiLBf/m3UTM7wOMhbFiaERmR8aJhwZifIu0IApSgxPLcFEMZsVkTFWmBjbWNmW4C9+eZm0Lqp+rVq7v6zUb4o6SnACp3AOPlxBHe6gAU0gkMEzvMKb8+S8OO/Ox9y64hQ7R/AHzucPWFmWZg==</latexit>

occasionally

<latexit sha1_base64="rAp89tl4/ePag9jPmcQ9O9pIPiI=">AAACH3icbZDLSsNAFIYn3q23qks3g0VQkJKIVDdCqxuXirYKTQkn02k7dDIJMydiCXkTN76KGxeKiDvfxull4e2HgY//nMOc84eJFAZd99OZmp6ZnZtfWCwsLa+srhXXNxomTjXjdRbLWN+GYLgUitdRoOS3ieYQhZLfhP2zYf3mjmsjYnWNg4S3Iugq0REM0FpBsVILkJ5QH3TXj+A+yID6QlHL2GMgs1qe08sg87HHEQKV714FuA97QbHklt2R6F/wJlAiE10ExQ+/HbM04gqZBGOanptgKwONgkmeF/zU8ARYH7q8aVFBxE0rG92X0x3rtGkn1vYppCP3+0QGkTGDKLSdw73N79rQ/K/WTLFz3MqESlLkio0/6qSSYkyHYdG20JyhHFgApoXdlbIeaGBoIy3YELzfJ/+FxkHZq5Qrl4el6ukkjgWyRbbJLvHIEamSc3JB6oSRB/JEXsir8+g8O2/O+7h1ypnMbJIfcj6/ANCGokA=</latexit>

At = argmax
a2A

Q✓n(St, a)
<latexit sha1_base64="aLZPsRMveLDpuXnihQ2s6wWEF0I=">AAACAnicbVDLSsNAFJ34rPUVdSVuBosgCCURqS6LbtxZwT6gCWEyvWmHTh7MTAolFDf+ihsXirj1K9z5N07aLLT1wIXDOfdy7z1+wplUlvVtLC2vrK6tlzbKm1vbO7vm3n5Lxqmg0KQxj0XHJxI4i6CpmOLQSQSQ0OfQ9oc3ud8egZAsjh7UOAE3JP2IBYwSpSXPPHRCogYizGJfghjBxMF3XqbO7IlnVqyqNQVeJHZBKqhAwzO/nF5M0xAiRTmRsmtbiXIzIhSjHCZlJ5WQEDokfehqGpEQpJtNX5jgE630cBALXZHCU/X3REZCKcehrzvzg+W8l4v/ed1UBVduxqIkVRDR2aIg5VjFOM8D95gAqvhYE0IF07diOiCCUKVTK+sQ7PmXF0nrvGrXqrX7i0r9uoijhI7QMTpFNrpEdXSLGqiJKHpEz+gVvRlPxovxbnzMWpeMYuYA/YHx+QNu3Zd1</latexit>

observe Ot+1

deep
neural network

<latexit sha1_base64="v+6VEaaPjlmuTNxYYMVuhfUKXoI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx4r2g9oQ5lsN+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwup36rSemNI/loxknzI9wIHnIKRorPehz7JXKbsWdgSwTLydlyFHvlb66/ZimEZOGCtS647mJ8TNUhlPBJsVuqlmCdIQD1rFUYsS0n81OnZBTq/RJGCtb0pCZ+nsiw0jrcRTYzgjNUC96U/E/r5Oa8NrPuExSwySdLwpTQUxMpn+TPleMGjG2BKni9lZCh6iQGptO0YbgLb68TJoXFa9aqd5flms3eRwFOIYTOAMPrqAGd1CHBlAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QMC5Y2j</latexit>s, a
<latexit sha1_base64="LvpG6LqN3s+BpzpzX0SPvO6hPEU=">AAAB9HicbVBNS8NAEN34WetX1aOXYBEqSElEqseiF48t2A9oQ5lsN+3SzSbuTgol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5ttbWNza3tnM7+d29/YPDwtFxU0eJoqxBIxGptg+aCS5ZAzkK1o4Vg9AXrOWP7md+a8yU5pF8xEnMvBAGkgecAhrJq/e6OGQIJX0JF71C0Sk7c9irxM1IkWSo9Qpf3X5Ek5BJpAK07rhOjF4KCjkVbJrvJprFQEcwYB1DJYRMe+n86Kl9bpS+HUTKlER7rv6eSCHUehL6pjMEHOplbyb+53USDG69lMs4QSbpYlGQCBsje5aA3eeKURQTQ4Aqbm616RAUUDQ55U0I7vLLq6R5VXYr5Ur9uli9y+LIkVNyRkrEJTekSh5IjTQIJU/kmbySN2tsvVjv1seidc3KZk7IH1ifP8rCkXo=</latexit>

Q✓(s, a)

why occasionally?



Cart-Pole with Sparse Reward

dithering ensemble



opportunity for faster learning through
data sharing and coordinated exploration



Coordinated Exploration via Bootstrapped DQN

100 workers total



Can we do better than Thompson Sampling?

