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x5(k + 1)
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ØTrain ML models keeping data local 

§ transfer costs and privacy concerns…

§ but also energy

Ø Bias-variance tradeoff

Ø Learn a different model for each cluster 

of similar clients

<latexit sha1_base64="umCKGTG2p3qyO8Cjl/YYwwKbBJY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpSkirosunFZwT6gDWEynbRDJw9mJtIS8ituXCji1h9x5984bbPQ1gMDh3Pu5Z45XsyZVJb1bRTW1jc2t4rbpZ3dvf0D87DcllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vfDfzO09USBaFj2oaUyfAw5D5jGClJdcs9wOsRp6fTjK3Xh2f22fINStWzZoDrRI7JxXI0XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xmpX4iaYzJGA9pT9MQB1Q66Tx7hk61MkB+JPQLFZqrvzdSHEg5DTw9OUsql72Z+J/XS5R/46QsjBNFQ7I45CccqQjNikADJihRfKoJJoLprIiMsMBE6bpKugR7+curpF2v2Ve1i4fLSuM2r6MIx3ACVbDhGhpwD01oAYEJPMMrvBmZ8WK8Gx+L0YKR7xzBHxifP33zk24=</latexit>

x2(k + 1)

<latexit sha1_base64="brf92ig6a1qOmoIbJb8N/V2MmUg=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUhJKoqMuiG5cV7APaECbTSTt08mBmIi0hv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjxZxJZVnfxsrq2vrGZmmrvL2zu7dvHlTaMkoEoS0S8Uh0PSwpZyFtKaY47caC4sDjtOON73K/80SFZFH4qKYxdQI8DJnPCFZacs1KP8Bq5PnpJHPt2vjMPkWuWbXq1gxomdgFqUKBpmt+9QcRSQIaKsKxlD3bipWTYqEY4TQr9xNJY0zGeEh7moY4oNJJZ9kzdKKVAfIjoV+o0Ez9vZHiQMpp4OnJPKlc9HLxP6+XKP/GSVkYJ4qGZH7ITzhSEcqLQAMmKFF8qgkmgumsiIywwETpusq6BHvxy8ukfV63r+oXD5fVxm1RRwmO4BhqYMM1NOAemtACAhN4hld4MzLjxXg3PuajK0axcwh/YHz+AHxpk20=</latexit>

x1(k + 1)

<latexit sha1_base64="6SiUPLCnI+9L3lgZgMew8FYCCL4=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpTEirosunFZwT6gDWEynbRDJw9mJtIS8ituXCji1h9x5984bbPQ1gMDh3Pu5Z45XsyZVJb1bRTW1jc2t4rbpZ3dvf0D87DcllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vfDfzO09USBaFj2oaUyfAw5D5jGClJdcs9wOsRp6fTjK3Xh2f22fINStWzZoDrRI7JxXI0XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xmpX4iaYzJGA9pT9MQB1Q66Tx7hk61MkB+JPQLFZqrvzdSHEg5DTw9OUsql72Z+J/XS5R/46QsjBNFQ7I45CccqQjNikADJihRfKoJJoLprIiMsMBE6bpKugR7+curpH1Rs69q9YfLSuM2r6MIx3ACVbDhGhpwD01oAYEJPMMrvBmZ8WK8Gx+L0YKR7xzBHxifP399k28=</latexit>

x3(k + 1)

<latexit sha1_base64="byqlP9uuV53ekrm4cWGfVvELRks=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREi7osunFZwT6gDWEynbRDJw9mJtIS8ituXCji1h9x5984bbPQ1gMDh3Pu5Z45XsyZVJb1bRTW1jc2t4rbpZ3dvf0D87DcllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vfDfzO09USBaFj2oaUyfAw5D5jGClJdcs9wOsRp6fTjK3Xh2f22fINStWzZoDrRI7JxXI0XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xmpX4iaYzJGA9pT9MQB1Q66Tx7hk61MkB+JPQLFZqrvzdSHEg5DTw9OUsql72Z+J/XS5R/46QsjBNFQ7I45CccqQjNikADJihRfKoJJoLprIiMsMBE6bpKugR7+curpH1Rs69qlw/1SuM2r6MIx3ACVbDhGhpwD01oAYEJPMMrvBmZ8WK8Gx+L0YKR7xzBHxifP4EHk3A=</latexit>

x4(k + 1)

<latexit sha1_base64="KbwL727aHTVfb3jpYhZtyKBXE/0=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpTE97LoxmUF+4A2lMl00g6dPJiZSEvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+a4EWdSWda3UVhZXVvfKG6WtrZ3dvfM/XJLhrEgtElCHoqOiyXlLKBNxRSnnUhQ7Luctt3xXea3n6iQLAwe1TSijo+HAfMYwUpLfbPc87EauV4ySfuX1fGpfYL6ZsWqWTOgZWLnpAI5Gn3zqzcISezTQBGOpezaVqScBAvFCKdpqRdLGmEyxkPa1TTAPpVOMsueomOtDJAXCv0ChWbq740E+1JOfVdPZknlopeJ/3ndWHk3TsKCKFY0IPNDXsyRClFWBBowQYniU00wEUxnRWSEBSZK11XSJdiLX14mrbOafVU7f7io1G/zOopwCEdQBRuuoQ730IAmEJjAM7zCm5EaL8a78TEfLRj5zgH8gfH5A4KRk3E=</latexit>

x5(k + 1)
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Data 
Center

ØTrain ML models keeping data local 

§ transfer costs and privacy concerns…

§ but also energy

Ø Bias-variance tradeoff

Ø Learn a different model for each cluster 

of similar clients

§ similarity needs to be learned in 

parallel

<latexit sha1_base64="umCKGTG2p3qyO8Cjl/YYwwKbBJY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpSkirosunFZwT6gDWEynbRDJw9mJtIS8ituXCji1h9x5984bbPQ1gMDh3Pu5Z45XsyZVJb1bRTW1jc2t4rbpZ3dvf0D87DcllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vfDfzO09USBaFj2oaUyfAw5D5jGClJdcs9wOsRp6fTjK3Xh2f22fINStWzZoDrRI7JxXI0XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xmpX4iaYzJGA9pT9MQB1Q66Tx7hk61MkB+JPQLFZqrvzdSHEg5DTw9OUsql72Z+J/XS5R/46QsjBNFQ7I45CccqQjNikADJihRfKoJJoLprIiMsMBE6bpKugR7+curpF2v2Ve1i4fLSuM2r6MIx3ACVbDhGhpwD01oAYEJPMMrvBmZ8WK8Gx+L0YKR7xzBHxifP33zk24=</latexit>

x2(k + 1)

<latexit sha1_base64="brf92ig6a1qOmoIbJb8N/V2MmUg=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUhJKoqMuiG5cV7APaECbTSTt08mBmIi0hv+LGhSJu/RF3/o2TNgttPTBwOOde7pnjxZxJZVnfxsrq2vrGZmmrvL2zu7dvHlTaMkoEoS0S8Uh0PSwpZyFtKaY47caC4sDjtOON73K/80SFZFH4qKYxdQI8DJnPCFZacs1KP8Bq5PnpJHPt2vjMPkWuWbXq1gxomdgFqUKBpmt+9QcRSQIaKsKxlD3bipWTYqEY4TQr9xNJY0zGeEh7moY4oNJJZ9kzdKKVAfIjoV+o0Ez9vZHiQMpp4OnJPKlc9HLxP6+XKP/GSVkYJ4qGZH7ITzhSEcqLQAMmKFF8qgkmgumsiIywwETpusq6BHvxy8ukfV63r+oXD5fVxm1RRwmO4BhqYMM1NOAemtACAhN4hld4MzLjxXg3PuajK0axcwh/YHz+AHxpk20=</latexit>

x1(k + 1)

<latexit sha1_base64="6SiUPLCnI+9L3lgZgMew8FYCCL4=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpTEirosunFZwT6gDWEynbRDJw9mJtIS8ituXCji1h9x5984bbPQ1gMDh3Pu5Z45XsyZVJb1bRTW1jc2t4rbpZ3dvf0D87DcllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vfDfzO09USBaFj2oaUyfAw5D5jGClJdcs9wOsRp6fTjK3Xh2f22fINStWzZoDrRI7JxXI0XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xmpX4iaYzJGA9pT9MQB1Q66Tx7hk61MkB+JPQLFZqrvzdSHEg5DTw9OUsql72Z+J/XS5R/46QsjBNFQ7I45CccqQjNikADJihRfKoJJoLprIiMsMBE6bpKugR7+curpH1Rs69q9YfLSuM2r6MIx3ACVbDhGhpwD01oAYEJPMMrvBmZ8WK8Gx+L0YKR7xzBHxifP399k28=</latexit>

x3(k + 1)

<latexit sha1_base64="byqlP9uuV53ekrm4cWGfVvELRks=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREi7osunFZwT6gDWEynbRDJw9mJtIS8ituXCji1h9x5984bbPQ1gMDh3Pu5Z45XsyZVJb1bRTW1jc2t4rbpZ3dvf0D87DcllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vfDfzO09USBaFj2oaUyfAw5D5jGClJdcs9wOsRp6fTjK3Xh2f22fINStWzZoDrRI7JxXI0XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xmpX4iaYzJGA9pT9MQB1Q66Tx7hk61MkB+JPQLFZqrvzdSHEg5DTw9OUsql72Z+J/XS5R/46QsjBNFQ7I45CccqQjNikADJihRfKoJJoLprIiMsMBE6bpKugR7+curpH1Rs69qlw/1SuM2r6MIx3ACVbDhGhpwD01oAYEJPMMrvBmZ8WK8Gx+L0YKR7xzBHxifP4EHk3A=</latexit>

x4(k + 1)

