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The model selection problem 
Setting: K-armed linear contextual bandit problem…with potential simple MAB structure

Reward of arm k in 
round t 

Context for arm k k

(2 Rd)
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Gi,t = µi + hxi,t,✓
⇤i+Wi,t

Model selection, Objective 1 (optimal): Design a single algorithm that 
achieves regret rates

Simple model (SM):

Complex model (CM): RC
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Re
gr

et
R

C T
<latexit sha1_base64="UgM9Bcb7R4RraStYVqMk3kxmLNM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOhF49VmrbQxrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4n9bnffuLaiFg1cZrwIKIjJYaCUbSS/9BvPtb75YpbdRcg68TLSQVyNPrlr94gZmnEFTJJjel6boJBRjUKJvms1EsNTyib0BHvWqpoxE2QLY6dkQurDMgw1rYUkoX6eyKjkTHTKLSdEcWxWfXm4n9eN8XhbZAJlaTIFVsuGqaSYEzmn5OB0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtK6qnlv17q8rtes8jiKcwTlcggc3UIM7aIAPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fQu+ORA==</latexit><latexit sha1_base64="UgM9Bcb7R4RraStYVqMk3kxmLNM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOhF49VmrbQxrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4n9bnffuLaiFg1cZrwIKIjJYaCUbSS/9BvPtb75YpbdRcg68TLSQVyNPrlr94gZmnEFTJJjel6boJBRjUKJvms1EsNTyib0BHvWqpoxE2QLY6dkQurDMgw1rYUkoX6eyKjkTHTKLSdEcWxWfXm4n9eN8XhbZAJlaTIFVsuGqaSYEzmn5OB0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtK6qnlv17q8rtes8jiKcwTlcggc3UIM7aIAPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fQu+ORA==</latexit><latexit sha1_base64="UgM9Bcb7R4RraStYVqMk3kxmLNM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOhF49VmrbQxrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4n9bnffuLaiFg1cZrwIKIjJYaCUbSS/9BvPtb75YpbdRcg68TLSQVyNPrlr94gZmnEFTJJjel6boJBRjUKJvms1EsNTyib0BHvWqpoxE2QLY6dkQurDMgw1rYUkoX6eyKjkTHTKLSdEcWxWfXm4n9eN8XhbZAJlaTIFVsuGqaSYEzmn5OB0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtK6qnlv17q8rtes8jiKcwTlcggc3UIM7aIAPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fQu+ORA==</latexit><latexit sha1_base64="UgM9Bcb7R4RraStYVqMk3kxmLNM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOhF49VmrbQxrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4n9bnffuLaiFg1cZrwIKIjJYaCUbSS/9BvPtb75YpbdRcg68TLSQVyNPrlr94gZmnEFTJJjel6boJBRjUKJvms1EsNTyib0BHvWqpoxE2QLY6dkQurDMgw1rYUkoX6eyKjkTHTKLSdEcWxWfXm4n9eN8XhbZAJlaTIFVsuGqaSYEzmn5OB0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtK6qnlv17q8rtes8jiKcwTlcggc3UIM7aIAPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fQu+ORA==</latexit>

UCB

LinUCB

Number of rounds



The model selection problem 
Setting: K-armed linear contextual bandit problem…with potential simple MAB structure

