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<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

P

<latexit sha1_base64="flHvBSAL7UsNTVVRDVckrOx35KE=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq16mWzVqnf5HUU4QRO4Rw8uII63EEDWsAA4Rle4c15dF6cd+djES04+cwx/IHz+QOsMYzc</latexit>

s,�r

<latexit sha1_base64="uQ3YQdbP/KUHLwsJz7SJO0kZdZU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ40JJIRY9FLx4rmLbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbBa2its7u3v7pYPDhk4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPh3dRvPqHSPJGPZpRiENO+5BFn1FjJ1+fkQnVLZbfizkCWiZeTMuSod0tfnV7CshilYYJq3fbc1ARjqgxnAifFTqYxpWxI+9i2VNIYdTCeHTshp1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYlugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxmXFq1auHqrl2m0eRwGO4QTOwINrqME91MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f2+COEg==</latexit>
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<latexit sha1_base64="wgUpGY+Qy0e1S7xsKSvyRvsFzfE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REKnosevFYwbSFNpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jkkr5AalCtuXV3DrRKvILUoEBrUP3qD2OSCioN4VjrnucmJsiwMoxwOqv0U00TTCZ4RHuWSiyoDrL5rTN0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyl4v/eb3URDdBxmSSGirJYlGUcmRilD+OhkxRYvjUEkwUs7ciMsYKE2PjqdgQvOWXV0n7su416lcPjVrztoijDCdwCufgwTU04R5a4AOBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx9x1o3b</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

b

<latexit sha1_base64="LXNic5eemCQDWuE/dnwXO3jTQUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx3mM7g==</latexit>
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Environment

Agents

Actions
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Joint state
finite state/action spaces:

“tabular case”

<latexit sha1_base64="xyMnRpknQbbgmyYjDKEdERa/f+k=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzFxYciMMeoSceMSozwSmJBO6UBDpzO2HRLC8B1uXGiMWz/GnX9jB2ah4Enuzck596a3x4s4U9q2v63cyura+kZ+s7C1vbO7V9w/aKgwloTWSchD2fKwopwJWtdMc9qKJMWBx2nTG96mfnNEpWKheNTjiLoB7gvmM4K1kdzkITlDyU3aqkm3WLLL9gxomTgZKUGGWrf41emFJA6o0IRjpdqOHWl3gqVmhNNpoRMrGmEyxH3aNlTggCp3Mjt6ik6M0kN+KE0JjWbq740JDpQaB56ZDLAeqEUvFf/z2rH2r90JE1GsqSDzh/yYIx2iNAHUY5ISzceGYCKZuRWRAZaYaJNTwYTgLH55mTTOy85l2bm/KFWqWRx5OIJjOAUHrqACd1CDOhB4gmd4hTdrZL1Y79bHfDRnZTuH8AfW5w+aupFY</latexit>

|S|, |A|, |B|



Setup: Markov Games

Markov games: min
x2�

max
y2�

Es⇠⇢0V
x,y(s)

<latexit sha1_base64="zOA2Ycl+kfn99qklBOlPuwnipzI="></latexit>

V x,y(s) = Ex,y

" 1X

t=0

�tr(st, at, bt)|s0 = s

#
,

with at ⇠ x(·|st), bt ⇠ y(·|st), st+1 ⇠ P (·|st, at, bt)

<latexit sha1_base64="RArO5hAwCqCNVxqps07Vf1rbehA="></latexit>

5

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

P

<latexit sha1_base64="flHvBSAL7UsNTVVRDVckrOx35KE=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq16mWzVqnf5HUU4QRO4Rw8uII63EEDWsAA4Rle4c15dF6cd+djES04+cwx/IHz+QOsMYzc</latexit>

s,�r

<latexit sha1_base64="uQ3YQdbP/KUHLwsJz7SJO0kZdZU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ40JJIRY9FLx4rmLbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbBa2its7u3v7pYPDhk4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPh3dRvPqHSPJGPZpRiENO+5BFn1FjJ1+fkQnVLZbfizkCWiZeTMuSod0tfnV7CshilYYJq3fbc1ARjqgxnAifFTqYxpWxI+9i2VNIYdTCeHTshp1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYlugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxmXFq1auHqrl2m0eRwGO4QTOwINrqME91MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f2+COEg==</latexit>

