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Best-Arm Identification

• Typical best-arm identification problem: (e.g., [Even-Dar et al., 2002])

◦ n arms with means µ1, . . . , µn

◦ Sub-Gaussian rewards (e.g., Gaussian, Bernoulli)

◦ After T rounds (possibly random), guess the best arm ĵ ∈ {1, . . . , n}
◦ Typical result: Pr[error] ≤ δ with
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where ∆j = µ∗ − µj

◦ Replace ∆2
j by max{∆2,∆2

j } if only ∆-optimality is required
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Variants of Best-Arm Identification
• Grouped bandit problems: (e.g., [Gabillon et al., NeurIPS 2011])

◦ Arms arranged into groups (possibly overlapping)
◦ Typical goals: Best arm in each group / group whose worst arm is highest / ...
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• Infinite-arm bandit problems: (e.g., [Aziz et al., ALT 2018])
◦ When a new arm is requested, its mean is drawn from a reservoir distribution FX

◦ Typical goal: Identify an arm in the top-α proportion
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<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

Group 1

Group 2

Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

x
x

x

x

x

x

x

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

Group 1

Group 2 Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

<latexit sha1_base64="tITJ5caISfbisdSMxzx1IjNoCUs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AixEPCbsDHMejFYwTzgGQJvZNJMmR2dp2ZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuurv8iDOlHefbyqysrq1vZDdzW9s7u3v2/kFDhbEktE5CHsqWD4pyJmhdM81pK5IUAp/Tpj+6mfrNRyoVC8W9HkfUC2AgWJ8R0Ebq2keFolvqAI+GcFYoPcQgNOO0a+edsjMDXiZuSvIoRa1rf3V6IYkDKjThoFTbdSLtJSA1I5xOcp1Y0QjICAa0baiAgCovmZ0/wadG6eF+KE0JjWfq74kEAqXGgW86A9BDtehNxf+8dqz7V17CRBRrKsh8UT/mWId4mgXuMUmJ5mNDgEhmbsVkCBKINonlTAju4svLpFEpuxfl87tKvnqdxpFFx+gEFZGLLlEV3aIaqiOCEvSMXtGb9WS9WO/Wx7w1Y6Uzh+gPrM8fRUWUbg==</latexit>

(1 � ↵)-quantile
<latexit sha1_base64="tITJ5caISfbisdSMxzx1IjNoCUs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AixEPCbsDHMejFYwTzgGQJvZNJMmR2dp2ZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuurv8iDOlHefbyqysrq1vZDdzW9s7u3v2/kFDhbEktE5CHsqWD4pyJmhdM81pK5IUAp/Tpj+6mfrNRyoVC8W9HkfUC2AgWJ8R0Ebq2keFolvqAI+GcFYoPcQgNOO0a+edsjMDXiZuSvIoRa1rf3V6IYkDKjThoFTbdSLtJSA1I5xOcp1Y0QjICAa0baiAgCovmZ0/wadG6eF+KE0JjWfq74kEAqXGgW86A9BDtehNxf+8dqz7V17CRBRrKsh8UT/mWId4mgXuMUmJ5mNDgEhmbsVkCBKINonlTAju4svLpFEpuxfl87tKvnqdxpFFx+gEFZGLLlEV3aIaqiOCEvSMXtGb9WS9WO/Wx7w1Y6Uzh+gPrM8fRUWUbg==</latexit>

(1 � ↵)-quantile
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Variants of Best-Arm Identification
• Grouped bandit problems: (e.g., [Gabillon et al., NeurIPS 2011])

◦ Arms arranged into groups (possibly overlapping)
◦ Typical goals: Best arm in each group / group whose worst arm is highest / ...

<latexit sha1_base64="9y8zaUXL73YNr54yl4ab07ns014=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsLtSRqYYmJfES4kL1lDlb29i67eyaE8C9sLDTG1n9j579xgSsUfMkkL+/NZGZekAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHst7M0rQj2hf8pAzaqz0UO7coDC0+1juFktuxZ2BLBMvIyXIUOsWvzq9mKURSsME1brtuYnxx1QZzgROCp1UY0LZkPaxbamkEWp/PLt4Qk6s0iNhrGxJQ2bq74kxjbQeRYHtjKgZ6EVvKv7ntVMTXvpjLpPUoGTzRWEqiInJ9H3S4wqZESNLKFPc3krYgCrKjA2pYEPwFl9eJo2zinde8e7OStWrLI48HMExnIIHF1CFW6hBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP5zIkDk=</latexit>

�j

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

Group 1

Group 2

Group 3

• Infinite-arm bandit problems: (e.g., [Aziz et al., ALT 2018])
◦ When a new arm is requested, its mean is drawn from a reservoir distribution FX

◦ Typical goal: Identify an arm in the top-α proportion

<latexit sha1_base64="9y8zaUXL73YNr54yl4ab07ns014=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsLtSRqYYmJfES4kL1lDlb29i67eyaE8C9sLDTG1n9j579xgSsUfMkkL+/NZGZekAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHst7M0rQj2hf8pAzaqz0UO7coDC0+1juFktuxZ2BLBMvIyXIUOsWvzq9mKURSsME1brtuYnxx1QZzgROCp1UY0LZkPaxbamkEWp/PLt4Qk6s0iNhrGxJQ2bq74kxjbQeRYHtjKgZ6EVvKv7ntVMTXvpjLpPUoGTzRWEqiInJ9H3S4wqZESNLKFPc3krYgCrKjA2pYEPwFl9eJo2zinde8e7OStWrLI48HMExnIIHF1CFW6hBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP5zIkDk=</latexit>

�j

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

Group 1

Group 2

Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

x
x

x

x

x

x

x

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

Group 1

Group 2 Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

<latexit sha1_base64="tITJ5caISfbisdSMxzx1IjNoCUs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AixEPCbsDHMejFYwTzgGQJvZNJMmR2dp2ZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuurv8iDOlHefbyqysrq1vZDdzW9s7u3v2/kFDhbEktE5CHsqWD4pyJmhdM81pK5IUAp/Tpj+6mfrNRyoVC8W9HkfUC2AgWJ8R0Ebq2keFolvqAI+GcFYoPcQgNOO0a+edsjMDXiZuSvIoRa1rf3V6IYkDKjThoFTbdSLtJSA1I5xOcp1Y0QjICAa0baiAgCovmZ0/wadG6eF+KE0JjWfq74kEAqXGgW86A9BDtehNxf+8dqz7V17CRBRrKsh8UT/mWId4mgXuMUmJ5mNDgEhmbsVkCBKINonlTAju4svLpFEpuxfl87tKvnqdxpFFx+gEFZGLLlEV3aIaqiOCEvSMXtGb9WS9WO/Wx7w1Y6Uzh+gPrM8fRUWUbg==</latexit>

(1 � ↵)-quantile
<latexit sha1_base64="tITJ5caISfbisdSMxzx1IjNoCUs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AixEPCbsDHMejFYwTzgGQJvZNJMmR2dp2ZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuurv8iDOlHefbyqysrq1vZDdzW9s7u3v2/kFDhbEktE5CHsqWD4pyJmhdM81pK5IUAp/Tpj+6mfrNRyoVC8W9HkfUC2AgWJ8R0Ebq2keFolvqAI+GcFYoPcQgNOO0a+edsjMDXiZuSvIoRa1rf3V6IYkDKjThoFTbdSLtJSA1I5xOcp1Y0QjICAa0baiAgCovmZ0/wadG6eF+KE0JjWfq74kEAqXGgW86A9BDtehNxf+8dqz7V17CRBRrKsh8UT/mWId4mgXuMUmJ5mNDgEhmbsVkCBKINonlTAju4svLpFEpuxfl87tKvnqdxpFFx+gEFZGLLlEV3aIaqiOCEvSMXtGb9WS9WO/Wx7w1Y6Uzh+gPrM8fRUWUbg==</latexit>

(1 � ↵)-quantile
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Our Problem: Max-Quantile Grouped Infinite-Arm Bandits

• Max-quantile grouped infinite-arm bandits:
◦ Multiple infinite-arm “groups”, each with its own reservoir distribution

◦ Decision-making procedure:
· In each round, choose a group and an arm from it to pull
· New arms from any reservoir distribution can be requested at any time

◦ Goal: Identify the group with the highest (1 − α)-quantile (e.g., highest median),
with probability at least 1 − δ and as few (avg.) pulls as possible

◦ Motivation: Finding the “best” among large populations (e.g., the one with the
highest median click-through rate)

<latexit sha1_base64="9y8zaUXL73YNr54yl4ab07ns014=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsLtSRqYYmJfES4kL1lDlb29i67eyaE8C9sLDTG1n9j579xgSsUfMkkL+/NZGZekAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHst7M0rQj2hf8pAzaqz0UO7coDC0+1juFktuxZ2BLBMvIyXIUOsWvzq9mKURSsME1brtuYnxx1QZzgROCp1UY0LZkPaxbamkEWp/PLt4Qk6s0iNhrGxJQ2bq74kxjbQeRYHtjKgZ6EVvKv7ntVMTXvpjLpPUoGTzRWEqiInJ9H3S4wqZESNLKFPc3krYgCrKjA2pYEPwFl9eJo2zinde8e7OStWrLI48HMExnIIHF1CFW6hBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP5zIkDk=</latexit>

�j

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

Group 1

Group 2

Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="nZYaS0wPeh1sZn8JnxRdwW3J3H0=">AAAB+nicbVBNT8JAEN36ifhV9OilEUy8SFoO6pHoxSMm8pFAQ6bLABu227q71ZDKT/HiQWO8+ku8+W9coAcFXzLJy3szmZkXxJwp7brf1srq2vrGZm4rv72zu7dvFw4aKkokxTqNeCRbASjkTGBdM82xFUuEMODYDEbXU7/5gFKxSNzpcYx+CAPB+oyCNlLXLpQ6wOMhlM7uExCacezaRbfszuAsEy8jRZKh1rW/Or2IJiEKTTko1fbcWPspSM0ox0m+kyiMgY5ggG1DBYSo/HR2+sQ5MUrP6UfSlNDOTP09kUKo1DgMTGcIeqgWvan4n9dOdP/ST5mIE42Czhf1E+7oyJnm4PSYRKr52BCgkplbHToECVSbtPImBG/x5WXSqJS987J3WylWr7I4cuSIHJNT4pELUiU3pEbqhJJH8kxeyZv1ZL1Y79bHvHXFymYOyR9Ynz+YGJOT</latexit>

↵-quantile

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

x
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x

x

x

x

x

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

Group 1

Group 2 Group 3
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Relaxed Recovery Guarantee

• ∆-relaxation in standard best-arm problems: Instead of insisting on the best arm,
just require one within ∆ of the optimum

