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A set of possible drugs with a-priori unknown cure rates



Multi Armed Bandit Problem

Task - Prescribe one of these to new incoming patients to both 

(i) cure them and 

(ii) collect data about their cure rates

A set of possible drugs with a-priori unknown cure rates



Multi Armed Bandit Problem

[Thompson’ 33]

Task - Prescribe one of these to new incoming patients to both 

(i) cure them and 

(ii) collect data about their cure rates

Explore/Exploit Tradeoff for each new patient

Prescribe a drug that has shown the best promise so far
Try a new drug to discover more promising alternatives
Run a risk of not curing these patients 

Exploit
Explore

A set of possible drugs with a-priori unknown cure rates



Outline

1. Single Agent MAB

2. The Multi-Agent Setup

3. The Gossiping Insert-Eliminate (Gosine) Algorithm

4. Insights



Multi Armed Bandit Problem

It 2 {1, · · · ,K}
<latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit><latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit><latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit><latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit>

P[Xt = 1|It] = µIt
<latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit><latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit><latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit><latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit>

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

At each time,   
chooses an arm
receives a stochastic reward Xt 2 {0, 1}

<latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit><latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit><latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit><latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit>

t 2 {1, · · · , T}
<latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit>

an agent
-

-
independent of everything else

Each arm corresponds to a drug in the previous example



Multi Armed Bandit Problem

It 2 {1, · · · ,K}
<latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit><latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit><latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit><latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit>

P[Xt = 1|It] = µIt
<latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit><latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit><latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit><latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit>

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Goal - Sequentially choose arms to maximize total reward 

At each time,   
chooses an arm
receives a stochastic reward Xt 2 {0, 1}

<latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit><latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit><latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit><latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit>

t 2 {1, · · · , T}
<latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit>

an agent
-

-
independent of everything else

E[
TX

t=1

Xt]
<latexit sha1_base64="veVcErBJw8dyMO/4M5rnkKEq3w8=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIRdCMURXBZoS9IYphMJ+3QyYOZG6GELNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBjyXlLKJdYMDpIBEUhz6nfX9yXfj9Byoki6MOTBPqhngUsYARDEry9LoTYhj7fnaT245MQy+DSyu/7ww8cD29YTbNGYxlYpWkgUq0Pf3LGcYkDWkEhGMpbctMwM2wAEY4zWtOKmmCyQSPqK1ohEMq3Wz2RG4cK2VoBLFQFYExU39PZDiUchr6qrM4WS56hfifZ6cQXLgZi5IUaETmi4KUGxAbRSLGkAlKgE8VwUQwdatBxlhgAiq3mgrBWnx5mfROm5bZtO7OGq2rMo4qqqMjdIIsdI5a6Ba1URcR9Iie0St60560F+1d+5i3VrRy5hD9gfb5A+rSmD8=</latexit><latexit sha1_base64="veVcErBJw8dyMO/4M5rnkKEq3w8=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIRdCMURXBZoS9IYphMJ+3QyYOZG6GELNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBjyXlLKJdYMDpIBEUhz6nfX9yXfj9Byoki6MOTBPqhngUsYARDEry9LoTYhj7fnaT245MQy+DSyu/7ww8cD29YTbNGYxlYpWkgUq0Pf3LGcYkDWkEhGMpbctMwM2wAEY4zWtOKmmCyQSPqK1ohEMq3Wz2RG4cK2VoBLFQFYExU39PZDiUchr6qrM4WS56hfifZ6cQXLgZi5IUaETmi4KUGxAbRSLGkAlKgE8VwUQwdatBxlhgAiq3mgrBWnx5mfROm5bZtO7OGq2rMo4qqqMjdIIsdI5a6Ba1URcR9Iie0St60560F+1d+5i3VrRy5hD9gfb5A+rSmD8=</latexit><latexit sha1_base64="veVcErBJw8dyMO/4M5rnkKEq3w8=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIRdCMURXBZoS9IYphMJ+3QyYOZG6GELNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBjyXlLKJdYMDpIBEUhz6nfX9yXfj9Byoki6MOTBPqhngUsYARDEry9LoTYhj7fnaT245MQy+DSyu/7ww8cD29YTbNGYxlYpWkgUq0Pf3LGcYkDWkEhGMpbctMwM2wAEY4zWtOKmmCyQSPqK1ohEMq3Wz2RG4cK2VoBLFQFYExU39PZDiUchr6qrM4WS56hfifZ6cQXLgZi5IUaETmi4KUGxAbRSLGkAlKgE8VwUQwdatBxlhgAiq3mgrBWnx5mfROm5bZtO7OGq2rMo4qqqMjdIIsdI5a6Ba1URcR9Iie0St60560F+1d+5i3VrRy5hD9gfb5A+rSmD8=</latexit><latexit sha1_base64="veVcErBJw8dyMO/4M5rnkKEq3w8=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIRdCMURXBZoS9IYphMJ+3QyYOZG6GELNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBjyXlLKJdYMDpIBEUhz6nfX9yXfj9Byoki6MOTBPqhngUsYARDEry9LoTYhj7fnaT245MQy+DSyu/7ww8cD29YTbNGYxlYpWkgUq0Pf3LGcYkDWkEhGMpbctMwM2wAEY4zWtOKmmCyQSPqK1ohEMq3Wz2RG4cK2VoBLFQFYExU39PZDiUchr6qrM4WS56hfifZ6cQXLgZi5IUaETmi4KUGxAbRSLGkAlKgE8VwUQwdatBxlhgAiq3mgrBWnx5mfROm5bZtO7OGq2rMo4qqqMjdIIsdI5a6Ba1URcR9Iie0St60560F+1d+5i3VrRy5hD9gfb5A+rSmD8=</latexit>

Each arm corresponds to a drug in the previous example



Multi Armed Bandit Problem

The arm-means 

It 2 {1, · · · ,K}
<latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit><latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit><latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit><latexit sha1_base64="RsAe1EuI2zm6jSEy2oijrCHhLDo=">AAAB/3icbVDLSsNAFJ3UV62vquDGzWARXJSSiKDLohvFTQX7gCaEyWTSDp1MwsyNUGIX/oobF4q49Tfc+TdOHwttPXDhcM693HtPkAquwba/rcLS8srqWnG9tLG5tb1T3t1r6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g4GV2O//cCU5om8h2HKvJj0JI84JWAkv3xw4wN2ucRu7lRdGiagq7fuyC9X7Jo9AV4kzoxU0AwNv/zlhgnNYiaBCqJ117FT8HKigFPBRiU30ywldEB6rGuoJDHTXj65f4SPjRLiKFGmJOCJ+nsiJ7HWwzgwnTGBvp73xuJ/XjeD6MLLuUwzYJJOF0WZwJDgcRg45IpREENDCFXc3IppnyhCwURWMiE48y8vktZpzbFrzt1ZpX45i6OIDtEROkEOOkd1dI0aqIkoekTP6BW9WU/Wi/VufUxbC9ZsZh/9gfX5A27mlRM=</latexit>

P[Xt = 1|It] = µIt
<latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit><latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit><latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit><latexit sha1_base64="UDrMzttP/YNLTanG9CIOr5HOQoc=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIoBuh6EZ3FewDmhAm00k7dPJg5kYoIR/hxl9x40IRty7c+TdO2iy09cDAmXPvYeYcPxFcgWV9G5Wl5ZXVtep6bWNza3vH3N3rqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPr4t594FJxePoHiYJc0MyjHjAKQEteeaJExIY+X7Wyvs9L4McX2IbO9oC+NYDV1+dMPUyzXPPrFsNawq8SOyS1FGJlmd+OYOYpiGLgAqiVN+2EnAzIoFTwfKakyqWEDomQ9bXNCIhU242DZXjI60McBBLfSLAU/W3IyOhUpPQ15tFBDU/K8T/Zv0Uggs341GSAovo7KEgFRhiXDSEB1wyCmKiCaGS679iOiKSUNA91nQJ9nzkRdI5bdhWw747qzevyjqq6AAdomNko3PURDeohdqIokf0jF7Rm/FkvBjvxsdstWKUnn30B8bnDycVnZs=</latexit>

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Goal - Sequentially choose arms to maximize total reward 

At each time,   
chooses an arm
receives a stochastic reward Xt 2 {0, 1}

<latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit><latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit><latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit><latexit sha1_base64="Dz5gT2OaUw0Jk+vlDA2MBq4iR4Q=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgEDxJ2RdBj0IvHCOYB2bDMTmaTIbOzy0yvEJd8iRcPinj1U7z5N04eB00saCiquunuClMpDLrut1NYW9/Y3Cpul3Z29/bLlYPDlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDv1249cG5GoBxynvBfTgRKRYBStFFTKnQCJLxTxc/fc8ydBperW3BnIKvEWpAoLNILKl99PWBZzhUxSY7qem2IvpxoFk3xS8jPDU8pGdMC7lioac9PLZ4dPyKlV+iRKtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XzTC67uVCpRlyxeaLokwSTMg0BdIXmjOUY0so08LeStiQasrQZlWyIXjLL6+S1kXNc2ve/WW1frOIowjHcAJn4MEV1OEOGtAEBhk8wyu8OU/Oi/PufMxbC85i5gj+wPn8ASxbkhw=</latexit>

initially unknown

Choosing

t 2 {1, · · · , T}
<latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit>

an agent
-

-
independent of everything else

Challenge

It = argmax{µk : k 2 {1, · · · ,K}}
<latexit sha1_base64="R/NQ2+zsLrMB3siWPuYs8xDlrq0=">AAACGXicbVBNSwMxEM36WevXqkcvwSJ4KGVXBEUQil4ULwpWhaYs2TStoUl2SWbFsvRvePGvePGgiEc9+W9M6x7U+mDg8d4MM/PiVAoLQfDpTUxOTc/MlubK8wuLS8v+yuqlTTLDeIMlMjHXMbVcCs0bIEDy69RwqmLJr+Le0dC/uuXGikRfQD/lLUW7WnQEo+CkyA9OIsAHmFDTJYreYZJjorKoh/dxDxOhnRBWCWsnYKunZEAGkV8JasEIeJyEBamgAmeR/07aCcsU18AktbYZBim0cmpAMMkHZZJZnlLWo13edFRTxW0rH302wJtOaeNOYlxpwCP150ROlbV9FbtOReHG/vWG4n9eM4POXisXOs2Aa/a9qJNJDAkexoTbwnAGsu8IZUa4WzG7oYYycGGWXQjh35fHyeV2LQxq4flOpX5YxFFC62gDbaEQ7aI6OkZnqIEYukeP6Bm9eA/ek/fqvX23TnjFzBr6Be/jC1qUnqk=</latexit><latexit sha1_base64="R/NQ2+zsLrMB3siWPuYs8xDlrq0=">AAACGXicbVBNSwMxEM36WevXqkcvwSJ4KGVXBEUQil4ULwpWhaYs2TStoUl2SWbFsvRvePGvePGgiEc9+W9M6x7U+mDg8d4MM/PiVAoLQfDpTUxOTc/MlubK8wuLS8v+yuqlTTLDeIMlMjHXMbVcCs0bIEDy69RwqmLJr+Le0dC/uuXGikRfQD/lLUW7WnQEo+CkyA9OIsAHmFDTJYreYZJjorKoh/dxDxOhnRBWCWsnYKunZEAGkV8JasEIeJyEBamgAmeR/07aCcsU18AktbYZBim0cmpAMMkHZZJZnlLWo13edFRTxW0rH302wJtOaeNOYlxpwCP150ROlbV9FbtOReHG/vWG4n9eM4POXisXOs2Aa/a9qJNJDAkexoTbwnAGsu8IZUa4WzG7oYYycGGWXQjh35fHyeV2LQxq4flOpX5YxFFC62gDbaEQ7aI6OkZnqIEYukeP6Bm9eA/ek/fqvX23TnjFzBr6Be/jC1qUnqk=</latexit><latexit sha1_base64="R/NQ2+zsLrMB3siWPuYs8xDlrq0=">AAACGXicbVBNSwMxEM36WevXqkcvwSJ4KGVXBEUQil4ULwpWhaYs2TStoUl2SWbFsvRvePGvePGgiEc9+W9M6x7U+mDg8d4MM/PiVAoLQfDpTUxOTc/MlubK8wuLS8v+yuqlTTLDeIMlMjHXMbVcCs0bIEDy69RwqmLJr+Le0dC/uuXGikRfQD/lLUW7WnQEo+CkyA9OIsAHmFDTJYreYZJjorKoh/dxDxOhnRBWCWsnYKunZEAGkV8JasEIeJyEBamgAmeR/07aCcsU18AktbYZBim0cmpAMMkHZZJZnlLWo13edFRTxW0rH302wJtOaeNOYlxpwCP150ROlbV9FbtOReHG/vWG4n9eM4POXisXOs2Aa/a9qJNJDAkexoTbwnAGsu8IZUa4WzG7oYYycGGWXQjh35fHyeV2LQxq4flOpX5YxFFC62gDbaEQ7aI6OkZnqIEYukeP6Bm9eA/ek/fqvX23TnjFzBr6Be/jC1qUnqk=</latexit><latexit sha1_base64="R/NQ2+zsLrMB3siWPuYs8xDlrq0=">AAACGXicbVBNSwMxEM36WevXqkcvwSJ4KGVXBEUQil4ULwpWhaYs2TStoUl2SWbFsvRvePGvePGgiEc9+W9M6x7U+mDg8d4MM/PiVAoLQfDpTUxOTc/MlubK8wuLS8v+yuqlTTLDeIMlMjHXMbVcCs0bIEDy69RwqmLJr+Le0dC/uuXGikRfQD/lLUW7WnQEo+CkyA9OIsAHmFDTJYreYZJjorKoh/dxDxOhnRBWCWsnYKunZEAGkV8JasEIeJyEBamgAmeR/07aCcsU18AktbYZBim0cmpAMMkHZZJZnlLWo13edFRTxW0rH302wJtOaeNOYlxpwCP150ROlbV9FbtOReHG/vWG4n9eM4POXisXOs2Aa/a9qJNJDAkexoTbwnAGsu8IZUa4WzG7oYYycGGWXQjh35fHyeV2LQxq4flOpX5YxFFC62gDbaEQ7aI6OkZnqIEYukeP6Bm9eA/ek/fqvX23TnjFzBr6Be/jC1qUnqk=</latexit>

at all times is optimal

E[
TX

t=1

Xt]
<latexit sha1_base64="veVcErBJw8dyMO/4M5rnkKEq3w8=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIRdCMURXBZoS9IYphMJ+3QyYOZG6GELNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBjyXlLKJdYMDpIBEUhz6nfX9yXfj9Byoki6MOTBPqhngUsYARDEry9LoTYhj7fnaT245MQy+DSyu/7ww8cD29YTbNGYxlYpWkgUq0Pf3LGcYkDWkEhGMpbctMwM2wAEY4zWtOKmmCyQSPqK1ohEMq3Wz2RG4cK2VoBLFQFYExU39PZDiUchr6qrM4WS56hfifZ6cQXLgZi5IUaETmi4KUGxAbRSLGkAlKgE8VwUQwdatBxlhgAiq3mgrBWnx5mfROm5bZtO7OGq2rMo4qqqMjdIIsdI5a6Ba1URcR9Iie0St60560F+1d+5i3VrRy5hD9gfb5A+rSmD8=</latexit><latexit sha1_base64="veVcErBJw8dyMO/4M5rnkKEq3w8=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIRdCMURXBZoS9IYphMJ+3QyYOZG6GELNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBjyXlLKJdYMDpIBEUhz6nfX9yXfj9Byoki6MOTBPqhngUsYARDEry9LoTYhj7fnaT245MQy+DSyu/7ww8cD29YTbNGYxlYpWkgUq0Pf3LGcYkDWkEhGMpbctMwM2wAEY4zWtOKmmCyQSPqK1ohEMq3Wz2RG4cK2VoBLFQFYExU39PZDiUchr6qrM4WS56hfifZ6cQXLgZi5IUaETmi4KUGxAbRSLGkAlKgE8VwUQwdatBxlhgAiq3mgrBWnx5mfROm5bZtO7OGq2rMo4qqqMjdIIsdI5a6Ba1URcR9Iie0St60560F+1d+5i3VrRy5hD9gfb5A+rSmD8=</latexit><latexit sha1_base64="veVcErBJw8dyMO/4M5rnkKEq3w8=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIRdCMURXBZoS9IYphMJ+3QyYOZG6GELNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBjyXlLKJdYMDpIBEUhz6nfX9yXfj9Byoki6MOTBPqhngUsYARDEry9LoTYhj7fnaT245MQy+DSyu/7ww8cD29YTbNGYxlYpWkgUq0Pf3LGcYkDWkEhGMpbctMwM2wAEY4zWtOKmmCyQSPqK1ohEMq3Wz2RG4cK2VoBLFQFYExU39PZDiUchr6qrM4WS56hfifZ6cQXLgZi5IUaETmi4KUGxAbRSLGkAlKgE8VwUQwdatBxlhgAiq3mgrBWnx5mfROm5bZtO7OGq2rMo4qqqMjdIIsdI5a6Ba1URcR9Iie0St60560F+1d+5i3VrRy5hD9gfb5A+rSmD8=</latexit><latexit sha1_base64="veVcErBJw8dyMO/4M5rnkKEq3w8=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIRdCMURXBZoS9IYphMJ+3QyYOZG6GELNz4K25cKOLWj3Dn3zhps9DWAxcO59zLvff4CWcSTPNbq6ysrq1vVDdrW9s7u3v6/kFPxqkgtEtiHouBjyXlLKJdYMDpIBEUhz6nfX9yXfj9Byoki6MOTBPqhngUsYARDEry9LoTYhj7fnaT245MQy+DSyu/7ww8cD29YTbNGYxlYpWkgUq0Pf3LGcYkDWkEhGMpbctMwM2wAEY4zWtOKmmCyQSPqK1ohEMq3Wz2RG4cK2VoBLFQFYExU39PZDiUchr6qrM4WS56hfifZ6cQXLgZi5IUaETmi4KUGxAbRSLGkAlKgE8VwUQwdatBxlhgAiq3mgrBWnx5mfROm5bZtO7OGq2rMo4qqqMjdIIsdI5a6Ba1URcR9Iie0St60560F+1d+5i3VrRy5hD9gfb5A+rSmD8=</latexit>

(µi)
K
i=1

<latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit>

Each arm corresponds to a drug in the previous example



µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Multi Armed Bandit Problem

As we play arms, can learn (µi)
K
i=1

<latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit>



µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Multi Armed Bandit Problem

As we play arms, can learn (µi)
K
i=1

<latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit>

Explore-Exploit Tradeoff

Play the arm that has been best so far

Play an arm played few times so as to see if it is goodExplore

Exploit



µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Multi Armed Bandit Problem

As we play arms, can learn (µi)
K
i=1

<latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit><latexit sha1_base64="C9Hz4UogEQC5n1AYuhZUmrij5Lo=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREBN0IRTeCmwr2AW0Mk+mkHTozCfMQauiXuHGhiFs/xZ1/47TNQlsPXDiccy/33hOljCrted9OYWV1bX2juFna2t7ZLbt7+y2VGIlJEycskZ0IKcKoIE1NNSOdVBLEI0ba0eh66rcfiVQ0Efd6nJKAo4GgMcVIWyl0y9UeNyE9CTN66U8ebkO34tW8GeAy8XNSATkaofvV6yfYcCI0Zkipru+lOsiQ1BQzMin1jCIpwiM0IF1LBeJEBdns8Ak8tkofxom0JTScqb8nMsSVGvPIdnKkh2rRm4r/eV2j44sgoyI1mgg8XxQbBnUCpynAPpUEaza2BGFJ7a0QD5FEWNusSjYEf/HlZdI6rflezb87q9Sv8jiK4BAcgSrwwTmogxvQAE2AgQHP4BW8OU/Oi/PufMxbC04+cwD+wPn8Aaufkm8=</latexit>

Explore-Exploit Tradeoff

Play the arm that has been best so far

Play an arm played few times so as to see if it is good

RT = µ⇤T � E[
TX

t=1

Xt]
<latexit sha1_base64="mYv0jdSWcwQsiQskCmAQwtsA4Uw=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCFCyJCLopFEVwWSW9QJuGyXTaDp1cmDkRSug7uPFV3LhQxK0bd76Nk7YLbf1h4OM/5zDn/H4suALL+jaWlldW19ZzG/nNre2dXXNvv66iRFJWo5GIZNMnigkeshpwEKwZS0YCX7CGP7zO6o0HJhWPQgdGMXMD0g95j1MC2vLM4r3n4DJuB0mn6OBTDQQGvp/ejFttlQReCmV73HGaHrieWbBK1kR4EewZFNBMVc/8ancjmgQsBCqIUi3bisFNiQROBRvn24liMaFD0mctjSEJmHLTyU1jfKydLu5FUr8Q8MT9PZGSQKlR4OvObGU1X8vM/2qtBHqXbsrDOAEW0ulHvURgiHAWEO5yySiIkQZCJde7YjogklDQMeZ1CPb8yYtQPyvZVsm+Oy9UrmZx5NAhOkInyEYXqIJuURXVEEWP6Bm9ojfjyXgx3o2PaeuSMZs5QH9kfP4Aw5yc3g==</latexit><latexit sha1_base64="mYv0jdSWcwQsiQskCmAQwtsA4Uw=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCFCyJCLopFEVwWSW9QJuGyXTaDp1cmDkRSug7uPFV3LhQxK0bd76Nk7YLbf1h4OM/5zDn/H4suALL+jaWlldW19ZzG/nNre2dXXNvv66iRFJWo5GIZNMnigkeshpwEKwZS0YCX7CGP7zO6o0HJhWPQgdGMXMD0g95j1MC2vLM4r3n4DJuB0mn6OBTDQQGvp/ejFttlQReCmV73HGaHrieWbBK1kR4EewZFNBMVc/8ancjmgQsBCqIUi3bisFNiQROBRvn24liMaFD0mctjSEJmHLTyU1jfKydLu5FUr8Q8MT9PZGSQKlR4OvObGU1X8vM/2qtBHqXbsrDOAEW0ulHvURgiHAWEO5yySiIkQZCJde7YjogklDQMeZ1CPb8yYtQPyvZVsm+Oy9UrmZx5NAhOkInyEYXqIJuURXVEEWP6Bm9ojfjyXgx3o2PaeuSMZs5QH9kfP4Aw5yc3g==</latexit><latexit sha1_base64="mYv0jdSWcwQsiQskCmAQwtsA4Uw=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCFCyJCLopFEVwWSW9QJuGyXTaDp1cmDkRSug7uPFV3LhQxK0bd76Nk7YLbf1h4OM/5zDn/H4suALL+jaWlldW19ZzG/nNre2dXXNvv66iRFJWo5GIZNMnigkeshpwEKwZS0YCX7CGP7zO6o0HJhWPQgdGMXMD0g95j1MC2vLM4r3n4DJuB0mn6OBTDQQGvp/ejFttlQReCmV73HGaHrieWbBK1kR4EewZFNBMVc/8ancjmgQsBCqIUi3bisFNiQROBRvn24liMaFD0mctjSEJmHLTyU1jfKydLu5FUr8Q8MT9PZGSQKlR4OvObGU1X8vM/2qtBHqXbsrDOAEW0ulHvURgiHAWEO5yySiIkQZCJde7YjogklDQMeZ1CPb8yYtQPyvZVsm+Oy9UrmZx5NAhOkInyEYXqIJuURXVEEWP6Bm9ojfjyXgx3o2PaeuSMZs5QH9kfP4Aw5yc3g==</latexit><latexit sha1_base64="mYv0jdSWcwQsiQskCmAQwtsA4Uw=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCFCyJCLopFEVwWSW9QJuGyXTaDp1cmDkRSug7uPFV3LhQxK0bd76Nk7YLbf1h4OM/5zDn/H4suALL+jaWlldW19ZzG/nNre2dXXNvv66iRFJWo5GIZNMnigkeshpwEKwZS0YCX7CGP7zO6o0HJhWPQgdGMXMD0g95j1MC2vLM4r3n4DJuB0mn6OBTDQQGvp/ejFttlQReCmV73HGaHrieWbBK1kR4EewZFNBMVc/8ancjmgQsBCqIUi3bisFNiQROBRvn24liMaFD0mctjSEJmHLTyU1jfKydLu5FUr8Q8MT9PZGSQKlR4OvObGU1X8vM/2qtBHqXbsrDOAEW0ulHvURgiHAWEO5yySiIkQZCJde7YjogklDQMeZ1CPb8yYtQPyvZVsm+Oy9UrmZx5NAhOkInyEYXqIJuURXVEEWP6Bm9ojfjyXgx3o2PaeuSMZs5QH9kfP4Aw5yc3g==</latexit>