Reward of arm k in 
round t 

Context for arm k k

(2 Rd)
<latexit sha1_base64="E9374NLXgHqndYrcjUONL4PnjCY=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSLUTUlEsMuCG5dV7AOaWCaTSTt0MgkzE7GE/IobF4q49Ufc+TdO2yy09cDA4Zx7uWeOn3CmtG1/W2vrG5tb26Wd8u7e/sFh5ajaVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/uZ75vUcqFYvFvZ4m1IvwSLCQEayNNKxU6y4TyI2wHvt+dpc/BOfDSs1u2HOgVeIUpAYF2sPKlxvEJI2o0IRjpQaOnWgvw1IzwmledlNFE0wmeEQHhgocUeVl8+w5OjNKgMJYmic0mqu/NzIcKTWNfDM5C6mWvZn4nzdIddj0MiaSVFNBFofClCMdo1kRKGCSEs2nhmAimcmKyBhLTLSpq2xKcJa/vEq6Fw3Hbji3l7VWs6ijBCdwCnVw4ApacANt6ACBJ3iGV3izcuvFerc+FqNrVrFzDH9gff4AINiTzw==</latexit><latexit sha1_base64="E9374NLXgHqndYrcjUONL4PnjCY=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSLUTUlEsMuCG5dV7AOaWCaTSTt0MgkzE7GE/IobF4q49Ufc+TdO2yy09cDA4Zx7uWeOn3CmtG1/W2vrG5tb26Wd8u7e/sFh5ajaVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/uZ75vUcqFYvFvZ4m1IvwSLCQEayNNKxU6y4TyI2wHvt+dpc/BOfDSs1u2HOgVeIUpAYF2sPKlxvEJI2o0IRjpQaOnWgvw1IzwmledlNFE0wmeEQHhgocUeVl8+w5OjNKgMJYmic0mqu/NzIcKTWNfDM5C6mWvZn4nzdIddj0MiaSVFNBFofClCMdo1kRKGCSEs2nhmAimcmKyBhLTLSpq2xKcJa/vEq6Fw3Hbji3l7VWs6ijBCdwCnVw4ApacANt6ACBJ3iGV3izcuvFerc+FqNrVrFzDH9gff4AINiTzw==</latexit><latexit sha1_base64="E9374NLXgHqndYrcjUONL4PnjCY=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSLUTUlEsMuCG5dV7AOaWCaTSTt0MgkzE7GE/IobF4q49Ufc+TdO2yy09cDA4Zx7uWeOn3CmtG1/W2vrG5tb26Wd8u7e/sFh5ajaVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/uZ75vUcqFYvFvZ4m1IvwSLCQEayNNKxU6y4TyI2wHvt+dpc/BOfDSs1u2HOgVeIUpAYF2sPKlxvEJI2o0IRjpQaOnWgvw1IzwmledlNFE0wmeEQHhgocUeVl8+w5OjNKgMJYmic0mqu/NzIcKTWNfDM5C6mWvZn4nzdIddj0MiaSVFNBFofClCMdo1kRKGCSEs2nhmAimcmKyBhLTLSpq2xKcJa/vEq6Fw3Hbji3l7VWs6ijBCdwCnVw4ApacANt6ACBJ3iGV3izcuvFerc+FqNrVrFzDH9gff4AINiTzw==</latexit><latexit sha1_base64="E9374NLXgHqndYrcjUONL4PnjCY=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSLUTUlEsMuCG5dV7AOaWCaTSTt0MgkzE7GE/IobF4q49Ufc+TdO2yy09cDA4Zx7uWeOn3CmtG1/W2vrG5tb26Wd8u7e/sFh5ajaVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/uZ75vUcqFYvFvZ4m1IvwSLCQEayNNKxU6y4TyI2wHvt+dpc/BOfDSs1u2HOgVeIUpAYF2sPKlxvEJI2o0IRjpQaOnWgvw1IzwmledlNFE0wmeEQHhgocUeVl8+w5OjNKgMJYmic0mqu/NzIcKTWNfDM5C6mWvZn4nzdIddj0MiaSVFNBFofClCMdo1kRKGCSEs2nhmAimcmKyBhLTLSpq2xKcJa/vEq6Fw3Hbji3l7VWs6ijBCdwCnVw4ApacANt6ACBJ3iGV3izcuvFerc+FqNrVrFzDH9gff4AINiTzw==</latexit>

(unknown) 
mean of arm k

(unknown) parameter 
K(2 Rd)