• TS suitable tries actions that might be optimal
• works well for linear bandit
• bad idea when there are complex dependencies

• example: a revealing action

action
<latexit sha1_base64="isI5P2ggI/Hxl232M2qME9kedRs=">AAAB83icbVC7TgJBFL2LL8QXamkzkZhYkcVGrSRaaImJKySwIbPDXZgw+3Bmlkg2fIeNBRpbf8bO0l/wC5wFCgVPcpMz59ybufd4seBK2/anlVtaXlldy68XNja3tneKu3v3KkokQ4dFIpINjyoUPERHcy2wEUukgSew7vWvMr8+QKl4FN7pYYxuQLsh9zmj2khuS+OjTinLHqN2sWSX7QnIIqnMSOni++t6DAC1dvGj1YlYEmComaBKNSt2rN2USs2ZwFGhlSiMKevTLjYNDWmAyk0nS4/IkVE6xI+kqVCTifp7IqWBUsPAM50B1T0172Xif14z0f6Zm/IwTjSGbPqRnwiiI5IlQDpcItNiaAhlkptdCetRaUIwORVMCJX5kxeJc1I+L9u3dql6CVPk4QAO4RgqcApVuIEaOMDgAZ5gDC/WwHq2Xq23aWvOms3swx9Y7z/vTpVb</latexit><latexit sha1_base64="KYYd50HWfvot4IuinAavHHhNX8Q=">AAAB83icbVC7TsMwFHV4lvIqj43FokJiqhIWYKKCAcYiEVqpjSrHdVqrjhPsm4oS9TtYGACxwsewMfYX+AKctgO0HOlKx+fcK997/FhwDbb9Zc3NLywuLedW8qtr6xubha3tWx0lijKXRiJSNZ9oJrhkLnAQrBYrRkJfsKrfvcj8ao8pzSN5A/2YeSFpSx5wSsBIXgPYPaSEZo9Bs1C0S/YIeJY4E1I8+x5efuw+DCvNwmejFdEkZBKoIFrXHTsGLyUKOBVskG8kmsWEdkmb1Q2VJGTaS0dLD/CBUVo4iJQpCXik/p5ISah1P/RNZ0igo6e9TPzPqycQnHgpl3ECTNLxR0EiMEQ4SwC3uGIURN8QQhU3u2LaIcqEYHLKmxCc6ZNniXtUOi3Z13axfI7GyKE9tI8OkYOOURldoQpyEUV36BE9oxerZz1Zr9bbuHXOmszsoD+w3n8A6jyW2A==</latexit><latexit sha1_base64="KYYd50HWfvot4IuinAavHHhNX8Q=">AAAB83icbVC7TsMwFHV4lvIqj43FokJiqhIWYKKCAcYiEVqpjSrHdVqrjhPsm4oS9TtYGACxwsewMfYX+AKctgO0HOlKx+fcK997/FhwDbb9Zc3NLywuLedW8qtr6xubha3tWx0lijKXRiJSNZ9oJrhkLnAQrBYrRkJfsKrfvcj8ao8pzSN5A/2YeSFpSx5wSsBIXgPYPaSEZo9Bs1C0S/YIeJY4E1I8+x5efuw+DCvNwmejFdEkZBKoIFrXHTsGLyUKOBVskG8kmsWEdkmb1Q2VJGTaS0dLD/CBUVo4iJQpCXik/p5ISah1P/RNZ0igo6e9TPzPqycQnHgpl3ECTNLxR0EiMEQ4SwC3uGIURN8QQhU3u2LaIcqEYHLKmxCc6ZNniXtUOi3Z13axfI7GyKE9tI8OkYOOURldoQpyEUV36BE9oxerZz1Zr9bbuHXOmszsoD+w3n8A6jyW2A==</latexit>

