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Protecting mission-critical information

System model 
- discrete evolution 
- actuation uncertainties 
- secret states

Intruder model 
- Knows the system model 
- Observes the actions  
- Observes the states partially 
- Wants to infer the secret states



Ufuk Topcu  3

A formulation based on POMDPs

Decision Maker
<latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit><latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit><latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit><latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit>

(Controller)
<latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit><latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit><latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit><latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit>

Action
<latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit>

a
<latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit>

State
<latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit><latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit><latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit><latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit>

q
<latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit><latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit><latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit><latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit>

The system is modeled by a 
Markov decision process (MDP)

M = (Q,⇡, A, T )
<latexit sha1_base64="8Bes3YNIjlhuqFC+ckVKdCvMJxo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUKGUpAp2I1TcuBFa6AuaUCbTaTt0MgkzE6GEbPwVNy4UcetnuPNvnLRZaOuBC4dz7uXee7yQUaks69vIra1vbG7ltws7u3v7B+bhUUcGkcCkjQMWiJ6HJGGUk7aiipFeKAjyPUa63vQu9buPREga8JaahcT10ZjTEcVIaWlgnjg+UhOMWPyQ3JSaZSek5dty62JgFq2KNQdcJXZGiiBDY2B+OcMARz7hCjMkZd+2QuXGSCiKGUkKTiRJiPAUjUlfU458It14/kACz7UyhKNA6OIKztXfEzHypZz5nu5Mz5XLXir+5/UjNaq5MeVhpAjHi0WjiEEVwDQNOKSCYMVmmiAsqL4V4gkSCCudWUGHYC+/vEo61Yp9Wak2r4r1WhZHHpyCM1ACNrgGdXAPGqANMEjAM3gFb8aT8WK8Gx+L1pyRzRyDPzA+fwDNwJUz</latexit>

Q : a finite set of states

⇡ : Q ! [0, 1] initial distribution

A : a finite set of actions

T : T (q, a, q0) = P (qt = q0|qt�1, at1)
<latexit sha1_base64="V6A/0VzDQ0gd1B1xJGn3Af5wFB4="></latexit>



Ufuk Topcu  3

A formulation based on POMDPs

Decision Maker
<latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit><latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit><latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit><latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit>

(Controller)
<latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit><latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit><latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit><latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit>

Action
<latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit>

a
<latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit>

State
<latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit><latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit><latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit><latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit>

q
<latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit><latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit><latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit><latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit>

The system is modeled by a 
Markov decision process (MDP)

M = (Q,⇡, A, T )
<latexit sha1_base64="8Bes3YNIjlhuqFC+ckVKdCvMJxo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUKGUpAp2I1TcuBFa6AuaUCbTaTt0MgkzE6GEbPwVNy4UcetnuPNvnLRZaOuBC4dz7uXee7yQUaks69vIra1vbG7ltws7u3v7B+bhUUcGkcCkjQMWiJ6HJGGUk7aiipFeKAjyPUa63vQu9buPREga8JaahcT10ZjTEcVIaWlgnjg+UhOMWPyQ3JSaZSek5dty62JgFq2KNQdcJXZGiiBDY2B+OcMARz7hCjMkZd+2QuXGSCiKGUkKTiRJiPAUjUlfU458It14/kACz7UyhKNA6OIKztXfEzHypZz5nu5Mz5XLXir+5/UjNaq5MeVhpAjHi0WjiEEVwDQNOKSCYMVmmiAsqL4V4gkSCCudWUGHYC+/vEo61Yp9Wak2r4r1WhZHHpyCM1ACNrgGdXAPGqANMEjAM3gFb8aT8WK8Gx+L1pyRzRyDPzA+fwDNwJUz</latexit>

Q : a finite set of states

⇡ : Q ! [0, 1] initial distribution

A : a finite set of actions

T : T (q, a, q0) = P (qt = q0|qt�1, at1)
<latexit sha1_base64="V6A/0VzDQ0gd1B1xJGn3Af5wFB4="></latexit>

Noisy Sensor
<latexit sha1_base64="IiDEE2JBPTov97s6u2NMqD1uRGg=">AAACDHicbZDNSgMxFIUz/tb6V3XpJlgEV2WmC3VZcONKKtofaIeSSe+0oZkkJBmhDH0Fl271IdyJW9/BZ/AlTNtZaNsDgY9z7oWbEynOjPX9b29tfWNza7uwU9zd2z84LB0dN41MNYUGlVzqdkQMcCagYZnl0FYaSBJxaEWjm2neegJtmBSPdqwgTMhAsJhRYp3VvZPMjPEDCCN1r1T2K/5MeBmCHMooV71X+un2JU0TEJZyYkwn8JUNM6ItoxwmxW5qQBE6IgPoOBQkARNms5sn+Nw5fRxL7Z6weOb+3chIYsw4idxkQuzQLGZTc2WmnLUq6KQ2vg4zJlRqQdD5BXHKsZV42gzuMw3U8rEDQjVzn8B0SDSh1vVXdO0Ei10sQ7NaCfxKcF8t1y7zngroFJ2hCxSgK1RDt6iOGogihV7QK3rznr1378P7nI+uefnOCfon7+sX2wabsQ==</latexit><latexit sha1_base64="IiDEE2JBPTov97s6u2NMqD1uRGg=">AAACDHicbZDNSgMxFIUz/tb6V3XpJlgEV2WmC3VZcONKKtofaIeSSe+0oZkkJBmhDH0Fl271IdyJW9/BZ/AlTNtZaNsDgY9z7oWbEynOjPX9b29tfWNza7uwU9zd2z84LB0dN41MNYUGlVzqdkQMcCagYZnl0FYaSBJxaEWjm2neegJtmBSPdqwgTMhAsJhRYp3VvZPMjPEDCCN1r1T2K/5MeBmCHMooV71X+un2JU0TEJZyYkwn8JUNM6ItoxwmxW5qQBE6IgPoOBQkARNms5sn+Nw5fRxL7Z6weOb+3chIYsw4idxkQuzQLGZTc2WmnLUq6KQ2vg4zJlRqQdD5BXHKsZV42gzuMw3U8rEDQjVzn8B0SDSh1vVXdO0Ei10sQ7NaCfxKcF8t1y7zngroFJ2hCxSgK1RDt6iOGogihV7QK3rznr1378P7nI+uefnOCfon7+sX2wabsQ==</latexit><latexit sha1_base64="IiDEE2JBPTov97s6u2NMqD1uRGg=">AAACDHicbZDNSgMxFIUz/tb6V3XpJlgEV2WmC3VZcONKKtofaIeSSe+0oZkkJBmhDH0Fl271IdyJW9/BZ/AlTNtZaNsDgY9z7oWbEynOjPX9b29tfWNza7uwU9zd2z84LB0dN41MNYUGlVzqdkQMcCagYZnl0FYaSBJxaEWjm2neegJtmBSPdqwgTMhAsJhRYp3VvZPMjPEDCCN1r1T2K/5MeBmCHMooV71X+un2JU0TEJZyYkwn8JUNM6ItoxwmxW5qQBE6IgPoOBQkARNms5sn+Nw5fRxL7Z6weOb+3chIYsw4idxkQuzQLGZTc2WmnLUq6KQ2vg4zJlRqQdD5BXHKsZV42gzuMw3U8rEDQjVzn8B0SDSh1vVXdO0Ei10sQ7NaCfxKcF8t1y7zngroFJ2hCxSgK1RDt6iOGogihV7QK3rznr1378P7nI+uefnOCfon7+sX2wabsQ==</latexit><latexit sha1_base64="IiDEE2JBPTov97s6u2NMqD1uRGg=">AAACDHicbZDNSgMxFIUz/tb6V3XpJlgEV2WmC3VZcONKKtofaIeSSe+0oZkkJBmhDH0Fl271IdyJW9/BZ/AlTNtZaNsDgY9z7oWbEynOjPX9b29tfWNza7uwU9zd2z84LB0dN41MNYUGlVzqdkQMcCagYZnl0FYaSBJxaEWjm2neegJtmBSPdqwgTMhAsJhRYp3VvZPMjPEDCCN1r1T2K/5MeBmCHMooV71X+un2JU0TEJZyYkwn8JUNM6ItoxwmxW5qQBE6IgPoOBQkARNms5sn+Nw5fRxL7Z6weOb+3chIYsw4idxkQuzQLGZTc2WmnLUq6KQ2vg4zJlRqQdD5BXHKsZV42gzuMw3U8rEDQjVzn8B0SDSh1vVXdO0Ei10sQ7NaCfxKcF8t1y7zngroFJ2hCxSgK1RDt6iOGogihV7QK3rznr1378P7nI+uefnOCfon7+sX2wabsQ==</latexit>

Observation
<latexit sha1_base64="0Ni3ck5QtHsmHuHZL2/I1oiFJzY=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZLtRlwY07K9gfmA4lk2ba0EwyJJlCGfoILt3qQ7gTtz6Ez+BLmE5noW0PBD7OuRduTphwpo3rfjsbm1vbO7ulvfL+weHRceXktK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTju/meWdClWZSPJlpQoMYDwWLGMHGWv5DqKma5NyvVN2amwutgldAFQo1+5Wf3kCSNKbCEI619j03MUGGlWGE01m5l2qaYDLGQ+pbFDimOsjyk2fo0joDFEllnzAod/9uZDjWehqHdjLGZqSXs7m5NkustS7wUxPdBhkTSWqoIIsLopQjI9G8GDRgihLDpxYwUcx+ApERVpgYW1/ZtuMtd7EK7XrNc2veY73auC56KsE5XMAVeHADDbiHJrSAgIQXeIU359l5dz6cz8XohlPsnME/OV+/f3mbhw==</latexit><latexit sha1_base64="0Ni3ck5QtHsmHuHZL2/I1oiFJzY=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZLtRlwY07K9gfmA4lk2ba0EwyJJlCGfoILt3qQ7gTtz6Ez+BLmE5noW0PBD7OuRduTphwpo3rfjsbm1vbO7ulvfL+weHRceXktK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTju/meWdClWZSPJlpQoMYDwWLGMHGWv5DqKma5NyvVN2amwutgldAFQo1+5Wf3kCSNKbCEI619j03MUGGlWGE01m5l2qaYDLGQ+pbFDimOsjyk2fo0joDFEllnzAod/9uZDjWehqHdjLGZqSXs7m5NkustS7wUxPdBhkTSWqoIIsLopQjI9G8GDRgihLDpxYwUcx+ApERVpgYW1/ZtuMtd7EK7XrNc2veY73auC56KsE5XMAVeHADDbiHJrSAgIQXeIU359l5dz6cz8XohlPsnME/OV+/f3mbhw==</latexit><latexit sha1_base64="0Ni3ck5QtHsmHuHZL2/I1oiFJzY=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZLtRlwY07K9gfmA4lk2ba0EwyJJlCGfoILt3qQ7gTtz6Ez+BLmE5noW0PBD7OuRduTphwpo3rfjsbm1vbO7ulvfL+weHRceXktK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTju/meWdClWZSPJlpQoMYDwWLGMHGWv5DqKma5NyvVN2amwutgldAFQo1+5Wf3kCSNKbCEI619j03MUGGlWGE01m5l2qaYDLGQ+pbFDimOsjyk2fo0joDFEllnzAod/9uZDjWehqHdjLGZqSXs7m5NkustS7wUxPdBhkTSWqoIIsLopQjI9G8GDRgihLDpxYwUcx+ApERVpgYW1/ZtuMtd7EK7XrNc2veY73auC56KsE5XMAVeHADDbiHJrSAgIQXeIU359l5dz6cz8XohlPsnME/OV+/f3mbhw==</latexit><latexit sha1_base64="0Ni3ck5QtHsmHuHZL2/I1oiFJzY=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZLtRlwY07K9gfmA4lk2ba0EwyJJlCGfoILt3qQ7gTtz6Ez+BLmE5noW0PBD7OuRduTphwpo3rfjsbm1vbO7ulvfL+weHRceXktK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTju/meWdClWZSPJlpQoMYDwWLGMHGWv5DqKma5NyvVN2amwutgldAFQo1+5Wf3kCSNKbCEI619j03MUGGlWGE01m5l2qaYDLGQ+pbFDimOsjyk2fo0joDFEllnzAod/9uZDjWehqHdjLGZqSXs7m5NkustS7wUxPdBhkTSWqoIIsLopQjI9G8GDRgihLDpxYwUcx+ApERVpgYW1/ZtuMtd7EK7XrNc2veY73auC56KsE5XMAVeHADDbiHJrSAgIQXeIU359l5dz6cz8XohlPsnME/OV+/f3mbhw==</latexit>

(Belief)
<latexit sha1_base64="uoHbYdgyBPd8w/kHQreyM1nCbbs=">AAACCXicbVDLTgJBEOzFF+IL9ehlIjHBC9nloB6JXjxiIqCBDZkdemHCzO5mZtaEEL7Ao1f9CG/Gq1/hN/gTDrAHBSrppFLVlXRXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGL1EFCNgkfYMNwIfEgUUhkIbAXDm6nfekKleRzdm1GCvqT9iIecUWOlx/K1TWJ4TrrFkltxZyDLxMtICTLUu8WfTi9mqcTIMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbGlGJ2h/PDp6QM6v0SBgrO5EhM/VvYkyl1iMZ2E1JzUAvelNxpZdYaZXRTk145Y95lKQGIza/IEwFMTGZ1kJ6XCEzYmQJZYrbJwgbUEWZseUVbDveYhfLpFmteG7Fu6uWahdZT3k4gVMogweXUINbqEMDGEh4gVd4c56dd+fD+Zyv5pwscwz/4Hz9Ajd+mZ8=</latexit><latexit sha1_base64="uoHbYdgyBPd8w/kHQreyM1nCbbs=">AAACCXicbVDLTgJBEOzFF+IL9ehlIjHBC9nloB6JXjxiIqCBDZkdemHCzO5mZtaEEL7Ao1f9CG/Gq1/hN/gTDrAHBSrppFLVlXRXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGL1EFCNgkfYMNwIfEgUUhkIbAXDm6nfekKleRzdm1GCvqT9iIecUWOlx/K1TWJ4TrrFkltxZyDLxMtICTLUu8WfTi9mqcTIMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbGlGJ2h/PDp6QM6v0SBgrO5EhM/VvYkyl1iMZ2E1JzUAvelNxpZdYaZXRTk145Y95lKQGIza/IEwFMTGZ1kJ6XCEzYmQJZYrbJwgbUEWZseUVbDveYhfLpFmteG7Fu6uWahdZT3k4gVMogweXUINbqEMDGEh4gVd4c56dd+fD+Zyv5pwscwz/4Hz9Ajd+mZ8=</latexit><latexit sha1_base64="uoHbYdgyBPd8w/kHQreyM1nCbbs=">AAACCXicbVDLTgJBEOzFF+IL9ehlIjHBC9nloB6JXjxiIqCBDZkdemHCzO5mZtaEEL7Ao1f9CG/Gq1/hN/gTDrAHBSrppFLVlXRXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGL1EFCNgkfYMNwIfEgUUhkIbAXDm6nfekKleRzdm1GCvqT9iIecUWOlx/K1TWJ4TrrFkltxZyDLxMtICTLUu8WfTi9mqcTIMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbGlGJ2h/PDp6QM6v0SBgrO5EhM/VvYkyl1iMZ2E1JzUAvelNxpZdYaZXRTk145Y95lKQGIza/IEwFMTGZ1kJ6XCEzYmQJZYrbJwgbUEWZseUVbDveYhfLpFmteG7Fu6uWahdZT3k4gVMogweXUINbqEMDGEh4gVd4c56dd+fD+Zyv5pwscwz/4Hz9Ajd+mZ8=</latexit><latexit sha1_base64="uoHbYdgyBPd8w/kHQreyM1nCbbs=">AAACCXicbVDLTgJBEOzFF+IL9ehlIjHBC9nloB6JXjxiIqCBDZkdemHCzO5mZtaEEL7Ao1f9CG/Gq1/hN/gTDrAHBSrppFLVlXRXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGL1EFCNgkfYMNwIfEgUUhkIbAXDm6nfekKleRzdm1GCvqT9iIecUWOlx/K1TWJ4TrrFkltxZyDLxMtICTLUu8WfTi9mqcTIMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbGlGJ2h/PDp6QM6v0SBgrO5EhM/VvYkyl1iMZ2E1JzUAvelNxpZdYaZXRTk145Y95lKQGIza/IEwFMTGZ1kJ6XCEzYmQJZYrbJwgbUEWZseUVbDveYhfLpFmteG7Fu6uWahdZT3k4gVMogweXUINbqEMDGEh4gVd4c56dd+fD+Zyv5pwscwz/4Hz9Ajd+mZ8=</latexit>

b
<latexit sha1_base64="0xmFnnADeVmR1HWpzhgW5iGkQVc=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtRtAvV9yqOxdZBS+HCuSq98s/vUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzQ6fkwjoDEsbKPmnI3P27kdFI60kU2MmImpFezmbm2iyx1rqgm5rwzs+4TFKDki0uCFNBTExmdZABV8iMmFigTHH7CcJGVFFmbGkl24633MUqtK6qnlv1GteV2k3eUxHO4BwuwYNbqMED1KEJDBBe4BXenGfn3flwPhejBSffOYV/cr5+AT+llvs=</latexit><latexit sha1_base64="0xmFnnADeVmR1HWpzhgW5iGkQVc=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtRtAvV9yqOxdZBS+HCuSq98s/vUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzQ6fkwjoDEsbKPmnI3P27kdFI60kU2MmImpFezmbm2iyx1rqgm5rwzs+4TFKDki0uCFNBTExmdZABV8iMmFigTHH7CcJGVFFmbGkl24633MUqtK6qnlv1GteV2k3eUxHO4BwuwYNbqMED1KEJDBBe4BXenGfn3flwPhejBSffOYV/cr5+AT+llvs=</latexit><latexit sha1_base64="0xmFnnADeVmR1HWpzhgW5iGkQVc=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtRtAvV9yqOxdZBS+HCuSq98s/vUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzQ6fkwjoDEsbKPmnI3P27kdFI60kU2MmImpFezmbm2iyx1rqgm5rwzs+4TFKDki0uCFNBTExmdZABV8iMmFigTHH7CcJGVFFmbGkl24633MUqtK6qnlv1GteV2k3eUxHO4BwuwYNbqMED1KEJDBBe4BXenGfn3flwPhejBSffOYV/cr5+AT+llvs=</latexit><latexit sha1_base64="0xmFnnADeVmR1HWpzhgW5iGkQVc=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtRtAvV9yqOxdZBS+HCuSq98s/vUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzQ6fkwjoDEsbKPmnI3P27kdFI60kU2MmImpFezmbm2iyx1rqgm5rwzs+4TFKDki0uCFNBTExmdZABV8iMmFigTHH7CcJGVFFmbGkl24633MUqtK6qnlv1GteV2k3eUxHO4BwuwYNbqMED1KEJDBBe4BXenGfn3flwPhejBSffOYV/cr5+AT+llvs=</latexit>