Performance Metric - Regret

µ⇤ = max{µ1, · · · , µK}
<latexit sha1_base64="pZT9EKOI0NkOhkkDXzSnSiXWfPE=">AAACDHicbVDLSgMxFM3UV62vqks3wSKIlDIjgm6EohvBTQX7gM5YMplMG5pkhiQjlqEf4MZfceNCEbd+gDv/xkw7C209EDj3nHu5ucePGVXatr+twsLi0vJKcbW0tr6xuVXe3mmpKJGYNHHEItnxkSKMCtLUVDPSiSVB3Gek7Q8vM799T6SikbjVo5h4HPUFDSlG2ki9csXlyd0RPIcuRw/QTU3Zc6ouDiKtqllx7Y5Nl12zJ4DzxMlJBeRo9MpfbhDhhBOhMUNKdR071l6KpKaYkXHJTRSJER6iPukaKhAnyksnx4zhgVECGEbSPKHhRP09kSKu1Ij7ppMjPVCzXib+53UTHZ55KRVxoonA00VhwqCOYJYMDKgkWLORIQhLav4K8QBJhLXJr2RCcGZPniet45pj15ybk0r9Io+jCPbAPjgEDjgFdXAFGqAJMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/AHomJpF</latexit><latexit sha1_base64="pZT9EKOI0NkOhkkDXzSnSiXWfPE=">AAACDHicbVDLSgMxFM3UV62vqks3wSKIlDIjgm6EohvBTQX7gM5YMplMG5pkhiQjlqEf4MZfceNCEbd+gDv/xkw7C209EDj3nHu5ucePGVXatr+twsLi0vJKcbW0tr6xuVXe3mmpKJGYNHHEItnxkSKMCtLUVDPSiSVB3Gek7Q8vM799T6SikbjVo5h4HPUFDSlG2ki9csXlyd0RPIcuRw/QTU3Zc6ouDiKtqllx7Y5Nl12zJ4DzxMlJBeRo9MpfbhDhhBOhMUNKdR071l6KpKaYkXHJTRSJER6iPukaKhAnyksnx4zhgVECGEbSPKHhRP09kSKu1Ij7ppMjPVCzXib+53UTHZ55KRVxoonA00VhwqCOYJYMDKgkWLORIQhLav4K8QBJhLXJr2RCcGZPniet45pj15ybk0r9Io+jCPbAPjgEDjgFdXAFGqAJMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/AHomJpF</latexit><latexit sha1_base64="pZT9EKOI0NkOhkkDXzSnSiXWfPE=">AAACDHicbVDLSgMxFM3UV62vqks3wSKIlDIjgm6EohvBTQX7gM5YMplMG5pkhiQjlqEf4MZfceNCEbd+gDv/xkw7C209EDj3nHu5ucePGVXatr+twsLi0vJKcbW0tr6xuVXe3mmpKJGYNHHEItnxkSKMCtLUVDPSiSVB3Gek7Q8vM799T6SikbjVo5h4HPUFDSlG2ki9csXlyd0RPIcuRw/QTU3Zc6ouDiKtqllx7Y5Nl12zJ4DzxMlJBeRo9MpfbhDhhBOhMUNKdR071l6KpKaYkXHJTRSJER6iPukaKhAnyksnx4zhgVECGEbSPKHhRP09kSKu1Ij7ppMjPVCzXib+53UTHZ55KRVxoonA00VhwqCOYJYMDKgkWLORIQhLav4K8QBJhLXJr2RCcGZPniet45pj15ybk0r9Io+jCPbAPjgEDjgFdXAFGqAJMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/AHomJpF</latexit><latexit sha1_base64="pZT9EKOI0NkOhkkDXzSnSiXWfPE=">AAACDHicbVDLSgMxFM3UV62vqks3wSKIlDIjgm6EohvBTQX7gM5YMplMG5pkhiQjlqEf4MZfceNCEbd+gDv/xkw7C209EDj3nHu5ucePGVXatr+twsLi0vJKcbW0tr6xuVXe3mmpKJGYNHHEItnxkSKMCtLUVDPSiSVB3Gek7Q8vM799T6SikbjVo5h4HPUFDSlG2ki9csXlyd0RPIcuRw/QTU3Zc6ouDiKtqllx7Y5Nl12zJ4DzxMlJBeRo9MpfbhDhhBOhMUNKdR071l6KpKaYkXHJTRSJER6iPukaKhAnyksnx4zhgVECGEbSPKHhRP09kSKu1Ij7ppMjPVCzXib+53UTHZ55KRVxoonA00VhwqCOYJYMDKgkWLORIQhLav4K8QBJhLXJr2RCcGZPniet45pj15ybk0r9Io+jCPbAPjgEDjgFdXAFGqAJMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/AHomJpF</latexit>

How much loss due to lack of knowledge ? 

Explore

Exploit



Multi Armed Bandit Problem
µ1

<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Modern Day Applications

Which among the set of ads to display for a particular key-word

On which route of the network to route packets to meet delay constraints 

Internet Advertising

Packet Routing in Networks

Recommendation Engines
Which category of items to recommend to a user



Multi Armed Bandit Problem

Lower Bound

1 � µ1 > µ2 · · · � µK
<latexit sha1_base64="qXGObQFTHVfFfW4FGvTyqEINvbs=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqQIupKiG8FNBfuAzjBkMpk2NJkZk4xQSv/Ajb/ixoUibt26829MpwNq64HLPZxzL8k9QcqZ0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZJLRJEp7IToAV5SymTc00p51UUiwCTtvB4HLit++pVCyJb/UwpZ7AvZhFjGBtJN8+QtDt0TvoisxH8DzvNeiSMNHqx7n27YpTdXLAeYIKUgEFGr796YYJyQSNNeFYqS5yUu2NsNSMcDouu5miKSYD3KNdQ2MsqPJG+T1jeGiUEEaJNBVrmKu/N0ZYKDUUgZkUWPfVrDcR//O6mY7OvBGL00zTmEwfijIOdQIn4cCQSUo0HxqCiWTmr5D0scREmwjLJgQ0e/I8adWqyKmim5NK/aKIowT2wQE4Bgicgjq4Ag3QBAQ8gCfwAl6tR+vZerPep6MLVrGzB/7A+vgG0/6apg==</latexit><latexit sha1_base64="qXGObQFTHVfFfW4FGvTyqEINvbs=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqQIupKiG8FNBfuAzjBkMpk2NJkZk4xQSv/Ajb/ixoUibt26829MpwNq64HLPZxzL8k9QcqZ0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZJLRJEp7IToAV5SymTc00p51UUiwCTtvB4HLit++pVCyJb/UwpZ7AvZhFjGBtJN8+QtDt0TvoisxH8DzvNeiSMNHqx7n27YpTdXLAeYIKUgEFGr796YYJyQSNNeFYqS5yUu2NsNSMcDouu5miKSYD3KNdQ2MsqPJG+T1jeGiUEEaJNBVrmKu/N0ZYKDUUgZkUWPfVrDcR//O6mY7OvBGL00zTmEwfijIOdQIn4cCQSUo0HxqCiWTmr5D0scREmwjLJgQ0e/I8adWqyKmim5NK/aKIowT2wQE4Bgicgjq4Ag3QBAQ8gCfwAl6tR+vZerPep6MLVrGzB/7A+vgG0/6apg==</latexit><latexit sha1_base64="qXGObQFTHVfFfW4FGvTyqEINvbs=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqQIupKiG8FNBfuAzjBkMpk2NJkZk4xQSv/Ajb/ixoUibt26829MpwNq64HLPZxzL8k9QcqZ0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZJLRJEp7IToAV5SymTc00p51UUiwCTtvB4HLit++pVCyJb/UwpZ7AvZhFjGBtJN8+QtDt0TvoisxH8DzvNeiSMNHqx7n27YpTdXLAeYIKUgEFGr796YYJyQSNNeFYqS5yUu2NsNSMcDouu5miKSYD3KNdQ2MsqPJG+T1jeGiUEEaJNBVrmKu/N0ZYKDUUgZkUWPfVrDcR//O6mY7OvBGL00zTmEwfijIOdQIn4cCQSUo0HxqCiWTmr5D0scREmwjLJgQ0e/I8adWqyKmim5NK/aKIowT2wQE4Bgicgjq4Ag3QBAQ8gCfwAl6tR+vZerPep6MLVrGzB/7A+vgG0/6apg==</latexit><latexit sha1_base64="qXGObQFTHVfFfW4FGvTyqEINvbs=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqQIupKiG8FNBfuAzjBkMpk2NJkZk4xQSv/Ajb/ixoUibt26829MpwNq64HLPZxzL8k9QcqZ0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZJLRJEp7IToAV5SymTc00p51UUiwCTtvB4HLit++pVCyJb/UwpZ7AvZhFjGBtJN8+QtDt0TvoisxH8DzvNeiSMNHqx7n27YpTdXLAeYIKUgEFGr796YYJyQSNNeFYqS5yUu2NsNSMcDouu5miKSYD3KNdQ2MsqPJG+T1jeGiUEEaJNBVrmKu/N0ZYKDUUgZkUWPfVrDcR//O6mY7OvBGL00zTmEwfijIOdQIn4cCQSUo0HxqCiWTmr5D0scREmwjLJgQ0e/I8adWqyKmim5NK/aKIowT2wQE4Bgicgjq4Ag3QBAQ8gCfwAl6tR+vZerPep6MLVrGzB/7A+vgG0/6apg==</latexit>

�i := µ1 � µi
<latexit sha1_base64="qKEw14yGJ1CcsDCnLG9OCCfVoZU=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZERRBKOrCZQX7gM4wZNJMG5pkhiQjlKG48VfcuFDErV/hzr8xnc5CWw9c7uGce0nuCRNGlXacb6u0sLi0vFJeraytb2xu2ds7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fXEbz8QqWgs7vUoIT5HfUEjipE2UmDveTeEaRRQeHEJPZ4GLjzOOw3sqlNzcsB54hakCgo0AvvL68U45URozJBSXddJtJ8hqSlmZFzxUkUShIeoT7qGCsSJ8rP8hDE8NEoPRrE0JTTM1d8bGeJKjXhoJjnSAzXrTcT/vG6qo3M/oyJJNRF4+lCUMqhjOMkD9qgkWLORIQhLav4K8QBJhLVJrWJCcGdPnietk5rr1Ny702r9qoijDPbBATgCLjgDdXALGqAJMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGsXpWr</latexit><latexit sha1_base64="qKEw14yGJ1CcsDCnLG9OCCfVoZU=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZERRBKOrCZQX7gM4wZNJMG5pkhiQjlKG48VfcuFDErV/hzr8xnc5CWw9c7uGce0nuCRNGlXacb6u0sLi0vFJeraytb2xu2ds7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fXEbz8QqWgs7vUoIT5HfUEjipE2UmDveTeEaRRQeHEJPZ4GLjzOOw3sqlNzcsB54hakCgo0AvvL68U45URozJBSXddJtJ8hqSlmZFzxUkUShIeoT7qGCsSJ8rP8hDE8NEoPRrE0JTTM1d8bGeJKjXhoJjnSAzXrTcT/vG6qo3M/oyJJNRF4+lCUMqhjOMkD9qgkWLORIQhLav4K8QBJhLVJrWJCcGdPnietk5rr1Ny702r9qoijDPbBATgCLjgDdXALGqAJMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGsXpWr</latexit><latexit sha1_base64="qKEw14yGJ1CcsDCnLG9OCCfVoZU=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZERRBKOrCZQX7gM4wZNJMG5pkhiQjlKG48VfcuFDErV/hzr8xnc5CWw9c7uGce0nuCRNGlXacb6u0sLi0vFJeraytb2xu2ds7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fXEbz8QqWgs7vUoIT5HfUEjipE2UmDveTeEaRRQeHEJPZ4GLjzOOw3sqlNzcsB54hakCgo0AvvL68U45URozJBSXddJtJ8hqSlmZFzxUkUShIeoT7qGCsSJ8rP8hDE8NEoPRrE0JTTM1d8bGeJKjXhoJjnSAzXrTcT/vG6qo3M/oyJJNRF4+lCUMqhjOMkD9qgkWLORIQhLav4K8QBJhLVJrWJCcGdPnietk5rr1Ny702r9qoijDPbBATgCLjgDdXALGqAJMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGsXpWr</latexit><latexit sha1_base64="qKEw14yGJ1CcsDCnLG9OCCfVoZU=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZERRBKOrCZQX7gM4wZNJMG5pkhiQjlKG48VfcuFDErV/hzr8xnc5CWw9c7uGce0nuCRNGlXacb6u0sLi0vFJeraytb2xu2ds7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fXEbz8QqWgs7vUoIT5HfUEjipE2UmDveTeEaRRQeHEJPZ4GLjzOOw3sqlNzcsB54hakCgo0AvvL68U45URozJBSXddJtJ8hqSlmZFzxUkUShIeoT7qGCsSJ8rP8hDE8NEoPRrE0JTTM1d8bGeJKjXhoJjnSAzXrTcT/vG6qo3M/oyJJNRF4+lCUMqhjOMkD9qgkWLORIQhLav4K8QBJhLVJrWJCcGdPnietk5rr1Ny702r9qoijDPbBATgCLjgDdXALGqAJMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGsXpWr</latexit>

Suppose Arm Gap

Under any “reasonable” strategy, any sub-optimal arm j
<latexit sha1_base64="ZWjNcMiz+uBSzqx4zTSwhbdYbVE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/0j65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACbejRg=</latexit><latexit sha1_base64="ZWjNcMiz+uBSzqx4zTSwhbdYbVE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/0j65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACbejRg=</latexit><latexit sha1_base64="ZWjNcMiz+uBSzqx4zTSwhbdYbVE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/0j65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACbejRg=</latexit><latexit sha1_base64="ZWjNcMiz+uBSzqx4zTSwhbdYbVE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/0j65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACbejRg=</latexit>

, will be played

at-least times, on average

[Lai and Robbins ’85]

.

Unreasonable strategy example - Always pull arm 3

E[Nk(T )] �
log(T )

kl(µj , µ1)
<latexit sha1_base64="XLL3O9PD0wuweRkFq1hNZuLE57Y="></latexit><latexit sha1_base64="XLL3O9PD0wuweRkFq1hNZuLE57Y="></latexit><latexit sha1_base64="XLL3O9PD0wuweRkFq1hNZuLE57Y="></latexit><latexit sha1_base64="XLL3O9PD0wuweRkFq1hNZuLE57Y="></latexit>



Multi Armed Bandit Problem
1 � µ1 > µ2 · · · � µK

<latexit sha1_base64="qXGObQFTHVfFfW4FGvTyqEINvbs=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqQIupKiG8FNBfuAzjBkMpk2NJkZk4xQSv/Ajb/ixoUibt26829MpwNq64HLPZxzL8k9QcqZ0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZJLRJEp7IToAV5SymTc00p51UUiwCTtvB4HLit++pVCyJb/UwpZ7AvZhFjGBtJN8+QtDt0TvoisxH8DzvNeiSMNHqx7n27YpTdXLAeYIKUgEFGr796YYJyQSNNeFYqS5yUu2NsNSMcDouu5miKSYD3KNdQ2MsqPJG+T1jeGiUEEaJNBVrmKu/N0ZYKDUUgZkUWPfVrDcR//O6mY7OvBGL00zTmEwfijIOdQIn4cCQSUo0HxqCiWTmr5D0scREmwjLJgQ0e/I8adWqyKmim5NK/aKIowT2wQE4Bgicgjq4Ag3QBAQ8gCfwAl6tR+vZerPep6MLVrGzB/7A+vgG0/6apg==</latexit><latexit sha1_base64="qXGObQFTHVfFfW4FGvTyqEINvbs=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqQIupKiG8FNBfuAzjBkMpk2NJkZk4xQSv/Ajb/ixoUibt26829MpwNq64HLPZxzL8k9QcqZ0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZJLRJEp7IToAV5SymTc00p51UUiwCTtvB4HLit++pVCyJb/UwpZ7AvZhFjGBtJN8+QtDt0TvoisxH8DzvNeiSMNHqx7n27YpTdXLAeYIKUgEFGr796YYJyQSNNeFYqS5yUu2NsNSMcDouu5miKSYD3KNdQ2MsqPJG+T1jeGiUEEaJNBVrmKu/N0ZYKDUUgZkUWPfVrDcR//O6mY7OvBGL00zTmEwfijIOdQIn4cCQSUo0HxqCiWTmr5D0scREmwjLJgQ0e/I8adWqyKmim5NK/aKIowT2wQE4Bgicgjq4Ag3QBAQ8gCfwAl6tR+vZerPep6MLVrGzB/7A+vgG0/6apg==</latexit><latexit sha1_base64="qXGObQFTHVfFfW4FGvTyqEINvbs=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqQIupKiG8FNBfuAzjBkMpk2NJkZk4xQSv/Ajb/ixoUibt26829MpwNq64HLPZxzL8k9QcqZ0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZJLRJEp7IToAV5SymTc00p51UUiwCTtvB4HLit++pVCyJb/UwpZ7AvZhFjGBtJN8+QtDt0TvoisxH8DzvNeiSMNHqx7n27YpTdXLAeYIKUgEFGr796YYJyQSNNeFYqS5yUu2NsNSMcDouu5miKSYD3KNdQ2MsqPJG+T1jeGiUEEaJNBVrmKu/N0ZYKDUUgZkUWPfVrDcR//O6mY7OvBGL00zTmEwfijIOdQIn4cCQSUo0HxqCiWTmr5D0scREmwjLJgQ0e/I8adWqyKmim5NK/aKIowT2wQE4Bgicgjq4Ag3QBAQ8gCfwAl6tR+vZerPep6MLVrGzB/7A+vgG0/6apg==</latexit><latexit sha1_base64="qXGObQFTHVfFfW4FGvTyqEINvbs=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyqQIupKiG8FNBfuAzjBkMpk2NJkZk4xQSv/Ajb/ixoUibt26829MpwNq64HLPZxzL8k9QcqZ0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZJLRJEp7IToAV5SymTc00p51UUiwCTtvB4HLit++pVCyJb/UwpZ7AvZhFjGBtJN8+QtDt0TvoisxH8DzvNeiSMNHqx7n27YpTdXLAeYIKUgEFGr796YYJyQSNNeFYqS5yUu2NsNSMcDouu5miKSYD3KNdQ2MsqPJG+T1jeGiUEEaJNBVrmKu/N0ZYKDUUgZkUWPfVrDcR//O6mY7OvBGL00zTmEwfijIOdQIn4cCQSUo0HxqCiWTmr5D0scREmwjLJgQ0e/I8adWqyKmim5NK/aKIowT2wQE4Bgicgjq4Ag3QBAQ8gCfwAl6tR+vZerPep6MLVrGzB/7A+vgG0/6apg==</latexit>

�i := µ1 � µi
<latexit sha1_base64="qKEw14yGJ1CcsDCnLG9OCCfVoZU=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZERRBKOrCZQX7gM4wZNJMG5pkhiQjlKG48VfcuFDErV/hzr8xnc5CWw9c7uGce0nuCRNGlXacb6u0sLi0vFJeraytb2xu2ds7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fXEbz8QqWgs7vUoIT5HfUEjipE2UmDveTeEaRRQeHEJPZ4GLjzOOw3sqlNzcsB54hakCgo0AvvL68U45URozJBSXddJtJ8hqSlmZFzxUkUShIeoT7qGCsSJ8rP8hDE8NEoPRrE0JTTM1d8bGeJKjXhoJjnSAzXrTcT/vG6qo3M/oyJJNRF4+lCUMqhjOMkD9qgkWLORIQhLav4K8QBJhLVJrWJCcGdPnietk5rr1Ny702r9qoijDPbBATgCLjgDdXALGqAJMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGsXpWr</latexit><latexit sha1_base64="qKEw14yGJ1CcsDCnLG9OCCfVoZU=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZERRBKOrCZQX7gM4wZNJMG5pkhiQjlKG48VfcuFDErV/hzr8xnc5CWw9c7uGce0nuCRNGlXacb6u0sLi0vFJeraytb2xu2ds7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fXEbz8QqWgs7vUoIT5HfUEjipE2UmDveTeEaRRQeHEJPZ4GLjzOOw3sqlNzcsB54hakCgo0AvvL68U45URozJBSXddJtJ8hqSlmZFzxUkUShIeoT7qGCsSJ8rP8hDE8NEoPRrE0JTTM1d8bGeJKjXhoJjnSAzXrTcT/vG6qo3M/oyJJNRF4+lCUMqhjOMkD9qgkWLORIQhLav4K8QBJhLVJrWJCcGdPnietk5rr1Ny702r9qoijDPbBATgCLjgDdXALGqAJMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGsXpWr</latexit><latexit sha1_base64="qKEw14yGJ1CcsDCnLG9OCCfVoZU=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZERRBKOrCZQX7gM4wZNJMG5pkhiQjlKG48VfcuFDErV/hzr8xnc5CWw9c7uGce0nuCRNGlXacb6u0sLi0vFJeraytb2xu2ds7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fXEbz8QqWgs7vUoIT5HfUEjipE2UmDveTeEaRRQeHEJPZ4GLjzOOw3sqlNzcsB54hakCgo0AvvL68U45URozJBSXddJtJ8hqSlmZFzxUkUShIeoT7qGCsSJ8rP8hDE8NEoPRrE0JTTM1d8bGeJKjXhoJjnSAzXrTcT/vG6qo3M/oyJJNRF4+lCUMqhjOMkD9qgkWLORIQhLav4K8QBJhLVJrWJCcGdPnietk5rr1Ny702r9qoijDPbBATgCLjgDdXALGqAJMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGsXpWr</latexit><latexit sha1_base64="qKEw14yGJ1CcsDCnLG9OCCfVoZU=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZERRBKOrCZQX7gM4wZNJMG5pkhiQjlKG48VfcuFDErV/hzr8xnc5CWw9c7uGce0nuCRNGlXacb6u0sLi0vFJeraytb2xu2ds7LRWnEpMmjlksOyFShFFBmppqRjqJJIiHjLTD4fXEbz8QqWgs7vUoIT5HfUEjipE2UmDveTeEaRRQeHEJPZ4GLjzOOw3sqlNzcsB54hakCgo0AvvL68U45URozJBSXddJtJ8hqSlmZFzxUkUShIeoT7qGCsSJ8rP8hDE8NEoPRrE0JTTM1d8bGeJKjXhoJjnSAzXrTcT/vG6qo3M/oyJJNRF4+lCUMqhjOMkD9qgkWLORIQhLav4K8QBJhLVJrWJCcGdPnietk5rr1Ny702r9qoijDPbBATgCLjgDdXALGqAJMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGsXpWr</latexit>