• Our (ϵ,∆)-relaxation: Seek a group such that

F−1
G (1 − α+ ϵ) ≥ max

G ′∈G
F−1
G ′ (1 − α− ϵ)−∆

<latexit sha1_base64="9y8zaUXL73YNr54yl4ab07ns014=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsLtSRqYYmJfES4kL1lDlb29i67eyaE8C9sLDTG1n9j579xgSsUfMkkL+/NZGZekAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHst7M0rQj2hf8pAzaqz0UO7coDC0+1juFktuxZ2BLBMvIyXIUOsWvzq9mKURSsME1brtuYnxx1QZzgROCp1UY0LZkPaxbamkEWp/PLt4Qk6s0iNhrGxJQ2bq74kxjbQeRYHtjKgZ6EVvKv7ntVMTXvpjLpPUoGTzRWEqiInJ9H3S4wqZESNLKFPc3krYgCrKjA2pYEPwFl9eJo2zinde8e7OStWrLI48HMExnIIHF1CFW6hBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP5zIkDk=</latexit>

�j

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

Group 1

Group 2

Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

x
x

x

x

x

x

x

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

Group 1

Group 2 Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

<latexit sha1_base64="tITJ5caISfbisdSMxzx1IjNoCUs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AixEPCbsDHMejFYwTzgGQJvZNJMmR2dp2ZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuurv8iDOlHefbyqysrq1vZDdzW9s7u3v2/kFDhbEktE5CHsqWD4pyJmhdM81pK5IUAp/Tpj+6mfrNRyoVC8W9HkfUC2AgWJ8R0Ebq2keFolvqAI+GcFYoPcQgNOO0a+edsjMDXiZuSvIoRa1rf3V6IYkDKjThoFTbdSLtJSA1I5xOcp1Y0QjICAa0baiAgCovmZ0/wadG6eF+KE0JjWfq74kEAqXGgW86A9BDtehNxf+8dqz7V17CRBRrKsh8UT/mWId4mgXuMUmJ5mNDgEhmbsVkCBKINonlTAju4svLpFEpuxfl87tKvnqdxpFFx+gEFZGLLlEV3aIaqiOCEvSMXtGb9WS9WO/Wx7w1Y6Uzh+gPrM8fRUWUbg==</latexit>

(1 � ↵)-quantile
<latexit sha1_base64="tITJ5caISfbisdSMxzx1IjNoCUs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AixEPCbsDHMejFYwTzgGQJvZNJMmR2dp2ZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuurv8iDOlHefbyqysrq1vZDdzW9s7u3v2/kFDhbEktE5CHsqWD4pyJmhdM81pK5IUAp/Tpj+6mfrNRyoVC8W9HkfUC2AgWJ8R0Ebq2keFolvqAI+GcFYoPcQgNOO0a+edsjMDXiZuSvIoRa1rf3V6IYkDKjThoFTbdSLtJSA1I5xOcp1Y0QjICAa0baiAgCovmZ0/wadG6eF+KE0JjWfq74kEAqXGgW86A9BDtehNxf+8dqz7V17CRBRrKsh8UT/mWId4mgXuMUmJ5mNDgEhmbsVkCBKINonlTAju4svLpFEpuxfl87tKvnqdxpFFx+gEFZGLLlEV3aIaqiOCEvSMXtGb9WS9WO/Wx7w1Y6Uzh+gPrM8fRUWUbg==</latexit>

(1 � ↵)-quantile

(Note: Introducing just ∆ or just ϵ isn’t enough – the problem becomes arbitrarily
hard if either of them are set to zero)
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Algorithm: High-Level Outline

• We propose a 2-step algorithm along similar lines to [Aziz et al., ALT 2018]

• Step 1: Request N arms from each group, where N ∝ 1
ϵ2 so that “empirical

quantiles” are ϵ-accurate

<latexit sha1_base64="9y8zaUXL73YNr54yl4ab07ns014=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsLtSRqYYmJfES4kL1lDlb29i67eyaE8C9sLDTG1n9j579xgSsUfMkkL+/NZGZekAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHst7M0rQj2hf8pAzaqz0UO7coDC0+1juFktuxZ2BLBMvIyXIUOsWvzq9mKURSsME1brtuYnxx1QZzgROCp1UY0LZkPaxbamkEWp/PLt4Qk6s0iNhrGxJQ2bq74kxjbQeRYHtjKgZ6EVvKv7ntVMTXvpjLpPUoGTzRWEqiInJ9H3S4wqZESNLKFPc3krYgCrKjA2pYEPwFl9eJo2zinde8e7OStWrLI48HMExnIIHF1CFW6hBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP5zIkDk=</latexit>

�j

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

Group 1

Group 2

Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

x
x

x

x

x

x

x

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

Group 1

Group 2 Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

<latexit sha1_base64="tITJ5caISfbisdSMxzx1IjNoCUs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AixEPCbsDHMejFYwTzgGQJvZNJMmR2dp2ZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuurv8iDOlHefbyqysrq1vZDdzW9s7u3v2/kFDhbEktE5CHsqWD4pyJmhdM81pK5IUAp/Tpj+6mfrNRyoVC8W9HkfUC2AgWJ8R0Ebq2keFolvqAI+GcFYoPcQgNOO0a+edsjMDXiZuSvIoRa1rf3V6IYkDKjThoFTbdSLtJSA1I5xOcp1Y0QjICAa0baiAgCovmZ0/wadG6eF+KE0JjWfq74kEAqXGgW86A9BDtehNxf+8dqz7V17CRBRrKsh8UT/mWId4mgXuMUmJ5mNDgEhmbsVkCBKINonlTAju4svLpFEpuxfl87tKvnqdxpFFx+gEFZGLLlEV3aIaqiOCEvSMXtGb9WS9WO/Wx7w1Y6Uzh+gPrM8fRUWUbg==</latexit>

(1 � ↵)-quantile
<latexit sha1_base64="tITJ5caISfbisdSMxzx1IjNoCUs=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AixEPCbsDHMejFYwTzgGQJvZNJMmR2dp2ZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuurv8iDOlHefbyqysrq1vZDdzW9s7u3v2/kFDhbEktE5CHsqWD4pyJmhdM81pK5IUAp/Tpj+6mfrNRyoVC8W9HkfUC2AgWJ8R0Ebq2keFolvqAI+GcFYoPcQgNOO0a+edsjMDXiZuSvIoRa1rf3V6IYkDKjThoFTbdSLtJSA1I5xOcp1Y0QjICAa0baiAgCovmZ0/wadG6eF+KE0JjWfq74kEAqXGgW86A9BDtehNxf+8dqz7V17CRBRrKsh8UT/mWId4mgXuMUmJ5mNDgEhmbsVkCBKINonlTAju4svLpFEpuxfl87tKvnqdxpFFx+gEFZGLLlEV3aIaqiOCEvSMXtGb9WS9WO/Wx7w1Y6Uzh+gPrM8fRUWUbg==</latexit>

(1 � ↵)-quantile

<latexit sha1_base64="9y8zaUXL73YNr54yl4ab07ns014=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsLtSRqYYmJfES4kL1lDlb29i67eyaE8C9sLDTG1n9j579xgSsUfMkkL+/NZGZekAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hweuo3n1BpHst7M0rQj2hf8pAzaqz0UO7coDC0+1juFktuxZ2BLBMvIyXIUOsWvzq9mKURSsME1brtuYnxx1QZzgROCp1UY0LZkPaxbamkEWp/PLt4Qk6s0iNhrGxJQ2bq74kxjbQeRYHtjKgZ6EVvKv7ntVMTXvpjLpPUoGTzRWEqiInJ9H3S4wqZESNLKFPc3krYgCrKjA2pYEPwFl9eJo2zinde8e7OStWrLI48HMExnIIHF1CFW6hBHRhIeIZXeHO08+K8Ox/z1pyTzRzCHzifP5zIkDk=</latexit>

�j

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="kleC0vUItjuzQKS6cqhOqYrVZ6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYCJ4Crs5qMegF48RzAOSJcxOZpMxM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuuruilDNtfP/bW1vf2NzaLuwUd/f2Dw5LR8ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSUOChZDEj2DipXekJ23+s9Etlv+rPgVZJkJMy5Gj0S1+9QUKsoNIQjrXuBn5qwgwrwwin02LPappiMsZD2nVUYkF1mM3PnaJzpwxQnChX0qC5+nsiw0LriYhcp8BmpJe9mfif17Umvg4zJlNrqCSLRbHlyCRo9jsaMEWJ4RNHMFHM3YrICCtMjEuo6EIIll9eJa1aNbisBve1cv0mj6MAp3AGFxDAFdThDhrQBAJjeIZXePNS78V79z4WrWtePnMCf+B9/gCV/o8T</latexit>µj

<latexit sha1_base64="YBeAdqF0Yt2f1Xl7ViVFrep0X8g=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGKUjwQuZG+Zg5W9vcvungkh/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfmtJ1Sax/LBjBP0IzqQPOSMGivdlx/LvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwit/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6RZrXgXFe+uWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8weKBI1O</latexit>

j

Group 1

Group 2

Group 3

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="+31PRaiMvm1hZs+L7JYdzoD444w=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYMJdyN6ywIbdvct+GMmFv2FjoTG2/hk7/40LXKHgSyZ5eW8mM/PilDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2TqwitEUSnqiHGGvKmaQtwwynD6miWMScduLxzczvPFKlWSLvzSSlkcBDyQaMYOOksBoK28tCgZ+m1V654tf8OdAqCXJSgRzNXvkr7CfECioN4VjrbuCnJsqwMoxwOi2FVtMUkzEe0q6jEguqo2x+8xSdOaWPBolyJQ2aq78nMiy0nojYdQpsRnrZm4n/eV1rBldRxmRqDZVksWhgOTIJmgWA+kxRYvjEEUwUc7ciMsIKE+NiKrkQguWXV0m7XgsuasFdvdK4zuMowgmcwjkEcAkNuIUmtIBACs/wCm+e9V68d+9j0Vrw8plj+APv8wexC5F1</latexit>µmax

<latexit sha1_base64="nZYaS0wPeh1sZn8JnxRdwW3J3H0=">AAAB+nicbVBNT8JAEN36ifhV9OilEUy8SFoO6pHoxSMm8pFAQ6bLABu227q71ZDKT/HiQWO8+ku8+W9coAcFXzLJy3szmZkXxJwp7brf1srq2vrGZm4rv72zu7dvFw4aKkokxTqNeCRbASjkTGBdM82xFUuEMODYDEbXU7/5gFKxSNzpcYx+CAPB+oyCNlLXLpQ6wOMhlM7uExCacezaRbfszuAsEy8jRZKh1rW/Or2IJiEKTTko1fbcWPspSM0ox0m+kyiMgY5ggG1DBYSo/HR2+sQ5MUrP6UfSlNDOTP09kUKo1DgMTGcIeqgWvan4n9dOdP/ST5mIE42Czhf1E+7oyJnm4PSYRKr52BCgkplbHToECVSbtPImBG/x5WXSqJS987J3WylWr7I4cuSIHJNT4pELUiU3pEbqhJJH8kxeyZv1ZL1Y79bHvHXFymYOyR9Ynz+YGJOT</latexit>