Belief Update
<latexit sha1_base64="AN2ur1anuQ89QZmk/CkZMoxfMZA=">AAAB9HicbVC7TgJBFJ3FF+ILtbSZSEysyC4WWhJtLDFxgQQ2ZHb2LkyYfThzl4Rs+A4bC42x9WPs/BsH2ELBk0xycs49uXeOn0qh0ba/rdLG5tb2Tnm3srd/cHhUPT5p6yRTHFyeyER1faZBihhcFCihmypgkS+h44/v5n5nAkqLJH7EaQpexIaxCAVnaCTv1gQhpG4aMIRBtWbX7QXoOnEKUiMFWoPqVz9IeBZBjFwyrXuOnaKXM4WCS5hV+pmGlPExG0LP0JhFoL18cfSMXhgloGGizIuRLtTfiZxFWk8j30xGDEd61ZuL/3m9DMMbLxdxmiHEfLkozCTFhM4boIFQwFFODWFcCXMr5SOmGEfTU8WU4Kx+eZ20G3Xnqt54aNSaTlFHmZyRc3JJHHJNmuSetIhLOHkiz+SVvFkT68V6tz6WoyWryJySP7A+fwBFopG3</latexit>

Action
<latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit>

a
<latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit>

z
<latexit sha1_base64="Dwk1vKaNlbCT3LA/UyoVDtAWnUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+fajPk=</latexit>

Intruder: partially observe (PO) the system 

P = (Q,⇡, A, T, Z,O)
<latexit sha1_base64="JjwLMfQjW+oLWwI6zgj3l65rCkM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQIZSkCnYjVNy4s4W+sAllMp20QycPZiZCCV258VfcuFDErd/gzr9x0mahrQcuHM65l3vvcSNGhTTNby23srq2vpHfLGxt7+zu6fsHbRHGHJMWDlnIuy4ShNGAtCSVjHQjTpDvMtJxxzep33kgXNAwaMpJRBwfDQPqUYykkvr6se0jOcKIJfUpvIKlhmFH1Lg2msa9cXfW14tm2ZwBLhMrI0WQod7Xv+xBiGOfBBIzJETPMiPpJIhLihmZFuxYkAjhMRqSnqIB8olwktkbU3iqlAH0Qq4qkHCm/p5IkC/ExHdVZ3q0WPRS8T+vF0uv6iQ0iGJJAjxf5MUMyhCmmcAB5QRLNlEEYU7VrRCPEEdYquQKKgRr8eVl0q6UrfNypXFRrFWzOPLgCJyAErDAJaiBW1AHLYDBI3gGr+BNe9JetHftY96a07KZQ/AH2ucPxgKWsw==</latexit>

M = (Q,⇡, A, T )
<latexit sha1_base64="8Bes3YNIjlhuqFC+ckVKdCvMJxo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUKGUpAp2I1TcuBFa6AuaUCbTaTt0MgkzE6GEbPwVNy4UcetnuPNvnLRZaOuBC4dz7uXee7yQUaks69vIra1vbG7ltws7u3v7B+bhUUcGkcCkjQMWiJ6HJGGUk7aiipFeKAjyPUa63vQu9buPREga8JaahcT10ZjTEcVIaWlgnjg+UhOMWPyQ3JSaZSek5dty62JgFq2KNQdcJXZGiiBDY2B+OcMARz7hCjMkZd+2QuXGSCiKGUkKTiRJiPAUjUlfU458It14/kACz7UyhKNA6OIKztXfEzHypZz5nu5Mz5XLXir+5/UjNaq5MeVhpAjHi0WjiEEVwDQNOKSCYMVmmiAsqL4V4gkSCCudWUGHYC+/vEo61Yp9Wak2r4r1WhZHHpyCM1ACNrgGdXAPGqANMEjAM3gFb8aT8WK8Gx+L1pyRzRyDPzA+fwDNwJUz</latexit>

Z : a finite set of observations

O : observation function where

O(q, a, z) = P (zt = z|qt = q, at�1 = a)
<latexit sha1_base64="yHHz4Q7fSkplY79QQGPHQQBUllI="></latexit>



Ufuk Topcu  3

A formulation based on POMDPs

Decision Maker
<latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit><latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit><latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit><latexit sha1_base64="VpWB4GmccKR1NiZFBX6wlW0Nzzk=">AAACDnicbZC7SgNBFIbPxluMt6ilzWAQrMJuCrUMaGEjRDAXSNYwOzmbDJm9MDMrhCXvYGmrD2Entr6Cz+BLOJtsoUl+GPj4/3PgzO/Fgitt299WYW19Y3OruF3a2d3bPygfHrVUlEiGTRaJSHY8qlDwEJuaa4GdWCINPIFtb3yd5e0nlIpH4YOexOgGdBhynzOqjfV4g4xnGbmjY5T9csWu2jORZXByqECuRr/80xtELAkw1ExQpbqOHWs3pVJzJnBa6iUKY8rGdIhdgyENULnp7OopOTPOgPiRNC/UZOb+3UhpoNQk8MxkQPVILWaZuTKLjbUq6Cbav3JTHsaJxpDNL/ATQXREsm7IgEtkWkwMUCa5+QRhIyop06bBkmnHWexiGVq1qmNXnftapX6R91SEEziFc3DgEupwCw1oAgMJL/AKb9az9W59WJ/z0YKV7xzDP1lfvxmpnFc=</latexit>

(Controller)
<latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit><latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit><latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit><latexit sha1_base64="26wMDKSZ8p/KFvIHjB+DIZDBtH4=">AAACDHicbZDNTgIxFIU7+If4h7p000hMcENmWKhLEjYuMZGfBCakUzrQ0Gmb9o4JIbyCS7f6EO6MW9/BZ/AlLDALBU7S5Ms59ya3J9KCW/D9by+3tb2zu5ffLxwcHh2fFE/PWlalhrImVUKZTkQsE1yyJnAQrKMNI0kkWDsa1+d5+4kZy5V8hIlmYUKGksecEnBWr1xXEowSgpnrfrHkV/yF8DoEGZRQpka/+NMbKJomTAIVxNpu4GsIp8QAp4LNCr3UMk3omAxZ16EkCbPhdHHzDF85Z4BjZdyTgBfu340pSaydJJGbTAiM7Go2Nzdm2lmbgm4K8V045VKnwCRdXhCnAoPC82bwgBtGQUwcEGq4+wSmI2IIBddfwbUTrHaxDq1qJfArwUO1VLvJesqjC3SJyihAt6iG7lEDNRFFGr2gV/TmPXvv3of3uRzNednOOfon7+sXgVGbeg==</latexit>

Action
<latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit>

a
<latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit>

State
<latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit><latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit><latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit><latexit sha1_base64="M2jbtPB4cQg5yA+NbY/BSCvZCCg=">AAACBnicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7KdQyYGMZ0fxAsoTZyWwyZnZ2mbkrhCW9pa0+hJ3Y+ho+gy/hJNlCYw4MfJxzL9w5QSKFQdf9cgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsYX8/y9iPXRsTqHicJ9yM6VCIUjKK1WndIkZN+ueJW3bnIf/ByqECuRr/83RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZ/NopObPOgISxtk8hmbu/NzIaGTOJAjsZURyZ5WxmrswSa60KuimGV34mVJIiV2xxQZhKgjGZdUIGQnOGcmKBMi3sJwgbUU0Z2uZKth1vuYv/0KpVPbfq3dYq9Yu8pyKcwCmcgweXUIcbaEATGDzAM7zAq/PkvDnvzsditODkO8fwR87nD885mOo=</latexit>

q
<latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit><latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit><latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit><latexit sha1_base64="0RayxYqhZEH85qBmEmfdUdy4Ns8=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsOjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCYw4MfJxzL9w5QSK4Nq775RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj21nefkSleSzvzSRBP6JDyUPOqLFW46FfrrhVdy7yH7wcKpCr3i9/9wYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/ND52SM+sMSBgr+6Qhc/f3RkYjrSdRYCcjakZ6OZuZK7PEWquCbmrCGz/jMkkNSra4IEwFMTGZ1UEGXCEzYmKBMsXtJwgbUUWZsaWVbDvechf/oXVR9dyq17is1K7ynopwAqdwDh5cQw3uoA5NYIDwDC/w6jw5b86787EYLTj5zjH8kfP5A1fYlwo=</latexit>

The system is modeled by a 
Markov decision process (MDP)

M = (Q,⇡, A, T )
<latexit sha1_base64="8Bes3YNIjlhuqFC+ckVKdCvMJxo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUKGUpAp2I1TcuBFa6AuaUCbTaTt0MgkzE6GEbPwVNy4UcetnuPNvnLRZaOuBC4dz7uXee7yQUaks69vIra1vbG7ltws7u3v7B+bhUUcGkcCkjQMWiJ6HJGGUk7aiipFeKAjyPUa63vQu9buPREga8JaahcT10ZjTEcVIaWlgnjg+UhOMWPyQ3JSaZSek5dty62JgFq2KNQdcJXZGiiBDY2B+OcMARz7hCjMkZd+2QuXGSCiKGUkKTiRJiPAUjUlfU458It14/kACz7UyhKNA6OIKztXfEzHypZz5nu5Mz5XLXir+5/UjNaq5MeVhpAjHi0WjiEEVwDQNOKSCYMVmmiAsqL4V4gkSCCudWUGHYC+/vEo61Yp9Wak2r4r1WhZHHpyCM1ACNrgGdXAPGqANMEjAM3gFb8aT8WK8Gx+L1pyRzRyDPzA+fwDNwJUz</latexit>

Q : a finite set of states

⇡ : Q ! [0, 1] initial distribution

A : a finite set of actions

T : T (q, a, q0) = P (qt = q0|qt�1, at1)
<latexit sha1_base64="V6A/0VzDQ0gd1B1xJGn3Af5wFB4="></latexit>

Noisy Sensor
<latexit sha1_base64="IiDEE2JBPTov97s6u2NMqD1uRGg=">AAACDHicbZDNSgMxFIUz/tb6V3XpJlgEV2WmC3VZcONKKtofaIeSSe+0oZkkJBmhDH0Fl271IdyJW9/BZ/AlTNtZaNsDgY9z7oWbEynOjPX9b29tfWNza7uwU9zd2z84LB0dN41MNYUGlVzqdkQMcCagYZnl0FYaSBJxaEWjm2neegJtmBSPdqwgTMhAsJhRYp3VvZPMjPEDCCN1r1T2K/5MeBmCHMooV71X+un2JU0TEJZyYkwn8JUNM6ItoxwmxW5qQBE6IgPoOBQkARNms5sn+Nw5fRxL7Z6weOb+3chIYsw4idxkQuzQLGZTc2WmnLUq6KQ2vg4zJlRqQdD5BXHKsZV42gzuMw3U8rEDQjVzn8B0SDSh1vVXdO0Ei10sQ7NaCfxKcF8t1y7zngroFJ2hCxSgK1RDt6iOGogihV7QK3rznr1378P7nI+uefnOCfon7+sX2wabsQ==</latexit><latexit sha1_base64="IiDEE2JBPTov97s6u2NMqD1uRGg=">AAACDHicbZDNSgMxFIUz/tb6V3XpJlgEV2WmC3VZcONKKtofaIeSSe+0oZkkJBmhDH0Fl271IdyJW9/BZ/AlTNtZaNsDgY9z7oWbEynOjPX9b29tfWNza7uwU9zd2z84LB0dN41MNYUGlVzqdkQMcCagYZnl0FYaSBJxaEWjm2neegJtmBSPdqwgTMhAsJhRYp3VvZPMjPEDCCN1r1T2K/5MeBmCHMooV71X+un2JU0TEJZyYkwn8JUNM6ItoxwmxW5qQBE6IgPoOBQkARNms5sn+Nw5fRxL7Z6weOb+3chIYsw4idxkQuzQLGZTc2WmnLUq6KQ2vg4zJlRqQdD5BXHKsZV42gzuMw3U8rEDQjVzn8B0SDSh1vVXdO0Ei10sQ7NaCfxKcF8t1y7zngroFJ2hCxSgK1RDt6iOGogihV7QK3rznr1378P7nI+uefnOCfon7+sX2wabsQ==</latexit><latexit sha1_base64="IiDEE2JBPTov97s6u2NMqD1uRGg=">AAACDHicbZDNSgMxFIUz/tb6V3XpJlgEV2WmC3VZcONKKtofaIeSSe+0oZkkJBmhDH0Fl271IdyJW9/BZ/AlTNtZaNsDgY9z7oWbEynOjPX9b29tfWNza7uwU9zd2z84LB0dN41MNYUGlVzqdkQMcCagYZnl0FYaSBJxaEWjm2neegJtmBSPdqwgTMhAsJhRYp3VvZPMjPEDCCN1r1T2K/5MeBmCHMooV71X+un2JU0TEJZyYkwn8JUNM6ItoxwmxW5qQBE6IgPoOBQkARNms5sn+Nw5fRxL7Z6weOb+3chIYsw4idxkQuzQLGZTc2WmnLUq6KQ2vg4zJlRqQdD5BXHKsZV42gzuMw3U8rEDQjVzn8B0SDSh1vVXdO0Ei10sQ7NaCfxKcF8t1y7zngroFJ2hCxSgK1RDt6iOGogihV7QK3rznr1378P7nI+uefnOCfon7+sX2wabsQ==</latexit><latexit sha1_base64="IiDEE2JBPTov97s6u2NMqD1uRGg=">AAACDHicbZDNSgMxFIUz/tb6V3XpJlgEV2WmC3VZcONKKtofaIeSSe+0oZkkJBmhDH0Fl271IdyJW9/BZ/AlTNtZaNsDgY9z7oWbEynOjPX9b29tfWNza7uwU9zd2z84LB0dN41MNYUGlVzqdkQMcCagYZnl0FYaSBJxaEWjm2neegJtmBSPdqwgTMhAsJhRYp3VvZPMjPEDCCN1r1T2K/5MeBmCHMooV71X+un2JU0TEJZyYkwn8JUNM6ItoxwmxW5qQBE6IgPoOBQkARNms5sn+Nw5fRxL7Z6weOb+3chIYsw4idxkQuzQLGZTc2WmnLUq6KQ2vg4zJlRqQdD5BXHKsZV42gzuMw3U8rEDQjVzn8B0SDSh1vVXdO0Ei10sQ7NaCfxKcF8t1y7zngroFJ2hCxSgK1RDt6iOGogihV7QK3rznr1378P7nI+uefnOCfon7+sX2wabsQ==</latexit>

