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Prescribe a drug that has shown the best promise so far

Multi Armed Bandit Problem

[Thompson’ 33]Explore/Exploit Tradeoff for each new patient

Try a new drug to discover more promising alternatives
Run a risk of not curing these patients 

Exploit
Explore

Drugs with a-priori unknown cure rates

1 - shorturl.at/pEM38 ; 2 - shorturl.at/jnMN8  ; 3 -  shorturl.at/fjERS  ; 4 - shorturl.at/hopxE
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http://shorturl.at/pEM38
http://shorturl.at/jnMN8
http://shorturl.at/fjERS
http://shorturl.at/hopxE


Explore/Exploit Phenomena
Online Advertising - Which of the large collection of ads to display ?

Exploit - What has worked in the past ?

Explore - Discover a more relevant ad

Internet Advertising accounts for 1 Trillion in revenue 
6% of US GDP ! [HBS Report 2019]
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1. Single Agent MAB

2. The Multi-Agent Setup
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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>

Goal - 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

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>

Goal - 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

Arm-means initially unknownChallenge (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>



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>



Multi Armed Bandit Problem

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

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>



Multi Armed Bandit Problem

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

As we play arms, can learn (µi)
K
i=1
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Empirical Mean of arm k at time t-1

Nk(t� 1)
<latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit><latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit><latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit><latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit>

Number of times arm k has been played
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Empirical Mean of arm k at time t-1

Optimism in the Face of Uncertainty

Nk(t� 1)
<latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit><latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit><latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit><latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit>

Number of times arm k has been played

Arms

Arm Score

1 2 3 4
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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 Mean of arm k at time t-1

Optimism in the Face of Uncertainty

Nk(t� 1)
<latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit><latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit><latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit><latexit sha1_base64="KM6pTSlJFdqfPAljhQJdaaiNTsU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQD4ZdEfQY9OJJIpgHJEuYnUySIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSq277qiMZ95pt1hyK+4MZJl4GSlBhlq3+NXpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09m9E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayfYv/JToeIEuWLzRf1EEozI9HnSE5ozlGNLKNPC3krYkGrK0EZUsCF4iy8vk8Z5xXMr3v1FqXqdxZGHIziGMnhwCVW4hRrUgYGEZ3iFN+fReXHenY95a87JZg7hD5zPH51hjwU=</latexit>

Number of times arm k has been played

Arms

Arm Score

1 2 3 4

Theorem RT  O

✓
K

�
log(T )

◆

<latexit sha1_base64="yaRBdPPz+4WpYHa1LujNS9HSB1M=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegHgQPRklUyC5hdtKbDM4+nOkVwrLf4cVf8eJBEW/ixb9xkuzBV0HTRVU3M11+IoVG2/60pqZnZufmSwvlxaXlldXK2vqljlPFoc1jGatrn2mQIoI2CpRwnShgoS/hyr85GvlXd6C0iKMWDhPwQtaPRCA4QyN1K85Ft0VdCbf0bNQCrFE3UIxnp3nmHoNElrsy7tdaO9RVoj/AnW6latftMehf4hSkSgo0u5V3txfzNIQIuWRadxw7QS9jCgWXkJfdVEPC+A3rQ8fQiIWgvWx8Wk63jdKjQaxMRUjH6veNjIVaD0PfTIYMB/q3NxL/8zopBgdeJqIkRYj45KEglRRjOsqJ9oQCjnJoCONKmL9SPmAmGTRplk0Izu+T/5LL3bpj153zvWrjsIijRDbJFqkRh+yTBjkhTdImnNyTR/JMXqwH68l6td4mo1NWsbNBfsD6+AIqLp+1</latexit><latexit sha1_base64="yaRBdPPz+4WpYHa1LujNS9HSB1M=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegHgQPRklUyC5hdtKbDM4+nOkVwrLf4cVf8eJBEW/ixb9xkuzBV0HTRVU3M11+IoVG2/60pqZnZufmSwvlxaXlldXK2vqljlPFoc1jGatrn2mQIoI2CpRwnShgoS/hyr85GvlXd6C0iKMWDhPwQtaPRCA4QyN1K85Ft0VdCbf0bNQCrFE3UIxnp3nmHoNElrsy7tdaO9RVoj/AnW6latftMehf4hSkSgo0u5V3txfzNIQIuWRadxw7QS9jCgWXkJfdVEPC+A3rQ8fQiIWgvWx8Wk63jdKjQaxMRUjH6veNjIVaD0PfTIYMB/q3NxL/8zopBgdeJqIkRYj45KEglRRjOsqJ9oQCjnJoCONKmL9SPmAmGTRplk0Izu+T/5LL3bpj153zvWrjsIijRDbJFqkRh+yTBjkhTdImnNyTR/JMXqwH68l6td4mo1NWsbNBfsD6+AIqLp+1</latexit><latexit sha1_base64="yaRBdPPz+4WpYHa1LujNS9HSB1M=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegHgQPRklUyC5hdtKbDM4+nOkVwrLf4cVf8eJBEW/ixb9xkuzBV0HTRVU3M11+IoVG2/60pqZnZufmSwvlxaXlldXK2vqljlPFoc1jGatrn2mQIoI2CpRwnShgoS/hyr85GvlXd6C0iKMWDhPwQtaPRCA4QyN1K85Ft0VdCbf0bNQCrFE3UIxnp3nmHoNElrsy7tdaO9RVoj/AnW6latftMehf4hSkSgo0u5V3txfzNIQIuWRadxw7QS9jCgWXkJfdVEPC+A3rQ8fQiIWgvWx8Wk63jdKjQaxMRUjH6veNjIVaD0PfTIYMB/q3NxL/8zopBgdeJqIkRYj45KEglRRjOsqJ9oQCjnJoCONKmL9SPmAmGTRplk0Izu+T/5LL3bpj153zvWrjsIijRDbJFqkRh+yTBjkhTdImnNyTR/JMXqwH68l6td4mo1NWsbNBfsD6+AIqLp+1</latexit><latexit sha1_base64="yaRBdPPz+4WpYHa1LujNS9HSB1M=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegHgQPRklUyC5hdtKbDM4+nOkVwrLf4cVf8eJBEW/ixb9xkuzBV0HTRVU3M11+IoVG2/60pqZnZufmSwvlxaXlldXK2vqljlPFoc1jGatrn2mQIoI2CpRwnShgoS/hyr85GvlXd6C0iKMWDhPwQtaPRCA4QyN1K85Ft0VdCbf0bNQCrFE3UIxnp3nmHoNElrsy7tdaO9RVoj/AnW6latftMehf4hSkSgo0u5V3txfzNIQIuWRadxw7QS9jCgWXkJfdVEPC+A3rQ8fQiIWgvWx8Wk63jdKjQaxMRUjH6veNjIVaD0PfTIYMB/q3NxL/8zopBgdeJqIkRYj45KEglRRjOsqJ9oQCjnJoCONKmL9SPmAmGTRplk0Izu+T/5LL3bpj153zvWrjsIijRDbJFqkRh+yTBjkhTdImnNyTR/JMXqwH68l6td4mo1NWsbNBfsD6+AIqLp+1</latexit>