s, r

<latexit sha1_base64="wgUpGY+Qy0e1S7xsKSvyRvsFzfE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REKnosevFYwbSFNpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jkkr5AalCtuXV3DrRKvILUoEBrUP3qD2OSCioN4VjrnucmJsiwMoxwOqv0U00TTCZ4RHuWSiyoDrL5rTN0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyl4v/eb3URDdBxmSSGirJYlGUcmRilD+OhkxRYvjUEkwUs7ciMsYKE2PjqdgQvOWXV0n7su416lcPjVrztoijDCdwCufgwTU04R5a4AOBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx9x1o3b</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

b

<latexit sha1_base64="LXNic5eemCQDWuE/dnwXO3jTQUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx3mM7g==</latexit>



Setup: Markov Games

Markov games: min
x2�

max
y2�

Es⇠⇢0V
x,y(s)

<latexit sha1_base64="zOA2Ycl+kfn99qklBOlPuwnipzI="></latexit>

V x,y(s) = Ex,y

" 1X

t=0

�tr(st, at, bt)|s0 = s

#
,

with at ⇠ x(·|st), bt ⇠ y(·|st), st+1 ⇠ P (·|st, at, bt)

<latexit sha1_base64="RArO5hAwCqCNVxqps07Vf1rbehA="></latexit>
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x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

P

<latexit sha1_base64="flHvBSAL7UsNTVVRDVckrOx35KE=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq16mWzVqnf5HUU4QRO4Rw8uII63EEDWsAA4Rle4c15dF6cd+djES04+cwx/IHz+QOsMYzc</latexit>

s,�r

<latexit sha1_base64="uQ3YQdbP/KUHLwsJz7SJO0kZdZU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ40JJIRY9FLx4rmLbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbBa2its7u3v7pYPDhk4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPh3dRvPqHSPJGPZpRiENO+5BFn1FjJ1+fkQnVLZbfizkCWiZeTMuSod0tfnV7CshilYYJq3fbc1ARjqgxnAifFTqYxpWxI+9i2VNIYdTCeHTshp1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYlugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxmXFq1auHqrl2m0eRwGO4QTOwINrqME91MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f2+COEg==</latexit>

s, r

<latexit sha1_base64="wgUpGY+Qy0e1S7xsKSvyRvsFzfE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REKnosevFYwbSFNpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jkkr5AalCtuXV3DrRKvILUoEBrUP3qD2OSCioN4VjrnucmJsiwMoxwOqv0U00TTCZ4RHuWSiyoDrL5rTN0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyl4v/eb3URDdBxmSSGirJYlGUcmRilD+OhkxRYvjUEkwUs7ciMsYKE2PjqdgQvOWXV0n7su416lcPjVrztoijDCdwCufgwTU04R5a4AOBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx9x1o3b</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

b

<latexit sha1_base64="LXNic5eemCQDWuE/dnwXO3jTQUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx3mM7g==</latexit>



Setup: Markov Games

Markov games: min
x2�

max
y2�

Es⇠⇢0V
x,y(s)

<latexit sha1_base64="zOA2Ycl+kfn99qklBOlPuwnipzI="></latexit>

V x,y(s) = Ex,y

" 1X

t=0

�tr(st, at, bt)|s0 = s

#
,

with at ⇠ x(·|st), bt ⇠ y(·|st), st+1 ⇠ P (·|st, at, bt)

<latexit sha1_base64="RArO5hAwCqCNVxqps07Vf1rbehA="></latexit>

Nonconvex-
nonconcave
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x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

P

<latexit sha1_base64="flHvBSAL7UsNTVVRDVckrOx35KE=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq16mWzVqnf5HUU4QRO4Rw8uII63EEDWsAA4Rle4c15dF6cd+djES04+cwx/IHz+QOsMYzc</latexit>

s,�r

<latexit sha1_base64="uQ3YQdbP/KUHLwsJz7SJO0kZdZU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ40JJIRY9FLx4rmLbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbBa2its7u3v7pYPDhk4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPh3dRvPqHSPJGPZpRiENO+5BFn1FjJ1+fkQnVLZbfizkCWiZeTMuSod0tfnV7CshilYYJq3fbc1ARjqgxnAifFTqYxpWxI+9i2VNIYdTCeHTshp1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYlugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxmXFq1auHqrl2m0eRwGO4QTOwINrqME91MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f2+COEg==</latexit>