<latexit sha1_base64="E9374NLXgHqndYrcjUONL4PnjCY=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSLUTUlEsMuCG5dV7AOaWCaTSTt0MgkzE7GE/IobF4q49Ufc+TdO2yy09cDA4Zx7uWeOn3CmtG1/W2vrG5tb26Wd8u7e/sFh5ajaVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/uZ75vUcqFYvFvZ4m1IvwSLCQEayNNKxU6y4TyI2wHvt+dpc/BOfDSs1u2HOgVeIUpAYF2sPKlxvEJI2o0IRjpQaOnWgvw1IzwmledlNFE0wmeEQHhgocUeVl8+w5OjNKgMJYmic0mqu/NzIcKTWNfDM5C6mWvZn4nzdIddj0MiaSVFNBFofClCMdo1kRKGCSEs2nhmAimcmKyBhLTLSpq2xKcJa/vEq6Fw3Hbji3l7VWs6ijBCdwCnVw4ApacANt6ACBJ3iGV3izcuvFerc+FqNrVrFzDH9gff4AINiTzw==</latexit><latexit sha1_base64="E9374NLXgHqndYrcjUONL4PnjCY=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSLUTUlEsMuCG5dV7AOaWCaTSTt0MgkzE7GE/IobF4q49Ufc+TdO2yy09cDA4Zx7uWeOn3CmtG1/W2vrG5tb26Wd8u7e/sFh5ajaVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/uZ75vUcqFYvFvZ4m1IvwSLCQEayNNKxU6y4TyI2wHvt+dpc/BOfDSs1u2HOgVeIUpAYF2sPKlxvEJI2o0IRjpQaOnWgvw1IzwmledlNFE0wmeEQHhgocUeVl8+w5OjNKgMJYmic0mqu/NzIcKTWNfDM5C6mWvZn4nzdIddj0MiaSVFNBFofClCMdo1kRKGCSEs2nhmAimcmKyBhLTLSpq2xKcJa/vEq6Fw3Hbji3l7VWs6ijBCdwCnVw4ApacANt6ACBJ3iGV3izcuvFerc+FqNrVrFzDH9gff4AINiTzw==</latexit><latexit sha1_base64="E9374NLXgHqndYrcjUONL4PnjCY=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSLUTUlEsMuCG5dV7AOaWCaTSTt0MgkzE7GE/IobF4q49Ufc+TdO2yy09cDA4Zx7uWeOn3CmtG1/W2vrG5tb26Wd8u7e/sFh5ajaVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/uZ75vUcqFYvFvZ4m1IvwSLCQEayNNKxU6y4TyI2wHvt+dpc/BOfDSs1u2HOgVeIUpAYF2sPKlxvEJI2o0IRjpQaOnWgvw1IzwmledlNFE0wmeEQHhgocUeVl8+w5OjNKgMJYmic0mqu/NzIcKTWNfDM5C6mWvZn4nzdIddj0MiaSVFNBFofClCMdo1kRKGCSEs2nhmAimcmKyBhLTLSpq2xKcJa/vEq6Fw3Hbji3l7VWs6ijBCdwCnVw4ApacANt6ACBJ3iGV3izcuvFerc+FqNrVrFzDH9gff4AINiTzw==</latexit><latexit sha1_base64="E9374NLXgHqndYrcjUONL4PnjCY=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSLUTUlEsMuCG5dV7AOaWCaTSTt0MgkzE7GE/IobF4q49Ufc+TdO2yy09cDA4Zx7uWeOn3CmtG1/W2vrG5tb26Wd8u7e/sFh5ajaVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/uZ75vUcqFYvFvZ4m1IvwSLCQEayNNKxU6y4TyI2wHvt+dpc/BOfDSs1u2HOgVeIUpAYF2sPKlxvEJI2o0IRjpQaOnWgvw1IzwmledlNFE0wmeEQHhgocUeVl8+w5OjNKgMJYmic0mqu/NzIcKTWNfDM5C6mWvZn4nzdIddj0MiaSVFNBFofClCMdo1kRKGCSEs2nhmAimcmKyBhLTLSpq2xKcJa/vEq6Fw3Hbji3l7VWs6ijBCdwCnVw4ApacANt6ACBJ3iGV3izcuvFerc+FqNrVrFzDH9gff4AINiTzw==</latexit> noise