Observation
<latexit sha1_base64="0Ni3ck5QtHsmHuHZL2/I1oiFJzY=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZLtRlwY07K9gfmA4lk2ba0EwyJJlCGfoILt3qQ7gTtz6Ez+BLmE5noW0PBD7OuRduTphwpo3rfjsbm1vbO7ulvfL+weHRceXktK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTju/meWdClWZSPJlpQoMYDwWLGMHGWv5DqKma5NyvVN2amwutgldAFQo1+5Wf3kCSNKbCEI619j03MUGGlWGE01m5l2qaYDLGQ+pbFDimOsjyk2fo0joDFEllnzAod/9uZDjWehqHdjLGZqSXs7m5NkustS7wUxPdBhkTSWqoIIsLopQjI9G8GDRgihLDpxYwUcx+ApERVpgYW1/ZtuMtd7EK7XrNc2veY73auC56KsE5XMAVeHADDbiHJrSAgIQXeIU359l5dz6cz8XohlPsnME/OV+/f3mbhw==</latexit><latexit sha1_base64="0Ni3ck5QtHsmHuHZL2/I1oiFJzY=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZLtRlwY07K9gfmA4lk2ba0EwyJJlCGfoILt3qQ7gTtz6Ez+BLmE5noW0PBD7OuRduTphwpo3rfjsbm1vbO7ulvfL+weHRceXktK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTju/meWdClWZSPJlpQoMYDwWLGMHGWv5DqKma5NyvVN2amwutgldAFQo1+5Wf3kCSNKbCEI619j03MUGGlWGE01m5l2qaYDLGQ+pbFDimOsjyk2fo0joDFEllnzAod/9uZDjWehqHdjLGZqSXs7m5NkustS7wUxPdBhkTSWqoIIsLopQjI9G8GDRgihLDpxYwUcx+ApERVpgYW1/ZtuMtd7EK7XrNc2veY73auC56KsE5XMAVeHADDbiHJrSAgIQXeIU359l5dz6cz8XohlPsnME/OV+/f3mbhw==</latexit><latexit sha1_base64="0Ni3ck5QtHsmHuHZL2/I1oiFJzY=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZLtRlwY07K9gfmA4lk2ba0EwyJJlCGfoILt3qQ7gTtz6Ez+BLmE5noW0PBD7OuRduTphwpo3rfjsbm1vbO7ulvfL+weHRceXktK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTju/meWdClWZSPJlpQoMYDwWLGMHGWv5DqKma5NyvVN2amwutgldAFQo1+5Wf3kCSNKbCEI619j03MUGGlWGE01m5l2qaYDLGQ+pbFDimOsjyk2fo0joDFEllnzAod/9uZDjWehqHdjLGZqSXs7m5NkustS7wUxPdBhkTSWqoIIsLopQjI9G8GDRgihLDpxYwUcx+ApERVpgYW1/ZtuMtd7EK7XrNc2veY73auC56KsE5XMAVeHADDbiHJrSAgIQXeIU359l5dz6cz8XohlPsnME/OV+/f3mbhw==</latexit><latexit sha1_base64="0Ni3ck5QtHsmHuHZL2/I1oiFJzY=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZLtRlwY07K9gfmA4lk2ba0EwyJJlCGfoILt3qQ7gTtz6Ez+BLmE5noW0PBD7OuRduTphwpo3rfjsbm1vbO7ulvfL+weHRceXktK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTju/meWdClWZSPJlpQoMYDwWLGMHGWv5DqKma5NyvVN2amwutgldAFQo1+5Wf3kCSNKbCEI619j03MUGGlWGE01m5l2qaYDLGQ+pbFDimOsjyk2fo0joDFEllnzAod/9uZDjWehqHdjLGZqSXs7m5NkustS7wUxPdBhkTSWqoIIsLopQjI9G8GDRgihLDpxYwUcx+ApERVpgYW1/ZtuMtd7EK7XrNc2veY73auC56KsE5XMAVeHADDbiHJrSAgIQXeIU359l5dz6cz8XohlPsnME/OV+/f3mbhw==</latexit>

(Belief)
<latexit sha1_base64="uoHbYdgyBPd8w/kHQreyM1nCbbs=">AAACCXicbVDLTgJBEOzFF+IL9ehlIjHBC9nloB6JXjxiIqCBDZkdemHCzO5mZtaEEL7Ao1f9CG/Gq1/hN/gTDrAHBSrppFLVlXRXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGL1EFCNgkfYMNwIfEgUUhkIbAXDm6nfekKleRzdm1GCvqT9iIecUWOlx/K1TWJ4TrrFkltxZyDLxMtICTLUu8WfTi9mqcTIMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbGlGJ2h/PDp6QM6v0SBgrO5EhM/VvYkyl1iMZ2E1JzUAvelNxpZdYaZXRTk145Y95lKQGIza/IEwFMTGZ1kJ6XCEzYmQJZYrbJwgbUEWZseUVbDveYhfLpFmteG7Fu6uWahdZT3k4gVMogweXUINbqEMDGEh4gVd4c56dd+fD+Zyv5pwscwz/4Hz9Ajd+mZ8=</latexit><latexit sha1_base64="uoHbYdgyBPd8w/kHQreyM1nCbbs=">AAACCXicbVDLTgJBEOzFF+IL9ehlIjHBC9nloB6JXjxiIqCBDZkdemHCzO5mZtaEEL7Ao1f9CG/Gq1/hN/gTDrAHBSrppFLVlXRXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGL1EFCNgkfYMNwIfEgUUhkIbAXDm6nfekKleRzdm1GCvqT9iIecUWOlx/K1TWJ4TrrFkltxZyDLxMtICTLUu8WfTi9mqcTIMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbGlGJ2h/PDp6QM6v0SBgrO5EhM/VvYkyl1iMZ2E1JzUAvelNxpZdYaZXRTk145Y95lKQGIza/IEwFMTGZ1kJ6XCEzYmQJZYrbJwgbUEWZseUVbDveYhfLpFmteG7Fu6uWahdZT3k4gVMogweXUINbqEMDGEh4gVd4c56dd+fD+Zyv5pwscwz/4Hz9Ajd+mZ8=</latexit><latexit sha1_base64="uoHbYdgyBPd8w/kHQreyM1nCbbs=">AAACCXicbVDLTgJBEOzFF+IL9ehlIjHBC9nloB6JXjxiIqCBDZkdemHCzO5mZtaEEL7Ao1f9CG/Gq1/hN/gTDrAHBSrppFLVlXRXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGL1EFCNgkfYMNwIfEgUUhkIbAXDm6nfekKleRzdm1GCvqT9iIecUWOlx/K1TWJ4TrrFkltxZyDLxMtICTLUu8WfTi9mqcTIMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbGlGJ2h/PDp6QM6v0SBgrO5EhM/VvYkyl1iMZ2E1JzUAvelNxpZdYaZXRTk145Y95lKQGIza/IEwFMTGZ1kJ6XCEzYmQJZYrbJwgbUEWZseUVbDveYhfLpFmteG7Fu6uWahdZT3k4gVMogweXUINbqEMDGEh4gVd4c56dd+fD+Zyv5pwscwz/4Hz9Ajd+mZ8=</latexit><latexit sha1_base64="uoHbYdgyBPd8w/kHQreyM1nCbbs=">AAACCXicbVDLTgJBEOzFF+IL9ehlIjHBC9nloB6JXjxiIqCBDZkdemHCzO5mZtaEEL7Ao1f9CG/Gq1/hN/gTDrAHBSrppFLVlXRXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGL1EFCNgkfYMNwIfEgUUhkIbAXDm6nfekKleRzdm1GCvqT9iIecUWOlx/K1TWJ4TrrFkltxZyDLxMtICTLUu8WfTi9mqcTIMEG1bntuYvwxVYYzgZNCJ9WYUDakfWxbGlGJ2h/PDp6QM6v0SBgrO5EhM/VvYkyl1iMZ2E1JzUAvelNxpZdYaZXRTk145Y95lKQGIza/IEwFMTGZ1kJ6XCEzYmQJZYrbJwgbUEWZseUVbDveYhfLpFmteG7Fu6uWahdZT3k4gVMogweXUINbqEMDGEh4gVd4c56dd+fD+Zyv5pwscwz/4Hz9Ajd+mZ8=</latexit>

b
<latexit sha1_base64="0xmFnnADeVmR1HWpzhgW5iGkQVc=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtRtAvV9yqOxdZBS+HCuSq98s/vUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzQ6fkwjoDEsbKPmnI3P27kdFI60kU2MmImpFezmbm2iyx1rqgm5rwzs+4TFKDki0uCFNBTExmdZABV8iMmFigTHH7CcJGVFFmbGkl24633MUqtK6qnlv1GteV2k3eUxHO4BwuwYNbqMED1KEJDBBe4BXenGfn3flwPhejBSffOYV/cr5+AT+llvs=</latexit><latexit sha1_base64="0xmFnnADeVmR1HWpzhgW5iGkQVc=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtRtAvV9yqOxdZBS+HCuSq98s/vUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzQ6fkwjoDEsbKPmnI3P27kdFI60kU2MmImpFezmbm2iyx1rqgm5rwzs+4TFKDki0uCFNBTExmdZABV8iMmFigTHH7CcJGVFFmbGkl24633MUqtK6qnlv1GteV2k3eUxHO4BwuwYNbqMED1KEJDBBe4BXenGfn3flwPhejBSffOYV/cr5+AT+llvs=</latexit><latexit sha1_base64="0xmFnnADeVmR1HWpzhgW5iGkQVc=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtRtAvV9yqOxdZBS+HCuSq98s/vUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzQ6fkwjoDEsbKPmnI3P27kdFI60kU2MmImpFezmbm2iyx1rqgm5rwzs+4TFKDki0uCFNBTExmdZABV8iMmFigTHH7CcJGVFFmbGkl24633MUqtK6qnlv1GteV2k3eUxHO4BwuwYNbqMED1KEJDBBe4BXenGfn3flwPhejBSffOYV/cr5+AT+llvs=</latexit><latexit sha1_base64="0xmFnnADeVmR1HWpzhgW5iGkQVc=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtRtAvV9yqOxdZBS+HCuSq98s/vUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xalDRC7WfzQ6fkwjoDEsbKPmnI3P27kdFI60kU2MmImpFezmbm2iyx1rqgm5rwzs+4TFKDki0uCFNBTExmdZABV8iMmFigTHH7CcJGVFFmbGkl24633MUqtK6qnlv1GteV2k3eUxHO4BwuwYNbqMED1KEJDBBe4BXenGfn3flwPhejBSffOYV/cr5+AT+llvs=</latexit>

Belief Update
<latexit sha1_base64="AN2ur1anuQ89QZmk/CkZMoxfMZA=">AAAB9HicbVC7TgJBFJ3FF+ILtbSZSEysyC4WWhJtLDFxgQQ2ZHb2LkyYfThzl4Rs+A4bC42x9WPs/BsH2ELBk0xycs49uXeOn0qh0ba/rdLG5tb2Tnm3srd/cHhUPT5p6yRTHFyeyER1faZBihhcFCihmypgkS+h44/v5n5nAkqLJH7EaQpexIaxCAVnaCTv1gQhpG4aMIRBtWbX7QXoOnEKUiMFWoPqVz9IeBZBjFwyrXuOnaKXM4WCS5hV+pmGlPExG0LP0JhFoL18cfSMXhgloGGizIuRLtTfiZxFWk8j30xGDEd61ZuL/3m9DMMbLxdxmiHEfLkozCTFhM4boIFQwFFODWFcCXMr5SOmGEfTU8WU4Kx+eZ20G3Xnqt54aNSaTlFHmZyRc3JJHHJNmuSetIhLOHkiz+SVvFkT68V6tz6WoyWryJySP7A+fwBFopG3</latexit>

Action
<latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit><latexit sha1_base64="R6dQgMgS9wnksJeT1VCFLTOHGH0=">AAACBnicbVC7TsNAEFyHVwivACXNiQiJKrJTAGUQDWWQyENKrOh8uSRHzmfrbo0UWekpaeEj6BAtv8E38BOcExcQMtJqRzO70u4EsRQGXffLKaytb2xuFbdLO7t7+wflw6OWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByk/ntR66NiNQ9TmPuh3SkxFAwilZqXbOs9csVt+rOQf4TLycVyNHol797g4glIVfIJDWm67kx+inVKJjks1IvMTymbEJHvGupoiE3fjq/dkbOrDIgw0jbUkjm6u+NlIbGTMPAToYUx2bZy8SVXmylVUY3weGVnwoVJ8gVW1wwTCTBiGSZkIHQnKGcWkKZFvYJwsZUU4Y2uZJNx1vO4j9p1aqeW/XuapX6RZ5TEU7gFM7Bg0uowy00oAkMHuAZXuDVeXLenHfnYzFacPKdY/gD5/MHMUCZJw==</latexit>

a
<latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit><latexit sha1_base64="h9y5illi1bPbvoioN+kzfk0dt8c=">AAACAXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7ImoZsLFMwPxAsoTZyd1kyOzsMjMrhCWVpa0+hJ3Y+iQ+gy/hJNlCkxwY+DjnXrhzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G97O8/YRK81g+mkmCfkSHkoecUWOtBu2XK27VnYusgpdDBXLV++Wf3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5oVNyYZ0BCWNlnzRk7v7dyGik9SQK7GREzUgvZzNzbZZYa13QTU1452dcJqlByRYXhKkgJiazOsiAK2RGTCxQprj9BGEjqigztrSSbcdb7mIVWldVz616jetK7SbvqQhncA6X4MEt1OAB6tAEBggv8ApvzrPz7nw4n4vRgpPvnMI/OV+/PgiW+g==</latexit>

z
<latexit sha1_base64="Dwk1vKaNlbCT3LA/UyoVDtAWnUU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3kW5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+fajPk=</latexit>

Intruder: partially observe (PO) the system 

P = (Q,⇡, A, T, Z,O)
<latexit sha1_base64="JjwLMfQjW+oLWwI6zgj3l65rCkM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQIZSkCnYjVNy4s4W+sAllMp20QycPZiZCCV258VfcuFDErd/gzr9x0mahrQcuHM65l3vvcSNGhTTNby23srq2vpHfLGxt7+zu6fsHbRHGHJMWDlnIuy4ShNGAtCSVjHQjTpDvMtJxxzep33kgXNAwaMpJRBwfDQPqUYykkvr6se0jOcKIJfUpvIKlhmFH1Lg2msa9cXfW14tm2ZwBLhMrI0WQod7Xv+xBiGOfBBIzJETPMiPpJIhLihmZFuxYkAjhMRqSnqIB8olwktkbU3iqlAH0Qq4qkHCm/p5IkC/ExHdVZ3q0WPRS8T+vF0uv6iQ0iGJJAjxf5MUMyhCmmcAB5QRLNlEEYU7VrRCPEEdYquQKKgRr8eVl0q6UrfNypXFRrFWzOPLgCJyAErDAJaiBW1AHLYDBI3gGr+BNe9JetHftY96a07KZQ/AH2ucPxgKWsw==</latexit>

M = (Q,⇡, A, T )
<latexit sha1_base64="8Bes3YNIjlhuqFC+ckVKdCvMJxo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUKGUpAp2I1TcuBFa6AuaUCbTaTt0MgkzE6GEbPwVNy4UcetnuPNvnLRZaOuBC4dz7uXee7yQUaks69vIra1vbG7ltws7u3v7B+bhUUcGkcCkjQMWiJ6HJGGUk7aiipFeKAjyPUa63vQu9buPREga8JaahcT10ZjTEcVIaWlgnjg+UhOMWPyQ3JSaZSek5dty62JgFq2KNQdcJXZGiiBDY2B+OcMARz7hCjMkZd+2QuXGSCiKGUkKTiRJiPAUjUlfU458It14/kACz7UyhKNA6OIKztXfEzHypZz5nu5Mz5XLXir+5/UjNaq5MeVhpAjHi0WjiEEVwDQNOKSCYMVmmiAsqL4V4gkSCCudWUGHYC+/vEo61Yp9Wak2r4r1WhZHHpyCM1ACNrgGdXAPGqANMEjAM3gFb8aT8WK8Gx+L1pyRzRyDPzA+fwDNwJUz</latexit>

Z : a finite set of observations

O : observation function where

O(q, a, z) = P (zt = z|qt = q, at�1 = a)
<latexit sha1_base64="yHHz4Q7fSkplY79QQGPHQQBUllI="></latexit>

Intruder’s belief 

b : Q ! [0, 1],
X

q2Q

b(q) = 1

<latexit sha1_base64="fauYM4m3wMdjKwc8KLGwRe4JH6k=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VooZSkChZBKLhx2YJ9QBPCZDpth04m6cxEKaHf4MZfceNCEbeu3Pk3TtsstPXAhcM593LvPX7EqFSW9W1k1tY3Nrey27md3b39A/PwqCXDWGDSxCELRcdHkjDKSVNRxUgnEgQFPiNtf3Qz89v3REga8js1iYgboAGnfYqR0pJnFv2rhiPoYKiQEOED7Fol2y1BR8aBl4wdymFj6hfGxWvbM/NW2ZoDrhI7JXmQou6ZX04vxHFAuMIMSdm1rUi5CRKKYkamOSeWJEJ4hAakqylHAZFuMn9pCs+00oP9UOjiCs7V3xMJCqScBL7uDJAaymVvJv7ndWPVr7oJ5VGsCMeLRf2YQRXCWT6wRwXBik00QVhQfSvEQyQQVjrFnA7BXn55lbQqZfu8XGlc5GvVNI4sOAGnoABscAlq4BbUQRNg8AiewSt4M56MF+Pd+Fi0Zox05hj8gfH5A7kRnDE=</latexit>
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<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

bt(q) =
<latexit sha1_base64="vQoPLeG+aXbWBFseePW2ac8XeRE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGwVyEgBePEcwDkiXMTibJkNnZdaZXCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6387a+sbm1nZuJ7+7t39wWDg6bpoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4Kxrczv/XEtRGResBJzP2QDpUYCEbRSq2gh6XHi5teoeiW3TnIKvEyUoQM9V7hq9uPWBJyhUxSYzqeG6OfUo2CST7NdxPDY8rGdMg7lioacuOn83On5NwqfTKItC2FZK7+nkhpaMwkDGxnSHFklr2Z+J/XSXBQ9VOh4gS5YotFg0QSjMjsd9IXmjOUE0so08LeStiIasrQJpS3IXjLL6+SZqXsXZYr91fFWjWLIwencAYl8OAaanAHdWgAgzE8wyu8ObHz4rw7H4vWNSebOYE/cD5/AGqhju4=</latexit>
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f
q
a(bt�1, zt) = P (q0|zt, at�1, bt�1)