�
<latexit sha1_base64="p56s+NwQ62do1svByDiSPi9GJRw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMA9IljA76U2GzD6Y6RVCyEd48aCIV7/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaytb2xuFbdLO7t7+wflw6OmSTItsCESleh2wA0qGWODJClspxp5FChsBaPbmd96Qm1kEj/SOEU/4oNYhlJwslKre4eKOOuVK27VnYOtEi8nFchR75W/uv1EZBHGJBQ3puO5KfkTrkkKhdNSNzOYcjHiA+xYGvMIjT+ZnztlZ1bpszDRtmJic/X3xIRHxoyjwHZGnIZm2ZuJ/3mdjMJrfyLjNCOMxWJRmClGCZv9zvpSoyA1toQLLe2tTAy55oJsQiUbgrf88ippXlQ9t+o9XFZqN3kcRTiBUzgHD66gBvdQhwYIGMEzvMKbkzovzrvzsWgtOPnMMfyB8/kDuECPJg==</latexit><latexit sha1_base64="p56s+NwQ62do1svByDiSPi9GJRw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMA9IljA76U2GzD6Y6RVCyEd48aCIV7/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaytb2xuFbdLO7t7+wflw6OmSTItsCESleh2wA0qGWODJClspxp5FChsBaPbmd96Qm1kEj/SOEU/4oNYhlJwslKre4eKOOuVK27VnYOtEi8nFchR75W/uv1EZBHGJBQ3puO5KfkTrkkKhdNSNzOYcjHiA+xYGvMIjT+ZnztlZ1bpszDRtmJic/X3xIRHxoyjwHZGnIZm2ZuJ/3mdjMJrfyLjNCOMxWJRmClGCZv9zvpSoyA1toQLLe2tTAy55oJsQiUbgrf88ippXlQ9t+o9XFZqN3kcRTiBUzgHD66gBvdQhwYIGMEzvMKbkzovzrvzsWgtOPnMMfyB8/kDuECPJg==</latexit><latexit sha1_base64="p56s+NwQ62do1svByDiSPi9GJRw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMA9IljA76U2GzD6Y6RVCyEd48aCIV7/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaytb2xuFbdLO7t7+wflw6OmSTItsCESleh2wA0qGWODJClspxp5FChsBaPbmd96Qm1kEj/SOEU/4oNYhlJwslKre4eKOOuVK27VnYOtEi8nFchR75W/uv1EZBHGJBQ3puO5KfkTrkkKhdNSNzOYcjHiA+xYGvMIjT+ZnztlZ1bpszDRtmJic/X3xIRHxoyjwHZGnIZm2ZuJ/3mdjMJrfyLjNCOMxWJRmClGCZv9zvpSoyA1toQLLe2tTAy55oJsQiUbgrf88ippXlQ9t+o9XFZqN3kcRTiBUzgHD66gBvdQhwYIGMEzvMKbkzovzrvzsWgtOPnMMfyB8/kDuECPJg==</latexit><latexit sha1_base64="p56s+NwQ62do1svByDiSPi9GJRw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMA9IljA76U2GzD6Y6RVCyEd48aCIV7/Hm3/jJNmDJhY0FFXddHcFqZKGXPfbKaytb2xuFbdLO7t7+wflw6OmSTItsCESleh2wA0qGWODJClspxp5FChsBaPbmd96Qm1kEj/SOEU/4oNYhlJwslKre4eKOOuVK27VnYOtEi8nFchR75W/uv1EZBHGJBQ3puO5KfkTrkkKhdNSNzOYcjHiA+xYGvMIjT+ZnztlZ1bpszDRtmJic/X3xIRHxoyjwHZGnIZm2ZuJ/3mdjMJrfyLjNCOMxWJRmClGCZv9zvpSoyA1toQLLe2tTAy55oJsQiUbgrf88ippXlQ9t+o9XFZqN3kcRTiBUzgHD66gBvdQhwYIGMEzvMKbkzovzrvzsWgtOPnMMfyB8/kDuECPJg==</latexit>

Difference in arm mean between best and second best arm



Multi Agent Setup

What if multiple agents play the same MAB instance  ?


Can they collaborate and jointly reduce their individual regret ?

shorturl.at/huO57



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) 
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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>

Each server chooses to display one ad when routed to it.
Each search request, routed to a server 
Multiple servers serving ads for a fixed keyword 

shorturl.at/foRV5



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

shorturl.at/foRV5



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

Large volume of search queries

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

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> �

<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

Number of arms Number of agents Difference in mean of best and second best arm



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

1. No Communication - 


Individual Server Regret - 

Communication Resources - 0

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>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

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> �

<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

Number of arms Number of agents Difference in mean of best and second best arm



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

1. No Communication - 


Individual Server Regret - 

2. Full Interaction - 


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>

Overall system can be abstracted as a single agent

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

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> �

<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

Number of arms Number of agents Difference in mean of best and second best arm



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

1. No Communication - 


Individual Server Regret - 

2. Full Interaction - 


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>

Overall system can be abstracted as a single agent

Best of both situations ??

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

N
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Number of arms Number of agents Difference in mean of best and second best arm



The Multi Agent Problem
N
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agents,arms,
Asynchronous System - Each agent j has an i.i.d. Poisson clock 

Ij(t) 2 {1, · · · ,K}
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<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 send information to any other agent of choice  

When clock         rings for the       time, agent jtth
<latexit sha1_base64="7uiaBash8BINmH41oTle2g3nLS8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2a7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PRzdRvjrk2IlL3OIm5H9KBEn3BKFrJx4e0g/wJUxxmWbdUdivuDGSZeDkpQ45at/TV6UUsCblCJqkxbc+N0U+pRsEkz4qdxPCYshEd8Laliobc+Ons6IycWqVH+pG2pZDM1N8TKQ2NmYSB7QwpDs2iNxX/89oJ9q/8VKg4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvHcind3Ua5e53EU4BhO4Aw8uIQq3EIN6sDgEZ7hFd6csfPivDsf89YVJ585gj9wPn8Awy+Suw==</latexit><latexit sha1_base64="7uiaBash8BINmH41oTle2g3nLS8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2a7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PRzdRvjrk2IlL3OIm5H9KBEn3BKFrJx4e0g/wJUxxmWbdUdivuDGSZeDkpQ45at/TV6UUsCblCJqkxbc+N0U+pRsEkz4qdxPCYshEd8Laliobc+Ons6IycWqVH+pG2pZDM1N8TKQ2NmYSB7QwpDs2iNxX/89oJ9q/8VKg4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvHcind3Ua5e53EU4BhO4Aw8uIQq3EIN6sDgEZ7hFd6csfPivDsf89YVJ585gj9wPn8Awy+Suw==</latexit><latexit sha1_base64="7uiaBash8BINmH41oTle2g3nLS8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2a7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PRzdRvjrk2IlL3OIm5H9KBEn3BKFrJx4e0g/wJUxxmWbdUdivuDGSZeDkpQ45at/TV6UUsCblCJqkxbc+N0U+pRsEkz4qdxPCYshEd8Laliobc+Ons6IycWqVH+pG2pZDM1N8TKQ2NmYSB7QwpDs2iNxX/89oJ9q/8VKg4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvHcind3Ua5e53EU4BhO4Aw8uIQq3EIN6sDgEZ7hFd6csfPivDsf89YVJ585gj9wPn8Awy+Suw==</latexit><latexit sha1_base64="7uiaBash8BINmH41oTle2g3nLS8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2a7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PRzdRvjrk2IlL3OIm5H9KBEn3BKFrJx4e0g/wJUxxmWbdUdivuDGSZeDkpQ45at/TV6UUsCblCJqkxbc+N0U+pRsEkz4qdxPCYshEd8Laliobc+Ons6IycWqVH+pG2pZDM1N8TKQ2NmYSB7QwpDs2iNxX/89oJ9q/8VKg4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvHcind3Ua5e53EU4BhO4Aw8uIQq3EIN6sDgEZ7hFd6csfPivDsf89YVJ585gj9wPn8Awy+Suw==</latexit>