<latexit sha1_base64="qPv4cwctCl3HRD9M5MNdADyuwBM="></latexit>

Gi,t = µi + hxi,t,✓
⇤i+Wi,t

Complex model (CM): ||✓⇤||22 � 0
<latexit sha1_base64="UQvrWQ/sxObac0/xJjcoXO2QbPY=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEA8lKYI9Frx4rGBboUnDZrtpl24+2J0IJenBv+LFgyJe/Rve/Ddu2xy09cHA470ZZub5ieAKLOvbKK2tb2xulbcrO7t7+wfm4VFHxamkrE1jEcsHnygmeMTawEGwh0QyEvqCdf3xzczvPjKpeBzdwyRhbkiGEQ84JaAlzzzJcwdGDEj/Ms+9er+OneEQW55ZtWrWHHiV2AWpogItz/xyBjFNQxYBFUSpnm0l4GZEAqeCTStOqlhC6JgMWU/TiIRMudn8/ik+18oAB7HUFQGeq78nMhIqNQl93RkSGKllbyb+5/VSCBpuxqMkBRbRxaIgFRhiPAsDD7hkFMREE0Il17diOiKSUNCRVXQI9vLLq6RTr9lWzb67qjYbRRxldIrO0AWy0TVqolvUQm1EUY6e0St6M56MF+Pd+Fi0loxi5hj9gfH5A58elSI=</latexit><latexit sha1_base64="UQvrWQ/sxObac0/xJjcoXO2QbPY=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEA8lKYI9Frx4rGBboUnDZrtpl24+2J0IJenBv+LFgyJe/Rve/Ddu2xy09cHA470ZZub5ieAKLOvbKK2tb2xulbcrO7t7+wfm4VFHxamkrE1jEcsHnygmeMTawEGwh0QyEvqCdf3xzczvPjKpeBzdwyRhbkiGEQ84JaAlzzzJcwdGDEj/Ms+9er+OneEQW55ZtWrWHHiV2AWpogItz/xyBjFNQxYBFUSpnm0l4GZEAqeCTStOqlhC6JgMWU/TiIRMudn8/ik+18oAB7HUFQGeq78nMhIqNQl93RkSGKllbyb+5/VSCBpuxqMkBRbRxaIgFRhiPAsDD7hkFMREE0Il17diOiKSUNCRVXQI9vLLq6RTr9lWzb67qjYbRRxldIrO0AWy0TVqolvUQm1EUY6e0St6M56MF+Pd+Fi0loxi5hj9gfH5A58elSI=</latexit><latexit sha1_base64="UQvrWQ/sxObac0/xJjcoXO2QbPY=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEA8lKYI9Frx4rGBboUnDZrtpl24+2J0IJenBv+LFgyJe/Rve/Ddu2xy09cHA470ZZub5ieAKLOvbKK2tb2xulbcrO7t7+wfm4VFHxamkrE1jEcsHnygmeMTawEGwh0QyEvqCdf3xzczvPjKpeBzdwyRhbkiGEQ84JaAlzzzJcwdGDEj/Ms+9er+OneEQW55ZtWrWHHiV2AWpogItz/xyBjFNQxYBFUSpnm0l4GZEAqeCTStOqlhC6JgMWU/TiIRMudn8/ik+18oAB7HUFQGeq78nMhIqNQl93RkSGKllbyb+5/VSCBpuxqMkBRbRxaIgFRhiPAsDD7hkFMREE0Il17diOiKSUNCRVXQI9vLLq6RTr9lWzb67qjYbRRxldIrO0AWy0TVqolvUQm1EUY6e0St6M56MF+Pd+Fi0loxi5hj9gfH5A58elSI=</latexit><latexit sha1_base64="UQvrWQ/sxObac0/xJjcoXO2QbPY=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFEA8lKYI9Frx4rGBboUnDZrtpl24+2J0IJenBv+LFgyJe/Rve/Ddu2xy09cHA470ZZub5ieAKLOvbKK2tb2xulbcrO7t7+wfm4VFHxamkrE1jEcsHnygmeMTawEGwh0QyEvqCdf3xzczvPjKpeBzdwyRhbkiGEQ84JaAlzzzJcwdGDEj/Ms+9er+OneEQW55ZtWrWHHiV2AWpogItz/xyBjFNQxYBFUSpnm0l4GZEAqeCTStOqlhC6JgMWU/TiIRMudn8/ik+18oAB7HUFQGeq78nMhIqNQl93RkSGKllbyb+5/VSCBpuxqMkBRbRxaIgFRhiPAsDD7hkFMREE0Il17diOiKSUNCRVXQI9vLLq6RTr9lWzb67qjYbRRxldIrO0AWy0TVqolvUQm1EUY6e0St6M56MF+Pd+Fi0loxi5hj9gfH5A58elSI=</latexit>