1
<latexit sha1_base64="+Q0uxxzyRJ2eqH73YvZYZjiBj7o=">AAAB53icbZC/TgJBEMbn8B/iP9TSZiMxsSJ3Nmol0UJLSDwhgQvZW+ZgZW/vsrtnQghPYGOhxlJfyc7SV/AJXMBCwS/Z5Jfvm8nOTJgKro3rfji5hcWl5ZX8amFtfWNzq7i9c6OTTDH0WSIS1QipRsEl+oYbgY1UIY1DgfWwfzHO63eoNE/ktRmkGMS0K3nEGTXWqnntYsktuxORefB+oHT29Xn5CgDVdvG91UlYFqM0TFCtm56bmmBIleFM4KjQyjSmlPVpF5sWJY1RB8PJoCNyYJ0OiRJlnzRk4v7uGNJY60Ec2sqYmp6ezcbmf1kzM9FJMOQyzQxKNv0oygQxCRlvTTpcITNiYIEyxe2shPWooszY2xTsEbzZlefBPyqflt2aW6qcw1R52IN9OAQPjqECV1AFHxgg3MMjPDm3zoPz7LxMS3POT88u/JHz9g3pX499</latexit><latexit sha1_base64="s0jlrzu6m2+ADyHBUX+YbOXAqk8=">AAAB53icbZC7TgJBFIbP4g3xhpfOZiMxsSK7Nmol0UJLSFwhgQ2ZHc7CyOzsZmbWBAlPYGOhxtYX8GHsLHkFn8DhUij4J5N8+f9zMuecIOFMacf5sjILi0vLK9nV3Nr6xuZWfnvnVsWppOjRmMeyFhCFnAn0NNMca4lEEgUcq0H3cpRX71EqFosb3UvQj0hbsJBRoo1VcZv5glN0xrLnwZ1C4fx7ePWx9zAsN/OfjVZM0wiFppwoVXedRPt9IjWjHAe5RqowIbRL2lg3KEiEyu+PBx3Yh8Zp2WEszRPaHru/O/okUqoXBaYyIrqjZrOR+V9WT3V46veZSFKNgk4+ClNu69gebW23mESqec8AoZKZWW3aIZJQbW6TM0dwZ1eeB++4eFZ0Kk6hdAETZWEfDuAIXDiBElxDGTyggPAIz/Bi3VlP1qv1NinNWNOeXfgj6/0H5E2Q+g==</latexit><latexit sha1_base64="s0jlrzu6m2+ADyHBUX+YbOXAqk8=">AAAB53icbZC7TgJBFIbP4g3xhpfOZiMxsSK7Nmol0UJLSFwhgQ2ZHc7CyOzsZmbWBAlPYGOhxtYX8GHsLHkFn8DhUij4J5N8+f9zMuecIOFMacf5sjILi0vLK9nV3Nr6xuZWfnvnVsWppOjRmMeyFhCFnAn0NNMca4lEEgUcq0H3cpRX71EqFosb3UvQj0hbsJBRoo1VcZv5glN0xrLnwZ1C4fx7ePWx9zAsN/OfjVZM0wiFppwoVXedRPt9IjWjHAe5RqowIbRL2lg3KEiEyu+PBx3Yh8Zp2WEszRPaHru/O/okUqoXBaYyIrqjZrOR+V9WT3V46veZSFKNgk4+ClNu69gebW23mESqec8AoZKZWW3aIZJQbW6TM0dwZ1eeB++4eFZ0Kk6hdAETZWEfDuAIXDiBElxDGTyggPAIz/Bi3VlP1qv1NinNWNOeXfgj6/0H5E2Q+g==</latexit>

0
<latexit sha1_base64="Vb7ojPbTm5PS+sQ1dlDKtxe01IY=">AAAB53icbZC/TgJBEMbn8B/iP9TS5iIxsSKLjVpJtNASEk9I4EL2ljlY2du77O6ZkAtPYGOhxlJfyc7SV/AJXMBCwS/Z5Jfvm8nOTJAIrg0hH05uYXFpeSW/Wlhb39jcKm7v3Og4VQw9FotYNQOqUXCJnuFGYDNRSKNAYCMYXIzzxh0qzWN5bYYJ+hHtSR5yRo216qRTLJEymcidh8oPlM6+Pi9fAaDWKb63uzFLI5SGCap1q0IS42dUGc4EjgrtVGNC2YD2sGVR0gi1n00GHbkH1um6Yazsk8aduL87MhppPYwCWxlR09ez2dj8L2ulJjzxMy6T1KBk04/CVLgmdsdbu12ukBkxtECZ4nZWl/WposzY2xTsESqzK8+Dd1Q+LZM6KVXPYao87ME+HEIFjqEKV1ADDxgg3MMjPDm3zoPz7LxMS3POT88u/JHz9g3n3I98</latexit><latexit sha1_base64="G+JSaXQt7g228zsfMImD8919uUU=">AAAB43icbZA9TsNAEIXH4S+Yv4DoaCwiJKrIpgEqIiigDBImkRIrWm/GyZL12tpdIwUrJ6ChAFpuwGHoKHMFTsAmoYCEJ6306b0Z7cyEKWdKu+6nVVhYXFpeKa7aa+sbm1sle/tWJZmk6NOEJ7IREoWcCfQ10xwbqUQShxzrYf9inNfvUSqWiBs9SDGISVewiFGijXXttktlt+JO5MyD9wPls6/R5fvuw6jWLn20OgnNYhSacqJU03NTHeREakY5Du1WpjAltE+62DQoSIwqyCeDDp0D43ScKJHmCe1M3N8dOYmVGsShqYyJ7qnZbGz+lzUzHZ0EORNpplHQ6UdRxh2dOOOtnQ6TSDUfGCBUMjOrQ3tEEqrNbWxzBG925XnwjyqnFbdcPYepirAH+3AIHhxDFa6gBj5QQHiEZ3ix7qwn63VaWLB+Onbgj6y3b2i/j9Q=</latexit><latexit sha1_base64="G+JSaXQt7g228zsfMImD8919uUU=">AAAB43icbZA9TsNAEIXH4S+Yv4DoaCwiJKrIpgEqIiigDBImkRIrWm/GyZL12tpdIwUrJ6ChAFpuwGHoKHMFTsAmoYCEJ6306b0Z7cyEKWdKu+6nVVhYXFpeKa7aa+sbm1sle/tWJZmk6NOEJ7IREoWcCfQ10xwbqUQShxzrYf9inNfvUSqWiBs9SDGISVewiFGijXXttktlt+JO5MyD9wPls6/R5fvuw6jWLn20OgnNYhSacqJU03NTHeREakY5Du1WpjAltE+62DQoSIwqyCeDDp0D43ScKJHmCe1M3N8dOYmVGsShqYyJ7qnZbGz+lzUzHZ0EORNpplHQ6UdRxh2dOOOtnQ6TSDUfGCBUMjOrQ3tEEqrNbWxzBG925XnwjyqnFbdcPYepirAH+3AIHhxDFa6gBj5QQHiEZ3ix7qwn63VaWLB+Onbgj6y3b2i/j9Q=</latexit>

