
Random Order Arrivals

Weaker Adversaries Admit Stronger Guarantees for
Online Covering IPs

Covering Integer Programs Adversarial With a Sample

Facility Location Analysis

<latexit sha1_base64="0FpI/Z/q3VbmqMS0JGzuWiDJ1DY="></latexit>
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Set Cover

• elements arrive in RO

• unknown instance

• must irrevocably cover 
elements on arrival

Covering IP

• clients arrive in RO

• must connect arriving 
clients to open facilities

• compare to offline OPT

Non-Metric Facility Location

<latexit sha1_base64="ITfIs0ORFwaBGcX6O81ztse9xds="></latexit>
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• unknown instance, adversarial 
order

• irrevocably cover remaining 
elements on (adversarial) arrival

• sample a fraction of elements 
upfront

<latexit sha1_base64="0FpI/Z/q3VbmqMS0JGzuWiDJ1DY="></latexit>

min
X

S

cSxS

X

S3i

xS � 1

xS 2 {0, 1}

Set Cover
• unknown instance, RO constraint 
arrival

• variables can provide only partial 
coverage

Learn or Cover

LoC (Set Cover)

maintain fractional solution, 
<latexit sha1_base64="Y2H5Wl5rIboab2I8jVWd073P7RY=">AAACDXicbVA9SwNBEN3z2/h1ammzGAWrcCdBUwZsLBWNCeTisbeZS5bsfbA7p4Yjf8DGv2JjoYitvZ3/xs1HoYkPBh7vzTAzL0il0Og439bc/MLi0vLKamFtfWNzy97eudFJpjjUeCIT1QiYBiliqKFACY1UAYsCCfWgdzb063egtEjia+yn0IpYJxah4AyN5NsHD/7VrUM9CSEypZJ76oWK8dwLANkg5/4VjQa+XXRKzgh0lrgTUiQTXPj2l9dOeBZBjFwyrZuuk2IrZwoFlzAoeJmGlPEe60DT0JhFoFv56JsBPTRKm4aJMhUjHam/J3IWad2PAtMZMezqaW8o/uc1MwwrrVzEaYYQ8/GiMJMUEzqMhraFAo6ybwjjSphbKe8ykwaaAAsmBHf65Vlyc1xyT0rly3KxWpnEsUL2yD45Ii45JVVyTi5IjXDySJ7JK3mznqwX6936GLfOWZOZXfIH1ucPXsmbvg==</latexit>
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guess 
<latexit sha1_base64="ykkEn76xpVMlhA93PakFG0e9Zbc=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXguYiBLx4M0JekKxhdtKbDJl9MDOrhJD/8OJBEa/+izf/xkmyB00saCiquunu8mLBlbbtbyuztr6xuZXdzu3s7u0f5A+PmipKJMMGi0Qk2x5VKHiIDc21wHYskQaewJY3upn5rUeUikdhXY9jdAM6CLnPGdVGeuh6qCm5Jqx4V6uf9/IFu2TPQVaJk5ICpKj18l/dfsSSAEPNBFWq49ixdidUas4ETnPdRGFM2YgOsGNoSANU7mR+9ZScGaVP/EiaCjWZq78nJjRQahx4pjOgeqiWvZn4n9dJtF9xJzyME40hWyzyE0F0RGYRkD6XyLQYG0KZ5OZWwoZUUqZNUDkTgrP88ippXpScy1L5vlyoVtI4snACp1AEB66gCrdQgwYwkPAMr/BmPVkv1rv1sWjNWOnMMfyB9fkDaMSRIQ==</latexit>

� = c(OPT )

for elements     arriving uncovered:
<latexit sha1_base64="Lh8TsqZseFaIsbheXl3K7w26oOo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDmZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvpnrdvK7Ua3kcRTiDc7gED26hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBz2mM7A==</latexit>

i

sample from           with expected cost 
<latexit sha1_base64="w/aHqs+dKlcwlsNQF/6z0p0gkYM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pHjhTXvFklt25yCrxMtICTLUe8Wvbj9iScgVMkmN6XhujH5KNQom+bTQTQyPKRvTIe9YqmjIjZ/Oz52SM6v0ySDSthSSufp7IqWhMZMwsJ0hxZFZ9mbif14nwUHVT4WKE+SKLRYNEkkwIrPfSV9ozlBOLKFMC3srYSOqKUObUMGG4C2/vEqal2Xvqly5q5Rq1SyOPJzAKZyDB9dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7A+fwBEP+PXw==</latexit>