Re
gr

et
R

C T
<latexit sha1_base64="UgM9Bcb7R4RraStYVqMk3kxmLNM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOhF49VmrbQxrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4n9bnffuLaiFg1cZrwIKIjJYaCUbSS/9BvPtb75YpbdRcg68TLSQVyNPrlr94gZmnEFTJJjel6boJBRjUKJvms1EsNTyib0BHvWqpoxE2QLY6dkQurDMgw1rYUkoX6eyKjkTHTKLSdEcWxWfXm4n9eN8XhbZAJlaTIFVsuGqaSYEzmn5OB0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtK6qnlv17q8rtes8jiKcwTlcggc3UIM7aIAPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fQu+ORA==</latexit><latexit sha1_base64="UgM9Bcb7R4RraStYVqMk3kxmLNM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOhF49VmrbQxrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4n9bnffuLaiFg1cZrwIKIjJYaCUbSS/9BvPtb75YpbdRcg68TLSQVyNPrlr94gZmnEFTJJjel6boJBRjUKJvms1EsNTyib0BHvWqpoxE2QLY6dkQurDMgw1rYUkoX6eyKjkTHTKLSdEcWxWfXm4n9eN8XhbZAJlaTIFVsuGqaSYEzmn5OB0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtK6qnlv17q8rtes8jiKcwTlcggc3UIM7aIAPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fQu+ORA==</latexit><latexit sha1_base64="UgM9Bcb7R4RraStYVqMk3kxmLNM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOhF49VmrbQxrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4n9bnffuLaiFg1cZrwIKIjJYaCUbSS/9BvPtb75YpbdRcg68TLSQVyNPrlr94gZmnEFTJJjel6boJBRjUKJvms1EsNTyib0BHvWqpoxE2QLY6dkQurDMgw1rYUkoX6eyKjkTHTKLSdEcWxWfXm4n9eN8XhbZAJlaTIFVsuGqaSYEzmn5OB0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtK6qnlv17q8rtes8jiKcwTlcggc3UIM7aIAPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fQu+ORA==</latexit><latexit sha1_base64="UgM9Bcb7R4RraStYVqMk3kxmLNM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOhF49VmrbQxrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4n9bnffuLaiFg1cZrwIKIjJYaCUbSS/9BvPtb75YpbdRcg68TLSQVyNPrlr94gZmnEFTJJjel6boJBRjUKJvms1EsNTyib0BHvWqpoxE2QLY6dkQurDMgw1rYUkoX6eyKjkTHTKLSdEcWxWfXm4n9eN8XhbZAJlaTIFVsuGqaSYEzmn5OB0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtK6qnlv17q8rtes8jiKcwTlcggc3UIM7aIAPDAQ8wyu8Ocp5cd6dj2VrwclnTuEPnM8fQu+ORA==</latexit>
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Model-
adaptive

