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EnvironmentAgent Take Action

Observe reward 

Regret: where

<latexit sha1_base64="qz7wx/62QJ5wVZ0jK1Y6uDU8NAA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXVjcsK9gFNCJPppB06mYSZG7GU/oobF4q49Ufc+TdO2iy09cDA4Zx7uWdOmAquwXG+rdLa+sbmVnm7srO7t39gH1Y7OskUZW2aiET1QqKZ4JK1gYNgvVQxEoeCdcPxbe53H5nSPJEPMEmZH5Oh5BGnBIwU2FUSgMelFxMYUSLwdQCBXXPqzhx4lbgFqaECrcD+8gYJzWImgQqidd91UvCnRAGngs0qXqZZSuiYDFnfUElipv3pPPsMnxplgKNEmScBz9XfG1MSaz2JQzOZZ9TLXi7+5/UziK78KZdpBkzSxaEoExgSnBeBB1wxCmJiCKGKm6yYjogiFExdFVOCu/zlVdI5r7sX9cZ9o9a8Keooo2N0gs6Qiy5RE92hFmojip7QM3pFb9bMerHerY/FaMkqdo7QH1ifP7EFlDk=</latexit>

at 2 At

<latexit sha1_base64="d0bgXANlYeULjcYUAmfSphEXTvI=">AAACG3icbVDJSgNBEO1xjXGLevTSGAQ3woyIehGCXjwqGBUyYajpVJLGnp6hu0YIwf/w4q948aCIJ8GDf2NnObg9KHi8V0VVvThT0pLvf3pj4xOTU9OFmeLs3PzCYmlp+dKmuRFYE6lKzXUMFpXUWCNJCq8zg5DECq/im5O+f3WLxspUX1A3w0YCbS1bUgA5KSrtdiPiRzxUoNsKeZh15AZEtLnDQ+ogQbTFQzP0tnnYFygqlf2KPwD/S4IRKbMRzqLSe9hMRZ6gJqHA2nrgZ9TogSEpFN4Vw9xiBuIG2lh3VEOCttEb/HbH153S5K3UuNLEB+r3iR4k1naT2HUmQB372+uL/3n1nFqHjZ7UWU6oxXBRK1ecUt4PijelQUGq6wgII92tXHTAgCAXZ9GFEPx++S+53K0E+5W9871y9XgUR4GtsjW2wQJ2wKrslJ2xGhPsnj2yZ/biPXhP3qv3Nmwd80YzK+wHvI8vCfifkg==</latexit>

yt = h�(at), ✓⇤i+ ⌘t

<latexit sha1_base64="E2AX6M2mIyYVRbrwcbnNWFCCHsw="></latexit>

R(T, ✓⇤) =
TX

t=1

h�(a⇤t ), ✓⇤i � h�(at), ✓⇤i
<latexit sha1_base64="4aVyCeC8mcD8A/BXg5iXQ7aiCn8="></latexit>

a⇤t = arg max
a2At

h�(a), ✓⇤i
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• The LB problem at hand is selected as a set of M models.

• Customers of online marketing websites belong to a certain number of 
categories based on their search or history of shopping
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<latexit sha1_base64="d0bgXANlYeULjcYUAmfSphEXTvI=">AAACG3icbVDJSgNBEO1xjXGLevTSGAQ3woyIehGCXjwqGBUyYajpVJLGnp6hu0YIwf/w4q948aCIJ8GDf2NnObg9KHi8V0VVvThT0pLvf3pj4xOTU9OFmeLs3PzCYmlp+dKmuRFYE6lKzXUMFpXUWCNJCq8zg5DECq/im5O+f3WLxspUX1A3w0YCbS1bUgA5KSrtdiPiRzxUoNsKeZh15AZEtLnDQ+ogQbTFQzP0tnnYFygqlf2KPwD/S4IRKbMRzqLSe9hMRZ6gJqHA2nrgZ9TogSEpFN4Vw9xiBuIG2lh3VEOCttEb/HbH153S5K3UuNLEB+r3iR4k1naT2HUmQB372+uL/3n1nFqHjZ7UWU6oxXBRK1ecUt4PijelQUGq6wgII92tXHTAgCAXZ9GFEPx++S+53K0E+5W9871y9XgUR4GtsjW2wQJ2wKrslJ2xGhPsnj2yZ/biPXhP3qv3Nmwd80YzK+wHvI8vCfifkg==</latexit>

yt = h�(at), ✓⇤i+ ⌘t
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Feature selection

• The agent is given a set of 
M feature maps

• Expected reward belongs to
the linear span of at least one of 
these feature maps, i.e., : 

• We minimize the transfer regret:

Here      is the true model. 