<latexit sha1_base64="KbwL727aHTVfb3jpYhZtyKBXE/0=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpTE97LoxmUF+4A2lMl00g6dPJiZSEvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+a4EWdSWda3UVhZXVvfKG6WtrZ3dvfM/XJLhrEgtElCHoqOiyXlLKBNxRSnnUhQ7Luctt3xXea3n6iQLAwe1TSijo+HAfMYwUpLfbPc87EauV4ySfuX1fGpfYL6ZsWqWTOgZWLnpAI5Gn3zqzcISezTQBGOpezaVqScBAvFCKdpqRdLGmEyxkPa1TTAPpVOMsueomOtDJAXCv0ChWbq740E+1JOfVdPZknlopeJ/3ndWHk3TsKCKFY0IPNDXsyRClFWBBowQYniU00wEUxnRWSEBSZK11XSJdiLX14mrbOafVU7f7io1G/zOopwCEdQBRuuoQ730IAmEJjAM7zCm5EaL8a78TEfLRj5zgH8gfH5A4KRk3E=</latexit>

x5(k + 1)
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="YK5x6l5MSHV5g3z7tjyLgwXtSoo=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJAYqiqpUGGsYGEsEn1IbYgcx2mtOg/ZN4gq6sDCr7AwgBArH8HG3+C2GaDlSJaPz7lX1/d4ieAKLOvbWFldW9/YLGwVt3d29/bNg8O2ilNJWYvGIpZdjygmeMRawEGwbiIZCT3BOt7oaup37plUPI5uYZwwJySDiAecEtCSa5YeXPvOruDpVavgPvVjUPMnuGbZqloz4GVi56SMcjRd86vvxzQNWQRUEKV6tpWAkxEJnAo2KfZTxRJCR2TAeppGJGTKyWZLTPCJVnwcxFKfCPBM/d2RkVCpcejpypDAUC16U/E/r5dCcOFkPEpSYBGdDwpSgSHG00SwzyWjIMaaECq5/iumQyIJBZ1bUYdgL668TNq1ql2v1m/Oyo3LPI4CKqFjdIpsdI4a6Bo1UQtR9Iie0St6M56MF+Pd+JiXrhh5zxH6A+PzB5Nnlio=</latexit>

x1
1, x

2
1, · · · , xt

1

<latexit sha1_base64="6SaWlqUOLtKg12LBpJFSUYhXlfE=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJAYqiqpUGGsYGEsEn1IbYgcx2mtOg/ZN4gq6sDCr7AwgBArH8HG3+C2GaDlSJaPz7lX1/d4ieAKLOvbWFldW9/YLGwVt3d29/bNg8O2ilNJWYvGIpZdjygmeMRawEGwbiIZCT3BOt7oaup37plUPI5uYZwwJySDiAecEtCSa5Ye3NqdXcHTq1bBferHoOZPcM2yVbVmwMvEzkkZ5Wi65lffj2kasgioIEr1bCsBJyMSOBVsUuyniiWEjsiA9TSNSMiUk82WmOATrfg4iKU+EeCZ+rsjI6FS49DTlSGBoVr0puJ/Xi+F4MLJeJSkwCI6HxSkAkOMp4lgn0tGQYw1IVRy/VdMh0QSCjq3og7BXlx5mbRrVbterd+clRuXeRwFVELH6BTZ6Bw10DVqohai6BE9o1f0ZjwZL8a78TEvXTHyniP0B8bnD5geli0=</latexit>

x1
2, x

2
2, · · · , xt

2

<latexit sha1_base64="yvtEnYeh9hu7UEWvSCbmTqIGbLg=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVjdC0Y3LCvYCTRom00k7dHJh5kRaQp7Eja/ixoUigit9G6dtFtp6YODn/87hzPm9WHAFpvltLC2vrK6tFzaKm1vbO7ulvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZsJbD0wqHoX3MI6ZE5B+yH1OCWjLLZ3bHpF45FpdwFfY9iWhqZWlkGFbJYGb2kASDaxM85GrUXfiuKWyWTGnhReFlYsyyqvulj7tXkSTgIVABVGqY5kxOCmRwKlgWdFOFIsJHZI+62gZkoApJ52el+Fj7fSwH0n9QsBT9/dESgKlxoGnOwMCAzXPJuZ/rJOAf+mkPIwTYCGdLfITgSHCk6xwj0tGQYy1IFRy/VdMB0RHBDrRog7Bmj95UTRPK1a1Ur07K9eu8zgK6BAdoRNkoQtUQ7eojhqIokf0jF7Rm/FkvBjvxsesdcnIZw7QnzK+fgD28aHP</latexit>

x̄t
1 =

1

t

tX

⌧=1

x⌧
1

ØEach agent receives one 

sample per slot drawn 

from a (potentially) 

different distribution

ØEach agent a wants to 

estimate its true mean μa



Asadi, Bellet, Maillard, Tommasi, 

Collaborative Algorithms for 

Online Personalized Mean 

Estimation, TMLR, 2023

Collaborative Mean Estimation (Asadi et al, 2023)

4

3

4

2

5

67

8

1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="YK5x6l5MSHV5g3z7tjyLgwXtSoo=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJAYqiqpUGGsYGEsEn1IbYgcx2mtOg/ZN4gq6sDCr7AwgBArH8HG3+C2GaDlSJaPz7lX1/d4ieAKLOvbWFldW9/YLGwVt3d29/bNg8O2ilNJWYvGIpZdjygmeMRawEGwbiIZCT3BOt7oaup37plUPI5uYZwwJySDiAecEtCSa5YeXPvOruDpVavgPvVjUPMnuGbZqloz4GVi56SMcjRd86vvxzQNWQRUEKV6tpWAkxEJnAo2KfZTxRJCR2TAeppGJGTKyWZLTPCJVnwcxFKfCPBM/d2RkVCpcejpypDAUC16U/E/r5dCcOFkPEpSYBGdDwpSgSHG00SwzyWjIMaaECq5/iumQyIJBZ1bUYdgL668TNq1ql2v1m/Oyo3LPI4CKqFjdIpsdI4a6Bo1UQtR9Iie0St6M56MF+Pd+JiXrhh5zxH6A+PzB5Nnlio=</latexit>

x1
1, x

2
1, · · · , xt

1

<latexit sha1_base64="J4YBY1TVdvcvNksdFx4XA4ZS+6k=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCCykzotWNUHTjsoJ9QDsOmTRtQzMPkoxYhq7c+CtuXCji1m9w59+YaUfQ1gMXTs65l9x7vIgzqSzry8jNzS8sLuWXCyura+sb5uZWXYaxILRGQh6Kpocl5SygNcUUp81IUOx7nDa8wWXqN+6okCwMbtQwoo6PewHrMoKVllxzt+1hge7dxD48Gd0qdI5+hPTpmkWrZI2BZomdkSJkqLrmZ7sTktingSIcS9myrUg5CRaKEU5HhXYsaYTJAPdoS9MA+1Q6yfiMEdrXSgd1Q6ErUGis/p5IsC/l0Pd0p49VX057qfif14pV98xJWBDFigZk8lE35kiFKM0EdZigRPGhJpgIpndFpI8FJkonV9Ah2NMnz5L6Uckul8rXx8XKRRZHHnZgDw7AhlOowBVUoQYEHuAJXuDVeDSejTfjfdKaM7KZbfgD4+MbRcCXwA==</latexit>

x̄t
1,5 = x̄t

5

<latexit sha1_base64="ol125BcUbeOZtCPT/Pth5dIxtps=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAgWGnYlRBshaGMZwTwgWZfZySQZMvtg5q4Ylq1t/BUbC0Vs/QI7/8ZJsoImHrhw5px7mXuPFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+445JxcPgBoYRc3zSC3iXUwJacs29tkckvncT+6iU3gI+xz+CfiZwbKeuWbCK1hh4ltgZKaAMVdf8bHdCGvssACqIUi3bisBJiAROBUvz7VixiNAB6bGWpgHxmXKS8SkpPtBKB3dDqSsAPFZ/TyTEV2roe7rTJ9BX095I/M9rxdA9cxIeRDGwgE4+6sYCQ4hHueAOl4yCGGpCqOR6V0z7RBIKOr28DsGePnmW1E+KdrlYvi4VKhdZHDm0i/bRIbLRKaqgK1RFNUTRA3pCL+jVeDSejTfjfdI6Z2QzO+gPjI9vB7uZPA==</latexit>

x̄t
1,4 = x̄t�1

4

<latexit sha1_base64="5zfoHNZPFL4pyaK4x3Bp+m8Nn6M=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0Gw0LAbJdoIQRvLCOYByRpmJ5NkyOyDmbtiWLa28VdsLBSx9Qvs/BsnyQqaeODCmXPuZe49bii4Asv6MjJz8wuLS9nl3Mrq2vqGublVU0EkKavSQASy4RLFBPdZFTgI1gglI54rWN0dXI78+h2Tigf+DQxD5nik5/MupwS01DZ3Wy6R+L4d24fHyS3gc/wj6GcMR8WkbeatgjUGniV2SvIoRaVtfrY6AY085gMVRKmmbYXgxEQCp4IluVakWEjogPRYU1OfeEw58fiUBO9rpYO7gdTlAx6rvydi4ik19Fzd6RHoq2lvJP7nNSPonjkx98MImE8nH3UjgSHAo1xwh0tGQQw1IVRyvSumfSIJBZ1eTodgT588S2rFgl0qlK5P8uWLNI4s2kF76ADZ6BSV0RWqoCqi6AE9oRf0ajwaz8ab8T5pzRjpzDb6A+PjGwYbmTs=</latexit>

x̄t
1,3 = x̄t�2

3

<latexit sha1_base64="DKTJ1UUxMO0nQXxRK1smtkvmCkY=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0Gw0LAbJdoIQRvLCOYByRpmJ5NkyOyDmbtiWLa28VdsLBSx9Qvs/BsnyQqaeODCmXPuZe49bii4Asv6MjJz8wuLS9nl3Mrq2vqGublVU0EkKavSQASy4RLFBPdZFTgI1gglI54rWN0dXI78+h2Tigf+DQxD5nik5/MupwS01DZ3Wy6R+L4d24fF5BbwOf4R9DOGo+OkbeatgjUGniV2SvIoRaVtfrY6AY085gMVRKmmbYXgxEQCp4IluVakWEjogPRYU1OfeEw58fiUBO9rpYO7gdTlAx6rvydi4ik19Fzd6RHoq2lvJP7nNSPonjkx98MImE8nH3UjgSHAo1xwh0tGQQw1IVRyvSumfSIJBZ1eTodgT588S2rFgl0qlK5P8uWLNI4s2kF76ADZ6BSV0RWqoCqi6AE9oRf0ajwaz8ab8T5pzRjpzDb6A+PjGwR7mTo=</latexit>

x̄t
1,2 = x̄t�3

2

<latexit sha1_base64="yvtEnYeh9hu7UEWvSCbmTqIGbLg=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVjdC0Y3LCvYCTRom00k7dHJh5kRaQp7Eja/ixoUigit9G6dtFtp6YODn/87hzPm9WHAFpvltLC2vrK6tFzaKm1vbO7ulvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZsJbD0wqHoX3MI6ZE5B+yH1OCWjLLZ3bHpF45FpdwFfY9iWhqZWlkGFbJYGb2kASDaxM85GrUXfiuKWyWTGnhReFlYsyyqvulj7tXkSTgIVABVGqY5kxOCmRwKlgWdFOFIsJHZI+62gZkoApJ52el+Fj7fSwH0n9QsBT9/dESgKlxoGnOwMCAzXPJuZ/rJOAf+mkPIwTYCGdLfITgSHCk6xwj0tGQYy1IFRy/VdMB0RHBDrRog7Bmj95UTRPK1a1Ur07K9eu8zgK6BAdoRNkoQtUQ7eojhqIokf0jF7Rm/FkvBjvxsesdcnIZw7QnzK+fgD28aHP</latexit>