Model-
adaptive

Number of rounds
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S T
<latexit sha1_base64="wXTb14r8/era1lCpYPguLLB5EAw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49V21poY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj65n/8IRK81g2zSRBP6JDyUPOqLFS667ffLzvlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzY+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjMPicDrpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0r6oem7Vu61V6rU8jiKcwCmcgweXUIcbaEALGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/Wy+OVA==</latexit><latexit sha1_base64="wXTb14r8/era1lCpYPguLLB5EAw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49V21poY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj65n/8IRK81g2zSRBP6JDyUPOqLFS667ffLzvlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzY+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjMPicDrpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0r6oem7Vu61V6rU8jiKcwCmcgweXUIcbaEALGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/Wy+OVA==</latexit><latexit sha1_base64="wXTb14r8/era1lCpYPguLLB5EAw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49V21poY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj65n/8IRK81g2zSRBP6JDyUPOqLFS667ffLzvlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzY+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjMPicDrpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0r6oem7Vu61V6rU8jiKcwCmcgweXUIcbaEALGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/Wy+OVA==</latexit><latexit sha1_base64="wXTb14r8/era1lCpYPguLLB5EAw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49V21poY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj65n/8IRK81g2zSRBP6JDyUPOqLFS667ffLzvlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzY+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjMPicDrpAZMbGEMsXtrYSNqKLM2HxKNgRv+eVV0r6oem7Vu61V6rU8jiKcwCmcgweXUIcbaEALGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/Wy+OVA==</latexit>
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Simple model (SM): ||✓⇤||22 ⇠ 0
<latexit sha1_base64="KVjrSya+3H0qUrKdzR1lOpSxTy0=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgngoSRHsseDFYwXbCk0aNttNu3Tzwe5EKEkv/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDPPTwRXYFnfRmltfWNzq7xd2dnd2z8wD486Kk4lZW0ai1g++EQxwSPWBg6CPSSSkdAXrOuPb2Z+95FJxePoHiYJc0MyjHjAKQEteeZJnjswYkD6l3nu1ft17CgeYsszq1bNmgOvErsgVVSg5ZlfziCmacgioIIo1bOtBNyMSOBUsGnFSRVLCB2TIetpGpGQKTebPzDF51oZ4CCWuiLAc/X3REZCpSahrztDAiO17M3E/7xeCkHDzXiUpMAiulgUpAJDjGdp4AGXjIKYaEKo5PpWTEdEEgo6s4oOwV5+eZV06jXbqtl3V9Vmo4ijjE7RGbpANrpGTXSLWqiNKJqiZ/SK3own48V4Nz4WrSWjmDlGf2B8/gCHK5Wn</latexit><latexit sha1_base64="KVjrSya+3H0qUrKdzR1lOpSxTy0=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgngoSRHsseDFYwXbCk0aNttNu3Tzwe5EKEkv/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDPPTwRXYFnfRmltfWNzq7xd2dnd2z8wD486Kk4lZW0ai1g++EQxwSPWBg6CPSSSkdAXrOuPb2Z+95FJxePoHiYJc0MyjHjAKQEteeZJnjswYkD6l3nu1ft17CgeYsszq1bNmgOvErsgVVSg5ZlfziCmacgioIIo1bOtBNyMSOBUsGnFSRVLCB2TIetpGpGQKTebPzDF51oZ4CCWuiLAc/X3REZCpSahrztDAiO17M3E/7xeCkHDzXiUpMAiulgUpAJDjGdp4AGXjIKYaEKo5PpWTEdEEgo6s4oOwV5+eZV06jXbqtl3V9Vmo4ijjE7RGbpANrpGTXSLWqiNKJqiZ/SK3own48V4Nz4WrSWjmDlGf2B8/gCHK5Wn</latexit><latexit sha1_base64="KVjrSya+3H0qUrKdzR1lOpSxTy0=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgngoSRHsseDFYwXbCk0aNttNu3Tzwe5EKEkv/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDPPTwRXYFnfRmltfWNzq7xd2dnd2z8wD486Kk4lZW0ai1g++EQxwSPWBg6CPSSSkdAXrOuPb2Z+95FJxePoHiYJc0MyjHjAKQEteeZJnjswYkD6l3nu1ft17CgeYsszq1bNmgOvErsgVVSg5ZlfziCmacgioIIo1bOtBNyMSOBUsGnFSRVLCB2TIetpGpGQKTebPzDF51oZ4CCWuiLAc/X3REZCpSahrztDAiO17M3E/7xeCkHDzXiUpMAiulgUpAJDjGdp4AGXjIKYaEKo5PpWTEdEEgo6s4oOwV5+eZV06jXbqtl3V9Vmo4ijjE7RGbpANrpGTXSLWqiNKJqiZ/SK3own48V4Nz4WrSWjmDlGf2B8/gCHK5Wn</latexit><latexit sha1_base64="KVjrSya+3H0qUrKdzR1lOpSxTy0=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgngoSRHsseDFYwXbCk0aNttNu3Tzwe5EKEkv/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDPPTwRXYFnfRmltfWNzq7xd2dnd2z8wD486Kk4lZW0ai1g++EQxwSPWBg6CPSSSkdAXrOuPb2Z+95FJxePoHiYJc0MyjHjAKQEteeZJnjswYkD6l3nu1ft17CgeYsszq1bNmgOvErsgVVSg5ZlfziCmacgioIIo1bOtBNyMSOBUsGnFSRVLCB2TIetpGpGQKTebPzDF51oZ4CCWuiLAc/X3REZCpSahrztDAiO17M3E/7xeCkHDzXiUpMAiulgUpAJDjGdp4AGXjIKYaEKo5PpWTEdEEgo6s4oOwV5+eZV06jXbqtl3V9Vmo4ijjE7RGbpANrpGTXSLWqiNKJqiZ/SK3own48V4Nz4WrSWjmDlGf2B8/gCHK5Wn</latexit>