Suppose Arm Gap

KL(µj , µ1) � 2�2
j

<latexit sha1_base64="YtnaQ/rP4eayYIbkQghJXbhO+Is=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GIIGE3CFoGtRC0iGAekF2X2clNMsnsw5lZIYS0Nv6KjYUitv6BnX/jJNlCEw/cy+Gce5m5x485k8qyvo3MwuLS8kp2Nbe2vrG5ZW7v1GSUCApVGvFINHwigbMQqoopDo1YAAl8DnW/fz726w8gJIvCWzWIwQ1IJ2RtRonSkmfiq+uCEyRe72jc7UPsdOAel5wL4Ip4vbuSZ+atojUBnid2SvIoRcUzv5xWRJMAQkU5kbJpW7Fyh0QoRjmMck4iISa0TzrQ1DQkAUh3OLlkhA+00sLtSOgKFZ6ovzeGJJByEPh6MiCqK2e9sfif10xU+9QdsjBOFIR0+lA74VhFeBwLbjEBVPGBJoQKpv+KaZcIQpUOL6dDsGdPnie1UtG2ivbNcb58lsaRRXtoHxWQjU5QGV2iCqoiih7RM3pFb8aT8WK8Gx/T0YyR7uyiPzA+fwDPPZh+</latexit><latexit sha1_base64="YtnaQ/rP4eayYIbkQghJXbhO+Is=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GIIGE3CFoGtRC0iGAekF2X2clNMsnsw5lZIYS0Nv6KjYUitv6BnX/jJNlCEw/cy+Gce5m5x485k8qyvo3MwuLS8kp2Nbe2vrG5ZW7v1GSUCApVGvFINHwigbMQqoopDo1YAAl8DnW/fz726w8gJIvCWzWIwQ1IJ2RtRonSkmfiq+uCEyRe72jc7UPsdOAel5wL4Ip4vbuSZ+atojUBnid2SvIoRcUzv5xWRJMAQkU5kbJpW7Fyh0QoRjmMck4iISa0TzrQ1DQkAUh3OLlkhA+00sLtSOgKFZ6ovzeGJJByEPh6MiCqK2e9sfif10xU+9QdsjBOFIR0+lA74VhFeBwLbjEBVPGBJoQKpv+KaZcIQpUOL6dDsGdPnie1UtG2ivbNcb58lsaRRXtoHxWQjU5QGV2iCqoiih7RM3pFb8aT8WK8Gx/T0YyR7uyiPzA+fwDPPZh+</latexit><latexit sha1_base64="YtnaQ/rP4eayYIbkQghJXbhO+Is=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GIIGE3CFoGtRC0iGAekF2X2clNMsnsw5lZIYS0Nv6KjYUitv6BnX/jJNlCEw/cy+Gce5m5x485k8qyvo3MwuLS8kp2Nbe2vrG5ZW7v1GSUCApVGvFINHwigbMQqoopDo1YAAl8DnW/fz726w8gJIvCWzWIwQ1IJ2RtRonSkmfiq+uCEyRe72jc7UPsdOAel5wL4Ip4vbuSZ+atojUBnid2SvIoRcUzv5xWRJMAQkU5kbJpW7Fyh0QoRjmMck4iISa0TzrQ1DQkAUh3OLlkhA+00sLtSOgKFZ6ovzeGJJByEPh6MiCqK2e9sfif10xU+9QdsjBOFIR0+lA74VhFeBwLbjEBVPGBJoQKpv+KaZcIQpUOL6dDsGdPnie1UtG2ivbNcb58lsaRRXtoHxWQjU5QGV2iCqoiih7RM3pFb8aT8WK8Gx/T0YyR7uyiPzA+fwDPPZh+</latexit><latexit sha1_base64="YtnaQ/rP4eayYIbkQghJXbhO+Is=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GIIGE3CFoGtRC0iGAekF2X2clNMsnsw5lZIYS0Nv6KjYUitv6BnX/jJNlCEw/cy+Gce5m5x485k8qyvo3MwuLS8kp2Nbe2vrG5ZW7v1GSUCApVGvFINHwigbMQqoopDo1YAAl8DnW/fz726w8gJIvCWzWIwQ1IJ2RtRonSkmfiq+uCEyRe72jc7UPsdOAel5wL4Ip4vbuSZ+atojUBnid2SvIoRcUzv5xWRJMAQkU5kbJpW7Fyh0QoRjmMck4iISa0TzrQ1DQkAUh3OLlkhA+00sLtSOgKFZ6ovzeGJJByEPh6MiCqK2e9sfif10xU+9QdsjBOFIR0+lA74VhFeBwLbjEBVPGBJoQKpv+KaZcIQpUOL6dDsGdPnie1UtG2ivbNcb58lsaRRXtoHxWQjU5QGV2iCqoiih7RM3pFb8aT8WK8Gx/T0YyR7uyiPzA+fwDPPZh+</latexit>

RT � ⌦

 
KX
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log(T )
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<latexit sha1_base64="Y7tI1aHfsibEKZkvixktVbBf2rU="></latexit><latexit sha1_base64="Y7tI1aHfsibEKZkvixktVbBf2rU="></latexit><latexit sha1_base64="Y7tI1aHfsibEKZkvixktVbBf2rU="></latexit><latexit sha1_base64="Y7tI1aHfsibEKZkvixktVbBf2rU="></latexit>

Corollary

RT =
KX

k=2

�kE[Nk(T )],
<latexit sha1_base64="A6fLB2e2hfr54CNlcOwIoHGbqa0="></latexit><latexit sha1_base64="A6fLB2e2hfr54CNlcOwIoHGbqa0="></latexit><latexit sha1_base64="A6fLB2e2hfr54CNlcOwIoHGbqa0="></latexit><latexit sha1_base64="A6fLB2e2hfr54CNlcOwIoHGbqa0="></latexit>

Proof

Unreasonable strategy example - Always pull arm 3

Logarithmic Regret is unavoidable.

Lower Bound
Under any “reasonable” strategy, any sub-optimal arm j

<latexit sha1_base64="ZWjNcMiz+uBSzqx4zTSwhbdYbVE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/0j65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACbejRg=</latexit><latexit sha1_base64="ZWjNcMiz+uBSzqx4zTSwhbdYbVE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/0j65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACbejRg=</latexit><latexit sha1_base64="ZWjNcMiz+uBSzqx4zTSwhbdYbVE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/0j65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACbejRg=</latexit><latexit sha1_base64="ZWjNcMiz+uBSzqx4zTSwhbdYbVE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/0j65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACbejRg=</latexit>

, will be played

at-least times, on average

[Lai and Robbins ’85]

.E[Nk(T )] �
log(T )

kl(µj , µ1)
<latexit sha1_base64="XLL3O9PD0wuweRkFq1hNZuLE57Y="></latexit><latexit sha1_base64="XLL3O9PD0wuweRkFq1hNZuLE57Y="></latexit><latexit sha1_base64="XLL3O9PD0wuweRkFq1hNZuLE57Y="></latexit><latexit sha1_base64="XLL3O9PD0wuweRkFq1hNZuLE57Y="></latexit>



Multi Armed Bandit Problem
UCB Algorithm [Auer et.al. ’02]

It 2 argmax
k

 
bµk(t� 1) +

s
4↵ log(t)

Nk(t� 1)

!

<latexit sha1_base64="NZDYqFYSJfMNf6P4YM8sI17GFBw="></latexit><latexit sha1_base64="NZDYqFYSJfMNf6P4YM8sI17GFBw="></latexit><latexit sha1_base64="NZDYqFYSJfMNf6P4YM8sI17GFBw="></latexit><latexit sha1_base64="NZDYqFYSJfMNf6P4YM8sI17GFBw="></latexit>

At time t, choose arm

bµk(t� 1)
<latexit sha1_base64="L9aEMVq8CZOiMW48mWrguyHcirM=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPVgSEfRY9OKxgv2AJoTNZtsu3U3C7kQpoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5INBM8Zk3gIFgnVYzIULB2OLyZ+O0HpjRP4nsYpcyXpB/zHqcEjBTYh94jj9iAQO7JbBwMq3DmnuLArjg1Zwq8SNyCVFCBRmB/eVFCM8lioIJo3XWdFPycKOBUsHHZyzRLCR2SPusaGhPJtJ9Pzx/jE6NEuJcoUzHgqfp7IidS65EMTackMNDz3kT8z+tm0Lvycx6nGbCYzhb1MoEhwZMscMQVoyBGhhCquLkV0wFRhIJJrGxCcOdfXiSt85rr1Ny7i0r9uoijhI7QMaoiF12iOrpFDdREFOXoGb2iN+vJerHerY9Z65JVzBygP7A+fwBG8pUC</latexit><latexit sha1_base64="L9aEMVq8CZOiMW48mWrguyHcirM=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPVgSEfRY9OKxgv2AJoTNZtsu3U3C7kQpoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5INBM8Zk3gIFgnVYzIULB2OLyZ+O0HpjRP4nsYpcyXpB/zHqcEjBTYh94jj9iAQO7JbBwMq3DmnuLArjg1Zwq8SNyCVFCBRmB/eVFCM8lioIJo3XWdFPycKOBUsHHZyzRLCR2SPusaGhPJtJ9Pzx/jE6NEuJcoUzHgqfp7IidS65EMTackMNDz3kT8z+tm0Lvycx6nGbCYzhb1MoEhwZMscMQVoyBGhhCquLkV0wFRhIJJrGxCcOdfXiSt85rr1Ny7i0r9uoijhI7QMaoiF12iOrpFDdREFOXoGb2iN+vJerHerY9Z65JVzBygP7A+fwBG8pUC</latexit><latexit sha1_base64="L9aEMVq8CZOiMW48mWrguyHcirM=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPVgSEfRY9OKxgv2AJoTNZtsu3U3C7kQpoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5INBM8Zk3gIFgnVYzIULB2OLyZ+O0HpjRP4nsYpcyXpB/zHqcEjBTYh94jj9iAQO7JbBwMq3DmnuLArjg1Zwq8SNyCVFCBRmB/eVFCM8lioIJo3XWdFPycKOBUsHHZyzRLCR2SPusaGhPJtJ9Pzx/jE6NEuJcoUzHgqfp7IidS65EMTackMNDz3kT8z+tm0Lvycx6nGbCYzhb1MoEhwZMscMQVoyBGhhCquLkV0wFRhIJJrGxCcOdfXiSt85rr1Ny7i0r9uoijhI7QMaoiF12iOrpFDdREFOXoGb2iN+vJerHerY9Z65JVzBygP7A+fwBG8pUC</latexit><latexit sha1_base64="L9aEMVq8CZOiMW48mWrguyHcirM=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPVgSEfRY9OKxgv2AJoTNZtsu3U3C7kQpoeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88JUcA2O820tLa+srq2XNsqbW9s7u/befksnmaKsSRORqE5INBM8Zk3gIFgnVYzIULB2OLyZ+O0HpjRP4nsYpcyXpB/zHqcEjBTYh94jj9iAQO7JbBwMq3DmnuLArjg1Zwq8SNyCVFCBRmB/eVFCM8lioIJo3XWdFPycKOBUsHHZyzRLCR2SPusaGhPJtJ9Pzx/jE6NEuJcoUzHgqfp7IidS65EMTackMNDz3kT8z+tm0Lvycx6nGbCYzhb1MoEhwZMscMQVoyBGhhCquLkV0wFRhIJJrGxCcOdfXiSt85rr1Ny7i0r9uoijhI7QMaoiF12iOrpFDdREFOXoGb2iN+vJerHerY9Z65JVzBygP7A+fwBG8pUC</latexit>

Empirical Observed Mean of arm k at time t-1

RT 
 

KX

k=2

4↵

�k

!
log(T ) +K

⇡2

3
<latexit sha1_base64="RJ+Ibeok7AVTZb1ZY0v+iwUZGI4="></latexit><latexit sha1_base64="RJ+Ibeok7AVTZb1ZY0v+iwUZGI4="></latexit><latexit sha1_base64="RJ+Ibeok7AVTZb1ZY0v+iwUZGI4="></latexit><latexit sha1_base64="RJ+Ibeok7AVTZb1ZY0v+iwUZGI4="></latexit>

Theorem

Matches lower bound unto constants.

The right explore-exploit tradeoff !



Multi Agent Setup

What if multiple agents play the same MAB instance  ?


Can they collaborate and jointly reduce their individual regret ?

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>



Multi Agent Setup - Motivation

Ad 1

Ad 2

Ad K

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

One server is serving ads for a fixed keyword 
At each search request, server can choose to display one ad

Choice of an arm to pull

At the end, receives a stochastic reward
Goal is to maximize revenue (minimize regret) 



Multi Agent Setup - Motivation

Ad 1

Ad 2

Ad K

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Multiple servers serving ads for a fixed keyword 

Each server chooses to display one ad when routed to it.
Each search request, routed to a server 



Multi Agent Setup - Motivation

Ad 1

Ad 2

Ad K

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Multiple servers serving ads for a fixed keyword 

Each server chooses to display one ad when routed to it.

Servers can potentially collaborate and learn from each other’s experience.

Each search request, routed to a server 

Managed by the same company



Multi Agent Setup - Motivation
At each time, every server makes a decision from K alternatives

Large volume of search queries

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>



Multi Agent Setup - Motivation
At each time, every server makes a decision from K alternatives

Large volume of search queries

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

1. No Communication - 

        Each server learns on its own from its own mistakes

Individual Server Regret - 

Communication Resources - 0
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<latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit><latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit><latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit><latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit>



Multi Agent Setup - Motivation
At each time, every server makes a decision from K alternatives

1. No Communication - 

        Each server learns on its own from its own mistakes

Individual Server Regret - 

2. Full Interaction - 

        Each server broadcasts its action and reward to all servers after every decision

Communication Resources - 0

Individual Server Regret - 

Communication Resources - T broadcasts per agent !

Large volume of search queries
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<latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit><latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit><latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit><latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit>
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<latexit sha1_base64="KFWKIsij4zINZlj8JUp9dKtsxkI="></latexit><latexit sha1_base64="KFWKIsij4zINZlj8JUp9dKtsxkI="></latexit><latexit sha1_base64="KFWKIsij4zINZlj8JUp9dKtsxkI="></latexit><latexit sha1_base64="KFWKIsij4zINZlj8JUp9dKtsxkI="></latexit>

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Overall system can be abstracted as a single agent



Multi Agent Setup - Motivation
At each time, every server makes a decision from K alternatives

1. No Communication - 

        Each server learns on its own from its own mistakes

Individual Server Regret - 

2. Full Interaction - 

        Each server broadcasts its action and reward to all servers after every decision

Communication Resources - 0

Individual Server Regret - 

Communication Resources - T broadcasts per agent !

Large volume of search queries
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<latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit><latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit><latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit><latexit sha1_base64="raL7Q4eU8RPOaXsTEzgL4qMabUU=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DehA8GCEbZELo6dQkTXoWumuEMOQXvPgrXjwo4tWbN//GznLQxAcFj/eqqKrnxVJotO1vK7Oyura+kd3MbW3v7O7l9w8aOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q2vJn7zAZQWUVjDUQydgPVD4QvO0EjdfPGOuhJ8LFLXV4ynt+PUvQaJbOzKqF+slairRH+ApW6+YJftKegyceakQOaodvNfbi/iSQAhcsm0bjt2jJ2UKRRcwjjnJhpixoesD21DQxaA7qTTj8b0xCg96kfKVIh0qv6eSFmg9SjwTGfAcKAXvYn4n9dO0L/opCKME4SQzxb5iaQY0Uk8tCcUcJQjQxhXwtxK+YCZZNCEmDMhOIsvL5PGadmxy879WaFyOY8jS47IMSkSh5yTCrkhVVInnDySZ/JK3qwn68V6tz5mrRlrPnNI/sD6/AH6cJx4</latexit>
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<latexit sha1_base64="KFWKIsij4zINZlj8JUp9dKtsxkI="></latexit><latexit sha1_base64="KFWKIsij4zINZlj8JUp9dKtsxkI="></latexit><latexit sha1_base64="KFWKIsij4zINZlj8JUp9dKtsxkI="></latexit><latexit sha1_base64="KFWKIsij4zINZlj8JUp9dKtsxkI="></latexit>

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

Overall system can be abstracted as a single agent

How to effectively trade-off ? Best of both situations ??



Multi Agent Problem
N

<latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit> G = (V,E)
<latexit sha1_base64="WMKq7DRZh8hb33TrVI9ZHqkC8RM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFEX0WMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZtPVGkWyQcziqkvcF+ykBFsrPR4iy5RuXFyc9wtltyKOwVaJF5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSyUWVPvp9OAxOrJKD4WRsiUNmqq/J1IstB6JwHYKbAZ63puI/3ntxIQXfspknBgqyWxRmHBkIjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXjzLy+SxmnFcyve/VmpepXFkYcDOIQyeHAOVbiDGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDMMKOsA==</latexit><latexit sha1_base64="WMKq7DRZh8hb33TrVI9ZHqkC8RM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFEX0WMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZtPVGkWyQcziqkvcF+ykBFsrPR4iy5RuXFyc9wtltyKOwVaJF5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSyUWVPvp9OAxOrJKD4WRsiUNmqq/J1IstB6JwHYKbAZ63puI/3ntxIQXfspknBgqyWxRmHBkIjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXjzLy+SxmnFcyve/VmpepXFkYcDOIQyeHAOVbiDGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDMMKOsA==</latexit><latexit sha1_base64="WMKq7DRZh8hb33TrVI9ZHqkC8RM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFEX0WMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZtPVGkWyQcziqkvcF+ykBFsrPR4iy5RuXFyc9wtltyKOwVaJF5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSyUWVPvp9OAxOrJKD4WRsiUNmqq/J1IstB6JwHYKbAZ63puI/3ntxIQXfspknBgqyWxRmHBkIjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXjzLy+SxmnFcyve/VmpepXFkYcDOIQyeHAOVbiDGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDMMKOsA==</latexit><latexit sha1_base64="WMKq7DRZh8hb33TrVI9ZHqkC8RM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFEX0WMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZtPVGkWyQcziqkvcF+ykBFsrPR4iy5RuXFyc9wtltyKOwVaJF5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSyUWVPvp9OAxOrJKD4WRsiUNmqq/J1IstB6JwHYKbAZ63puI/3ntxIQXfspknBgqyWxRmHBkIjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXjzLy+SxmnFcyve/VmpepXFkYcDOIQyeHAOVbiDGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDMMKOsA==</latexit>

|V | = N
<latexit sha1_base64="szaKUXE5e9LZDJccyDwUaYqqAXM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxJBfsBbSib7aRdutmE3Y1Q0v4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN59QaR7LRzNK0I9oX/KQM2qs1Bw3xuSa3HdLZbfizkCWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgZNiJ9WYUDakfWxbKmmE2s9m507IqVV6JIyVLWnITP09kdFI61EU2M6ImoFe9Kbif147NeGVn3GZpAYlmy8KU0FMTKa/kx5XyIwYWUKZ4vZWwgZUUWZsQkUbgrf48jJpnFc8t+I9XJSrN3kcBTiGEzgDDy6hCndQgzowGMIzvMKbkzgvzrvzMW9dcfKZI/gD5/MHQ2+O2Q==</latexit><latexit sha1_base64="szaKUXE5e9LZDJccyDwUaYqqAXM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxJBfsBbSib7aRdutmE3Y1Q0v4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN59QaR7LRzNK0I9oX/KQM2qs1Bw3xuSa3HdLZbfizkCWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgZNiJ9WYUDakfWxbKmmE2s9m507IqVV6JIyVLWnITP09kdFI61EU2M6ImoFe9Kbif147NeGVn3GZpAYlmy8KU0FMTKa/kx5XyIwYWUKZ4vZWwgZUUWZsQkUbgrf48jJpnFc8t+I9XJSrN3kcBTiGEzgDDy6hCndQgzowGMIzvMKbkzgvzrvzMW9dcfKZI/gD5/MHQ2+O2Q==</latexit><latexit sha1_base64="szaKUXE5e9LZDJccyDwUaYqqAXM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxJBfsBbSib7aRdutmE3Y1Q0v4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN59QaR7LRzNK0I9oX/KQM2qs1Bw3xuSa3HdLZbfizkCWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgZNiJ9WYUDakfWxbKmmE2s9m507IqVV6JIyVLWnITP09kdFI61EU2M6ImoFe9Kbif147NeGVn3GZpAYlmy8KU0FMTKa/kx5XyIwYWUKZ4vZWwgZUUWZsQkUbgrf48jJpnFc8t+I9XJSrN3kcBTiGEzgDDy6hCndQgzowGMIzvMKbkzgvzrvzMW9dcfKZI/gD5/MHQ2+O2Q==</latexit><latexit sha1_base64="szaKUXE5e9LZDJccyDwUaYqqAXM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxJBfsBbSib7aRdutmE3Y1Q0v4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN59QaR7LRzNK0I9oX/KQM2qs1Bw3xuSa3HdLZbfizkCWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgZNiJ9WYUDakfWxbKmmE2s9m507IqVV6JIyVLWnITP09kdFI61EU2M6ImoFe9Kbif147NeGVn3GZpAYlmy8KU0FMTKa/kx5XyIwYWUKZ4vZWwgZUUWZsQkUbgrf48jJpnFc8t+I9XJSrN3kcBTiGEzgDDy6hCndQgzowGMIzvMKbkzgvzrvzMW9dcfKZI/gD5/MHQ2+O2Q==</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmc BpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmc BpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmc BpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmc BpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

Agents
Arms

Network among agents

At each time t 2 {1, · · · , T}
<latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit>

, every agent                      j 2 {1, · · · , N}
<latexit sha1_base64="s5e/GVUhLJ86u57Zzah89Rxl4r0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISEXRZdONKKtgHNKFMJtN27GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcOrid96YErzWN7BKGF+RPqS9zglYKSufXCPPS6xl7kVj4Yx6MqNN+7aZafqTIEXiZuTMspR79pfXhjTNGISqCBad1wnAT8jCjgVbFzyUs0SQoekzzqGShIx7WfT68f42Cgh7sXKlAQ8VX9PZCTSehQFpjMiMNDz3kT8z+uk0LvwMy6TFJiks0W9VGCI8SQKHHLFKIiRIYQqbm7FdEAUoWACK5kQ3PmXF0nztOo6Vff2rFy7zOMookN0hE6Qi85RDV2jOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwANJpRQ</latexit><latexit sha1_base64="s5e/GVUhLJ86u57Zzah89Rxl4r0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISEXRZdONKKtgHNKFMJtN27GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcOrid96YErzWN7BKGF+RPqS9zglYKSufXCPPS6xl7kVj4Yx6MqNN+7aZafqTIEXiZuTMspR79pfXhjTNGISqCBad1wnAT8jCjgVbFzyUs0SQoekzzqGShIx7WfT68f42Cgh7sXKlAQ8VX9PZCTSehQFpjMiMNDz3kT8z+uk0LvwMy6TFJiks0W9VGCI8SQKHHLFKIiRIYQqbm7FdEAUoWACK5kQ3PmXF0nztOo6Vff2rFy7zOMookN0hE6Qi85RDV2jOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwANJpRQ</latexit><latexit sha1_base64="s5e/GVUhLJ86u57Zzah89Rxl4r0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISEXRZdONKKtgHNKFMJtN27GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcOrid96YErzWN7BKGF+RPqS9zglYKSufXCPPS6xl7kVj4Yx6MqNN+7aZafqTIEXiZuTMspR79pfXhjTNGISqCBad1wnAT8jCjgVbFzyUs0SQoekzzqGShIx7WfT68f42Cgh7sXKlAQ8VX9PZCTSehQFpjMiMNDz3kT8z+uk0LvwMy6TFJiks0W9VGCI8SQKHHLFKIiRIYQqbm7FdEAUoWACK5kQ3PmXF0nztOo6Vff2rFy7zOMookN0hE6Qi85RDV2jOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwANJpRQ</latexit><latexit sha1_base64="s5e/GVUhLJ86u57Zzah89Rxl4r0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISEXRZdONKKtgHNKFMJtN27GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcOrid96YErzWN7BKGF+RPqS9zglYKSufXCPPS6xl7kVj4Yx6MqNN+7aZafqTIEXiZuTMspR79pfXhjTNGISqCBad1wnAT8jCjgVbFzyUs0SQoekzzqGShIx7WfT68f42Cgh7sXKlAQ8VX9PZCTSehQFpjMiMNDz3kT8z+uk0LvwMy6TFJiks0W9VGCI8SQKHHLFKIiRIYQqbm7FdEAUoWACK5kQ3PmXF0nztOo6Vff2rFy7zOMookN0hE6Qi85RDV2jOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwANJpRQ</latexit>