x̄t
1 =

1

t

tX

⌧=1

x⌧
1

ØEach agent receives one 

sample per slot drawn 

from a (potentially) 

different distribution

ØEach agent a wants to 

estimate its true mean μa

<latexit sha1_base64="eIrGPKOs2Qzz/HW3MgYdFXmOiE0="></latexit>

µ̂t
1 =

X

a2Ct
1

nt
1,aP

a2Ct
1
nt
1,a

x̄t
1,a
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<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="ol125BcUbeOZtCPT/Pth5dIxtps=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAgWGnYlRBshaGMZwTwgWZfZySQZMvtg5q4Ylq1t/BUbC0Vs/QI7/8ZJsoImHrhw5px7mXuPFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+445JxcPgBoYRc3zSC3iXUwJacs29tkckvncT+6iU3gI+xz+CfiZwbKeuWbCK1hh4ltgZKaAMVdf8bHdCGvssACqIUi3bisBJiAROBUvz7VixiNAB6bGWpgHxmXKS8SkpPtBKB3dDqSsAPFZ/TyTEV2roe7rTJ9BX095I/M9rxdA9cxIeRDGwgE4+6sYCQ4hHueAOl4yCGGpCqOR6V0z7RBIKOr28DsGePnmW1E+KdrlYvi4VKhdZHDm0i/bRIbLRKaqgK1RFNUTRA3pCL+jVeDSejTfjfdI6Z2QzO+gPjI9vB7uZPA==</latexit>

x̄t
1,4 = x̄t�1

4
<latexit sha1_base64="yvtEnYeh9hu7UEWvSCbmTqIGbLg=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVjdC0Y3LCvYCTRom00k7dHJh5kRaQp7Eja/ixoUigit9G6dtFtp6YODn/87hzPm9WHAFpvltLC2vrK6tFzaKm1vbO7ulvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZsJbD0wqHoX3MI6ZE5B+yH1OCWjLLZ3bHpF45FpdwFfY9iWhqZWlkGFbJYGb2kASDaxM85GrUXfiuKWyWTGnhReFlYsyyqvulj7tXkSTgIVABVGqY5kxOCmRwKlgWdFOFIsJHZI+62gZkoApJ52el+Fj7fSwH0n9QsBT9/dESgKlxoGnOwMCAzXPJuZ/rJOAf+mkPIwTYCGdLfITgSHCk6xwj0tGQYy1IFRy/VdMB0RHBDrRog7Bmj95UTRPK1a1Ur07K9eu8zgK6BAdoRNkoQtUQ7eojhqIokf0jF7Rm/FkvBjvxsesdcnIZw7QnzK+fgD28aHP</latexit>

x̄t
1 =

1

t

tX

⌧=1

x⌧
1

Same 𝜇?
<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="JyCFLqfMsZ1QKvMjuIGlOgUk9GI=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSB4Crsi0WPQi8cI5gHJGmYns8mQ2YczvcEQ8h1ePCji1Y/x5t84m+xBEwsaiqpuurv8RAqNjvNtrayurW9sFrbs7Z3dvf3iwWFDx6livM5iGauWTzWXIuJ1FCh5K1Gchr7kTX94k/nNEVdaxNE9jhPuhbQfiUAwikby7I5PFXnqug9o291iySk7M5Bl4uakBDlq3eJXpxezNOQRMkm1brtOgt6EKhRM8qndSTVPKBvSPm8bGtGQa28yO3pKTo3SI0GsTEVIZurviQkNtR6HvukMKQ70opeJ/3ntFIMrbyKiJEUesfmiIJUEY5IlQHpCcYZybAhlSphbCRtQRRmanLIQ3MWXl0njvOxWypW7i1L1Oo+jAMdwAmfgwiVU4RZqUAcGj/AMr/BmjawX6936mLeuWPnMEfyB9fkDk0CQsA==</latexit>

x̄t
1

<latexit sha1_base64="AGPxkY+TxJktJAb+Qzk3mdoUkkU=">AAAB+nicbVBNS8NAEN3Urxq/Uj16WSyCF0sipXosevFYwX5AG8Nmu2mXbjZhd6KW2J/ixYMiXv0l3vw3Jm0P2vpg4PHeDDPz/FhwDbb9bRRWVtfWN4qb5tb2zu6eVdpv6ShRlDVpJCLV8YlmgkvWBA6CdWLFSOgL1vZHV7nfvmdK80jewjhmbkgGkgecEsgkzyqZPZ8o/OhV71I4dSam6Vllu2JPgZeJMydlNEfDs756/YgmIZNABdG669gxuClRwKlgE7OXaBYTOiID1s2oJCHTbjo9fYKPM6WPg0hlJQFP1d8TKQm1Hod+1hkSGOpFLxf/87oJBBduymWcAJN0tihIBIYI5zngPleMghhnhFDFs1sxHRJFKGRp5SE4iy8vk9ZZxalVajfVcv1yHkcRHaIjdIIcdI7q6Bo1UBNR9ICe0St6M56MF+Pd+Ji1Foz5zAH6A+PzB71bkmI=</latexit>

x̄t�1
4

<latexit sha1_base64="p7QiK40HXt5Qnd2Sec2sMez0Rtw=">AAACK3icbVBNS8NAEN3Urxq/qh69LBZBUUsiUj2WevGoYFVoYphst+3S3STsTsQS+n+8+Fc86MEPvPo/TGsPWn0w8Hhvhpl5YSKFQcd5swpT0zOzc8V5e2FxaXmltLp2aeJUM95gsYz1dQiGSxHxBgqU/DrRHFQo+VXYOxn6V7dcGxFHF9hPuK+gE4m2YIC5FJTqdtMLQdO7wL3JcED3qRdyhMDrgFKwjTt7v+zdSdu37aBUdirOCPQvccekTMY4C0pPXitmqeIRMgnGNF0nQT8DjYJJPrC91PAEWA86vJnTCBQ3fjb6dUC3cqVF27HOK0I6Un9OZKCM6asw71SAXTPpDcX/vGaK7WM/E1GSIo/Y96J2KinGdBgcbQnNGcp+ToBpkd9KWRc0MMzjHYbgTr78l1weVNxqpXp+WK7Vx3EUyQbZJNvEJUekRk7JGWkQRu7JI3khr9aD9Wy9Wx/frQVrPLNOfsH6/AIMVqUg</latexit>

[x̄t
1 � ��(t), x̄

t
1 + ��(t)]

<latexit sha1_base64="Zt3joJjheH8Rx+uR+aBi5nX2a8E=">AAACM3icbVBNS8NAFNz4bfyqevSyWARFLYmIehS9iCcFq0ITw8t2W5fuJmH3RSyh/8mLf8SDIB4U8ep/cFt70NaBhWFmHm/fxJkUBj3vxRkZHRufmJyadmdm5+YXSotLlybNNeNVlspUX8dguBQJr6JAya8zzUHFkl/FreOuf3XHtRFpcoHtjIcKmoloCAZopah06taCGDS9j3ZvCtz2O3SbBjFHiIImKAXrVtvYGohsDkdC141KZa/i9UCHid8nZdLHWVR6CuopyxVPkEkwpuZ7GYYFaBRM8o4b5IZnwFrQ5DVLE1DchEXv5g5ds0qdNlJtX4K0p/6eKEAZ01axTSrAWzPodcX/vFqOjYOwEEmWI0/Yz6JGLimmtFsgrQvNGcq2JcC0sH+l7BY0MLQ1d0vwB08eJpc7FX+vsne+Wz486tcxRVbIKlknPtknh+SEnJEqYeSBPJM38u48Oq/Oh/P5Ex1x+jPL5A+cr28Smabu</latexit>

[x̄t�1
4 � ��(t� 1), x̄t�1

4 + ��(t� 1)]

YES w. confidence 1-𝛾
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<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="ol125BcUbeOZtCPT/Pth5dIxtps=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAgWGnYlRBshaGMZwTwgWZfZySQZMvtg5q4Ylq1t/BUbC0Vs/QI7/8ZJsoImHrhw5px7mXuPFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+445JxcPgBoYRc3zSC3iXUwJacs29tkckvncT+6iU3gI+xz+CfiZwbKeuWbCK1hh4ltgZKaAMVdf8bHdCGvssACqIUi3bisBJiAROBUvz7VixiNAB6bGWpgHxmXKS8SkpPtBKB3dDqSsAPFZ/TyTEV2roe7rTJ9BX095I/M9rxdA9cxIeRDGwgE4+6sYCQ4hHueAOl4yCGGpCqOR6V0z7RBIKOr28DsGePnmW1E+KdrlYvi4VKhdZHDm0i/bRIbLRKaqgK1RFNUTRA3pCL+jVeDSejTfjfdI6Z2QzO+gPjI9vB7uZPA==</latexit>

x̄t
1,4 = x̄t�1

4
<latexit sha1_base64="yvtEnYeh9hu7UEWvSCbmTqIGbLg=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVjdC0Y3LCvYCTRom00k7dHJh5kRaQp7Eja/ixoUigit9G6dtFtp6YODn/87hzPm9WHAFpvltLC2vrK6tFzaKm1vbO7ulvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZsJbD0wqHoX3MI6ZE5B+yH1OCWjLLZ3bHpF45FpdwFfY9iWhqZWlkGFbJYGb2kASDaxM85GrUXfiuKWyWTGnhReFlYsyyqvulj7tXkSTgIVABVGqY5kxOCmRwKlgWdFOFIsJHZI+62gZkoApJ52el+Fj7fSwH0n9QsBT9/dESgKlxoGnOwMCAzXPJuZ/rJOAf+mkPIwTYCGdLfITgSHCk6xwj0tGQYy1IFRy/VdMB0RHBDrRog7Bmj95UTRPK1a1Ur07K9eu8zgK6BAdoRNkoQtUQ7eojhqIokf0jF7Rm/FkvBjvxsesdcnIZw7QnzK+fgD28aHP</latexit>

x̄t
1 =

1

t

tX

⌧=1

x⌧
1

Same 𝜇?
<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

YES w. confidence 1-𝛾

<latexit sha1_base64="JyCFLqfMsZ1QKvMjuIGlOgUk9GI=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSB4Crsi0WPQi8cI5gHJGmYns8mQ2YczvcEQ8h1ePCji1Y/x5t84m+xBEwsaiqpuurv8RAqNjvNtrayurW9sFrbs7Z3dvf3iwWFDx6livM5iGauWTzWXIuJ1FCh5K1Gchr7kTX94k/nNEVdaxNE9jhPuhbQfiUAwikby7I5PFXnqug9o291iySk7M5Bl4uakBDlq3eJXpxezNOQRMkm1brtOgt6EKhRM8qndSTVPKBvSPm8bGtGQa28yO3pKTo3SI0GsTEVIZurviQkNtR6HvukMKQ70opeJ/3ntFIMrbyKiJEUesfmiIJUEY5IlQHpCcYZybAhlSphbCRtQRRmanLIQ3MWXl0njvOxWypW7i1L1Oo+jAMdwAmfgwiVU4RZqUAcGj/AMr/BmjawX6936mLeuWPnMEfyB9fkDk0CQsA==</latexit>