s, r

<latexit sha1_base64="wgUpGY+Qy0e1S7xsKSvyRvsFzfE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REKnosevFYwbSFNpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jkkr5AalCtuXV3DrRKvILUoEBrUP3qD2OSCioN4VjrnucmJsiwMoxwOqv0U00TTCZ4RHuWSiyoDrL5rTN0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyl4v/eb3URDdBxmSSGirJYlGUcmRilD+OhkxRYvjUEkwUs7ciMsYKE2PjqdgQvOWXV0n7su416lcPjVrztoijDCdwCufgwTU04R5a4AOBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx9x1o3b</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

b

<latexit sha1_base64="LXNic5eemCQDWuE/dnwXO3jTQUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx3mM7g==</latexit>



Setup: Markov Games

Markov games: min
x2�

max
y2�

Es⇠⇢0V
x,y(s)

<latexit sha1_base64="zOA2Ycl+kfn99qklBOlPuwnipzI="></latexit>

V x,y(s) = Ex,y

" 1X

t=0

�tr(st, at, bt)|s0 = s

#
,

with at ⇠ x(·|st), bt ⇠ y(·|st), st+1 ⇠ P (·|st, at, bt)

<latexit sha1_base64="RArO5hAwCqCNVxqps07Vf1rbehA="></latexit>

Nonconvex-
nonconcave

8

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

P

<latexit sha1_base64="flHvBSAL7UsNTVVRDVckrOx35KE=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq16mWzVqnf5HUU4QRO4Rw8uII63EEDWsAA4Rle4c15dF6cd+djES04+cwx/IHz+QOsMYzc</latexit>

s,�r

<latexit sha1_base64="uQ3YQdbP/KUHLwsJz7SJO0kZdZU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ40JJIRY9FLx4rmLbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbBa2its7u3v7pYPDhk4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPh3dRvPqHSPJGPZpRiENO+5BFn1FjJ1+fkQnVLZbfizkCWiZeTMuSod0tfnV7CshilYYJq3fbc1ARjqgxnAifFTqYxpWxI+9i2VNIYdTCeHTshp1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYlugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxmXFq1auHqrl2m0eRwGO4QTOwINrqME91MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f2+COEg==</latexit>

s, r

<latexit sha1_base64="wgUpGY+Qy0e1S7xsKSvyRvsFzfE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REKnosevFYwbSFNpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jkkr5AalCtuXV3DrRKvILUoEBrUP3qD2OSCioN4VjrnucmJsiwMoxwOqv0U00TTCZ4RHuWSiyoDrL5rTN0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyl4v/eb3URDdBxmSSGirJYlGUcmRilD+OhkxRYvjUEkwUs7ciMsYKE2PjqdgQvOWXV0n7su416lcPjVrztoijDCdwCufgwTU04R5a4AOBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx9x1o3b</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

b

<latexit sha1_base64="LXNic5eemCQDWuE/dnwXO3jTQUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx3mM7g==</latexit>

Agents only access their own actions

-Nash eq.<latexit sha1_base64="8DSmc2gB/Pv+gAMtQ7NAJXIu8Mg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFpKJvtpl262Q27k0IJ/RlePCji1V/jzX/jts1Bqw8GHu/NMDMvSgU36HlfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8N/c7E6YNV/IRpykLEzKUPOaUoJWC3oRolhoulOxXa17dW8D9S/yC1KBAs1/97A0UzRImkQpiTOB7KYY50cipYLNKLzMsJXRMhiywVJKEmTBfnDxzz6wycGOlbUl0F+rPiZwkxkyTyHYmBEdm1ZuL/3lBhvFNmHOZZsgkXS6KM+Gicuf/uwOuGUUxtYRQze2tLh0RTSjalCo2BH/15b+kfVH3r+r+w2WtcVvEUYYTOIVz8OEaGnAPTWgBBQVP8AKvDjrPzpvzvmwtOcXMMfyC8/ENu8eRjQ==</latexit>"

still 
tractable



Setup: Markov Games

Markov games: min
x2�

max
y2�

Es⇠⇢0V
x,y(s)