=
O(q0, a, z)

P
q2Q T (q, a, q0)bt�1(q)P

q02Q O(q0, a, z)
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q2Q, T (q, a, q
0)bt�1(q)

<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

bt(q) =
<latexit sha1_base64="vQoPLeG+aXbWBFseePW2ac8XeRE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGwVyEgBePEcwDkiXMTibJkNnZdaZXCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6387a+sbm1nZuJ7+7t39wWDg6bpoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4Kxrczv/XEtRGResBJzP2QDpUYCEbRSq2gh6XHi5teoeiW3TnIKvEyUoQM9V7hq9uPWBJyhUxSYzqeG6OfUo2CST7NdxPDY8rGdMg7lioacuOn83On5NwqfTKItC2FZK7+nkhpaMwkDGxnSHFklr2Z+J/XSXBQ9VOh4gS5YotFg0QSjMjsd9IXmjOUE0so08LeStiIasrQJpS3IXjLL6+SZqXsXZYr91fFWjWLIwencAYl8OAaanAHdWgAgzE8wyu8ObHz4rw7H4vWNSebOYE/cD5/AGqhju4=</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

B
<latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit>
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<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

bt(q) =
<latexit sha1_base64="vQoPLeG+aXbWBFseePW2ac8XeRE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGwVyEgBePEcwDkiXMTibJkNnZdaZXCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6387a+sbm1nZuJ7+7t39wWDg6bpoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4Kxrczv/XEtRGResBJzP2QDpUYCEbRSq2gh6XHi5teoeiW3TnIKvEyUoQM9V7hq9uPWBJyhUxSYzqeG6OfUo2CST7NdxPDY8rGdMg7lioacuOn83On5NwqfTKItC2FZK7+nkhpaMwkDGxnSHFklr2Z+J/XSXBQ9VOh4gS5YotFg0QSjMjsd9IXmjOUE0so08LeStiIasrQJpS3IXjLL6+SZqXsXZYr91fFWjWLIwencAYl8OAaanAHdWgAgzE8wyu8ObHz4rw7H4vWNSebOYE/cD5/AGqhju4=</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

           a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

z1
<latexit sha1_base64="ao7YOVG3tXfGNeBI4fV/EOPiPPI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120i7dbMLuRqihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdP/W8XqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEQCo2m</latexit>

B
<latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit>
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<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

bt(q) =
<latexit sha1_base64="vQoPLeG+aXbWBFseePW2ac8XeRE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGwVyEgBePEcwDkiXMTibJkNnZdaZXCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6387a+sbm1nZuJ7+7t39wWDg6bpoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4Kxrczv/XEtRGResBJzP2QDpUYCEbRSq2gh6XHi5teoeiW3TnIKvEyUoQM9V7hq9uPWBJyhUxSYzqeG6OfUo2CST7NdxPDY8rGdMg7lioacuOn83On5NwqfTKItC2FZK7+nkhpaMwkDGxnSHFklr2Z+J/XSXBQ9VOh4gS5YotFg0QSjMjsd9IXmjOUE0so08LeStiIasrQJpS3IXjLL6+SZqXsXZYr91fFWjWLIwencAYl8OAaanAHdWgAgzE8wyu8ObHz4rw7H4vWNSebOYE/cD5/AGqhju4=</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

b2
<latexit sha1_base64="AMbb7FjCW54wNGPON41/v0OhqvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHs742P</latexit>

           a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

z1
<latexit sha1_base64="ao7YOVG3tXfGNeBI4fV/EOPiPPI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120i7dbMLuRqihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdP/W8XqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEQCo2m</latexit>

     z2
<latexit sha1_base64="ZzKjtcJFGu2OAJipvjC2jutANLY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbMLuRKihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMRjo2n</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

B
<latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit>
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<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

bt(q) =
<latexit sha1_base64="vQoPLeG+aXbWBFseePW2ac8XeRE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGwVyEgBePEcwDkiXMTibJkNnZdaZXCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6387a+sbm1nZuJ7+7t39wWDg6bpoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4Kxrczv/XEtRGResBJzP2QDpUYCEbRSq2gh6XHi5teoeiW3TnIKvEyUoQM9V7hq9uPWBJyhUxSYzqeG6OfUo2CST7NdxPDY8rGdMg7lioacuOn83On5NwqfTKItC2FZK7+nkhpaMwkDGxnSHFklr2Z+J/XSXBQ9VOh4gS5YotFg0QSjMjsd9IXmjOUE0so08LeStiIasrQJpS3IXjLL6+SZqXsXZYr91fFWjWLIwencAYl8OAaanAHdWgAgzE8wyu8ObHz4rw7H4vWNSebOYE/cD5/AGqhju4=</latexit>

b4
<latexit sha1_base64="AZ+vsf6gPSgIH53CaJE9izzjOl8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Cv9Utlt+LOQVaJl5My5Gj0S1+9QczSiCtkkhrT9dwE/YxqFEzyabGXGp5QNqZD3rVU0YgbP5ufOiXnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2naEPwll9eJa1qxbusVO9r5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gDv942R</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

b2
<latexit sha1_base64="AMbb7FjCW54wNGPON41/v0OhqvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHs742P</latexit>

b3
<latexit sha1_base64="zvwT5Nu+MJ/gcgD9DjCMx2qZ+2Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Bf75crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfuc42Q</latexit>

           a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

z1
<latexit sha1_base64="ao7YOVG3tXfGNeBI4fV/EOPiPPI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120i7dbMLuRqihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdP/W8XqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEQCo2m</latexit>

     z2
<latexit sha1_base64="ZzKjtcJFGu2OAJipvjC2jutANLY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbMLuRKihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMRjo2n</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

    a3
<latexit sha1_base64="kmvxvTNRVDVYHFr6AmXa2AB5VHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv98sVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXql69Wru7qDSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPs7Y2P</latexit>

z3
<latexit sha1_base64="xAuHSnrwS5733kVFCkYzInJBILE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBDZkdemHC7OxmZtYECZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AExKNqA==</latexit>

B
<latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit>



Ufuk Topcu  4

Belief evolution as a switched dynamical system

new belief

action

old belief

observation

 4

f
q
a(bt�1, zt) = P (q0|zt, at�1, bt�1)

=
O(q0, a, z)

P
q2Q T (q, a, q0)bt�1(q)P

q02Q O(q0, a, z)
P

q2Q, T (q, a, q
0)bt�1(q)

<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

f
q
a(bt�1, zt) = P (q0|zt, at�1, bt�1)

=
O(q0, a, z)

P
q2Q T (q, a, q0)bt�1(q)P

q02Q O(q0, a, z)
P

q2Q, T (q, a, q
0)bt�1(q)

<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

bt(q) =
<latexit sha1_base64="vQoPLeG+aXbWBFseePW2ac8XeRE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGwVyEgBePEcwDkiXMTibJkNnZdaZXCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6387a+sbm1nZuJ7+7t39wWDg6bpoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4Kxrczv/XEtRGResBJzP2QDpUYCEbRSq2gh6XHi5teoeiW3TnIKvEyUoQM9V7hq9uPWBJyhUxSYzqeG6OfUo2CST7NdxPDY8rGdMg7lioacuOn83On5NwqfTKItC2FZK7+nkhpaMwkDGxnSHFklr2Z+J/XSXBQ9VOh4gS5YotFg0QSjMjsd9IXmjOUE0so08LeStiIasrQJpS3IXjLL6+SZqXsXZYr91fFWjWLIwencAYl8OAaanAHdWgAgzE8wyu8ObHz4rw7H4vWNSebOYE/cD5/AGqhju4=</latexit>

b4
<latexit sha1_base64="AZ+vsf6gPSgIH53CaJE9izzjOl8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Cv9Utlt+LOQVaJl5My5Gj0S1+9QczSiCtkkhrT9dwE/YxqFEzyabGXGp5QNqZD3rVU0YgbP5ufOiXnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2naEPwll9eJa1qxbusVO9r5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gDv942R</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

b2
<latexit sha1_base64="AMbb7FjCW54wNGPON41/v0OhqvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHs742P</latexit>

b3
<latexit sha1_base64="zvwT5Nu+MJ/gcgD9DjCMx2qZ+2Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Bf75crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfuc42Q</latexit>

           a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

z1
<latexit sha1_base64="ao7YOVG3tXfGNeBI4fV/EOPiPPI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120i7dbMLuRqihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdP/W8XqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEQCo2m</latexit>

     z2
<latexit sha1_base64="ZzKjtcJFGu2OAJipvjC2jutANLY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbMLuRKihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMRjo2n</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

    a3
<latexit sha1_base64="kmvxvTNRVDVYHFr6AmXa2AB5VHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv98sVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXql69Wru7qDSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPs7Y2P</latexit>

z3
<latexit sha1_base64="xAuHSnrwS5733kVFCkYzInJBILE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBDZkdemHC7OxmZtYECZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AExKNqA==</latexit>

B
<latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit>



Ufuk Topcu  4

Belief evolution as a switched dynamical system

new belief

action

old belief

observation

 4

f
q
a(bt�1, zt) = P (q0|zt, at�1, bt�1)

=
O(q0, a, z)

P
q2Q T (q, a, q0)bt�1(q)P

q02Q O(q0, a, z)
P

q2Q, T (q, a, q
0)bt�1(q)

<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

f
q
a(bt�1, zt) = P (q0|zt, at�1, bt�1)

=
O(q0, a, z)

P
q2Q T (q, a, q0)bt�1(q)P

q02Q O(q0, a, z)
P

q2Q, T (q, a, q
0)bt�1(q)

<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

bt(q) =
<latexit sha1_base64="vQoPLeG+aXbWBFseePW2ac8XeRE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGwVyEgBePEcwDkiXMTibJkNnZdaZXCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6387a+sbm1nZuJ7+7t39wWDg6bpoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4Kxrczv/XEtRGResBJzP2QDpUYCEbRSq2gh6XHi5teoeiW3TnIKvEyUoQM9V7hq9uPWBJyhUxSYzqeG6OfUo2CST7NdxPDY8rGdMg7lioacuOn83On5NwqfTKItC2FZK7+nkhpaMwkDGxnSHFklr2Z+J/XSXBQ9VOh4gS5YotFg0QSjMjsd9IXmjOUE0so08LeStiIasrQJpS3IXjLL6+SZqXsXZYr91fFWjWLIwencAYl8OAaanAHdWgAgzE8wyu8ObHz4rw7H4vWNSebOYE/cD5/AGqhju4=</latexit>

Results in a switched system with 
modes induced from the actions

bt = fa (bt�1, zt)
<latexit sha1_base64="R0Zr/tTrO+dSrJ1H8vC+9tynx/I=">AAACCnicbVDLSgNBEJyNrxhfqx69jAYhgobdKOhFCHrxGME8IBuW2clsMmT2wUyvEJecvfgrXjwo4tUv8ObfOEn2oIkFDUVVN91dXiy4Asv6NnILi0vLK/nVwtr6xuaWub3TUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMbXI/95j2TikfhHQxj1glIL+Q+pwS05Jr7ngv4EvsucQTzoeS5KZzYo+MHFxzJe304cs2iVbYmwPPEzkgRZai55pfTjWgSsBCoIEq1bSuGTkokcCrYqOAkisWEDkiPtTUNScBUJ528MsKHWuliP5K6QsAT9fdESgKlhoGnOwMCfTXrjcX/vHYC/kUn5WGcAAvpdJGfCAwRHueCu1wyCmKoCaGS61sx7RNJKOj0CjoEe/bledKolO3TcuX2rFi9yuLIoz10gErIRueoim5QDdURRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7aMmac=</latexit>

States and actions in the (PO)MDP are 
discrete and finite  
but 
the belief evolves over a continuous space

b4
<latexit sha1_base64="AZ+vsf6gPSgIH53CaJE9izzjOl8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Cv9Utlt+LOQVaJl5My5Gj0S1+9QczSiCtkkhrT9dwE/YxqFEzyabGXGp5QNqZD3rVU0YgbP5ufOiXnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2naEPwll9eJa1qxbusVO9r5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gDv942R</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

b2
<latexit sha1_base64="AMbb7FjCW54wNGPON41/v0OhqvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHs742P</latexit>

b3
<latexit sha1_base64="zvwT5Nu+MJ/gcgD9DjCMx2qZ+2Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Bf75crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfuc42Q</latexit>

           a1
<latexit sha1_base64="gL1urYwrwJdcnj6f9AChK1CNg4M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDp5Y2N</latexit>

z1
<latexit sha1_base64="ao7YOVG3tXfGNeBI4fV/EOPiPPI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120i7dbMLuRqihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdP/W8XqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEQCo2m</latexit>

     z2
<latexit sha1_base64="ZzKjtcJFGu2OAJipvjC2jutANLY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120y7dbMLuRKihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMRjo2n</latexit>

a2
<latexit sha1_base64="2nPIRu2wwWHuYejNUZ/Tbo71Yq8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDraY2O</latexit>

    a3
<latexit sha1_base64="kmvxvTNRVDVYHFr6AmXa2AB5VHo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv98sVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXql69Wru7qDSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPs7Y2P</latexit>

z3
<latexit sha1_base64="xAuHSnrwS5733kVFCkYzInJBILE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbBRI9ELx4xyiOBDZkdemHC7OxmZtYECZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlit3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AExKNqA==</latexit>

B
<latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit><latexit sha1_base64="EsCSIzEF6NwRU8bx/jZBYG6wwt8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ae0oWy2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJaPZpqgH9Gh5CFn1Fipk/UYFaQ+65crbtVdgKwTLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCZ6VeqjGhbEyH2LVU0gi1ny3unZELqwxIGCtb0pCF+nsio5HW0yiwnRE1I73qzcX/vG5qwls/4zJJDUq2XBSmgpiYzJ8nA66QGTG1hDLF7a2EjaiizNiISjYEb/XlddK6qnpu1Xu4rtTqeRxFOINzuAQPbqAG99CAJjAQ8Ayv8OZMnBfn3flYthacfOYU/sD5/AGiYI+w</latexit>



Ufuk Topcu  5

Privacy in terms of the belief of the intruder

Qs ⇢ Q
<latexit sha1_base64="U/v3EUVpB7BoAgDg/Jw5JXCJ0fo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2A9oQtlsN+3SzSbsToRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O4WNza3tneJuaW//4PCofHzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBOO7+d+54lrIxL1iJOUBzEdKhEJRtFKfrNvfJOFhiNp9ssVt+ouQNaJl5MK5Gj0y1/+IGFZzBUySY3peW6KwZRqFEzyWcnPDE8pG9Mh71mqaMxNMF3cPCMXVhmQKNG2FJKF+ntiSmNjJnFoO2OKI7PqzcX/vF6G0W0wFSrNkCu2XBRlkmBC5gGQgdCcoZxYQpkW9lbCRlRThjamkg3BW315nbRrVe+qWmteV+p3eRxFOINzuAQPbqAOD9CAFjBI4Rle4c3JnBfn3flYthacfOYU/sD5/AG9XZF8</latexit>

A set of secret states:
to represent the information we want to keep private, 
e.g., intent, target, goal, preference, etc.



Ufuk Topcu  5

Privacy in terms of the belief of the intruder

Qs ⇢ Q
<latexit sha1_base64="U/v3EUVpB7BoAgDg/Jw5JXCJ0fo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2A9oQtlsN+3SzSbsToRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O4WNza3tneJuaW//4PCofHzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBOO7+d+54lrIxL1iJOUBzEdKhEJRtFKfrNvfJOFhiNp9ssVt+ouQNaJl5MK5Gj0y1/+IGFZzBUySY3peW6KwZRqFEzyWcnPDE8pG9Mh71mqaMxNMF3cPCMXVhmQKNG2FJKF+ntiSmNjJnFoO2OKI7PqzcX/vF6G0W0wFSrNkCu2XBRlkmBC5gGQgdCcoZxYQpkW9lbCRlRThjamkg3BW315nbRrVe+qWmteV+p3eRxFOINzuAQPbqAOD9CAFjBI4Rle4c3JnBfn3flYthacfOYU/sD5/AG9XZF8</latexit>

A set of secret states:
to represent the information we want to keep private, 
e.g., intent, target, goal, preference, etc.