x̄t
1

<latexit sha1_base64="AGPxkY+TxJktJAb+Qzk3mdoUkkU=">AAAB+nicbVBNS8NAEN3Urxq/Uj16WSyCF0sipXosevFYwX5AG8Nmu2mXbjZhd6KW2J/ixYMiXv0l3vw3Jm0P2vpg4PHeDDPz/FhwDbb9bRRWVtfWN4qb5tb2zu6eVdpv6ShRlDVpJCLV8YlmgkvWBA6CdWLFSOgL1vZHV7nfvmdK80jewjhmbkgGkgecEsgkzyqZPZ8o/OhV71I4dSam6Vllu2JPgZeJMydlNEfDs756/YgmIZNABdG669gxuClRwKlgE7OXaBYTOiID1s2oJCHTbjo9fYKPM6WPg0hlJQFP1d8TKQm1Hod+1hkSGOpFLxf/87oJBBduymWcAJN0tihIBIYI5zngPleMghhnhFDFs1sxHRJFKGRp5SE4iy8vk9ZZxalVajfVcv1yHkcRHaIjdIIcdI7q6Bo1UBNR9ICe0St6M56MF+Pd+Ji1Foz5zAH6A+PzB71bkmI=</latexit>

x̄t�1
4

<latexit sha1_base64="p7QiK40HXt5Qnd2Sec2sMez0Rtw=">AAACK3icbVBNS8NAEN3Urxq/qh69LBZBUUsiUj2WevGoYFVoYphst+3S3STsTsQS+n+8+Fc86MEPvPo/TGsPWn0w8Hhvhpl5YSKFQcd5swpT0zOzc8V5e2FxaXmltLp2aeJUM95gsYz1dQiGSxHxBgqU/DrRHFQo+VXYOxn6V7dcGxFHF9hPuK+gE4m2YIC5FJTqdtMLQdO7wL3JcED3qRdyhMDrgFKwjTt7v+zdSdu37aBUdirOCPQvccekTMY4C0pPXitmqeIRMgnGNF0nQT8DjYJJPrC91PAEWA86vJnTCBQ3fjb6dUC3cqVF27HOK0I6Un9OZKCM6asw71SAXTPpDcX/vGaK7WM/E1GSIo/Y96J2KinGdBgcbQnNGcp+ToBpkd9KWRc0MMzjHYbgTr78l1weVNxqpXp+WK7Vx3EUyQbZJNvEJUekRk7JGWkQRu7JI3khr9aD9Wy9Wx/frQVrPLNOfsH6/AIMVqUg</latexit>

[x̄t
1 � ��(t), x̄

t
1 + ��(t)]
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<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="ol125BcUbeOZtCPT/Pth5dIxtps=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAgWGnYlRBshaGMZwTwgWZfZySQZMvtg5q4Ylq1t/BUbC0Vs/QI7/8ZJsoImHrhw5px7mXuPFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+445JxcPgBoYRc3zSC3iXUwJacs29tkckvncT+6iU3gI+xz+CfiZwbKeuWbCK1hh4ltgZKaAMVdf8bHdCGvssACqIUi3bisBJiAROBUvz7VixiNAB6bGWpgHxmXKS8SkpPtBKB3dDqSsAPFZ/TyTEV2roe7rTJ9BX095I/M9rxdA9cxIeRDGwgE4+6sYCQ4hHueAOl4yCGGpCqOR6V0z7RBIKOr28DsGePnmW1E+KdrlYvi4VKhdZHDm0i/bRIbLRKaqgK1RFNUTRA3pCL+jVeDSejTfjfdI6Z2QzO+gPjI9vB7uZPA==</latexit>

x̄t
1,4 = x̄t�1

4
<latexit sha1_base64="yvtEnYeh9hu7UEWvSCbmTqIGbLg=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVjdC0Y3LCvYCTRom00k7dHJh5kRaQp7Eja/ixoUigit9G6dtFtp6YODn/87hzPm9WHAFpvltLC2vrK6tFzaKm1vbO7ulvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZsJbD0wqHoX3MI6ZE5B+yH1OCWjLLZ3bHpF45FpdwFfY9iWhqZWlkGFbJYGb2kASDaxM85GrUXfiuKWyWTGnhReFlYsyyqvulj7tXkSTgIVABVGqY5kxOCmRwKlgWdFOFIsJHZI+62gZkoApJ52el+Fj7fSwH0n9QsBT9/dESgKlxoGnOwMCAzXPJuZ/rJOAf+mkPIwTYCGdLfITgSHCk6xwj0tGQYy1IFRy/VdMB0RHBDrRog7Bmj95UTRPK1a1Ur07K9eu8zgK6BAdoRNkoQtUQ7eojhqIokf0jF7Rm/FkvBjvxsesdcnIZw7QnzK+fgD28aHP</latexit>

x̄t
1 =

1

t

tX

⌧=1

x⌧
1

Same 𝜇?
<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

YES w. confidence 1-𝛾

small prob. to ever observe a false negative

<latexit sha1_base64="JyCFLqfMsZ1QKvMjuIGlOgUk9GI=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSB4Crsi0WPQi8cI5gHJGmYns8mQ2YczvcEQ8h1ePCji1Y/x5t84m+xBEwsaiqpuurv8RAqNjvNtrayurW9sFrbs7Z3dvf3iwWFDx6livM5iGauWTzWXIuJ1FCh5K1Gchr7kTX94k/nNEVdaxNE9jhPuhbQfiUAwikby7I5PFXnqug9o291iySk7M5Bl4uakBDlq3eJXpxezNOQRMkm1brtOgt6EKhRM8qndSTVPKBvSPm8bGtGQa28yO3pKTo3SI0GsTEVIZurviQkNtR6HvukMKQ70opeJ/3ntFIMrbyKiJEUesfmiIJUEY5IlQHpCcYZybAhlSphbCRtQRRmanLIQ3MWXl0njvOxWypW7i1L1Oo+jAMdwAmfgwiVU4RZqUAcGj/AMr/BmjawX6936mLeuWPnMEfyB9fkDk0CQsA==</latexit>

x̄t
1

<latexit sha1_base64="AGPxkY+TxJktJAb+Qzk3mdoUkkU=">AAAB+nicbVBNS8NAEN3Urxq/Uj16WSyCF0sipXosevFYwX5AG8Nmu2mXbjZhd6KW2J/ixYMiXv0l3vw3Jm0P2vpg4PHeDDPz/FhwDbb9bRRWVtfWN4qb5tb2zu6eVdpv6ShRlDVpJCLV8YlmgkvWBA6CdWLFSOgL1vZHV7nfvmdK80jewjhmbkgGkgecEsgkzyqZPZ8o/OhV71I4dSam6Vllu2JPgZeJMydlNEfDs756/YgmIZNABdG669gxuClRwKlgE7OXaBYTOiID1s2oJCHTbjo9fYKPM6WPg0hlJQFP1d8TKQm1Hod+1hkSGOpFLxf/87oJBBduymWcAJN0tihIBIYI5zngPleMghhnhFDFs1sxHRJFKGRp5SE4iy8vk9ZZxalVajfVcv1yHkcRHaIjdIIcdI7q6Bo1UBNR9ICe0St6M56MF+Pd+Ji1Foz5zAH6A+PzB71bkmI=</latexit>

x̄t�1
4

<latexit sha1_base64="p7QiK40HXt5Qnd2Sec2sMez0Rtw=">AAACK3icbVBNS8NAEN3Urxq/qh69LBZBUUsiUj2WevGoYFVoYphst+3S3STsTsQS+n+8+Fc86MEPvPo/TGsPWn0w8Hhvhpl5YSKFQcd5swpT0zOzc8V5e2FxaXmltLp2aeJUM95gsYz1dQiGSxHxBgqU/DrRHFQo+VXYOxn6V7dcGxFHF9hPuK+gE4m2YIC5FJTqdtMLQdO7wL3JcED3qRdyhMDrgFKwjTt7v+zdSdu37aBUdirOCPQvccekTMY4C0pPXitmqeIRMgnGNF0nQT8DjYJJPrC91PAEWA86vJnTCBQ3fjb6dUC3cqVF27HOK0I6Un9OZKCM6asw71SAXTPpDcX/vGaK7WM/E1GSIo/Y96J2KinGdBgcbQnNGcp+ToBpkd9KWRc0MMzjHYbgTr78l1weVNxqpXp+WK7Vx3EUyQbZJNvEJUekRk7JGWkQRu7JI3khr9aD9Wy9Wx/frQVrPLNOfsH6/AIMVqUg</latexit>

[x̄t
1 � ��(t), x̄

t
1 + ��(t)]

<latexit sha1_base64="DdpAfmj2DEsa0qVbcRwXiqBmXvM="></latexit>

P(9t : |x̄t
1 � µ1| > ��(t))  �



When we conclude that 2 distributions are different,

there is no need to reconsider the decision 
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<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="ol125BcUbeOZtCPT/Pth5dIxtps=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAgWGnYlRBshaGMZwTwgWZfZySQZMvtg5q4Ylq1t/BUbC0Vs/QI7/8ZJsoImHrhw5px7mXuPFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+445JxcPgBoYRc3zSC3iXUwJacs29tkckvncT+6iU3gI+xz+CfiZwbKeuWbCK1hh4ltgZKaAMVdf8bHdCGvssACqIUi3bisBJiAROBUvz7VixiNAB6bGWpgHxmXKS8SkpPtBKB3dDqSsAPFZ/TyTEV2roe7rTJ9BX095I/M9rxdA9cxIeRDGwgE4+6sYCQ4hHueAOl4yCGGpCqOR6V0z7RBIKOr28DsGePnmW1E+KdrlYvi4VKhdZHDm0i/bRIbLRKaqgK1RFNUTRA3pCL+jVeDSejTfjfdI6Z2QzO+gPjI9vB7uZPA==</latexit>

