
Dan Qiao (1), Ming Yin (1,2), Ming Min (2), Yu-Xiang Wang (1)

1. Department of Computer Science, UC Santa Barbara

2. Department of Statistics and Applied Probability, UC Santa Barbara

Sample-Efficient Reinforcement 
Learning with loglog(T) Switching Cost

1

!𝑂( 𝑇) regret

Optimal !



Motivation and goal

u Motivation: In many real-world reinforcement learning tasks, it is costly to run 
fully adaptive algorithms that update the exploration policy frequently.

u Examples: Recommendation systems, healthcare, etc.

u Our goal: Minimize the number of policy switching while maintaining

(nearly) the same regret bounds as its fully-adaptive counterparts.
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Problem setup: Finite Horizon Episodic 
MDP with Low Switching Cost
u Discrete/ finite state and actions, i.e., Tabular setting.

u Nonstationary (aka. time-inhomogeneous).

u Minimize regret and global switching cost, which is defined as:
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Summary of results: Upper and lower 
bounds

u We propose a new algorithm based on stage-wise exploration and adaptive 
policy elimination that achieves a regret of                        while requiring a 
switching cost of only O(HSA loglog T).

u A reward-free exploration algorithm with a switching cost of O(HSA).

u Lower bound: Any no-regret algorithm must have a switching cost of Ω(HSA).

u Lower bound: Any            regret algorithm must incur a switching cost of 
Ω(HSA loglog T).
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Comparison to previous works
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Our approach: Policy elimination with
two-stage exploration
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u Crude layer-wise exploration

u Get a crude approximation of the model.

u Fine stagewise exploration

u Use the crude model to identify “representative” policies.

u Policy elimination

u Disqualify policies that are certifiably suboptimal.



Illustration of the policy elimination
step
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<latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit>
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<latexit sha1_base64="HV+a05LTyewym+9zCN4pZ8N3sDQ=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanaTkeiNe+WKX/XnIqsQ5FCBXPVe+avb1yyNuUImqbWdwE8wzKhBwSSflrqp5QllYzrkHYeKxtyG2XzbKTlzTp8MtHFPIZm7vycyGls7iSPXGVMc2eXazPyv1klxcB1mQiUpcsUWHw1SSVCT2emkLwxnKCcOKDPC7UrYiBrK0AVUciEEyyevQvOiGji+v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gj7/MHkzCPHQ==</latexit><latexit sha1_base64="HV+a05LTyewym+9zCN4pZ8N3sDQ=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanaTkeiNe+WKX/XnIqsQ5FCBXPVe+avb1yyNuUImqbWdwE8wzKhBwSSflrqp5QllYzrkHYeKxtyG2XzbKTlzTp8MtHFPIZm7vycyGls7iSPXGVMc2eXazPyv1klxcB1mQiUpcsUWHw1SSVCT2emkLwxnKCcOKDPC7UrYiBrK0AVUciEEyyevQvOiGji+v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gj7/MHkzCPHQ==</latexit><latexit sha1_base64="HV+a05LTyewym+9zCN4pZ8N3sDQ=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanaTkeiNe+WKX/XnIqsQ5FCBXPVe+avb1yyNuUImqbWdwE8wzKhBwSSflrqp5QllYzrkHYeKxtyG2XzbKTlzTp8MtHFPIZm7vycyGls7iSPXGVMc2eXazPyv1klxcB1mQiUpcsUWHw1SSVCT2emkLwxnKCcOKDPC7UrYiBrK0AVUciEEyyevQvOiGji+v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gj7/MHkzCPHQ==</latexit><latexit sha1_base64="HV+a05LTyewym+9zCN4pZ8N3sDQ=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanaTkeiNe+WKX/XnIqsQ5FCBXPVe+avb1yyNuUImqbWdwE8wzKhBwSSflrqp5QllYzrkHYeKxtyG2XzbKTlzTp8MtHFPIZm7vycyGls7iSPXGVMc2eXazPyv1klxcB1mQiUpcsUWHw1SSVCT2emkLwxnKCcOKDPC7UrYiBrK0AVUciEEyyevQvOiGji+v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gj7/MHkzCPHQ==</latexit>