Privacy is breached if the intruder becomes confident in that the system is in a 
secret state with a probability larger than a threshold at a time t:

X

q2Qs

bt(q) > �

<latexit sha1_base64="bpv30Rhz28TD6+GzVi8BsWp8sTU=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhNmE3CmojARvLBMwDsmGZncwmQ2ZmNzOzQljS2PgrNhaK2PoPdv6Nk2QLTTxw4XDOvdx7TxAzqrTjfFu5ldW19Y38ZmFre2d3z94/aKookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVDG+nfuuBSEUjca/HMely1Bc0pBhpI/n2sacS7qcjjwpY99Uk8HVpdHbj9RHnyLeLTtmZAS4TNyNFkKHm219eL8IJJ0JjhpTquE6suymSmmJGJgUvUSRGeIj6pGOoQJyobjr7YgJPjdKDYSRNCQ1n6u+JFHGlxjwwnRzpgVr0puJ/XifR4VU3pSJONBF4vihMGNQRnEYCe1QSrNnYEIQlNbdCPEASYW2CK5gQ3MWXl0mzUnbPy5X6RbF6ncWRB0fgBJSACy5BFdyBGmgADB7BM3gFb9aT9WK9Wx/z1pyVzRyCP7A+fwAQ15hB</latexit>

(sum over the secret states)



Ufuk Topcu  6

Privacy verification

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

b2
<latexit sha1_base64="AMbb7FjCW54wNGPON41/v0OhqvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHs742P</latexit>

b4
<latexit sha1_base64="AZ+vsf6gPSgIH53CaJE9izzjOl8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Cv9Utlt+LOQVaJl5My5Gj0S1+9QczSiCtkkhrT9dwE/YxqFEzyabGXGp5QNqZD3rVU0YgbP5ufOiXnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2naEPwll9eJa1qxbusVO9r5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gDv942R</latexit>

b3
<latexit sha1_base64="zvwT5Nu+MJ/gcgD9DjCMx2qZ+2Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Bf75crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfuc42Q</latexit>



Ufuk Topcu  6

Privacy verification

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

b2
<latexit sha1_base64="AMbb7FjCW54wNGPON41/v0OhqvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHs742P</latexit>

b4
<latexit sha1_base64="AZ+vsf6gPSgIH53CaJE9izzjOl8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Cv9Utlt+LOQVaJl5My5Gj0S1+9QczSiCtkkhrT9dwE/YxqFEzyabGXGp5QNqZD3rVU0YgbP5ufOiXnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2naEPwll9eJa1qxbusVO9r5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gDv942R</latexit>

b3
<latexit sha1_base64="zvwT5Nu+MJ/gcgD9DjCMx2qZ+2Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Bf75crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfuc42Q</latexit>



Ufuk Topcu  6

Privacy verification

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

b2
<latexit sha1_base64="AMbb7FjCW54wNGPON41/v0OhqvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHs742P</latexit>

b4
<latexit sha1_base64="AZ+vsf6gPSgIH53CaJE9izzjOl8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Cv9Utlt+LOQVaJl5My5Gj0S1+9QczSiCtkkhrT9dwE/YxqFEzyabGXGp5QNqZD3rVU0YgbP5ufOiXnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2naEPwll9eJa1qxbusVO9r5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gDv942R</latexit>

b3
<latexit sha1_base64="zvwT5Nu+MJ/gcgD9DjCMx2qZ+2Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Bf75crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfuc42Q</latexit>
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Privacy verification

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

b2
<latexit sha1_base64="AMbb7FjCW54wNGPON41/v0OhqvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHs742P</latexit>

b4
<latexit sha1_base64="AZ+vsf6gPSgIH53CaJE9izzjOl8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Cv9Utlt+LOQVaJl5My5Gj0S1+9QczSiCtkkhrT9dwE/YxqFEzyabGXGp5QNqZD3rVU0YgbP5ufOiXnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2naEPwll9eJa1qxbusVO9r5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gDv942R</latexit>

b3
<latexit sha1_base64="zvwT5Nu+MJ/gcgD9DjCMx2qZ+2Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Bf75crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfuc42Q</latexit>

Set of 
“reachable” 
belief states

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>
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Privacy verification

“Unsafe” belief set

Bu = {b|
X

q2Qs

b(q) > �}
<latexit sha1_base64="KgrQoC+qrdi9QLKOry3RwUwrOIQ=">AAACF3icbVBNSwMxFMz6WetX1aOXYBHqpeyqoBdF9OKxBVsL3bK8TdM2NMluk6xQ1v0XXvwrXjwo4lVv/hvT2oO2DgSGmfd4mQljzrRx3S9nbn5hcWk5t5JfXVvf2Cxsbdd1lChCayTikWqEoClnktYMM5w2YkVBhJzehv2rkX97R5Vmkbwxw5i2BHQl6zACxkpBoewLMD0CPL3MguTMT8N7XyciSAc+k7ga6CwsDQ7O/S4IAX4WFIpu2R0DzxJvQopogkpQ+PTbEUkElYZw0LrpubFppaAMI5xmeT/RNAbShy5tWipBUN1Kx7kyvG+VNu5Eyj5p8Fj9vZGC0HooQjs5SqGnvZH4n9dMTOe0lTIZJ4ZK8nOok3BsIjwqCbeZosTwoSVAFLN/xaQHCoixVeZtCd505FlSPyx7R+XD6nHx4nRSRw7toj1UQh46QRfoGlVQDRH0gJ7QC3p1Hp1n5815/xmdcyY7O+gPnI9vrNigMA==</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

b1
<latexit sha1_base64="ib8Zac5Wbd9/OVFzLt07xpersCE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDra42O</latexit>

b2
<latexit sha1_base64="AMbb7FjCW54wNGPON41/v0OhqvM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHs742P</latexit>

b4
<latexit sha1_base64="AZ+vsf6gPSgIH53CaJE9izzjOl8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSQ9Cv9Utlt+LOQVaJl5My5Gj0S1+9QczSiCtkkhrT9dwE/YxqFEzyabGXGp5QNqZD3rVU0YgbP5ufOiXnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2naEPwll9eJa1qxbusVO9r5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gDv942R</latexit>

b3
<latexit sha1_base64="zvwT5Nu+MJ/gcgD9DjCMx2qZ+2Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+6Bf75crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfuc42Q</latexit>

Set of 
“reachable” 
belief states

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

• Verify whether  

• That is, privacy is not breached at any time t.

R(b0)
\

Bu = ;
<latexit sha1_base64="OLsOdBy1fete/B56XfMTUmvt72Q=">AAACF3icbVDLSgNBEJz1GeMr6tHLYhDiJexGQS9CiBePUcwDsssyO+kkQ2YfzPQKYclfePFXvHhQxKve/BtnkyCaWNBQVHXT3eXHgiu0rC9jaXlldW09t5Hf3Nre2S3s7TdVlEgGDRaJSLZ9qkDwEBrIUUA7lkADX0DLH15lfusepOJReIejGNyA9kPe44yilrxC2QkoDhgV6e245HvWiePzPqPxj1wbe8mlA0GMIwXoFYpW2ZrAXCT2jBTJDHWv8Ol0I5YEECITVKmObcXoplQiZwLGeSdREFM2pH3oaBrSAJSbTv4am8da6Zq9SOoK0ZyovydSGig1CnzdmZ2r5r1M/M/rJNi7cFMexglCyKaLeokwMTKzkMwul8BQjDShTHJ9q8kGVFKGOsq8DsGef3mRNCtl+7RcuTkrVmuzOHLkkByRErHJOamSa1InDcLIA3kiL+TVeDSejTfjfdq6ZMxmDsgfGB/fzN2gVw==</latexit>
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How to attempt to verify the set emptiness?

In general an undecidable problem. 

POMDPs have been heavily studied in planning.  
•Usually heuristics (or impractical exhaustive 
methods) 

•Approximate results with no “guarantee” 
•Hard to adapt to the problem in hand  

Abstraction-based techniques, i.e., discretization, 
have their intrinsic limitations

The proposed approach: search for algebraic 
certificates that witness privacy 



Then,                   . 
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Over-approximation of the reachable belief set

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

If there exists a function V such that 

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU=">AAACsXicbVFdb9MwFHXC1ygf67ZHXiwqpk7KqmRD2h42acALj0Nas0Edgu06rVXnQ/YNUhelv49n3vg3OG2KtpUjWT4+91z73mtWKGnA9/847qPHT54+23reefHy1evt7s5uaPJSczHkucr1DaNGKJmJIUhQ4qbQgqZMiWs2+9TEr38KbWSeXcG8EFFKJ5lMJKdgpbj7az8kSiTQxziJ6YqyuILDoPZuiZaTKRxgvCaHeO1uPf 9CZ75HklxTpTDFRGb4g7e4bfZv3mLtbY4kpTDlVFVh7RHS2V9sgsW+dd4xnmNSsfvZH+1tqRzjsM8ObEUBqeNuzx/4S+BNErSkh1pcxt3fZJzzMhUZcEWNGQV+AVFFNUiuRN0hpREF5TM6ESNLM5oKE1XLidf4nVXG2DZsVwZ4qd7NqGhqzDxl1tmUbB7GGvF/sVEJyWlUyawoQWR89VBSKgw5br4Pj6UWHNTcEsq1tLViPqWacrCf3LFDCB62vEnCo0FwPDj68r53cdqOYwu9QW9RHwXoBF2gz+gSDRF3Bs6VEznf3WP3q/vDZSur67Q5e+ge3NlfxjfSQA==</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

(with additional standard technical assumptions)

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>



Then,                   . 
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Over-approximation of the reachable belief set

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

If there exists a function V such that 

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU=">AAACsXicbVFdb9MwFHXC1ygf67ZHXiwqpk7KqmRD2h42acALj0Nas0Edgu06rVXnQ/YNUhelv49n3vg3OG2KtpUjWT4+91z73mtWKGnA9/847qPHT54+23reefHy1evt7s5uaPJSczHkucr1DaNGKJmJIUhQ4qbQgqZMiWs2+9TEr38KbWSeXcG8EFFKJ5lMJKdgpbj7az8kSiTQxziJ6YqyuILDoPZuiZaTKRxgvCaHeO1uPf 9CZ75HklxTpTDFRGb4g7e4bfZv3mLtbY4kpTDlVFVh7RHS2V9sgsW+dd4xnmNSsfvZH+1tqRzjsM8ObEUBqeNuzx/4S+BNErSkh1pcxt3fZJzzMhUZcEWNGQV+AVFFNUiuRN0hpREF5TM6ESNLM5oKE1XLidf4nVXG2DZsVwZ4qd7NqGhqzDxl1tmUbB7GGvF/sVEJyWlUyawoQWR89VBSKgw5br4Pj6UWHNTcEsq1tLViPqWacrCf3LFDCB62vEnCo0FwPDj68r53cdqOYwu9QW9RHwXoBF2gz+gSDRF3Bs6VEznf3WP3q/vDZSur67Q5e+ge3NlfxjfSQA==</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

(with additional standard technical assumptions)

Bu = {b|
X

q2Qs

b(q) > �}
<latexit sha1_base64="KgrQoC+qrdi9QLKOry3RwUwrOIQ=">AAACF3icbVBNSwMxFMz6WetX1aOXYBHqpeyqoBdF9OKxBVsL3bK8TdM2NMluk6xQ1v0XXvwrXjwo4lVv/hvT2oO2DgSGmfd4mQljzrRx3S9nbn5hcWk5t5JfXVvf2Cxsbdd1lChCayTikWqEoClnktYMM5w2YkVBhJzehv2rkX97R5Vmkbwxw5i2BHQl6zACxkpBoewLMD0CPL3MguTMT8N7XyciSAc+k7ga6CwsDQ7O/S4IAX4WFIpu2R0DzxJvQopogkpQ+PTbEUkElYZw0LrpubFppaAMI5xmeT/RNAbShy5tWipBUN1Kx7kyvG+VNu5Eyj5p8Fj9vZGC0HooQjs5SqGnvZH4n9dMTOe0lTIZJ4ZK8nOok3BsIjwqCbeZosTwoSVAFLN/xaQHCoixVeZtCd505FlSPyx7R+XD6nHx4nRSRw7toj1UQh46QRfoGlVQDRH0gJ7QC3p1Hp1n5815/xmdcyY7O+gPnI9vrNigMA==</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>



Then,                   . 
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Over-approximation of the reachable belief set

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

If there exists a function V such that 

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU=">AAACsXicbVFdb9MwFHXC1ygf67ZHXiwqpk7KqmRD2h42acALj0Nas0Edgu06rVXnQ/YNUhelv49n3vg3OG2KtpUjWT4+91z73mtWKGnA9/847qPHT54+23reefHy1evt7s5uaPJSczHkucr1DaNGKJmJIUhQ4qbQgqZMiWs2+9TEr38KbWSeXcG8EFFKJ5lMJKdgpbj7az8kSiTQxziJ6YqyuILDoPZuiZaTKRxgvCaHeO1uPf 9CZ75HklxTpTDFRGb4g7e4bfZv3mLtbY4kpTDlVFVh7RHS2V9sgsW+dd4xnmNSsfvZH+1tqRzjsM8ObEUBqeNuzx/4S+BNErSkh1pcxt3fZJzzMhUZcEWNGQV+AVFFNUiuRN0hpREF5TM6ESNLM5oKE1XLidf4nVXG2DZsVwZ4qd7NqGhqzDxl1tmUbB7GGvF/sVEJyWlUyawoQWR89VBSKgw5br4Pj6UWHNTcEsq1tLViPqWacrCf3LFDCB62vEnCo0FwPDj68r53cdqOYwu9QW9RHwXoBF2gz+gSDRF3Bs6VEznf3WP3q/vDZSur67Q5e+ge3NlfxjfSQA==</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

(with additional standard technical assumptions)

Bu = {b|
X

q2Qs

b(q) > �}
<latexit sha1_base64="KgrQoC+qrdi9QLKOry3RwUwrOIQ=">AAACF3icbVBNSwMxFMz6WetX1aOXYBHqpeyqoBdF9OKxBVsL3bK8TdM2NMluk6xQ1v0XXvwrXjwo4lVv/hvT2oO2DgSGmfd4mQljzrRx3S9nbn5hcWk5t5JfXVvf2Cxsbdd1lChCayTikWqEoClnktYMM5w2YkVBhJzehv2rkX97R5Vmkbwxw5i2BHQl6zACxkpBoewLMD0CPL3MguTMT8N7XyciSAc+k7ga6CwsDQ7O/S4IAX4WFIpu2R0DzxJvQopogkpQ+PTbEUkElYZw0LrpubFppaAMI5xmeT/RNAbShy5tWipBUN1Kx7kyvG+VNu5Eyj5p8Fj9vZGC0HooQjs5SqGnvZH4n9dMTOe0lTIZJ4ZK8nOok3BsIjwqCbeZosTwoSVAFLN/xaQHCoixVeZtCd505FlSPyx7R+XD6nHx4nRSRw7toj1UQh46QRfoGlVQDRH0gJ7QC3p1Hp1n5815/xmdcyY7O+gPnI9vrNigMA==</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

Va1(b)  1
<latexit sha1_base64="nn4HGDpPI3fAzq3rQYtlqGZt9OQ=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRahXsqmCnosePFYwX5AuyzZdNqGZrNrki2Upf/EiwdFvPpPvPlvTNs9aOuDgcd7M8zMCxPBtfG8b6ewsbm1vVPcLe3tHxweuccnLR2nikGTxSJWnZBqEFxC03AjoJMooFEooB2O7+Z+ewJK81g+mmkCfkSHkg84o8ZKgeu2gowGZFYJL3sCnjAJ3LJX9RbA64TkpIxyNAL3q9ePWRqBNExQrbvES4yfUWU4EzAr9VINCWVjOoSupZJGoP1scfkMX1iljwexsiUNXqi/JzIaaT2NQtsZUTPSq95c/M/rpmZw62dcJqkByZaLBqnAJsbzGHCfK2BGTC2hTHF7K2YjqigzNqySDYGsvrxOWrUquarWHq7LdZLHUURn6BxVEEE3qI7uUQM1EUMT9Ixe0ZuTOS/Ou/OxbC04+cwp+gPn8wfuHpJ+</latexit>

Va2(b)  1
<latexit sha1_base64="JzFR3hcfYnGhxVm1jph5qUecHOY=">AAAB+XicbVDJSgNBEK2JW4zbqEcvjUGIlzATBT0GvHiMYBZIhqGnU5M06Vns7gmEIX/ixYMiXv0Tb/6NneWgiQ8KHu9VUVUvSAVX2nG+rcLG5tb2TnG3tLd/cHhkH5+0VJJJhk2WiER2AqpQ8BibmmuBnVQijQKB7WB0N/PbY5SKJ/GjnqToRXQQ85Azqo3k23bLz6lfm1aCy57AJ+L6dtmpOnOQdeIuSRmWaPj2V6+fsCzCWDNBleq6Tqq9nErNmcBpqZcpTCkb0QF2DY1phMrL55dPyYVR+iRMpKlYk7n6eyKnkVKTKDCdEdVDterNxP+8bqbDWy/ncZppjNliUZgJohMyi4H0uUSmxcQQyiQ3txI2pJIybcIqmRDc1ZfXSatWda+qtYfrct1dxlGEMziHCrhwA3W4hwY0gcEYnuEV3qzcerHerY9Fa8FazpzCH1ifP++skn8=</latexit>

Va3(b)  1
<latexit sha1_base64="2qhYYIGiGbsS4hTtY9+OScOPfkA=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhXsJuIugx4MVjBJMIybLMTnqTIbMPZ2YDYcmfePGgiFf/xJt/4+Rx0MSChqKqm+6uIBVcacf5tgobm1vbO8Xd0t7+weGRfXzSVkkmGbZYIhL5GFCFgsfY0lwLfEwl0igQ2AlGtzO/M0apeBI/6EmKXkQHMQ85o9pIvm23/Zz69WkluOwJfCKub5edqjMHWSfukpRhiaZvf/X6CcsijDUTVKmu66Tay6nUnAmclnqZwpSyER1g19CYRqi8fH75lFwYpU/CRJqKNZmrvydyGik1iQLTGVE9VKveTPzP62Y6vPFyHqeZxpgtFoWZIDohsxhIn0tkWkwMoUxycythQyop0yaskgnBXX15nbRrVbderd1flRvuMo4inME5VMCFa2jAHTShBQzG8Ayv8Gbl1ov1bn0sWgvWcuYU/sD6/AHxOpKA</latexit>