x̄t
1,4 = x̄t�1

4
<latexit sha1_base64="yvtEnYeh9hu7UEWvSCbmTqIGbLg=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVjdC0Y3LCvYCTRom00k7dHJh5kRaQp7Eja/ixoUigit9G6dtFtp6YODn/87hzPm9WHAFpvltLC2vrK6tFzaKm1vbO7ulvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZsJbD0wqHoX3MI6ZE5B+yH1OCWjLLZ3bHpF45FpdwFfY9iWhqZWlkGFbJYGb2kASDaxM85GrUXfiuKWyWTGnhReFlYsyyqvulj7tXkSTgIVABVGqY5kxOCmRwKlgWdFOFIsJHZI+62gZkoApJ52el+Fj7fSwH0n9QsBT9/dESgKlxoGnOwMCAzXPJuZ/rJOAf+mkPIwTYCGdLfITgSHCk6xwj0tGQYy1IFRy/VdMB0RHBDrRog7Bmj95UTRPK1a1Ur07K9eu8zgK6BAdoRNkoQtUQ7eojhqIokf0jF7Rm/FkvBjvxsesdcnIZw7QnzK+fgD28aHP</latexit>

x̄t
1 =

1

t

tX

⌧=1

x⌧
1

Same 𝜇?
<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

YES w. confidence 1-𝛾

small prob. to ever observe a false negative

<latexit sha1_base64="JyCFLqfMsZ1QKvMjuIGlOgUk9GI=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSB4Crsi0WPQi8cI5gHJGmYns8mQ2YczvcEQ8h1ePCji1Y/x5t84m+xBEwsaiqpuurv8RAqNjvNtrayurW9sFrbs7Z3dvf3iwWFDx6livM5iGauWTzWXIuJ1FCh5K1Gchr7kTX94k/nNEVdaxNE9jhPuhbQfiUAwikby7I5PFXnqug9o291iySk7M5Bl4uakBDlq3eJXpxezNOQRMkm1brtOgt6EKhRM8qndSTVPKBvSPm8bGtGQa28yO3pKTo3SI0GsTEVIZurviQkNtR6HvukMKQ70opeJ/3ntFIMrbyKiJEUesfmiIJUEY5IlQHpCcYZybAhlSphbCRtQRRmanLIQ3MWXl0njvOxWypW7i1L1Oo+jAMdwAmfgwiVU4RZqUAcGj/AMr/BmjawX6936mLeuWPnMEfyB9fkDk0CQsA==</latexit>

x̄t
1

<latexit sha1_base64="AGPxkY+TxJktJAb+Qzk3mdoUkkU=">AAAB+nicbVBNS8NAEN3Urxq/Uj16WSyCF0sipXosevFYwX5AG8Nmu2mXbjZhd6KW2J/ixYMiXv0l3vw3Jm0P2vpg4PHeDDPz/FhwDbb9bRRWVtfWN4qb5tb2zu6eVdpv6ShRlDVpJCLV8YlmgkvWBA6CdWLFSOgL1vZHV7nfvmdK80jewjhmbkgGkgecEsgkzyqZPZ8o/OhV71I4dSam6Vllu2JPgZeJMydlNEfDs756/YgmIZNABdG669gxuClRwKlgE7OXaBYTOiID1s2oJCHTbjo9fYKPM6WPg0hlJQFP1d8TKQm1Hod+1hkSGOpFLxf/87oJBBduymWcAJN0tihIBIYI5zngPleMghhnhFDFs1sxHRJFKGRp5SE4iy8vk9ZZxalVajfVcv1yHkcRHaIjdIIcdI7q6Bo1UBNR9ICe0St6M56MF+Pd+Ji1Foz5zAH6A+PzB71bkmI=</latexit>

x̄t�1
4

<latexit sha1_base64="p7QiK40HXt5Qnd2Sec2sMez0Rtw=">AAACK3icbVBNS8NAEN3Urxq/qh69LBZBUUsiUj2WevGoYFVoYphst+3S3STsTsQS+n+8+Fc86MEPvPo/TGsPWn0w8Hhvhpl5YSKFQcd5swpT0zOzc8V5e2FxaXmltLp2aeJUM95gsYz1dQiGSxHxBgqU/DrRHFQo+VXYOxn6V7dcGxFHF9hPuK+gE4m2YIC5FJTqdtMLQdO7wL3JcED3qRdyhMDrgFKwjTt7v+zdSdu37aBUdirOCPQvccekTMY4C0pPXitmqeIRMgnGNF0nQT8DjYJJPrC91PAEWA86vJnTCBQ3fjb6dUC3cqVF27HOK0I6Un9OZKCM6asw71SAXTPpDcX/vGaK7WM/E1GSIo/Y96J2KinGdBgcbQnNGcp+ToBpkd9KWRc0MMzjHYbgTr78l1weVNxqpXp+WK7Vx3EUyQbZJNvEJUekRk7JGWkQRu7JI3khr9aD9Wy9Wx/frQVrPLNOfsH6/AIMVqUg</latexit>

[x̄t
1 � ��(t), x̄

t
1 + ��(t)]

<latexit sha1_base64="DdpAfmj2DEsa0qVbcRwXiqBmXvM="></latexit>

P(9t : |x̄t
1 � µ1| > ��(t))  �
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="YK5x6l5MSHV5g3z7tjyLgwXtSoo=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJAYqiqpUGGsYGEsEn1IbYgcx2mtOg/ZN4gq6sDCr7AwgBArH8HG3+C2GaDlSJaPz7lX1/d4ieAKLOvbWFldW9/YLGwVt3d29/bNg8O2ilNJWYvGIpZdjygmeMRawEGwbiIZCT3BOt7oaup37plUPI5uYZwwJySDiAecEtCSa5YeXPvOruDpVavgPvVjUPMnuGbZqloz4GVi56SMcjRd86vvxzQNWQRUEKV6tpWAkxEJnAo2KfZTxRJCR2TAeppGJGTKyWZLTPCJVnwcxFKfCPBM/d2RkVCpcejpypDAUC16U/E/r5dCcOFkPEpSYBGdDwpSgSHG00SwzyWjIMaaECq5/iumQyIJBZ1bUYdgL668TNq1ql2v1m/Oyo3LPI4CKqFjdIpsdI4a6Bo1UQtR9Iie0St6M56MF+Pd+JiXrhh5zxH6A+PzB5Nnlio=</latexit>

x1
1, x

2
1, · · · , xt

1

<latexit sha1_base64="J4YBY1TVdvcvNksdFx4XA4ZS+6k=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCCykzotWNUHTjsoJ9QDsOmTRtQzMPkoxYhq7c+CtuXCji1m9w59+YaUfQ1gMXTs65l9x7vIgzqSzry8jNzS8sLuWXCyura+sb5uZWXYaxILRGQh6Kpocl5SygNcUUp81IUOx7nDa8wWXqN+6okCwMbtQwoo6PewHrMoKVllxzt+1hge7dxD48Gd0qdI5+hPTpmkWrZI2BZomdkSJkqLrmZ7sTktingSIcS9myrUg5CRaKEU5HhXYsaYTJAPdoS9MA+1Q6yfiMEdrXSgd1Q6ErUGis/p5IsC/l0Pd0p49VX057qfif14pV98xJWBDFigZk8lE35kiFKM0EdZigRPGhJpgIpndFpI8FJkonV9Ah2NMnz5L6Uckul8rXx8XKRRZHHnZgDw7AhlOowBVUoQYEHuAJXuDVeDSejTfjfdKaM7KZbfgD4+MbRcCXwA==</latexit>

x̄t
1,5 = x̄t

5

<latexit sha1_base64="ol125BcUbeOZtCPT/Pth5dIxtps=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAgWGnYlRBshaGMZwTwgWZfZySQZMvtg5q4Ylq1t/BUbC0Vs/QI7/8ZJsoImHrhw5px7mXuPFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+445JxcPgBoYRc3zSC3iXUwJacs29tkckvncT+6iU3gI+xz+CfiZwbKeuWbCK1hh4ltgZKaAMVdf8bHdCGvssACqIUi3bisBJiAROBUvz7VixiNAB6bGWpgHxmXKS8SkpPtBKB3dDqSsAPFZ/TyTEV2roe7rTJ9BX095I/M9rxdA9cxIeRDGwgE4+6sYCQ4hHueAOl4yCGGpCqOR6V0z7RBIKOr28DsGePnmW1E+KdrlYvi4VKhdZHDm0i/bRIbLRKaqgK1RFNUTRA3pCL+jVeDSejTfjfdI6Z2QzO+gPjI9vB7uZPA==</latexit>

x̄t
1,4 = x̄t�1

4

<latexit sha1_base64="5zfoHNZPFL4pyaK4x3Bp+m8Nn6M=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0Gw0LAbJdoIQRvLCOYByRpmJ5NkyOyDmbtiWLa28VdsLBSx9Qvs/BsnyQqaeODCmXPuZe49bii4Asv6MjJz8wuLS9nl3Mrq2vqGublVU0EkKavSQASy4RLFBPdZFTgI1gglI54rWN0dXI78+h2Tigf+DQxD5nik5/MupwS01DZ3Wy6R+L4d24fHyS3gc/wj6GcMR8WkbeatgjUGniV2SvIoRaVtfrY6AY085gMVRKmmbYXgxEQCp4IluVakWEjogPRYU1OfeEw58fiUBO9rpYO7gdTlAx6rvydi4ik19Fzd6RHoq2lvJP7nNSPonjkx98MImE8nH3UjgSHAo1xwh0tGQQw1IVRyvSumfSIJBZ1eTodgT588S2rFgl0qlK5P8uWLNI4s2kF76ADZ6BSV0RWqoCqi6AE9oRf0ajwaz8ab8T5pzRjpzDb6A+PjGwYbmTs=</latexit>

x̄t
1,3 = x̄t�2

3

<latexit sha1_base64="DKTJ1UUxMO0nQXxRK1smtkvmCkY=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0Gw0LAbJdoIQRvLCOYByRpmJ5NkyOyDmbtiWLa28VdsLBSx9Qvs/BsnyQqaeODCmXPuZe49bii4Asv6MjJz8wuLS9nl3Mrq2vqGublVU0EkKavSQASy4RLFBPdZFTgI1gglI54rWN0dXI78+h2Tigf+DQxD5nik5/MupwS01DZ3Wy6R+L4d24fF5BbwOf4R9DOGo+OkbeatgjUGniV2SvIoRaVtfrY6AY085gMVRKmmbYXgxEQCp4IluVakWEjogPRYU1OfeEw58fiUBO9rpYO7gdTlAx6rvydi4ik19Fzd6RHoq2lvJP7nNSPonjkx98MImE8nH3UjgSHAo1xwh0tGQQw1IVRyvSumfSIJBZ1eTodgT588S2rFgl0qlK5P8uWLNI4s2kF76ADZ6BSV0RWqoCqi6AE9oRf0ajwaz8ab8T5pzRjpzDb6A+PjGwR7mTo=</latexit>