↵-quantile

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

x
x

x

x

x

x

x

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="C0AYMDMTNYLBQ3GhUdeKrTnO6pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbZCvZTdHtRjURCPFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRfDCTmPoCDyULGcHGSp3ybaUnkvNyv1hyq+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/N7p+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvkpk3FiqCSLRWHCkYnQ7Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbgLb+8Slq1qndR9e5rpfp1FkceTuAUKuDBJdThDhrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwBveY7r</latexit>

F (µ)

<latexit sha1_base64="hjLPwc4uF8r/oK9KUbJvyBNAYHw=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5jYSO4o1JJoY4mJfES4kLllDzbs7V1290wI4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3c781hNTmsfywYwT5kc4kDzkFI2VHsveRRdFMsRyr1hyK+4cZJV4GSlBhnqv+NXtxzSNmDRUoNYdz02MP0FlOBVsWuimmiVIRzhgHUslRkz7k/nFU3JmlT4JY2VLGjJXf09MMNJ6HAW2M0Iz1MveTPzP66QmvPYnXCapYZIuFoWpICYms/dJnytGjRhbglRxeyuhQ1RIjQ2pYEPwll9eJc1qxbusePfVUu0miyMPJ3AK5+DBFdTgDurQAAoSnuEV3hztvDjvzseiNedkM8fwB87nDyK8j+o=</latexit>

1 � ↵

Group 1

Group 2 Group 3

• Step 2: Run an elimination-based finite-arm best-quantile identification algorithm
with accuracy parameter ∆ (most closely related to [Wang et al., AAAI 2022])
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Analysis of Finite-Arm Part

Finite-arm subroutine: We consider an elimination algorithm that pulls every
non-eliminated arm in every group, and then eliminates/terminates as follows.

• Elimination rule 1: Arm definitely above (or below) its group’s quantile
◦ e.g., (α = 1

2 ) µ1 ∈ [0.1, 0.3], µ2 ∈ [0.4, 0.6], µ3 ∈ [0.5, 0.7]

• Elimination rule 2: Group definitely suboptimal
◦ e.g., (α = 1

2 ) half of group 1’s LCBs exceed half of group 2’s UCBs

• Termination rule 1: Optimal group found
◦ i.e., all other groups are eliminated

• Termination rule 2: All remaining groups are good enough
◦ i.e., we can certify that they are all (ϵ,∆)-optimal

• Number of arm pulls: E[T ] ≤ c
∑
H

∑
j

1
∆2

H,j
log(·) w/ groups H and arms j
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Analysis of Infinite-Arm Part
• For the overall infinite-arm problem, the preceding gaps ∆H,j are random because
they depend on the random reservoir distribution samples

• Idea: Partition the reservoir distribution into regions such that ∆H,j is roughly the
same for all arms in a given region =⇒ can characterize ∆H,j w.h.p.

◦ Analogous to [Aziz et al., ALT 2018], but our problem demands finer regions and
a greater number of arms to be requested

◦ To ge the desired guarantee, we use ϵ-spacing in the partitioning and take
N ∝ 1

ϵ2 arms from each group

<latexit sha1_base64="N0aOCs9rxAGPLPvDLQzy7qM0Qb4=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4KkkPagXoejFYwX7AU0pk+2mXbrZhN2NUGIO/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDPPjzlT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRIQpsk4pHs+KAoZ4I2NdOcdmJJIfQ5bfvjm6nffqBSsUjc60lMeyEMBQsYAW2kvn1U8YDHI8BX2AskkNTN0lpW6dtlp+rMgJeJm5MyytHo21/eICJJSIUmHJTquk6seylIzQinWclLFI2BjGFIu4YKCKnqpbP7M3xqlAEOImlKaDxTf0+kECo1CX3TGYIeqUVvKv7ndRMdXPZSJuJEU0Hmi4KEYx3haRh4wCQlmk8MASKZuRWTEZgYtImsZEJwF19eJq1a1T2vune1cv06j6OIjtEJOkMuukB1dIsaqIkIekTP6BW9WU/Wi/VufcxbC1Y+c4j+wPr8AUjzlP0=</latexit>

↵ = 1
2

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="cQ0F7bVxNMrlzZparcjuPNpZI4Y=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVaol7Lbg3osCuqxgv3AdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1RpVkkH8w4pr7AA8lCRrCx0mPppndb7orkrNQrFN2KOwNaJl5GipCh3it8dfsRSQSVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSyUWVPvp7OIJOrVKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TZrXinVe8+2qxdpXFkYNjOIEyeHABNbiDOjSAgIRneIU3RzsvzrvzMW9dcbKZI/gD5/MHuh2PpQ==</latexit>

FG(µ)

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ
<latexit sha1_base64="8ueY6FJOFF8aD6Jmdq2fMo8QGIY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKdVOSLtRl0YUuK9gHNCFMptN27MwkzEyEEgL+ihsXirj1O9z5N07bLLT1wIXDOfdy7z1hzKjSjvNtFVZW19Y3ipulre2d3T17/6CtokRi0sIRi2Q3RIowKkhLU81IN5YE8ZCRTji+nvqdRyIVjcS9nsTE52go6IBipI0U2EcVjydB+hCkHmLxCGXVm7OsEthlp+bMAJeJm5MyyNEM7C+vH+GEE6ExQ0r1XCfWfoqkppiRrOQlisQIj9GQ9AwViBPlp7PzM3hqlD4cRNKU0HCm/p5IEVdqwkPTyZEeqUVvKv7n9RI9uPRTKuJEE4HniwYJgzqC0yxgn0qCNZsYgrCk5laIR0girE1iJROCu/jyMmnXa+55zb2rlxtXeRxFcAxOQBW44AI0wC1oghbAIAXP4BW8WU/Wi/VufcxbC1Y+cwj+wPr8AWAllRk=</latexit>µj↵(G)

<latexit sha1_base64="s32+yda2m/oYja8X/RHVjDTCGzg=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYIQL2VvmYMPe3mV3z4Rc+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrF6CKhGwSW2DDcCHxKFNAoEdoLxzczvPKHSPJb3ZpKgH9Gh5CFn1FjpsdrDRHMRy2q/XHFr7hxklXg5qUCOZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfvGUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2PhlwhcyIiSWUKW5vJWxEFWXGhlSyIXjLL6+Sdr3mXdS8u3qlcZ3HUYQTOIVz8OASGnALTWgBAwnP8ApvjnZenHfnY9FacPKZY/gD5/MHCdiQgA==</latexit>✏

<latexit sha1_base64="N0aOCs9rxAGPLPvDLQzy7qM0Qb4=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4KkkPagXoejFYwX7AU0pk+2mXbrZhN2NUGIO/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDPPjzlT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRIQpsk4pHs+KAoZ4I2NdOcdmJJIfQ5bfvjm6nffqBSsUjc60lMeyEMBQsYAW2kvn1U8YDHI8BX2AskkNTN0lpW6dtlp+rMgJeJm5MyytHo21/eICJJSIUmHJTquk6seylIzQinWclLFI2BjGFIu4YKCKnqpbP7M3xqlAEOImlKaDxTf0+kECo1CX3TGYIeqUVvKv7ndRMdXPZSJuJEU0Hmi4KEYx3haRh4wCQlmk8MASKZuRWTEZgYtImsZEJwF19eJq1a1T2vune1cv06j6OIjtEJOkMuukB1dIsaqIkIekTP6BW9WU/Wi/VufcxbC1Y+c4j+wPr8AUjzlP0=</latexit>

↵ = 1
2

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="mC9L9GzFyvrd3own4zZNB6CO33Y=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupW++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAx4o0U</latexit>

0

<latexit sha1_base64="cQ0F7bVxNMrlzZparcjuPNpZI4Y=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVaol7Lbg3osCuqxgv3AdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1RpVkkH8w4pr7AA8lCRrCx0mPppndb7orkrNQrFN2KOwNaJl5GipCh3it8dfsRSQSVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSyUWVPvp7OIJOrVKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TZrXinVe8+2qxdpXFkYNjOIEyeHABNbiDOjSAgIRneIU3RzsvzrvzMW9dcbKZI/gD5/MHuh2PpQ==</latexit>

FG(µ)

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="JJFtIt8DeD+2zZnljvboMDynhPU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0fer/XLFr/kLoHUS5KQCOZr98lc4kCRLqbCEY2N6ga9sNMXaMsLprBRmhipMxnhIe44KnFITTRc3z9CFUwYokdqVsGih/p6Y4tSYSRq7zhTbkVn15uJ/Xi+zyU00ZUJllgqyXJRkHFmJ5gGgAdOUWD5xBBPN3K2IjLDGxLqYSi6EYPXlddKu14KrWvBQrzRu8ziKcAbncAkBXEMD7qEJLSCg4Ble4c3LvBfv3ftYtha8fOYU/sD7/AE0c5Ej</latexit>✏0

<latexit sha1_base64="wx+Wbr5sfJ3ny1I/3bs1R81GO+U=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehO4Z1klsMtOzZkBLhM3J2WQoxnYX14/wgknQmOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGSoQJ8pPZw9k8NQofTiIpCmh4Uz9PZEirtSEh6aTIz1Si95U/M/rJXpw6adUxIkmAs8XDRIGdQSnacA+lQRrNjEEYUnNrRCPkERYm8xKJgR38eVl0q7X3POae1cvN67yOIrgGJyAKnDBBWiAW9AELYBBBp7BK3iznqwX6936mLcWrHzmEPyB9fkDlHeVvQ==</latexit>µj↵(G1)
<latexit sha1_base64="7HuX9YYN5c7FuN9FTdo8sQfV34Y=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehPUz7JKYJedmjMDXCZuTsogRzOwv7x+hBNOhMYMKdVznVj7KZKaYkaykpcoEiM8RkPSM1QgTpSfzh7I4KlR+nAQSVNCw5n6eyJFXKkJD00nR3qkFr2p+J/XS/Tg0k+piBNNBJ4vGiQM6ghO04B9KgnWbGIIwpKaWyEeIYmwNpmVTAju4svLpF2vuec1965eblzlcRTBMTgBVeCCC9AAt6AJWgCDDDyDV/BmPVkv1rv1MW8tWPnMIfgD6/MHlf6Vvg==</latexit>µj↵(G2)