Model selection, Objective 2 (suboptimal but non-trivial): Design a single 
algorithm that achieves regret rates (for               )

Simple model (SM):

Complex model (CM):
<latexit sha1_base64="99e4QUzP6A90TBIMJXIdJeZOzLQ="></latexit>

RC
T = O(K�d↵T 1�↵)

<latexit sha1_base64="45hIu6Hr27BXfrKEpbzKWmQ1HU0=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoMQDwm7IupFCHoRPBg1L8gmoXcySYbMPpiZFcKyX+HFX/HiQRGv4s2/cTbJQRMLGoqqbrq7nIAzqUzz20gtLC4tr6RXM2vrG5tb2e2dmvRDQWiV+NwXDQck5cyjVcUUp41AUHAdTuvO8DLx6w9USOZ7FTUKaMuFvsd6jIDSUidbuOtU2vf4HNsuqAEBHt3E+et2ZDtUQYwr7cjCBWwDDwYQH3ayObNojoHniTUlOTRFuZP9srs+CV3qKcJByqZlBqoVgVCMcBpn7FDSAMgQ+rSpqQcula1o/FaMD7TSxT1f6PIUHqu/JyJwpRy5ju5MjpezXiL+5zVD1TtrRcwLQkU9MlnUCzlWPk4ywl0mKFF8pAkQwfStmAxAAFE6yYwOwZp9eZ7UjorWSdG6Pc6VLqZxpNEe2kd5ZKFTVEJXqIyqiKBH9Ixe0ZvxZLwY78bHpDVlTGd20R8Ynz+z5J3X</latexit>

RS
T = O(K�T 1�↵)

<latexit sha1_base64="uCIUr7Zp/Iii8dbviOssVyHv0UM=">AAAB83icdVDLSsNAFL3xWeur6tLNYBFcxaTUPsBF0Y3LCvYBTSiT6bQdOkmGmYlQQn/DjQtF3Poz7vwbp20EFT1w4XDOvdx7TyA4U9pxPqyV1bX1jc3cVn57Z3dvv3Bw2FZxIgltkZjHshtgRTmLaEszzWlXSIrDgNNOMLme+517KhWLozs9FdQP8ShiQ0awNpLnYS7GGF0i97zULxQdu+649YsqWpJaOSOVOnJtZ4EiZGj2C+/eICZJSCNNOFaq5zpC+ymWmhFOZ3kvUVRgMsEj2jM0wiFVfrq4eYZOjTJAw1iaijRaqN8nUhwqNQ0D0xliPVa/vbn4l9dL9LDmpywSiaYRWS4aJhzpGM0DQAMmKdF8aggmkplbERljiYk2MeVNCF+fov9Ju2S7Fdu9LRcbV1kcOTiGEzgDF6rQgBtoQgsICHiAJ3i2EuvRerFel60rVjZzBD9gvX0CoBuQyA==</latexit>

↵ < 1/2



Existing algorithms for model selection (and their limitations)

(if SM) 
continue

Exploit  
SMRe

gr
et

  

No of rounds

(if CM) 
switch

Statistical test on: 
CM regret under SM algorithm

OSOM (Chatterji, Muthukumar and Bartlett, AISTATS 2020) ModCB (Foster, Krishnamurthy and Luo, NeurIPS 2019)

(if SM) 
continue

Exploit SM  
+ some 

exploration

Re
gr

et
  

No of rounds

(if CM) 
switch

Statistical test on: 
(upper bound on) gap between  

best performance of CM/SM

Meta exploration-vs-exploitation tradeoff: ensure success of test v.s. exploit simple model

Achieves Objective 1 only under feature diversity condition 
for all arms (very strong)

Achieves Objective 2 (for               ), but only under feature 
diversity condition averaged over arms