Ij(t) 2 {1, · · · ,K}
<latexit sha1_base64="YomP4BorLP2KTEeuSW0gjLxF9Ns=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iECqUkIuiy6EZxU8E+oCllMpm0YyeTMHMjlFDc+CtuXCji1q9w5984fSy0euDC4Zx7ufcePxFcg+N8WbmFxaXllfxqYW19Y3PL3t5p6DhVlNVpLGLV8olmgktWBw6CtRLFSOQL1vQHF2O/ec+U5rG8hWHCOhHpSR5ySsBIXXvvqntXgiPscYm9zC17NIhBl6+9UdcuOhVnAvyXuDNSRDPUuvanF8Q0jZgEKojWbddJoJMRBZwKNip4qWYJoQPSY21DJYmY7mSTF0b40CgBDmNlSgKeqD8nMhJpPYx80xkR6Ot5byz+57VTCM86GZdJCkzS6aIwFRhiPM4DB1wxCmJoCKGKm1sx7RNFKJjUCiYEd/7lv6RxXHGdintzUqyez+LIo310gErIRaeoii5RDdURRQ/oCb2gV+vRerberPdpa86azeyiX7A+vgEL2JXs</latexit><latexit sha1_base64="YomP4BorLP2KTEeuSW0gjLxF9Ns=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iECqUkIuiy6EZxU8E+oCllMpm0YyeTMHMjlFDc+CtuXCji1q9w5984fSy0euDC4Zx7ufcePxFcg+N8WbmFxaXllfxqYW19Y3PL3t5p6DhVlNVpLGLV8olmgktWBw6CtRLFSOQL1vQHF2O/ec+U5rG8hWHCOhHpSR5ySsBIXXvvqntXgiPscYm9zC17NIhBl6+9UdcuOhVnAvyXuDNSRDPUuvanF8Q0jZgEKojWbddJoJMRBZwKNip4qWYJoQPSY21DJYmY7mSTF0b40CgBDmNlSgKeqD8nMhJpPYx80xkR6Ot5byz+57VTCM86GZdJCkzS6aIwFRhiPM4DB1wxCmJoCKGKm1sx7RNFKJjUCiYEd/7lv6RxXHGdintzUqyez+LIo310gErIRaeoii5RDdURRQ/oCb2gV+vRerberPdpa86azeyiX7A+vgEL2JXs</latexit><latexit sha1_base64="YomP4BorLP2KTEeuSW0gjLxF9Ns=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iECqUkIuiy6EZxU8E+oCllMpm0YyeTMHMjlFDc+CtuXCji1q9w5984fSy0euDC4Zx7ufcePxFcg+N8WbmFxaXllfxqYW19Y3PL3t5p6DhVlNVpLGLV8olmgktWBw6CtRLFSOQL1vQHF2O/ec+U5rG8hWHCOhHpSR5ySsBIXXvvqntXgiPscYm9zC17NIhBl6+9UdcuOhVnAvyXuDNSRDPUuvanF8Q0jZgEKojWbddJoJMRBZwKNip4qWYJoQPSY21DJYmY7mSTF0b40CgBDmNlSgKeqD8nMhJpPYx80xkR6Ot5byz+57VTCM86GZdJCkzS6aIwFRhiPM4DB1wxCmJoCKGKm1sx7RNFKJjUCiYEd/7lv6RxXHGdintzUqyez+LIo310gErIRaeoii5RDdURRQ/oCb2gV+vRerberPdpa86azeyiX7A+vgEL2JXs</latexit><latexit sha1_base64="YomP4BorLP2KTEeuSW0gjLxF9Ns=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iECqUkIuiy6EZxU8E+oCllMpm0YyeTMHMjlFDc+CtuXCji1q9w5984fSy0euDC4Zx7ufcePxFcg+N8WbmFxaXllfxqYW19Y3PL3t5p6DhVlNVpLGLV8olmgktWBw6CtRLFSOQL1vQHF2O/ec+U5rG8hWHCOhHpSR5ySsBIXXvvqntXgiPscYm9zC17NIhBl6+9UdcuOhVnAvyXuDNSRDPUuvanF8Q0jZgEKojWbddJoJMRBZwKNip4qWYJoQPSY21DJYmY7mSTF0b40CgBDmNlSgKeqD8nMhJpPYx80xkR6Ot5byz+57VTCM86GZdJCkzS6aIwFRhiPM4DB1wxCmJoCKGKm1sx7RNFKJjUCiYEd/7lv6RxXHGdintzUqyez+LIo310gErIRaeoii5RDdURRQ/oCb2gV+vRerberPdpa86azeyiX7A+vgEL2JXs</latexit>

1. Play an arm   and receives reward Xj(t) 2 {0, 1}
<latexit sha1_base64="8MRGXajjfB4Nkeu4Sj6ZkvJg118=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoICURQY9FLx4r2A9oQthst+3azSbsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBFcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6zhVlLVoLGLVDYlmgkvWAg6CdRPFSBQK1gnHN1O/88iU5rG8h0nC/IgMJR9wSsBIgV3pBg81OMUel9jLnDPXywO76tSdGfAycQtSRQWagf3l9WOaRkwCFUTrnusk4GdEAaeC5WUv1SwhdEyGrGeoJBHTfja7PccnRunjQaxMScAz9fdERiKtJ1FoOiMCI73oTcX/vF4Kgys/4zJJgUk6XzRIBYYYT4PAfa4YBTExhFDFza2YjogiFExcZROCu/jyMmmf112n7t5dVBvXRRwldISOUQ256BI10C1qohai6Ak9o1f0ZuXWi/VufcxbV6xi5hD9gfX5A8QkkvU=</latexit><latexit sha1_base64="8MRGXajjfB4Nkeu4Sj6ZkvJg118=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoICURQY9FLx4r2A9oQthst+3azSbsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBFcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6zhVlLVoLGLVDYlmgkvWAg6CdRPFSBQK1gnHN1O/88iU5rG8h0nC/IgMJR9wSsBIgV3pBg81OMUel9jLnDPXywO76tSdGfAycQtSRQWagf3l9WOaRkwCFUTrnusk4GdEAaeC5WUv1SwhdEyGrGeoJBHTfja7PccnRunjQaxMScAz9fdERiKtJ1FoOiMCI73oTcX/vF4Kgys/4zJJgUk6XzRIBYYYT4PAfa4YBTExhFDFza2YjogiFExcZROCu/jyMmmf112n7t5dVBvXRRwldISOUQ256BI10C1qohai6Ak9o1f0ZuXWi/VufcxbV6xi5hD9gfX5A8QkkvU=</latexit><latexit sha1_base64="8MRGXajjfB4Nkeu4Sj6ZkvJg118=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoICURQY9FLx4r2A9oQthst+3azSbsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBFcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6zhVlLVoLGLVDYlmgkvWAg6CdRPFSBQK1gnHN1O/88iU5rG8h0nC/IgMJR9wSsBIgV3pBg81OMUel9jLnDPXywO76tSdGfAycQtSRQWagf3l9WOaRkwCFUTrnusk4GdEAaeC5WUv1SwhdEyGrGeoJBHTfja7PccnRunjQaxMScAz9fdERiKtJ1FoOiMCI73oTcX/vF4Kgys/4zJJgUk6XzRIBYYYT4PAfa4YBTExhFDFza2YjogiFExcZROCu/jyMmmf112n7t5dVBvXRRwldISOUQ256BI10C1qohai6Ak9o1f0ZuXWi/VufcxbV6xi5hD9gfX5A8QkkvU=</latexit><latexit sha1_base64="8MRGXajjfB4Nkeu4Sj6ZkvJg118=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoICURQY9FLx4r2A9oQthst+3azSbsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBFcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6zhVlLVoLGLVDYlmgkvWAg6CdRPFSBQK1gnHN1O/88iU5rG8h0nC/IgMJR9wSsBIgV3pBg81OMUel9jLnDPXywO76tSdGfAycQtSRQWagf3l9WOaRkwCFUTrnusk4GdEAaeC5WUv1SwhdEyGrGeoJBHTfja7PccnRunjQaxMScAz9fdERiKtJ1FoOiMCI73oTcX/vF4Kgys/4zJJgUk6XzRIBYYYT4PAfa4YBTExhFDFza2YjogiFExcZROCu/jyMmmf112n7t5dVBvXRRwldISOUQ256BI10C1qohai6Ak9o1f0ZuXWi/VufcxbV6xi5hD9gfX5A8QkkvU=</latexit>

2. Can choose to pull information from any neighbor  

P[Xj(t) = 1|Ij(t)] = µIj(t)
<latexit sha1_base64="sNlZxrb6LQmRF4Wpr2yt2x+I9uw=">AAACG3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EohvdVbAP6AxDJk3b2ExmSO4IZeh/uPFX3LhQxJXgwr8x03ahrQcCJ+feQ3JOmAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqh0QzwSVrAAfB2oliJAoFa4XDq3zeemBK81jewShhfkT6kvc4JWCkwD7xIgKDMMzq4047uK/AMb7ALvaMB/DNRPCN4kVpkE2v48AuO1VnArxI3Bkpoxnqgf3pdWOaRkwCFUTrjusk4GdEAaeCjUteqllC6JD0WcdQSSKm/WySbYyPjNLFvViZIwFP1N+OjERaj6LQbOZJ9PwsF/+bdVLonfsZl0kKTNLpQ71UYIhxXhTucsUoiJEhhCpu/orpgChCwdRZMiW485EXSfOk6jpV9/a0XLuc1VFEB+gQVZCLzlANXaM6aiCKHtEzekVv1pP1Yr1bH9PVgjXz7KM/sL5+AF87nxo=</latexit><latexit sha1_base64="sNlZxrb6LQmRF4Wpr2yt2x+I9uw=">AAACG3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EohvdVbAP6AxDJk3b2ExmSO4IZeh/uPFX3LhQxJXgwr8x03ahrQcCJ+feQ3JOmAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqh0QzwSVrAAfB2oliJAoFa4XDq3zeemBK81jewShhfkT6kvc4JWCkwD7xIgKDMMzq4047uK/AMb7ALvaMB/DNRPCN4kVpkE2v48AuO1VnArxI3Bkpoxnqgf3pdWOaRkwCFUTrjusk4GdEAaeCjUteqllC6JD0WcdQSSKm/WySbYyPjNLFvViZIwFP1N+OjERaj6LQbOZJ9PwsF/+bdVLonfsZl0kKTNLpQ71UYIhxXhTucsUoiJEhhCpu/orpgChCwdRZMiW485EXSfOk6jpV9/a0XLuc1VFEB+gQVZCLzlANXaM6aiCKHtEzekVv1pP1Yr1bH9PVgjXz7KM/sL5+AF87nxo=</latexit><latexit sha1_base64="sNlZxrb6LQmRF4Wpr2yt2x+I9uw=">AAACG3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EohvdVbAP6AxDJk3b2ExmSO4IZeh/uPFX3LhQxJXgwr8x03ahrQcCJ+feQ3JOmAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqh0QzwSVrAAfB2oliJAoFa4XDq3zeemBK81jewShhfkT6kvc4JWCkwD7xIgKDMMzq4047uK/AMb7ALvaMB/DNRPCN4kVpkE2v48AuO1VnArxI3Bkpoxnqgf3pdWOaRkwCFUTrjusk4GdEAaeCjUteqllC6JD0WcdQSSKm/WySbYyPjNLFvViZIwFP1N+OjERaj6LQbOZJ9PwsF/+bdVLonfsZl0kKTNLpQ71UYIhxXhTucsUoiJEhhCpu/orpgChCwdRZMiW485EXSfOk6jpV9/a0XLuc1VFEB+gQVZCLzlANXaM6aiCKHtEzekVv1pP1Yr1bH9PVgjXz7KM/sL5+AF87nxo=</latexit><latexit sha1_base64="sNlZxrb6LQmRF4Wpr2yt2x+I9uw=">AAACG3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EohvdVbAP6AxDJk3b2ExmSO4IZeh/uPFX3LhQxJXgwr8x03ahrQcCJ+feQ3JOmAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqh0QzwSVrAAfB2oliJAoFa4XDq3zeemBK81jewShhfkT6kvc4JWCkwD7xIgKDMMzq4047uK/AMb7ALvaMB/DNRPCN4kVpkE2v48AuO1VnArxI3Bkpoxnqgf3pdWOaRkwCFUTrjusk4GdEAaeCjUteqllC6JD0WcdQSSKm/WySbYyPjNLFvViZIwFP1N+OjERaj6LQbOZJ9PwsF/+bdVLonfsZl0kKTNLpQ71UYIhxXhTucsUoiJEhhCpu/orpgChCwdRZMiW485EXSfOk6jpV9/a0XLuc1VFEB+gQVZCLzlANXaM6aiCKHtEzekVv1pP1Yr1bH9PVgjXz7KM/sL5+AF87nxo=</latexit>

Independent rewards across agents



Multi Agent Problem
N

<latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit> G = (V,E)
<latexit sha1_base64="WMKq7DRZh8hb33TrVI9ZHqkC8RM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFEX0WMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZtPVGkWyQcziqkvcF+ykBFsrPR4iy5RuXFyc9wtltyKOwVaJF5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSyUWVPvp9OAxOrJKD4WRsiUNmqq/J1IstB6JwHYKbAZ63puI/3ntxIQXfspknBgqyWxRmHBkIjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXjzLy+SxmnFcyve/VmpepXFkYcDOIQyeHAOVbiDGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDMMKOsA==</latexit><latexit sha1_base64="WMKq7DRZh8hb33TrVI9ZHqkC8RM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFEX0WMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZtPVGkWyQcziqkvcF+ykBFsrPR4iy5RuXFyc9wtltyKOwVaJF5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSyUWVPvp9OAxOrJKD4WRsiUNmqq/J1IstB6JwHYKbAZ63puI/3ntxIQXfspknBgqyWxRmHBkIjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXjzLy+SxmnFcyve/VmpepXFkYcDOIQyeHAOVbiDGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDMMKOsA==</latexit><latexit sha1_base64="WMKq7DRZh8hb33TrVI9ZHqkC8RM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFEX0WMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZtPVGkWyQcziqkvcF+ykBFsrPR4iy5RuXFyc9wtltyKOwVaJF5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSyUWVPvp9OAxOrJKD4WRsiUNmqq/J1IstB6JwHYKbAZ63puI/3ntxIQXfspknBgqyWxRmHBkIjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXjzLy+SxmnFcyve/VmpepXFkYcDOIQyeHAOVbiDGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDMMKOsA==</latexit><latexit sha1_base64="WMKq7DRZh8hb33TrVI9ZHqkC8RM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFEX0WMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZtPVGkWyQcziqkvcF+ykBFsrPR4iy5RuXFyc9wtltyKOwVaJF5GSpCh1i1+dXoRSQSVhnCsddtzY+OnWBlGOB0XOommMSZD3KdtSyUWVPvp9OAxOrJKD4WRsiUNmqq/J1IstB6JwHYKbAZ63puI/3ntxIQXfspknBgqyWxRmHBkIjT5HvWYosTwkSWYKGZvRWSAFSbGZlSwIXjzLy+SxmnFcyve/VmpepXFkYcDOIQyeHAOVbiDGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDMMKOsA==</latexit>

|V | = N
<latexit sha1_base64="szaKUXE5e9LZDJccyDwUaYqqAXM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxJBfsBbSib7aRdutmE3Y1Q0v4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN59QaR7LRzNK0I9oX/KQM2qs1Bw3xuSa3HdLZbfizkCWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgZNiJ9WYUDakfWxbKmmE2s9m507IqVV6JIyVLWnITP09kdFI61EU2M6ImoFe9Kbif147NeGVn3GZpAYlmy8KU0FMTKa/kx5XyIwYWUKZ4vZWwgZUUWZsQkUbgrf48jJpnFc8t+I9XJSrN3kcBTiGEzgDDy6hCndQgzowGMIzvMKbkzgvzrvzMW9dcfKZI/gD5/MHQ2+O2Q==</latexit><latexit sha1_base64="szaKUXE5e9LZDJccyDwUaYqqAXM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxJBfsBbSib7aRdutmE3Y1Q0v4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN59QaR7LRzNK0I9oX/KQM2qs1Bw3xuSa3HdLZbfizkCWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgZNiJ9WYUDakfWxbKmmE2s9m507IqVV6JIyVLWnITP09kdFI61EU2M6ImoFe9Kbif147NeGVn3GZpAYlmy8KU0FMTKa/kx5XyIwYWUKZ4vZWwgZUUWZsQkUbgrf48jJpnFc8t+I9XJSrN3kcBTiGEzgDDy6hCndQgzowGMIzvMKbkzgvzrvzMW9dcfKZI/gD5/MHQ2+O2Q==</latexit><latexit sha1_base64="szaKUXE5e9LZDJccyDwUaYqqAXM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxJBfsBbSib7aRdutmE3Y1Q0v4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN59QaR7LRzNK0I9oX/KQM2qs1Bw3xuSa3HdLZbfizkCWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgZNiJ9WYUDakfWxbKmmE2s9m507IqVV6JIyVLWnITP09kdFI61EU2M6ImoFe9Kbif147NeGVn3GZpAYlmy8KU0FMTKa/kx5XyIwYWUKZ4vZWwgZUUWZsQkUbgrf48jJpnFc8t+I9XJSrN3kcBTiGEzgDDy6hCndQgzowGMIzvMKbkzgvzrvzMW9dcfKZI/gD5/MHQ2+O2Q==</latexit><latexit sha1_base64="szaKUXE5e9LZDJccyDwUaYqqAXM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxJBfsBbSib7aRdutmE3Y1Q0v4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HbqN59QaR7LRzNK0I9oX/KQM2qs1Bw3xuSa3HdLZbfizkCWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgZNiJ9WYUDakfWxbKmmE2s9m507IqVV6JIyVLWnITP09kdFI61EU2M6ImoFe9Kbif147NeGVn3GZpAYlmy8KU0FMTKa/kx5XyIwYWUKZ4vZWwgZUUWZsQkUbgrf48jJpnFc8t+I9XJSrN3kcBTiGEzgDDy6hCndQgzowGMIzvMKbkzgvzrvzMW9dcfKZI/gD5/MHQ2+O2Q==</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmc BpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmc BpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmc BpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmc BpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

Agents
Arms

Network among agents

At each time t 2 {1, · · · , T}
<latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit><latexit sha1_base64="2ZRcgH1JkMvrcFpL1XPymr9K83c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoigi6LblxW6AuaUCaTSTt0MgkzN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69J0gF1+A439bK6tr6xmZpq7y9s7u3bx8ctnWSKcpaNBGJ6gZEM8ElawEHwbqpYiQOBOsEo9up33lgSvNENmGcMj8mA8kjTgkYqW8fA/a4xF7uVj0aJqCrTW/StytOzZkBLxO3IBVUoNG3v7wwoVnMJFBBtO65Tgp+ThRwKtik7GWapYSOyID1DJUkZtrPZ9dP8JlRQhwlypQEPFN/T+Qk1nocB6YzJjDUi95U/M/rZRBd+zmXaQZM0vmiKBMYEjyNAodcMQpibAihiptbMR0SRSiYwMomBHfx5WXSvqi5Ts29v6zUb4o4SugEnaJz5KIrVEd3qIFaiKJH9Ixe0Zv1ZL1Y79bHvHXFKmaO0B9Ynz8mMJRg</latexit>

, every agent                      j 2 {1, · · · , N}
<latexit sha1_base64="s5e/GVUhLJ86u57Zzah89Rxl4r0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISEXRZdONKKtgHNKFMJtN27GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcOrid96YErzWN7BKGF+RPqS9zglYKSufXCPPS6xl7kVj4Yx6MqNN+7aZafqTIEXiZuTMspR79pfXhjTNGISqCBad1wnAT8jCjgVbFzyUs0SQoekzzqGShIx7WfT68f42Cgh7sXKlAQ8VX9PZCTSehQFpjMiMNDz3kT8z+uk0LvwMy6TFJiks0W9VGCI8SQKHHLFKIiRIYQqbm7FdEAUoWACK5kQ3PmXF0nztOo6Vff2rFy7zOMookN0hE6Qi85RDV2jOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwANJpRQ</latexit><latexit sha1_base64="s5e/GVUhLJ86u57Zzah89Rxl4r0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISEXRZdONKKtgHNKFMJtN27GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcOrid96YErzWN7BKGF+RPqS9zglYKSufXCPPS6xl7kVj4Yx6MqNN+7aZafqTIEXiZuTMspR79pfXhjTNGISqCBad1wnAT8jCjgVbFzyUs0SQoekzzqGShIx7WfT68f42Cgh7sXKlAQ8VX9PZCTSehQFpjMiMNDz3kT8z+uk0LvwMy6TFJiks0W9VGCI8SQKHHLFKIiRIYQqbm7FdEAUoWACK5kQ3PmXF0nztOo6Vff2rFy7zOMookN0hE6Qi85RDV2jOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwANJpRQ</latexit><latexit sha1_base64="s5e/GVUhLJ86u57Zzah89Rxl4r0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISEXRZdONKKtgHNKFMJtN27GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcOrid96YErzWN7BKGF+RPqS9zglYKSufXCPPS6xl7kVj4Yx6MqNN+7aZafqTIEXiZuTMspR79pfXhjTNGISqCBad1wnAT8jCjgVbFzyUs0SQoekzzqGShIx7WfT68f42Cgh7sXKlAQ8VX9PZCTSehQFpjMiMNDz3kT8z+uk0LvwMy6TFJiks0W9VGCI8SQKHHLFKIiRIYQqbm7FdEAUoWACK5kQ3PmXF0nztOo6Vff2rFy7zOMookN0hE6Qi85RDV2jOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwANJpRQ</latexit><latexit sha1_base64="s5e/GVUhLJ86u57Zzah89Rxl4r0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISEXRZdONKKtgHNKFMJtN27GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcOrid96YErzWN7BKGF+RPqS9zglYKSufXCPPS6xl7kVj4Yx6MqNN+7aZafqTIEXiZuTMspR79pfXhjTNGISqCBad1wnAT8jCjgVbFzyUs0SQoekzzqGShIx7WfT68f42Cgh7sXKlAQ8VX9PZCTSehQFpjMiMNDz3kT8z+uk0LvwMy6TFJiks0W9VGCI8SQKHHLFKIiRIYQqbm7FdEAUoWACK5kQ3PmXF0nztOo6Vff2rFy7zOMookN0hE6Qi85RDV2jOmogih7RM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwANJpRQ</latexit>

Ij(t) 2 {1, · · · ,K}
<latexit sha1_base64="YomP4BorLP2KTEeuSW0gjLxF9Ns=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iECqUkIuiy6EZxU8E+oCllMpm0YyeTMHMjlFDc+CtuXCji1q9w5984fSy0euDC4Zx7ufcePxFcg+N8WbmFxaXllfxqYW19Y3PL3t5p6DhVlNVpLGLV8olmgktWBw6CtRLFSOQL1vQHF2O/ec+U5rG8hWHCOhHpSR5ySsBIXXvvqntXgiPscYm9zC17NIhBl6+9UdcuOhVnAvyXuDNSRDPUuvanF8Q0jZgEKojWbddJoJMRBZwKNip4qWYJoQPSY21DJYmY7mSTF0b40CgBDmNlSgKeqD8nMhJpPYx80xkR6Ot5byz+57VTCM86GZdJCkzS6aIwFRhiPM4DB1wxCmJoCKGKm1sx7RNFKJjUCiYEd/7lv6RxXHGdintzUqyez+LIo310gErIRaeoii5RDdURRQ/oCb2gV+vRerberPdpa86azeyiX7A+vgEL2JXs</latexit><latexit sha1_base64="YomP4BorLP2KTEeuSW0gjLxF9Ns=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iECqUkIuiy6EZxU8E+oCllMpm0YyeTMHMjlFDc+CtuXCji1q9w5984fSy0euDC4Zx7ufcePxFcg+N8WbmFxaXllfxqYW19Y3PL3t5p6DhVlNVpLGLV8olmgktWBw6CtRLFSOQL1vQHF2O/ec+U5rG8hWHCOhHpSR5ySsBIXXvvqntXgiPscYm9zC17NIhBl6+9UdcuOhVnAvyXuDNSRDPUuvanF8Q0jZgEKojWbddJoJMRBZwKNip4qWYJoQPSY21DJYmY7mSTF0b40CgBDmNlSgKeqD8nMhJpPYx80xkR6Ot5byz+57VTCM86GZdJCkzS6aIwFRhiPM4DB1wxCmJoCKGKm1sx7RNFKJjUCiYEd/7lv6RxXHGdintzUqyez+LIo310gErIRaeoii5RDdURRQ/oCb2gV+vRerberPdpa86azeyiX7A+vgEL2JXs</latexit><latexit sha1_base64="YomP4BorLP2KTEeuSW0gjLxF9Ns=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iECqUkIuiy6EZxU8E+oCllMpm0YyeTMHMjlFDc+CtuXCji1q9w5984fSy0euDC4Zx7ufcePxFcg+N8WbmFxaXllfxqYW19Y3PL3t5p6DhVlNVpLGLV8olmgktWBw6CtRLFSOQL1vQHF2O/ec+U5rG8hWHCOhHpSR5ySsBIXXvvqntXgiPscYm9zC17NIhBl6+9UdcuOhVnAvyXuDNSRDPUuvanF8Q0jZgEKojWbddJoJMRBZwKNip4qWYJoQPSY21DJYmY7mSTF0b40CgBDmNlSgKeqD8nMhJpPYx80xkR6Ot5byz+57VTCM86GZdJCkzS6aIwFRhiPM4DB1wxCmJoCKGKm1sx7RNFKJjUCiYEd/7lv6RxXHGdintzUqyez+LIo310gErIRaeoii5RDdURRQ/oCb2gV+vRerberPdpa86azeyiX7A+vgEL2JXs</latexit><latexit sha1_base64="YomP4BorLP2KTEeuSW0gjLxF9Ns=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iECqUkIuiy6EZxU8E+oCllMpm0YyeTMHMjlFDc+CtuXCji1q9w5984fSy0euDC4Zx7ufcePxFcg+N8WbmFxaXllfxqYW19Y3PL3t5p6DhVlNVpLGLV8olmgktWBw6CtRLFSOQL1vQHF2O/ec+U5rG8hWHCOhHpSR5ySsBIXXvvqntXgiPscYm9zC17NIhBl6+9UdcuOhVnAvyXuDNSRDPUuvanF8Q0jZgEKojWbddJoJMRBZwKNip4qWYJoQPSY21DJYmY7mSTF0b40CgBDmNlSgKeqD8nMhJpPYx80xkR6Ot5byz+57VTCM86GZdJCkzS6aIwFRhiPM4DB1wxCmJoCKGKm1sx7RNFKJjUCiYEd/7lv6RxXHGdintzUqyez+LIo310gErIRaeoii5RDdURRQ/oCb2gV+vRerberPdpa86azeyiX7A+vgEL2JXs</latexit>