<latexit sha1_base64="eoLBzDdL+dx/JNAumoJ/iNOft8E=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIph4Irsc1CNREz1iIo8E1s3s0MCE2UdmZjVkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLjwVX2ra/rdzK6tr6Rn6zsLW9s7tX3D9oqiiRDBssEpFs+1Sh4CE2NNcC27FEGvgCW/7oauq3HlEqHoX3ehyjG9BByPucUW2kh3L3GoWmXnrjVSdlr1iyK/YMZJk4GSlBhrpX/Or2IpYEGGomqFIdx461m1KpORM4KXQThTFlIzrAjqEhDVC56ezqCTkxSo/0I2kq1GSm/p5IaaDUOPBNZ0D1UC16U/E/r5Po/oWb8jBONIZsvqifCKIjMo2A9LhEpsXYEMokN7cSNqSSMm2CKpgQnMWXl0mzWnHOKs5dtVS7zOLIwxEcwyk4cA41uIU6NICBhGd4hTfryXqx3q2PeWvOymYO4Q+szx9frJHH</latexit>

�G2

<latexit sha1_base64="N0aOCs9rxAGPLPvDLQzy7qM0Qb4=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4KkkPagXoejFYwX7AU0pk+2mXbrZhN2NUGIO/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDPPjzlT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRIQpsk4pHs+KAoZ4I2NdOcdmJJIfQ5bfvjm6nffqBSsUjc60lMeyEMBQsYAW2kvn1U8YDHI8BX2AskkNTN0lpW6dtlp+rMgJeJm5MyytHo21/eICJJSIUmHJTquk6seylIzQinWclLFI2BjGFIu4YKCKnqpbP7M3xqlAEOImlKaDxTf0+kECo1CX3TGYIeqUVvKv7ndRMdXPZSJuJEU0Hmi4KEYx3haRh4wCQlmk8MASKZuRWTEZgYtImsZEJwF19eJq1a1T2vune1cv06j6OIjtEJOkMuukB1dIsaqIkIekTP6BW9WU/Wi/VufcxbC1Y+c4j+wPr8AUjzlP0=</latexit>

↵ = 1
2

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="mC9L9GzFyvrd3own4zZNB6CO33Y=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupW++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAx4o0U</latexit>

0

<latexit sha1_base64="cQ0F7bVxNMrlzZparcjuPNpZI4Y=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVaol7Lbg3osCuqxgv3AdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1RpVkkH8w4pr7AA8lCRrCx0mPppndb7orkrNQrFN2KOwNaJl5GipCh3it8dfsRSQSVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSyUWVPvp7OIJOrVKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TZrXinVe8+2qxdpXFkYNjOIEyeHABNbiDOjSAgIRneIU3RzsvzrvzMW9dcbKZI/gD5/MHuh2PpQ==</latexit>

FG(µ)

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ
<latexit sha1_base64="wx+Wbr5sfJ3ny1I/3bs1R81GO+U=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehO4Z1klsMtOzZkBLhM3J2WQoxnYX14/wgknQmOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGSoQJ8pPZw9k8NQofTiIpCmh4Uz9PZEirtSEh6aTIz1Si95U/M/rJXpw6adUxIkmAs8XDRIGdQSnacA+lQRrNjEEYUnNrRCPkERYm8xKJgR38eVl0q7X3POae1cvN67yOIrgGJyAKnDBBWiAW9AELYBBBp7BK3iznqwX6936mLcWrHzmEPyB9fkDlHeVvQ==</latexit>µj↵(G1)

<latexit sha1_base64="7HuX9YYN5c7FuN9FTdo8sQfV34Y=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehPUz7JKYJedmjMDXCZuTsogRzOwv7x+hBNOhMYMKdVznVj7KZKaYkaykpcoEiM8RkPSM1QgTpSfzh7I4KlR+nAQSVNCw5n6eyJFXKkJD00nR3qkFr2p+J/XS/Tg0k+piBNNBJ4vGiQM6ghO04B9KgnWbGIIwpKaWyEeIYmwNpmVTAju4svLpF2vuec1965eblzlcRTBMTgBVeCCC9AAt6AJWgCDDDyDV/BmPVkv1rv1MW8tWPnMIfgD6/MHlf6Vvg==</latexit>µj↵(G2)

<latexit sha1_base64="eoLBzDdL+dx/JNAumoJ/iNOft8E=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIph4Irsc1CNREz1iIo8E1s3s0MCE2UdmZjVkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLjwVX2ra/rdzK6tr6Rn6zsLW9s7tX3D9oqiiRDBssEpFs+1Sh4CE2NNcC27FEGvgCW/7oauq3HlEqHoX3ehyjG9BByPucUW2kh3L3GoWmXnrjVSdlr1iyK/YMZJk4GSlBhrpX/Or2IpYEGGomqFIdx461m1KpORM4KXQThTFlIzrAjqEhDVC56ezqCTkxSo/0I2kq1GSm/p5IaaDUOPBNZ0D1UC16U/E/r5Po/oWb8jBONIZsvqifCKIjMo2A9LhEpsXYEMokN7cSNqSSMm2CKpgQnMWXl0mzWnHOKs5dtVS7zOLIwxEcwyk4cA41uIU6NICBhGd4hTfryXqx3q2PeWvOymYO4Q+szx9frJHH</latexit>

�G2

<latexit sha1_base64="DFDdNJE5WR/D1l/z23S3OhOhs0M=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FD3qsYj8gDWWzmbRLN7thdyOU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhSln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS0zRaFNJZeqFxINnAloG2Y49FIFJAk5dMPxzczvPoHSTIpHM0khSMhQsJhRYqzkP0CUUYjwLUkH1Zpbd+fAq8QrSA0VaA2qX/1I0iwBYSgnWvuem5ogJ8owymFa6WcaUkLHZAi+pYIkoIN8fvIUn1klwrFUtoTBc/X3RE4SrSdJaDsTYkZ62ZuJ/3l+ZuKrIGcizQwIulgUZxwbiWf/44gpoIZPLCFUMXsrpiOiCDU2pYoNwVt+eZV0GnXvou7dN2rN6yKOMjpBp+gceegSNdEdaqE2okiiZ/SK3hzjvDjvzseiteQUM8foD5zPH7VqkOA=</latexit>

Reduced Gap

<latexit sha1_base64="JJFtIt8DeD+2zZnljvboMDynhPU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0fer/XLFr/kLoHUS5KQCOZr98lc4kCRLqbCEY2N6ga9sNMXaMsLprBRmhipMxnhIe44KnFITTRc3z9CFUwYokdqVsGih/p6Y4tSYSRq7zhTbkVn15uJ/Xi+zyU00ZUJllgqyXJRkHFmJ5gGgAdOUWD5xBBPN3K2IjLDGxLqYSi6EYPXlddKu14KrWvBQrzRu8ziKcAbncAkBXEMD7qEJLSCg4Ble4c3LvBfv3ftYtha8fOYU/sD7/AE0c5Ej</latexit>✏0

<latexit sha1_base64="n1nEPb+ULqdCSyZjqd7EBFUeHqc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGLiAQlcyN6ywIa9vcvunAm58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ3dxvP3FtRKwecZrwIKIjJYaCUbSSXw379Wq/XHFr7gJknXg5qUCOZr/81RvELI24QiapMV3PTTDIqEbBJJ+VeqnhCWUTOuJdSxWNuAmyxbEzcmGVARnG2pZCslB/T2Q0MmYahbYzojg2q95c/M/rpji8CTKhkhS5YstFw1QSjMn8czIQmjOUU0so08LeStiYasrQ5lOyIXirL6+TVr3mXdW8h3qlcZvHUYQzOIdL8OAaGnAPTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDpX2N6w==</latexit>

b2

<latexit sha1_base64="CbGLwFZP1PWFtjSJqRk7isFnEdU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5JUUI9FLx4rmFpoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBj+HoduY/PqHSPJEPZpxiENOB5BFn1FjJr4a9i2qvXHFr7hxklXg5qUCOZq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noOphwmWYGJVssijJBTEJmn5M+V8iMGFtCmeL2VsKGVFFmbD4lG4K3/PIqadVr3mXNu69XGjd5HEU4gVM4Bw+uoAF30AQfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/pwKN7A==</latexit>

b3

<latexit sha1_base64="tfwX1gQ5r7nrcmJ9PFb5kocKnig=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtCTaWGLiIQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS1kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAx3B8O/cfn1BpnsgHM0kxiOlQ8ogzaqzkV8N+o9ovV9yauwBZJ15OKpCj1S9/9QYJy2KUhgmqdddzUxNMqTKcCZyVepnGlLIxHWLXUklj1MF0ceyMXFhlQKJE2ZKGLNTfE1Maaz2JQ9sZUzPSq95c/M/rZia6DqZcpplByZaLokwQk5D552TAFTIjJpZQpri9lbARVZQZm0/JhuCtvrxO2vWa16h59/VK8yaPowhncA6X4MEVNOEOWuADAw7P8ApvjnRenHfnY9lacPKZU/gD5/MHq5GN7w==</latexit>

b6

<latexit sha1_base64="s/U2J7bXlcTFAE8d4dxXRdQh8vo=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKsSTaWGLiIQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS1kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAx3B8O/cfn1BpnsgHM0kxiOlQ8ogzaqzkV8N+o9ovV9yauwBZJ15OKpCj1S9/9QYJy2KUhgmqdddzUxNMqTKcCZyVepnGlLIxHWLXUklj1MF0ceyMXFhlQKJE2ZKGLNTfE1Maaz2JQ9sZUzPSq95c/M/rZia6DqZcpplByZaLokwQk5D552TAFTIjJpZQpri9lbARVZQZm0/JhuCtvrxO2vWad1Xz7uuV5k0eRxHO4BwuwYMGNOEOWuADAw7P8ApvjnRenHfnY9lacPKZU/gD5/MHrRaN8A==</latexit>

b7

<latexit sha1_base64="YnPcT+2yJJ+cFUwvts8vCNQE+ik=">AAAB8nicbVC7TsMwFL0pr1JeBUYWiwqJqUo6AGMFC2OR6ENKo8pxndaqY0e2g1RF/QwWBhBi5WvY+BucNAO0HMnS0bn32D4nTDjTxnW/ncrG5tb2TnW3trd/cHhUPz7paZkqQrtEcqkGIdaUM0G7hhlOB4miOA457Yezu3zef6JKMykezTyhQYwngkWMYGMlv4OVNVmGvFG94TbdAmideCVpQInOqP41HEuSxlQYwrHWvucmJsjyGwmni9ow1TTBZIYn1LdU4JjqICu+vEAXVhmjSCp7hEGF+tuR4VjreRzazRibqV6d5eJ/Mz810U2QMZGkhgqyfChKOTIS5fnRmClKDJ9bgomy2QkiU6wwMbalmi3BW428TnqtpnfV9B5ajfZtWUcVzuAcLsGDa2jDPXSgCwQkPMMrvDnGeXHenY/lasUpPafwB87nD9n0kPc=</latexit>