<latexit sha1_base64="N+V9oLamS2gTUJeemJnaX49HAFI=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE1I1QdONGqGAf0KRlMp20QycPZiZCCPFX3LhQxK0f4s6/cdpmoa0HLhzOuZd77/FizqSyrG+jtLK6tr5R3qxsbe/s7pn7B20ZJYLQFol4JLoelpSzkLYUU5x2Y0Fx4HHa8SY3U7/zSIVkUfig0pi6AR6FzGcEKy0NzKqTOfGY9Rly8kHGruy8fzcwa1bdmgEtE7sgNSjQHJhfzjAiSUBDRTiWsmdbsXIzLBQjnOYVJ5E0xmSCR7SnaYgDKt1sdnyOjrUyRH4kdIUKzdTfExkOpEwDT3cGWI3lojcV//N6ifIv3YyFcaJoSOaL/IQjFaFpEmjIBCWKp5pgIpi+FZExFpgonVdFh2AvvrxM2qd1+7x+dn9Wa1wXcZThEI7gBGy4gAbcQhNaQCCFZ3iFN+PJeDHejY95a8koZqrwB8bnDzbmlH8=</latexit>

{�i}Mi=1

<latexit sha1_base64="7ui/b28O1uFqU3YcEwvVM9MSpco=">AAACInicbVDLSgMxFM34tr6qLt0EiyAiZUbEx0IQRXCpYKvQGYdMetsGM5khuSOUod/ixl9x40JRV4IfY6btQqsHAifn3EtyTpRKYdB1P52x8YnJqemZ2dLc/MLiUnl5pW6STHOo8UQm+iZiBqRQUEOBEm5SDSyOJFxHd6eFf30P2ohEXWE3hSBmbSVagjO0Ulg+9GOGnSjKz3qNbogBPaK+ZKotgfppR9zmordNfewAsnCruFFfD+ywXHGrbh/0L/GGpEKGuAjL734z4VkMCrlkxjQ8N8UgZxoFl9Ar+ZmBlPE71oaGpYrFYIK8H7FHN6zSpK1E26OQ9tWfGzmLjenGkZ0sAplRrxD/8xoZtg6CXKg0Q1B88FArkxQTWvRFm0IDR9m1hHEt7F8p7zDNONpWS7YEbzTyX1LfqXp71d3L3crxybCOGbJG1skm8cg+OSbn5ILUCCcP5Im8kFfn0Xl23pyPweiYM9xZJb/gfH0D2iKj3A==</latexit>

E[yt] = h�i, ✓i⇤i

<latexit sha1_base64="VvnQsW0RMucICjPJwQqyZ+8CvVc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHkTvvFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmleVLzLSvW+Wq7d5HEU4BhO4Aw8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w/tGY2T</latexit>

i⇤

<latexit sha1_base64="gu6C230yj4JX9upWW8G8wExR/0I="></latexit>

R(T ) =
TX

t=1

h�i⇤(a⇤t ), ✓
i⇤
⇤ i � h�i⇤(at), ✓

i⇤
⇤ i

<latexit sha1_base64="d0bgXANlYeULjcYUAmfSphEXTvI=">AAACG3icbVDJSgNBEO1xjXGLevTSGAQ3woyIehGCXjwqGBUyYajpVJLGnp6hu0YIwf/w4q948aCIJ8GDf2NnObg9KHi8V0VVvThT0pLvf3pj4xOTU9OFmeLs3PzCYmlp+dKmuRFYE6lKzXUMFpXUWCNJCq8zg5DECq/im5O+f3WLxspUX1A3w0YCbS1bUgA5KSrtdiPiRzxUoNsKeZh15AZEtLnDQ+ogQbTFQzP0tnnYFygqlf2KPwD/S4IRKbMRzqLSe9hMRZ6gJqHA2nrgZ9TogSEpFN4Vw9xiBuIG2lh3VEOCttEb/HbH153S5K3UuNLEB+r3iR4k1naT2HUmQB372+uL/3n1nFqHjZ7UWU6oxXBRK1ecUt4PijelQUGq6wgII92tXHTAgCAXZ9GFEPx++S+53K0E+5W9871y9XgUR4GtsjW2wQJ2wKrslJ2xGhPsnj2yZ/biPXhP3qv3Nmwd80YzK+wHvI8vCfifkg==</latexit>