1. Play an arm   and receives reward Xj(t) 2 {0, 1}
<latexit sha1_base64="8MRGXajjfB4Nkeu4Sj6ZkvJg118=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoICURQY9FLx4r2A9oQthst+3azSbsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBFcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6zhVlLVoLGLVDYlmgkvWAg6CdRPFSBQK1gnHN1O/88iU5rG8h0nC/IgMJR9wSsBIgV3pBg81OMUel9jLnDPXywO76tSdGfAycQtSRQWagf3l9WOaRkwCFUTrnusk4GdEAaeC5WUv1SwhdEyGrGeoJBHTfja7PccnRunjQaxMScAz9fdERiKtJ1FoOiMCI73oTcX/vF4Kgys/4zJJgUk6XzRIBYYYT4PAfa4YBTExhFDFza2YjogiFExcZROCu/jyMmmf112n7t5dVBvXRRwldISOUQ256BI10C1qohai6Ak9o1f0ZuXWi/VufcxbV6xi5hD9gfX5A8QkkvU=</latexit><latexit sha1_base64="8MRGXajjfB4Nkeu4Sj6ZkvJg118=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoICURQY9FLx4r2A9oQthst+3azSbsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBFcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6zhVlLVoLGLVDYlmgkvWAg6CdRPFSBQK1gnHN1O/88iU5rG8h0nC/IgMJR9wSsBIgV3pBg81OMUel9jLnDPXywO76tSdGfAycQtSRQWagf3l9WOaRkwCFUTrnusk4GdEAaeC5WUv1SwhdEyGrGeoJBHTfja7PccnRunjQaxMScAz9fdERiKtJ1FoOiMCI73oTcX/vF4Kgys/4zJJgUk6XzRIBYYYT4PAfa4YBTExhFDFza2YjogiFExcZROCu/jyMmmf112n7t5dVBvXRRwldISOUQ256BI10C1qohai6Ak9o1f0ZuXWi/VufcxbV6xi5hD9gfX5A8QkkvU=</latexit><latexit sha1_base64="8MRGXajjfB4Nkeu4Sj6ZkvJg118=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoICURQY9FLx4r2A9oQthst+3azSbsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBFcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6zhVlLVoLGLVDYlmgkvWAg6CdRPFSBQK1gnHN1O/88iU5rG8h0nC/IgMJR9wSsBIgV3pBg81OMUel9jLnDPXywO76tSdGfAycQtSRQWagf3l9WOaRkwCFUTrnusk4GdEAaeC5WUv1SwhdEyGrGeoJBHTfja7PccnRunjQaxMScAz9fdERiKtJ1FoOiMCI73oTcX/vF4Kgys/4zJJgUk6XzRIBYYYT4PAfa4YBTExhFDFza2YjogiFExcZROCu/jyMmmf112n7t5dVBvXRRwldISOUQ256BI10C1qohai6Ak9o1f0ZuXWi/VufcxbV6xi5hD9gfX5A8QkkvU=</latexit><latexit sha1_base64="8MRGXajjfB4Nkeu4Sj6ZkvJg118=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoICURQY9FLx4r2A9oQthst+3azSbsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MBFcg+N8Wyura+sbm6Wt8vbO7t6+fVBp6zhVlLVoLGLVDYlmgkvWAg6CdRPFSBQK1gnHN1O/88iU5rG8h0nC/IgMJR9wSsBIgV3pBg81OMUel9jLnDPXywO76tSdGfAycQtSRQWagf3l9WOaRkwCFUTrnusk4GdEAaeC5WUv1SwhdEyGrGeoJBHTfja7PccnRunjQaxMScAz9fdERiKtJ1FoOiMCI73oTcX/vF4Kgys/4zJJgUk6XzRIBYYYT4PAfa4YBTExhFDFza2YjogiFExcZROCu/jyMmmf112n7t5dVBvXRRwldISOUQ256BI10C1qohai6Ak9o1f0ZuXWi/VufcxbV6xi5hD9gfX5A8QkkvU=</latexit>

2. Can choose to pull information from any neighbor  

P[Xj(t) = 1|Ij(t)] = µIj(t)
<latexit sha1_base64="sNlZxrb6LQmRF4Wpr2yt2x+I9uw=">AAACG3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EohvdVbAP6AxDJk3b2ExmSO4IZeh/uPFX3LhQxJXgwr8x03ahrQcCJ+feQ3JOmAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqh0QzwSVrAAfB2oliJAoFa4XDq3zeemBK81jewShhfkT6kvc4JWCkwD7xIgKDMMzq4047uK/AMb7ALvaMB/DNRPCN4kVpkE2v48AuO1VnArxI3Bkpoxnqgf3pdWOaRkwCFUTrjusk4GdEAaeCjUteqllC6JD0WcdQSSKm/WySbYyPjNLFvViZIwFP1N+OjERaj6LQbOZJ9PwsF/+bdVLonfsZl0kKTNLpQ71UYIhxXhTucsUoiJEhhCpu/orpgChCwdRZMiW485EXSfOk6jpV9/a0XLuc1VFEB+gQVZCLzlANXaM6aiCKHtEzekVv1pP1Yr1bH9PVgjXz7KM/sL5+AF87nxo=</latexit><latexit sha1_base64="sNlZxrb6LQmRF4Wpr2yt2x+I9uw=">AAACG3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EohvdVbAP6AxDJk3b2ExmSO4IZeh/uPFX3LhQxJXgwr8x03ahrQcCJ+feQ3JOmAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqh0QzwSVrAAfB2oliJAoFa4XDq3zeemBK81jewShhfkT6kvc4JWCkwD7xIgKDMMzq4047uK/AMb7ALvaMB/DNRPCN4kVpkE2v48AuO1VnArxI3Bkpoxnqgf3pdWOaRkwCFUTrjusk4GdEAaeCjUteqllC6JD0WcdQSSKm/WySbYyPjNLFvViZIwFP1N+OjERaj6LQbOZJ9PwsF/+bdVLonfsZl0kKTNLpQ71UYIhxXhTucsUoiJEhhCpu/orpgChCwdRZMiW485EXSfOk6jpV9/a0XLuc1VFEB+gQVZCLzlANXaM6aiCKHtEzekVv1pP1Yr1bH9PVgjXz7KM/sL5+AF87nxo=</latexit><latexit sha1_base64="sNlZxrb6LQmRF4Wpr2yt2x+I9uw=">AAACG3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EohvdVbAP6AxDJk3b2ExmSO4IZeh/uPFX3LhQxJXgwr8x03ahrQcCJ+feQ3JOmAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqh0QzwSVrAAfB2oliJAoFa4XDq3zeemBK81jewShhfkT6kvc4JWCkwD7xIgKDMMzq4047uK/AMb7ALvaMB/DNRPCN4kVpkE2v48AuO1VnArxI3Bkpoxnqgf3pdWOaRkwCFUTrjusk4GdEAaeCjUteqllC6JD0WcdQSSKm/WySbYyPjNLFvViZIwFP1N+OjERaj6LQbOZJ9PwsF/+bdVLonfsZl0kKTNLpQ71UYIhxXhTucsUoiJEhhCpu/orpgChCwdRZMiW485EXSfOk6jpV9/a0XLuc1VFEB+gQVZCLzlANXaM6aiCKHtEzekVv1pP1Yr1bH9PVgjXz7KM/sL5+AF87nxo=</latexit><latexit sha1_base64="sNlZxrb6LQmRF4Wpr2yt2x+I9uw=">AAACG3icbVDLSgMxFM3UV62vUZdugkWomzIjgm6EohvdVbAP6AxDJk3b2ExmSO4IZeh/uPFX3LhQxJXgwr8x03ahrQcCJ+feQ3JOmAiuwXG+rcLS8srqWnG9tLG5tb1j7+41dZwqyho0FrFqh0QzwSVrAAfB2oliJAoFa4XDq3zeemBK81jewShhfkT6kvc4JWCkwD7xIgKDMMzq4047uK/AMb7ALvaMB/DNRPCN4kVpkE2v48AuO1VnArxI3Bkpoxnqgf3pdWOaRkwCFUTrjusk4GdEAaeCjUteqllC6JD0WcdQSSKm/WySbYyPjNLFvViZIwFP1N+OjERaj6LQbOZJ9PwsF/+bdVLonfsZl0kKTNLpQ71UYIhxXhTucsUoiJEhhCpu/orpgChCwdRZMiW485EXSfOk6jpV9/a0XLuc1VFEB+gQVZCLzlANXaM6aiCKHtEzekVv1pP1Yr1bH9PVgjXz7KM/sL5+AF87nxo=</latexit>

Independent rewards across agents

Agents have a communication budget (Bt)
T
t=1

<latexit sha1_base64="9paL//qAJX/XgzMVbejM5rRzTiU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoigl6EUi8eK/QL2hg22227dLMJuxOhhvwSLx4U8epP8ea/cdvmoK0PBh7vzTAzL4gF1+A439ba+sbm1nZhp7i7t39Qsg+P2jpKFGUtGolIdQOimeCStYCDYN1YMRIGgnWCye3M7zwypXkkmzCNmReSkeRDTgkYybdLlboP534KN272kDYz3y47VWcOvErcnJRRjoZvf/UHEU1CJoEKonXPdWLwUqKAU8GyYj/RLCZ0QkasZ6gkIdNeOj88w2dGGeBhpExJwHP190RKQq2nYWA6QwJjvezNxP+8XgLDay/lMk6ASbpYNEwEhgjPUsADrhgFMTWEUMXNrZiOiSIUTFZFE4K7/PIqaV9UXafq3l+Wa/U8jgI6Qaeoglx0hWroDjVQC1GUoGf0it6sJ+vFerc+Fq1rVj5zjP7A+vwB0iCSig==</latexit><latexit sha1_base64="9paL//qAJX/XgzMVbejM5rRzTiU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoigl6EUi8eK/QL2hg22227dLMJuxOhhvwSLx4U8epP8ea/cdvmoK0PBh7vzTAzL4gF1+A439ba+sbm1nZhp7i7t39Qsg+P2jpKFGUtGolIdQOimeCStYCDYN1YMRIGgnWCye3M7zwypXkkmzCNmReSkeRDTgkYybdLlboP534KN272kDYz3y47VWcOvErcnJRRjoZvf/UHEU1CJoEKonXPdWLwUqKAU8GyYj/RLCZ0QkasZ6gkIdNeOj88w2dGGeBhpExJwHP190RKQq2nYWA6QwJjvezNxP+8XgLDay/lMk6ASbpYNEwEhgjPUsADrhgFMTWEUMXNrZiOiSIUTFZFE4K7/PIqaV9UXafq3l+Wa/U8jgI6Qaeoglx0hWroDjVQC1GUoGf0it6sJ+vFerc+Fq1rVj5zjP7A+vwB0iCSig==</latexit><latexit sha1_base64="9paL//qAJX/XgzMVbejM5rRzTiU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoigl6EUi8eK/QL2hg22227dLMJuxOhhvwSLx4U8epP8ea/cdvmoK0PBh7vzTAzL4gF1+A439ba+sbm1nZhp7i7t39Qsg+P2jpKFGUtGolIdQOimeCStYCDYN1YMRIGgnWCye3M7zwypXkkmzCNmReSkeRDTgkYybdLlboP534KN272kDYz3y47VWcOvErcnJRRjoZvf/UHEU1CJoEKonXPdWLwUqKAU8GyYj/RLCZ0QkasZ6gkIdNeOj88w2dGGeBhpExJwHP190RKQq2nYWA6QwJjvezNxP+8XgLDay/lMk6ASbpYNEwEhgjPUsADrhgFMTWEUMXNrZiOiSIUTFZFE4K7/PIqaV9UXafq3l+Wa/U8jgI6Qaeoglx0hWroDjVQC1GUoGf0it6sJ+vFerc+Fq1rVj5zjP7A+vwB0iCSig==</latexit><latexit sha1_base64="9paL//qAJX/XgzMVbejM5rRzTiU=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoigl6EUi8eK/QL2hg22227dLMJuxOhhvwSLx4U8epP8ea/cdvmoK0PBh7vzTAzL4gF1+A439ba+sbm1nZhp7i7t39Qsg+P2jpKFGUtGolIdQOimeCStYCDYN1YMRIGgnWCye3M7zwypXkkmzCNmReSkeRDTgkYybdLlboP534KN272kDYz3y47VWcOvErcnJRRjoZvf/UHEU1CJoEKonXPdWLwUqKAU8GyYj/RLCZ0QkasZ6gkIdNeOj88w2dGGeBhpExJwHP190RKQq2nYWA6QwJjvezNxP+8XgLDay/lMk6ASbpYNEwEhgjPUsADrhgFMTWEUMXNrZiOiSIUTFZFE4K7/PIqaV9UXafq3l+Wa/U8jgI6Qaeoglx0hWroDjVQC1GUoGf0it6sJ+vFerc+Fq1rVj5zjP7A+vwB0iCSig==</latexit>

At all times t, number of information pulls must be lesser than Bt
<latexit sha1_base64="g0tjTdls+p6BAbny4DlEQxN9WVg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdSLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD40BDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSr2Rx1GEMziHS/CgBnW4gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDx74ja0=</latexit><latexit sha1_base64="g0tjTdls+p6BAbny4DlEQxN9WVg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdSLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD40BDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSr2Rx1GEMziHS/CgBnW4gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDx74ja0=</latexit><latexit sha1_base64="g0tjTdls+p6BAbny4DlEQxN9WVg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdSLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD40BDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSr2Rx1GEMziHS/CgBnW4gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDx74ja0=</latexit><latexit sha1_base64="g0tjTdls+p6BAbny4DlEQxN9WVg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdSLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD40BDsoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSr2Rx1GEMziHS/CgBnW4gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDx74ja0=</latexit>

Example - Bt =
p
t

<latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit>

Captures communication constraints



Decentralized Algorithms - 


All decisions only a function of the observed history at the agent.

Decisions - Choice of arm pull, information pull and message to communicate if asked

Algorithm Design Considerations

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>



Decentralized Algorithms - 


All decisions only a function of the observed history at the agent.

Decisions - Choice of arm pull, information pull and message to communicate if asked

Algorithm Design Considerations

What to communicate ? 

How to incorporate the received messages ?

How to use communication budget ?

µ1
<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>



Key Ideas in the Algorithm



Key Ideas in the Algorithm
µ1

<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

µi
<latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit><latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit><latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit><latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit>

1. At all times, each agent only chooses from a 

     subset of size                  of possible arms

⇠
K

N

⇡
+ 2

<latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit><latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit><latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit><latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit>



Social Learning Algorithm - Key Ideas
µ1

<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

µi
<latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit><latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit><latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit><latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit>

1. At all times, each agent only chooses from a 

     subset of size                  of possible arms

⇠
K

N

⇡
+ 2

<latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit><latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit><latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit><latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit>

2. When asked for information, recommend your estimated best arm
On receiving information, 


1. Throw out the worst arm and 

2. Replace by the recommended arm

The “active” set of arms at each agent is dynamically evolving



Key Ideas in the Algorithm
µ1

<latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit><latexit sha1_base64="SyvilcxGIeNaz1dffuzbmTbCILI=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8F/SqNb/uz0FWSVCQGhRo9qpf3X7KcsU1Mkmt7QR+htGEGhRM8mmlm1ueUTaiA95xVFPFbTSZHzslZ07pkyQ1rjSSufp7YkKVtWMVu05FcWiXvZn4n9fJMbmOJkJnOXLNFouSXBJMyexz0heGM5RjRygzwt1K2JAaytDlU3EhBMsvr5LWRT3w68H9Za1xU8RRhhM4hXMI4AoacAdNCIGBgGd4hTdPey/eu/exaC15xcwx/IH3+QOEWo56</latexit>

µ2
<latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit><latexit sha1_base64="ZIYZtpol5w3C8O9GhFsWh+hUrmY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4juEkgWcLsZDYZMo9lZlYIS77BiwdFvPpB3vwbJ8keNLGgoajqprsrTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT5pG5VpQkOiuNLdGBvKmaShZZbTbqopFjGnnXhyN/c7T1QbpuSjnaY0EngkWcIItk4K+yIbNAbVml/3F0DrJChIDQq0BtWv/lCRTFBpCcfG9AI/tVGOtWWE01mlnxmaYjLBI9pzVGJBTZQvjp2hC6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0PxzNGSaEsunjmCimbsVkTHWmFiXT8WFEKy+vE7ajXrg14OHq1rztoijDGdwDpcQwDU04R5aEAIBBs/wCm+e9F68d+9j2VryiplT+APv8weF3o57</latexit>

µK
<latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit><latexit sha1_base64="+Yaxyi6wG/2AMKMSiYmOGw3D8uY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF8FLBDcJJEuYncwmQ2Zml3kIYck3ePGgiFc/yJt/4yTZgyYWNBRV3XR3xRln2vj+t1daW9/Y3CpvV3Z29/YPqodHLZ1aRWhIUp6qTow15UzS0DDDaSdTFIuY03Y8vp357SeqNEvlo5lkNBJ4KFnCCDZOCnvC9u/71Zpf9+dAqyQoSA0KNPvVr94gJVZQaQjHWncDPzNRjpVhhNNppWc1zTAZ4yHtOiqxoDrK58dO0ZlTBihJlStp0Fz9PZFjofVExK5TYDPSy95M/M/rWpNcRzmTmTVUksWixHJkUjT7HA2YosTwiSOYKOZuRWSEFSbG5VNxIQTLL6+S1kU98OvBw2WtcVPEUYYTOIVzCOAKGnAHTQiBAINneIU3T3ov3rv3sWgtecXMMfyB9/kDq8KOlA==</latexit>

µi
<latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit><latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit><latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit><latexit sha1_base64="wkVEvCRS7LqShlwXNsPAkSGVPGw=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBi4HkCHubvWTJ7t6xOyeEkN9gY6GIrT/Izn/jJrlCEx8MPN6bYWZenElh0fe/vdLa+sbmVnm7srO7t39QPTxq2TQ3jIcslalpx9RyKTQPUaDk7cxwqmLJH+PR7cx/fOLGilQ/4DjjkaIDLRLBKDop7Kq8J3rVml/35yCrJChIDQo0e9Wvbj9lueIamaTWdgI/w2hCDQom+bTSzS3PKBvRAe84qqniNprMj52SM6f0SZIaVxrJXP09MaHK2rGKXaeiOLTL3kz8z+vkmFxHE6GzHLlmi0VJLgmmZPY56QvDGcqxI5QZ4W4lbEgNZejyqbgQguWXV0nroh749eD+sta4KeIowwmcwjkEcAUNuIMmhMBAwDO8wpunvRfv3ftYtJa8YuYY/sD7/AHZOo6y</latexit>

1. At all times, each agent only chooses from a 

     subset of size                  of possible arms

⇠
K

N

⇡
+ 2

<latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit><latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit><latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit><latexit sha1_base64="9hM3zJMIW/NYMQ7YvhSyBVTiTSY=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEEpSBF0W3QiCVLAPaEKZTCft0MmDmYlQQn7Bjb/ixoUibt2582+cpllo64ELh3Pu5d57vJgzqSzr2yitrK6tb5Q3K1vbO7t75v5BR0aJILRNIh6Jnocl5SykbcUUp71YUBx4nHa9ydXM7z5QIVkU3qtpTN0Aj0LmM4KVlgZmzfHYaIQcTijjyPEFJulNlt5mqDBEbpw2BmbVqls50DKxC1KFAq2B+eUMI5IENFSEYyn7thUrN8VCMcJpVnESSWNMJnhE+5qGOKDSTfOPMnSilSHyI6ErVChXf0+kOJByGni6M8BqLBe9mfif10+Uf+GmLIwTRUMyX+QnHKkIzeJBQyYoUXyqCSaC6VsRGWOditIhVnQI9uLLy6TTqNtW3b47qzYvizjKcATHUAMbzqEJ19CCNhB4hGd4hTfjyXgx3o2PeWvJKGYO4Q+Mzx/9A5xz</latexit>

2. When asked for information, recommend your estimated best arm
On receiving information, 


1. Throw out the worst arm and 

2. Replace by the recommended arm

3. Frequency of communication ? 
High initially when unsure of having the best arm


Low in late stage when confident of having the best arm.

The “active” set of arms at each agent is dynamically evolving



Algorithm - Details

1. Initialization -  each agents chose active set of 3 arms arbitrarily

For simplicity assume there are N agents and N arms.



{1, 2, 3}
<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>

Algorithm - Details

1. Initialization -  each agents chose active set of 3 arms arbitrarily
Every arm is being played by some agent in the beginning.

For simplicity assume there are N agents and N arms.



1. Initialization -  each agent choses active set of 3 arms arbitrarily
Every arm is being played by some agent in the beginning.

For simplicity assume there are N agents and N arms.

Phase 1 Phase 2 Phase 3

{1, 2, 3}
<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>

Gossiping Insert/Eliminate Algorithm

Phases of increasing duration



Gossiping Insert/Eliminate Algorithm

1. Initialization -  each agent choses active set of 3 arms arbitrarily
Every arm is being played by some agent in the beginning.

For simplicity assume there are N agents and N arms.

{1, 2, 3}
<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>

Phases of increasing duration

Phase 1 Phase 2 Phase 3

2. UCB among active arms in a phase. At the end of a phase

       - Ask a random neighbor for a recommendation


- When asked, recommend the most played arm in the previous phase 

- Throw your least played arm and accept recommendation

Gossip

Insert/Eliminate



Gossiping Insert/Eliminate Algorithm
Bt =

p
t

<latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit>

For ex. as communication budget

Phase 1 Phase 2 Phase i

12
<latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit>

22
<latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit>

i2
<latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit>



Gossiping Insert/Eliminate Algorithm
{1, 2, 3}

<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>

Bt =
p
t

<latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit>

For ex. as communication budget

{1, 2, 3}
<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>

Agent 1

Agent 2

Agent N

Phase 1 Phase 2 Phase i

12
<latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit>

22
<latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit>

i2
<latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit>



Gossiping Insert/Eliminate Algorithm
{1, 2, 3}

<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>

Bt =
p
t

<latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit>

For ex. as communication budget

{1, 2, 3}
<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>
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Phase 1 Phase 2 Phase i

12
<latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit>

22
<latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit>

i2
<latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit>

|{z}
<latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit>

UCB



Gossiping Insert/Eliminate Algorithm
{1, 2, 3}

<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>Bt =
p
t

<latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit><latexit sha1_base64="FVHYHCmhE1+RZf2BnyDLBBrLV5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIvHCOYByRpmJ5NkyOzsOtOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nAccz+kAyX6glG00n21i+SKdMyDxhQn3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2dXT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0whIT2jOUI4toUwLeythQ6opQxtUwYbgLb68TBpnZc8te7fnpUo1iyMPR3AMp+DBBVTgBmpQBwYanuEV3pwn58V5dz7mrTknmzmEP3A+fwD4yJIq</latexit>

For ex.