Partition 1
<latexit sha1_base64="j8/js41SlQ/T+bWxroZ09jpsR3Y=">AAAB8nicbVC7TsMwFL0pr1JeBUYWiwqJqUo6tIwVLIxFog8pjSrHdVqrjh3ZDlIV9TNYGECIla9h429w2gzQciRLR+feY/ucMOFMG9f9dkpb2zu7e+X9ysHh0fFJ9fSsp2WqCO0SyaUahFhTzgTtGmY4HSSK4jjktB/O7vJ5/4kqzaR4NPOEBjGeCBYxgo2V/A5W1mQZao6qNbfuLoE2iVeQGhTojKpfw7EkaUyFIRxr7XtuYoIsv5FwuqgMU00TTGZ4Qn1LBY6pDrLllxfoyipjFElljzBoqf52ZDjWeh6HdjPGZqrXZ7n438xPTXQTZEwkqaGCrB6KUo6MRHl+NGaKEsPnlmCibHaCyBQrTIxtqWJL8NYjb5Jeo+41695Do9a+LeoowwVcwjV40II23EMHukBAwjO8wptjnBfn3flYrZacwnMOf+B8/gDhiJD8</latexit>

Partition 6
<latexit sha1_base64="YPnSE7nCxMT4VOpRuEftd1qpVe0=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRjDBg6TloB6JJuoRE/lIoJLtsoUN223d3ZKQht/hxYPGePXHePPfuEAPCr5kkpf3ZjIzz4s4U9q2v63Myura+kZ2M7e1vbO7l98/aKgwloTWSchD2fKwopwJWtdMc9qKJMWBx2nTG15P/eaISsVC8aDHEXUD3BfMZwRrI7nFm+7tY3LmTErOabGbL9hlewa0TJyUFCBFrZv/6vRCEgdUaMKxUm3HjrSbYKkZ4XSS68SKRpgMcZ+2DRU4oMpNZkdP0IlResgPpSmh0Uz9PZHgQKlx4JnOAOuBWvSm4n9eO9b+pZswEcWaCjJf5Mcc6RBNE0A9JinRfGwIJpKZWxEZYImJNjnlTAjO4svLpFEpO+dl575SqF6lcWThCI6hBA5cQBXuoAZ1IPAEz/AKb9bIerHerY95a8ZKZw7hD6zPHzAkkGo=</latexit>

F�1
G (1)

<latexit sha1_base64="N0aOCs9rxAGPLPvDLQzy7qM0Qb4=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4KkkPagXoejFYwX7AU0pk+2mXbrZhN2NUGIO/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDPPjzlT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRIQpsk4pHs+KAoZ4I2NdOcdmJJIfQ5bfvjm6nffqBSsUjc60lMeyEMBQsYAW2kvn1U8YDHI8BX2AskkNTN0lpW6dtlp+rMgJeJm5MyytHo21/eICJJSIUmHJTquk6seylIzQinWclLFI2BjGFIu4YKCKnqpbP7M3xqlAEOImlKaDxTf0+kECo1CX3TGYIeqUVvKv7ndRMdXPZSJuJEU0Hmi4KEYx3haRh4wCQlmk8MASKZuRWTEZgYtImsZEJwF19eJq1a1T2vune1cv06j6OIjtEJOkMuukB1dIsaqIkIekTP6BW9WU/Wi/VufcxbC1Y+c4j+wPr8AUjzlP0=</latexit>

↵ = 1
2

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="mC9L9GzFyvrd3own4zZNB6CO33Y=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupW++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAx4o0U</latexit>

0

<latexit sha1_base64="cQ0F7bVxNMrlzZparcjuPNpZI4Y=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVaol7Lbg3osCuqxgv3AdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1RpVkkH8w4pr7AA8lCRrCx0mPppndb7orkrNQrFN2KOwNaJl5GipCh3it8dfsRSQSVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSyUWVPvp7OIJOrVKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TZrXinVe8+2qxdpXFkYNjOIEyeHABNbiDOjSAgIRneIU3RzsvzrvzMW9dcbKZI/gD5/MHuh2PpQ==</latexit>

FG(µ)

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ
<latexit sha1_base64="wx+Wbr5sfJ3ny1I/3bs1R81GO+U=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehO4Z1klsMtOzZkBLhM3J2WQoxnYX14/wgknQmOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGSoQJ8pPZw9k8NQofTiIpCmh4Uz9PZEirtSEh6aTIz1Si95U/M/rJXpw6adUxIkmAs8XDRIGdQSnacA+lQRrNjEEYUnNrRCPkERYm8xKJgR38eVl0q7X3POae1cvN67yOIrgGJyAKnDBBWiAW9AELYBBBp7BK3iznqwX6936mLcWrHzmEPyB9fkDlHeVvQ==</latexit>µj↵(G1)

<latexit sha1_base64="7HuX9YYN5c7FuN9FTdo8sQfV34Y=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehPUz7JKYJedmjMDXCZuTsogRzOwv7x+hBNOhMYMKdVznVj7KZKaYkaykpcoEiM8RkPSM1QgTpSfzh7I4KlR+nAQSVNCw5n6eyJFXKkJD00nR3qkFr2p+J/XS/Tg0k+piBNNBJ4vGiQM6ghO04B9KgnWbGIIwpKaWyEeIYmwNpmVTAju4svLpF2vuec1965eblzlcRTBMTgBVeCCC9AAt6AJWgCDDDyDV/BmPVkv1rv1MW8tWPnMIfgD6/MHlf6Vvg==</latexit>µj↵(G2)

<latexit sha1_base64="JJFtIt8DeD+2zZnljvboMDynhPU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0fer/XLFr/kLoHUS5KQCOZr98lc4kCRLqbCEY2N6ga9sNMXaMsLprBRmhipMxnhIe44KnFITTRc3z9CFUwYokdqVsGih/p6Y4tSYSRq7zhTbkVn15uJ/Xi+zyU00ZUJllgqyXJRkHFmJ5gGgAdOUWD5xBBPN3K2IjLDGxLqYSi6EYPXlddKu14KrWvBQrzRu8ziKcAbncAkBXEMD7qEJLSCg4Ble4c3LvBfv3ftYtha8fOYU/sD7/AE0c5Ej</latexit>✏0

<latexit sha1_base64="eoLBzDdL+dx/JNAumoJ/iNOft8E=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIph4Irsc1CNREz1iIo8E1s3s0MCE2UdmZjVkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLjwVX2ra/rdzK6tr6Rn6zsLW9s7tX3D9oqiiRDBssEpFs+1Sh4CE2NNcC27FEGvgCW/7oauq3HlEqHoX3ehyjG9BByPucUW2kh3L3GoWmXnrjVSdlr1iyK/YMZJk4GSlBhrpX/Or2IpYEGGomqFIdx461m1KpORM4KXQThTFlIzrAjqEhDVC56ezqCTkxSo/0I2kq1GSm/p5IaaDUOPBNZ0D1UC16U/E/r5Po/oWb8jBONIZsvqifCKIjMo2A9LhEpsXYEMokN7cSNqSSMm2CKpgQnMWXl0mzWnHOKs5dtVS7zOLIwxEcwyk4cA41uIU6NICBhGd4hTfryXqx3q2PeWvOymYO4Q+szx9frJHH</latexit>

�G2

<latexit sha1_base64="7yBY4aBK5grlpWaY0qxyRUT2C1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0R9X++WKX/MXQOskyEkFcjT75a9wIEmWUmEJx8b0Al/ZaIq1ZYTTWSnMDFWYjPGQ9hwVOKUmmi5unqELpwxQIrUrYdFC/T0xxakxkzR2nSm2I7PqzcX/vF5mk5toyoTKLBVkuSjJOLISzQNAA6YpsXziCCaauVsRGWGNiXUxlVwIwerL66RdrwVXteChXmnc5nEU4QzO4RICuIYG3EMTWkBAwTO8wpuXeS/eu/exbC14+cwp/IH3+QOOGpFe</latexit>✏k
<latexit sha1_base64="7yBY4aBK5grlpWaY0qxyRUT2C1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0R9X++WKX/MXQOskyEkFcjT75a9wIEmWUmEJx8b0Al/ZaIq1ZYTTWSnMDFWYjPGQ9hwVOKUmmi5unqELpwxQIrUrYdFC/T0xxakxkzR2nSm2I7PqzcX/vF5mk5toyoTKLBVkuSjJOLISzQNAA6YpsXziCCaauVsRGWGNiXUxlVwIwerL66RdrwVXteChXmnc5nEU4QzO4RICuIYG3EMTWkBAwTO8wpuXeS/eu/exbC14+cwp/IH3+QOOGpFe</latexit>✏k

<latexit sha1_base64="pZMXDbAZUpNY/y0cvZsd5+DlmHo=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbsUaiMEbSwjmA9IjrC3mUuW7O0du3tCOPIjbCwUsfX32Plv3CRXaOKDgcd7M8zMCxLBtXHdb2dtfWNza7uwU9zd2z84LB0dt3ScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortStB37txK/1S2a26c5BV4uWkDDka/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5uVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nvZMAVMiMmllCmuL2VsBFVlBmbUNGG4C2/vEpatap3WfUeauX6bR5HAU7hDC7Agyuowz00oAkMxvAMr/DmJM6L8+58LFrXnHzmBP7A+fwBleuOaw==</latexit>

b1 = 0

<latexit sha1_base64="qfbbeZ4Ja1fqNsF8L10b/HWtAwY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY9FLx4rmFpoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBj+HoduY/PqHSPJEPZpxiENOB5BFn1FjJr4a9i2qvXHFr7hxklXg5qUCOZq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noOphwmWYGJVssijJBTEJmn5M+V8iMGFtCmeL2VsKGVFFmbD4lG4K3/PIqadVr3mXNu69XGjd5HEU4gVM4Bw+uoAF30AQfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/qIeN7Q==</latexit>

b4

<latexit sha1_base64="wzgXghfUUr0FgsiX0RFgaMYu5VQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKpSTaWGLiIQlcyN6yBxv29i67cyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEph0HW/ncLG5tb2TnG3tLd/cHhUPj5pmyTTjPsskYnuhNRwKRT3UaDknVRzGoeSP4bj27n/+MS1EYl6wEnKg5gOlYgEo2glvxr2G9V+ueLW3AXIOvFyUoEcrX75qzdIWBZzhUxSY7qem2IwpRoFk3xW6mWGp5SN6ZB3LVU05iaYLo6dkQurDEiUaFsKyUL9PTGlsTGTOLSdMcWRWfXm4n9eN8OoEUyFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14n7XrNu6p59/VK8yaPowhncA6X4ME1NOEOWuADAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHrpuN8Q==</latexit>

b8
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Analysis of Infinite-Arm Part
• For the overall infinite-arm problem, the preceding gaps ∆H,j are random because
they depend on the random reservoir distribution samples

• Idea: Partition the reservoir distribution into regions such that ∆H,j is roughly the
same for all arms in a given region =⇒ can characterize ∆H,j w.h.p.