Then,                   . 
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Over-approximation of the reachable belief set

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

If there exists a function V such that 

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU=">AAACsXicbVFdb9MwFHXC1ygf67ZHXiwqpk7KqmRD2h42acALj0Nas0Edgu06rVXnQ/YNUhelv49n3vg3OG2KtpUjWT4+91z73mtWKGnA9/847qPHT54+23reefHy1evt7s5uaPJSczHkucr1DaNGKJmJIUhQ4qbQgqZMiWs2+9TEr38KbWSeXcG8EFFKJ5lMJKdgpbj7az8kSiTQxziJ6YqyuILDoPZuiZaTKRxgvCaHeO1uPf 9CZ75HklxTpTDFRGb4g7e4bfZv3mLtbY4kpTDlVFVh7RHS2V9sgsW+dd4xnmNSsfvZH+1tqRzjsM8ObEUBqeNuzx/4S+BNErSkh1pcxt3fZJzzMhUZcEWNGQV+AVFFNUiuRN0hpREF5TM6ESNLM5oKE1XLidf4nVXG2DZsVwZ4qd7NqGhqzDxl1tmUbB7GGvF/sVEJyWlUyawoQWR89VBSKgw5br4Pj6UWHNTcEsq1tLViPqWacrCf3LFDCB62vEnCo0FwPDj68r53cdqOYwu9QW9RHwXoBF2gz+gSDRF3Bs6VEznf3WP3q/vDZSur67Q5e+ge3NlfxjfSQA==</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

(with additional standard technical assumptions)

Bu = {b|
X

q2Qs

b(q) > �}
<latexit sha1_base64="KgrQoC+qrdi9QLKOry3RwUwrOIQ=">AAACF3icbVBNSwMxFMz6WetX1aOXYBHqpeyqoBdF9OKxBVsL3bK8TdM2NMluk6xQ1v0XXvwrXjwo4lVv/hvT2oO2DgSGmfd4mQljzrRx3S9nbn5hcWk5t5JfXVvf2Cxsbdd1lChCayTikWqEoClnktYMM5w2YkVBhJzehv2rkX97R5Vmkbwxw5i2BHQl6zACxkpBoewLMD0CPL3MguTMT8N7XyciSAc+k7ga6CwsDQ7O/S4IAX4WFIpu2R0DzxJvQopogkpQ+PTbEUkElYZw0LrpubFppaAMI5xmeT/RNAbShy5tWipBUN1Kx7kyvG+VNu5Eyj5p8Fj9vZGC0HooQjs5SqGnvZH4n9dMTOe0lTIZJ4ZK8nOok3BsIjwqCbeZosTwoSVAFLN/xaQHCoixVeZtCd505FlSPyx7R+XD6nHx4nRSRw7toj1UQh46QRfoGlVQDRH0gJ7QC3p1Hp1n5815/xmdcyY7O+gPnI9vrNigMA==</latexit>

b0
<latexit sha1_base64="xjd5v7unVNN+UdDndpRnuB1vhrs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDp542N</latexit>

R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

Va1(b)  1
<latexit sha1_base64="nn4HGDpPI3fAzq3rQYtlqGZt9OQ=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRahXsqmCnosePFYwX5AuyzZdNqGZrNrki2Upf/EiwdFvPpPvPlvTNs9aOuDgcd7M8zMCxPBtfG8b6ewsbm1vVPcLe3tHxweuccnLR2nikGTxSJWnZBqEFxC03AjoJMooFEooB2O7+Z+ewJK81g+mmkCfkSHkg84o8ZKgeu2gowGZFYJL3sCnjAJ3LJX9RbA64TkpIxyNAL3q9ePWRqBNExQrbvES4yfUWU4EzAr9VINCWVjOoSupZJGoP1scfkMX1iljwexsiUNXqi/JzIaaT2NQtsZUTPSq95c/M/rpmZw62dcJqkByZaLBqnAJsbzGHCfK2BGTC2hTHF7K2YjqigzNqySDYGsvrxOWrUquarWHq7LdZLHUURn6BxVEEE3qI7uUQM1EUMT9Ixe0ZuTOS/Ou/OxbC04+cwp+gPn8wfuHpJ+</latexit>

Va2(b)  1
<latexit sha1_base64="JzFR3hcfYnGhxVm1jph5qUecHOY=">AAAB+XicbVDJSgNBEK2JW4zbqEcvjUGIlzATBT0GvHiMYBZIhqGnU5M06Vns7gmEIX/ixYMiXv0Tb/6NneWgiQ8KHu9VUVUvSAVX2nG+rcLG5tb2TnG3tLd/cHhkH5+0VJJJhk2WiER2AqpQ8BibmmuBnVQijQKB7WB0N/PbY5SKJ/GjnqToRXQQ85Azqo3k23bLz6lfm1aCy57AJ+L6dtmpOnOQdeIuSRmWaPj2V6+fsCzCWDNBleq6Tqq9nErNmcBpqZcpTCkb0QF2DY1phMrL55dPyYVR+iRMpKlYk7n6eyKnkVKTKDCdEdVDterNxP+8bqbDWy/ncZppjNliUZgJohMyi4H0uUSmxcQQyiQ3txI2pJIybcIqmRDc1ZfXSatWda+qtYfrct1dxlGEMziHCrhwA3W4hwY0gcEYnuEV3qzcerHerY9Fa8FazpzCH1ifP++skn8=</latexit>

Va3(b)  1
<latexit sha1_base64="2qhYYIGiGbsS4hTtY9+OScOPfkA=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhXsJuIugx4MVjBJMIybLMTnqTIbMPZ2YDYcmfePGgiFf/xJt/4+Rx0MSChqKqm+6uIBVcacf5tgobm1vbO8Xd0t7+weGRfXzSVkkmGbZYIhL5GFCFgsfY0lwLfEwl0igQ2AlGtzO/M0apeBI/6EmKXkQHMQ85o9pIvm23/Zz69WkluOwJfCKub5edqjMHWSfukpRhiaZvf/X6CcsijDUTVKmu66Tay6nUnAmclnqZwpSyER1g19CYRqi8fH75lFwYpU/CRJqKNZmrvydyGik1iQLTGVE9VKveTPzP62Y6vPFyHqeZxpgtFoWZIDohsxhIn0tkWkwMoUxycythQyop0yaskgnBXX15nbRrVbderd1flRvuMo4inME5VMCFa2jAHTShBQzG8Ayv8Gbl1ov1bn0sWgvWcuYU/sD6/AHxOpKA</latexit>

Vmax = {b 2 B | max
a2A

Va(b)  1}
<latexit sha1_base64="QGpBEPjb1Kg4uaEVfnVRZ/5FAYk="></latexit>
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Example: over-approximation of the reachable belief set

Then,                   . R(b0) ✓ V
<latexit sha1_base64="E8s1IMn8+6A2sCd7Bi8ngWqzRyw=">AAACDXicbVDLSsNAFJ34rPUVdekmWIW6KUkV7LLgxmUV+4AmhMn0ph06eTgzEUrID7jxV9y4UMSte3f+jZM2iLYeuHA4517uvceLGRXSNL+0peWV1bX10kZ5c2t7Z1ff2++IKOEE2iRiEe95WACjIbQllQx6MQcceAy63vgy97v3wAWNwls5icEJ8DCkPiVYKsnVj+0AyxHBLL3Jqp5rntoi8QRIuPsxOpmrV8yaOYWxSKyCVFCBlqt/2oOIJAGEkjAsRN8yY+mkmEtKGGRlOxEQYzLGQ+grGuIAhJNOv8mME6UMDD/iqkJpTNXfEykOhJgEnurMTxTzXi7+5/UT6TeclIZxIiEks0V+wgwZGXk0xoByIJJNFMGEU3WrQUaYYyJVgGUVgjX/8iLp1GvWWa1+fV5pNoo4SugQHaEqstAFaqIr1EJtRNADekIv6FV71J61N+191rqkFTMH6A+0j2/4kZwb</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

If there exists a function V such that 

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU=">AAACsXicbVFdb9MwFHXC1ygf67ZHXiwqpk7KqmRD2h42acALj0Nas0Edgu06rVXnQ/YNUhelv49n3vg3OG2KtpUjWT4+91z73mtWKGnA9/847qPHT54+23reefHy1evt7s5uaPJSczHkucr1DaNGKJmJIUhQ4qbQgqZMiWs2+9TEr38KbWSeXcG8EFFKJ5lMJKdgpbj7az8kSiTQxziJ6YqyuILDoPZuiZaTKRxgvCaHeO1uPf 9CZ75HklxTpTDFRGb4g7e4bfZv3mLtbY4kpTDlVFVh7RHS2V9sgsW+dd4xnmNSsfvZH+1tqRzjsM8ObEUBqeNuzx/4S+BNErSkh1pcxt3fZJzzMhUZcEWNGQV+AVFFNUiuRN0hpREF5TM6ESNLM5oKE1XLidf4nVXG2DZsVwZ4qd7NqGhqzDxl1tmUbB7GGvF/sVEJyWlUyawoQWR89VBSKgw5br4Pj6UWHNTcEsq1tLViPqWacrCf3LFDCB62vEnCo0FwPDj68r53cdqOYwu9QW9RHwXoBF2gz+gSDRF3Bs6VEznf3WP3q/vDZSur67Q5e+ge3NlfxjfSQA==</latexit>

V (fa (bt�1, z))� V (bt�1) < 0, 8a 2 A, z 2 Z, bt�1 2 V,
b0 2 V = {b 2 B | V (b)  1}

<latexit sha1_base64="dMX+nWkKOWnM43IVMAo7gSPfmlU="></latexit>

(with additional standard technical assumptions)

Va1
<latexit sha1_base64="wHF4Mqnmzgc+4OigKjDZ/wYOnjs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWMF+wFtCJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aTu7nffeLaiEQ94jTlfkxHSkSCUbRStxPkNPBmQaXq1twFyDrxClKFAq2g8jUYJiyLuUImqTF9z03Rz6lGwSSflQeZ4SllEzrifUsVjbnx88W5M3JplSGJEm1LIVmovydyGhszjUPbGVMcm1VvLv7n9TOMGn4uVJohV2y5KMokwYTMfydDoTlDObWEMi3srYSNqaYMbUJlG4K3+vI66dRr3nWt/nBTbTaKOEpwDhdwBR7cQhPuoQVtYDCBZ3iFNyd1Xpx352PZuuEUM2fwB87nDwu7j1g=</latexit>

Va2
<latexit sha1_base64="HpufBErLtcFQbfON1Oy5RBYfx+Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWMF+wFtCJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aTu7nffeLaiEQ94jTlfkxHSkSCUbRStxPkNKjPgkrVrbkLkHXiFaQKBVpB5WswTFgWc4VMUmP6npuin1ONgkk+Kw8yw1PKJnTE+5YqGnPj54tzZ+TSKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62cYNfxcqDRDrthyUZRJggmZ/06GQnOGcmoJZVrYWwkbU00Z2oTKNgRv9eV10qnXvOta/eGm2mwUcZTgHC7gCjy4hSbcQwvawGACz/AKb07qvDjvzseydcMpZs7gD5zPHw1Aj1k=</latexit>

Va1
<latexit sha1_base64="wHF4Mqnmzgc+4OigKjDZ/wYOnjs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWMF+wFtCJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aTu7nffeLaiEQ94jTlfkxHSkSCUbRStxPkNPBmQaXq1twFyDrxClKFAq2g8jUYJiyLuUImqTF9z03Rz6lGwSSflQeZ4SllEzrifUsVjbnx88W5M3JplSGJEm1LIVmovydyGhszjUPbGVMcm1VvLv7n9TOMGn4uVJohV2y5KMokwYTMfydDoTlDObWEMi3srYSNqaYMbUJlG4K3+vI66dRr3nWt/nBTbTaKOEpwDhdwBR7cQhPuoQVtYDCBZ3iFNyd1Xpx352PZuuEUM2fwB87nDwu7j1g=</latexit>

Va2
<latexit sha1_base64="HpufBErLtcFQbfON1Oy5RBYfx+Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWMF+wFtCJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aTu7nffeLaiEQ94jTlfkxHSkSCUbRStxPkNKjPgkrVrbkLkHXiFaQKBVpB5WswTFgWc4VMUmP6npuin1ONgkk+Kw8yw1PKJnTE+5YqGnPj54tzZ+TSKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62cYNfxcqDRDrthyUZRJggmZ/06GQnOGcmoJZVrYWwkbU00Z2oTKNgRv9eV10qnXvOta/eGm2mwUcZTgHC7gCjy4hSbcQwvawGACz/AKb07qvDjvzseydcMpZs7gD5zPHw1Aj1k=</latexit>

B = {b|
X

q

b(q) = 1}
<latexit sha1_base64="nW71NUl04TVfZTcKaUYWXsyN+TM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1U5Iq2E2h6MZlBfuAJoTJdNIOnUnSmYlQYrZu/BU3LhRx6x+482+ctllo64ELh3Pu5d57/JhRqSzr21hZXVvf2CxsFbd3dvf2zYPDtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT80fXU79wTIWkU3qlJTFyOBiENKEZKS54JHY7UECOWXmV1J/UfHJlwLx1nfnl8VredzDNLVsWaAS4TOyclkKPpmV9OP8IJJ6HCDEnZs61YuSkSimJGsqKTSBIjPEID0tM0RJxIN519ksFTrfRhEAldoYIz9fdEiriUE+7rzundctGbiv95vUQFNTelYZwoEuL5oiBhUEVwGgvsU0GwYhNNEBZU3wrxEAmElQ6vqEOwF19eJu1qxT6vVG8vSo1aHkcBHIMTUAY2uAQNcAOaoAUweATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A4RCmis=</latexit>

B = {b|
X

q

b(q) = 1}
<latexit sha1_base64="nW71NUl04TVfZTcKaUYWXsyN+TM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1U5Iq2E2h6MZlBfuAJoTJdNIOnUnSmYlQYrZu/BU3LhRx6x+482+ctllo64ELh3Pu5d57/JhRqSzr21hZXVvf2CxsFbd3dvf2zYPDtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT80fXU79wTIWkU3qlJTFyOBiENKEZKS54JHY7UECOWXmV1J/UfHJlwLx1nfnl8VredzDNLVsWaAS4TOyclkKPpmV9OP8IJJ6HCDEnZs61YuSkSimJGsqKTSBIjPEID0tM0RJxIN519ksFTrfRhEAldoYIz9fdEiriUE+7rzundctGbiv95vUQFNTelYZwoEuL5oiBhUEVwGgvsU0GwYhNNEBZU3wrxEAmElQ6vqEOwF19eJu1qxT6vVG8vSo1aHkcBHIMTUAY2uAQNcAOaoAUweATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A4RCmis=</latexit>

Vmax
<latexit sha1_base64="ZSbNuFrkwqW8otJm3M/iUUoLiQc=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiRpaOuu4MZlBfuANoTJdNIOnTyYmagl5lPcuFDErV/izr9x0lZQ0QMDh3Pu5Z45fsKokKb5oZXW1jc2t8rblZ3dvf0DvXrYE3HKMenimMV84CNBGI1IV1LJyCDhBIU+I31/dlH4/RvCBY2jazlPiBuiSUQDipFUkqdXRyGSU4xY1su9LER3uafXTOO81bCdBjQN02xatlUQu+nUHWgppUANrNDx9PfROMZpSCKJGRJiaJmJdDPEJcWM5JVRKkiC8AxNyFDRCIVEuNkieg5PlTKGQczViyRcqN83MhQKMQ99NVkEFb+9QvzLG6YyaLkZjZJUkggvDwUpgzKGRQ9wTDnBks0VQZhTlRXiKeIIS9VWRZXw9VP4P+nZhlU37Cun1m6t6iiDY3ACzoAFmqANLkEHdAEGt+ABPIFn7V571F601+VoSVvtHIEf0N4+AVwhlLI=</latexit>

Vmax
<latexit sha1_base64="ZSbNuFrkwqW8otJm3M/iUUoLiQc=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiRpaOuu4MZlBfuANoTJdNIOnTyYmagl5lPcuFDErV/izr9x0lZQ0QMDh3Pu5Z45fsKokKb5oZXW1jc2t8rblZ3dvf0DvXrYE3HKMenimMV84CNBGI1IV1LJyCDhBIU+I31/dlH4/RvCBY2jazlPiBuiSUQDipFUkqdXRyGSU4xY1su9LER3uafXTOO81bCdBjQN02xatlUQu+nUHWgppUANrNDx9PfROMZpSCKJGRJiaJmJdDPEJcWM5JVRKkiC8AxNyFDRCIVEuNkieg5PlTKGQczViyRcqN83MhQKMQ99NVkEFb+9QvzLG6YyaLkZjZJUkggvDwUpgzKGRQ9wTDnBks0VQZhTlRXiKeIIS9VWRZXw9VP4P+nZhlU37Cun1m6t6iiDY3ACzoAFmqANLkEHdAEGt+ABPIFn7V571F601+VoSVvtHIEf0N4+AVwhlLI=</latexit>