yt = h�(at), ✓⇤i+ ⌘t

<latexit sha1_base64="XZzB2yiVxmkfaYWmsNbYBCRlWZA=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JIUY9FL16ECvYD0lA220m7dLMJuxu1xP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7Z5f3WypOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYXU399j1IxWJxp8cJ+BEZCBYySrSRena5C49mi8IMd5nA3o3fsytO1ZkBLxM3JxWUo9Gzv7r9mKYRCE05UcpznUT7GZGaUQ6TUjdVkBA6IgPwDBUkAuVns9Mn+NgofRzG0pTQeKb+nshIpNQ4CkxnRPRQLXpT8T/PS3V44WdMJKkGQeeLwpRjHeNpDrjPJFDNx4YQKpm5FdMhkYRqk1bJhOAuvrxMWqdV96xau61V6pd5HEV0iI7QCXLROaqja9RATUTRA3pGr+jNerJerHfrY95asPKZA/QH1ucPQZiTWw==</latexit>

9i 2 [M ]
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Feature selection

• The agent is given a set of 
M feature maps

• Expected reward belongs to
the linear span of at least one of 
these feature maps, i.e.,               : 

• We minimize the transfer regret:

Here      is the true model. 

<latexit sha1_base64="N+V9oLamS2gTUJeemJnaX49HAFI=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE1I1QdONGqGAf0KRlMp20QycPZiZCCPFX3LhQxK0f4s6/cdpmoa0HLhzOuZd77/FizqSyrG+jtLK6tr5R3qxsbe/s7pn7B20ZJYLQFol4JLoelpSzkLYUU5x2Y0Fx4HHa8SY3U7/zSIVkUfig0pi6AR6FzGcEKy0NzKqTOfGY9Rly8kHGruy8fzcwa1bdmgEtE7sgNSjQHJhfzjAiSUBDRTiWsmdbsXIzLBQjnOYVJ5E0xmSCR7SnaYgDKt1sdnyOjrUyRH4kdIUKzdTfExkOpEwDT3cGWI3lojcV//N6ifIv3YyFcaJoSOaL/IQjFaFpEmjIBCWKp5pgIpi+FZExFpgonVdFh2AvvrxM2qd1+7x+dn9Wa1wXcZThEI7gBGy4gAbcQhNaQCCFZ3iFN+PJeDHejY95a8koZqrwB8bnDzbmlH8=</latexit>

{�i}Mi=1

<latexit sha1_base64="VvnQsW0RMucICjPJwQqyZ+8CvVc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHkTvvFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmleVLzLSvW+Wq7d5HEU4BhO4Aw8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w/tGY2T</latexit>

i⇤

<latexit sha1_base64="gu6C230yj4JX9upWW8G8wExR/0I="></latexit>

R(T ) =
TX

t=1

h�i⇤(a⇤t ), ✓
i⇤
⇤ i � h�i⇤(at), ✓

i⇤
⇤ i

<latexit sha1_base64="d0bgXANlYeULjcYUAmfSphEXTvI=">AAACG3icbVDJSgNBEO1xjXGLevTSGAQ3woyIehGCXjwqGBUyYajpVJLGnp6hu0YIwf/w4q948aCIJ8GDf2NnObg9KHi8V0VVvThT0pLvf3pj4xOTU9OFmeLs3PzCYmlp+dKmuRFYE6lKzXUMFpXUWCNJCq8zg5DECq/im5O+f3WLxspUX1A3w0YCbS1bUgA5KSrtdiPiRzxUoNsKeZh15AZEtLnDQ+ogQbTFQzP0tnnYFygqlf2KPwD/S4IRKbMRzqLSe9hMRZ6gJqHA2nrgZ9TogSEpFN4Vw9xiBuIG2lh3VEOCttEb/HbH153S5K3UuNLEB+r3iR4k1naT2HUmQB372+uL/3n1nFqHjZ7UWU6oxXBRK1ecUt4PijelQUGq6wgII92tXHTAgCAXZ9GFEPx++S+53K0E+5W9871y9XgUR4GtsjW2wQJ2wKrslJ2xGhPsnj2yZ/biPXhP3qv3Nmwd80YzK+wHvI8vCfifkg==</latexit>