<latexit sha1_base64="zOA2Ycl+kfn99qklBOlPuwnipzI="></latexit>

V x,y(s) = Ex,y

" 1X

t=0

�tr(st, at, bt)|s0 = s

#
,

with at ⇠ x(·|st), bt ⇠ y(·|st), st+1 ⇠ P (·|st, at, bt)

<latexit sha1_base64="RArO5hAwCqCNVxqps07Vf1rbehA="></latexit>

Nonconvex-
nonconcave

9

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

P

<latexit sha1_base64="flHvBSAL7UsNTVVRDVckrOx35KE=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdK+qHq16mWzVqnf5HUU4QRO4Rw8uII63EEDWsAA4Rle4c15dF6cd+djES04+cwx/IHz+QOsMYzc</latexit>

s,�r

<latexit sha1_base64="uQ3YQdbP/KUHLwsJz7SJO0kZdZU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ40JJIRY9FLx4rmLbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbBa2its7u3v7pYPDhk4yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPh3dRvPqHSPJGPZpRiENO+5BFn1FjJ1+fkQnVLZbfizkCWiZeTMuSod0tfnV7CshilYYJq3fbc1ARjqgxnAifFTqYxpWxI+9i2VNIYdTCeHTshp1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYlugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxmXFq1auHqrl2m0eRwGO4QTOwINrqME91MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8f2+COEg==</latexit>

s, r

<latexit sha1_base64="wgUpGY+Qy0e1S7xsKSvyRvsFzfE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REKnosevFYwbSFNpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyV3ud56o0iyWj2aa0EDgkWQRI9jkkr5AalCtuXV3DrRKvILUoEBrUP3qD2OSCioN4VjrnucmJsiwMoxwOqv0U00TTCZ4RHuWSiyoDrL5rTN0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyl4v/eb3URDdBxmSSGirJYlGUcmRilD+OhkxRYvjUEkwUs7ciMsYKE2PjqdgQvOWXV0n7su416lcPjVrztoijDCdwCufgwTU04R5a4AOBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx9x1o3b</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

b

<latexit sha1_base64="LXNic5eemCQDWuE/dnwXO3jTQUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx3mM7g==</latexit>

-Nash eq.<latexit sha1_base64="8DSmc2gB/Pv+gAMtQ7NAJXIu8Mg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFpKJvtpl262Q27k0IJ/RlePCji1V/jzX/jts1Bqw8GHu/NMDMvSgU36HlfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8N/c7E6YNV/IRpykLEzKUPOaUoJWC3oRolhoulOxXa17dW8D9S/yC1KBAs1/97A0UzRImkQpiTOB7KYY50cipYLNKLzMsJXRMhiywVJKEmTBfnDxzz6wycGOlbUl0F+rPiZwkxkyTyHYmBEdm1ZuL/3lBhvFNmHOZZsgkXS6KM+Gicuf/uwOuGUUxtYRQze2tLh0RTSjalCo2BH/15b+kfVH3r+r+w2WtcVvEUYYTOIVz8OEaGnAPTWgBBQVP8AKvDjrPzpvzvmwtOcXMMfyC8/ENu8eRjQ==</latexit>"

still 
tractable



Sample Complexity Results

Solve as a sequence of single-agent MDP and zero-sum matrix game

Policy mirror descent + stochastic FoRB

O("�2)

<latexit sha1_base64="B3ontpMCwcB7TfeSh1qjdANCTEE="></latexit>

matching the sample complexity 
of solving single-agent MDP

10

-Nash eq.<latexit sha1_base64="8DSmc2gB/Pv+gAMtQ7NAJXIu8Mg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFpKJvtpl262Q27k0IJ/RlePCji1V/jzX/jts1Bqw8GHu/NMDMvSgU36HlfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8N/c7E6YNV/IRpykLEzKUPOaUoJWC3oRolhoulOxXa17dW8D9S/yC1KBAs1/97A0UzRImkQpiTOB7KYY50cipYLNKLzMsJXRMhiywVJKEmTBfnDxzz6wycGOlbUl0F+rPiZwkxkyTyHYmBEdm1ZuL/3lBhvFNmHOZZsgkXS6KM+Gicuf/uwOuGUUxtYRQze2tLh0RTSjalCo2BH/15b+kfVH3r+r+w2WtcVvEUYYTOIVz8OEaGnAPTWgBBQVP8AKvDjrPzpvzvmwtOcXMMfyC8/ENu8eRjQ==</latexit>"