Experimental
Design Using
Model from Crude 
Exploration

New Data
In Parallel
Batches�1

<latexit sha1_base64="YGpIiAhdrLwtFZEbhmuG4jmibe0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1emlI97PvWm/WnPr7lxkFbwCalCo2a9+9QYJy2KUhgmqdddzUxPkVBnOBE4rvUxjStmYDrFrUdIYdZDP952SM+sMSJQo+6Qhc/f3RE5jrSdxaDtjakZ6uTYz/6t1MxNdBzmXaWZQssVHUSaIScjseDLgCpkREwuUKW53JWxEFWXGRlSxIXjLJ69C66LuWb6/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/JHz+QMCQ4/v</latexit><latexit sha1_base64="YGpIiAhdrLwtFZEbhmuG4jmibe0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1emlI97PvWm/WnPr7lxkFbwCalCo2a9+9QYJy2KUhgmqdddzUxPkVBnOBE4rvUxjStmYDrFrUdIYdZDP952SM+sMSJQo+6Qhc/f3RE5jrSdxaDtjakZ6uTYz/6t1MxNdBzmXaWZQssVHUSaIScjseDLgCpkREwuUKW53JWxEFWXGRlSxIXjLJ69C66LuWb6/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/JHz+QMCQ4/v</latexit><latexit sha1_base64="YGpIiAhdrLwtFZEbhmuG4jmibe0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1emlI97PvWm/WnPr7lxkFbwCalCo2a9+9QYJy2KUhgmqdddzUxPkVBnOBE4rvUxjStmYDrFrUdIYdZDP952SM+sMSJQo+6Qhc/f3RE5jrSdxaDtjakZ6uTYz/6t1MxNdBzmXaWZQssVHUSaIScjseDLgCpkREwuUKW53JWxEFWXGRlSxIXjLJ69C66LuWb6/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/JHz+QMCQ4/v</latexit><latexit sha1_base64="YGpIiAhdrLwtFZEbhmuG4jmibe0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1emlI97PvWm/WnPr7lxkFbwCalCo2a9+9QYJy2KUhgmqdddzUxPkVBnOBE4rvUxjStmYDrFrUdIYdZDP952SM+sMSJQo+6Qhc/f3RE5jrSdxaDtjakZ6uTYz/6t1MxNdBzmXaWZQssVHUSaIScjseDLgCpkREwuUKW53JWxEFWXGRlSxIXjLJ69C66LuWb6/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/JHz+QMCQ4/v</latexit>

⇡⇤
<latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit>
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<latexit sha1_base64="HV+a05LTyewym+9zCN4pZ8N3sDQ=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanaTkeiNe+WKX/XnIqsQ5FCBXPVe+avb1yyNuUImqbWdwE8wzKhBwSSflrqp5QllYzrkHYeKxtyG2XzbKTlzTp8MtHFPIZm7vycyGls7iSPXGVMc2eXazPyv1klxcB1mQiUpcsUWHw1SSVCT2emkLwxnKCcOKDPC7UrYiBrK0AVUciEEyyevQvOiGji+v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gj7/MHkzCPHQ==</latexit><latexit sha1_base64="HV+a05LTyewym+9zCN4pZ8N3sDQ=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanaTkeiNe+WKX/XnIqsQ5FCBXPVe+avb1yyNuUImqbWdwE8wzKhBwSSflrqp5QllYzrkHYeKxtyG2XzbKTlzTp8MtHFPIZm7vycyGls7iSPXGVMc2eXazPyv1klxcB1mQiUpcsUWHw1SSVCT2emkLwxnKCcOKDPC7UrYiBrK0AVUciEEyyevQvOiGji+v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gj7/MHkzCPHQ==</latexit><latexit sha1_base64="HV+a05LTyewym+9zCN4pZ8N3sDQ=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanaTkeiNe+WKX/XnIqsQ5FCBXPVe+avb1yyNuUImqbWdwE8wzKhBwSSflrqp5QllYzrkHYeKxtyG2XzbKTlzTp8MtHFPIZm7vycyGls7iSPXGVMc2eXazPyv1klxcB1mQiUpcsUWHw1SSVCT2emkLwxnKCcOKDPC7UrYiBrK0AVUciEEyyevQvOiGji+v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gj7/MHkzCPHQ==</latexit><latexit sha1_base64="HV+a05LTyewym+9zCN4pZ8N3sDQ=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanaTkeiNe+WKX/XnIqsQ5FCBXPVe+avb1yyNuUImqbWdwE8wzKhBwSSflrqp5QllYzrkHYeKxtyG2XzbKTlzTp8MtHFPIZm7vycyGls7iSPXGVMc2eXazPyv1klxcB1mQiUpcsUWHw1SSVCT2emkLwxnKCcOKDPC7UrYiBrK0AVUciEEyyevQvOiGji+v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gj7/MHkzCPHQ==</latexit>