xt�1 <latexit sha1_base64="wLDM8pqBgr3zaTqTM9txikywa9c=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9oQ5lsN+3STbLuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8QAqujet+O4WNza3tneJuaW//4PCofHzS1kmqKGvRRCSqG6BmgsesZbgRrCsVwygQrBNMbud+54kpzZP4wUwl8yMcxTzkFI2Vuv0JSokDPihX3Kq7AFknXk4qkKM5KH/1hwlNIxYbKlDrnudK42eoDKeCzUr9VDOJdIIj1rM0xohpP1vcOyMXVhmSMFG2YkMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwrqf8VimhsV0uShMBTEJmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmlfVb3rau2+VmnU8ziKcAbncAke3EAD7qAJLaAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wcUZY/6</latexit>i

if     is fractionally uncovered by            : 
<latexit sha1_base64="Lh8TsqZseFaIsbheXl3K7w26oOo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDmZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvpnrdvK7Ua3kcRTiDc7gED26hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBz2mM7A==</latexit>

i
<latexit sha1_base64="w/aHqs+dKlcwlsNQF/6z0p0gkYM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbArQXMMePEYwTwgWcPsZJIMmZ1dZnrFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYjUPU5i7od0qMRAMIpWaj09pHjhTXvFklt25yCrxMtICTLUe8Wvbj9iScgVMkmN6XhujH5KNQom+bTQTQyPKRvTIe9YqmjIjZ/Oz52SM6v0ySDSthSSufp7IqWhMZMwsJ0hxZFZ9mbif14nwUHVT4WKE+SKLRYNEkkwIrPfSV9ozlBOLKFMC3srYSOqKUObUMGG4C2/vEqal2Xvqly5q5Rq1SyOPJzAKZyDB9dQg1uoQwMYjOEZXuHNiZ0X5935WLTmnGzmGP7A+fwBEP+PXw==</latexit>

xt�1

cover     at cost <latexit sha1_base64="wLDM8pqBgr3zaTqTM9txikywa9c=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9oQ5lsN+3STbLuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8QAqujet+O4WNza3tneJuaW//4PCofHzS1kmqKGvRRCSqG6BmgsesZbgRrCsVwygQrBNMbud+54kpzZP4wUwl8yMcxTzkFI2Vuv0JSokDPihX3Kq7AFknXk4qkKM5KH/1hwlNIxYbKlDrnudK42eoDKeCzUr9VDOJdIIj1rM0xohpP1vcOyMXVhmSMFG2YkMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwrqf8VimhsV0uShMBTEJmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmlfVb3rau2+VmnU8ziKcAbncAke3EAD7qAJLaAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wcUZY/6</latexit>i
<latexit sha1_base64="Lh8TsqZseFaIsbheXl3K7w26oOo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmrDmZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvpnrdvK7Ua3kcRTiDc7gED26hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBz2mM7A==</latexit>

i

<latexit sha1_base64="wLDM8pqBgr3zaTqTM9txikywa9c=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2A9oQ5lsN+3STbLuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8QAqujet+O4WNza3tneJuaW//4PCofHzS1kmqKGvRRCSqG6BmgsesZbgRrCsVwygQrBNMbud+54kpzZP4wUwl8yMcxTzkFI2Vuv0JSokDPihX3Kq7AFknXk4qkKM5KH/1hwlNIxYbKlDrnudK42eoDKeCzUr9VDOJdIIj1rM0xohpP1vcOyMXVhmSMFG2YkMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwrqf8VimhsV0uShMBTEJmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmlfVb3rau2+VmnU8ziKcAbncAke3EAD7qAJLaAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wcUZY/6</latexit>i