◦ Analogous to [Aziz et al., ALT 2018], but our problem demands finer regions and
a greater number of arms to be requested

◦ To ge the desired guarantee, we use ϵ-spacing in the partitioning and take
N ∝ 1

ϵ2 arms from each group

<latexit sha1_base64="N0aOCs9rxAGPLPvDLQzy7qM0Qb4=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4KkkPagXoejFYwX7AU0pk+2mXbrZhN2NUGIO/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDPPjzlT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRIQpsk4pHs+KAoZ4I2NdOcdmJJIfQ5bfvjm6nffqBSsUjc60lMeyEMBQsYAW2kvn1U8YDHI8BX2AskkNTN0lpW6dtlp+rMgJeJm5MyytHo21/eICJJSIUmHJTquk6seylIzQinWclLFI2BjGFIu4YKCKnqpbP7M3xqlAEOImlKaDxTf0+kECo1CX3TGYIeqUVvKv7ndRMdXPZSJuJEU0Hmi4KEYx3haRh4wCQlmk8MASKZuRWTEZgYtImsZEJwF19eJq1a1T2vune1cv06j6OIjtEJOkMuukB1dIsaqIkIekTP6BW9WU/Wi/VufcxbC1Y+c4j+wPr8AUjzlP0=</latexit>

↵ = 1
2

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="cQ0F7bVxNMrlzZparcjuPNpZI4Y=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVaol7Lbg3osCuqxgv3AdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1RpVkkH8w4pr7AA8lCRrCx0mPppndb7orkrNQrFN2KOwNaJl5GipCh3it8dfsRSQSVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSyUWVPvp7OIJOrVKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TZrXinVe8+2qxdpXFkYNjOIEyeHABNbiDOjSAgIRneIU3RzsvzrvzMW9dcbKZI/gD5/MHuh2PpQ==</latexit>

FG(µ)

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ
<latexit sha1_base64="8ueY6FJOFF8aD6Jmdq2fMo8QGIY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKdVOSLtRl0YUuK9gHNCFMptN27MwkzEyEEgL+ihsXirj1O9z5N07bLLT1wIXDOfdy7z1hzKjSjvNtFVZW19Y3ipulre2d3T17/6CtokRi0sIRi2Q3RIowKkhLU81IN5YE8ZCRTji+nvqdRyIVjcS9nsTE52go6IBipI0U2EcVjydB+hCkHmLxCGXVm7OsEthlp+bMAJeJm5MyyNEM7C+vH+GEE6ExQ0r1XCfWfoqkppiRrOQlisQIj9GQ9AwViBPlp7PzM3hqlD4cRNKU0HCm/p5IEVdqwkPTyZEeqUVvKv7n9RI9uPRTKuJEE4HniwYJgzqC0yxgn0qCNZsYgrCk5laIR0girE1iJROCu/jyMmnXa+55zb2rlxtXeRxFcAxOQBW44AI0wC1oghbAIAXP4BW8WU/Wi/VufcxbC1Y+cwj+wPr8AWAllRk=</latexit>µj↵(G)

<latexit sha1_base64="s32+yda2m/oYja8X/RHVjDTCGzg=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIiYIQL2VvmYMPe3mV3z4Rc+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrF6CKhGwSW2DDcCHxKFNAoEdoLxzczvPKHSPJb3ZpKgH9Gh5CFn1FjpsdrDRHMRy2q/XHFr7hxklXg5qUCOZr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfvGUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2PhlwhcyIiSWUKW5vJWxEFWXGhlSyIXjLL6+Sdr3mXdS8u3qlcZ3HUYQTOIVz8OASGnALTWgBAwnP8ApvjnZenHfnY9FacPKZY/gD5/MHCdiQgA==</latexit>✏

<latexit sha1_base64="N0aOCs9rxAGPLPvDLQzy7qM0Qb4=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4KkkPagXoejFYwX7AU0pk+2mXbrZhN2NUGIO/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDPPjzlT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRIQpsk4pHs+KAoZ4I2NdOcdmJJIfQ5bfvjm6nffqBSsUjc60lMeyEMBQsYAW2kvn1U8YDHI8BX2AskkNTN0lpW6dtlp+rMgJeJm5MyytHo21/eICJJSIUmHJTquk6seylIzQinWclLFI2BjGFIu4YKCKnqpbP7M3xqlAEOImlKaDxTf0+kECo1CX3TGYIeqUVvKv7ndRMdXPZSJuJEU0Hmi4KEYx3haRh4wCQlmk8MASKZuRWTEZgYtImsZEJwF19eJq1a1T2vune1cv06j6OIjtEJOkMuukB1dIsaqIkIekTP6BW9WU/Wi/VufcxbC1Y+c4j+wPr8AUjzlP0=</latexit>

↵ = 1
2

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="mC9L9GzFyvrd3own4zZNB6CO33Y=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupW++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAx4o0U</latexit>

0

<latexit sha1_base64="cQ0F7bVxNMrlzZparcjuPNpZI4Y=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVaol7Lbg3osCuqxgv3AdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1RpVkkH8w4pr7AA8lCRrCx0mPppndb7orkrNQrFN2KOwNaJl5GipCh3it8dfsRSQSVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSyUWVPvp7OIJOrVKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TZrXinVe8+2qxdpXFkYNjOIEyeHABNbiDOjSAgIRneIU3RzsvzrvzMW9dcbKZI/gD5/MHuh2PpQ==</latexit>

FG(µ)

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ

<latexit sha1_base64="JJFtIt8DeD+2zZnljvboMDynhPU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0fer/XLFr/kLoHUS5KQCOZr98lc4kCRLqbCEY2N6ga9sNMXaMsLprBRmhipMxnhIe44KnFITTRc3z9CFUwYokdqVsGih/p6Y4tSYSRq7zhTbkVn15uJ/Xi+zyU00ZUJllgqyXJRkHFmJ5gGgAdOUWD5xBBPN3K2IjLDGxLqYSi6EYPXlddKu14KrWvBQrzRu8ziKcAbncAkBXEMD7qEJLSCg4Ble4c3LvBfv3ftYtha8fOYU/sD7/AE0c5Ej</latexit>✏0

<latexit sha1_base64="wx+Wbr5sfJ3ny1I/3bs1R81GO+U=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehO4Z1klsMtOzZkBLhM3J2WQoxnYX14/wgknQmOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGSoQJ8pPZw9k8NQofTiIpCmh4Uz9PZEirtSEh6aTIz1Si95U/M/rJXpw6adUxIkmAs8XDRIGdQSnacA+lQRrNjEEYUnNrRCPkERYm8xKJgR38eVl0q7X3POae1cvN67yOIrgGJyAKnDBBWiAW9AELYBBBp7BK3iznqwX6936mLcWrHzmEPyB9fkDlHeVvQ==</latexit>µj↵(G1)
<latexit sha1_base64="7HuX9YYN5c7FuN9FTdo8sQfV34Y=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehPUz7JKYJedmjMDXCZuTsogRzOwv7x+hBNOhMYMKdVznVj7KZKaYkaykpcoEiM8RkPSM1QgTpSfzh7I4KlR+nAQSVNCw5n6eyJFXKkJD00nR3qkFr2p+J/XS/Tg0k+piBNNBJ4vGiQM6ghO04B9KgnWbGIIwpKaWyEeIYmwNpmVTAju4svLpF2vuec1965eblzlcRTBMTgBVeCCC9AAt6AJWgCDDDyDV/BmPVkv1rv1MW8tWPnMIfgD6/MHlf6Vvg==</latexit>µj↵(G2)

<latexit sha1_base64="eoLBzDdL+dx/JNAumoJ/iNOft8E=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIph4Irsc1CNREz1iIo8E1s3s0MCE2UdmZjVkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLjwVX2ra/rdzK6tr6Rn6zsLW9s7tX3D9oqiiRDBssEpFs+1Sh4CE2NNcC27FEGvgCW/7oauq3HlEqHoX3ehyjG9BByPucUW2kh3L3GoWmXnrjVSdlr1iyK/YMZJk4GSlBhrpX/Or2IpYEGGomqFIdx461m1KpORM4KXQThTFlIzrAjqEhDVC56ezqCTkxSo/0I2kq1GSm/p5IaaDUOPBNZ0D1UC16U/E/r5Po/oWb8jBONIZsvqifCKIjMo2A9LhEpsXYEMokN7cSNqSSMm2CKpgQnMWXl0mzWnHOKs5dtVS7zOLIwxEcwyk4cA41uIU6NICBhGd4hTfryXqx3q2PeWvOymYO4Q+szx9frJHH</latexit>

�G2

<latexit sha1_base64="N0aOCs9rxAGPLPvDLQzy7qM0Qb4=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4KkkPagXoejFYwX7AU0pk+2mXbrZhN2NUGIO/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDPPjzlT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRIQpsk4pHs+KAoZ4I2NdOcdmJJIfQ5bfvjm6nffqBSsUjc60lMeyEMBQsYAW2kvn1U8YDHI8BX2AskkNTN0lpW6dtlp+rMgJeJm5MyytHo21/eICJJSIUmHJTquk6seylIzQinWclLFI2BjGFIu4YKCKnqpbP7M3xqlAEOImlKaDxTf0+kECo1CX3TGYIeqUVvKv7ndRMdXPZSJuJEU0Hmi4KEYx3haRh4wCQlmk8MASKZuRWTEZgYtImsZEJwF19eJq1a1T2vune1cv06j6OIjtEJOkMuukB1dIsaqIkIekTP6BW9WU/Wi/VufcxbC1Y+c4j+wPr8AUjzlP0=</latexit>

↵ = 1
2

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="mC9L9GzFyvrd3own4zZNB6CO33Y=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupW++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAx4o0U</latexit>

0

<latexit sha1_base64="cQ0F7bVxNMrlzZparcjuPNpZI4Y=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVaol7Lbg3osCuqxgv3AdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1RpVkkH8w4pr7AA8lCRrCx0mPppndb7orkrNQrFN2KOwNaJl5GipCh3it8dfsRSQSVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSyUWVPvp7OIJOrVKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TZrXinVe8+2qxdpXFkYNjOIEyeHABNbiDOjSAgIRneIU3RzsvzrvzMW9dcbKZI/gD5/MHuh2PpQ==</latexit>

FG(µ)

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ
<latexit sha1_base64="wx+Wbr5sfJ3ny1I/3bs1R81GO+U=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehO4Z1klsMtOzZkBLhM3J2WQoxnYX14/wgknQmOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGSoQJ8pPZw9k8NQofTiIpCmh4Uz9PZEirtSEh6aTIz1Si95U/M/rJXpw6adUxIkmAs8XDRIGdQSnacA+lQRrNjEEYUnNrRCPkERYm8xKJgR38eVl0q7X3POae1cvN67yOIrgGJyAKnDBBWiAW9AELYBBBp7BK3iznqwX6936mLcWrHzmEPyB9fkDlHeVvQ==</latexit>µj↵(G1)