x̄t
1,2 = x̄t�3

2

<latexit sha1_base64="yvtEnYeh9hu7UEWvSCbmTqIGbLg=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCq5KIVjdC0Y3LCvYCTRom00k7dHJh5kRaQp7Eja/ixoUigit9G6dtFtp6YODn/87hzPm9WHAFpvltLC2vrK6tFzaKm1vbO7ulvf2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7wZsJbD0wqHoX3MI6ZE5B+yH1OCWjLLZ3bHpF45FpdwFfY9iWhqZWlkGFbJYGb2kASDaxM85GrUXfiuKWyWTGnhReFlYsyyqvulj7tXkSTgIVABVGqY5kxOCmRwKlgWdFOFIsJHZI+62gZkoApJ52el+Fj7fSwH0n9QsBT9/dESgKlxoGnOwMCAzXPJuZ/rJOAf+mkPIwTYCGdLfITgSHCk6xwj0tGQYy1IFRy/VdMB0RHBDrRog7Bmj95UTRPK1a1Ur07K9eu8zgK6BAdoRNkoQtUQ7eojhqIokf0jF7Rm/FkvBjvxsesdcnIZw7QnzK+fgD28aHP</latexit>

x̄t
1 =

1

t

tX

⌧=1

x⌧
1

ØEach agent re-evaluates 

the set of potentially 

similar agents Ca
t

<latexit sha1_base64="eIrGPKOs2Qzz/HW3MgYdFXmOiE0="></latexit>

µ̂t
1 =

X

a2Ct
1

nt
1,aP

a2Ct
1
nt
1,a

x̄t
1,a
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØEach agent re-evaluates 

the set of potentially 

similar agents Ca
t

<latexit sha1_base64="eIrGPKOs2Qzz/HW3MgYdFXmOiE0="></latexit>

µ̂t
1 =

X

a2Ct
1

nt
1,aP

a2Ct
1
nt
1,a

x̄t
1,a
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="GF/Z+ZtDCmiUM9D+OKs0Qp7l5js="></latexit>

��(n) := �

s
2

n

✓
1 +

1

n

◆
ln(

p
(n+ 1)/�)

<latexit sha1_base64="JyCFLqfMsZ1QKvMjuIGlOgUk9GI=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSB4Crsi0WPQi8cI5gHJGmYns8mQ2YczvcEQ8h1ePCji1Y/x5t84m+xBEwsaiqpuurv8RAqNjvNtrayurW9sFrbs7Z3dvf3iwWFDx6livM5iGauWTzWXIuJ1FCh5K1Gchr7kTX94k/nNEVdaxNE9jhPuhbQfiUAwikby7I5PFXnqug9o291iySk7M5Bl4uakBDlq3eJXpxezNOQRMkm1brtOgt6EKhRM8qndSTVPKBvSPm8bGtGQa28yO3pKTo3SI0GsTEVIZurviQkNtR6HvukMKQ70opeJ/3ntFIMrbyKiJEUesfmiIJUEY5IlQHpCcYZybAhlSphbCRtQRRmanLIQ3MWXl0njvOxWypW7i1L1Oo+jAMdwAmfgwiVU4RZqUAcGj/AMr/BmjawX6936mLeuWPnMEfyB9fkDk0CQsA==</latexit>

x̄t
1

<latexit sha1_base64="p7QiK40HXt5Qnd2Sec2sMez0Rtw=">AAACK3icbVBNS8NAEN3Urxq/qh69LBZBUUsiUj2WevGoYFVoYphst+3S3STsTsQS+n+8+Fc86MEPvPo/TGsPWn0w8Hhvhpl5YSKFQcd5swpT0zOzc8V5e2FxaXmltLp2aeJUM95gsYz1dQiGSxHxBgqU/DrRHFQo+VXYOxn6V7dcGxFHF9hPuK+gE4m2YIC5FJTqdtMLQdO7wL3JcED3qRdyhMDrgFKwjTt7v+zdSdu37aBUdirOCPQvccekTMY4C0pPXitmqeIRMgnGNF0nQT8DjYJJPrC91PAEWA86vJnTCBQ3fjb6dUC3cqVF27HOK0I6Un9OZKCM6asw71SAXTPpDcX/vGaK7WM/E1GSIo/Y96J2KinGdBgcbQnNGcp+ToBpkd9KWRc0MMzjHYbgTr78l1weVNxqpXp+WK7Vx3EUyQbZJNvEJUekRk7JGWkQRu7JI3khr9aD9Wy9Wx/frQVrPLNOfsH6/AIMVqUg</latexit>

[x̄t
1 � ��(t), x̄

t
1 + ��(t)]
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="GF/Z+ZtDCmiUM9D+OKs0Qp7l5js="></latexit>

��(n) := �

s
2

n

✓
1 +

1

n

◆
ln(

p
(n+ 1)/�)

<latexit sha1_base64="JyCFLqfMsZ1QKvMjuIGlOgUk9GI=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSB4Crsi0WPQi8cI5gHJGmYns8mQ2YczvcEQ8h1ePCji1Y/x5t84m+xBEwsaiqpuurv8RAqNjvNtrayurW9sFrbs7Z3dvf3iwWFDx6livM5iGauWTzWXIuJ1FCh5K1Gchr7kTX94k/nNEVdaxNE9jhPuhbQfiUAwikby7I5PFXnqug9o291iySk7M5Bl4uakBDlq3eJXpxezNOQRMkm1brtOgt6EKhRM8qndSTVPKBvSPm8bGtGQa28yO3pKTo3SI0GsTEVIZurviQkNtR6HvukMKQ70opeJ/3ntFIMrbyKiJEUesfmiIJUEY5IlQHpCcYZybAhlSphbCRtQRRmanLIQ3MWXl0njvOxWypW7i1L1Oo+jAMdwAmfgwiVU4RZqUAcGj/AMr/BmjawX6936mLeuWPnMEfyB9fkDk0CQsA==</latexit>

x̄t
1

<latexit sha1_base64="p7QiK40HXt5Qnd2Sec2sMez0Rtw=">AAACK3icbVBNS8NAEN3Urxq/qh69LBZBUUsiUj2WevGoYFVoYphst+3S3STsTsQS+n+8+Fc86MEPvPo/TGsPWn0w8Hhvhpl5YSKFQcd5swpT0zOzc8V5e2FxaXmltLp2aeJUM95gsYz1dQiGSxHxBgqU/DrRHFQo+VXYOxn6V7dcGxFHF9hPuK+gE4m2YIC5FJTqdtMLQdO7wL3JcED3qRdyhMDrgFKwjTt7v+zdSdu37aBUdirOCPQvccekTMY4C0pPXitmqeIRMgnGNF0nQT8DjYJJPrC91PAEWA86vJnTCBQ3fjb6dUC3cqVF27HOK0I6Un9OZKCM6asw71SAXTPpDcX/vGaK7WM/E1GSIo/Y96J2KinGdBgcbQnNGcp+ToBpkd9KWRc0MMzjHYbgTr78l1weVNxqpXp+WK7Vx3EUyQbZJNvEJUekRk7JGWkQRu7JI3khr9aD9Wy9Wx/frQVrPLNOfsH6/AIMVqUg</latexit>

[x̄t
1 � ��(t), x̄

t
1 + ��(t)]

<latexit sha1_base64="nPHvhKkptbj7hzbSBg1BXg+Aop0=">AAACI3icbVBNSyNBFOxxdY1Zd4169NIYFvSwYUZERRBEPXhUMCpkYnjTeYmN3T1D9xshDPkvXvavePGgBC8e/C92YhC/ChqKqnq8fpVkSjoKw6dg4sfk1M/p0kz51+zvP3OV+YVTl+ZWYF2kKrXnCThU0mCdJCk8zyyCThSeJVf7Q//sGq2TqTmhXoZNDV0jO1IAealV2S6bVhF3QWvoXxSxI7D9lfgAFcEq397hcYIE7xL/oje7VamGtXAE/pVEY1JlYxy1KoO4nYpcoyGhwLlGFGbULMCSFAr75Th3mIG4gi42PDWg0TWL0Y19/tcrbd5JrX+G+Eh9P1GAdq6nE5/UQJfuszcUv/MaOXW2moU0WU5oxOuiTq44pXxYGG9Li4JUzxMQVvq/cnEJFgT5Wsu+hOjzyV/J6Vot2qhtHK9Xd/fGdZTYEltmKyxim2yXHbIjVmeC3bBbds8egv/BXTAIHl+jE8F4ZpF9QPD8Avjio9s=</latexit>

n?
�(�) := ��1

� (�)

<latexit sha1_base64="bWp8iELRoVIWohF4G3odUpiqvYg="></latexit>

P(a keeps wrong collaborators after ⇣a) 
�

2
<latexit sha1_base64="NyqkNfCCWEXnLIqgMceShgCIYAo="></latexit>

⇣a ⇡ n?
�

2|A|
(�µa) + |A|
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3

4

2

5

67

8

1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ
<latexit sha1_base64="JyCFLqfMsZ1QKvMjuIGlOgUk9GI=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSB4Crsi0WPQi8cI5gHJGmYns8mQ2YczvcEQ8h1ePCji1Y/x5t84m+xBEwsaiqpuurv8RAqNjvNtrayurW9sFrbs7Z3dvf3iwWFDx6livM5iGauWTzWXIuJ1FCh5K1Gchr7kTX94k/nNEVdaxNE9jhPuhbQfiUAwikby7I5PFXnqug9o291iySk7M5Bl4uakBDlq3eJXpxezNOQRMkm1brtOgt6EKhRM8qndSTVPKBvSPm8bGtGQa28yO3pKTo3SI0GsTEVIZurviQkNtR6HvukMKQ70opeJ/3ntFIMrbyKiJEUesfmiIJUEY5IlQHpCcYZybAhlSphbCRtQRRmanLIQ3MWXl0njvOxWypW7i1L1Oo+jAMdwAmfgwiVU4RZqUAcGj/AMr/BmjawX6936mLeuWPnMEfyB9fkDk0CQsA==</latexit>

x̄t
1

<latexit sha1_base64="p7QiK40HXt5Qnd2Sec2sMez0Rtw=">AAACK3icbVBNS8NAEN3Urxq/qh69LBZBUUsiUj2WevGoYFVoYphst+3S3STsTsQS+n+8+Fc86MEPvPo/TGsPWn0w8Hhvhpl5YSKFQcd5swpT0zOzc8V5e2FxaXmltLp2aeJUM95gsYz1dQiGSxHxBgqU/DrRHFQo+VXYOxn6V7dcGxFHF9hPuK+gE4m2YIC5FJTqdtMLQdO7wL3JcED3qRdyhMDrgFKwjTt7v+zdSdu37aBUdirOCPQvccekTMY4C0pPXitmqeIRMgnGNF0nQT8DjYJJPrC91PAEWA86vJnTCBQ3fjb6dUC3cqVF27HOK0I6Un9OZKCM6asw71SAXTPpDcX/vGaK7WM/E1GSIo/Y96J2KinGdBgcbQnNGcp+ToBpkd9KWRc0MMzjHYbgTr78l1weVNxqpXp+WK7Vx3EUyQbZJNvEJUekRk7JGWkQRu7JI3khr9aD9Wy9Wx/frQVrPLNOfsH6/AIMVqUg</latexit>