Cj(·)
<latexit sha1_base64="8EWNPcOjZd1WGmjiLfVaLXrmbak=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZ7MZlBfuAdhgymUwbm0mGJCPUofgrblwo4tb/cOffmGlnoa0HAodz7uWenCBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FEilZi0sWBC9gKkCKOctDXVjPQSSVAcMNINxs3c7z4Qqajgd3qSEC9GQ04jipE2km8fDWKkRxixrDn172sDHAp95ttVp+7MAJeJW5AqKNDy7a9BKHAaE64xQ0r1XSfRXoakppiRaWWQKpIgPEZD0jeUo5goL5uln8JTo4QwEtI8ruFM/b2RoVipSRyYyTyrWvRy8T+vn+royssoT1JNOJ4filIGtYB5FTCkkmDNJoYgLKnJCvEISYS1KaxiSnAXv7xMOud116m7txfVxnVRRxkcgxNQAy64BA1wA1qgDTB4BM/gFbxZT9aL9W59zEdLVrFzCP7A+vwBKi6VBA==</latexit><latexit sha1_base64="8EWNPcOjZd1WGmjiLfVaLXrmbak=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZ7MZlBfuAdhgymUwbm0mGJCPUofgrblwo4tb/cOffmGlnoa0HAodz7uWenCBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FEilZi0sWBC9gKkCKOctDXVjPQSSVAcMNINxs3c7z4Qqajgd3qSEC9GQ04jipE2km8fDWKkRxixrDn172sDHAp95ttVp+7MAJeJW5AqKNDy7a9BKHAaE64xQ0r1XSfRXoakppiRaWWQKpIgPEZD0jeUo5goL5uln8JTo4QwEtI8ruFM/b2RoVipSRyYyTyrWvRy8T+vn+royssoT1JNOJ4filIGtYB5FTCkkmDNJoYgLKnJCvEISYS1KaxiSnAXv7xMOud116m7txfVxnVRRxkcgxNQAy64BA1wA1qgDTB4BM/gFbxZT9aL9W59zEdLVrFzCP7A+vwBKi6VBA==</latexit><latexit sha1_base64="8EWNPcOjZd1WGmjiLfVaLXrmbak=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZ7MZlBfuAdhgymUwbm0mGJCPUofgrblwo4tb/cOffmGlnoa0HAodz7uWenCBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FEilZi0sWBC9gKkCKOctDXVjPQSSVAcMNINxs3c7z4Qqajgd3qSEC9GQ04jipE2km8fDWKkRxixrDn172sDHAp95ttVp+7MAJeJW5AqKNDy7a9BKHAaE64xQ0r1XSfRXoakppiRaWWQKpIgPEZD0jeUo5goL5uln8JTo4QwEtI8ruFM/b2RoVipSRyYyTyrWvRy8T+vn+royssoT1JNOJ4filIGtYB5FTCkkmDNJoYgLKnJCvEISYS1KaxiSnAXv7xMOud116m7txfVxnVRRxkcgxNQAy64BA1wA1qgDTB4BM/gFbxZT9aL9W59zEdLVrFzCP7A+vwBKi6VBA==</latexit><latexit sha1_base64="8EWNPcOjZd1WGmjiLfVaLXrmbak=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZ7MZlBfuAdhgymUwbm0mGJCPUofgrblwo4tb/cOffmGlnoa0HAodz7uWenCBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FEilZi0sWBC9gKkCKOctDXVjPQSSVAcMNINxs3c7z4Qqajgd3qSEC9GQ04jipE2km8fDWKkRxixrDn172sDHAp95ttVp+7MAJeJW5AqKNDy7a9BKHAaE64xQ0r1XSfRXoakppiRaWWQKpIgPEZD0jeUo5goL5uln8JTo4QwEtI8ruFM/b2RoVipSRyYyTyrWvRy8T+vn+royssoT1JNOJ4filIGtYB5FTCkkmDNJoYgLKnJCvEISYS1KaxiSnAXv7xMOud116m7txfVxnVRRxkcgxNQAy64BA1wA1qgDTB4BM/gFbxZT9aL9W59zEdLVrFzCP7A+vwBKi6VBA==</latexit>

Cj(·)
<latexit sha1_base64="8EWNPcOjZd1WGmjiLfVaLXrmbak=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZ7MZlBfuAdhgymUwbm0mGJCPUofgrblwo4tb/cOffmGlnoa0HAodz7uWenCBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FEilZi0sWBC9gKkCKOctDXVjPQSSVAcMNINxs3c7z4Qqajgd3qSEC9GQ04jipE2km8fDWKkRxixrDn172sDHAp95ttVp+7MAJeJW5AqKNDy7a9BKHAaE64xQ0r1XSfRXoakppiRaWWQKpIgPEZD0jeUo5goL5uln8JTo4QwEtI8ruFM/b2RoVipSRyYyTyrWvRy8T+vn+royssoT1JNOJ4filIGtYB5FTCkkmDNJoYgLKnJCvEISYS1KaxiSnAXv7xMOud116m7txfVxnVRRxkcgxNQAy64BA1wA1qgDTB4BM/gFbxZT9aL9W59zEdLVrFzCP7A+vwBKi6VBA==</latexit><latexit sha1_base64="8EWNPcOjZd1WGmjiLfVaLXrmbak=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZ7MZlBfuAdhgymUwbm0mGJCPUofgrblwo4tb/cOffmGlnoa0HAodz7uWenCBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FEilZi0sWBC9gKkCKOctDXVjPQSSVAcMNINxs3c7z4Qqajgd3qSEC9GQ04jipE2km8fDWKkRxixrDn172sDHAp95ttVp+7MAJeJW5AqKNDy7a9BKHAaE64xQ0r1XSfRXoakppiRaWWQKpIgPEZD0jeUo5goL5uln8JTo4QwEtI8ruFM/b2RoVipSRyYyTyrWvRy8T+vn+royssoT1JNOJ4filIGtYB5FTCkkmDNJoYgLKnJCvEISYS1KaxiSnAXv7xMOud116m7txfVxnVRRxkcgxNQAy64BA1wA1qgDTB4BM/gFbxZT9aL9W59zEdLVrFzCP7A+vwBKi6VBA==</latexit><latexit sha1_base64="8EWNPcOjZd1WGmjiLfVaLXrmbak=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZ7MZlBfuAdhgymUwbm0mGJCPUofgrblwo4tb/cOffmGlnoa0HAodz7uWenCBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FEilZi0sWBC9gKkCKOctDXVjPQSSVAcMNINxs3c7z4Qqajgd3qSEC9GQ04jipE2km8fDWKkRxixrDn172sDHAp95ttVp+7MAJeJW5AqKNDy7a9BKHAaE64xQ0r1XSfRXoakppiRaWWQKpIgPEZD0jeUo5goL5uln8JTo4QwEtI8ruFM/b2RoVipSRyYyTyrWvRy8T+vn+royssoT1JNOJ4filIGtYB5FTCkkmDNJoYgLKnJCvEISYS1KaxiSnAXv7xMOud116m7txfVxnVRRxkcgxNQAy64BA1wA1qgDTB4BM/gFbxZT9aL9W59zEdLVrFzCP7A+vwBKi6VBA==</latexit><latexit sha1_base64="8EWNPcOjZd1WGmjiLfVaLXrmbak=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZEXRZ7MZlBfuAdhgymUwbm0mGJCPUofgrblwo4tb/cOffmGlnoa0HAodz7uWenCBhVGnH+bZKK6tr6xvlzcrW9s7unr1/0FEilZi0sWBC9gKkCKOctDXVjPQSSVAcMNINxs3c7z4Qqajgd3qSEC9GQ04jipE2km8fDWKkRxixrDn172sDHAp95ttVp+7MAJeJW5AqKNDy7a9BKHAaE64xQ0r1XSfRXoakppiRaWWQKpIgPEZD0jeUo5goL5uln8JTo4QwEtI8ruFM/b2RoVipSRyYyTyrWvRy8T+vn+royssoT1JNOJ4filIGtYB5FTCkkmDNJoYgLKnJCvEISYS1KaxiSnAXv7xMOud116m7txfVxnVRRxkcgxNQAy64BA1wA1qgDTB4BM/gFbxZT9aL9W59zEdLVrFzCP7A+vwBKi6VBA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

2
<latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

3
<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit>

2
<latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

2
<latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

2
<latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

3
<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit>

3
<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit> 3

<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit>

3
<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit>

{3}
<latexit sha1_base64="Y6yLsjejVs9aiMqQkPOQHgV9Q4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi00oWy223bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuRNRwKRT3UaDknVRzGkeSt6Px3cxvP3FtRKIecZLyMKZDJQaCUbSSH+SXwbRXrbl1dw6ySryC1KBAs1f9CvoJy2KukElqTNdzUwxzqlEwyaeVIDM8pWxMh7xrqaIxN2E+P3ZKzqzSJ4NE21JI5urviZzGxkziyHbGFEdm2ZuJ/3ndDAc3YS5UmiFXbLFokEmCCZl9TvpCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKo1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ao9GOjw==</latexit><latexit sha1_base64="Y6yLsjejVs9aiMqQkPOQHgV9Q4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi00oWy223bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuRNRwKRT3UaDknVRzGkeSt6Px3cxvP3FtRKIecZLyMKZDJQaCUbSSH+SXwbRXrbl1dw6ySryC1KBAs1f9CvoJy2KukElqTNdzUwxzqlEwyaeVIDM8pWxMh7xrqaIxN2E+P3ZKzqzSJ4NE21JI5urviZzGxkziyHbGFEdm2ZuJ/3ndDAc3YS5UmiFXbLFokEmCCZl9TvpCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKo1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ao9GOjw==</latexit><latexit sha1_base64="Y6yLsjejVs9aiMqQkPOQHgV9Q4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi00oWy223bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuRNRwKRT3UaDknVRzGkeSt6Px3cxvP3FtRKIecZLyMKZDJQaCUbSSH+SXwbRXrbl1dw6ySryC1KBAs1f9CvoJy2KukElqTNdzUwxzqlEwyaeVIDM8pWxMh7xrqaIxN2E+P3ZKzqzSJ4NE21JI5urviZzGxkziyHbGFEdm2ZuJ/3ndDAc3YS5UmiFXbLFokEmCCZl9TvpCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKo1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ao9GOjw==</latexit><latexit sha1_base64="Y6yLsjejVs9aiMqQkPOQHgV9Q4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi00oWy223bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuRNRwKRT3UaDknVRzGkeSt6Px3cxvP3FtRKIecZLyMKZDJQaCUbSSH+SXwbRXrbl1dw6ySryC1KBAs1f9CvoJy2KukElqTNdzUwxzqlEwyaeVIDM8pWxMh7xrqaIxN2E+P3ZKzqzSJ4NE21JI5urviZzGxkziyHbGFEdm2ZuJ/3ndDAc3YS5UmiFXbLFokEmCCZl9TvpCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKo1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ao9GOjw==</latexit>

{2}
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Decentralized Algorithms - 

Choice of arm of an agent only a function of its observed history.