<latexit sha1_base64="7HuX9YYN5c7FuN9FTdo8sQfV34Y=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehPUz7JKYJedmjMDXCZuTsogRzOwv7x+hBNOhMYMKdVznVj7KZKaYkaykpcoEiM8RkPSM1QgTpSfzh7I4KlR+nAQSVNCw5n6eyJFXKkJD00nR3qkFr2p+J/XS/Tg0k+piBNNBJ4vGiQM6ghO04B9KgnWbGIIwpKaWyEeIYmwNpmVTAju4svLpF2vuec1965eblzlcRTBMTgBVeCCC9AAt6AJWgCDDDyDV/BmPVkv1rv1MW8tWPnMIfgD6/MHlf6Vvg==</latexit>µj↵(G2)

<latexit sha1_base64="eoLBzDdL+dx/JNAumoJ/iNOft8E=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIph4Irsc1CNREz1iIo8E1s3s0MCE2UdmZjVkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLjwVX2ra/rdzK6tr6Rn6zsLW9s7tX3D9oqiiRDBssEpFs+1Sh4CE2NNcC27FEGvgCW/7oauq3HlEqHoX3ehyjG9BByPucUW2kh3L3GoWmXnrjVSdlr1iyK/YMZJk4GSlBhrpX/Or2IpYEGGomqFIdx461m1KpORM4KXQThTFlIzrAjqEhDVC56ezqCTkxSo/0I2kq1GSm/p5IaaDUOPBNZ0D1UC16U/E/r5Po/oWb8jBONIZsvqifCKIjMo2A9LhEpsXYEMokN7cSNqSSMm2CKpgQnMWXl0mzWnHOKs5dtVS7zOLIwxEcwyk4cA41uIU6NICBhGd4hTfryXqx3q2PeWvOymYO4Q+szx9frJHH</latexit>

�G2

<latexit sha1_base64="DFDdNJE5WR/D1l/z23S3OhOhs0M=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0l6UI9FD3qsYj8gDWWzmbRLN7thdyOU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhSln2rjut1NaW9/Y3CpvV3Z29/YPqodHHS0zRaFNJZeqFxINnAloG2Y49FIFJAk5dMPxzczvPoHSTIpHM0khSMhQsJhRYqzkP0CUUYjwLUkH1Zpbd+fAq8QrSA0VaA2qX/1I0iwBYSgnWvuem5ogJ8owymFa6WcaUkLHZAi+pYIkoIN8fvIUn1klwrFUtoTBc/X3RE4SrSdJaDsTYkZ62ZuJ/3l+ZuKrIGcizQwIulgUZxwbiWf/44gpoIZPLCFUMXsrpiOiCDU2pYoNwVt+eZV0GnXvou7dN2rN6yKOMjpBp+gceegSNdEdaqE2okiiZ/SK3hzjvDjvzseiteQUM8foD5zPH7VqkOA=</latexit>

Reduced Gap

<latexit sha1_base64="JJFtIt8DeD+2zZnljvboMDynhPU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0fer/XLFr/kLoHUS5KQCOZr98lc4kCRLqbCEY2N6ga9sNMXaMsLprBRmhipMxnhIe44KnFITTRc3z9CFUwYokdqVsGih/p6Y4tSYSRq7zhTbkVn15uJ/Xi+zyU00ZUJllgqyXJRkHFmJ5gGgAdOUWD5xBBPN3K2IjLDGxLqYSi6EYPXlddKu14KrWvBQrzRu8ziKcAbncAkBXEMD7qEJLSCg4Ble4c3LvBfv3ftYtha8fOYU/sD7/AE0c5Ej</latexit>✏0

<latexit sha1_base64="n1nEPb+ULqdCSyZjqd7EBFUeHqc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGLiAQlcyN6ywIa9vcvunAm58BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmTjVjPsslrHuhNRwKRT3UaDknURzGoWSt8PJ3dxvP3FtRKwecZrwIKIjJYaCUbSSXw379Wq/XHFr7gJknXg5qUCOZr/81RvELI24QiapMV3PTTDIqEbBJJ+VeqnhCWUTOuJdSxWNuAmyxbEzcmGVARnG2pZCslB/T2Q0MmYahbYzojg2q95c/M/rpji8CTKhkhS5YstFw1QSjMn8czIQmjOUU0so08LeStiYasrQ5lOyIXirL6+TVr3mXdW8h3qlcZvHUYQzOIdL8OAaGnAPTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDpX2N6w==</latexit>

b2

<latexit sha1_base64="CbGLwFZP1PWFtjSJqRk7isFnEdU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5JUUI9FLx4rmFpoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBj+HoduY/PqHSPJEPZpxiENOB5BFn1FjJr4a9i2qvXHFr7hxklXg5qUCOZq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noOphwmWYGJVssijJBTEJmn5M+V8iMGFtCmeL2VsKGVFFmbD4lG4K3/PIqadVr3mXNu69XGjd5HEU4gVM4Bw+uoAF30AQfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/pwKN7A==</latexit>

b3

<latexit sha1_base64="tfwX1gQ5r7nrcmJ9PFb5kocKnig=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtCTaWGLiIQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS1kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAx3B8O/cfn1BpnsgHM0kxiOlQ8ogzaqzkV8N+o9ovV9yauwBZJ15OKpCj1S9/9QYJy2KUhgmqdddzUxNMqTKcCZyVepnGlLIxHWLXUklj1MF0ceyMXFhlQKJE2ZKGLNTfE1Maaz2JQ9sZUzPSq95c/M/rZia6DqZcpplByZaLokwQk5D552TAFTIjJpZQpri9lbARVZQZm0/JhuCtvrxO2vWa16h59/VK8yaPowhncA6X4MEVNOEOWuADAw7P8ApvjnRenHfnY9lacPKZU/gD5/MHq5GN7w==</latexit>

b6

<latexit sha1_base64="s/U2J7bXlcTFAE8d4dxXRdQh8vo=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKsSTaWGLiIQlcyN4yBxv29i67eyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemAqujet+O4WNza3tneJuaW//4PCofHzS1kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAx3B8O/cfn1BpnsgHM0kxiOlQ8ogzaqzkV8N+o9ovV9yauwBZJ15OKpCj1S9/9QYJy2KUhgmqdddzUxNMqTKcCZyVepnGlLIxHWLXUklj1MF0ceyMXFhlQKJE2ZKGLNTfE1Maaz2JQ9sZUzPSq95c/M/rZia6DqZcpplByZaLokwQk5D552TAFTIjJpZQpri9lbARVZQZm0/JhuCtvrxO2vWad1Xz7uuV5k0eRxHO4BwuwYMGNOEOWuADAw7P8ApvjnRenHfnY9lacPKZU/gD5/MHrRaN8A==</latexit>

b7

<latexit sha1_base64="YnPcT+2yJJ+cFUwvts8vCNQE+ik=">AAAB8nicbVC7TsMwFL0pr1JeBUYWiwqJqUo6AGMFC2OR6ENKo8pxndaqY0e2g1RF/QwWBhBi5WvY+BucNAO0HMnS0bn32D4nTDjTxnW/ncrG5tb2TnW3trd/cHhUPz7paZkqQrtEcqkGIdaUM0G7hhlOB4miOA457Yezu3zef6JKMykezTyhQYwngkWMYGMlv4OVNVmGvFG94TbdAmideCVpQInOqP41HEuSxlQYwrHWvucmJsjyGwmni9ow1TTBZIYn1LdU4JjqICu+vEAXVhmjSCp7hEGF+tuR4VjreRzazRibqV6d5eJ/Mz810U2QMZGkhgqyfChKOTIS5fnRmClKDJ9bgomy2QkiU6wwMbalmi3BW428TnqtpnfV9B5ajfZtWUcVzuAcLsGDa2jDPXSgCwQkPMMrvDnGeXHenY/lasUpPafwB87nD9n0kPc=</latexit>

Partition 1
<latexit sha1_base64="j8/js41SlQ/T+bWxroZ09jpsR3Y=">AAAB8nicbVC7TsMwFL0pr1JeBUYWiwqJqUo6tIwVLIxFog8pjSrHdVqrjh3ZDlIV9TNYGECIla9h429w2gzQciRLR+feY/ucMOFMG9f9dkpb2zu7e+X9ysHh0fFJ9fSsp2WqCO0SyaUahFhTzgTtGmY4HSSK4jjktB/O7vJ5/4kqzaR4NPOEBjGeCBYxgo2V/A5W1mQZao6qNbfuLoE2iVeQGhTojKpfw7EkaUyFIRxr7XtuYoIsv5FwuqgMU00TTGZ4Qn1LBY6pDrLllxfoyipjFElljzBoqf52ZDjWeh6HdjPGZqrXZ7n438xPTXQTZEwkqaGCrB6KUo6MRHl+NGaKEsPnlmCibHaCyBQrTIxtqWJL8NYjb5Jeo+41695Do9a+LeoowwVcwjV40II23EMHukBAwjO8wptjnBfn3flYrZacwnMOf+B8/gDhiJD8</latexit>

Partition 6
<latexit sha1_base64="YPnSE7nCxMT4VOpRuEftd1qpVe0=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRjDBg6TloB6JJuoRE/lIoJLtsoUN223d3ZKQht/hxYPGePXHePPfuEAPCr5kkpf3ZjIzz4s4U9q2v63Myura+kZ2M7e1vbO7l98/aKgwloTWSchD2fKwopwJWtdMc9qKJMWBx2nTG15P/eaISsVC8aDHEXUD3BfMZwRrI7nFm+7tY3LmTErOabGbL9hlewa0TJyUFCBFrZv/6vRCEgdUaMKxUm3HjrSbYKkZ4XSS68SKRpgMcZ+2DRU4oMpNZkdP0IlResgPpSmh0Uz9PZHgQKlx4JnOAOuBWvSm4n9eO9b+pZswEcWaCjJf5Mcc6RBNE0A9JinRfGwIJpKZWxEZYImJNjnlTAjO4svLpFEpO+dl575SqF6lcWThCI6hBA5cQBXuoAZ1IPAEz/AKb9bIerHerY95a8ZKZw7hD6zPHzAkkGo=</latexit>

F�1
G (1)

<latexit sha1_base64="N0aOCs9rxAGPLPvDLQzy7qM0Qb4=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4KkkPagXoejFYwX7AU0pk+2mXbrZhN2NUGIO/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDPPjzlT2nG+rcLK6tr6RnGztLW9s7tn7x+0VJRIQpsk4pHs+KAoZ4I2NdOcdmJJIfQ5bfvjm6nffqBSsUjc60lMeyEMBQsYAW2kvn1U8YDHI8BX2AskkNTN0lpW6dtlp+rMgJeJm5MyytHo21/eICJJSIUmHJTquk6seylIzQinWclLFI2BjGFIu4YKCKnqpbP7M3xqlAEOImlKaDxTf0+kECo1CX3TGYIeqUVvKv7ndRMdXPZSJuJEU0Hmi4KEYx3haRh4wCQlmk8MASKZuRWTEZgYtImsZEJwF19eJq1a1T2vune1cv06j6OIjtEJOkMuukB1dIsaqIkIekTP6BW9WU/Wi/VufcxbC1Y+c4j+wPr8AUjzlP0=</latexit>