2
<latexit sha1_base64="8N2RWIRSWb0pWnYLeL3dutsqucc=">AAAB53icbZC7TsNAEEXH4RXCK0BJYxEhUUV2GqAiggLKRMIkUmJF6804WbJeW7trpMjKF9BQAKKEX6Kj5Bf4AjaPAhKutNLRvTPamQkSzpR2nE8rt7S8srqWXy9sbG5t7xR3925VnEqKHo15LJsBUciZQE8zzbGZSCRRwLERDC7HeeMepWKxuNHDBP2I9AQLGSXaWPVKp1hyys5E9iK4Myidf39dvQFArVP8aHdjmkYoNOVEqZbrJNrPiNSMchwV2qnChNAB6WHLoCARKj+bDDqyj4zTtcNYmie0PXF/d2QkUmoYBaYyIrqv5rOx+V/WSnV46mdMJKlGQacfhSm3dWyPt7a7TCLVfGiAUMnMrDbtE0moNrcpmCO48ysvglcpn5WdulOqXsBUeTiAQzgGF06gCtdQAw8oIDzAEzxbd9aj9WK9Tktz1qxnH/7Iev8B6uKPfg==</latexit><latexit sha1_base64="TDNz6CoMTedyDhmuzlVVj58NNVM=">AAAB53icbZC7TgJBFIbP4g3xhpfOZiIxsSK7Nmol0UJLSERIYENmh7MwMnvJzKwJbngCGws1tr6AD2NnySv4BA6XQsE/meTL/5+TOed4seBK2/aXlVlYXFpeya7m1tY3Nrfy2zu3KkokwyqLRCTrHlUoeIhVzbXAeiyRBp7Amte7HOW1e5SKR+GN7sfoBrQTcp8zqo1VOW7lC3bRHovMgzOFwvn38Opj72FYbuU/m+2IJQGGmgmqVMOxY+2mVGrOBA5yzURhTFmPdrBhMKQBKjcdDzogh8ZpEz+S5oWajN3fHSkNlOoHnqkMqO6q2Wxk/pc1Eu2fuikP40RjyCYf+YkgOiKjrUmbS2Ra9A1QJrmZlbAulZRpc5ucOYIzu/I8VI+LZ0W7YhdKFzBRFvbhAI7AgRMowTWUoQoMEB7hGV6sO+vJerXeJqUZa9qzC39kvf8A5dCQ+w==</latexit><latexit sha1_base64="TDNz6CoMTedyDhmuzlVVj58NNVM=">AAAB53icbZC7TgJBFIbP4g3xhpfOZiIxsSK7Nmol0UJLSERIYENmh7MwMnvJzKwJbngCGws1tr6AD2NnySv4BA6XQsE/meTL/5+TOed4seBK2/aXlVlYXFpeya7m1tY3Nrfy2zu3KkokwyqLRCTrHlUoeIhVzbXAeiyRBp7Amte7HOW1e5SKR+GN7sfoBrQTcp8zqo1VOW7lC3bRHovMgzOFwvn38Opj72FYbuU/m+2IJQGGmgmqVMOxY+2mVGrOBA5yzURhTFmPdrBhMKQBKjcdDzogh8ZpEz+S5oWajN3fHSkNlOoHnqkMqO6q2Wxk/pc1Eu2fuikP40RjyCYf+YkgOiKjrUmbS2Ra9A1QJrmZlbAulZRpc5ucOYIzu/I8VI+LZ0W7YhdKFzBRFvbhAI7AgRMowTWUoQoMEB7hGV6sO+vJerXeJqUZa9qzC39kvf8A5dCQ+w==</latexit>