Minimize Individual Regret - 
 R(j)
T := µ⇤T � E

"
TX

t=1

µIj(t)

#
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P[Xj(t) = 1|Ij(t)] = µIj(t)
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Independent rewards across agents



The Multi Agent Problem
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2
<latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

2
<latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

3
<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit>

3
<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit> 3

<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit>

3
<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit>

{3}
<latexit sha1_base64="Y6yLsjejVs9aiMqQkPOQHgV9Q4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi00oWy223bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuRNRwKRT3UaDknVRzGkeSt6Px3cxvP3FtRKIecZLyMKZDJQaCUbSSH+SXwbRXrbl1dw6ySryC1KBAs1f9CvoJy2KukElqTNdzUwxzqlEwyaeVIDM8pWxMh7xrqaIxN2E+P3ZKzqzSJ4NE21JI5urviZzGxkziyHbGFEdm2ZuJ/3ndDAc3YS5UmiFXbLFokEmCCZl9TvpCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKo1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ao9GOjw==</latexit><latexit sha1_base64="Y6yLsjejVs9aiMqQkPOQHgV9Q4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi00oWy223bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuRNRwKRT3UaDknVRzGkeSt6Px3cxvP3FtRKIecZLyMKZDJQaCUbSSH+SXwbRXrbl1dw6ySryC1KBAs1f9CvoJy2KukElqTNdzUwxzqlEwyaeVIDM8pWxMh7xrqaIxN2E+P3ZKzqzSJ4NE21JI5urviZzGxkziyHbGFEdm2ZuJ/3ndDAc3YS5UmiFXbLFokEmCCZl9TvpCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKo1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ao9GOjw==</latexit><latexit sha1_base64="Y6yLsjejVs9aiMqQkPOQHgV9Q4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi00oWy223bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuRNRwKRT3UaDknVRzGkeSt6Px3cxvP3FtRKIecZLyMKZDJQaCUbSSH+SXwbRXrbl1dw6ySryC1KBAs1f9CvoJy2KukElqTNdzUwxzqlEwyaeVIDM8pWxMh7xrqaIxN2E+P3ZKzqzSJ4NE21JI5urviZzGxkziyHbGFEdm2ZuJ/3ndDAc3YS5UmiFXbLFokEmCCZl9TvpCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKo1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ao9GOjw==</latexit><latexit sha1_base64="Y6yLsjejVs9aiMqQkPOQHgV9Q4E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi00oWy223bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuRNRwKRT3UaDknVRzGkeSt6Px3cxvP3FtRKIecZLyMKZDJQaCUbSSH+SXwbRXrbl1dw6ySryC1KBAs1f9CvoJy2KukElqTNdzUwxzqlEwyaeVIDM8pWxMh7xrqaIxN2E+P3ZKzqzSJ4NE21JI5urviZzGxkziyHbGFEdm2ZuJ/3ndDAc3YS5UmiFXbLFokEmCCZl9TvpCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKo1bos4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ao9GOjw==</latexit>

{2}
<latexit sha1_base64="Etv+2cKl/dI8Z53t0qDPB1K5K2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQtlst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8KJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdjajhUijuo0DJu6nmNI4k70STu7nfeeLaiEQ94jTlYUxHSgwFo2glP8gbwaxfrbl1dwGyTryC1KBAq1/9CgYJy2KukElqTM9zUwxzqlEwyWeVIDM8pWxCR7xnqaIxN2G+OHZGLqwyIMNE21JIFurviZzGxkzjyHbGFMdm1ZuL/3m9DIc3YS5UmiFXbLlomEmCCZl/TgZCc4ZyagllWthbCRtTTRnafCo2BG/15XXSbtQ9t+49XNWat0UcZTiDc7gED66hCffQAh8YCHiGV3hzlPPivDsfy9aSU8ycwh84nz+iS46O</latexit><latexit sha1_base64="Etv+2cKl/dI8Z53t0qDPB1K5K2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQtlst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8KJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdjajhUijuo0DJu6nmNI4k70STu7nfeeLaiEQ94jTlYUxHSgwFo2glP8gbwaxfrbl1dwGyTryC1KBAq1/9CgYJy2KukElqTM9zUwxzqlEwyWeVIDM8pWxCR7xnqaIxN2G+OHZGLqwyIMNE21JIFurviZzGxkzjyHbGFMdm1ZuL/3m9DIc3YS5UmiFXbLlomEmCCZl/TgZCc4ZyagllWthbCRtTTRnafCo2BG/15XXSbtQ9t+49XNWat0UcZTiDc7gED66hCffQAh8YCHiGV3hzlPPivDsfy9aSU8ycwh84nz+iS46O</latexit><latexit sha1_base64="Etv+2cKl/dI8Z53t0qDPB1K5K2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQtlst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8KJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdjajhUijuo0DJu6nmNI4k70STu7nfeeLaiEQ94jTlYUxHSgwFo2glP8gbwaxfrbl1dwGyTryC1KBAq1/9CgYJy2KukElqTM9zUwxzqlEwyWeVIDM8pWxCR7xnqaIxN2G+OHZGLqwyIMNE21JIFurviZzGxkzjyHbGFMdm1ZuL/3m9DIc3YS5UmiFXbLlomEmCCZl/TgZCc4ZyagllWthbCRtTTRnafCo2BG/15XXSbtQ9t+49XNWat0UcZTiDc7gED66hCffQAh8YCHiGV3hzlPPivDsfy9aSU8ycwh84nz+iS46O</latexit><latexit sha1_base64="Etv+2cKl/dI8Z53t0qDPB1K5K2E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQtlst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8KJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdjajhUijuo0DJu6nmNI4k70STu7nfeeLaiEQ94jTlYUxHSgwFo2glP8gbwaxfrbl1dwGyTryC1KBAq1/9CgYJy2KukElqTM9zUwxzqlEwyWeVIDM8pWxCR7xnqaIxN2G+OHZGLqwyIMNE21JIFurviZzGxkzjyHbGFMdm1ZuL/3m9DIc3YS5UmiFXbLlomEmCCZl/TgZCc4ZyagllWthbCRtTTRnafCo2BG/15XXSbtQ9t+49XNWat0UcZTiDc7gED66hCffQAh8YCHiGV3hzlPPivDsfy9aSU8ycwh84nz+iS46O</latexit>

{1}
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Communication Constraints

1. Pairwise communication  

2. Fixed number of bits per message 

3. Each agent communicates only o(T) times 

Desirable for practical implementations

Can’t communicate arm-means to arbitrary precision.

Number of bits must not depend on arm-gap or other parameters of the instance.

In the search engine example, each server gets a huge volume of search queries.


If servers communicate as frequently as they make decisions, it will congest the server system



Related Work - Multi Agent Bandits

Multi-Agent Bandits are receiving wide attention -


1. Competitive Agents -


Multiple agents pull same arm, no-one (or only a subset) get rewards

[Anandkumar et.al ’11],[Kalathil et.al. ’14],[Rosenski et.al. ’16],[Bistritz et.al. ’18]  

2. Collaborative Agents - Neighbors can observe all samples


[Buccapatnam et.al. ’15][Landgren. et.al ’16][Kolla et.al. ’18] [Martinez-Rubio et.al ’18]



Main Result
Theorem (Informal) - We give a social algorithm, where regret of any agent is


1. Each agent communicates only O(log(T)) times


2. Each communication exchanges O(log(K)) bits (just arm-ids)


3. Each agent communicates with an agent chosen at random (Gossip)
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Main Result