↵ = 1
2

<latexit sha1_base64="ztqFKNbK1cQYoMxDWH+zQXda/oo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupV++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAzZ40V</latexit>

1

<latexit sha1_base64="mC9L9GzFyvrd3own4zZNB6CO33Y=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtSTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvupW++WKW3PnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbTrNe+i5t3VK43rPI4inMApnIMHl9CAW2hCCxgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAx4o0U</latexit>

0

<latexit sha1_base64="cQ0F7bVxNMrlzZparcjuPNpZI4Y=">AAAB8XicbVBNSwMxEJ31s9avqkcvwVaol7Lbg3osCuqxgv3AdinZNNuGJtklyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1RpVkkH8w4pr7AA8lCRrCx0mPppndb7orkrNQrFN2KOwNaJl5GipCh3it8dfsRSQSVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSyUWVPvp7OIJOrVKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhpS3IXiLLy+TZrXinVe8+2qxdpXFkYNjOIEyeHABNbiDOjSAgIRneIU3RzsvzrvzMW9dcbKZI/gD5/MHuh2PpQ==</latexit>

FG(µ)

<latexit sha1_base64="vqDVwRcJ+Rdl8z3C3TTAc1HJsTY=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoO6pHoxSMmFkigIdtlCxt2t83u1oQ0/AYvHjTGqz/Im//GLfSg4EsmeXlvJjPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+fWBSOvDas1tuAugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOs2Gd9XwHpq11m0RRxnO4BwuwYNraME9tMEHAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPF4WONg==</latexit>µ
<latexit sha1_base64="wx+Wbr5sfJ3ny1I/3bs1R81GO+U=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehO4Z1klsMtOzZkBLhM3J2WQoxnYX14/wgknQmOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGSoQJ8pPZw9k8NQofTiIpCmh4Uz9PZEirtSEh6aTIz1Si95U/M/rJXpw6adUxIkmAs8XDRIGdQSnacA+lQRrNjEEYUnNrRCPkERYm8xKJgR38eVl0q7X3POae1cvN67yOIrgGJyAKnDBBWiAW9AELYBBBp7BK3iznqwX6936mLcWrHzmEPyB9fkDlHeVvQ==</latexit>µj↵(G1)

<latexit sha1_base64="7HuX9YYN5c7FuN9FTdo8sQfV34Y=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFKkuVdADGCgYYi0QfUhNFjuu2prYT2Q5SFWXhV1gYQIiVz2Djb3DbDNBypCsdnXOv7r0njBlV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZRITFo4YpHshkgRRgVpaaoZ6caSIB4y0gnH11O/80ikopG415OY+BwNBR1QjLSRAvuo4vEkSB+C1EMsHqGsehPUz7JKYJedmjMDXCZuTsogRzOwv7x+hBNOhMYMKdVznVj7KZKaYkaykpcoEiM8RkPSM1QgTpSfzh7I4KlR+nAQSVNCw5n6eyJFXKkJD00nR3qkFr2p+J/XS/Tg0k+piBNNBJ4vGiQM6ghO04B9KgnWbGIIwpKaWyEeIYmwNpmVTAju4svLpF2vuec1965eblzlcRTBMTgBVeCCC9AAt6AJWgCDDDyDV/BmPVkv1rv1MW8tWPnMIfgD6/MHlf6Vvg==</latexit>µj↵(G2)

<latexit sha1_base64="JJFtIt8DeD+2zZnljvboMDynhPU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0fer/XLFr/kLoHUS5KQCOZr98lc4kCRLqbCEY2N6ga9sNMXaMsLprBRmhipMxnhIe44KnFITTRc3z9CFUwYokdqVsGih/p6Y4tSYSRq7zhTbkVn15uJ/Xi+zyU00ZUJllgqyXJRkHFmJ5gGgAdOUWD5xBBPN3K2IjLDGxLqYSi6EYPXlddKu14KrWvBQrzRu8ziKcAbncAkBXEMD7qEJLSCg4Ble4c3LvBfv3ftYtha8fOYU/sD7/AE0c5Ej</latexit>✏0

<latexit sha1_base64="eoLBzDdL+dx/JNAumoJ/iNOft8E=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIph4Irsc1CNREz1iIo8E1s3s0MCE2UdmZjVkw3948aAxXv0Xb/6NA+xBwUo6qVR1p7vLjwVX2ra/rdzK6tr6Rn6zsLW9s7tX3D9oqiiRDBssEpFs+1Sh4CE2NNcC27FEGvgCW/7oauq3HlEqHoX3ehyjG9BByPucUW2kh3L3GoWmXnrjVSdlr1iyK/YMZJk4GSlBhrpX/Or2IpYEGGomqFIdx461m1KpORM4KXQThTFlIzrAjqEhDVC56ezqCTkxSo/0I2kq1GSm/p5IaaDUOPBNZ0D1UC16U/E/r5Po/oWb8jBONIZsvqifCKIjMo2A9LhEpsXYEMokN7cSNqSSMm2CKpgQnMWXl0mzWnHOKs5dtVS7zOLIwxEcwyk4cA41uIU6NICBhGd4hTfryXqx3q2PeWvOymYO4Q+szx9frJHH</latexit>

�G2

<latexit sha1_base64="7yBY4aBK5grlpWaY0qxyRUT2C1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0R9X++WKX/MXQOskyEkFcjT75a9wIEmWUmEJx8b0Al/ZaIq1ZYTTWSnMDFWYjPGQ9hwVOKUmmi5unqELpwxQIrUrYdFC/T0xxakxkzR2nSm2I7PqzcX/vF5mk5toyoTKLBVkuSjJOLISzQNAA6YpsXziCCaauVsRGWGNiXUxlVwIwerL66RdrwVXteChXmnc5nEU4QzO4RICuIYG3EMTWkBAwTO8wpuXeS/eu/exbC14+cwp/IH3+QOOGpFe</latexit>✏k
<latexit sha1_base64="7yBY4aBK5grlpWaY0qxyRUT2C1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7Lbg3osevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4WNza3tneJuaW//4PCofHzSNjLThLaI5FJ3Y2woZ4K2LLOcdpWmOI057cTju7nfeaLaMCke7UTRKMVDwRJGsHVSWA2pMoxL0R9X++WKX/MXQOskyEkFcjT75a9wIEmWUmEJx8b0Al/ZaIq1ZYTTWSnMDFWYjPGQ9hwVOKUmmi5unqELpwxQIrUrYdFC/T0xxakxkzR2nSm2I7PqzcX/vF5mk5toyoTKLBVkuSjJOLISzQNAA6YpsXziCCaauVsRGWGNiXUxlVwIwerL66RdrwVXteChXmnc5nEU4QzO4RICuIYG3EMTWkBAwTO8wpuXeS/eu/exbC14+cwp/IH3+QOOGpFe</latexit>✏k

<latexit sha1_base64="pZMXDbAZUpNY/y0cvZsd5+DlmHo=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbsUaiMEbSwjmA9IjrC3mUuW7O0du3tCOPIjbCwUsfX32Plv3CRXaOKDgcd7M8zMCxLBtXHdb2dtfWNza7uwU9zd2z84LB0dt3ScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortStB37txK/1S2a26c5BV4uWkDDka/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5uVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nvZMAVMiMmllCmuL2VsBFVlBmbUNGG4C2/vEpatap3WfUeauX6bR5HAU7hDC7Agyuowz00oAkMxvAMr/DmJM6L8+58LFrXnHzmBP7A+fwBleuOaw==</latexit>

b1 = 0

<latexit sha1_base64="qfbbeZ4Ja1fqNsF8L10b/HWtAwY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY9FLx4rmFpoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBj+HoduY/PqHSPJEPZpxiENOB5BFn1FjJr4a9i2qvXHFr7hxklXg5qUCOZq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noOphwmWYGJVssijJBTEJmn5M+V8iMGFtCmeL2VsKGVFFmbD4lG4K3/PIqadVr3mXNu69XGjd5HEU4gVM4Bw+uoAF30AQfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/qIeN7Q==</latexit>

b4

<latexit sha1_base64="wzgXghfUUr0FgsiX0RFgaMYu5VQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKpSTaWGLiIQlcyN6yBxv29i67cyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEph0HW/ncLG5tb2TnG3tLd/cHhUPj5pmyTTjPsskYnuhNRwKRT3UaDknVRzGoeSP4bj27n/+MS1EYl6wEnKg5gOlYgEo2glvxr2G9V+ueLW3AXIOvFyUoEcrX75qzdIWBZzhUxSY7qem2IwpRoFk3xW6mWGp5SN6ZB3LVU05iaYLo6dkQurDEiUaFsKyUL9PTGlsTGTOLSdMcWRWfXm4n9eN8OoEUyFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14n7XrNu6p59/VK8yaPowhncA6X4ME1NOEOWuADAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHrpuN8Q==</latexit>

b8
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Multi-Step Improvement

• Limitation: We pull 1
ϵ2 arms from every group, even those that could be certified as

suboptimal using much fewer arms

• Multi-step refinement: For epochs indexed by k = 1, 2, . . .

◦ Request Nk ∝ 1
ϵ2
k

arms from each group

◦ Run the finite-arm algorithm with parameter ∆k

◦ Eliminate all groups certified as suboptimal

◦ Terminate when 1 group remains, or when final (ϵ,∆) reached

Here (ϵk ,∆k ) follows a decreasing pattern (e.g., halving)

• Regret improvement: Each group’s #pulls is dictated by the smallest ϵk before
elimination, rather than a common choice of ϵ
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Lower Bound

• Our upper bound is instance-dependent, but also gives the minimax scaling

T ≤ Õ

(
|G|

∆2ϵ2

)

Theorem (Lower Bound)
For any algorithm guaranteeing (ϵ,∆)-optimality on all instances, there must exist an
instance such that

E[T ] ≥ Ω

(
|G|

∆2ϵ2

)
. (1)

That is, the worst-case upper bound is tight up to logarithmic factors.

• Proof idea: (for α = 1
2 )

◦ Two types of arms – “good” (mean 1+∆
2 ) and “bad” (mean 1−∆

2 )

◦ Optimal group has 1+ϵ
2 fraction of good arms, the rest have 1−ϵ

2 fraction

◦ For each group, need to observe Ω
( 1
ϵ2

)
arms; for each arm, need Ω

( 1
∆2

)
pulls
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Conclusion

Summary:
◦ Instance-dependent analysis of two-step alg. (sample arms + finite-arm alg.)

◦ Multi-step improvement

◦ Near-matching lower bound for worst-case instances

Possible future work:
◦ Instance-dependent lower bounds

◦ Better understanding when upper bound is/isn’t near-optimal

◦ Other group properties beyond quantile
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