Phase 1 Phase 2 Phase i

12
<latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit><latexit sha1_base64="SDydHfpYoXLwpRQxtuN/GnlAHtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile++x1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbRqVc+tencXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCfdo1Z</latexit>

22
<latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit><latexit sha1_base64="yhM/LEYRrX8Ysq+aaDfMBSsszO8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+9pjrV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gCg/I1a</latexit>

i2
<latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit><latexit sha1_base64="T70UhfOmH/g7rk91fQl7Wr8ESHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0zx9r/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qudWvbuLSv06j6MIJ3AK5+DBJdThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/TGjZE=</latexit>

as communication budget

{1, 2, 3}
<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>

Agent 1

Agent 2

Agent N

|{z}
<latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit>

UCB

{1, 3, 4}
<latexit sha1_base64="ylos+9Ig4fCIz1GdljwVoK4+jqo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILkpJtKDLohuXFewDmlAm05t26GQSZiZCCXHjr7hxoYhb/8Kdf+M0zUJbD1w4nHPv3LnHjxmVyra/jdLK6tr6RnmzsrW9s7tn7h90ZJQIAm0SsUj0fCyBUQ5tRRWDXiwAhz6Drj+5mfndBxCSRvxeTWPwQjziNKAEKy0NzCM3Td38mXQkAHjmZLWLWsPNBmbVrts5rGXiFKSKCrQG5pc7jEgSAleEYSn7jh0rL8VCUcIgq7iJhBiTCR5BX1OOQ5Bemq/OrFOtDK0gErq4snL190SKQymnoa87Q6zGctGbif95/UQFV15KeZwo4GS+KEiYpSJrFoc1pAKIYlNNMBFU/9UiYywwUTq0ig7BWTx5mXTO645dd+4a1eZ1EUcZHaMTdIYcdIma6Ba1UBsR9Iie0St6M56MF+Pd+Ji3loxi5hD9gfH5Azu4lrc=</latexit><latexit sha1_base64="ylos+9Ig4fCIz1GdljwVoK4+jqo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILkpJtKDLohuXFewDmlAm05t26GQSZiZCCXHjr7hxoYhb/8Kdf+M0zUJbD1w4nHPv3LnHjxmVyra/jdLK6tr6RnmzsrW9s7tn7h90ZJQIAm0SsUj0fCyBUQ5tRRWDXiwAhz6Drj+5mfndBxCSRvxeTWPwQjziNKAEKy0NzCM3Td38mXQkAHjmZLWLWsPNBmbVrts5rGXiFKSKCrQG5pc7jEgSAleEYSn7jh0rL8VCUcIgq7iJhBiTCR5BX1OOQ5Bemq/OrFOtDK0gErq4snL190SKQymnoa87Q6zGctGbif95/UQFV15KeZwo4GS+KEiYpSJrFoc1pAKIYlNNMBFU/9UiYywwUTq0ig7BWTx5mXTO645dd+4a1eZ1EUcZHaMTdIYcdIma6Ba1UBsR9Iie0St6M56MF+Pd+Ji3loxi5hD9gfH5Azu4lrc=</latexit><latexit sha1_base64="ylos+9Ig4fCIz1GdljwVoK4+jqo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILkpJtKDLohuXFewDmlAm05t26GQSZiZCCXHjr7hxoYhb/8Kdf+M0zUJbD1w4nHPv3LnHjxmVyra/jdLK6tr6RnmzsrW9s7tn7h90ZJQIAm0SsUj0fCyBUQ5tRRWDXiwAhz6Drj+5mfndBxCSRvxeTWPwQjziNKAEKy0NzCM3Td38mXQkAHjmZLWLWsPNBmbVrts5rGXiFKSKCrQG5pc7jEgSAleEYSn7jh0rL8VCUcIgq7iJhBiTCR5BX1OOQ5Bemq/OrFOtDK0gErq4snL190SKQymnoa87Q6zGctGbif95/UQFV15KeZwo4GS+KEiYpSJrFoc1pAKIYlNNMBFU/9UiYywwUTq0ig7BWTx5mXTO645dd+4a1eZ1EUcZHaMTdIYcdIma6Ba1UBsR9Iie0St6M56MF+Pd+Ji3loxi5hD9gfH5Azu4lrc=</latexit><latexit sha1_base64="ylos+9Ig4fCIz1GdljwVoK4+jqo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILkpJtKDLohuXFewDmlAm05t26GQSZiZCCXHjr7hxoYhb/8Kdf+M0zUJbD1w4nHPv3LnHjxmVyra/jdLK6tr6RnmzsrW9s7tn7h90ZJQIAm0SsUj0fCyBUQ5tRRWDXiwAhz6Drj+5mfndBxCSRvxeTWPwQjziNKAEKy0NzCM3Td38mXQkAHjmZLWLWsPNBmbVrts5rGXiFKSKCrQG5pc7jEgSAleEYSn7jh0rL8VCUcIgq7iJhBiTCR5BX1OOQ5Bemq/OrFOtDK0gErq4snL190SKQymnoa87Q6zGctGbif95/UQFV15KeZwo4GS+KEiYpSJrFoc1pAKIYlNNMBFU/9UiYywwUTq0ig7BWTx5mXTO645dd+4a1eZ1EUcZHaMTdIYcdIma6Ba1UBsR9Iie0St6M56MF+Pd+Ji3loxi5hD9gfH5Azu4lrc=</latexit>

{N � 3, N, 1}
<latexit sha1_base64="FvwS6uFbSy+N3Mo2Fj14sLdIMIw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgopZEBV0W3bgqFewDmlAm09t26GQSZiZCCQE3/oobF4q49Sfc+TdO0yy09cCFwzn3zp17/IhRqWz72ygsLa+srhXXSxubW9s75u5eS4axINAkIQtFx8cSGOXQVFQx6EQCcOAzaPvjm6nffgAhacjv1SQCL8BDTgeUYKWlnnngJombPZMMBQBP66fnaaVecdy0Z5btqp3BWiROTsooR6Nnfrn9kMQBcEUYlrLr2JHyEiwUJQzSkhtLiDAZ4yF0NeU4AOkl2fLUOtZK3xqEQhdXVqb+nkhwIOUk8HVngNVIzntT8T+vG6vBlZdQHsUKOJktGsTMUqE1DcTqUwFEsYkmmAiq/2qRERaYKB1bSYfgzJ+8SFpnVceuOncX5dp1HkcRHaIjdIIcdIlq6BY1UBMR9Iie0St6M56MF+Pd+Ji1Fox8Zh/9gfH5A3pFl2A=</latexit><latexit sha1_base64="FvwS6uFbSy+N3Mo2Fj14sLdIMIw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgopZEBV0W3bgqFewDmlAm09t26GQSZiZCCQE3/oobF4q49Sfc+TdO0yy09cCFwzn3zp17/IhRqWz72ygsLa+srhXXSxubW9s75u5eS4axINAkIQtFx8cSGOXQVFQx6EQCcOAzaPvjm6nffgAhacjv1SQCL8BDTgeUYKWlnnngJombPZMMBQBP66fnaaVecdy0Z5btqp3BWiROTsooR6Nnfrn9kMQBcEUYlrLr2JHyEiwUJQzSkhtLiDAZ4yF0NeU4AOkl2fLUOtZK3xqEQhdXVqb+nkhwIOUk8HVngNVIzntT8T+vG6vBlZdQHsUKOJktGsTMUqE1DcTqUwFEsYkmmAiq/2qRERaYKB1bSYfgzJ+8SFpnVceuOncX5dp1HkcRHaIjdIIcdIlq6BY1UBMR9Iie0St6M56MF+Pd+Ji1Fox8Zh/9gfH5A3pFl2A=</latexit><latexit sha1_base64="FvwS6uFbSy+N3Mo2Fj14sLdIMIw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgopZEBV0W3bgqFewDmlAm09t26GQSZiZCCQE3/oobF4q49Sfc+TdO0yy09cCFwzn3zp17/IhRqWz72ygsLa+srhXXSxubW9s75u5eS4axINAkIQtFx8cSGOXQVFQx6EQCcOAzaPvjm6nffgAhacjv1SQCL8BDTgeUYKWlnnngJombPZMMBQBP66fnaaVecdy0Z5btqp3BWiROTsooR6Nnfrn9kMQBcEUYlrLr2JHyEiwUJQzSkhtLiDAZ4yF0NeU4AOkl2fLUOtZK3xqEQhdXVqb+nkhwIOUk8HVngNVIzntT8T+vG6vBlZdQHsUKOJktGsTMUqE1DcTqUwFEsYkmmAiq/2qRERaYKB1bSYfgzJ+8SFpnVceuOncX5dp1HkcRHaIjdIIcdIlq6BY1UBMR9Iie0St6M56MF+Pd+Ji1Fox8Zh/9gfH5A3pFl2A=</latexit><latexit sha1_base64="FvwS6uFbSy+N3Mo2Fj14sLdIMIw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgopZEBV0W3bgqFewDmlAm09t26GQSZiZCCQE3/oobF4q49Sfc+TdO0yy09cCFwzn3zp17/IhRqWz72ygsLa+srhXXSxubW9s75u5eS4axINAkIQtFx8cSGOXQVFQx6EQCcOAzaPvjm6nffgAhacjv1SQCL8BDTgeUYKWlnnngJombPZMMBQBP66fnaaVecdy0Z5btqp3BWiROTsooR6Nnfrn9kMQBcEUYlrLr2JHyEiwUJQzSkhtLiDAZ4yF0NeU4AOkl2fLUOtZK3xqEQhdXVqb+nkhwIOUk8HVngNVIzntT8T+vG6vBlZdQHsUKOJktGsTMUqE1DcTqUwFEsYkmmAiq/2qRERaYKB1bSYfgzJ+8SFpnVceuOncX5dp1HkcRHaIjdIIcdIlq6BY1UBMR9Iie0St6M56MF+Pd+Ji1Fox8Zh/9gfH5A3pFl2A=</latexit>

{1, 2, 3}
<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{1, 3, 4}
<latexit sha1_base64="ylos+9Ig4fCIz1GdljwVoK4+jqo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILkpJtKDLohuXFewDmlAm05t26GQSZiZCCXHjr7hxoYhb/8Kdf+M0zUJbD1w4nHPv3LnHjxmVyra/jdLK6tr6RnmzsrW9s7tn7h90ZJQIAm0SsUj0fCyBUQ5tRRWDXiwAhz6Drj+5mfndBxCSRvxeTWPwQjziNKAEKy0NzCM3Td38mXQkAHjmZLWLWsPNBmbVrts5rGXiFKSKCrQG5pc7jEgSAleEYSn7jh0rL8VCUcIgq7iJhBiTCR5BX1OOQ5Bemq/OrFOtDK0gErq4snL190SKQymnoa87Q6zGctGbif95/UQFV15KeZwo4GS+KEiYpSJrFoc1pAKIYlNNMBFU/9UiYywwUTq0ig7BWTx5mXTO645dd+4a1eZ1EUcZHaMTdIYcdIma6Ba1UBsR9Iie0St6M56MF+Pd+Ji3loxi5hD9gfH5Azu4lrc=</latexit><latexit sha1_base64="ylos+9Ig4fCIz1GdljwVoK4+jqo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILkpJtKDLohuXFewDmlAm05t26GQSZiZCCXHjr7hxoYhb/8Kdf+M0zUJbD1w4nHPv3LnHjxmVyra/jdLK6tr6RnmzsrW9s7tn7h90ZJQIAm0SsUj0fCyBUQ5tRRWDXiwAhz6Drj+5mfndBxCSRvxeTWPwQjziNKAEKy0NzCM3Td38mXQkAHjmZLWLWsPNBmbVrts5rGXiFKSKCrQG5pc7jEgSAleEYSn7jh0rL8VCUcIgq7iJhBiTCR5BX1OOQ5Bemq/OrFOtDK0gErq4snL190SKQymnoa87Q6zGctGbif95/UQFV15KeZwo4GS+KEiYpSJrFoc1pAKIYlNNMBFU/9UiYywwUTq0ig7BWTx5mXTO645dd+4a1eZ1EUcZHaMTdIYcdIma6Ba1UBsR9Iie0St6M56MF+Pd+Ji3loxi5hD9gfH5Azu4lrc=</latexit><latexit sha1_base64="ylos+9Ig4fCIz1GdljwVoK4+jqo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILkpJtKDLohuXFewDmlAm05t26GQSZiZCCXHjr7hxoYhb/8Kdf+M0zUJbD1w4nHPv3LnHjxmVyra/jdLK6tr6RnmzsrW9s7tn7h90ZJQIAm0SsUj0fCyBUQ5tRRWDXiwAhz6Drj+5mfndBxCSRvxeTWPwQjziNKAEKy0NzCM3Td38mXQkAHjmZLWLWsPNBmbVrts5rGXiFKSKCrQG5pc7jEgSAleEYSn7jh0rL8VCUcIgq7iJhBiTCR5BX1OOQ5Bemq/OrFOtDK0gErq4snL190SKQymnoa87Q6zGctGbif95/UQFV15KeZwo4GS+KEiYpSJrFoc1pAKIYlNNMBFU/9UiYywwUTq0ig7BWTx5mXTO645dd+4a1eZ1EUcZHaMTdIYcdIma6Ba1UBsR9Iie0St6M56MF+Pd+Ji3loxi5hD9gfH5Azu4lrc=</latexit><latexit sha1_base64="ylos+9Ig4fCIz1GdljwVoK4+jqo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILkpJtKDLohuXFewDmlAm05t26GQSZiZCCXHjr7hxoYhb/8Kdf+M0zUJbD1w4nHPv3LnHjxmVyra/jdLK6tr6RnmzsrW9s7tn7h90ZJQIAm0SsUj0fCyBUQ5tRRWDXiwAhz6Drj+5mfndBxCSRvxeTWPwQjziNKAEKy0NzCM3Td38mXQkAHjmZLWLWsPNBmbVrts5rGXiFKSKCrQG5pc7jEgSAleEYSn7jh0rL8VCUcIgq7iJhBiTCR5BX1OOQ5Bemq/OrFOtDK0gErq4snL190SKQymnoa87Q6zGctGbif95/UQFV15KeZwo4GS+KEiYpSJrFoc1pAKIYlNNMBFU/9UiYywwUTq0ig7BWTx5mXTO645dd+4a1eZ1EUcZHaMTdIYcdIma6Ba1UBsR9Iie0St6M56MF+Pd+Ji3loxi5hD9gfH5Azu4lrc=</latexit>

{N � 3, N, 1}
<latexit sha1_base64="FvwS6uFbSy+N3Mo2Fj14sLdIMIw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgopZEBV0W3bgqFewDmlAm09t26GQSZiZCCQE3/oobF4q49Sfc+TdO0yy09cCFwzn3zp17/IhRqWz72ygsLa+srhXXSxubW9s75u5eS4axINAkIQtFx8cSGOXQVFQx6EQCcOAzaPvjm6nffgAhacjv1SQCL8BDTgeUYKWlnnngJombPZMMBQBP66fnaaVecdy0Z5btqp3BWiROTsooR6Nnfrn9kMQBcEUYlrLr2JHyEiwUJQzSkhtLiDAZ4yF0NeU4AOkl2fLUOtZK3xqEQhdXVqb+nkhwIOUk8HVngNVIzntT8T+vG6vBlZdQHsUKOJktGsTMUqE1DcTqUwFEsYkmmAiq/2qRERaYKB1bSYfgzJ+8SFpnVceuOncX5dp1HkcRHaIjdIIcdIlq6BY1UBMR9Iie0St6M56MF+Pd+Ji1Fox8Zh/9gfH5A3pFl2A=</latexit><latexit sha1_base64="FvwS6uFbSy+N3Mo2Fj14sLdIMIw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgopZEBV0W3bgqFewDmlAm09t26GQSZiZCCQE3/oobF4q49Sfc+TdO0yy09cCFwzn3zp17/IhRqWz72ygsLa+srhXXSxubW9s75u5eS4axINAkIQtFx8cSGOXQVFQx6EQCcOAzaPvjm6nffgAhacjv1SQCL8BDTgeUYKWlnnngJombPZMMBQBP66fnaaVecdy0Z5btqp3BWiROTsooR6Nnfrn9kMQBcEUYlrLr2JHyEiwUJQzSkhtLiDAZ4yF0NeU4AOkl2fLUOtZK3xqEQhdXVqb+nkhwIOUk8HVngNVIzntT8T+vG6vBlZdQHsUKOJktGsTMUqE1DcTqUwFEsYkmmAiq/2qRERaYKB1bSYfgzJ+8SFpnVceuOncX5dp1HkcRHaIjdIIcdIlq6BY1UBMR9Iie0St6M56MF+Pd+Ji1Fox8Zh/9gfH5A3pFl2A=</latexit><latexit sha1_base64="FvwS6uFbSy+N3Mo2Fj14sLdIMIw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgopZEBV0W3bgqFewDmlAm09t26GQSZiZCCQE3/oobF4q49Sfc+TdO0yy09cCFwzn3zp17/IhRqWz72ygsLa+srhXXSxubW9s75u5eS4axINAkIQtFx8cSGOXQVFQx6EQCcOAzaPvjm6nffgAhacjv1SQCL8BDTgeUYKWlnnngJombPZMMBQBP66fnaaVecdy0Z5btqp3BWiROTsooR6Nnfrn9kMQBcEUYlrLr2JHyEiwUJQzSkhtLiDAZ4yF0NeU4AOkl2fLUOtZK3xqEQhdXVqb+nkhwIOUk8HVngNVIzntT8T+vG6vBlZdQHsUKOJktGsTMUqE1DcTqUwFEsYkmmAiq/2qRERaYKB1bSYfgzJ+8SFpnVceuOncX5dp1HkcRHaIjdIIcdIlq6BY1UBMR9Iie0St6M56MF+Pd+Ji1Fox8Zh/9gfH5A3pFl2A=</latexit><latexit sha1_base64="FvwS6uFbSy+N3Mo2Fj14sLdIMIw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgopZEBV0W3bgqFewDmlAm09t26GQSZiZCCQE3/oobF4q49Sfc+TdO0yy09cCFwzn3zp17/IhRqWz72ygsLa+srhXXSxubW9s75u5eS4axINAkIQtFx8cSGOXQVFQx6EQCcOAzaPvjm6nffgAhacjv1SQCL8BDTgeUYKWlnnngJombPZMMBQBP66fnaaVecdy0Z5btqp3BWiROTsooR6Nnfrn9kMQBcEUYlrLr2JHyEiwUJQzSkhtLiDAZ4yF0NeU4AOkl2fLUOtZK3xqEQhdXVqb+nkhwIOUk8HVngNVIzntT8T+vG6vBlZdQHsUKOJktGsTMUqE1DcTqUwFEsYkmmAiq/2qRERaYKB1bSYfgzJ+8SFpnVceuOncX5dp1HkcRHaIjdIIcdIlq6BY1UBMR9Iie0St6M56MF+Pd+Ji1Fox8Zh/9gfH5A3pFl2A=</latexit>

Ask a random neighbor for recommendation 

Suggest the most played arm in previous phase

Replace your worst arm with recommendation 

|{z}
<latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit><latexit sha1_base64="7V/oQ90OTBeYLEh/mEeDS3RkHAM=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbymYzaZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1AqpRcIlNw43ATqqQxoHAdjC6m/ntMSrNE/loJin6MR1IHnFGjZX8XiZDVIGiDPNpv1J1a+4cZJV4BalCgUa/8tULE5bFKA0TVOuu56bGz6kynAmclnuZxpSyER1g11JJY9R+Pj96Ss6tEpIoUbakIXP190ROY60ncWA7Y2qGetmbif953cxEN37OZZoZlGyxKMoEMQmZJUBCrpAZMbGEMsXtrYQNqY3A2JzKNgRv+eVV0rqseW7Ne7iq1m+LOEpwCmdwAR5cQx3uoQFNYPAEz/AKb87YeXHenY9F65pTzJzAHzifP0hEkms=</latexit>

UCB

Size of the active arms is fixed.



The bad arms never get recommended often and hence don’t spread.

Algorithm - Why does it work ? 
Best arm “eventually spreads” to all agents



The bad arms never get recommended often and hence don’t spread.

Algorithm - Why does it work ? 
Best arm “eventually spreads” to all agents

1 > µ1 > µ2 � · · · � µN > 0
<latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit> {1, 2, 3}

<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>
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The bad arms never get recommended often and hence don’t spread.

Algorithm - Why does it work ? 
Best arm “eventually spreads” to all agents

1 > µ1 > µ2 � · · · � µN > 0
<latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit> {1, 2, 3}

<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>

Phase 1 Phase 2 Phase I

Agent 1 has figured out the best arm



The bad arms never get recommended often and hence don’t spread.

Algorithm - Why does it work ? 
Best arm “eventually spreads” to all agents

1 > µ1 > µ2 � · · · � µN > 0
<latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit> {1, 2, 3}

<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{2, 3, 4}
<latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit><latexit sha1_base64="yweKxjKYUW4msHf667zKh6m229E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7taDHohePFWytdJeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD486ug4VYS2Scxj1Q2xppxJ2jbMcNpNFMUi5PQhHN/M/IcnqjSL5b2ZJDQQeChZxAg2Vnr0s3r1otrwp/1yxa25c6BV4uWkAjla/fKXP4hJKqg0hGOte56bmCDDyjDC6bTkp5ommIzxkPYslVhQHWTzg6fozCoDFMXKljRorv6eyLDQeiJC2ymwGellbyb+5/VSE10FGZNJaqgki0VRypGJ0ex7NGCKEsMnlmCimL0VkRFWmBibUcmG4C2/vEo69Zrn1ry7RqV5ncdRhBM4hXPw4BKacAstaAMBAc/wCm+Ocl6cd+dj0Vpw8plj+APn8wdeWY91</latexit>

{N � 1, N, 1}
<latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit><latexit sha1_base64="eW5IzyQ99hmLCaSnllb6ohbmXLo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgoZaNCHosevFUKtgP2F1KNk3b0OxmSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEihQHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqhlvMSWV7obUcCli3gIBkncTzWkUSt4Jx3czv/PEtREqfoRJwoOIDmMxEIyClTw/a1yQaqNK/GmvXHFr7hx4lZCcVFCOZq/85fcVSyMeA5PUGI+4CQQZ1SCY5NOSnxqeUDamQ+5ZGtOImyCbnzzFZ1bp44HStmLAc/X3REYjYyZRaDsjCiOz7M3E/zwvhcFNkIk4SYHHbLFokEoMCs/+x32hOQM5sYQyLeytmI2opgxsSiUbAll+eZW0L2vErZGHq0r9No+jiE7QKTpHBF2jOrpHTdRCDCn0jF7RmwPOi/PufCxaC04+c4z+wPn8AYtTkBs=</latexit>

Phase 1 Phase 2 Phase I

Agents 1,2 have figured out the best arm



The bad arms never get recommended often and hence don’t spread.

Algorithm - Why does it work ? 
Best arm “eventually spreads” to all agents

1 > µ1 > µ2 � · · · � µN > 0
<latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit> {1, 2, 3}

<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

Phase 1 Phase 2 Phase I

All agents have the best arm

{1, 3, 4}
<latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit><latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit><latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit><latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit>

{1, N � 1, N � 6}
<latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit><latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit><latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit><latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit>



The bad arms never get recommended often and hence don’t spread.