<latexit sha1_base64="ur/JFELVpT2NyuK3IGzZ+4iO8SQ=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0y09uMgFL14rGBtoQlls920SzfJsrsRSunf8OJBEa/+GW/+G7dtBBV9MPB4b4aZeYHgTGnH+bByS8srq2v59cLG5tb2TnF3704lqSS0RRKeyE6AFeUspi3NNKcdISmOAk7bwehq5rfvqVQsiW/1WFA/woOYhYxgbSTPw1wMMbpA7slZr1hy7Lrj1s+raEFq5YxU6si1nTlKkKHZK757/YSkEY014ViprusI7U+w1IxwOi14qaICkxEe0K6hMY6o8ifzm6foyCh9FCbSVKzRXP0+McGRUuMoMJ0R1kP125uJf3ndVIc1f8JikWoak8WiMOVIJ2gWAOozSYnmY0MwkczcisgQS0y0ialgQvj6FP1P7k5tt2K7N+VS4zKLIw8HcAjH4EIVGnANTWgBAQEP8ATPVmo9Wi/W66I1Z2Uz+/AD1tsnoyeQyg==</latexit>

↵ = 1/3



Our [universal, data-adaptive] algorithms

(if SM) 
continue

Pure-
exploit if 
feature-
diversity 

met,  
Else…

explore+
exploit

Re
gr

et
  

No of rounds

(if CM) 
switch

ModCB.A (adaptive) ModCB.U (universal)

(if SM) 
continue

Exploit SM  
+ more 

exploration

Re
gr

et
  

No of rounds

(if CM) 
switch

New universal statistical test on: 
(upper bound on) gap between  

best performance of CM/SM

Achieves Objective 2 (for               ) under 
no feature diversity conditions whatsoever

<latexit sha1_base64="ExObceLNckQe8hz/ipHBCUoIEmE=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiZS+1gIRTcuK9gHNKFMptN26GQSZiZCCf0NNy4UcevPuPNvnLYRVPTAhcM593LvPUHMmdKO82HlVlbX1jfym4Wt7Z3dveL+QVtFiSS0RSIeyW6AFeVM0JZmmtNuLCkOA047weR67nfuqVQsEnd6GlM/xCPBhoxgbSTPwzweY3SJ3LNKv1hy7Lrj1i+qaElq5YxU6si1nQVKkKHZL757g4gkIRWacKxUz3Vi7adYakY4nRW8RNEYkwke0Z6hAodU+eni5hk6McoADSNpSmi0UL9PpDhUahoGpjPEeqx+e3PxL6+X6GHNT5mIE00FWS4aJhzpCM0DQAMmKdF8aggmkplbERljiYk2MRVMCF+fov9J+9x2K7Z7Wy41rrI48nAEx3AKLlShATfQhBYQiOEBnuDZSqxH68V6XbbmrGzmEH7AevsEp7OQzQ==</latexit>

↵ = 1/6Achieves Objective 1 under arm-specific diversity and  
Objective 2 (for               ) under arm-averaged diversity 

Statistical test on: 
(upper bound on) gap between  

best performance of CM/SM

<latexit sha1_base64="ur/JFELVpT2NyuK3IGzZ+4iO8SQ=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0y09uMgFL14rGBtoQlls920SzfJsrsRSunf8OJBEa/+GW/+G7dtBBV9MPB4b4aZeYHgTGnH+bByS8srq2v59cLG5tb2TnF3704lqSS0RRKeyE6AFeUspi3NNKcdISmOAk7bwehq5rfvqVQsiW/1WFA/woOYhYxgbSTPw1wMMbpA7slZr1hy7Lrj1s+raEFq5YxU6si1nTlKkKHZK757/YSkEY014ViprusI7U+w1IxwOi14qaICkxEe0K6hMY6o8ifzm6foyCh9FCbSVKzRXP0+McGRUuMoMJ0R1kP125uJf3ndVIc1f8JikWoak8WiMOVIJ2gWAOozSYnmY0MwkczcisgQS0y0ialgQvj6FP1P7k5tt2K7N+VS4zKLIw8HcAjH4EIVGnANTWgBAQEP8ATPVmo9Wi/W66I1Z2Uz+/AD1tsnoyeQyg==</latexit>

↵ = 1/3



Summary of main results

Table of results, universality

Table of results, data-adaptivity



• Universality and data-adaptivity in one algorithm 

• Nested linear contextual bandits (beyond restrictive block-diagonal 
assumption) 

• Beyond linear models 

• Model selection under misspecification

Future work



Thank you!

Please see our poster and our full paper on arXiv: 2111.04688