Regret

Communication

No-Interaction Social Learning Full Interaction

In order to derive insight, suppose K=N
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O (log(T ))
<latexit sha1_base64="rBD8OevPT8OMjUthm6oVTdRuFFs=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL0G5KIoIui27cWaEvaEKZTCfp0EkmzNwIpXTjr7hxoYhbP8Odf+O0zUJbD1zu4Zx7mbknSAXX4DjfVmFtfWNzq7hd2tnd2z+wD4/aWmaKshaVQqpuQDQTPGEt4CBYN1WMxIFgnWB0O/M7j0xpLpMmjFPmxyRKeMgpASP17ZN77AkWQsU0GVWaVU/xaAjVvl12as4ceJW4OSmjHI2+/eUNJM1ilgAVROue66TgT4gCTgWblrxMs5TQEYlYz9CExEz7k/kBU3xulAEOpTKVAJ6rvzcmJNZ6HAdmMiYw1MveTPzP62UQXvsTnqQZsIQuHgozgUHiWRp4wBWjIMaGEKq4+SumQ6IIBZNZyYTgLp+8StoXNdepuQ+X5fpNHkcRnaIzVEEuukJ1dIcaqIUomqJn9IrerCfrxXq3PhajBSvfOUZ/YH3+AL3glTU=</latexit><latexit sha1_base64="rBD8OevPT8OMjUthm6oVTdRuFFs=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL0G5KIoIui27cWaEvaEKZTCfp0EkmzNwIpXTjr7hxoYhbP8Odf+O0zUJbD1zu4Zx7mbknSAXX4DjfVmFtfWNzq7hd2tnd2z+wD4/aWmaKshaVQqpuQDQTPGEt4CBYN1WMxIFgnWB0O/M7j0xpLpMmjFPmxyRKeMgpASP17ZN77AkWQsU0GVWaVU/xaAjVvl12as4ceJW4OSmjHI2+/eUNJM1ilgAVROue66TgT4gCTgWblrxMs5TQEYlYz9CExEz7k/kBU3xulAEOpTKVAJ6rvzcmJNZ6HAdmMiYw1MveTPzP62UQXvsTnqQZsIQuHgozgUHiWRp4wBWjIMaGEKq4+SumQ6IIBZNZyYTgLp+8StoXNdepuQ+X5fpNHkcRnaIzVEEuukJ1dIcaqIUomqJn9IrerCfrxXq3PhajBSvfOUZ/YH3+AL3glTU=</latexit><latexit sha1_base64="rBD8OevPT8OMjUthm6oVTdRuFFs=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL0G5KIoIui27cWaEvaEKZTCfp0EkmzNwIpXTjr7hxoYhbP8Odf+O0zUJbD1zu4Zx7mbknSAXX4DjfVmFtfWNzq7hd2tnd2z+wD4/aWmaKshaVQqpuQDQTPGEt4CBYN1WMxIFgnWB0O/M7j0xpLpMmjFPmxyRKeMgpASP17ZN77AkWQsU0GVWaVU/xaAjVvl12as4ceJW4OSmjHI2+/eUNJM1ilgAVROue66TgT4gCTgWblrxMs5TQEYlYz9CExEz7k/kBU3xulAEOpTKVAJ6rvzcmJNZ6HAdmMiYw1MveTPzP62UQXvsTnqQZsIQuHgozgUHiWRp4wBWjIMaGEKq4+SumQ6IIBZNZyYTgLp+8StoXNdepuQ+X5fpNHkcRnaIzVEEuukJ1dIcaqIUomqJn9IrerCfrxXq3PhajBSvfOUZ/YH3+AL3glTU=</latexit><latexit sha1_base64="rBD8OevPT8OMjUthm6oVTdRuFFs=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL0G5KIoIui27cWaEvaEKZTCfp0EkmzNwIpXTjr7hxoYhbP8Odf+O0zUJbD1zu4Zx7mbknSAXX4DjfVmFtfWNzq7hd2tnd2z+wD4/aWmaKshaVQqpuQDQTPGEt4CBYN1WMxIFgnWB0O/M7j0xpLpMmjFPmxyRKeMgpASP17ZN77AkWQsU0GVWaVU/xaAjVvl12as4ceJW4OSmjHI2+/eUNJM1ilgAVROue66TgT4gCTgWblrxMs5TQEYlYz9CExEz7k/kBU3xulAEOpTKVAJ6rvzcmJNZ6HAdmMiYw1MveTPzP62UQXvsTnqQZsIQuHgozgUHiWRp4wBWjIMaGEKq4+SumQ6IIBZNZyYTgLp+8StoXNdepuQ+X5fpNHkcRnaIzVEEuukJ1dIcaqIUomqJn9IrerCfrxXq3PhajBSvfOUZ/YH3+AL3glTU=</latexit>