3
<latexit sha1_base64="D0HACHhAgT7vMm7GkaYT5hCrEes=">AAAB53icbZC7TsNAEEXH4RXCK0BJYxEhUUU2FEBFBAWUiYRJpMSK1ptxsmS9tnbXSJGVL6ChAEQJv0RHyS/wBWweBSRcaaWje2e0MxMknCntOJ9WbmFxaXklv1pYW9/Y3Cpu79yqOJUUPRrzWDYCopAzgZ5mmmMjkUiigGM96F+O8vo9SsVicaMHCfoR6QoWMkq0sWrH7WLJKTtj2fPgTqF0/v119QYA1Xbxo9WJaRqh0JQTpZquk2g/I1IzynFYaKUKE0L7pItNg4JEqPxsPOjQPjBOxw5jaZ7Q9tj93ZGRSKlBFJjKiOiems1G5n9ZM9XhqZ8xkaQaBZ18FKbc1rE92truMIlU84EBQiUzs9q0RySh2tymYI7gzq48D95R+azs1JxS5QImysMe7MMhuHACFbiGKnhAAeEBnuDZurMerRfrdVKas6Y9u/BH1vsP7GWPfw==</latexit><latexit sha1_base64="ZcnkN4x8x0rkSYXoHnFIvQrFuZc=">AAAB53icbZA7TsNAEIbH4RXCKzw6GosIiSqyoQAqIiigTCRMIiVWtN6Mk4X12tpdI4UoJ6ChAETLBTgMHWWuwAnYPApI+KWVPv3/jHZmgoQzpR3ny8rMzS8sLmWXcyura+sb+c2tGxWnkqJHYx7LWkAUcibQ00xzrCUSSRRwrAZ3F8O8eo9SsVhc626CfkTagoWMEm2sylEzX3CKzkj2LLgTKJx9Dy4/dh4G5Wb+s9GKaRqh0JQTpequk2i/R6RmlGM/10gVJoTekTbWDQoSofJ7o0H79r5xWnYYS/OEtkfu744eiZTqRoGpjIjuqOlsaP6X1VMdnvg9JpJUo6Djj8KU2zq2h1vbLSaRat41QKhkZlabdogkVJvb5MwR3OmVZ8E7LJ4WnYpTKJ3DWFnYhT04ABeOoQRXUAYPKCA8wjO8WLfWk/VqvY1LM9akZxv+yHr/AedTkPw=</latexit><latexit sha1_base64="ZcnkN4x8x0rkSYXoHnFIvQrFuZc=">AAAB53icbZA7TsNAEIbH4RXCKzw6GosIiSqyoQAqIiigTCRMIiVWtN6Mk4X12tpdI4UoJ6ChAETLBTgMHWWuwAnYPApI+KWVPv3/jHZmgoQzpR3ny8rMzS8sLmWXcyura+sb+c2tGxWnkqJHYx7LWkAUcibQ00xzrCUSSRRwrAZ3F8O8eo9SsVhc626CfkTagoWMEm2sylEzX3CKzkj2LLgTKJx9Dy4/dh4G5Wb+s9GKaRqh0JQTpequk2i/R6RmlGM/10gVJoTekTbWDQoSofJ7o0H79r5xWnYYS/OEtkfu744eiZTqRoGpjIjuqOlsaP6X1VMdnvg9JpJUo6Djj8KU2zq2h1vbLSaRat41QKhkZlabdogkVJvb5MwR3OmVZ8E7LJ4WnYpTKJ3DWFnYhT04ABeOoQRXUAYPKCA8wjO8WLfWk/VqvY1LM9akZxv+yHr/AedTkPw=</latexit>

4
<latexit sha1_base64="uKx2jwmKlOoJzRfOTyRMOK0FgXc=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm2ARXJVEBHVl0YUuWzC20IYymZ60YyeTMDMRSugTuHGh4lJfyZ1LX8EncHpZaOsPAx//fw5zzgkSzpR2nE8rt7C4tLySXy2srW9sbhW3d25VnEqKHo15LBsBUciZQE8zzbGRSCRRwLEe9C9Hef0epWKxuNGDBP2IdAULGSXaWLXjdrHklJ2x7Hlwp1A6//66egOAarv40erENI1QaMqJUk3XSbSfEakZ5TgstFKFCaF90sWmQUEiVH42HnRoHxinY4exNE9oe+z+7shIpNQgCkxlRHRPzWYj87+smerw1M+YSFKNgk4+ClNu69gebW13mESq+cAAoZKZWW3aI5JQbW5TMEdwZ1eeB++ofFZ2ak6pcgET5WEP9uEQXDiBClxDFTyggPAAT/Bs3VmP1ov1OinNWdOeXfgj6/0H7eiPgA==</latexit><latexit sha1_base64="KhPU6E3NL5OwIso1TxYjsc2bpa8=">AAAB53icbZBLSgNBEIZr4ivGV3zs3AwGwVWYEUFdGXShywQcE0iG0NOpSVp7eobuHiGGnMCNCxW3XsDDuHOZK3gCO4+FJv7Q8PH/VXRVBQlnSjvOl5WZm19YXMou51ZW19Y38ptbNypOJUWPxjyWtYAo5Eygp5nmWEskkijgWA3uLoZ59R6lYrG41t0E/Yi0BQsZJdpYlaNmvuAUnZHsWXAnUDj7Hlx+7DwMys38Z6MV0zRCoSknStVdJ9F+j0jNKMd+rpEqTAi9I22sGxQkQuX3RoP27X3jtOwwluYJbY/c3x09EinVjQJTGRHdUdPZ0Pwvq6c6PPF7TCSpRkHHH4Upt3VsD7e2W0wi1bxrgFDJzKw27RBJqDa3yZkjuNMrz4J3WDwtOhWnUDqHsbKwC3twAC4cQwmuoAweUEB4hGd4sW6tJ+vVehuXZqxJzzb8kfX+A+jWkP0=</latexit><latexit sha1_base64="KhPU6E3NL5OwIso1TxYjsc2bpa8=">AAAB53icbZBLSgNBEIZr4ivGV3zs3AwGwVWYEUFdGXShywQcE0iG0NOpSVp7eobuHiGGnMCNCxW3XsDDuHOZK3gCO4+FJv7Q8PH/VXRVBQlnSjvOl5WZm19YXMou51ZW19Y38ptbNypOJUWPxjyWtYAo5Eygp5nmWEskkijgWA3uLoZ59R6lYrG41t0E/Yi0BQsZJdpYlaNmvuAUnZHsWXAnUDj7Hlx+7DwMys38Z6MV0zRCoSknStVdJ9F+j0jNKMd+rpEqTAi9I22sGxQkQuX3RoP27X3jtOwwluYJbY/c3x09EinVjQJTGRHdUdPZ0Pwvq6c6PPF7TCSpRkHHH4Upt3VsD7e2W0wi1bxrgFDJzKw27RBJqDa3yZkjuNMrz4J3WDwtOhWnUDqHsbKwC3twAC4cQwmuoAweUEB4hGd4sW6tJ+vVehuXZqxJzzb8kfX+A+jWkP0=</latexit>