Sample Complexity Results

Solve as a sequence of single-agent MDP and zero-sum matrix game

Policy mirror descent + stochastic FoRB

O("�2)

<latexit sha1_base64="B3ontpMCwcB7TfeSh1qjdANCTEE="></latexit>

matching the sample complexity 
of solving single-agent MDP

11

-Nash eq.<latexit sha1_base64="8DSmc2gB/Pv+gAMtQ7NAJXIu8Mg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFpKJvtpl262Q27k0IJ/RlePCji1V/jzX/jts1Bqw8GHu/NMDMvSgU36HlfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8N/c7E6YNV/IRpykLEzKUPOaUoJWC3oRolhoulOxXa17dW8D9S/yC1KBAs1/97A0UzRImkQpiTOB7KYY50cipYLNKLzMsJXRMhiywVJKEmTBfnDxzz6wycGOlbUl0F+rPiZwkxkyTyHYmBEdm1ZuL/3lBhvFNmHOZZsgkXS6KM+Gicuf/uwOuGUUxtYRQze2tLh0RTSjalCo2BH/15b+kfVH3r+r+w2WtcVvEUYYTOIVz8OEaGnAPTWgBBQVP8AKvDjrPzpvzvmwtOcXMMfyC8/ENu8eRjQ==</latexit>"

Careful analysis of the bias 
between the two stages



Sample Complexity Results

Solve as a sequence of single-agent MDP and zero-sum matrix game

Policy mirror descent + stochastic FoRB

O("�2)

<latexit sha1_base64="B3ontpMCwcB7TfeSh1qjdANCTEE="></latexit>

matching the sample complexity 
of solving single-agent MDP

12

Assumption: lower bounded policies (same as single agent)

-Nash eq.<latexit sha1_base64="8DSmc2gB/Pv+gAMtQ7NAJXIu8Mg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFpKJvtpl262Q27k0IJ/RlePCji1V/jzX/jts1Bqw8GHu/NMDMvSgU36HlfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8N/c7E6YNV/IRpykLEzKUPOaUoJWC3oRolhoulOxXa17dW8D9S/yC1KBAs1/97A0UzRImkQpiTOB7KYY50cipYLNKLzMsJXRMhiywVJKEmTBfnDxzz6wycGOlbUl0F+rPiZwkxkyTyHYmBEdm1ZuL/3lBhvFNmHOZZsgkXS6KM+Gicuf/uwOuGUUxtYRQze2tLh0RTSjalCo2BH/15b+kfVH3r+r+w2WtcVvEUYYTOIVz8OEaGnAPTWgBBQVP8AKvDjrPzpvzvmwtOcXMMfyC8/ENu8eRjQ==</latexit>"

Careful analysis of the bias 
between the two stages
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Assumption: lower bounded policies (same as single agent)

<latexit sha1_base64="ddBx7OcEDSC8qeAqiP3KHX6Nqa4=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWoC0siRV0W3bizgn1AE8tkOmmHTmbCzKRQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IgSqWz72ygsLa+srhXXSxubW9s75u5eS/JYINxEnHLR8aHElDDcVERR3IkEhqFPcdsfXWd+e4yFJJzdq0mEvRAOGAkIgkpLPfPQDaEaIkiT27TijqHAkSSUs4fktJae9MyyXbWnsBaJk5MyyNHomV9un6M4xEwhCqXsOnakvAQKRRDFacmNJY4gGsEB7mrKYIill0zfSK1jrfStgAtdTFlT9fdEAkMpJ6GvO7Oj5byXif953VgFl15CWBQrzNBsURBTS3Ery8TqE4GRohNNIBJE32qhIRQQKZ1cSYfgzL+8SFpnVee86tzVyvWrPI4iOABHoAIccAHq4AY0QBMg8AiewSt4M56MF+Pd+Ji1Fox8Zh/8gfH5AzydmPc=</latexit>