renormalize:
<latexit sha1_base64="oCAbnJ6dQCr5qDKZ52jABJDRdAg=">AAACFXicbZDJSgNBEIZ7XGPcoh69NAbBg4QZCZpjwIvHCGaBTAw9nZqkSc9Cd40aJnkJL76KFw+KeBW8+TZ2loMmFjR8/H8V1fV7sRQabfvbWlpeWV1bz2xkN7e2d3Zze/s1HSWKQ5VHMlINj2mQIoQqCpTQiBWwwJNQ9/qXY79+B0qLKLzBQQytgHVD4QvO0Ejt3OnDLVJXgo9Mqeieur5iPHU9QDZK3SGd2MO2MxpTO5e3C/ak6CI4M8iTWVXauS+3E/EkgBC5ZFo3HTvGVsoUCi5hlHUTDTHjfdaFpsGQBaBb6eSqET02Sof6kTIvRDpRf0+kLNB6EHimM2DY0/PeWPzPaybol1qpCOMEIeTTRX4iKUZ0HBHtCAUc5cAA40qYv1LeYyYXNEFmTQjO/MmLUDsrOOeF4nUxXy7N4siQQ3JETohDLkiZXJEKqRJOHskzeSVv1pP1Yr1bH9PWJWs2c0D+lPX5A9CGnzI=</latexit>

xt  �

kxtk1
xt

perform a MWU: <latexit sha1_base64="EsOCVJ/B9ND47Wh9V9JNmeXHvBU="></latexit>

xt
S  xt�1

S · exp
✓
I{S 3 i} · i

cS

◆

References
(1) Noga Alon, Baruch Awerbuch, Yossi Azar, Niv Buchbinder, and Joseph 

Naor. The online set cover problem. SIAM J. Comput., 39(2):361–370, 
2009.


(2) Anupam Gupta, Gregory Kehne, and Roie Levin. Random order online set 
cover is as easy as offline. In 62nd IEEE Annual Symposium on 
Foundations of Computer Science, FOCS 2021, Denver, CO, USA, 
February 7-10, 2022, pages 1253–1264. IEEE, 2021.

Thm [2]: LoC is                      competitive.
<latexit sha1_base64="JiowxXo64KtUDbdf4Nvj3R+fd5M=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexK0BwDXrwZwTwwWcLsZJIMmccyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1090VxZwZ6/vf3tr6xubWdm4nv7u3f3BYODpuGpVoQhtEcaXbETaUM0kblllO27GmWESctqLxzcxvPVFtmJIPdhLTUOChZANGsHXS412py9UQCXnRKxT9sj8HWiVBRoqQod4rfHX7iiSCSks4NqYT+LENU6wtI5xO893E0BiTMR7SjqMSC2rCdH7xFJ07pY8GSruSFs3V3xMpFsZMROQ6BbYjs+zNxP+8TmIH1TBlMk4slWSxaJBwZBWavY/6TFNi+cQRTDRztyIywhoT60LKuxCC5ZdXSfOyHFyVK/eVYq2axZGDUziDEgRwDTW4hTo0gICEZ3iFN894L96797FoXfOymRP4A+/zB23RkBY=</latexit>

O(logmn)

Thm: LoC is                     competitive.
<latexit sha1_base64="JiowxXo64KtUDbdf4Nvj3R+fd5M=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexK0BwDXrwZwTwwWcLsZJIMmccyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1090VxZwZ6/vf3tr6xubWdm4nv7u3f3BYODpuGpVoQhtEcaXbETaUM0kblllO27GmWESctqLxzcxvPVFtmJIPdhLTUOChZANGsHXS412py9UQCXnRKxT9sj8HWiVBRoqQod4rfHX7iiSCSks4NqYT+LENU6wtI5xO893E0BiTMR7SjqMSC2rCdH7xFJ07pY8GSruSFs3V3xMpFsZMROQ6BbYjs+zNxP+8TmIH1TBlMk4slWSxaJBwZBWavY/6TFNi+cQRTDRztyIywhoT60LKuxCC5ZdXSfOyHFyVK/eVYq2axZGDUziDEgRwDTW4hTo0gICEZ3iFN894L96797FoXfOymRP4A+/zB23RkBY=</latexit>

O(logmn)