T
<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit>
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<latexit sha1_base64="cq4AB9IKukiqIPUqPgqlCMvMBU0=">AAACEnicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DevCkEbJBJoSeTk3SpGehu0YIQ77Bi7/ixYMiXj1582/sLAdNfFDweK+KqnpeLIVG2/62Miura+sb2c3c1vbO7l5+/6Cho0RxqPNIRqrlMQ1ShFBHgRJasQIWeBKa3vBq4jcfQGkRhTUcxdAJWD8UvuAMjdTNl+6oK8HHIr11fcV46sqoX6yVxql7DRLZmLpK9AdYot18wS7bU9Bl4sxJgcxR7ea/3F7EkwBC5JJp3XbsGDspUyi4hHHOTTTEjA9ZH9qGhiwA3UmnL43piVF61I+UqRDpVP09kbJA61Hgmc6A4UAvehPxP6+doH/RSUUYJwghny3yE0kxopN8aE8o4ChHhjCuhLmV8gEzyaBJMWdCcBZfXiaN07Jjl537s0Llch5HlhyRY1IkDjknFXJDqqROOHkkz+SVvFlP1ov1bn3MWjPWfOaQ/IH1+QNdA5yl</latexit><latexit sha1_base64="cq4AB9IKukiqIPUqPgqlCMvMBU0=">AAACEnicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DevCkEbJBJoSeTk3SpGehu0YIQ77Bi7/ixYMiXj1582/sLAdNfFDweK+KqnpeLIVG2/62Miura+sb2c3c1vbO7l5+/6Cho0RxqPNIRqrlMQ1ShFBHgRJasQIWeBKa3vBq4jcfQGkRhTUcxdAJWD8UvuAMjdTNl+6oK8HHIr11fcV46sqoX6yVxql7DRLZmLpK9AdYot18wS7bU9Bl4sxJgcxR7ea/3F7EkwBC5JJp3XbsGDspUyi4hHHOTTTEjA9ZH9qGhiwA3UmnL43piVF61I+UqRDpVP09kbJA61Hgmc6A4UAvehPxP6+doH/RSUUYJwghny3yE0kxopN8aE8o4ChHhjCuhLmV8gEzyaBJMWdCcBZfXiaN07Jjl537s0Llch5HlhyRY1IkDjknFXJDqqROOHkkz+SVvFlP1ov1bn3MWjPWfOaQ/IH1+QNdA5yl</latexit><latexit sha1_base64="cq4AB9IKukiqIPUqPgqlCMvMBU0=">AAACEnicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DevCkEbJBJoSeTk3SpGehu0YIQ77Bi7/ixYMiXj1582/sLAdNfFDweK+KqnpeLIVG2/62Miura+sb2c3c1vbO7l5+/6Cho0RxqPNIRqrlMQ1ShFBHgRJasQIWeBKa3vBq4jcfQGkRhTUcxdAJWD8UvuAMjdTNl+6oK8HHIr11fcV46sqoX6yVxql7DRLZmLpK9AdYot18wS7bU9Bl4sxJgcxR7ea/3F7EkwBC5JJp3XbsGDspUyi4hHHOTTTEjA9ZH9qGhiwA3UmnL43piVF61I+UqRDpVP09kbJA61Hgmc6A4UAvehPxP6+doH/RSUUYJwghny3yE0kxopN8aE8o4ChHhjCuhLmV8gEzyaBJMWdCcBZfXiaN07Jjl537s0Llch5HlhyRY1IkDjknFXJDqqROOHkkz+SVvFlP1ov1bn3MWjPWfOaQ/IH1+QNdA5yl</latexit><latexit sha1_base64="cq4AB9IKukiqIPUqPgqlCMvMBU0=">AAACEnicbVDJSgNBEO2JW4xb1KOXxiAklzAjgh6DevCkEbJBJoSeTk3SpGehu0YIQ77Bi7/ixYMiXj1582/sLAdNfFDweK+KqnpeLIVG2/62Miura+sb2c3c1vbO7l5+/6Cho0RxqPNIRqrlMQ1ShFBHgRJasQIWeBKa3vBq4jcfQGkRhTUcxdAJWD8UvuAMjdTNl+6oK8HHIr11fcV46sqoX6yVxql7DRLZmLpK9AdYot18wS7bU9Bl4sxJgcxR7ea/3F7EkwBC5JJp3XbsGDspUyi4hHHOTTTEjA9ZH9qGhiwA3UmnL43piVF61I+UqRDpVP09kbJA61Hgmc6A4UAvehPxP6+doH/RSUUYJwghny3yE0kxopN8aE8o4ChHhjCuhLmV8gEzyaBJMWdCcBZfXiaN07Jjl537s0Llch5HlhyRY1IkDjknFXJDqqROOHkkz+SVvFlP1ov1bn3MWjPWfOaQ/IH1+QNdA5yl</latexit>
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<latexit sha1_base64="gmD/75Av65PD717y7kNmvtMur+g=">AAACGHicbVDLSgMxFM34rPVVdekmWIR2U2dE0GVRF660Ql/QKSWT3mlDMw+SO0IZ+hlu/BU3LhRx251/Y/pYaOuBkJNz7uXmHi+WQqNtf1srq2vrG5uZrez2zu7efu7gsK6jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4GbiN55AaRGFVRzG0A5YLxS+4AyN1MmdPVBXgo8Fc0W9wn3R9RXj6fRRLY5S9xYkshF1lej1sUg7ubxdsqegy8SZkzyZo9LJjd1uxJMAQuSSad1y7BjbKVMouIRR1k00xIwPWA9ahoYsAN1Op4uN6KlRutSPlDkh0qn6uyNlgdbDwDOVAcO+XvQm4n9eK0H/qp2KME4QQj4b5CeSYkQnKdGuUMBRDg1hXAnzV8r7zCSDJsusCcFZXHmZ1M9Ljl1yHi/y5et5HBlyTE5IgTjkkpTJHamQGuHkmbySd/JhvVhv1qf1NStdseY9R+QPrPEPf8Oe0A==</latexit><latexit sha1_base64="gmD/75Av65PD717y7kNmvtMur+g=">AAACGHicbVDLSgMxFM34rPVVdekmWIR2U2dE0GVRF660Ql/QKSWT3mlDMw+SO0IZ+hlu/BU3LhRx251/Y/pYaOuBkJNz7uXmHi+WQqNtf1srq2vrG5uZrez2zu7efu7gsK6jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4GbiN55AaRGFVRzG0A5YLxS+4AyN1MmdPVBXgo8Fc0W9wn3R9RXj6fRRLY5S9xYkshF1lej1sUg7ubxdsqegy8SZkzyZo9LJjd1uxJMAQuSSad1y7BjbKVMouIRR1k00xIwPWA9ahoYsAN1Op4uN6KlRutSPlDkh0qn6uyNlgdbDwDOVAcO+XvQm4n9eK0H/qp2KME4QQj4b5CeSYkQnKdGuUMBRDg1hXAnzV8r7zCSDJsusCcFZXHmZ1M9Ljl1yHi/y5et5HBlyTE5IgTjkkpTJHamQGuHkmbySd/JhvVhv1qf1NStdseY9R+QPrPEPf8Oe0A==</latexit><latexit sha1_base64="gmD/75Av65PD717y7kNmvtMur+g=">AAACGHicbVDLSgMxFM34rPVVdekmWIR2U2dE0GVRF660Ql/QKSWT3mlDMw+SO0IZ+hlu/BU3LhRx251/Y/pYaOuBkJNz7uXmHi+WQqNtf1srq2vrG5uZrez2zu7efu7gsK6jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4GbiN55AaRGFVRzG0A5YLxS+4AyN1MmdPVBXgo8Fc0W9wn3R9RXj6fRRLY5S9xYkshF1lej1sUg7ubxdsqegy8SZkzyZo9LJjd1uxJMAQuSSad1y7BjbKVMouIRR1k00xIwPWA9ahoYsAN1Op4uN6KlRutSPlDkh0qn6uyNlgdbDwDOVAcO+XvQm4n9eK0H/qp2KME4QQj4b5CeSYkQnKdGuUMBRDg1hXAnzV8r7zCSDJsusCcFZXHmZ1M9Ljl1yHi/y5et5HBlyTE5IgTjkkpTJHamQGuHkmbySd/JhvVhv1qf1NStdseY9R+QPrPEPf8Oe0A==</latexit><latexit sha1_base64="gmD/75Av65PD717y7kNmvtMur+g=">AAACGHicbVDLSgMxFM34rPVVdekmWIR2U2dE0GVRF660Ql/QKSWT3mlDMw+SO0IZ+hlu/BU3LhRx251/Y/pYaOuBkJNz7uXmHi+WQqNtf1srq2vrG5uZrez2zu7efu7gsK6jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4GbiN55AaRGFVRzG0A5YLxS+4AyN1MmdPVBXgo8Fc0W9wn3R9RXj6fRRLY5S9xYkshF1lej1sUg7ubxdsqegy8SZkzyZo9LJjd1uxJMAQuSSad1y7BjbKVMouIRR1k00xIwPWA9ahoYsAN1Op4uN6KlRutSPlDkh0qn6uyNlgdbDwDOVAcO+XvQm4n9eK0H/qp2KME4QQj4b5CeSYkQnKdGuUMBRDg1hXAnzV8r7zCSDJsusCcFZXHmZ1M9Ljl1yHi/y5et5HBlyTE5IgTjkkpTJHamQGuHkmbySd/JhvVhv1qf1NStdseY9R+QPrPEPf8Oe0A==</latexit>
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<latexit sha1_base64="Siw5Ygl9CFgZ8SpvHMHgurepd48=">AAACEXicbVA9SwNBEN3zM8avqKXNYhCSJtyJoGVQCzsj5AtyIext5pIlex/szgnhyF+w8a/YWChia2fnv3GTXKGJDwYe780wM8+LpdBo29/Wyura+sZmbiu/vbO7t184OGzqKFEcGjySkWp7TIMUITRQoIR2rIAFnoSWN7qe+q0HUFpEYR3HMXQDNgiFLzhDI/UKpTvqSvCxRF1fMZ66MhqU6uVJ6t6ARDahrhKDIZZpr1C0K/YMdJk4GSmSDLVe4cvtRzwJIEQumdYdx46xmzKFgkuY5N1EQ8z4iA2gY2jIAtDddPbRhJ4apU/9SJkKkc7U3xMpC7QeB57pDBgO9aI3Ff/zOgn6l91UhHGCEPL5Ij+RFCM6jYf2hQKOcmwI40qYWykfMpMMmhDzJgRn8eVl0jyrOHbFuT8vVq+yOHLkmJyQEnHIBamSW1IjDcLJI3kmr+TNerJerHfrY966YmUzR+QPrM8ftTucTQ==</latexit><latexit sha1_base64="Siw5Ygl9CFgZ8SpvHMHgurepd48=">AAACEXicbVA9SwNBEN3zM8avqKXNYhCSJtyJoGVQCzsj5AtyIext5pIlex/szgnhyF+w8a/YWChia2fnv3GTXKGJDwYe780wM8+LpdBo29/Wyura+sZmbiu/vbO7t184OGzqKFEcGjySkWp7TIMUITRQoIR2rIAFnoSWN7qe+q0HUFpEYR3HMXQDNgiFLzhDI/UKpTvqSvCxRF1fMZ66MhqU6uVJ6t6ARDahrhKDIZZpr1C0K/YMdJk4GSmSDLVe4cvtRzwJIEQumdYdx46xmzKFgkuY5N1EQ8z4iA2gY2jIAtDddPbRhJ4apU/9SJkKkc7U3xMpC7QeB57pDBgO9aI3Ff/zOgn6l91UhHGCEPL5Ij+RFCM6jYf2hQKOcmwI40qYWykfMpMMmhDzJgRn8eVl0jyrOHbFuT8vVq+yOHLkmJyQEnHIBamSW1IjDcLJI3kmr+TNerJerHfrY966YmUzR+QPrM8ftTucTQ==</latexit><latexit sha1_base64="Siw5Ygl9CFgZ8SpvHMHgurepd48=">AAACEXicbVA9SwNBEN3zM8avqKXNYhCSJtyJoGVQCzsj5AtyIext5pIlex/szgnhyF+w8a/YWChia2fnv3GTXKGJDwYe780wM8+LpdBo29/Wyura+sZmbiu/vbO7t184OGzqKFEcGjySkWp7TIMUITRQoIR2rIAFnoSWN7qe+q0HUFpEYR3HMXQDNgiFLzhDI/UKpTvqSvCxRF1fMZ66MhqU6uVJ6t6ARDahrhKDIZZpr1C0K/YMdJk4GSmSDLVe4cvtRzwJIEQumdYdx46xmzKFgkuY5N1EQ8z4iA2gY2jIAtDddPbRhJ4apU/9SJkKkc7U3xMpC7QeB57pDBgO9aI3Ff/zOgn6l91UhHGCEPL5Ij+RFCM6jYf2hQKOcmwI40qYWykfMpMMmhDzJgRn8eVl0jyrOHbFuT8vVq+yOHLkmJyQEnHIBamSW1IjDcLJI3kmr+TNerJerHfrY966YmUzR+QPrM8ftTucTQ==</latexit><latexit sha1_base64="Siw5Ygl9CFgZ8SpvHMHgurepd48=">AAACEXicbVA9SwNBEN3zM8avqKXNYhCSJtyJoGVQCzsj5AtyIext5pIlex/szgnhyF+w8a/YWChia2fnv3GTXKGJDwYe780wM8+LpdBo29/Wyura+sZmbiu/vbO7t184OGzqKFEcGjySkWp7TIMUITRQoIR2rIAFnoSWN7qe+q0HUFpEYR3HMXQDNgiFLzhDI/UKpTvqSvCxRF1fMZ66MhqU6uVJ6t6ARDahrhKDIZZpr1C0K/YMdJk4GSmSDLVe4cvtRzwJIEQumdYdx46xmzKFgkuY5N1EQ8z4iA2gY2jIAtDddPbRhJ4apU/9SJkKkc7U3xMpC7QeB57pDBgO9aI3Ff/zOgn6l91UhHGCEPL5Ij+RFCM6jYf2hQKOcmwI40qYWykfMpMMmhDzJgRn8eVl0jyrOHbFuT8vVq+yOHLkmJyQEnHIBamSW1IjDcLJI3kmr+TNerJerHfrY966YmUzR+QPrM8ftTucTQ==</latexit>