[x̄t
1 � ��(t), x̄

t
1 + ��(t)]

<latexit sha1_base64="18mPvddSsZ8cysCi+2UEWSMtjjs="></latexit>

P(9t > ⇣ 0a : |µ̂t
a � µa| > ")  �

2
<latexit sha1_base64="0DhEjwjDl4COv4fLFf6FOqm6hgI="></latexit>

⇣ 0a ⇡
n?
�/2(✏)

|Ca|
+

|Ca|
2
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If the right collaborators Ca
have been identified…

3

4

2

5

67

8

1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ
<latexit sha1_base64="JyCFLqfMsZ1QKvMjuIGlOgUk9GI=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSB4Crsi0WPQi8cI5gHJGmYns8mQ2YczvcEQ8h1ePCji1Y/x5t84m+xBEwsaiqpuurv8RAqNjvNtrayurW9sFrbs7Z3dvf3iwWFDx6livM5iGauWTzWXIuJ1FCh5K1Gchr7kTX94k/nNEVdaxNE9jhPuhbQfiUAwikby7I5PFXnqug9o291iySk7M5Bl4uakBDlq3eJXpxezNOQRMkm1brtOgt6EKhRM8qndSTVPKBvSPm8bGtGQa28yO3pKTo3SI0GsTEVIZurviQkNtR6HvukMKQ70opeJ/3ntFIMrbyKiJEUesfmiIJUEY5IlQHpCcYZybAhlSphbCRtQRRmanLIQ3MWXl0njvOxWypW7i1L1Oo+jAMdwAmfgwiVU4RZqUAcGj/AMr/BmjawX6936mLeuWPnMEfyB9fkDk0CQsA==</latexit>

x̄t
1

<latexit sha1_base64="p7QiK40HXt5Qnd2Sec2sMez0Rtw=">AAACK3icbVBNS8NAEN3Urxq/qh69LBZBUUsiUj2WevGoYFVoYphst+3S3STsTsQS+n+8+Fc86MEPvPo/TGsPWn0w8Hhvhpl5YSKFQcd5swpT0zOzc8V5e2FxaXmltLp2aeJUM95gsYz1dQiGSxHxBgqU/DrRHFQo+VXYOxn6V7dcGxFHF9hPuK+gE4m2YIC5FJTqdtMLQdO7wL3JcED3qRdyhMDrgFKwjTt7v+zdSdu37aBUdirOCPQvccekTMY4C0pPXitmqeIRMgnGNF0nQT8DjYJJPrC91PAEWA86vJnTCBQ3fjb6dUC3cqVF27HOK0I6Un9OZKCM6asw71SAXTPpDcX/vGaK7WM/E1GSIo/Y96J2KinGdBgcbQnNGcp+ToBpkd9KWRc0MMzjHYbgTr78l1weVNxqpXp+WK7Vx3EUyQbZJNvEJUekRk7JGWkQRu7JI3khr9aD9Wy9Wx/frQVrPLNOfsH6/AIMVqUg</latexit>

[x̄t
1 � ��(t), x̄

t
1 + ��(t)]

<latexit sha1_base64="18mPvddSsZ8cysCi+2UEWSMtjjs="></latexit>

P(9t > ⇣ 0a : |µ̂t
a � µa| > ")  �

2
<latexit sha1_base64="0DhEjwjDl4COv4fLFf6FOqm6hgI="></latexit>

⇣ 0a ⇡
n?
�/2(✏)

|Ca|
+

|Ca|
2

cooperation speedup
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11

Putting all together
3

4

2

5

67

8

1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="KGDv1cfl5b1GDnVkIyHC3O7XR1g="></latexit>

P(9t > ⌧a : |µ̂t
a � µa| > ")  �

<latexit sha1_base64="xzH19o8mnfDjqMf7dO/3VtrDwGU="></latexit>

⌧a ⇡ max

(
n?

�
2|A|

(�µa) + |A|,
n?
�/2(✏)

|Ca|
+

|Ca|
2

)<latexit sha1_base64="fqfx+xun4Tv5OVPnINMOTDv9G3M="></latexit>

⌧a ⇡ max

(
n?

�
2|A|

(�µa) + |A|,
ñ?
�/2(✏)

|Ca|
+

|Ca|
2

)

<latexit sha1_base64="pd/ZU7YdupGlJqdqSAoJf4Jl0bw="></latexit>

⌧a 2 Õ

 
log |A|

�

�µ2
a

+ |A|+
1
"2 log

1
�"2

|Ca|

!



<latexit sha1_base64="Z6M5jpF07BqgjE6cKBwThAZjj+0="></latexit>

Per-agent Convergence time
space/time
complexity sub-Gaussian bounded 4-th moment

ColME |A| 1
�µ2

a
log |A|

�µa�
+ |A|

r + 1
|Ca|

1
"2 log

1
�"2

1
�µ4

a

|A|
� + |A|

r + 1
|Ca|

1
�"4

B-ColME rd 1
�µ2

a
log |CCa|r

�µa�
+ d+ 1

|CCd
a|

1
"2 log

1
�"2

1
�µ4

a

|CCa|r
� + d+ 1

|CCd
a|

1
�"4

C-ColME r � 1
�µ4

a

|CCa|r
� + 1

|CCa|
1

�"4

Summary
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What if communication over a graph?

13

3

4

2

5

67

8

1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØMaximum degree r

ØEach agent can 

communicate in parallel 

with its neighbors



What if communication over a graph?
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

Expected tradeoff:

Ø A sparser graph may be 

learned faster

ØBut connected components 

may be smaller reducing 

collaboration speedup



Learning the right collaborators
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="bWp8iELRoVIWohF4G3odUpiqvYg="></latexit>

P(a keeps wrong collaborators after ⇣a) 
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="/Gox6TxsWNCsrZrKVoO6cADlTZI="></latexit>

⇣a ⇡ n?
�

2|A|
(�µa) +

|A|
r

<latexit sha1_base64="n9ZpmpCJSqZSpClFknxL35T2/Gs="></latexit>

P(any wrong collaboration after ⇣D)  �

2
<latexit sha1_base64="GRn+xcghtbscGEd+r+GSgQ5whaQ="></latexit>

⇣D ⇡ n?
�

2|Ca|r
(�µa)



How to estimate over the graph
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

Two algorithms:

1. B-ColME, based on message 

passing as a belief algorithm

2. C-ColME, based on consensus



B-ColME
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

distance avg sample#

0 2.9 10

1 3.3 9

distance avg sample#

0 2.7 10

1 3.0 18
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

distance avg sample#

0 2.9 10

1 3.3 9

distance avg sample#

0 2.7 10

1 3.0 18

distance avg sample#

0 3.0 11

1 2.8 20

2 3.1 27
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØEach agent estimates the 

empirical average over a h-hop 

neighborhood using estimates 

over (h-1)-hop neighborhoods 

of its direct neighbors
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØEach agent estimates the 

empirical average over a h-hop 

neighborhood using estimates 

over (h-1)-hop neighborhoods 

of its direct neighbors

distance avg sample#

0 2.9 10

1 3.3 9

distance avg sample#

0 2.7 10

1 3.0 18

distance avg sample#

0 3.0 11

1 2.8 20

2 3.1 27
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<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØEach agent estimates the 

empirical average over a h-hop 

neighborhood using estimates 

over (h-1)-hop neighborhoods 

of its direct neighbors

ØProblem with loops

⇒ restrain over a distance d 

s.t. the d-hop 

neighborhood is a tree

distance avg sample#

0 2.9 10

1 3.3 9

distance avg sample#

0 2.7 10

1 3.0 18

distance avg sample#

0 3.0 11

1 2.8 20

2 3.1 27
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<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØEach agent estimates the 

empirical average over a h-hop 

neighborhood using estimates 

over (h-1)-hop neighborhoods 

of its direct neighbors

ØProblem with loops

⇒ restrain over a distance d 

s.t. the d-hop 

neighborhood is a tree

distance avg sample#

0 2.9 10

1 3.3 9

distance avg sample#

0 2.7 10

1 3.0 18

distance avg sample#

0 3.0 11

1 2.8 20

2 3.1 27
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<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØEach agent estimates the 

empirical average over a h-hop 

neighborhood using estimates 

over (h-1)-hop neighborhoods 

of its direct neighbors

ØProblem with loops

⇒ restrain over a distance d 

s.t. the d-hop 

neighborhood is a tree

ØEach stores and sends tables 

with d entries
distance avg sample#

0 2.9 10

1 3.3 9

distance avg sample#

0 2.7 10

1 3.0 18

distance avg sample#

0 3.0 11

1 2.8 20

2 3.1 27
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØNodes in the same connected 

component will not compute 

estimates over the same d-hop 

neighborhood CCa
d

ØConvergence of the estimator 

is evident



<latexit sha1_base64="Z6M5jpF07BqgjE6cKBwThAZjj+0="></latexit>

Per-agent Convergence time
space/time
complexity sub-Gaussian bounded 4-th moment
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØStandard average consensus
<latexit sha1_base64="ngqSFeM7HUGe52K4o30Z5BfzKcU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqW6EohuXFewDmhhuppN26OTBzEQsIeCvuHGhiFu/w51/47TNQlsPXDiccy/33uMnnEllWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgWhLRLzWHR9kJSziLYUU5x2E0Eh9Dnt+KPrid95oEKyOLpT44S6IQwiFjACSkueeeAMQWVOmOYe3Gd2ji/xoweeWbVq1hR4kdgFqaICTc/8cvoxSUMaKcJByp5tJcrNQChGOM0rTippAmQEA9rTNIKQSjebnp/jY630cRALXZHCU/X3RAahlOPQ150hqKGc9ybif14vVcGFm7EoSRWNyGxRkHKsYjzJAveZoETxsSZABNO3YjIEAUTpxCo6BHv+5UXSPq3Z9Vr99qzauCriKKNDdIROkI3OUQPdoCZqIYIy9Ixe0ZvxZLwY78bHrLVkFDP76A+Mzx+zBZVT</latexit>