5
<latexit sha1_base64="corBQrJnsVCvAAQO/ZQLaQJwFjA=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm2ARXJVEEHVl0YUuWzC20IYymZ60YyeTMDMRSugTuHGh4lJfyZ1LX8EncHpZaOsPAx//fw5zzgkSzpR2nE8rt7C4tLySXy2srW9sbhW3d25VnEqKHo15LBsBUciZQE8zzbGRSCRRwLEe9C9Hef0epWKxuNGDBP2IdAULGSXaWLXjdrHklJ2x7Hlwp1A6//66egOAarv40erENI1QaMqJUk3XSbSfEakZ5TgstFKFCaF90sWmQUEiVH42HnRoHxinY4exNE9oe+z+7shIpNQgCkxlRHRPzWYj87+smerw1M+YSFKNgk4+ClNu69gebW13mESq+cAAoZKZWW3aI5JQbW5TMEdwZ1eeB++ofFZ2ak6pcgET5WEP9uEQXDiBClxDFTyggPAAT/Bs3VmP1ov1OinNWdOeXfgj6/0H72uPgQ==</latexit><latexit sha1_base64="f8chChpm8wvYuw48oWu01r0U4BU=">AAAB53icbZBLSgNBEIZr4ivGV3zs3AwGwVWYEURdGXShywQcE0iG0NOpSVp7eobuHiGGnMCNCxW3XsDDuHOZK3gCO4+FJv7Q8PH/VXRVBQlnSjvOl5WZm19YXMou51ZW19Y38ptbNypOJUWPxjyWtYAo5Eygp5nmWEskkijgWA3uLoZ59R6lYrG41t0E/Yi0BQsZJdpYlaNmvuAUnZHsWXAnUDj7Hlx+7DwMys38Z6MV0zRCoSknStVdJ9F+j0jNKMd+rpEqTAi9I22sGxQkQuX3RoP27X3jtOwwluYJbY/c3x09EinVjQJTGRHdUdPZ0Pwvq6c6PPF7TCSpRkHHH4Upt3VsD7e2W0wi1bxrgFDJzKw27RBJqDa3yZkjuNMrz4J3WDwtOhWnUDqHsbKwC3twAC4cQwmuoAweUEB4hGd4sW6tJ+vVehuXZqxJzzb8kfX+A+pZkP4=</latexit><latexit sha1_base64="f8chChpm8wvYuw48oWu01r0U4BU=">AAAB53icbZBLSgNBEIZr4ivGV3zs3AwGwVWYEURdGXShywQcE0iG0NOpSVp7eobuHiGGnMCNCxW3XsDDuHOZK3gCO4+FJv7Q8PH/VXRVBQlnSjvOl5WZm19YXMou51ZW19Y38ptbNypOJUWPxjyWtYAo5Eygp5nmWEskkijgWA3uLoZ59R6lYrG41t0E/Yi0BQsZJdpYlaNmvuAUnZHsWXAnUDj7Hlx+7DwMys38Z6MV0zRCoSknStVdJ9F+j0jNKMd+rpEqTAi9I22sGxQkQuX3RoP27X3jtOwwluYJbY/c3x09EinVjQJTGRHdUdPZ0Pwvq6c6PPF7TCSpRkHHH4Upt3VsD7e2W0wi1bxrgFDJzKw27RBJqDa3yZkjuNMrz4J3WDwtOhWnUDqHsbKwC3twAC4cQwmuoAweUEB4hGd4sW6tJ+vVehuXZqxJzzb8kfX+A+pZkP4=</latexit>