Even a minimal collaboration helps in reducing regret 



Key Idea - Gossip the Best Arm
1. Agents use communication to recommend arms

Each message is log(K) bits

2. Agents only play from an active set of arms

Initially every agent has a small set of active arms that forms a partition of all arms

The set of active arms grow with increasing recommendations (monotone)

(K/N)+1



Algorithm Details
Two Phases to algorithm evolution

z}|{
<latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit>

z}|{
<latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

Early Phase

1

2

3

4

z}|{
<latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

M
<latexit sha1_base64="Dd8MEM60zVVnT1c4fEQreeCDClk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2lkeRxFO4BQuwINrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJwHjLM=</latexit><latexit sha1_base64="Dd8MEM60zVVnT1c4fEQreeCDClk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2lkeRxFO4BQuwINrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJwHjLM=</latexit><latexit sha1_base64="Dd8MEM60zVVnT1c4fEQreeCDClk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2lkeRxFO4BQuwINrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJwHjLM=</latexit><latexit sha1_base64="Dd8MEM60zVVnT1c4fEQreeCDClk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2lkeRxFO4BQuwINrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJwHjLM=</latexit>

M - sub-phases each of L arm-pulls
Play arms in round-robin from active arms

Communicate arm with highest empirical mean

Late Phase



Algorithm Details
Two Phases to algorithm evolution

z}|{
<latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

Early Phase

1

2

3

4

z}|{
<latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit><latexit sha1_base64="FdMqXQzu9dCLmUQJYhZXXjcPLxk=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHubSbJkb/fY3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNirTDFtMCaU7MTUouMSW5VZgJ9VIk1jgYzy+nfmPT6gNV/LBTlKMEjqUfMAZtU4KQ+XMWFOG+bRXrfl1fw6ySoKC1KBAs1f9CvuKZQlKywQ1phv4qY1yqi1nAqeVMDOYUjamQ+w6KmmCJsrnN0/JmVP6ZKC0K2nJXP09kdPEmEkSu86E2pFZ9mbif143s4PrKOcyzSxKtlg0yASxiswCIH2ukVkxcYQyzd2thI2oi8C6mCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyB9/kDifyR/w==</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

M
<latexit sha1_base64="Dd8MEM60zVVnT1c4fEQreeCDClk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp 357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2lkeRxFO4BQuwINrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJwHjLM=</latexit><latexit sha1_base64="Dd8MEM60zVVnT1c4fEQreeCDClk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp 357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2lkeRxFO4BQuwINrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJwHjLM=</latexit><latexit sha1_base64="Dd8MEM60zVVnT1c4fEQreeCDClk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp 357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2lkeRxFO4BQuwINrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJwHjLM=</latexit><latexit sha1_base64="Dd8MEM60zVVnT1c4fEQreeCDClk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp 357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5NwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2lkeRxFO4BQuwINrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJwHjLM=</latexit> T0

<latexit sha1_base64="htkaSu72CZTwHj0fhECr+wYljzU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwN3UK64VXcBsk68nFQgR2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz1JJI9R+tjh1Ri6tMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/2MyyQ1KNlyUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Mp2RC81ZfXSfu66rlV76FWqV/kcRThDM7hCjy4gTrcQwNawGAEz/AKb45wXpx352PZWnDymVP4A+fzB8o/jV0=</latexit><latexit sha1_base64="htkaSu72CZTwHj0fhECr+wYljzU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwN3UK64VXcBsk68nFQgR2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz1JJI9R+tjh1Ri6tMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/2MyyQ1KNlyUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Mp2RC81ZfXSfu66rlV76FWqV/kcRThDM7hCjy4gTrcQwNawGAEz/AKb45wXpx352PZWnDymVP4A+fzB8o/jV0=</latexit><latexit sha1_base64="htkaSu72CZTwHj0fhECr+wYljzU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwN3UK64VXcBsk68nFQgR2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz1JJI9R+tjh1Ri6tMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/2MyyQ1KNlyUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Mp2RC81ZfXSfu66rlV76FWqV/kcRThDM7hCjy4gTrcQwNawGAEz/AKb45wXpx352PZWnDymVP4A+fzB8o/jV0=</latexit><latexit sha1_base64="htkaSu72CZTwHj0fhECr+wYljzU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwN3UK64VXcBsk68nFQgR2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz1JJI9R+tjh1Ri6tMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/2MyyQ1KNlyUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Mp2RC81ZfXSfu66rlV76FWqV/kcRThDM7hCjy4gTrcQwNawGAEz/AKb45wXpx352PZWnDymVP4A+fzB8o/jV0=</latexit>

Late Phase

Play arms according to UCB from active arms

Communicate arm the most played arm in the previous phase

Doubly exponential phase lengths

T02
2i

<latexit sha1_base64="vnYUMtaHcmyFjXTv8HpinOSlKcQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBqPgKewGQY8BLx4j5IV5MTuZTYbMzi4zvUJY8hdePCji1b/x5t84SfagiQUNRVU33V1+LIVB1/12chubW9s7+d3C3v7B4VHx+KRpokQz3mCRjHTbp4ZLoXgDBUrejjWnoS95y5/czf3WE9dGRKqO05j3QjpSIhCMopUe6wO30k8rfTEbFEtu2V2ArBMvIyXIUBsUv7rDiCUhV8gkNabjuTH2UqpRMMlnhW5ieEzZhI54x1JFQ2566eLiGbm0ypAEkbalkCzU3xMpDY2Zhr7tDCmOzao3F//zOgkGt71UqDhBrthyUZBIghGZv0+GQnOGcmoJZVrYWwkbU00Z2pAKNgRv9eV10qyUPbfsPVyXqhdZHHk4g3O4Ag9uoAr3UIMGMFDwDK/w5hjnxXl3PpatOSebOYU/cD5/AKVukCQ=</latexit><latexit sha1_base64="vnYUMtaHcmyFjXTv8HpinOSlKcQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBqPgKewGQY8BLx4j5IV5MTuZTYbMzi4zvUJY8hdePCji1b/x5t84SfagiQUNRVU33V1+LIVB1/12chubW9s7+d3C3v7B4VHx+KRpokQz3mCRjHTbp4ZLoXgDBUrejjWnoS95y5/czf3WE9dGRKqO05j3QjpSIhCMopUe6wO30k8rfTEbFEtu2V2ArBMvIyXIUBsUv7rDiCUhV8gkNabjuTH2UqpRMMlnhW5ieEzZhI54x1JFQ2566eLiGbm0ypAEkbalkCzU3xMpDY2Zhr7tDCmOzao3F//zOgkGt71UqDhBrthyUZBIghGZv0+GQnOGcmoJZVrYWwkbU00Z2pAKNgRv9eV10qyUPbfsPVyXqhdZHHk4g3O4Ag9uoAr3UIMGMFDwDK/w5hjnxXl3PpatOSebOYU/cD5/AKVukCQ=</latexit><latexit sha1_base64="vnYUMtaHcmyFjXTv8HpinOSlKcQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBqPgKewGQY8BLx4j5IV5MTuZTYbMzi4zvUJY8hdePCji1b/x5t84SfagiQUNRVU33V1+LIVB1/12chubW9s7+d3C3v7B4VHx+KRpokQz3mCRjHTbp4ZLoXgDBUrejjWnoS95y5/czf3WE9dGRKqO05j3QjpSIhCMopUe6wO30k8rfTEbFEtu2V2ArBMvIyXIUBsUv7rDiCUhV8gkNabjuTH2UqpRMMlnhW5ieEzZhI54x1JFQ2566eLiGbm0ypAEkbalkCzU3xMpDY2Zhr7tDCmOzao3F//zOgkGt71UqDhBrthyUZBIghGZv0+GQnOGcmoJZVrYWwkbU00Z2pAKNgRv9eV10qyUPbfsPVyXqhdZHHk4g3O4Ag9uoAr3UIMGMFDwDK/w5hjnxXl3PpatOSebOYU/cD5/AKVukCQ=</latexit><latexit sha1_base64="vnYUMtaHcmyFjXTv8HpinOSlKcQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBqPgKewGQY8BLx4j5IV5MTuZTYbMzi4zvUJY8hdePCji1b/x5t84SfagiQUNRVU33V1+LIVB1/12chubW9s7+d3C3v7B4VHx+KRpokQz3mCRjHTbp4ZLoXgDBUrejjWnoS95y5/czf3WE9dGRKqO05j3QjpSIhCMopUe6wO30k8rfTEbFEtu2V2ArBMvIyXIUBsUv7rDiCUhV8gkNabjuTH2UqpRMMlnhW5ieEzZhI54x1JFQ2566eLiGbm0ypAEkbalkCzU3xMpDY2Zhr7tDCmOzao3F//zOgkGt71UqDhBrthyUZBIghGZv0+GQnOGcmoJZVrYWwkbU00Z2pAKNgRv9eV10qyUPbfsPVyXqhdZHHk4g3O4Ag9uoAr3UIMGMFDwDK/w5hjnxXl3PpatOSebOYU/cD5/AKVukCQ=</latexit>