Experimental
Design Using
Model from Crude 
Exploration

�k+1
<latexit sha1_base64="2QBRmmvf46wjCqLWBmwE7jtr3Ss=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFEISSSEGPRS8eK9gPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9n9fYTKs1j+WAmCfoRHUoeckaNtR57yYj3s/GFN+2XK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2uhI2ooszYkEo2BG/55FVoXVY9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAYSnuEV3hztvDjvzseiteDkM8fwR87nDzYVkJk=</latexit><latexit sha1_base64="2QBRmmvf46wjCqLWBmwE7jtr3Ss=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFEISSSEGPRS8eK9gPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9n9fYTKs1j+WAmCfoRHUoeckaNtR57yYj3s/GFN+2XK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2uhI2ooszYkEo2BG/55FVoXVY9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAYSnuEV3hztvDjvzseiteDkM8fwR87nDzYVkJk=</latexit><latexit sha1_base64="2QBRmmvf46wjCqLWBmwE7jtr3Ss=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFEISSSEGPRS8eK9gPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9n9fYTKs1j+WAmCfoRHUoeckaNtR57yYj3s/GFN+2XK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2uhI2ooszYkEo2BG/55FVoXVY9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAYSnuEV3hztvDjvzseiteDkM8fwR87nDzYVkJk=</latexit><latexit sha1_base64="2QBRmmvf46wjCqLWBmwE7jtr3Ss=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFEISSSEGPRS8eK9gPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9n9fYTKs1j+WAmCfoRHUoeckaNtR57yYj3s/GFN+2XK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5xlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasJrP+MySQ1KtvgoTAUxMZmdTwZcITNiYoEyxe2uhI2ooszYkEo2BG/55FVoXVY9y/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAYSnuEV3hztvDjvzseiteDkM8fwR87nDzYVkJk=</latexit>

New Data
In Parallel
Batches�1

<latexit sha1_base64="YGpIiAhdrLwtFZEbhmuG4jmibe0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1emlI97PvWm/WnPr7lxkFbwCalCo2a9+9QYJy2KUhgmqdddzUxPkVBnOBE4rvUxjStmYDrFrUdIYdZDP952SM+sMSJQo+6Qhc/f3RE5jrSdxaDtjakZ6uTYz/6t1MxNdBzmXaWZQssVHUSaIScjseDLgCpkREwuUKW53JWxEFWXGRlSxIXjLJ69C66LuWb6/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/JHz+QMCQ4/v</latexit><latexit sha1_base64="YGpIiAhdrLwtFZEbhmuG4jmibe0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1emlI97PvWm/WnPr7lxkFbwCalCo2a9+9QYJy2KUhgmqdddzUxPkVBnOBE4rvUxjStmYDrFrUdIYdZDP952SM+sMSJQo+6Qhc/f3RE5jrSdxaDtjakZ6uTYz/6t1MxNdBzmXaWZQssVHUSaIScjseDLgCpkREwuUKW53JWxEFWXGRlSxIXjLJ69C66LuWb6/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/JHz+QMCQ4/v</latexit><latexit sha1_base64="YGpIiAhdrLwtFZEbhmuG4jmibe0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1emlI97PvWm/WnPr7lxkFbwCalCo2a9+9QYJy2KUhgmqdddzUxPkVBnOBE4rvUxjStmYDrFrUdIYdZDP952SM+sMSJQo+6Qhc/f3RE5jrSdxaDtjakZ6uTYz/6t1MxNdBzmXaWZQssVHUSaIScjseDLgCpkREwuUKW53JWxEFWXGRlSxIXjLJ69C66LuWb6/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/JHz+QMCQ4/v</latexit><latexit sha1_base64="YGpIiAhdrLwtFZEbhmuG4jmibe0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1emlI97PvWm/WnPr7lxkFbwCalCo2a9+9QYJy2KUhgmqdddzUxPkVBnOBE4rvUxjStmYDrFrUdIYdZDP952SM+sMSJQo+6Qhc/f3RE5jrSdxaDtjakZ6uTYz/6t1MxNdBzmXaWZQssVHUSaIScjseDLgCpkREwuUKW53JWxEFWXGRlSxIXjLJ69C66LuWb6/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/JHz+QMCQ4/v</latexit>

⇡⇤
<latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit>



Take home message

u A setting between online and offline RL.

u We characterized the optimal switching cost among algorithms with optimal 
regret.

u Promising new directions with many practical / theoretical opportunities.

u Welcome to my poster!
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