6
<latexit sha1_base64="ih36LyIdGV61wCtJn0gGVbN3m20=">AAAB53icbZC7TsNAEEXH4RXCK0BJYxEhUUU2BY+KCAooEwmTSIkVrTfjZMl6be2ukSIrX0BDAYgSfomOkl/gC9g8Cki40kpH985oZyZIOFPacT6t3MLi0vJKfrWwtr6xuVXc3rlVcSopejTmsWwERCFnAj3NNMdGIpFEAcd60L8c5fV7lIrF4kYPEvQj0hUsZJRoY9WO28WSU3bGsufBnULp/Pvr6g0Aqu3iR6sT0zRCoSknSjVdJ9F+RqRmlOOw0EoVJoT2SRebBgWJUPnZeNChfWCcjh3G0jyh7bH7uyMjkVKDKDCVEdE9NZuNzP+yZqrDUz9jIkk1Cjr5KEy5rWN7tLXdYRKp5gMDhEpmZrVpj0hCtblNwRzBnV15Hryj8lnZqTmlygVMlIc92IdDcOEEKnANVfCAAsIDPMGzdWc9Wi/W66Q0Z017duGPrPcf8O6Pgg==</latexit><latexit sha1_base64="ZrmH8xaNo7y8atw/UK6TKz2HvqI=">AAAB53icbZC5TsNAEIbH4QrhCkdHYxEhUUU2BUdFBAWUiYRJpMSK1ptxsrBeW7trpBDlCWgoANHyAjwMHWVegSdgcxSQ8Esrffr/Ge3MBAlnSjvOl5WZm19YXMou51ZW19Y38ptbNypOJUWPxjyWtYAo5Eygp5nmWEskkijgWA3uLoZ59R6lYrG41t0E/Yi0BQsZJdpYlaNmvuAUnZHsWXAnUDj7Hlx+7DwMys38Z6MV0zRCoSknStVdJ9F+j0jNKMd+rpEqTAi9I22sGxQkQuX3RoP27X3jtOwwluYJbY/c3x09EinVjQJTGRHdUdPZ0Pwvq6c6PPF7TCSpRkHHH4Upt3VsD7e2W0wi1bxrgFDJzKw27RBJqDa3yZkjuNMrz4J3WDwtOhWnUDqHsbKwC3twAC4cQwmuoAweUEB4hGd4sW6tJ+vVehuXZqxJzzb8kfX+A+vckP8=</latexit><latexit sha1_base64="ZrmH8xaNo7y8atw/UK6TKz2HvqI=">AAAB53icbZC5TsNAEIbH4QrhCkdHYxEhUUU2BUdFBAWUiYRJpMSK1ptxsrBeW7trpBDlCWgoANHyAjwMHWVegSdgcxSQ8Esrffr/Ge3MBAlnSjvOl5WZm19YXMou51ZW19Y38ptbNypOJUWPxjyWtYAo5Eygp5nmWEskkijgWA3uLoZ59R6lYrG41t0E/Yi0BQsZJdpYlaNmvuAUnZHsWXAnUDj7Hlx+7DwMys38Z6MV0zRCoSknStVdJ9F+j0jNKMd+rpEqTAi9I22sGxQkQuX3RoP27X3jtOwwluYJbY/c3x09EinVjQJTGRHdUdPZ0Pwvq6c6PPF7TCSpRkHHH4Upt3VsD7e2W0wi1bxrgFDJzKw27RBJqDa3yZkjuNMrz4J3WDwtOhWnUDqHsbKwC3twAC4cQwmuoAweUEB4hGd4sW6tJ+vVehuXZqxJzzb8kfX+A+vckP8=</latexit>

re
w
ar
d

<latexit sha1_base64="x0XcTxuA+7y0IaZEOxCD5f0dndM=">AAAB83icbVC7TgJREJ31ifhCLW02EhMrstiolUQLLTERIYENuXt3gBvuPrx3FiUbvsPGAo2tP2Nn6S/4BV4ehYInmeTknJnMzPFiKTQ5zqe1sLi0vLKaWcuub2xubed2du90lCiOFR7JSNU8plGKECskSGItVsgCT2LV616O/GoPlRZReEv9GN2AtUPREpyRkdwG4SOlCh+Y8gfNXN4pOGPY86Q4Jfnz76+rIQCUm7mPhh/xJMCQuGRa14tOTG7KFAkucZBtJBpjxrusjXVDQxagdtPx0QP70Ci+3YqUqZDssfp7ImWB1v3AM50Bo46e9Ubif149odapm4owTghDPlnUSqRNkT1KwPaFQk6ybwjjSphbbd5hinEyOWVNCMXZl+dJ5bhwVnBunHzpAibIwD4cwBEU4QRKcA1lqACHe3iCIbxYPevZerXeJq0L1nRmD/7Aev8B+kOVYg==</latexit><latexit sha1_base64="tZF7E5+f6UcO53Sr2ImvkijKzAI=">AAAB83icbVC5TsNAEF2HK4QrHB2NRYREFTk0QEUEBZRBwiRSYkXr9ThZZX2wOw4EK99BQwGIFj6GjjK/wBewOQpIeNJIT+/NaGaeGwuu0LK+jMzc/MLiUnY5t7K6tr6R39y6UVEiGdgsEpGsuVSB4CHYyFFALZZAA1dA1e2cD/1qF6TiUXiNvRicgLZC7nNGUUtOA+EeUwl3VHr9Zr5gFa0RzFlSmpDC6ffg4mPnYVBp5j8bXsSSAEJkgipVL1kxOimVyJmAfq6RKIgp69AW1DUNaQDKSUdH9819rXimH0ldIZoj9fdESgOleoGrOwOKbTXtDcX/vHqC/rGT8jBOEEI2XuQnwsTIHCZgelwCQ9HThDLJ9a0ma1NJGeqccjqE0vTLs8Q+LJ4UrSurUD4jY2TJLtkjB6REjkiZXJIKsQkjt+SRPJMXo2s8Ga/G27g1Y0xmtskfGO8/9TGW3w==</latexit><latexit sha1_base64="tZF7E5+f6UcO53Sr2ImvkijKzAI=">AAAB83icbVC5TsNAEF2HK4QrHB2NRYREFTk0QEUEBZRBwiRSYkXr9ThZZX2wOw4EK99BQwGIFj6GjjK/wBewOQpIeNJIT+/NaGaeGwuu0LK+jMzc/MLiUnY5t7K6tr6R39y6UVEiGdgsEpGsuVSB4CHYyFFALZZAA1dA1e2cD/1qF6TiUXiNvRicgLZC7nNGUUtOA+EeUwl3VHr9Zr5gFa0RzFlSmpDC6ffg4mPnYVBp5j8bXsSSAEJkgipVL1kxOimVyJmAfq6RKIgp69AW1DUNaQDKSUdH9819rXimH0ldIZoj9fdESgOleoGrOwOKbTXtDcX/vHqC/rGT8jBOEEI2XuQnwsTIHCZgelwCQ9HThDLJ9a0ma1NJGeqccjqE0vTLs8Q+LJ4UrSurUD4jY2TJLtkjB6REjkiZXJIKsQkjt+SRPJMXo2s8Ga/G27g1Y0xmtskfGO8/9TGW3w==</latexit>