Algorithm - Why does it work ? 
Best arm “eventually spreads” to all agents

1 > µ1 > µ2 � · · · � µN > 0
<latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit> {1, 2, 3}

<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{1, 3, 4}
<latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit><latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit><latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit><latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit>

{1, N � 1, N � 6}
<latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit><latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit><latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit><latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit>

N=K=10, arm means randomly chosen in [0,1]



Algorithm - Why does it work ? 
1 > µ1 > µ2 � · · · � µN > 0

<latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit><latexit sha1_base64="z2Qwx3J36VvM5Dnd27lVmnFfCo0=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCF0c7BD3J0IsnmeBeYC0lTdMtLElrkgqj7FN48at48aCIV/HmtzHbKujmAyE//v/nIXn+Ycqo0o7zZS0sLi2vrJbWyusbm1vb9s5uSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDn22/dEKpqIWz1Mic9RT9CYYqSNFNjHLjyHHs+Cn7sGvR65gx6OEq0KNvK1sR0Y2BWn6kwKzoNbQAUU1QjsTy9KcMaJ0Jghpbquk2o/R1JTzMio7GWKpAgPUI90DQrEifLzyVojeGiUCMaJNEdoOFF/T+SIKzXkoenkSPfVrDcW//O6mY7P/JyKNNNE4OlDccagTuA4IxhRSbBmQwMIS2r+CnEfSYS1SbJsQnBnV56HVq3qOlX35qRSvyjiKIF9cACOgAtOQR1cgQZoAgwewBN4Aa/Wo/VsvVnv09YFq5jZA3/K+vgG8decGw==</latexit>

Phase 1 Phase 2 Phase I

{1, 2, 3}
<latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit><latexit sha1_base64="IGBEujJ5qoWVS9LKy6TZBMM3M+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+5lXr1Qt/2i9X3Jo7B1olXk4qkKPZL3/5g5ikgkpDONa657mJCTKsDCOcTkt+qmmCyRgPac9SiQXVQTY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810XWQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6Rdr3luzbu/rDRu8jiKcAKncA4eXEED7qAJLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZwY9y</latexit>

{1, 3, 4}
<latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit><latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit><latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit><latexit sha1_base64="WWjICjpRjB/jRipi8gwSJgQwdAQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF6UkWtBl0Y3LCvYBTSmT6W07dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOfeuXOPH3GmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTCWFJo05KHs+EQBZwKammkOnUgCCXwObX9yM/PbDyAVC8W9nkbQC8hIsCGjRBupbx95SeJlzyQjCSBS7KaVi0rNS/t22ak6GfAycXNSRjkaffvLG4Q0DkBoyolSXdeJdC8hUjPKIS15sYKI0AkZQddQQQJQvSTbneJTowzwMJSmhMaZ+nsiIYFS08A3nQHRY7XozcT/vG6sh1e9hIko1iDofNEw5liHeJYHHjAJVPOpIYRKZv6K6ZhIQrVJrWRCcBdPXiat86rrVN27Wrl+ncdRRMfoBJ0hF12iOrpFDdREFD2iZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCZP5bh</latexit>

{1, N � 1, N � 6}
<latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit><latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit><latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit><latexit sha1_base64="c9mA0fXJIEv90ywer4S5J2NsRvQ=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksioi6LblxJBfuAJpTJ9LYdOpmEmYlQQlZu/BU3LhRx6ze482+cpl1o64ELh3PuY+YEMWdKO863VVhYXFpeKa6W1tY3Nrfs7Z2GihJJoU4jHslWQBRwJqCumebQiiWQMODQDIbXY7/5AFKxSNzrUQx+SPqC9Rgl2kgde99LUy9fk/YlgMiwmx3fnrimzr2sY5edipMDzxN3SspoilrH/vK6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpP8/sZPjRKF/ciaUponKu/J1ISKjUKA9MZEj1Qs95Y/M9rJ7p36adMxIkGQSeHegnHOsLjTHCXSaCajwwhVDLzVkwHRBKqTXIlE4I7++V50jituE7FvTsrV6+mcRTRHjpAR8hFF6iKblAN1RFFj+gZvaI368l6sd6tj0lrwZrO7KI/sD5/AMhtl/8=</latexit>

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

Formally, we prove that, for all phases, after a random phase index  

1. Best arm is in all agent’s active arm set

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit>

2. Agents always recommend the best-arm

RT  E[⌧ ] + 8

�
log(T ) +O(1)

<latexit sha1_base64="sm4bDoLurjeP6AHMXr+WPzui6LE="></latexit><latexit sha1_base64="sm4bDoLurjeP6AHMXr+WPzui6LE="></latexit><latexit sha1_base64="sm4bDoLurjeP6AHMXr+WPzui6LE="></latexit><latexit sha1_base64="sm4bDoLurjeP6AHMXr+WPzui6LE="></latexit>

Regret of any agent - 



In a system with K arms and N agents, connected over any connected 
graph G, with communication budget scaling                         , the regret

of any agent after T time steps is 

Main Theorem

Bt = ⌦(log(t))
<latexit sha1_base64="zFRHYBFkvPbS+2MLXyflgQ/jpuM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJRNCLUOrFmxVsKzQhbLabdOnmg92JUELBv+LFgyJe/R3e/Ddu2xy09cHA470ZZub5qeAKLOvbKK2srq1vlDcrW9s7u3vm/kFXJZmkrEMTkcgHnygmeMw6wEGwh1QyEvmC9fzR9dTvPTKpeBLfwzhlbkTCmAecEtCSZx61PMBX2LmNWEhqjkjCGtTrnlm1GtYMeJnYBamiAm3P/HIGCc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHb+BJ9qZYCDROqKAc/U3xM5iZQaR77ujAgM1aI3Ff/z+hkEl27O4zQDFtP5oiATGBI8zQIPuGQUxFgTQiXXt2I6JJJQ0IlVdAj24svLpHvWsK2GfXdebbaKOMroGJ2gGrLRBWqiG9RGHURRjp7RK3oznowX4934mLeWjGLmEP2B8fkDuTmUCA==</latexit><latexit sha1_base64="zFRHYBFkvPbS+2MLXyflgQ/jpuM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJRNCLUOrFmxVsKzQhbLabdOnmg92JUELBv+LFgyJe/R3e/Ddu2xy09cHA470ZZub5qeAKLOvbKK2srq1vlDcrW9s7u3vm/kFXJZmkrEMTkcgHnygmeMw6wEGwh1QyEvmC9fzR9dTvPTKpeBLfwzhlbkTCmAecEtCSZx61PMBX2LmNWEhqjkjCGtTrnlm1GtYMeJnYBamiAm3P/HIGCc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHb+BJ9qZYCDROqKAc/U3xM5iZQaR77ujAgM1aI3Ff/z+hkEl27O4zQDFtP5oiATGBI8zQIPuGQUxFgTQiXXt2I6JJJQ0IlVdAj24svLpHvWsK2GfXdebbaKOMroGJ2gGrLRBWqiG9RGHURRjp7RK3oznowX4934mLeWjGLmEP2B8fkDuTmUCA==</latexit><latexit sha1_base64="zFRHYBFkvPbS+2MLXyflgQ/jpuM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJRNCLUOrFmxVsKzQhbLabdOnmg92JUELBv+LFgyJe/R3e/Ddu2xy09cHA470ZZub5qeAKLOvbKK2srq1vlDcrW9s7u3vm/kFXJZmkrEMTkcgHnygmeMw6wEGwh1QyEvmC9fzR9dTvPTKpeBLfwzhlbkTCmAecEtCSZx61PMBX2LmNWEhqjkjCGtTrnlm1GtYMeJnYBamiAm3P/HIGCc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHb+BJ9qZYCDROqKAc/U3xM5iZQaR77ujAgM1aI3Ff/z+hkEl27O4zQDFtP5oiATGBI8zQIPuGQUxFgTQiXXt2I6JJJQ0IlVdAj24svLpHvWsK2GfXdebbaKOMroGJ2gGrLRBWqiG9RGHURRjp7RK3oznowX4934mLeWjGLmEP2B8fkDuTmUCA==</latexit><latexit sha1_base64="zFRHYBFkvPbS+2MLXyflgQ/jpuM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJRNCLUOrFmxVsKzQhbLabdOnmg92JUELBv+LFgyJe/R3e/Ddu2xy09cHA470ZZub5qeAKLOvbKK2srq1vlDcrW9s7u3vm/kFXJZmkrEMTkcgHnygmeMw6wEGwh1QyEvmC9fzR9dTvPTKpeBLfwzhlbkTCmAecEtCSZx61PMBX2LmNWEhqjkjCGtTrnlm1GtYMeJnYBamiAm3P/HIGCc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHb+BJ9qZYCDROqKAc/U3xM5iZQaR77ujAgM1aI3Ff/z+hkEl27O4zQDFtP5oiATGBI8zQIPuGQUxFgTQiXXt2I6JJJQ0IlVdAj24svLpHvWsK2GfXdebbaKOMroGJ2gGrLRBWqiG9RGHURRjp7RK3oznowX4934mLeWjGLmEP2B8fkDuTmUCA==</latexit>

RT  O
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log(T )
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<latexit sha1_base64="bTawAZGwtvnDVKMNLv6Z5onpXtA="></latexit><latexit sha1_base64="bTawAZGwtvnDVKMNLv6Z5onpXtA="></latexit><latexit sha1_base64="bTawAZGwtvnDVKMNLv6Z5onpXtA="></latexit><latexit sha1_base64="bTawAZGwtvnDVKMNLv6Z5onpXtA="></latexit>

Constant independent of timeSame scaling as full communication



In a system with K arms and N agents, connected over any connected 
graph G, with communication budget scaling                         , the regret

of any agent after T time steps is 

Main Theorem

Bt = ⌦(log(t))
<latexit sha1_base64="zFRHYBFkvPbS+2MLXyflgQ/jpuM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJRNCLUOrFmxVsKzQhbLabdOnmg92JUELBv+LFgyJe/R3e/Ddu2xy09cHA470ZZub5qeAKLOvbKK2srq1vlDcrW9s7u3vm/kFXJZmkrEMTkcgHnygmeMw6wEGwh1QyEvmC9fzR9dTvPTKpeBLfwzhlbkTCmAecEtCSZx61PMBX2LmNWEhqjkjCGtTrnlm1GtYMeJnYBamiAm3P/HIGCc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHb+BJ9qZYCDROqKAc/U3xM5iZQaR77ujAgM1aI3Ff/z+hkEl27O4zQDFtP5oiATGBI8zQIPuGQUxFgTQiXXt2I6JJJQ0IlVdAj24svLpHvWsK2GfXdebbaKOMroGJ2gGrLRBWqiG9RGHURRjp7RK3oznowX4934mLeWjGLmEP2B8fkDuTmUCA==</latexit><latexit sha1_base64="zFRHYBFkvPbS+2MLXyflgQ/jpuM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJRNCLUOrFmxVsKzQhbLabdOnmg92JUELBv+LFgyJe/R3e/Ddu2xy09cHA470ZZub5qeAKLOvbKK2srq1vlDcrW9s7u3vm/kFXJZmkrEMTkcgHnygmeMw6wEGwh1QyEvmC9fzR9dTvPTKpeBLfwzhlbkTCmAecEtCSZx61PMBX2LmNWEhqjkjCGtTrnlm1GtYMeJnYBamiAm3P/HIGCc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHb+BJ9qZYCDROqKAc/U3xM5iZQaR77ujAgM1aI3Ff/z+hkEl27O4zQDFtP5oiATGBI8zQIPuGQUxFgTQiXXt2I6JJJQ0IlVdAj24svLpHvWsK2GfXdebbaKOMroGJ2gGrLRBWqiG9RGHURRjp7RK3oznowX4934mLeWjGLmEP2B8fkDuTmUCA==</latexit><latexit sha1_base64="zFRHYBFkvPbS+2MLXyflgQ/jpuM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJRNCLUOrFmxVsKzQhbLabdOnmg92JUELBv+LFgyJe/R3e/Ddu2xy09cHA470ZZub5qeAKLOvbKK2srq1vlDcrW9s7u3vm/kFXJZmkrEMTkcgHnygmeMw6wEGwh1QyEvmC9fzR9dTvPTKpeBLfwzhlbkTCmAecEtCSZx61PMBX2LmNWEhqjkjCGtTrnlm1GtYMeJnYBamiAm3P/HIGCc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHb+BJ9qZYCDROqKAc/U3xM5iZQaR77ujAgM1aI3Ff/z+hkEl27O4zQDFtP5oiATGBI8zQIPuGQUxFgTQiXXt2I6JJJQ0IlVdAj24svLpHvWsK2GfXdebbaKOMroGJ2gGrLRBWqiG9RGHURRjp7RK3oznowX4934mLeWjGLmEP2B8fkDuTmUCA==</latexit><latexit sha1_base64="zFRHYBFkvPbS+2MLXyflgQ/jpuM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJRNCLUOrFmxVsKzQhbLabdOnmg92JUELBv+LFgyJe/R3e/Ddu2xy09cHA470ZZub5qeAKLOvbKK2srq1vlDcrW9s7u3vm/kFXJZmkrEMTkcgHnygmeMw6wEGwh1QyEvmC9fzR9dTvPTKpeBLfwzhlbkTCmAecEtCSZx61PMBX2LmNWEhqjkjCGtTrnlm1GtYMeJnYBamiAm3P/HIGCc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHb+BJ9qZYCDROqKAc/U3xM5iZQaR77ujAgM1aI3Ff/z+hkEl27O4zQDFtP5oiATGBI8zQIPuGQUxFgTQiXXt2I6JJJQ0IlVdAj24svLpHvWsK2GfXdebbaKOMroGJ2gGrLRBWqiG9RGHURRjp7RK3oznowX4934mLeWjGLmEP2B8fkDuTmUCA==</latexit>

RT  O
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<latexit sha1_base64="bTawAZGwtvnDVKMNLv6Z5onpXtA="></latexit><latexit sha1_base64="bTawAZGwtvnDVKMNLv6Z5onpXtA="></latexit><latexit sha1_base64="bTawAZGwtvnDVKMNLv6Z5onpXtA="></latexit><latexit sha1_base64="bTawAZGwtvnDVKMNLv6Z5onpXtA="></latexit>

Constant independent of timeSame scaling as full communication

Communication constraints have only second order impact !

Similar performance to full interaction, despite communication constraints



In a system with K arms and N agents, connected over a regular graph 
with conductance    , with communication budget scaling                         ,  
with            , the regret of any agent after T time steps is 

Regret/Communication Trade-Off

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

Bt = bt1�c
<latexit sha1_base64="5iMZPvWL3f7FyagpIlaCUPykGlw="></latexit><latexit sha1_base64="5iMZPvWL3f7FyagpIlaCUPykGlw="></latexit><latexit sha1_base64="5iMZPvWL3f7FyagpIlaCUPykGlw="></latexit><latexit sha1_base64="5iMZPvWL3f7FyagpIlaCUPykGlw="></latexit>� > 1

<latexit sha1_base64="zFkrGNzdPU3e8tABUYHKQS3iXjw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EqCNpYRTIwkR9jbzCVLdveO3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DpkkyzbDBEpHoVkQNCq6wYbkV2Eo1UhkJfIiGN1P/4Qm14Ym6t6MUQ0n7isecUeukx06ElpIrEnTLFb/qz0CWSZCTCuSod8tfnV7CMonKMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7qqhEE45nB0/IiVN6JE60K2XJTP09MabSmJGMXKekdmAWvan4n9fObHwZjrlKM4uKzRfFmSA2IdPvSY9rZFaMHKFMc3crYQOqKbMuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz9pyI97</latexit><latexit sha1_base64="zFkrGNzdPU3e8tABUYHKQS3iXjw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EqCNpYRTIwkR9jbzCVLdveO3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DpkkyzbDBEpHoVkQNCq6wYbkV2Eo1UhkJfIiGN1P/4Qm14Ym6t6MUQ0n7isecUeukx06ElpIrEnTLFb/qz0CWSZCTCuSod8tfnV7CMonKMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7qqhEE45nB0/IiVN6JE60K2XJTP09MabSmJGMXKekdmAWvan4n9fObHwZjrlKM4uKzRfFmSA2IdPvSY9rZFaMHKFMc3crYQOqKbMuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz9pyI97</latexit><latexit sha1_base64="zFkrGNzdPU3e8tABUYHKQS3iXjw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EqCNpYRTIwkR9jbzCVLdveO3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DpkkyzbDBEpHoVkQNCq6wYbkV2Eo1UhkJfIiGN1P/4Qm14Ym6t6MUQ0n7isecUeukx06ElpIrEnTLFb/qz0CWSZCTCuSod8tfnV7CMonKMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7qqhEE45nB0/IiVN6JE60K2XJTP09MabSmJGMXKekdmAWvan4n9fObHwZjrlKM4uKzRfFmSA2IdPvSY9rZFaMHKFMc3crYQOqKbMuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz9pyI97</latexit><latexit sha1_base64="zFkrGNzdPU3e8tABUYHKQS3iXjw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EqCNpYRTIwkR9jbzCVLdveO3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DpkkyzbDBEpHoVkQNCq6wYbkV2Eo1UhkJfIiGN1P/4Qm14Ym6t6MUQ0n7isecUeukx06ElpIrEnTLFb/qz0CWSZCTCuSod8tfnV7CMonKMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7qqhEE45nB0/IiVN6JE60K2XJTP09MabSmJGMXKekdmAWvan4n9fObHwZjrlKM4uKzRfFmSA2IdPvSY9rZFaMHKFMc3crYQOqKbMuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz9pyI97</latexit>

RT  12
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<latexit sha1_base64="dar/bg7gZRWppEkrWDp4xFFQKB0="></latexit><latexit sha1_base64="dar/bg7gZRWppEkrWDp4xFFQKB0="></latexit><latexit sha1_base64="dar/bg7gZRWppEkrWDp4xFFQKB0="></latexit><latexit sha1_base64="dar/bg7gZRWppEkrWDp4xFFQKB0="></latexit>

where C is an universal constant.

S
<latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit>

S{
<latexit sha1_base64="FrVc0qaZ8pfBPpB9UPAZ9rF9nVA=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2ge0Y8mkmTY0yQxJRqhDv8SNC0Xc+inu/Bsz7Sy09UDgcM493JsTJpxp43nfzsrq2vrGZmmrvL2zu1dx9w9aOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYfj69xvP1KlWSzvzSShgcBDySJGsLFS363cPWQ9EouEU0GlmfbdqlfzZkDLxC9IFQo0+u5XbxCTNA8TjrXu+l5iggwrwwin03Iv1TTBZIyHtGupxILqIJsdPkUnVhmgKFb2SYNm6u9EhoXWExHaSYHNSC96ufif101NdBlkTCapoZLMF0UpRyZGeQtowBQlhk8swUQxeysiI6wwMbarsi3BX/zyMmmd1Xyv5t+eV+tXRR0lOIJjOAUfLqAON9CAJhBI4Rle4c15cl6cd+djPrriFJlD+APn8wdGTZN6</latexit><latexit sha1_base64="FrVc0qaZ8pfBPpB9UPAZ9rF9nVA=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2ge0Y8mkmTY0yQxJRqhDv8SNC0Xc+inu/Bsz7Sy09UDgcM493JsTJpxp43nfzsrq2vrGZmmrvL2zu1dx9w9aOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYfj69xvP1KlWSzvzSShgcBDySJGsLFS363cPWQ9EouEU0GlmfbdqlfzZkDLxC9IFQo0+u5XbxCTNA8TjrXu+l5iggwrwwin03Iv1TTBZIyHtGupxILqIJsdPkUnVhmgKFb2SYNm6u9EhoXWExHaSYHNSC96ufif101NdBlkTCapoZLMF0UpRyZGeQtowBQlhk8swUQxeysiI6wwMbarsi3BX/zyMmmd1Xyv5t+eV+tXRR0lOIJjOAUfLqAON9CAJhBI4Rle4c15cl6cd+djPrriFJlD+APn8wdGTZN6</latexit><latexit sha1_base64="FrVc0qaZ8pfBPpB9UPAZ9rF9nVA=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2ge0Y8mkmTY0yQxJRqhDv8SNC0Xc+inu/Bsz7Sy09UDgcM493JsTJpxp43nfzsrq2vrGZmmrvL2zu1dx9w9aOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYfj69xvP1KlWSzvzSShgcBDySJGsLFS363cPWQ9EouEU0GlmfbdqlfzZkDLxC9IFQo0+u5XbxCTNA8TjrXu+l5iggwrwwin03Iv1TTBZIyHtGupxILqIJsdPkUnVhmgKFb2SYNm6u9EhoXWExHaSYHNSC96ufif101NdBlkTCapoZLMF0UpRyZGeQtowBQlhk8swUQxeysiI6wwMbarsi3BX/zyMmmd1Xyv5t+eV+tXRR0lOIJjOAUfLqAON9CAJhBI4Rle4c15cl6cd+djPrriFJlD+APn8wdGTZN6</latexit><latexit sha1_base64="FrVc0qaZ8pfBPpB9UPAZ9rF9nVA=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2ge0Y8mkmTY0yQxJRqhDv8SNC0Xc+inu/Bsz7Sy09UDgcM493JsTJpxp43nfzsrq2vrGZmmrvL2zu1dx9w9aOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYfj69xvP1KlWSzvzSShgcBDySJGsLFS363cPWQ9EouEU0GlmfbdqlfzZkDLxC9IFQo0+u5XbxCTNA8TjrXu+l5iggwrwwin03Iv1TTBZIyHtGupxILqIJsdPkUnVhmgKFb2SYNm6u9EhoXWExHaSYHNSC96ufif101NdBlkTCapoZLMF0UpRyZGeQtowBQlhk8swUQxeysiI6wwMbarsi3BX/zyMmmd1Xyv5t+eV+tXRR0lOIJjOAUfLqAON9CAJhBI4Rle4c15cl6cd+djPrriFJlD+APn8wdGTZN6</latexit>

� := min
S⇢V,|S|=N/2

Cut(S, S{)
Vol(S)

<latexit sha1_base64="1Am3lKclhvPFCPCtDvWFxaxs8g4="></latexit><latexit sha1_base64="1Am3lKclhvPFCPCtDvWFxaxs8g4="></latexit><latexit sha1_base64="1Am3lKclhvPFCPCtDvWFxaxs8g4="></latexit><latexit sha1_base64="1Am3lKclhvPFCPCtDvWFxaxs8g4="></latexit>

Conductance - Measure of connectivity
� = 1/N

<latexit sha1_base64="BVJ2/p3f4u/bjj3igQq12cPeXRk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJJKtgPbEPZbDft0s0m7E6EEvovvHhQxKv/xpv/xm2bg1YfDDzem2FmXpBIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XItRGxusdxwv2IDpQIBaNopYduMhTkkngnt71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NLp6QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfR90heaM5RjSyjTwt5K2JBqytCGVLIheIsv/yXN06rnVr27s0rtKo+jCAdwCMfgwTnU4Abq0AAGCp7gBV4d4zw7b877vLXg5DP78AvOxzfCn4+m</latexit><latexit sha1_base64="BVJ2/p3f4u/bjj3igQq12cPeXRk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJJKtgPbEPZbDft0s0m7E6EEvovvHhQxKv/xpv/xm2bg1YfDDzem2FmXpBIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XItRGxusdxwv2IDpQIBaNopYduMhTkkngnt71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NLp6QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfR90heaM5RjSyjTwt5K2JBqytCGVLIheIsv/yXN06rnVr27s0rtKo+jCAdwCMfgwTnU4Abq0AAGCp7gBV4d4zw7b877vLXg5DP78AvOxzfCn4+m</latexit><latexit sha1_base64="BVJ2/p3f4u/bjj3igQq12cPeXRk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJJKtgPbEPZbDft0s0m7E6EEvovvHhQxKv/xpv/xm2bg1YfDDzem2FmXpBIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XItRGxusdxwv2IDpQIBaNopYduMhTkkngnt71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NLp6QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfR90heaM5RjSyjTwt5K2JBqytCGVLIheIsv/yXN06rnVr27s0rtKo+jCAdwCMfgwTnU4Abq0AAGCp7gBV4d4zw7b877vLXg5DP78AvOxzfCn4+m</latexit><latexit sha1_base64="BVJ2/p3f4u/bjj3igQq12cPeXRk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJJKtgPbEPZbDft0s0m7E6EEvovvHhQxKv/xpv/xm2bg1YfDDzem2FmXpBIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XItRGxusdxwv2IDpQIBaNopYduMhTkkngnt71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NLp6QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfR90heaM5RjSyjTwt5K2JBqytCGVLIheIsv/yXN06rnVr27s0rtKo+jCAdwCMfgwTnU4Abq0AAGCp7gBV4d4zw7b877vLXg5DP78AvOxzfCn4+m</latexit>

� = 1/2
<latexit sha1_base64="S2iGYVuBzfPWrJId3EUl+oRMpFk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9CIUvXisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj91kyMk18c6rvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9nFE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6fukzxUyI8aWUKa4vZWwIVWUGRtS0YbgLb68TJrViudWvPuLcu0mj6MAx3ACZ+DBJdTgDurQAAYSnuEV3hztvDjvzse8dcXJZ47gD5zPH5gvj4o=</latexit><latexit sha1_base64="S2iGYVuBzfPWrJId3EUl+oRMpFk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9CIUvXisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj91kyMk18c6rvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9nFE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6fukzxUyI8aWUKa4vZWwIVWUGRtS0YbgLb68TJrViudWvPuLcu0mj6MAx3ACZ+DBJdTgDurQAAYSnuEV3hztvDjvzse8dcXJZ47gD5zPH5gvj4o=</latexit><latexit sha1_base64="S2iGYVuBzfPWrJId3EUl+oRMpFk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9CIUvXisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj91kyMk18c6rvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9nFE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6fukzxUyI8aWUKa4vZWwIVWUGRtS0YbgLb68TJrViudWvPuLcu0mj6MAx3ACZ+DBJdTgDurQAAYSnuEV3hztvDjvzse8dcXJZ47gD5zPH5gvj4o=</latexit><latexit sha1_base64="S2iGYVuBzfPWrJId3EUl+oRMpFk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9CIUvXisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj91kyMk18c6rvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9nFE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6fukzxUyI8aWUKa4vZWwIVWUGRtS0YbgLb68TJrViudWvPuLcu0mj6MAx3ACZ+DBJdTgDurQAAYSnuEV3hztvDjvzse8dcXJZ47gD5zPH5gvj4o=</latexit>

Cycle Graph
Complete Graph



In a system with K arms and N agents, connected over a regular graph 
with conductance    , with communication budget scaling                         ,  
with            , the regret of any agent after T time steps is 

Regret/Communication Trade-Off

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

Bt = bt1�c
<latexit sha1_base64="5iMZPvWL3f7FyagpIlaCUPykGlw="></latexit><latexit sha1_base64="5iMZPvWL3f7FyagpIlaCUPykGlw="></latexit><latexit sha1_base64="5iMZPvWL3f7FyagpIlaCUPykGlw="></latexit><latexit sha1_base64="5iMZPvWL3f7FyagpIlaCUPykGlw="></latexit>� > 1

<latexit sha1_base64="zFkrGNzdPU3e8tABUYHKQS3iXjw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EqCNpYRTIwkR9jbzCVLdveO3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DpkkyzbDBEpHoVkQNCq6wYbkV2Eo1UhkJfIiGN1P/4Qm14Ym6t6MUQ0n7isecUeukx06ElpIrEnTLFb/qz0CWSZCTCuSod8tfnV7CMonKMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7qqhEE45nB0/IiVN6JE60K2XJTP09MabSmJGMXKekdmAWvan4n9fObHwZjrlKM4uKzRfFmSA2IdPvSY9rZFaMHKFMc3crYQOqKbMuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz9pyI97</latexit><latexit sha1_base64="zFkrGNzdPU3e8tABUYHKQS3iXjw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EqCNpYRTIwkR9jbzCVLdveO3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DpkkyzbDBEpHoVkQNCq6wYbkV2Eo1UhkJfIiGN1P/4Qm14Ym6t6MUQ0n7isecUeukx06ElpIrEnTLFb/qz0CWSZCTCuSod8tfnV7CMonKMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7qqhEE45nB0/IiVN6JE60K2XJTP09MabSmJGMXKekdmAWvan4n9fObHwZjrlKM4uKzRfFmSA2IdPvSY9rZFaMHKFMc3crYQOqKbMuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz9pyI97</latexit><latexit sha1_base64="zFkrGNzdPU3e8tABUYHKQS3iXjw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EqCNpYRTIwkR9jbzCVLdveO3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DpkkyzbDBEpHoVkQNCq6wYbkV2Eo1UhkJfIiGN1P/4Qm14Ym6t6MUQ0n7isecUeukx06ElpIrEnTLFb/qz0CWSZCTCuSod8tfnV7CMonKMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7qqhEE45nB0/IiVN6JE60K2XJTP09MabSmJGMXKekdmAWvan4n9fObHwZjrlKM4uKzRfFmSA2IdPvSY9rZFaMHKFMc3crYQOqKbMuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz9pyI97</latexit><latexit sha1_base64="zFkrGNzdPU3e8tABUYHKQS3iXjw=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EqCNpYRTIwkR9jbzCVLdveO3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DpkkyzbDBEpHoVkQNCq6wYbkV2Eo1UhkJfIiGN1P/4Qm14Ym6t6MUQ0n7isecUeukx06ElpIrEnTLFb/qz0CWSZCTCuSod8tfnV7CMonKMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7qqhEE45nB0/IiVN6JE60K2XJTP09MabSmJGMXKekdmAWvan4n9fObHwZjrlKM4uKzRfFmSA2IdPvSY9rZFaMHKFMc3crYQOqKbMuo5ILIVh8eZk0z6qBXw3uziu16zyOIhzBMZxCABdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz9pyI97</latexit>

RT  12

⇠
K
N

⇡
+ 2

�
log(T ) +

✓
2C log(N)

�

◆�

+O(1)
<latexit sha1_base64="dar/bg7gZRWppEkrWDp4xFFQKB0="></latexit><latexit sha1_base64="dar/bg7gZRWppEkrWDp4xFFQKB0="></latexit><latexit sha1_base64="dar/bg7gZRWppEkrWDp4xFFQKB0="></latexit><latexit sha1_base64="dar/bg7gZRWppEkrWDp4xFFQKB0="></latexit>

For a fixed budget, smaller conductance => larger regret

For a fixed graph, smaller communication budget => larger regret

where C is an universal constant.