2i
<latexit sha1_base64="NgGr5iDvzNvTJqc6EsGRf+wK4eg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSp4KkkR9Fjw4rGCaQttLJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZX8vP7Ip/1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNyYZUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpa9Zrn1rz7q2rjvIijBKdwBpfgwTU04A6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+wB45/</latexit><latexit sha1_base64="NgGr5iDvzNvTJqc6EsGRf+wK4eg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSp4KkkR9Fjw4rGCaQttLJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZX8vP7Ip/1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNyYZUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpa9Zrn1rz7q2rjvIijBKdwBpfgwTU04A6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+wB45/</latexit><latexit sha1_base64="NgGr5iDvzNvTJqc6EsGRf+wK4eg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSp4KkkR9Fjw4rGCaQttLJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZX8vP7Ip/1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNyYZUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpa9Zrn1rz7q2rjvIijBKdwBpfgwTU04A6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+wB45/</latexit><latexit sha1_base64="NgGr5iDvzNvTJqc6EsGRf+wK4eg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSp4KkkR9Fjw4rGCaQttLJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZX8vP7Ip/1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNyYZUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpa9Zrn1rz7q2rjvIijBKdwBpfgwTU04A6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+wB45/</latexit>



Performance Guarantees
Theorem

M = O(log(N))
<latexit sha1_base64="xf0j0keXPm5tQaFSXQc2ltO+uo8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahvZRdEfQiFL14USvYD2jXkk3TNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRdEnGnjut9OZml5ZXUtu57b2Nza3snv7tW1jBWhNSK5VM0Aa8qZoDXDDKfNSFEcBpw2guHlxG88UqWZFPdmFFE/xH3BeoxgY6WHa3SObottLvvFm1Kpky+4ZXcKtEi8lBQgRbWT/2p3JYlDKgzhWOuW50bGT7AyjHA6zrVjTSNMhrhPW5YKHFLtJ9Orx+jIKl3Uk8qWMGiq/p5IcKj1KAxsZ4jNQM97E/E/rxWb3pmfMBHFhgoyW9SLOTISTSJAXaYoMXxkCSaK2VsRGWCFibFB5WwI3vzLi6R+XPbcsnd3UqhcpHFk4QAOoQgenEIFrqAKNSCg4Ble4c15cl6cd+dj1ppx0pl9+APn8wexbZCt</latexit><latexit sha1_base64="xf0j0keXPm5tQaFSXQc2ltO+uo8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahvZRdEfQiFL14USvYD2jXkk3TNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRdEnGnjut9OZml5ZXUtu57b2Nza3snv7tW1jBWhNSK5VM0Aa8qZoDXDDKfNSFEcBpw2guHlxG88UqWZFPdmFFE/xH3BeoxgY6WHa3SObottLvvFm1Kpky+4ZXcKtEi8lBQgRbWT/2p3JYlDKgzhWOuW50bGT7AyjHA6zrVjTSNMhrhPW5YKHFLtJ9Orx+jIKl3Uk8qWMGiq/p5IcKj1KAxsZ4jNQM97E/E/rxWb3pmfMBHFhgoyW9SLOTISTSJAXaYoMXxkCSaK2VsRGWCFibFB5WwI3vzLi6R+XPbcsnd3UqhcpHFk4QAOoQgenEIFrqAKNSCg4Ble4c15cl6cd+dj1ppx0pl9+APn8wexbZCt</latexit><latexit sha1_base64="xf0j0keXPm5tQaFSXQc2ltO+uo8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahvZRdEfQiFL14USvYD2jXkk3TNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRdEnGnjut9OZml5ZXUtu57b2Nza3snv7tW1jBWhNSK5VM0Aa8qZoDXDDKfNSFEcBpw2guHlxG88UqWZFPdmFFE/xH3BeoxgY6WHa3SObottLvvFm1Kpky+4ZXcKtEi8lBQgRbWT/2p3JYlDKgzhWOuW50bGT7AyjHA6zrVjTSNMhrhPW5YKHFLtJ9Orx+jIKl3Uk8qWMGiq/p5IcKj1KAxsZ4jNQM97E/E/rxWb3pmfMBHFhgoyW9SLOTISTSJAXaYoMXxkCSaK2VsRGWCFibFB5WwI3vzLi6R+XPbcsnd3UqhcpHFk4QAOoQgenEIFrqAKNSCg4Ble4c15cl6cd+dj1ppx0pl9+APn8wexbZCt</latexit><latexit sha1_base64="xf0j0keXPm5tQaFSXQc2ltO+uo8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahvZRdEfQiFL14USvYD2jXkk3TNjSbLElWKUv/hxcPinj1v3jz35i2e9DWBwOP92aYmRdEnGnjut9OZml5ZXUtu57b2Nza3snv7tW1jBWhNSK5VM0Aa8qZoDXDDKfNSFEcBpw2guHlxG88UqWZFPdmFFE/xH3BeoxgY6WHa3SObottLvvFm1Kpky+4ZXcKtEi8lBQgRbWT/2p3JYlDKgzhWOuW50bGT7AyjHA6zrVjTSNMhrhPW5YKHFLtJ9Orx+jIKl3Uk8qWMGiq/p5IcKj1KAxsZ4jNQM97E/E/rxWb3pmfMBHFhgoyW9SLOTISTSJAXaYoMXxkCSaK2VsRGWCFibFB5WwI3vzLi6R+XPbcsnd3UqhcpHFk4QAOoQgenEIFrqAKNSCg4Ble4c15cl6cd+dj1ppx0pl9+APn8wexbZCt</latexit>

Suppose all agents execute the algorithm with parameters

and

,then the regret of any agent i is

The total number of communications by any agent is M +O(N log(T ))
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Performance Guarantees
Proof Ingredients
1. With high probability, at the end of the early phase, every agent’s active arms

- contains the best arm

- total number of active arms is O(log(N) + K/N)

2. With high probability, at every late phase communication of every agent, the best arm is 
communicated.

Algorithm Intuition

Not every agent needs to play and figure out a bad arm

Amortize exploration cost of bad arms across the network



0 10000 20000 30000 40000 50000 60000 70000 80000

Number of Epochs

0

2000

4000

6000

8000

10000

12000

C
um

ul
at

iv
e

R
eg

re
t

" =0.5⇤�

" =0.75⇤�

" =1⇤�

" =1.25⇤�

" =1.5⇤�

" =2⇤�

No Communication

Full Interaction

Empirical Performance

A representative plot with 20 agents and 50 Arms 



Conclusions
A new collaborative multi-agent MAB setting

Social Learning based algorithm

Each agent plays from a reduced set of arms

Cost of exploration of a bad arm is amortized over the network