O("�4) -Nash eq.<latexit sha1_base64="8DSmc2gB/Pv+gAMtQ7NAJXIu8Mg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFpKJvtpl262Q27k0IJ/RlePCji1V/jzX/jts1Bqw8GHu/NMDMvSgU36HlfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8N/c7E6YNV/IRpykLEzKUPOaUoJWC3oRolhoulOxXa17dW8D9S/yC1KBAs1/97A0UzRImkQpiTOB7KYY50cipYLNKLzMsJXRMhiywVJKEmTBfnDxzz6wycGOlbUl0F+rPiZwkxkyTyHYmBEdm1ZuL/3lBhvFNmHOZZsgkXS6KM+Gicuf/uwOuGUUxtYRQze2tLh0RTSjalCo2BH/15b+kfVH3r+r+w2WtcVvEUYYTOIVz8OEaGnAPTWgBBQVP8AKvDjrPzpvzvmwtOcXMMfyC8/ENu8eRjQ==</latexit>"

use greedy exploration
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Assumption: lower bounded policies (same as single agent)

<latexit sha1_base64="ddBx7OcEDSC8qeAqiP3KHX6Nqa4=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWoC0siRV0W3bizgn1AE8tkOmmHTmbCzKRQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IgSqWz72ygsLa+srhXXSxubW9s75u5eS/JYINxEnHLR8aHElDDcVERR3IkEhqFPcdsfXWd+e4yFJJzdq0mEvRAOGAkIgkpLPfPQDaEaIkiT27TijqHAkSSUs4fktJae9MyyXbWnsBaJk5MyyNHomV9un6M4xEwhCqXsOnakvAQKRRDFacmNJY4gGsEB7mrKYIill0zfSK1jrfStgAtdTFlT9fdEAkMpJ6GvO7Oj5byXif953VgFl15CWBQrzNBsURBTS3Ery8TqE4GRohNNIBJE32qhIRQQKZ1cSYfgzL+8SFpnVee86tzVyvWrPI4iOABHoAIccAHq4AY0QBMg8AiewSt4M56MF+Pd+Ji1Fox8Zh/8gfH5AzydmPc=</latexit>

O("�4)

Better dependence on                        than SOTA

-Nash eq.<latexit sha1_base64="8DSmc2gB/Pv+gAMtQ7NAJXIu8Mg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFpKJvtpl262Q27k0IJ/RlePCji1V/jzX/jts1Bqw8GHu/NMDMvSgU36HlfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8N/c7E6YNV/IRpykLEzKUPOaUoJWC3oRolhoulOxXa17dW8D9S/yC1KBAs1/97A0UzRImkQpiTOB7KYY50cipYLNKLzMsJXRMhiywVJKEmTBfnDxzz6wycGOlbUl0F+rPiZwkxkyTyHYmBEdm1ZuL/3lBhvFNmHOZZsgkXS6KM+Gicuf/uwOuGUUxtYRQze2tLh0RTSjalCo2BH/15b+kfVH3r+r+w2WtcVvEUYYTOIVz8OEaGnAPTWgBBQVP8AKvDjrPzpvzvmwtOcXMMfyC8/ENu8eRjQ==</latexit>"

<latexit sha1_base64="JVL5ehBcaZBKbGFWI5Gz/JFFhxM=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEF1JmRNRlrRuXFe0D2qHcSdM2NJkZkoxQpgV/xY0LRdz6He78GzPtLLT1QC6Hc+7l3hw/4kxpx/m2ckvLK6tr+fXCxubW9o69u1dXYSwJrZGQh7Lpg6KcBbSmmea0GUkKwue04Q9vUr/xSKViYfCgRxH1BPQD1mMEtJE69sH4fnyKx9dpqZjS7oMQ0LGLTsmZAi8SNyNFlKHasb/a3ZDEggaacFCq5TqR9hKQmhFOJ4V2rGgEZAh92jI0AEGVl0zPn+Bjo3RxL5TmBRpP1d8TCQilRsI3nQL0QM17qfif14p178pLWBDFmgZktqgXc6xDnGaBu0xSovnIECCSmVsxGYAEok1iBROCO//lRVI/K7kXJffuvFiuZHHk0SE6QifIRZeojG5RFdUQQQl6Rq/ozXqyXqx362PWmrOymX30B9bnD3E9lIQ=</latexit>

|S|, |A|, |B|, �

use greedy exploration