µ̂1
a = xa

<latexit sha1_base64="ObLhQPgdLY2PvbBU2JZlITKedZc="></latexit>

µ̂t
a =

X

a02Ct
a[{a}

(Wt)a,a0 µ̂t�1
a0



<latexit sha1_base64="Tqo7+Y2q0rD3nPqF2v2kxKjvDTs="></latexit>

µ̂t
a = (1� ↵t)x̄

t
a + ↵t

X

a02Ct
a[{a}

(Wt)a,a0 µ̂t�1
a0
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

ØStandard average consensus

ØHere need to track a moving 

average over a dynamic graph

<latexit sha1_base64="ngqSFeM7HUGe52K4o30Z5BfzKcU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqW6EohuXFewDmhhuppN26OTBzEQsIeCvuHGhiFu/w51/47TNQlsPXDiccy/33uMnnEllWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgWhLRLzWHR9kJSziLYUU5x2E0Eh9Dnt+KPrid95oEKyOLpT44S6IQwiFjACSkueeeAMQWVOmOYe3Gd2ji/xoweeWbVq1hR4kdgFqaICTc/8cvoxSUMaKcJByp5tJcrNQChGOM0rTippAmQEA9rTNIKQSjebnp/jY630cRALXZHCU/X3RAahlOPQ150hqKGc9ybif14vVcGFm7EoSRWNyGxRkHKsYjzJAveZoETxsSZABNO3YjIEAUTpxCo6BHv+5UXSPq3Z9Vr99qzauCriKKNDdIROkI3OUQPdoCZqIYIy9Ixe0ZvxZLwY78bHrLVkFDP76A+Mzx+zBZVT</latexit>

µ̂1
a = xa

<latexit sha1_base64="ngqSFeM7HUGe52K4o30Z5BfzKcU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqW6EohuXFewDmhhuppN26OTBzEQsIeCvuHGhiFu/w51/47TNQlsPXDiccy/33uMnnEllWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgWhLRLzWHR9kJSziLYUU5x2E0Eh9Dnt+KPrid95oEKyOLpT44S6IQwiFjACSkueeeAMQWVOmOYe3Gd2ji/xoweeWbVq1hR4kdgFqaICTc/8cvoxSUMaKcJByp5tJcrNQChGOM0rTippAmQEA9rTNIKQSjebnp/jY630cRALXZHCU/X3RAahlOPQ150hqKGc9ybif14vVcGFm7EoSRWNyGxRkHKsYjzJAveZoETxsSZABNO3YjIEAUTpxCo6BHv+5UXSPq3Z9Vr99qzauCriKKNDdIROkI3OUQPdoCZqIYIy9Ixe0ZvxZLwY78bHrLVkFDP76A+Mzx+zBZVT</latexit>

µ̂1
a = xa

<latexit sha1_base64="ObLhQPgdLY2PvbBU2JZlITKedZc="></latexit>

µ̂t
a =

X

a02Ct
a[{a}

(Wt)a,a0 µ̂t�1
a0
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

Convergence to true mean: 

Ø Wt stochastic & symmetric

Ø or  
<latexit sha1_base64="hLrYLqcRFqlzEyA7q8SDQJwmfgU=">AAAB+nicbZDLSgNBEEVrfMb4mujSTWMQXIUZkehGCLpxGcE8IBlCT6cnadLzoLtGCWM+xY0LRdz6Je78GzvJLDTxQsPhVhVVff1ECo2O822trK6tb2wWtorbO7t7+3bpoKnjVDHeYLGMVdunmksR8QYKlLydKE5DX/KWP7qZ1lsPXGkRR/c4TrgX0kEkAsEoGqtnl7pUJkPaQ3JFcrTLTsWZiSyDm0MZctV79le3H7M05BEySbXuuE6CXkYVCib5pNhNNU8oG9EB7xiMaMi1l81On5AT4/RJECvzIiQz9/dERkOtx6FvOkOKQ71Ym5r/1TopBpdeJqIkRR6x+aIglQRjMs2B9IXiDOXYAGVKmFsJG1JFGZq0iiYEd/HLy9A8q7jVSvXuvFy7zuMowBEcwym4cAE1uIU6NIDBIzzDK7xZT9aL9W59zFtXrHzmEP7I+vwBYzWTdA==</latexit>↵t = ↵

<latexit sha1_base64="dgeQVSE1UnU9q3v75JVqygOVaJE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBKEkItWNUHTjsoJ9QBPCZDpph04ezNwIJcSNv+LGhSJu/Qt3/o3TNgttPXDhcM693HuPnwiuwLK+jdLS8srqWnm9srG5tb1j7u61VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHNxO/88Ck4nF0D+OEuSEZRDzglICWPPPAISIZEg/wFXYCSWgGeQandu6ZVatmTYEXiV2QKirQ9Mwvpx/TNGQRUEGU6tlWAm5GJHAqWF5xUsUSQkdkwHqaRiRkys2mH+T4WCt9HMRSVwR4qv6eyEio1Dj0dWdIYKjmvYn4n9dLIbh0Mx4lKbCIzhYFqcAQ40kcuM8loyDGmhAqub4V0yHROYAOraJDsOdfXiTts5pdr9XvzquN6yKOMjpER+gE2egCNdAtaqIWougRPaNX9GY8GS/Gu/Exay0Zxcw++gPj8wfVxZaE</latexit>

↵t =
t

t+ 1

21



<latexit sha1_base64="Ji4MRcQNk/BuNb/gX4+LGD7lLwk="></latexit>
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

Convergence to true mean: 

Ø Wt stochastic & symmetric

Ø or  
<latexit sha1_base64="hLrYLqcRFqlzEyA7q8SDQJwmfgU=">AAAB+nicbZDLSgNBEEVrfMb4mujSTWMQXIUZkehGCLpxGcE8IBlCT6cnadLzoLtGCWM+xY0LRdz6Je78GzvJLDTxQsPhVhVVff1ECo2O822trK6tb2wWtorbO7t7+3bpoKnjVDHeYLGMVdunmksR8QYKlLydKE5DX/KWP7qZ1lsPXGkRR/c4TrgX0kEkAsEoGqtnl7pUJkPaQ3JFcrTLTsWZiSyDm0MZctV79le3H7M05BEySbXuuE6CXkYVCib5pNhNNU8oG9EB7xiMaMi1l81On5AT4/RJECvzIiQz9/dERkOtx6FvOkOKQ71Ym5r/1TopBpdeJqIkRR6x+aIglQRjMs2B9IXiDOXYAGVKmFsJG1JFGZq0iiYEd/HLy9A8q7jVSvXuvFy7zuMowBEcwym4cAE1uIU6NIDBIzzDK7xZT9aL9W59zFtXrHzmEP7I+vwBYzWTdA==</latexit>↵t = ↵

<latexit sha1_base64="dgeQVSE1UnU9q3v75JVqygOVaJE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBKEkItWNUHTjsoJ9QBPCZDpph04ezNwIJcSNv+LGhSJu/Qt3/o3TNgttPXDhcM693HuPnwiuwLK+jdLS8srqWnm9srG5tb1j7u61VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHNxO/88Ck4nF0D+OEuSEZRDzglICWPPPAISIZEg/wFXYCSWgGeQandu6ZVatmTYEXiV2QKirQ9Mwvpx/TNGQRUEGU6tlWAm5GJHAqWF5xUsUSQkdkwHqaRiRkys2mH+T4WCt9HMRSVwR4qv6eyEio1Dj0dWdIYKjmvYn4n9dLIbh0Mx4lKbCIzhYFqcAQ40kcuM8loyDGmhAqub4V0yHROYAOraJDsOdfXiTts5pdr9XvzquN6yKOMjpER+gE2egCNdAtaqIWougRPaNX9GY8GS/Gu/Exay0Zxcw++gPj8wfVxZaE</latexit>

↵t =
t

t+ 1
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Summary
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<latexit sha1_base64="Z6M5jpF07BqgjE6cKBwThAZjj+0="></latexit>

Per-agent Convergence time
space/time
complexity sub-Gaussian bounded 4-th moment
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

Desiderata

Ø Large components CCa and CCa
d

Ø r small

Ø uniform load over the clients

Ø the largest d which guarantees the local tree 

structure 
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1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

Desiderata

Ø Large components CCa and CCa
d

Ø r small

Ø uniform load over the clients

Ø the largest d which guarantees the local tree 

structure 

G0(|A|,r): class of simple 

random regular graphs
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Choice of the graph and other parameters

3

4

2

5

67

8

1
<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ <latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="eHZujY+aU69EPjxwl/9f6gBRlbU=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLoxmUF+4AmlMn0th06mYR5FEron7hxoYhb/8Sdf+M0zUJbD1w4nHPv3LknSjlT2vO+ndLG5tb2Tnm3srd/cHjkHp+0VWIkhRZNeCK7EVHAmYCWZppDN5VA4ohDJ5rcL/zOFKRiiXjSsxTCmIwEGzJKtJX6rhvkb2QRNzDHQWz6btWreTnwOvELUkUFmn33Kxgk1MQgNOVEqZ7vpTrMiNSMcphXAqMgJXRCRtCzVJAYVJjlW+f4wioDPEykLaFxrv6eyEis1CyObGdM9FitegvxP69n9PA2zJhIjQZBl4uGhmOd4EUMeMAkUM1nlhAqmf0rpmMiCdU2rIoNwV89eZ20r2p+vVZ/vK427oo4yugMnaNL5KMb1EAPqIlaiKIpekav6M3JnBfn3flYtpacYuYU/YHz+QPXRpPP</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ<latexit sha1_base64="7ZUextH/1TvhoZaESrFrXXnv1YM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFNy4r2FpoQplMJu3QmUmYh1BDv8SNC0Xc+inu/BunaRbaeuDC4Zx75849Ucao0p737VTW1jc2t6rbtZ3dvf26e3DYU6mRmHRxylLZj5AijArS1VQz0s8kQTxi5CGa3Mz9h0ciFU3FvZ5mJORoJGhCMdJWGrr1oHgjlySewYCbodvwml4BuEr8kjRAic7Q/QriFBtOhMYMKTXwvUyHOZKaYkZmtcAokiE8QSMysFQgTlSYF0tn8NQqMUxSaUtoWKi/J3LElZryyHZypMdq2ZuL/3kDo5OrMKciM5oIvFiUGAZ1CucpwJhKgjWbWoKwpPavEI+RRFjbrGo2BH/55FXSO2/6rWbr7qLRvi7jqIJjcALOgA8uQRvcgg7oAgwMeAav4M15cl6cd+dj0Vpxypkj8AfO5w8GspNY</latexit>µ

Desiderata

Ø Large components CCa and CCa
d

Ø r small

Ø uniform load over the clients

Ø the largest d which guarantees the local tree 

structure 

G0(|A|,r): class of simple 

random regular graphs

Theorem (informal)

For d ~ log(|A|), r ~ log(1/δ) almost each agent has 

|CCa
d| > |A|1/2
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Some numerical results

|A| = 104, r = 10, d=5, ε = 0.1, δ = 0.1

fraction of

agents with 

wrong estimates

fraction of 

wrong links used

24



A FL training
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Open questions

ØResults for C-ColME under sub-gaussian distributions

ØRewire connections rather than pruning

ØWhat if all agents have different distributions? 

ØHow to extend this approach to more realistic FL 

problems?
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Looking forward to discuss
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