<latexit sha1_base64="G4zpsoR09UIEavssQ2LnYjpF1P4="></latexit>

Rt+1 =

⇢
1 if At = ✓
1/2✓ if At = 0

<latexit sha1_base64="I2gtPvMufrLSzE8EqzkozXevG0w=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgopREpLoRqm5cVrAPaEKZTCbt0MkkzEyEErJz46+4caGIW3/BnX/jpM1CWw9cOJxzL/fe48WMSmVZ30ZpaXllda28XtnY3NreMXf3OjJKBCZtHLFI9DwkCaOctBVVjPRiQVDoMdL1xje5330gQtKI36tJTNwQDTkNKEZKSwPz0AmRGmHE0qsMXkIntWp2zWF+pGSt4WQDs2rVrSngIrELUgUFWgPzy/EjnISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9TTkKiXTT6R8ZPNaKD4NI6OIKTtXfEykKpZyEnu7Mr5bzXi7+5/UTFVy4KeVxogjHs0VBwqCKYB4K9KkgWLGJJggLqm+FeIQEwkpHV9Eh2PMvL5LOad1u1Bt3Z9XmdRFHGRyAI3ACbHAOmuAWtEAbYPAInsEreDOejBfj3fiYtZaMYmYf/IHx+QP2SZgb</latexit>

A = {0, 1, . . . , 6}

<latexit sha1_base64="Y4Or49omPShnwa3IzrioDid6pts=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KKURKS6EYpuXFawD2hCmUwm7dDJg5kboYRs/BU3LhRx62e482+ctllo64ELh3Pu5d57vERwBZb1bZRWVtfWN8qbla3tnd09c/+go+JUUtamsYhlzyOKCR6xNnAQrJdIRkJPsK43vp363UcmFY+jB5gkzA3JMOIBpwS0NDCPHBgxIPgaO5ldc4Qfg6o1nHxgVq26NQNeJnZBqqhAa2B+OX5M05BFQAVRqm9bCbgZkcCpYHnFSRVLCB2TIetrGpGQKTebPZDjU634OIilrgjwTP09kZFQqUno6c6QwEgtelPxP6+fQnDlZjxKUmARnS8KUoEhxtM0sM8loyAmmhAqub4V0xGRhILOrKJDsBdfXiad87rdqDfuL6rNmyKOMjpGJ+gM2egSNdEdaqE2oihHz+gVvRlPxovxbnzMW0tGMXOI/sD4/AEg9pV8</latexit>

✓ = {1, . . . , 6}



Example: Sparse Linear Bandit

• a 1-sparse case

• UCB/TS require         samples to identify
• rule out one action per period

• easy to design algorithms for which              suffice
• bisection search

⌦(d)

log2(d)

k✓k0 = 1✓ 2 {0, 1}N

uniform prior

representation
learning

<latexit sha1_base64="Hv+SCGgGUm8WzIWq48zXy8Zk6/8=">AAACAnicbVDLSsNAFJ34rPUVdSVuBosgCCURqW6EqhuXVewDmhgm00k7dPJg5kYoobjxV9y4UMStX+HOv3HaZqGtBy4czrmXe+/xE8EVWNa3MTe/sLi0XFgprq6tb2yaW9sNFaeSsjqNRSxbPlFM8IjVgYNgrUQyEvqCNf3+1chvPjCpeBzdwSBhbki6EQ84JaAlz9y99TI4sof4HDvQY0DuHYgTfOGBZ5assjUGniV2TkooR80zv5xOTNOQRUAFUaptWwm4GZHAqWDDopMqlhDaJ13W1jQiIVNuNn5hiA+00sFBLHVFgMfq74mMhEoNQl93hgR6atobif957RSCMzfjUZICi+hkUZAKDDEe5YE7XDIKYqAJoZLrWzHtEUko6NSKOgR7+uVZ0jgu25Vy5eakVL3M4yigPbSPDpGNTlEVXaMaqiOKHtEzekVvxpPxYrwbH5PWOSOf2UF/YHz+AKrVllk=</latexit>

Rt+1 = ✓>At

<latexit sha1_base64="6rPez/KGkyGDtSI4VJQudAF6Uh4="></latexit>

each a 2 A averages over a subset of components



information-directed sampling

• can we capture the benefits of binary search?
• across a broad class of problems
• with a tractable algorithm

• IDS: minimize the information ratio

• designing practical scalable algorithms remains a challenge

benefits may be significant when 
the agent aims to learn features, like in deep RL

<latexit sha1_base64="MllB/hLqvMmbDXeoTPbrIYAfHYE="></latexit>

Et[R⇤ �Rt+1]2

It(A⇤; (At, Rt+1))



reading