Three-state 
POMDP with 
two actions

Piece-wise affine V Piece-wise cubic polynomial V



Ufuk Topcu  10

Privacy verification using barrier certificates

bT |a1
<latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit>

bT |a2
<latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit>

B0
<latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit>

Bu
<latexit sha1_base64="PVctrvbtrvpi6LBlbhcVFIHHl5o=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMtSNy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3GV+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg2RQrjhVZwG8TtycVCBHc1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jpp16ruVbX2cF2pN/I6inAG53AJLtxAHe6hCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AB8CSRA==</latexit>

If there exists a function B such that (with additional standard technical assumptions)
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bT |a1
<latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit>

bT |a2
<latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit>

B0
<latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit>

Bu
<latexit sha1_base64="PVctrvbtrvpi6LBlbhcVFIHHl5o=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMtSNy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3GV+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg2RQrjhVZwG8TtycVCBHc1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jpp16ruVbX2cF2pN/I6inAG53AJLtxAHe6hCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AB8CSRA==</latexit>

If there exists a function B such that (with additional standard technical assumptions)

B(b) > 0, 8b 2 Bu

B(b) < 0. 8b 2 B0

B(fa(bt�1, z))�B(bt�1, z)  0 8a 2 A, z 2 Z, t 2 Z�1
<latexit sha1_base64="w1zcDynDogfCgilSitkkN9XeJOE="></latexit>

B(b) > 0, 8b 2 Bu

B(b) < 0. 8b 2 B0

B(fa(bt�1, z))�B(bt�1, z)  0 8a 2 A, z 2 Z, t 2 Z�1
<latexit sha1_base64="w1zcDynDogfCgilSitkkN9XeJOE="></latexit>

B(b) > 0, 8b 2 Bu

B(b) < 0. 8b 2 B0

B(fa(bt�1, z))�B(bt�1, z)  0 8a 2 A, z 2 Z, t 2 Z�1
<latexit sha1_base64="w1zcDynDogfCgilSitkkN9XeJOE="></latexit>

Then                              . bt /2 Bu 8t 2 Z�1
<latexit sha1_base64="kcSGCJMFCLD2G1ukQobQ7HrcFew=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjNV1GWpG5cV7AM7ZcikaRuayYzJHaEM45e48VfcuFBE3PVvTNtZaOuBwOGce8k9x48E12DbEyu3srq2vpHfLGxt7+zuFfcPmjqMFWUNGopQtX2imeCSNYCDYO1IMRL4grX80fXUbz0ypXko72AcsW5ABpL3OSVgJK944XvgyhC4dAMCQ0pEUku9+Mnth4oIgcHNHN9P7lMvcQfsATupVyzZZXsGvEycjJRQhrpX/HZ7IY0DJoEKonXHsSPoJkQBp4KlBTfWLCJ0RAasY6gkAdPdZJYvxSdG6WFzkXkS8Ez9vZGQQOtx4JvJ6al60ZuK/3mdGPpX3YTLKAYm6fyjfmxSh3haFu5xxSiIsSGEKm5uxXRIFKFgKi2YEpzFyMukWSk7Z+XK7XmpWsvqyKMjdIxOkYMuURXdoDpqIIqe0St6Rx/Wi/VmfVpf89Gcle0coj+wJj8wrKRG</latexit>
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bT |a1
<latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit>

bT |a2
<latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit>

B0
<latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit>

Bu
<latexit sha1_base64="PVctrvbtrvpi6LBlbhcVFIHHl5o=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMtSNy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3GV+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg2RQrjhVZwG8TtycVCBHc1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jpp16ruVbX2cF2pN/I6inAG53AJLtxAHe6hCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AB8CSRA==</latexit>

B(b) = 0
<latexit sha1_base64="HZUBUFRnuCJLNHZ+1iagIbNM3a0=">AAAB73icdVDLSgMxFM34rPVVdekmWIS6GTJ1aOtCKHXjsoJ9QDuUTJppQzOZMckIZehPuHGhiFt/x51/Y6atoKIHLhzOuZd77/FjzpRG6MNaWV1b39jMbeW3d3b39gsHh20VJZLQFol4JLs+VpQzQVuaaU67saQ49Dnt+JOrzO/cU6lYJG71NKZeiEeCBYxgbaRuo+SfwUuIBoUisi9qlbJbgchGqOqUnYyUq+65Cx2jZCiCJZqDwnt/GJEkpEITjpXqOSjWXoqlZoTTWb6fKBpjMsEj2jNU4JAqL53fO4OnRhnCIJKmhIZz9ftEikOlpqFvOkOsx+q3l4l/eb1EBzUvZSJONBVksShIONQRzJ6HQyYp0XxqCCaSmVshGWOJiTYR5U0IX5/C/0m7bDvIdm7cYr2xjCMHjsEJKAEHVEEdXIMmaAECOHgAT+DZurMerRfrddG6Yi1njsAPWG+fEtiOrg==</latexit><latexit sha1_base64="HZUBUFRnuCJLNHZ+1iagIbNM3a0=">AAAB73icdVDLSgMxFM34rPVVdekmWIS6GTJ1aOtCKHXjsoJ9QDuUTJppQzOZMckIZehPuHGhiFt/x51/Y6atoKIHLhzOuZd77/FjzpRG6MNaWV1b39jMbeW3d3b39gsHh20VJZLQFol4JLs+VpQzQVuaaU67saQ49Dnt+JOrzO/cU6lYJG71NKZeiEeCBYxgbaRuo+SfwUuIBoUisi9qlbJbgchGqOqUnYyUq+65Cx2jZCiCJZqDwnt/GJEkpEITjpXqOSjWXoqlZoTTWb6fKBpjMsEj2jNU4JAqL53fO4OnRhnCIJKmhIZz9ftEikOlpqFvOkOsx+q3l4l/eb1EBzUvZSJONBVksShIONQRzJ6HQyYp0XxqCCaSmVshGWOJiTYR5U0IX5/C/0m7bDvIdm7cYr2xjCMHjsEJKAEHVEEdXIMmaAECOHgAT+DZurMerRfrddG6Yi1njsAPWG+fEtiOrg==</latexit><latexit sha1_base64="HZUBUFRnuCJLNHZ+1iagIbNM3a0=">AAAB73icdVDLSgMxFM34rPVVdekmWIS6GTJ1aOtCKHXjsoJ9QDuUTJppQzOZMckIZehPuHGhiFt/x51/Y6atoKIHLhzOuZd77/FjzpRG6MNaWV1b39jMbeW3d3b39gsHh20VJZLQFol4JLs+VpQzQVuaaU67saQ49Dnt+JOrzO/cU6lYJG71NKZeiEeCBYxgbaRuo+SfwUuIBoUisi9qlbJbgchGqOqUnYyUq+65Cx2jZCiCJZqDwnt/GJEkpEITjpXqOSjWXoqlZoTTWb6fKBpjMsEj2jNU4JAqL53fO4OnRhnCIJKmhIZz9ftEikOlpqFvOkOsx+q3l4l/eb1EBzUvZSJONBVksShIONQRzJ6HQyYp0XxqCCaSmVshGWOJiTYR5U0IX5/C/0m7bDvIdm7cYr2xjCMHjsEJKAEHVEEdXIMmaAECOHgAT+DZurMerRfrddG6Yi1njsAPWG+fEtiOrg==</latexit><latexit sha1_base64="HZUBUFRnuCJLNHZ+1iagIbNM3a0=">AAAB73icdVDLSgMxFM34rPVVdekmWIS6GTJ1aOtCKHXjsoJ9QDuUTJppQzOZMckIZehPuHGhiFt/x51/Y6atoKIHLhzOuZd77/FjzpRG6MNaWV1b39jMbeW3d3b39gsHh20VJZLQFol4JLs+VpQzQVuaaU67saQ49Dnt+JOrzO/cU6lYJG71NKZeiEeCBYxgbaRuo+SfwUuIBoUisi9qlbJbgchGqOqUnYyUq+65Cx2jZCiCJZqDwnt/GJEkpEITjpXqOSjWXoqlZoTTWb6fKBpjMsEj2jNU4JAqL53fO4OnRhnCIJKmhIZz9ftEikOlpqFvOkOsx+q3l4l/eb1EBzUvZSJONBVksShIONQRzJ6HQyYp0XxqCCaSmVshGWOJiTYR5U0IX5/C/0m7bDvIdm7cYr2xjCMHjsEJKAEHVEEdXIMmaAECOHgAT+DZurMerRfrddG6Yi1njsAPWG+fEtiOrg==</latexit>

If there exists a function B such that (with additional standard technical assumptions)

B(b) > 0, 8b 2 Bu

B(b) < 0. 8b 2 B0

B(fa(bt�1, z))�B(bt�1, z)  0 8a 2 A, z 2 Z, t 2 Z�1
<latexit sha1_base64="w1zcDynDogfCgilSitkkN9XeJOE="></latexit>

B(b) > 0, 8b 2 Bu

B(b) < 0. 8b 2 B0

B(fa(bt�1, z))�B(bt�1, z)  0 8a 2 A, z 2 Z, t 2 Z�1
<latexit sha1_base64="w1zcDynDogfCgilSitkkN9XeJOE="></latexit>

B(b) > 0, 8b 2 Bu

B(b) < 0. 8b 2 B0

B(fa(bt�1, z))�B(bt�1, z)  0 8a 2 A, z 2 Z, t 2 Z�1
<latexit sha1_base64="w1zcDynDogfCgilSitkkN9XeJOE="></latexit>

Then                              . bt /2 Bu 8t 2 Z�1
<latexit sha1_base64="kcSGCJMFCLD2G1ukQobQ7HrcFew=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjNV1GWpG5cV7AM7ZcikaRuayYzJHaEM45e48VfcuFBE3PVvTNtZaOuBwOGce8k9x48E12DbEyu3srq2vpHfLGxt7+zuFfcPmjqMFWUNGopQtX2imeCSNYCDYO1IMRL4grX80fXUbz0ypXko72AcsW5ABpL3OSVgJK944XvgyhC4dAMCQ0pEUku9+Mnth4oIgcHNHN9P7lMvcQfsATupVyzZZXsGvEycjJRQhrpX/HZ7IY0DJoEKonXHsSPoJkQBp4KlBTfWLCJ0RAasY6gkAdPdZJYvxSdG6WFzkXkS8Ez9vZGQQOtx4JvJ6al60ZuK/3mdGPpX3YTLKAYm6fyjfmxSh3haFu5xxSiIsSGEKm5uxXRIFKFgKi2YEpzFyMukWSk7Z+XK7XmpWsvqyKMjdIxOkYMuURXdoDpqIIqe0St6Rx/Wi/VmfVpf89Gcle0coj+wJj8wrKRG</latexit>



Ufuk Topcu  10

Privacy verification using barrier certificates

bT |a1
<latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit><latexit sha1_base64="/GZmqsc7QujHS/Hlc4WjslqX9BY=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKC4KrhxWaF/MB2GTJppQzPJkGSEMvYRXLrVh3Anbn0In8GXMG1nobUHAh/n3As3J0o508Z1v5zS2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1G49tZ3n2gSjMpWmaS0iDBQ8FiRrCxlh+FLfQY5jj0pmG15tbdudB/8AqoQaFmWP3uDyTJEioM4Vhr33NTE+RYGUY4nVb6maYpJmM8pL5FgROqg3x+8hSdWWeAYqnsEwbN3d8bOU60niSRnUywGenlbGauzFJrrQr8zMTXQc5EmhkqyOKCOOPISDQrBg2YosTwiQVMFLOfQGSEFSbG1lex7XjLXfyHzkXdc+ve/WWtcVP0VIYTOIVz8OAKGnAHTWgDAQnP8AKvzpPz5rw7H4vRklPsHMMfOZ8/kYWa+g==</latexit>

bT |a2
<latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit><latexit sha1_base64="mr83c0WKYQaPIiYl01KTckIPc9g=">AAACC3icbZDLSgMxFIbP1Futt6pLN8EiuCozRVBcFdy4rNAbTIchk2ba0EwyJBmhjH0El271IdyJWx/CZ/AlTC8LbftD4OP/z4GTP0o508Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKUJbRHKpuhHWlDNBW4YZTrupojiJOO1Eo7tp3nmkSjMpmmac0iDBA8FiRrCxlh+FTfQU5jisTcJyxa26M6FV8BZQgYUaYfmn15ckS6gwhGOtfc9NTZBjZRjhdFLqZZqmmIzwgPoWBU6oDvLZyRN0YZ0+iqWyTxg0c/9u5DjRepxEdjLBZqiXs6m5NkuttS7wMxPfBDkTaWaoIPML4owjI9G0GNRnihLDxxYwUcx+ApEhVpgYW1/JtuMtd7EK7VrVc6vew1WlfrvoqQhncA6X4ME11OEeGtACAhJe4BXenGfn3flwPuejBWexcwr/5Hz9ApMjmvs=</latexit>

Ba1(T, bT ) = 0
<latexit sha1_base64="UQHeb9M6GTKXYB1SYPjGzuS5M24=">AAACFnicbZDLSsNAFIZP6q3WW7zs3Ay2QgUpSTeKIBTduKzQG7QhTKaTdujkwsxEqKHv4dKtPoQ7cevWZ/AlnLZZaO0PAx//fw6c+b2YM6ks68vIrayurW/kNwtb2zu7e+b+QUtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHtNG8/UCFZFDbUOKZOgAch8xnBSluueVS6cVPs2pNy49xzG2fXyCoh1yxaFWsm9B/sDIqQqe6a371+RJKAhopwLGXXtmLlpFgoRjidFHqJpDEmIzygXY0hDqh00tn1E3SqnT7yI6FfqNDM/b2R4kDKceDpyQCroVzMpubSLNbWsqCbKP/SSVkYJ4qGZH6Bn3CkIjTtCPWZoETxsQZMBNOfQGSIBSZKN1nQ7diLXfyHVrViWxX7vlqsXWU95eEYTqAMNlxADe6gDk0g8AjP8AKvxpPxZrwbH/PRnJHtHMIfGZ8/y4Sc7w==</latexit><latexit sha1_base64="UQHeb9M6GTKXYB1SYPjGzuS5M24=">AAACFnicbZDLSsNAFIZP6q3WW7zs3Ay2QgUpSTeKIBTduKzQG7QhTKaTdujkwsxEqKHv4dKtPoQ7cevWZ/AlnLZZaO0PAx//fw6c+b2YM6ks68vIrayurW/kNwtb2zu7e+b+QUtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHtNG8/UCFZFDbUOKZOgAch8xnBSluueVS6cVPs2pNy49xzG2fXyCoh1yxaFWsm9B/sDIqQqe6a371+RJKAhopwLGXXtmLlpFgoRjidFHqJpDEmIzygXY0hDqh00tn1E3SqnT7yI6FfqNDM/b2R4kDKceDpyQCroVzMpubSLNbWsqCbKP/SSVkYJ4qGZH6Bn3CkIjTtCPWZoETxsQZMBNOfQGSIBSZKN1nQ7diLXfyHVrViWxX7vlqsXWU95eEYTqAMNlxADe6gDk0g8AjP8AKvxpPxZrwbH/PRnJHtHMIfGZ8/y4Sc7w==</latexit><latexit sha1_base64="UQHeb9M6GTKXYB1SYPjGzuS5M24=">AAACFnicbZDLSsNAFIZP6q3WW7zs3Ay2QgUpSTeKIBTduKzQG7QhTKaTdujkwsxEqKHv4dKtPoQ7cevWZ/AlnLZZaO0PAx//fw6c+b2YM6ks68vIrayurW/kNwtb2zu7e+b+QUtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHtNG8/UCFZFDbUOKZOgAch8xnBSluueVS6cVPs2pNy49xzG2fXyCoh1yxaFWsm9B/sDIqQqe6a371+RJKAhopwLGXXtmLlpFgoRjidFHqJpDEmIzygXY0hDqh00tn1E3SqnT7yI6FfqNDM/b2R4kDKceDpyQCroVzMpubSLNbWsqCbKP/SSVkYJ4qGZH6Bn3CkIjTtCPWZoETxsQZMBNOfQGSIBSZKN1nQ7diLXfyHVrViWxX7vlqsXWU95eEYTqAMNlxADe6gDk0g8AjP8AKvxpPxZrwbH/PRnJHtHMIfGZ8/y4Sc7w==</latexit><latexit sha1_base64="UQHeb9M6GTKXYB1SYPjGzuS5M24=">AAACFnicbZDLSsNAFIZP6q3WW7zs3Ay2QgUpSTeKIBTduKzQG7QhTKaTdujkwsxEqKHv4dKtPoQ7cevWZ/AlnLZZaO0PAx//fw6c+b2YM6ks68vIrayurW/kNwtb2zu7e+b+QUtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHtNG8/UCFZFDbUOKZOgAch8xnBSluueVS6cVPs2pNy49xzG2fXyCoh1yxaFWsm9B/sDIqQqe6a371+RJKAhopwLGXXtmLlpFgoRjidFHqJpDEmIzygXY0hDqh00tn1E3SqnT7yI6FfqNDM/b2R4kDKceDpyQCroVzMpubSLNbWsqCbKP/SSVkYJ4qGZH6Bn3CkIjTtCPWZoETxsQZMBNOfQGSIBSZKN1nQ7diLXfyHVrViWxX7vlqsXWU95eEYTqAMNlxADe6gDk0g8AjP8AKvxpPxZrwbH/PRnJHtHMIfGZ8/y4Sc7w==</latexit>