yt = h�(at), ✓⇤i+ ⌘t

<latexit sha1_base64="XZzB2yiVxmkfaYWmsNbYBCRlWZA=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JIUY9FL16ECvYD0lA220m7dLMJuxu1xP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7Z5f3WypOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYXU399j1IxWJxp8cJ+BEZCBYySrSRena5C49mi8IMd5nA3o3fsytO1ZkBLxM3JxWUo9Gzv7r9mKYRCE05UcpznUT7GZGaUQ6TUjdVkBA6IgPwDBUkAuVns9Mn+NgofRzG0pTQeKb+nshIpNQ4CkxnRPRQLXpT8T/PS3V44WdMJKkGQeeLwpRjHeNpDrjPJFDNx4YQKpm5FdMhkYRqk1bJhOAuvrxMWqdV96xau61V6pd5HEV0iI7QCXLROaqja9RATUTRA3pGr+jNerJerHfrY95asPKZA/QH1ucPQZiTWw==</latexit>

9i 2 [M ]

Parameter selection

• Reward parameter can be generated from M
possible reward models each defined as a ball

• We assume estimates of the centers 
with upper bound on the errors of these estimates
are available

• We minimize the transfer regret: 

where

<latexit sha1_base64="bvJ0oPjrpR7qryFtTxn7tubnIS0="></latexit>

B(µi, bi) = {✓ 2 Rd : k✓ � µik  bi}
<latexit sha1_base64="NXtIiaprzo4mDlR7NJzGUkoX75o=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5JIUTdC0Y0boYJ9QBPDZDJph85MwsxEKSG48VfcuFDErV/hzr9x2mahrQcuHM65l3vvCRJKpLLtb6O0sLi0vFJeraytb2xumds7bRmnAuEWimksugGUmBKOW4ooiruJwJAFFHeC4eXY79xjIUnMb9UowR6DfU4igqDSkm/uuZn7QEI8gMplqU/c3M/IuZPfXftm1a7ZE1jzxClIFRRo+uaXG8YoZZgrRKGUPcdOlJdBoQiiOK+4qcQJREPYxz1NOWRYetnkhdw61EpoRbHQxZU1UX9PZJBJOWKB7mRQDeSsNxb/83qpis68jPAkVZij6aIopZaKrXEeVkgERoqONIFIEH2rhQZQQKR0ahUdgjP78jxpH9eck1r9pl5tXBRxlME+OABHwAGnoAGuQBO0AAKP4Bm8gjfjyXgx3o2PaWvJKGZ2wR8Ynz9/OJd/</latexit>

{bµi}Mi=1

<latexit sha1_base64="r+aWUSBYr2xaQ/G+gvMikhYiitE=">AAACIHicbVDLSgMxFM34tr6qLt1cLIILLTMi6rLoxo2gYK3QDEMmvbXBTGZMMkpp9U/c+CtuXCiiO/0a08fC14HAyTn3cu89cSaFsb7/4Y2Mjo1PTE5NF2Zm5+YXiotLZybNNccqT2Wqz2NmUAqFVSusxPNMI0tiibX48qDn165RG5GqU9vOMEzYhRJNwZl1UlTcpV2a5JGATaA3ooEtZvt/2gUq8Qp4JDbgDmgz1UxKEECFgvpRGBVLftnvA/6SYEhKZIjjqPhOGynPE1SWS2ZMPfAzG3aYtoJLvC3Q3GDG+CW7wLqjiiVowk7/wFtYc0oD3A7uKQt99XtHhyXGtJPYVSbMtsxvryf+59Vz29wLO0JluUXFB4OauQSbQi8taAiN3Mq2I4xr4XYF3mKacesyLbgQgt8n/yVnW+Vgp7x9sl2q7A/jmCIrZJWsk4Dskgo5JMekSji5J4/kmbx4D96T9+q9DUpHvGHPMvkB7/MLwEeiFQ==</latexit>

kµi � bµik  ci, 8i 2 [M ]

<latexit sha1_base64="ET6toYwcF6GXrMe9SWLjIrs7wUg="></latexit>

R(T ) = sup
✓⇤2

SM
i=1 B(µi,bi)

R(T, ✓⇤)

<latexit sha1_base64="E2AX6M2mIyYVRbrwcbnNWFCCHsw="></latexit>

R(T, ✓⇤) =
TX

t=1

h�(a⇤t ), ✓⇤i � h�(at), ✓⇤i

<latexit sha1_base64="gwcQjtCsvgOkK2Zi2gtaR0uPuwQ="></latexit>

E[yt] = h�i(at), ✓
i
⇤i
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Logarithmic dependence
on number of the models
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Logarithmic dependence
on number of the models

Logarithmic dependence
on model misspecifications
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Thank you!
Q/A?