S
<latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit>

S{
<latexit sha1_base64="FrVc0qaZ8pfBPpB9UPAZ9rF9nVA=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2ge0Y8mkmTY0yQxJRqhDv8SNC0Xc+inu/Bsz7Sy09UDgcM493JsTJpxp43nfzsrq2vrGZmmrvL2zu1dx9w9aOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYfj69xvP1KlWSzvzSShgcBDySJGsLFS363cPWQ9EouEU0GlmfbdqlfzZkDLxC9IFQo0+u5XbxCTNA8TjrXu+l5iggwrwwin03Iv1TTBZIyHtGupxILqIJsdPkUnVhmgKFb2SYNm6u9EhoXWExHaSYHNSC96ufif101NdBlkTCapoZLMF0UpRyZGeQtowBQlhk8swUQxeysiI6wwMbarsi3BX/zyMmmd1Xyv5t+eV+tXRR0lOIJjOAUfLqAON9CAJhBI4Rle4c15cl6cd+djPrriFJlD+APn8wdGTZN6</latexit><latexit sha1_base64="FrVc0qaZ8pfBPpB9UPAZ9rF9nVA=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2ge0Y8mkmTY0yQxJRqhDv8SNC0Xc+inu/Bsz7Sy09UDgcM493JsTJpxp43nfzsrq2vrGZmmrvL2zu1dx9w9aOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYfj69xvP1KlWSzvzSShgcBDySJGsLFS363cPWQ9EouEU0GlmfbdqlfzZkDLxC9IFQo0+u5XbxCTNA8TjrXu+l5iggwrwwin03Iv1TTBZIyHtGupxILqIJsdPkUnVhmgKFb2SYNm6u9EhoXWExHaSYHNSC96ufif101NdBlkTCapoZLMF0UpRyZGeQtowBQlhk8swUQxeysiI6wwMbarsi3BX/zyMmmd1Xyv5t+eV+tXRR0lOIJjOAUfLqAON9CAJhBI4Rle4c15cl6cd+djPrriFJlD+APn8wdGTZN6</latexit><latexit sha1_base64="FrVc0qaZ8pfBPpB9UPAZ9rF9nVA=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2ge0Y8mkmTY0yQxJRqhDv8SNC0Xc+inu/Bsz7Sy09UDgcM493JsTJpxp43nfzsrq2vrGZmmrvL2zu1dx9w9aOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYfj69xvP1KlWSzvzSShgcBDySJGsLFS363cPWQ9EouEU0GlmfbdqlfzZkDLxC9IFQo0+u5XbxCTNA8TjrXu+l5iggwrwwin03Iv1TTBZIyHtGupxILqIJsdPkUnVhmgKFb2SYNm6u9EhoXWExHaSYHNSC96ufif101NdBlkTCapoZLMF0UpRyZGeQtowBQlhk8swUQxeysiI6wwMbarsi3BX/zyMmmd1Xyv5t+eV+tXRR0lOIJjOAUfLqAON9CAJhBI4Rle4c15cl6cd+djPrriFJlD+APn8wdGTZN6</latexit><latexit sha1_base64="FrVc0qaZ8pfBPpB9UPAZ9rF9nVA=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2ge0Y8mkmTY0yQxJRqhDv8SNC0Xc+inu/Bsz7Sy09UDgcM493JsTJpxp43nfzsrq2vrGZmmrvL2zu1dx9w9aOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYfj69xvP1KlWSzvzSShgcBDySJGsLFS363cPWQ9EouEU0GlmfbdqlfzZkDLxC9IFQo0+u5XbxCTNA8TjrXu+l5iggwrwwin03Iv1TTBZIyHtGupxILqIJsdPkUnVhmgKFb2SYNm6u9EhoXWExHaSYHNSC96ufif101NdBlkTCapoZLMF0UpRyZGeQtowBQlhk8swUQxeysiI6wwMbarsi3BX/zyMmmd1Xyv5t+eV+tXRR0lOIJjOAUfLqAON9CAJhBI4Rle4c15cl6cd+djPrriFJlD+APn8wdGTZN6</latexit>

� := min
S⇢V,|S|=N/2

Cut(S, S{)
Vol(S)

<latexit sha1_base64="1Am3lKclhvPFCPCtDvWFxaxs8g4="></latexit><latexit sha1_base64="1Am3lKclhvPFCPCtDvWFxaxs8g4="></latexit><latexit sha1_base64="1Am3lKclhvPFCPCtDvWFxaxs8g4="></latexit><latexit sha1_base64="1Am3lKclhvPFCPCtDvWFxaxs8g4="></latexit>

Conductance - Measure of connectivity

Examining the formula we get

� = 1/N
<latexit sha1_base64="BVJ2/p3f4u/bjj3igQq12cPeXRk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJJKtgPbEPZbDft0s0m7E6EEvovvHhQxKv/xpv/xm2bg1YfDDzem2FmXpBIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XItRGxusdxwv2IDpQIBaNopYduMhTkkngnt71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NLp6QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfR90heaM5RjSyjTwt5K2JBqytCGVLIheIsv/yXN06rnVr27s0rtKo+jCAdwCMfgwTnU4Abq0AAGCp7gBV4d4zw7b877vLXg5DP78AvOxzfCn4+m</latexit><latexit sha1_base64="BVJ2/p3f4u/bjj3igQq12cPeXRk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJJKtgPbEPZbDft0s0m7E6EEvovvHhQxKv/xpv/xm2bg1YfDDzem2FmXpBIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XItRGxusdxwv2IDpQIBaNopYduMhTkkngnt71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NLp6QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfR90heaM5RjSyjTwt5K2JBqytCGVLIheIsv/yXN06rnVr27s0rtKo+jCAdwCMfgwTnU4Abq0AAGCp7gBV4d4zw7b877vLXg5DP78AvOxzfCn4+m</latexit><latexit sha1_base64="BVJ2/p3f4u/bjj3igQq12cPeXRk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJJKtgPbEPZbDft0s0m7E6EEvovvHhQxKv/xpv/xm2bg1YfDDzem2FmXpBIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XItRGxusdxwv2IDpQIBaNopYduMhTkkngnt71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NLp6QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfR90heaM5RjSyjTwt5K2JBqytCGVLIheIsv/yXN06rnVr27s0rtKo+jCAdwCMfgwTnU4Abq0AAGCp7gBV4d4zw7b877vLXg5DP78AvOxzfCn4+m</latexit><latexit sha1_base64="BVJ2/p3f4u/bjj3igQq12cPeXRk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJJKtgPbEPZbDft0s0m7E6EEvovvHhQxKv/xpv/xm2bg1YfDDzem2FmXpBIYdB1v5zC0vLK6lpxvbSxubW9U97da5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XItRGxusdxwv2IDpQIBaNopYduMhTkkngnt71yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NLp6QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjhZ0IlKXLF5ovCVBKMyfR90heaM5RjSyjTwt5K2JBqytCGVLIheIsv/yXN06rnVr27s0rtKo+jCAdwCMfgwTnU4Abq0AAGCp7gBV4d4zw7b877vLXg5DP78AvOxzfCn4+m</latexit>

� = 1/2
<latexit sha1_base64="S2iGYVuBzfPWrJId3EUl+oRMpFk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9CIUvXisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj91kyMk18c6rvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9nFE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6fukzxUyI8aWUKa4vZWwIVWUGRtS0YbgLb68TJrViudWvPuLcu0mj6MAx3ACZ+DBJdTgDurQAAYSnuEV3hztvDjvzse8dcXJZ47gD5zPH5gvj4o=</latexit><latexit sha1_base64="S2iGYVuBzfPWrJId3EUl+oRMpFk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9CIUvXisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj91kyMk18c6rvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9nFE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6fukzxUyI8aWUKa4vZWwIVWUGRtS0YbgLb68TJrViudWvPuLcu0mj6MAx3ACZ+DBJdTgDurQAAYSnuEV3hztvDjvzse8dcXJZ47gD5zPH5gvj4o=</latexit><latexit sha1_base64="S2iGYVuBzfPWrJId3EUl+oRMpFk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9CIUvXisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj91kyMk18c6rvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9nFE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6fukzxUyI8aWUKa4vZWwIVWUGRtS0YbgLb68TJrViudWvPuLcu0mj6MAx3ACZ+DBJdTgDurQAAYSnuEV3hztvDjvzse8dcXJZ47gD5zPH5gvj4o=</latexit><latexit sha1_base64="S2iGYVuBzfPWrJId3EUl+oRMpFk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4qkkR9CIUvXisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj91kyMk18c6rvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9nFE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6fukzxUyI8aWUKa4vZWwIVWUGRtS0YbgLb68TJrViudWvPuLcu0mj6MAx3ACZ+DBJdTgDurQAAYSnuEV3hztvDjvzse8dcXJZ47gD5zPH5gvj4o=</latexit>

Cycle Graph
Complete Graph



Impact of Network Structure

(N,K) are (25,75) and (15,50) respectively. Communication budget Bt = t1/3
<latexit sha1_base64="rnZ1oEl7SvvAFLHpe/Za2XSmKAs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKe6qoBchxIvHCOYByRpmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9beVWVtfWN/Kbha3tnd294v5BQ0eJYrzOIhmplkc1lyLkdRQoeStWnAae5E1veDv1myOutIjCBxzH3A1oPxS+YBSN5Fa7SG4IPqbO2cWkWyzZZXsGskycjJQgQ61b/Or0IpYEPEQmqdZtx47RTalCwSSfFDqJ5jFlQ9rnbUNDGnDtprOjJ+TEKD3iR8pUiGSm/p5IaaD1OPBMZ0BxoBe9qfif107Qv3ZTEcYJ8pDNF/mJJBiRaQKkJxRnKMeGUKaEuZWwAVWUocmpYEJwFl9eJo3zsmOXnfvLUqWaxZGHIziGU3DgCipwBzWoA4MneIZXeLNG1ov1bn3MW3NWNnMIf2B9/gD5bZDr</latexit><latexit sha1_base64="rnZ1oEl7SvvAFLHpe/Za2XSmKAs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKe6qoBchxIvHCOYByRpmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9beVWVtfWN/Kbha3tnd294v5BQ0eJYrzOIhmplkc1lyLkdRQoeStWnAae5E1veDv1myOutIjCBxzH3A1oPxS+YBSN5Fa7SG4IPqbO2cWkWyzZZXsGskycjJQgQ61b/Or0IpYEPEQmqdZtx47RTalCwSSfFDqJ5jFlQ9rnbUNDGnDtprOjJ+TEKD3iR8pUiGSm/p5IaaD1OPBMZ0BxoBe9qfif107Qv3ZTEcYJ8pDNF/mJJBiRaQKkJxRnKMeGUKaEuZWwAVWUocmpYEJwFl9eJo3zsmOXnfvLUqWaxZGHIziGU3DgCipwBzWoA4MneIZXeLNG1ov1bn3MW3NWNnMIf2B9/gD5bZDr</latexit><latexit sha1_base64="rnZ1oEl7SvvAFLHpe/Za2XSmKAs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKe6qoBchxIvHCOYByRpmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9beVWVtfWN/Kbha3tnd294v5BQ0eJYrzOIhmplkc1lyLkdRQoeStWnAae5E1veDv1myOutIjCBxzH3A1oPxS+YBSN5Fa7SG4IPqbO2cWkWyzZZXsGskycjJQgQ61b/Or0IpYEPEQmqdZtx47RTalCwSSfFDqJ5jFlQ9rnbUNDGnDtprOjJ+TEKD3iR8pUiGSm/p5IaaD1OPBMZ0BxoBe9qfif107Qv3ZTEcYJ8pDNF/mJJBiRaQKkJxRnKMeGUKaEuZWwAVWUocmpYEJwFl9eJo3zsmOXnfvLUqWaxZGHIziGU3DgCipwBzWoA4MneIZXeLNG1ov1bn3MW3NWNnMIf2B9/gD5bZDr</latexit><latexit sha1_base64="rnZ1oEl7SvvAFLHpe/Za2XSmKAs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKe6qoBchxIvHCOYByRpmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9beVWVtfWN/Kbha3tnd294v5BQ0eJYrzOIhmplkc1lyLkdRQoeStWnAae5E1veDv1myOutIjCBxzH3A1oPxS+YBSN5Fa7SG4IPqbO2cWkWyzZZXsGskycjJQgQ61b/Or0IpYEPEQmqdZtx47RTalCwSSfFDqJ5jFlQ9rnbUNDGnDtprOjJ+TEKD3iR8pUiGSm/p5IaaD1OPBMZ0BxoBe9qfif107Qv3ZTEcYJ8pDNF/mJJBiRaQKkJxRnKMeGUKaEuZWwAVWUocmpYEJwFl9eJo3zsmOXnfvLUqWaxZGHIziGU3DgCipwBzWoA4MneIZXeLNG1ov1bn3MW3NWNnMIf2B9/gD5bZDr</latexit>

Performs nearly as well as full interaction with significantly sparse network !

Only sparse pairwise communication



Impact of Communication Budget

(N,K) are (20,70) and (5,50) respectively on Complete Graph. 

Communication budgets                and                      respectivelyBt = t1/3

<latexit sha1_base64="rnZ1oEl7SvvAFLHpe/Za2XSmKAs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKe6qoBchxIvHCOYByRpmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9beVWVtfWN/Kbha3tnd294v5BQ0eJYrzOIhmplkc1lyLkdRQoeStWnAae5E1veDv1myOutIjCBxzH3A1oPxS+YBSN5Fa7SG4IPqbO2cWkWyzZZXsGskycjJQgQ61b/Or0IpYEPEQmqdZtx47RTalCwSSfFDqJ5jFlQ9rnbUNDGnDtprOjJ+TEKD3iR8pUiGSm/p5IaaD1OPBMZ0BxoBe9qfif107Qv3ZTEcYJ8pDNF/mJJBiRaQKkJxRnKMeGUKaEuZWwAVWUocmpYEJwFl9eJo3zsmOXnfvLUqWaxZGHIziGU3DgCipwBzWoA4MneIZXeLNG1ov1bn3MW3NWNnMIf2B9/gD5bZDr</latexit><latexit sha1_base64="rnZ1oEl7SvvAFLHpe/Za2XSmKAs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKe6qoBchxIvHCOYByRpmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9beVWVtfWN/Kbha3tnd294v5BQ0eJYrzOIhmplkc1lyLkdRQoeStWnAae5E1veDv1myOutIjCBxzH3A1oPxS+YBSN5Fa7SG4IPqbO2cWkWyzZZXsGskycjJQgQ61b/Or0IpYEPEQmqdZtx47RTalCwSSfFDqJ5jFlQ9rnbUNDGnDtprOjJ+TEKD3iR8pUiGSm/p5IaaD1OPBMZ0BxoBe9qfif107Qv3ZTEcYJ8pDNF/mJJBiRaQKkJxRnKMeGUKaEuZWwAVWUocmpYEJwFl9eJo3zsmOXnfvLUqWaxZGHIziGU3DgCipwBzWoA4MneIZXeLNG1ov1bn3MW3NWNnMIf2B9/gD5bZDr</latexit><latexit sha1_base64="rnZ1oEl7SvvAFLHpe/Za2XSmKAs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKe6qoBchxIvHCOYByRpmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9beVWVtfWN/Kbha3tnd294v5BQ0eJYrzOIhmplkc1lyLkdRQoeStWnAae5E1veDv1myOutIjCBxzH3A1oPxS+YBSN5Fa7SG4IPqbO2cWkWyzZZXsGskycjJQgQ61b/Or0IpYEPEQmqdZtx47RTalCwSSfFDqJ5jFlQ9rnbUNDGnDtprOjJ+TEKD3iR8pUiGSm/p5IaaD1OPBMZ0BxoBe9qfif107Qv3ZTEcYJ8pDNF/mJJBiRaQKkJxRnKMeGUKaEuZWwAVWUocmpYEJwFl9eJo3zsmOXnfvLUqWaxZGHIziGU3DgCipwBzWoA4MneIZXeLNG1ov1bn3MW3NWNnMIf2B9/gD5bZDr</latexit><latexit sha1_base64="rnZ1oEl7SvvAFLHpe/Za2XSmKAs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKe6qoBchxIvHCOYByRpmJ7PJkNmHM72BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9beVWVtfWN/Kbha3tnd294v5BQ0eJYrzOIhmplkc1lyLkdRQoeStWnAae5E1veDv1myOutIjCBxzH3A1oPxS+YBSN5Fa7SG4IPqbO2cWkWyzZZXsGskycjJQgQ61b/Or0IpYEPEQmqdZtx47RTalCwSSfFDqJ5jFlQ9rnbUNDGnDtprOjJ+TEKD3iR8pUiGSm/p5IaaD1OPBMZ0BxoBe9qfif107Qv3ZTEcYJ8pDNF/mJJBiRaQKkJxRnKMeGUKaEuZWwAVWUocmpYEJwFl9eJo3zsmOXnfvLUqWaxZGHIziGU3DgCipwBzWoA4MneIZXeLNG1ov1bn3MW3NWNnMIf2B9/gD5bZDr</latexit>

Bt = log2(t)
<latexit sha1_base64="EV40qgfpIWD/EDT4U7WGpghcegA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSIuhFKPXisYL9gDaEzXbTLt1swu5EqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSwTU4zrdV2Njc2t4p7pb29g8Oy/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd+91HpjSP5QNME+ZFZCR5yCkBI/l2uekDvsEDEY/8ehUufLvi1JwF8Dpxc1JBOVq+/TUYxjSNmAQqiNZ910nAy4gCTgWblQapZgmhEzJifUMliZj2ssXhM3xulCEOY2VKAl6ovycyEmk9jQLTGREY61VvLv7n9VMIr72MyyQFJulyUZgKDDGep4CHXDEKYmoIoYqbWzEdE0UomKxKJgR39eV10qnXXKfm3l9WGs08jiI6RWeoilx0hRroDrVQG1GUomf0it6sJ+vFerc+lq0FK585QX9gff4AqOORxw==</latexit><latexit sha1_base64="EV40qgfpIWD/EDT4U7WGpghcegA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSIuhFKPXisYL9gDaEzXbTLt1swu5EqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSwTU4zrdV2Njc2t4p7pb29g8Oy/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd+91HpjSP5QNME+ZFZCR5yCkBI/l2uekDvsEDEY/8ehUufLvi1JwF8Dpxc1JBOVq+/TUYxjSNmAQqiNZ910nAy4gCTgWblQapZgmhEzJifUMliZj2ssXhM3xulCEOY2VKAl6ovycyEmk9jQLTGREY61VvLv7n9VMIr72MyyQFJulyUZgKDDGep4CHXDEKYmoIoYqbWzEdE0UomKxKJgR39eV10qnXXKfm3l9WGs08jiI6RWeoilx0hRroDrVQG1GUomf0it6sJ+vFerc+lq0FK585QX9gff4AqOORxw==</latexit><latexit sha1_base64="EV40qgfpIWD/EDT4U7WGpghcegA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSIuhFKPXisYL9gDaEzXbTLt1swu5EqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSwTU4zrdV2Njc2t4p7pb29g8Oy/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd+91HpjSP5QNME+ZFZCR5yCkBI/l2uekDvsEDEY/8ehUufLvi1JwF8Dpxc1JBOVq+/TUYxjSNmAQqiNZ910nAy4gCTgWblQapZgmhEzJifUMliZj2ssXhM3xulCEOY2VKAl6ovycyEmk9jQLTGREY61VvLv7n9VMIr72MyyQFJulyUZgKDDGep4CHXDEKYmoIoYqbWzEdE0UomKxKJgR39eV10qnXXKfm3l9WGs08jiI6RWeoilx0hRroDrVQG1GUomf0it6sJ+vFerc+lq0FK585QX9gff4AqOORxw==</latexit><latexit sha1_base64="EV40qgfpIWD/EDT4U7WGpghcegA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSIuhFKPXisYL9gDaEzXbTLt1swu5EqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSwTU4zrdV2Njc2t4p7pb29g8Oy/bRcUfHqaKsTWMRq15ANBNcsjZwEKyXKEaiQLBuMLmd+91HpjSP5QNME+ZFZCR5yCkBI/l2uekDvsEDEY/8ehUufLvi1JwF8Dpxc1JBOVq+/TUYxjSNmAQqiNZ910nAy4gCTgWblQapZgmhEzJifUMliZj2ssXhM3xulCEOY2VKAl6ovycyEmk9jQLTGREY61VvLv7n9VMIr72MyyQFJulyUZgKDDGep4CHXDEKYmoIoYqbWzEdE0UomKxKJgR39eV10qnXXKfm3l9WGs08jiI6RWeoilx0hRroDrVQG1GUomf0it6sJ+vFerc+lq0FK585QX9gff4AqOORxw==</latexit>

Performs nearly as well as full interaction with significantly small communication !



Conclusions

Formulated a collaborative multi armed bandit problem

A novel algorithmic paradigm  based on social learning

“Only a fool learns from his mistakes. A wise man learns from the mistake of others” 
Otto Van Bismarck

Future Work - Contextual Bandits, Heterogeneous arm means
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