Ba2(T, bT ) = 0
<latexit sha1_base64="c4zQYp5GqrlwE5guK9ddVsjv6NY=">AAACFnicbZDLSsNAFIZP6q3WW7zs3Ay2QgUpSTeKIBTduKzQG7QhTKaTdujkwsxEqKHv4dKtPoQ7cevWZ/AlnLZZaO0PAx//fw6c+b2YM6ks68vIrayurW/kNwtb2zu7e+b+QUtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHtNG8/UCFZFDbUOKZOgAch8xnBSluueVS6cVPsViflxrnnNs6ukVVCrlm0KtZM6D/YGRQhU901v3v9iCQBDRXhWMqubcXKSbFQjHA6KfQSSWNMRnhAuxpDHFDppLPrJ+hUO33kR0K/UKGZ+3sjxYGU48DTkwFWQ7mYTc2lWaytZUE3Uf6lk7IwThQNyfwCP+FIRWjaEeozQYniYw2YCKY/gcgQC0yUbrKg27EXu/gPrWrFtir2fbVYu8p6ysMxnEAZbLiAGtxBHZpA4BGe4QVejSfjzXg3PuajOSPbOYQ/Mj5/AM0unPA=</latexit><latexit sha1_base64="c4zQYp5GqrlwE5guK9ddVsjv6NY=">AAACFnicbZDLSsNAFIZP6q3WW7zs3Ay2QgUpSTeKIBTduKzQG7QhTKaTdujkwsxEqKHv4dKtPoQ7cevWZ/AlnLZZaO0PAx//fw6c+b2YM6ks68vIrayurW/kNwtb2zu7e+b+QUtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHtNG8/UCFZFDbUOKZOgAch8xnBSluueVS6cVPsViflxrnnNs6ukVVCrlm0KtZM6D/YGRQhU901v3v9iCQBDRXhWMqubcXKSbFQjHA6KfQSSWNMRnhAuxpDHFDppLPrJ+hUO33kR0K/UKGZ+3sjxYGU48DTkwFWQ7mYTc2lWaytZUE3Uf6lk7IwThQNyfwCP+FIRWjaEeozQYniYw2YCKY/gcgQC0yUbrKg27EXu/gPrWrFtir2fbVYu8p6ysMxnEAZbLiAGtxBHZpA4BGe4QVejSfjzXg3PuajOSPbOYQ/Mj5/AM0unPA=</latexit><latexit sha1_base64="c4zQYp5GqrlwE5guK9ddVsjv6NY=">AAACFnicbZDLSsNAFIZP6q3WW7zs3Ay2QgUpSTeKIBTduKzQG7QhTKaTdujkwsxEqKHv4dKtPoQ7cevWZ/AlnLZZaO0PAx//fw6c+b2YM6ks68vIrayurW/kNwtb2zu7e+b+QUtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHtNG8/UCFZFDbUOKZOgAch8xnBSluueVS6cVPsViflxrnnNs6ukVVCrlm0KtZM6D/YGRQhU901v3v9iCQBDRXhWMqubcXKSbFQjHA6KfQSSWNMRnhAuxpDHFDppLPrJ+hUO33kR0K/UKGZ+3sjxYGU48DTkwFWQ7mYTc2lWaytZUE3Uf6lk7IwThQNyfwCP+FIRWjaEeozQYniYw2YCKY/gcgQC0yUbrKg27EXu/gPrWrFtir2fbVYu8p6ysMxnEAZbLiAGtxBHZpA4BGe4QVejSfjzXg3PuajOSPbOYQ/Mj5/AM0unPA=</latexit><latexit sha1_base64="c4zQYp5GqrlwE5guK9ddVsjv6NY=">AAACFnicbZDLSsNAFIZP6q3WW7zs3Ay2QgUpSTeKIBTduKzQG7QhTKaTdujkwsxEqKHv4dKtPoQ7cevWZ/AlnLZZaO0PAx//fw6c+b2YM6ks68vIrayurW/kNwtb2zu7e+b+QUtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHtNG8/UCFZFDbUOKZOgAch8xnBSluueVS6cVPsViflxrnnNs6ukVVCrlm0KtZM6D/YGRQhU901v3v9iCQBDRXhWMqubcXKSbFQjHA6KfQSSWNMRnhAuxpDHFDppLPrJ+hUO33kR0K/UKGZ+3sjxYGU48DTkwFWQ7mYTc2lWaytZUE3Uf6lk7IwThQNyfwCP+FIRWjaEeozQYniYw2YCKY/gcgQC0yUbrKg27EXu/gPrWrFtir2fbVYu8p6ysMxnEAZbLiAGtxBHZpA4BGe4QVejSfjzXg3PuajOSPbOYQ/Mj5/AM0unPA=</latexit>

co{Ba1 , Ba2}(T, bT ) = 0
<latexit sha1_base64="4IDNrL7xjCr0oMsmsuCGiv7ATcs="></latexit>

B0
<latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit><latexit sha1_base64="05yXtMtg++qWPE09n+y5YCStz0A=">AAACEnicbVDLTsJAFL3FF+Kr6tLNRDBxRVo2GldENy4xETCBppkOU5gwnTYzUxLS8Bcu3epHuDNu/QG/wZ9wCl0ocJKbnJxzb3LuCRLOlHacb6u0sbm1vVPereztHxwe2ccnHRWnktA2iXksnwKsKGeCtjXTnD4lkuIo4LQbjO9yvzuhUrFYPOppQr0IDwULGcHaSL5t1/oR1iOCeXY7850a8u2qU3fmQKvELUgVCrR8+6c/iEkaUaEJx0r1XCfRXoalZoTTWaWfKppgMsZD2jNU4IgqL5snn6ELowxQGEszQqO5+vciw5FS0ygwm3lMtezl4lovMdI6o5fq8NrLmEhSTQVZJAhTjnSM8n7QgElKNJ8agolk5glERlhiok2LFdOOu9zFKuk06q5Tdx8a1eZN0VMZzuAcLsGFK2jCPbSgDQQm8AKv8GY9W+/Wh/W5WC1Zxc0p/IP19Qsr7JzJ</latexit>

Bu
<latexit sha1_base64="PVctrvbtrvpi6LBlbhcVFIHHl5o=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMtSNy4r2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3GV+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbmg2RQrjhVZwG8TtycVCBHc1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jpp16ruVbX2cF2pN/I6inAG53AJLtxAHe6hCS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AB8CSRA==</latexit>

If there exists a function B such that (with additional standard technical assumptions)

Then                              . bt /2 Bu 8t 2 Z�1
<latexit sha1_base64="kcSGCJMFCLD2G1ukQobQ7HrcFew=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjNV1GWpG5cV7AM7ZcikaRuayYzJHaEM45e48VfcuFBE3PVvTNtZaOuBwOGce8k9x48E12DbEyu3srq2vpHfLGxt7+zuFfcPmjqMFWUNGopQtX2imeCSNYCDYO1IMRL4grX80fXUbz0ypXko72AcsW5ABpL3OSVgJK944XvgyhC4dAMCQ0pEUku9+Mnth4oIgcHNHN9P7lMvcQfsATupVyzZZXsGvEycjJRQhrpX/HZ7IY0DJoEKonXHsSPoJkQBp4KlBTfWLCJ0RAasY6gkAdPdZJYvxSdG6WFzkXkS8Ez9vZGQQOtx4JvJ6al60ZuK/3mdGPpX3YTLKAYm6fyjfmxSh3haFu5xxSiIsSGEKm5uxXRIFKFgKi2YEpzFyMukWSk7Z+XK7XmpWsvqyKMjdIxOkYMuURXdoDpqIIqe0St6Rx/Wi/VmfVpf89Gcle0coj+wJj8wrKRG</latexit>
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How to search for V or B?

Useful features of verification problems in the belief space 
•Belief dynamics are rational. 
•Belief set is a unit simplex.

f
q
a(bt�1, zt) = P (q0|zt, at�1, bt�1)

=
O(q0, a, z)

P
q2Q T (q, a, q0)bt�1(q)P

q02Q O(q0, a, z)
P

q2Q, T (q, a, q
0)bt�1(q)

<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

bt(q) =
<latexit sha1_base64="vQoPLeG+aXbWBFseePW2ac8XeRE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGwVyEgBePEcwDkiXMTibJkNnZdaZXCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6387a+sbm1nZuJ7+7t39wWDg6bpoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4Kxrczv/XEtRGResBJzP2QDpUYCEbRSq2gh6XHi5teoeiW3TnIKvEyUoQM9V7hq9uPWBJyhUxSYzqeG6OfUo2CST7NdxPDY8rGdMg7lioacuOn83On5NwqfTKItC2FZK7+nkhpaMwkDGxnSHFklr2Z+J/XSXBQ9VOh4gS5YotFg0QSjMjsd9IXmjOUE0so08LeStiIasrQJpS3IXjLL6+SZqXsXZYr91fFWjWLIwencAYl8OAaanAHdWgAgzE8wyu8ObHz4rw7H4vWNSebOYE/cD5/AGqhju4=</latexit>
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How to search for V or B?

Useful features of verification problems in the belief space 
•Belief dynamics are rational. 
•Belief set is a unit simplex.

Restrict V or B to 
be polynomials of 

fixed, finite 
degree

Formulate the 
search as 
polynomial 
optimization

Relax to sum-of-
squares 

optimization 
problems

Solve as 
semidefinite 
programming 

problems

Optimization-based search for V or B:

f
q
a(bt�1, zt) = P (q0|zt, at�1, bt�1)

=
O(q0, a, z)

P
q2Q T (q, a, q0)bt�1(q)P

q02Q O(q0, a, z)
P

q2Q, T (q, a, q
0)bt�1(q)

<latexit sha1_base64="7cttgNqck8AuOJhvyqvdUxkO4f8="></latexit>

bt(q) =
<latexit sha1_base64="vQoPLeG+aXbWBFseePW2ac8XeRE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexGwVyEgBePEcwDkiXMTibJkNnZdaZXCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6387a+sbm1nZuJ7+7t39wWDg6bpoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4Kxrczv/XEtRGResBJzP2QDpUYCEbRSq2gh6XHi5teoeiW3TnIKvEyUoQM9V7hq9uPWBJyhUxSYzqeG6OfUo2CST7NdxPDY8rGdMg7lioacuOn83On5NwqfTKItC2FZK7+nkhpaMwkDGxnSHFklr2Z+J/XSXBQ9VOh4gS5YotFg0QSjMjsd9IXmjOUE0so08LeStiIasrQJpS3IXjLL6+SZqXsXZYr91fFWjWLIwencAYl8OAaanAHdWgAgzE8wyu8ObHz4rw7H4vWNSebOYE/cD5/AGqhju4=</latexit>
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Example

bt(q2) + bt(q3)  �, 8t
<latexit sha1_base64="HQ7sakH29038qOtN4Wh/f4hprUo=">AAACLXicbVDLSgMxFM3UV62vqks3wSK0VMpMFRRXBTcuK9gHdMpwJ03b0GRmmmSEUvoRfolLt/oRLgRx68KfMNN2oW0PBA7n3MvNOX7EmdK2/WGl1tY3NrfS25md3b39g+zhUV2FsSS0RkIeyqYPinIW0JpmmtNmJCkIn9OGP7hN/MYjlYqFwYMeRbQtoBewLiOgjeRlixmMse/p/NArF4ozclFwOR1itwdCwLnbDSVwjnXGy+bskj0FXibOnOTQHFUv++N2QhILGmjCQamWY0e6PQapGeF0knFjRSMgA+jRlqEBCKra42moCT4zSgeb4+YFGk/VvxtjEEqNhG8mBei+WvQScaUXGWmV0Yp197o9ZkEUaxqQ2Q+6sUke4qQ63GGSEs1HhgCRzITApA8SiDYFJ+04i10sk3q55Ngl5/4yV7mZ95RGJ+gU5ZGDrlAF3aEqqiGCntALekVv1rP1bn1aX7PRlDXfOUb/YH3/AuIJpds=</latexit><latexit sha1_base64="HQ7sakH29038qOtN4Wh/f4hprUo=">AAACLXicbVDLSgMxFM3UV62vqks3wSK0VMpMFRRXBTcuK9gHdMpwJ03b0GRmmmSEUvoRfolLt/oRLgRx68KfMNN2oW0PBA7n3MvNOX7EmdK2/WGl1tY3NrfS25md3b39g+zhUV2FsSS0RkIeyqYPinIW0JpmmtNmJCkIn9OGP7hN/MYjlYqFwYMeRbQtoBewLiOgjeRlixmMse/p/NArF4ozclFwOR1itwdCwLnbDSVwjnXGy+bskj0FXibOnOTQHFUv++N2QhILGmjCQamWY0e6PQapGeF0knFjRSMgA+jRlqEBCKra42moCT4zSgeb4+YFGk/VvxtjEEqNhG8mBei+WvQScaUXGWmV0Yp197o9ZkEUaxqQ2Q+6sUke4qQ63GGSEs1HhgCRzITApA8SiDYFJ+04i10sk3q55Ngl5/4yV7mZ95RGJ+gU5ZGDrlAF3aEqqiGCntALekVv1rP1bn1aX7PRlDXfOUb/YH3/AuIJpds=</latexit><latexit sha1_base64="HQ7sakH29038qOtN4Wh/f4hprUo=">AAACLXicbVDLSgMxFM3UV62vqks3wSK0VMpMFRRXBTcuK9gHdMpwJ03b0GRmmmSEUvoRfolLt/oRLgRx68KfMNN2oW0PBA7n3MvNOX7EmdK2/WGl1tY3NrfS25md3b39g+zhUV2FsSS0RkIeyqYPinIW0JpmmtNmJCkIn9OGP7hN/MYjlYqFwYMeRbQtoBewLiOgjeRlixmMse/p/NArF4ozclFwOR1itwdCwLnbDSVwjnXGy+bskj0FXibOnOTQHFUv++N2QhILGmjCQamWY0e6PQapGeF0knFjRSMgA+jRlqEBCKra42moCT4zSgeb4+YFGk/VvxtjEEqNhG8mBei+WvQScaUXGWmV0Yp197o9ZkEUaxqQ2Q+6sUke4qQ63GGSEs1HhgCRzITApA8SiDYFJ+04i10sk3q55Ngl5/4yV7mZ95RGJ+gU5ZGDrlAF3aEqqiGCntALekVv1rP1bn1aX7PRlDXfOUb/YH3/AuIJpds=</latexit><latexit sha1_base64="HQ7sakH29038qOtN4Wh/f4hprUo=">AAACLXicbVDLSgMxFM3UV62vqks3wSK0VMpMFRRXBTcuK9gHdMpwJ03b0GRmmmSEUvoRfolLt/oRLgRx68KfMNN2oW0PBA7n3MvNOX7EmdK2/WGl1tY3NrfS25md3b39g+zhUV2FsSS0RkIeyqYPinIW0JpmmtNmJCkIn9OGP7hN/MYjlYqFwYMeRbQtoBewLiOgjeRlixmMse/p/NArF4ozclFwOR1itwdCwLnbDSVwjnXGy+bskj0FXibOnOTQHFUv++N2QhILGmjCQamWY0e6PQapGeF0knFjRSMgA+jRlqEBCKra42moCT4zSgeb4+YFGk/VvxtjEEqNhG8mBei+WvQScaUXGWmV0Yp197o9ZkEUaxqQ2Q+6sUke4qQ63GGSEs1HhgCRzITApA8SiDYFJ+04i10sk3q55Ngl5/4yV7mZ95RGJ+gU5ZGDrlAF3aEqqiGCntALekVv1rP1bn1aX7PRlDXfOUb/YH3/AuIJpds=</latexit>

Oa(i, j) = O(qi, a, zj)

Oa1 =

2

4
0.7, 0.3
0.5, 0.5
0.8, 0.2

3

5, Oa2 =

2

4
0.8, 0.2
0.6, 0.4
0.2, 0.8

3

5 .

<latexit sha1_base64="Pu3pqLk25cy6E2ZGLDZskCIuLFs="></latexit>

Compute the minimum value 𝛾 such that

(degree of B)

B(b) =0.1629b(q1)
2 � 3.9382b(q2)

2 + 09280b(q3)
2

� 0.0297b(q1)b(q2)� 4.4451b(q2)b(q3)� 0.0027b(q1)

� 2.0452b(q2) + 9.2633.
<latexit sha1_base64="QQi8Qc/6wyUMyhY3w1KLmz3Us8k="></latexit><latexit sha1_base64="QQi8Qc/6wyUMyhY3w1KLmz3Us8k="></latexit><latexit sha1_base64="QQi8Qc/6wyUMyhY3w1KLmz3Us8k="></latexit><latexit sha1_base64="QQi8Qc/6wyUMyhY3w1KLmz3Us8k="></latexit>
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Wrap-up

Summary: Verification in belief space as search for 
algebraic certificates for hybrid system dynamics

Next:  
•Verification → Synthesis 
• (PO)MDPs → Partial-information, two-player 
games

Protecting the integrity of 
mission-critical information

Performance prediction in 
“machine teaching”