Thm [2]: LoC is                      competitive.
<latexit sha1_base64="JiowxXo64KtUDbdf4Nvj3R+fd5M=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexK0BwDXrwZwTwwWcLsZJIMmccyMyuEJX/hxYMiXv0bb/6Nk2QPmljQUFR1090VxZwZ6/vf3tr6xubWdm4nv7u3f3BYODpuGpVoQhtEcaXbETaUM0kblllO27GmWESctqLxzcxvPVFtmJIPdhLTUOChZANGsHXS412py9UQCXnRKxT9sj8HWiVBRoqQod4rfHX7iiSCSks4NqYT+LENU6wtI5xO893E0BiTMR7SjqMSC2rCdH7xFJ07pY8GSruSFs3V3xMpFsZMROQ6BbYjs+zNxP+8TmIH1TBlMk4slWSxaJBwZBWavY/6TFNi+cQRTDRztyIywhoT60LKuxCC5ZdXSfOyHFyVK/eVYq2axZGDUziDEgRwDTW4hTo0gICEZ3iFN894L96797FoXfOymRP4A+/zB23RkBY=</latexit>

O(logmn)

Potential function: 

<latexit sha1_base64="DsUirLoY/5vjp2bWzFyKcTnk6/Y="></latexit>
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Thm: LoC is                               competitive.
<latexit sha1_base64="na9PzHdFDpgwm8GvPl7NXSL/XBs=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSBEkLArQXMMePFmBPOAbAizk9lkyOzMMtMrhCU/4cVf8eJBEa+CN//GyeOgiQUNRVU33V1hIrgBz/t2VlbX1jc2c1v57Z3dvX334LBhVKopq1MllG6FxDDBJasDB8FaiWYkDgVrhsPrid98YNpwJe9hlLBOTPqSR5wSsFLXPb8NBIugGESa0MwfZwERyYCMcUB7CnAgVB/HMtC8P4CzrlvwSt4UeJn4c1JAc9S67lfQUzSNmQQqiDFt30ugkxENnAo2zgepYQmhQ9JnbUsliZnpZNOvxvjUKj0cKW1LAp6qvycyEhszikPbGRMYmEVvIv7ntVOIKp2MyyQFJulsUZQKDApPIsI9rhkFMbKEUM3trZgOiM0HbJB5G4K/+PIyaVyU/MtS+a5cqFbmceTQMTpBReSjK1RFN6iG6oiiR/SMXtGb8+S8OO/Ox6x1xZnPHKE/cD5/AEXXnt0=</latexit>

O

✓
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· logmn

◆

• argue that the            arriving uncovered can 
be charged (in expectation) to 

• for            do no updates, only cover at cost 

• run LoC on sampled elements      in RO
<latexit sha1_base64="BLSrNx4UjljWp9kwLeHFNWOtx6U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFS47ZfLLlldwGyTryMlCBDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZubDKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1Y9adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRKtWoWRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJRNjMU=</latexit>

B

<latexit sha1_base64="BLSrNx4UjljWp9kwLeHFNWOtx6U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFS47ZfLLlldwGyTryMlCBDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZubDKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1Y9adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRKtWoWRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJRNjMU=</latexit>

B

<latexit sha1_base64="e00wRI1AmfB3oFtqmbPx+L+RG+s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexK0R4LXvRWwdZCu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhMQwwSVrWW4F6ySakTgU7CEcX8/8hyemDVfy3k4SFsRkKHnEKbFOavMel/i2X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tVA8yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8StoXVf+yWrurVRr1PI4inMApnIMPV9CAG2hCCyg8wjO8whtS6AW9o49FawHlM8fwB+jzB/5Cjro=</latexit>

i 2 I

<latexit sha1_base64="e00wRI1AmfB3oFtqmbPx+L+RG+s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexK0R4LXvRWwdZCu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhMQwwSVrWW4F6ySakTgU7CEcX8/8hyemDVfy3k4SFsRkKHnEKbFOavMel/i2X654VW8OvEr8nFQgR7Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tVA8yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8StoXVf+yWrurVRr1PI4inMApnIMPV9CAG2hCCyg8wjO8whtS6AW9o49FawHlM8fwB+jzB/5Cjro=</latexit>

i 2 I

Anupam Gupta          Gregory Kehne          Roie Levin

<latexit sha1_base64="D/csUiZIyq0DNMWzczXk7ACnFaY="></latexit>

min
X

j

cjxj

X

j

aijxj � 1

xj 2 {0, 1, . . .}


